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ABSTRACT 
 

For decades, Australian archaeology has explored themes surrounding the influences 

of climate on past peoples throughout the continent, particularly regarding resource 

procurement and mobility strategies. However, local paleoenvironmental datasets 
remain rare. Archaeobotany has the potential to fill this gap in knowledge, particularly 

anthracology, as charcoal proves to be one of the most abundant and consistent 
eco/artefacts recovered from sites across Australia, and especially from arid and semi- 

arid regions. Nevertheless, anthracology has had a slow development within Australia, 

its application remains patchy, and is methodologically inconsistent. 
 
 

The main aim of this thesis is to assist in the growth of anthracology by first clearly 

defining the main impacts hindering the discipline’s development. Likewise, I sough t 

to test how transferable international anthracology methodologies and standards are 
to archaeological sites by applying them to five highly diverse North Western 

Australian sites (i.e., the ‘dream’ or ideal advocated methodology vs. ‘reality’ of its local 
application). These include: two 50,000-year-old Aboriginal occupation sites of 

Karnatukul (Western Desert) and Boodie Cave (Barrow Island), a historic era pearling 

site at Bandicoot Bay (Barrow Island), and two inland Pilbara sites recovered in 
compliance contexts. 

 
 

Through application, a detailed anthracological reference set was created, including a 

wood anatomy database. This not only assisted in the anthracological identifications 
at the previously mentioned sites but also in the documentation and growth in 

knowledge surrounding Northern Western Australian species’ wood anatomy. 
 
 

Through exploration of the issues impacting the growth of anthracology in Australia, it 

becomes clear that studies of Acacia have been highly influential. The detailed 

creation of reference materials revealed insights into the ‘tricky Acacia’ genus wh ich 
has undoubtedly impacted anthracology’s evolution in this continent. There has been  

ongoing debate in Australian anthracology about the applicability of Acacia speciation. 
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Through the creation of a detailed reference collection and its application to the five 

study sites, speciation was not only possible but provide significant for new research  

understandings. 

 
 

This thesis establishes the importance and potential of anthracological application to 

Australian archaeological studies. Even when applied to sites with poor preservation  

or low sample sizes, much new knowledge is still gained into past mobility strategies 

and landscape use. Covering the first application of Australian anthracology to a 
historic site (Bandicoot Bay), to one of the continent’s oldest repeatedly visited desert 

sites (Karnatukul), this thesis details intimate insights into past occupants’ 
relationships with the landscape, and how these evolved through time. 
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Preface 
 
In the dry Pilbara sun, walking the uneven, rocky earth, I wrestled my folder, clippers, 

and saw. In one pocket was the GPS, the other a cascade of muslin bags and markers. 
My eyes scanned the dried creek bed, trying to decide which tree to sample next. At 

first glance, the Pilbara vegetation can often seem unvarying, but the longer we spent 
in the silence of Country the more the cornucopia of floristic diversity came into view. 

I felt very fortunate that morning, not only to be walking through a significant part of 

Yinhawangka Country, but to be accompanied by a local Elder who was patient and 
enthusiastic in her teachings and conversation. After a cup of tea amongst the giant 

scarred eucalypts, we decided to walk further down the creek bed towards the inclining 
rocky scree. I didn’t realise a significant moment was about to take place, a simple set 

of words which would stay with me for the remainder of my candidature. Squinting into 

the sun, I turned towards her, pointing to a small bush, and asked: “What about this 

one? Does it have a use?” She turned and looked toward me with a kind smile and 

said, “we have a use for all the plants, all of them, every one of them”. 
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Chapter 1 
Introduction 

 
1.1 People and plants 
 
Australia’s Indigenous Ecological Knowledge (IEK) is profound, reflecting the 

continent's bounty of economically significant plants: fleshy fruits, fatty seeds, sweet 
lerps, tubers, seaweeds, and fungi (Low, 1991, p. 1). Living knowledge, formed over 

tens of thousands of years of shared people-and-plant relationships has resulted in 

one of the world’s oldest, repeatedly visited Indigenous cultures. Plants have 
provided people, past and present, with food for both sustenance and enjoyment, 

medicines for healing the body, mind, and spirit, as well as wood and resins for tools, 
fire fuel, shelter, and ornaments. This vegetation is also home to animals that provide 

protein-rich nourishment, including the classes of insects and grubs, mammals, and 

reptiles. Equally, the behaviours of plants (such as flowering, fruiting or propagation) 
can signify changes in seasonality. An example of this is the formation of fruit on  the 

Grey Mangrove (Avicennia marina). It indicates “to the Bardi people that it is time to 
shift camp to the beaches and high dunes to avoid mosquitoes” (Kenneally et al., 

2012, p. 6). This vital bond between people and the landscape is pertinent to 

Indigenous culture across Australia. Amongst the many languages and groups 
throughout the continent, ancient Dreamings narrate the ancestral beings 

responsible for the earth, sea, sky, and the bounty of plants and animals thriving 
within. This significant deep cultural history between past and present Aboriginal 

people and the evolving North Western Australian (WA) landscape provides 

additional significance to this anthracological thesis. 
 
 
1.2 Environmental and archaeological context 
 
The relationships between people and the environment have dominated Australian 

archaeological discourse since before the 1980s (Bowler, 1983; Hall et al., 1988; 
Lamptert & Hughes, 1974; Smith, 1989; Veth, 1989). Climatic shifts, subsequent sea- 

level fluctuations and vegetation transformations have been at the forefront of socio- 

environmental theories regarding changes in mobility reflected at various 
archaeological sites around Australia, particularly within the arid and semi-arid zones 
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(Morse, 2009; Reynen et al., 2018; Veth et al., 2007). There is a distinct reduction of 

archaeological evidence during periods of high aridity, mainly within the Last Glacial 

Maximum (LGM) (Morse et al., 2014; Slack et al., 2009). Periods such as the LGM 

have been interpreted as hosting challenging environments for human inhabitants of  
desert environments (McConnell & O'Connor, 1997; McDonald & Veth, 2013; 

O'Connor et al., 1998; Przywolnik, 2005; Smith, 1993; Smith et al., 1995; Veth, 2005). 
Increasingly sites with LGM occupation have been interpreted as places, areas, and 

channels acting as refugia at varying geographic scales (Marwick, 2002; McDonald 

et al., 2018 see Appendix A; Slack et al., 2009). Exactly why these environments and 
landscapes were more hospitable has been mainly theorised on secondary evidence 

or climatic data rather than direct dietary or here vegetative exploitation patterns at 
key sites (see discussion in Vannieuwenhuyse, 2016). 

 
 
1.3 The missing link 
 
Recent Australian studies highlight the importance of locally relevant 

palaeoenvironmental data (Law et al., 2021; Vannieuwenhuyse, 2016), particularly 
through the implementation of archaeobotany (Dilkes-Hall, 2020; Florin et al., 2022) 

and more specifically, anthracology (or wood-charcoal analysis) (Carah, 2016; 
Hudson, 2013; McConnell & O'Connor, 1997; Taylor, 2012; Walsh, 2021; Whitau, 
2018). 

 
 
 
Archaeobotany is not only used to reconstruct palaeoenvironments but gives insigh t 
into past changes in group mobility and settlement strategies, as well as economic 

resource procurement. Most significantly, it shares insights into the deep and evolving 

relationship between people and vegetation, through both time and space. Some of 
the most prevalent archaeobotanical methodologies have derived from European and 

Mediterranean contexts which differ greatly from Australian climatic, floral, and 
archaeological contexts (Chabal, 1982 1988 1990 1991 1992; Chabal, 1997; Chabal, 

1999; Chabal et al., 1999; Chrzavzez et al., 2011; Dufraisse, 2012; Henry et al., 2020; 

Kabukcu & Chabal, 2020; Mallol & Henry, 2017; Momot, 1955; Thery-Parisot et al., 
2010; Thery-Parisot et al., 2008). Carpology is rarely utilised in Australian archaeology 

due to poor preservation, or due to the lack of awareness of archaeological recovery 
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methods, for example, the general use of larger 4+ mm sieve sizes. Whilst 

archaeobotanical micro-remains have been recovered in Australia for a few decades, 

such recovery and analysis are still at the margins of archaeological investigations and 

present unique methodological challenges (Hayes et al., 2018). Nevertheless, 
charcoal is an archaeobotanical artefact and/or ecofact present within most 

archaeological sites, often in abundance, and with a huge potential to give insights 
into past people and plant relationships. 

 
 

Anthracology (or wood-charcoal analysis) is a specialisation in archaeobotany. It is the 

study of archaeological wood charcoal macrobotanics to provide both 
palaeoenvironmental and ethnobotanical data (Dotte-Sarout et al., 2015; Kabukcu  & 

Chabal, 2020; Thery-Parisot et al., 2010). Charcoal preserves in most archaeological 

contexts and does particularly well in acidic and dry environments (Braadbaart & 
Poole, 2008; Thery-Parisot et al., 2010). Therefore, it is one of the most prominent 

artefacts in Australian archaeological sites, particularly within the arid and semi-arid 
zones which dominate the continent (Figure 1.1). 

 
 

Figure 1.1: Map of Australia’s Arid and Semi-Arid region (Pudmenzky et al., 2015)
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When wood carbonises due to burning, the anatomy is preserved. The charcoal 

fragment can then be compared to reference materials leading to identification. 

Through drawing upon local vegetation surveys, reference materials, statistical 

analyses, ethnobotanical knowledge, and multidisciplinary approaches, insights can  
be gained by comparing and examining identified species to known vegetation 

communities, habitats, climates, and favoured conditions. 
 
 
1.4 The consequences of slow growth in the sub-discipline 
 
The slow growth of anthracology within Australia has had three adverse 

consequences. Firstly, Australia’s palaeoenvironmental data and regional 

understandings of climatic impacts on past people have suffered. Despite 
archaeologists using many socio-ecological models in the hope of understanding 

human occupation and resource procurement over the past 65k years, local and high- 
quality palaeoenvironmental datasets are rare. Whilst lithic and rock art studies are 

commonplace, archaeobotany is infrequently or minimally used. This can be 

detrimental as multi-proxy analyses capture a broader spectrum of data. Anthracology 
can provide an in-depth representation of human-environmental interactions directly 

related to the occupation of a site. 
 
 

Secondly, the methodologies undertaken within Australian anthracological studies 

have been inconsistent, as well as the sharing and growth of knowledge of such. 

Anthracology has a comparatively long history in Europe, where most disciplinary 
standards have developed from tested applications and experiments. This history, 

combined with minimal Australian applications, has arguably resulted in a lack of 

adequate understanding of how international anthracological methodologies are 
suited to Australian contexts and archaeological approaches. This is especially true 

for Australia’s exceptionally unique and diverse vegetation assemblages. 
 
 

This predicament leads to the third and final issue. Australia’s environment is 

characterised by highly varied landscapes and vegetation. Western Australia (WA) 

alone comprises a huge proportion (32.9%) of Australia’s landmass at 2,527,013 km2, 
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inclusive of its 3,747 islands (Gioscience Australia, 2021). There are 26 biogeographic 

regions within WA (Department of Agriculture, Water and Environment 2020), all of 

which are biologically diverse, containing endemic and native species, vegetation 

communities and localised resources. The continent’s vegetation is dominated by 
Acacia, a genus comprising more than 1,350 species worldwide, with 1,070 (and up 

to 2,000 when including variants and subspecies) of these found within Australia. It is 
the most speciose genus of angiosperms in the continent (World Wide Wattle, 2022) 

and presents a specific challenge for archaeobotany (and botany in general) due to i ts 

strong inter-species similarities, which indeed has led some Australian anthracologists 
to argue is not discernible to species level based on wood anatomy (Carah, 2010; 

Whitau, 2018). 
 
 
1.5 Project aims 
 
It is a tenet of this thesis that anthracology will be consistently applied in Australian 

archaeological projects, just as dating, lithic or rock art analysis is commonplace. 

Consequently, this doctoral thesis aims to assist in the growth and common application 
of anthracological analyses in WA specifically, by: 

1. a better understanding of the problems which have impeded its growth; 

2. testing how transferable international anthracology methodologies are to WA 

archaeological sites (i.e., the ‘dream’ or ideal advocated methodology vs. 

‘reality’ of its local application); 
3. creating a set of detailed wood-charcoal reference materials; and 

4. exploring and documenting North WA woody plant species anatomy, 
particularly regarding the ‘tricky’ Acacia genus. 

 
 

The above aims are deployed against five diverse North WA archaeological 

excavations: the 50,000-year Aboriginal occupation site of Karnatukul (Western 
Desert), the historic pearling site at Bandicoot Bay (Barrow Island), the 50,000-year- 

old site of Boodie Cave which records Pleistocene to Holocene sea-level rise 

transitions (Barrow Island) and two inland Pilbara sites recovered in the compliance 
context. These sites were chosen in the hope of assessing and implementing 
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anthracological application to very different archaeological approaches, contexts, and 

vegetation settings albeit all in the arid zone of Australia. 

 
 
1.6 Thesis structure 
 
One of the main aims of this thesis is to profile and foster the growth of anthracology 
in WA archaeological practice and discourse. An important step towards this is the 

accessibility of applied anthracological analyses and reference materials. As such, this 

dissertation is presented in the style of “Thesis as a Series of Papers” which comprises 
chapters both in the form of traditional exegeses (Chapters 1, 2, 3, 6 8 and 9) and 

papers accepted by peer-review (Chapters 4, 5, 7). Following UWA guidelines for 
“Thesis as a Series of Papers” Chapters 4, 5 and 7 are formatted according to the 

publishers' requirements. Signed authorship declarations detail the contributions of 

each co-author (see previous section). 
 
 

Chapter 1: The Introduction profiles the importance of people and plant histories 

within Australian Indigenous cultures, leading to a discussion of anthracology’s 

important, but underdeveloped, place within Australian archaeological practice and 
discourse. In the hope of better understanding the challenges that have impeded the 

growth of anthracology in Australian archaeological application, this thesis critically 
examines how transferable international anthracology methodologies are to Western  

Australian archaeological site contexts. This will be realised through the creation of a 

set of detailed wood-charcoal reference materials which will be applied to five 
archaeological sites in the North WA arid zone. The creation of a detailed reference 

collection will also lead to awareness surrounding North WA woody plant species 
anatomy, particularly concerning the ‘tricky’ Acacia genus which has caused 

considerable debate within Australian anthracology and acted to impede the 

discipline’s growth and consistent application. 
 
 

Chapter 2: Exploring the ‘Dream’: Methodological and Theoretical Review 
examines relevant literature pertaining to anthracology, from its formation in Europe 

through to its more recent emergence and ongoing development in the Australian 
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context. The evolution of theoretical and methodological standards (the ideal or ‘the 

dream’) will be explored by systematically examining the models and approaches 

employed to tackle the main questions and challenges facing the discipline. Questions 

surrounding taphonomy are as old as the first methodological groundwork in 
anthracology and are still relevant today, as depositional, and post-depositional 

conditions vary between archaeological contexts, periods, and sites (Henry et al., 
2020). As such, one of the main aims of this thesis is to test how transferable the 

international disciplinary standards are to WA’s highly unique and varied archaeology 

and floristic contexts. A review of the pedagogic adaptations required for Australian 
contexts (or ‘the reality’) will be outlined. Through the literature review, it becomes 

apparent that three main reasons contribute to the hampered growth of anthracology 
in Australia: 1) minimal local applications and fieldwork traditions have resulted in 

negligible awareness surrounding best practice and methodologies for varying 

Western Australian floristic regions and archaeological contexts; 2) the continental 
flora is unique and complex, with genetic and taxonomic classifications still being 

defined, causing particular difficulties with genera such as Eucalyptus and Acacia; and 
3) the lack of accessible reference materials causing anthracological applications to 

become inefficient and unappealing due to the need for reference collections and 

anatomical descriptions to be created at the start of each application. 
 
 

Chapter 3: Applying the Dream: Reference Collections and Accessible Datasets 
for North Western Australian Anthracological Contexts elaborates on the last 
point raised in Chapter 2. Chapter 3 describes the methodologies employed during the 

creation of the anthracological reference collection for this doctoral research, therefore 

fulfilling one of the main aims of the thesis. It then explores how these methodologies 
were used and tested in the diverse North Western Australian archaeological sites of 

Boodie Cave (Barrow Island), Bandicoot Bay (Barrow Island) and Karnatukul (Western  
Desert). Due to most Australian anthracological projects lacking discussion around the 

creation of reference material, this chapter also provides a detailed examination of the 

legal requirements, ethical obligations, geological affinities, species diversities and 
coherent methodologies requiring consideration during the planning, creation and 

curation of anthracological reference materials in WA. 



9 

Chapter 4: The Dependable Deep-Time Acacia: Anthracological Analysis from 
Australia’s Oldest Western Desert Site focuses on the first case study in this thesis. 

Archaeological re-excavation of Karnatukul (Serpents Glen) provided an opportunity 
to undertake anthracological analysis allowing for the testing of international 

anthracological methodologies thereby fulfilling one of the main aims of the thesis. The 
data offers an insight into the earliest uses of firewood and collection strategies in the 

Australian Western Desert, whilst making an important contribution to international 

anthracological studies, which are rarely applied to desert contexts, especially with an  
occupation record spanning 50 ka. The study demonstrates the presence and 

persistence of Acacia (sens. str.) woodlands from the terminal Pleistocene, through 
the Last Glacial Maximum, and into the Holocene with the case made that reliance on 

this productive plant has a critical role throughout time to the ongoing Aboriginal 

occupation of this arid landscape. 

Chapter 5: Island Survival: The Anthracological and Archaeofaunal evidence for 
Colonial-Era Events on Barrow Island, North West Australia provides the second 

applied case study of this thesis. It represents the first application of anthracology to 
a historic site in Australia. This chapter investigates a rare instance of an 

archaeobotanical and zooarchaeological record for this late 19th-century colonial-era 
activity at Bandicoot Bay, Barrow Island. Through the combination of anthracological 

and archaeofaunal analyses, varied taxonomic representation suggests an atypical 

subsistence strategy for the maritime industry, involving broad exploitation of 
resources over several local landscapes and an absence of remains of provisioned 

food. The spatial patterning of charred wood and bone suggests multiple burning 
activities and areas of specific use at a ‘barracoon’ – a place occupied by indentured 

labourers. Conditions of wood fuel on the island may have prompted the augmentation 

of fuel, indicated by the presence of non-local wood charcoal and high proportions of 
calcined bone. The findings confirm 1) that the site’s occupants were part of the North  

WA coerced pearling labour, and 2) provide unique insight into the role that offshore 
islands may have occupied in the management of this industry’s forced ‘slave’ labour. 

This study emphasises the importance of multidisciplinary approaches, as well as the 



10  

potential for anthracology in both environmental reconstruction and spatial analyses, 

specifically here in historical archaeology. 

 
 

Chapter 6: The Dark and Light of Charcoal: Examination of the Problems and 
Potentials in Australian Anthracological Analysis presents the final case studies. 
This chapter explores the applications of anthracology at three sites. Firstly, Boodie 

Cave, Barrow Island excavated as part of the ARC Barrow Island Archaeology Project 

(BIAP) where poor preservation and recovery of charcoal were key issues. Secondly, 
two compliance excavations from the Pilbara are discussed (sites BHPBIO’s Pilbara 

PAD10/17 and RIO TINTO’s West Angeles WARE 13/10). Both studies highlight 
issues surrounding time constraints. All three projects allow for reflection on the 

methodologies, problems and potentials regarding limited sample sizes. Nevertheless, 

even under challenging conditions, time constraints or sample size issues, there is 
valuable data to be retrieved. Examining the problems and potentials of anthracology, 

on different research and consulting projects ensures the aims of this thesis are 
satisfied, regarding the testing of international disciplinary standards to varied WA 

contexts, especially as the latter examples coming from compliance archaeology 

continue to produce the largest volumes of excavated materials in the state (and 
Australia). 

 
 

Chapter 7: The Tricky Acacia: The Significance of the Acacia genus for 
Anthracological Application in Australia, with Descriptions of Woody Anatomy, 
explores a theme present in all prior chapters. That is the importance and consistency 

of the Acacia genus both in modern contexts (reference collection materials) and 
throughout deep time (archaeological applications). The Acacia genus is known to 

hold strong interspecies similarities in wood anatomy as in other botanical features, a 
fact that previously convinced some Australian anthracologists that species-level 

identification was not discernible. Given the dominance of the genus in both modern  

and historic landscapes this challenge is unavoidable. Understanding Acacia anatomy 
is vital in assisting with the discipline growth within the continent, but also ensuring a 

better understanding of local climatic and vegetation datasets, and how these relate 
to movements and exploitations of past people regionally. In fulfilment of the thesis’s 
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main aims, this chapter will describe and compare the anatomy of 20 Acacia species, 

collected concerning the case study sites discussed above. The woody anatomy of 

these species will be explored in detail, leading to a discussion surrounding the 

challenges, potentials, and feasibility of identifying Acacia specimens to the species 
level. Importantly, the identified species and the relationships between their anatomies 

will be viewed in combination with taxonomic and botanic understanding. Represented 
Acacia species fall within three sectional placement groups (Phyllodineae, Juli florae 

and Plurinerves), these groups are used to explore potential similarities and 

differences within associated species. Difficulties surrounding widespread species, 
such as Acacia aneura (Mulga) will be explored. This chapter sets the foundation for 

better documentation and understanding of this important and resilient genus, leading 
to the growth of Australian anthracology with relatable reference materials. Likewise, 

it is hoped that by exploring this difficult genus, reservations surrounding its 

identification to species level will subside, leading to developed paleoenvironmental 
reconstructions, and access to detailed reference materials, including descriptions of 

the tricky Acacias. 
 
 

The final section of this thesis, Chapter 8: Discussion and Chapter 9: Conclusion 
brings together the main points from each chapter and explores the connections 

between them. The chapter concludes with justification as to how the research  aims 
were fulfilled and final thoughts for the future of Australian anthracology. 

 
 

Supplementary data and additional supporting documents can be viewed in the 

Appendices, referred to throughout the paper. 
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Chapter 2: 

Exploring the Dream: Methodological and 

Theoretical Review 

 
This chapter will review relevant literature pertaining to anthracology- from its 

formation in Europe where its roots run deep through to its more recent emergence 

and ongoing development in Australia. The evolution of theoretical and methodological 
disciplinary standards (‘the dream’ or ‘ideal’) will be explored including the models and 

approaches employed to tackle the discipline’s main issues. As per the second aim of 

this thesis, a review of the adaptations required for Australian application and contexts 
(‘the reality’) will begin, a theme that continues through to the forthcoming chapters. A 

detailed literature review leads to clearly defining the three main problems impacting 
the growth of anthracology in Australia. 

 
 
2.1 From a seed grows a tree: the rise and growth of anthracology 

 
Wood charcoal analysis has a long and evolving history in Europe. The idea that wood 

charcoals held the potential for species identification was first put forward in Germany 
during the nineteenth century by Unger (1849), followed by Heer and Passerini 

(Pigorini, 1865). At this time specimens were impregnated with resin, and thin sections 
were obtained from resin blocks for examination using basic transmitted light 

microscopy. 
 
 

It was not until the early 20th century that Henri Breuil applied wood charcoal 

identification to archaeological charcoals, identifying fragments from Palaeolithic sites 

in France (Asouti, 2006). During this time, methods became more efficient with many 

opting for hand-sectioning (breaking the charcoal to obtain a clean surface), which 
was then examined with a hand lens or under low power, binocular microscope 

(Grimes & Hyde, 1935; Maby, 1932) ultimately leading to reduced costs and increasing 
efficiency and sampling sizes (Kabukcu, 2018). 
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By the 1940’s anthracology (systematic archaeological wood charcoal analysis) 

surfaced as a subdiscipline aiming at ecological interpretation. Salisbury and Jane 

(1940) analysed archaeological charcoals from three assemblages at Maiden Castle, 
Dorset England. Fragments were identified as Neolithic, Early Iron Age and Late Iron  

Age. These were compared with fragments from the Roman Period obtained from 
Verulamium (Salisbury & Jane, 1940). The authors describe how most fragments 

identified “contained bore-holes filled with carbonized ‘frass’, interpreted as products 

of beetle larvae - the type which attacks dead and not living wood (Salisbury & Jane, 
1940). This observation led to a revolutionary premise within the discipline: as the 

charcoals represent collections of mostly dead wood, they are therefore a random 
sampling of the woody vegetation and thus have the potential to reflect the relative 

proportions and abundance of the species within the prehistoric landscape. The 

presence of oak charcoal (hence oak trees within the past vegetation) observed in this 
analysis signified the area was likely clad in closed oak-hazel woodlands until the Late 

Iron Age - a vastly different vegetation type than previously assumed (Salisbury & 
Jane, 1940:132). The growth of such theoretical innovation within the discipline also 

sparked the discussion concerning methodological considerations, particularly 
emphasising the importance of comparative reference collections. 

 
 

The role of taxonomic and ecological variables was raised shortly afterwards by 

Godwin and Tansley (1941). The authors questioned Salisbury and Jane’s (1940) 
premise surrounding the capacity to reconstruct prehistoric vegetation. The authors 

critiqued the role of ecological and taphonomic variables, for example, plant 

community structure and taxon physiology, taxonomic issues regarding potential 
effects of differential wood combustion in varying species, as well as the role of cultural 

parameters that may affect the purposeful selection of specific woody species. They 
questioned how such variables would influence the creation and analysis of the 

anthracological assemblage. Thus, the debate regarding the appropriateness of 

charcoal analysis for reconstructing past vegetation began, continuing for decades to 
come. 

 

Interest surrounding the potential of archaeological charcoals for palaeoenvironmental 

interpretation soon expanded into France. In the 1950s Momot (1955) attempted to 
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reconstruct past climatic patterns through the analysis of late Paleolithic hearth 

fragments (Asouti, 2006). Over a decade later, French wood anatomist Couvert (1968) 

published a paper discussing the methodology of charcoal analysis, “stressing the 
uniqueness of charcoal data in supplementing a picture of past vegetation essentially 

synchronous to prehistoric settlement” (Asouti, 2006). Couvert’s study of charcoal 
specimens from two Algerian cave sites provided the first direct evidence for the 

existence of non-analogue (extinct) vegetation types in deep history. Several years 

later, Couvert published the results of his analysis of wood charcoals retrieved from 
another Algerian site, Relilaï (Couvert, 1972). The work explores the attempt made to 

reconstruct the spatial distribution of past vegetation based on modern rainfall values. 
From this data, the author made inferences regarding the distances people travelled 

to collect firewood, and therefore reconstructing past people’s movements through the 

landscape (Asouti, 2006). 
 
 

Such developments during this period were likely due to the advances in microscopy 

and disciplinary methodologies. Hand splitting techniques (vs resin impregnation) had 
become a standard. Progresses in microscopy (particularly into darkfield and reflected 

light and higher magnifications) resulted in higher numbers of wood charcoals 

analysed and more observable features (Couvert, 1968; Leney & Casteel, 1975; 
Vernet, 1992 ; Western, 1969; Western, 1971). The growing number of anthracological 

applications meant archaeobotanical reference collections were expanding in both 
size and accessibility, for example, the Cecilia A. Western Wood Reference from the 

1960s (Asouti, 2006; Greguss, 1955; Greguss, 1959). 

 
 

However, it was not until the 1980s when anthracology grew rapidly that 
methodological and theoretical questions became a central focus. This was largely 

due to Jean-Louis Vernet and his doctoral students, known as the ‘Montpellier School’. 

Their experimental applications led to major developments in quantitative 
palaeoenvironmental reconstruction (Badal–Garcia, 1992 ; Chabal, 1982 1990 1991; 

1992, 1999; Figueiral, 1992 1996; Figueiral & Willcox, 1999 ; Grau Almero, 1992; 
Heinz, 1990; Heinz et al., 1992 ; Théry-Parisot, 1998 ; Théry-Parisot, 2001; Thiébault, 

1980 ; Vernet, 1992 ). The School adopted strict methodologies surrounding correct 
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recovery and sampling procedures, including the difference between concentrated 

and dispersed charcoals, sieving versus handpicking and palaeoecological 

representativeness of relative frequencies, and the importance of understanding 
modern and relatable vegetative environments (Kabukcu & Chabal, 2020). These 

methodological standards are aimed at gaining a proportional representation of past 
environments, whilst moderating the impacts of taphonomy and human biases (both  

pre-and post-depositional). 
 
 

The expansion of anthracology into other continents and climatic zones gained 

momentum over the last few decades including studies from Africa (Eichhorn, 2003; 

Höhn et al., 2008; Kahlheber et al., 2014), Brazil (Bachelet & Scheel-Ybert, 2015; 

Beauclair et al., 2009; Scheel-Ybert, 2000, 2001, 2002b; R Scheel-Ybert et al., 2014; 
Scheel-Ybert & Dias, 2007) and the complex and highly diverse flora of the tropical 

zone (Asouti & Fuller, 2008; Dotte-Sarout, 2010, 2016 ; Huebert et al., 2010; Huebert, 
2015; Huebert & Allen, 2016; Thompson, 1994 ). The expansion of anthracological 

applications to varied continents and climatic zones has resulted in the developmen t 
of disciplinary standards and methodologies to ensure valid anthracological 

applications, analysis and representation of past environments and human- 

environmental histories. 
 
 

With the first study of anthracology (Salisbury & Jane, 1940) initial debates began on  

how representative the charcoals were for palaeo-vegetation species diversities and 

frequencies. Godwin and Tansley (1941) highlighted three concepts in the 
interpretation of charred fuelwood macro-remains: 1) collection (selective vs. non- 

selective); 2) the impact of taphonomic processes; and 3) quantification (frequency 
and diversity) potential. These concepts will now be explored in some detail. 

 

2.2 Representativeness of the charcoal assemblage 
 
Many elements contribute to a charcoal assemblage, including its ecological 
representativeness (Figure 2.1) (Chabal, 1999; Thery-Parisot et al., 2010). These 

include 1) when the wood is collected and put to fire; 2) the taphonomic processes of 
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carbonization and deposition; 3) the recovery of charcoal via excavation and post- 

depositional filters, and 4) the impact of sampling and analysis. These filters impact 

the recovered charcoal assemblage and its final interpretation (Dufraisse, 2012b). 
 
 
 

 

Figure 2.1 Formation of anthracological assemblage and diachronic interpretation of 
palaeoenvironment with taphonomic filters listed (adapted f rom Chabal 1992:223 and Thery- 

Parisot et al. 2010:143). 

 
 
 

2.2.1 Principle and theoretical foundations 

Considering that many of the first Australian anthracological applications were 

implemented without an awareness of coherent methodological standards (Frawley & 

O'Connor, 2010; Smith et al., 1995), one of the main aims of this thesis is to 
explore international disciplinary standards and their transferability to (Western) 

Australian archaeological contexts. This thesis will examine and assess which 
methodologies are convertible, as well as those which require manipulation and 

consideration. This will lead to a better understanding of Australian anthracological 

needs, in the hope of contributing to the formation and foundations of disciplinary 
standards specific to the continent, including both limitations and potentials. 
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The theories discussed in this chapter are broadly based and consider all aspects of 

the previously mentioned processes (Figure 2.1). As will be outlined, these theoretical 

foundations have derived from ethnobotanical observations, statistical studies and 
experiments (Chabal, 1990 1992; Thery-Parisot et al., 2010) which have been proven 

consistent around the world (Dotte-Sarout, 2010; Dotte-Sarout et al., 2015 see 

Appendix B; Figueiral, 1996; Scheel-Ybert, 2018; Scheel-Ybert & Dias, 2007; Whitau, 
Vannieuwenhuyse, et al., 2018). 

 
 

According to Lancelotti et al. (2010:308), there are two major issues facing 

researchers undertaking anthracological analysis. Firstly, is the need to understand 
the role that human choice plays in the creation of a wood charcoal deposit (and 

therefore distinguishing between ecological and cultural processes). Secondly, the 
identification and interpretation of taphonomic processes, not only in shaping the 

deposit recovered, but how this ultimately affects the methodologies drawn upon by 
the discipline from recovery through to analysis. The following sections examine these 

considerations, including the theoretical advances which have evolved in interpreting 

these factors. 
 
 

2.2.2 The anthropogenic filter 

Vegetation surrounding a site or sample point is undoubtedly the biggest influence on 

the creation of an anthropogenic charcoal assemblage – people can only collect what 

is available. However, there are complex debates surrounding how ecologically 

representative an assemblage is when considering the many filters and biases which 
may play a role in the creation of a domestic fire, including past people’s collection 
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strategies (both mindful and incidental), cultural parameters and preferential fuel 

choices. 

 
 

For many decades the Principal of Least Effort (PLE) (Zipf, 1949) was the leading 

theory for past peoples’ collection strategies. Zipf argued that most human behaviour 
is explained by a general rule: least effort exerted to obtain maximum resource return. 

The development of anthracology was greatly influenced by this theoretical foundation, 

including the central assumption that wood fuel collection most often takes place close 
to the site examined, likewise being collected in direct proportion to the diversity of the 

surrounding environment (Chabal, 1992; Shackleton & Prins, 1992). Whilst the PLE is 
an oversimplification of complex filters influencing the creation of a charcoal 

assemblage, its driving theoretical principles have proven to be the start of a solid 

foundation with which to reconstruct collection strategies, leading to more efficient 
models which take into consideration other cultural and behavioural filters. 

 
 

It has been argued the PLE is considered outdated, too distinctive of Processual 

Archaeology, applying indissoluble ‘rules’ to all cultures and contexts (see discussion 
in Delhon, 2021). Shackleton and Prins’ (1992) assessment of the applicability of the 

PLE to anthracology for reliable palaeoenvironmental reconstruction argues that the 
principle marginalises humans as passive actors subject to external forces (i.e. climate 

change). They list conditions that would nullify the applicability of the PLE, including 

the preferential selection of particular species, contending the most significant 
influence on the creation of a charcoal assemblage is ‘cultural laws’: “if a particular 

species were actively avoided or selected, then the charcoal remains would fail to 

provide an accurate reflection of the composition and abundance of the species [within 

the archaeological assemblage]” (Shackleton & Prins, 1992:632). 
 
 

Shackleton and Prins (1992) argue that preference for specific species rests on two 

conditions. Firstly, if the wood is plentiful, the inhabitants will select those that are most 

desirable (for example, the condition of the wood such as dry vs. fresh, too large or 

small). This only contributes a significant role in the selection process over preferred 
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species type. Secondly, if wood fuel is minimal, people will collect with less 

predisposition, simply because of less resource availability. It is also known that 

people tend to broaden their mobility during times of poor fuel accessibility, collecting 

from a wider breadth of vegetation communities to augment for poorer quantities (for 
example see Chapter 4, Chapter 5, and Appendix C). This is also true for other 

resource collections such as food or water often coinciding with fuel collection (see 
Chapter 4 and Chapter 6). The model put forth hypotheses that the richer the woody 

environment the higher the selectivity (thus, a lower diversity, relative to the original 

environment, represented in the archaeological assemblage), as there is a larger 
choice obtainable for the low effort exerted (Dotte-Sarout et al., 2015; Shackleton & 

Prins, 1992). Therefore, the authors deem that whilst a wood charcoal assemblage 
will always be a result of the past vegetative environment, the filter of human selection 

plays a key role also. This model was named the “Degree of Selectivity” (DoS). As will 

be discussed at length, below, concerns regarding the human collection biases are 
valid, nevertheless are controllable (or at the very least, observable) with correct 

sampling strategies and methodological considerations. Likewise, rather than these 
selection filters being detrimental to analysis, they are often more enlightening to past 

peoples’ responses to the changing environment and resource conditions throughout 

time (Delhon, 2021). 
 
 

The period of introspection surrounding the analytical limitations and premises of 

anthracology (Shackleton & Prins, 1992) has since been overcome, giving new 
perspectives into theoretical and methodological applications of anthracology and the 

archaeological insights it can produce. This was mostly due to multi-proxy studies 

based on experimental observation, ethnobotanical works (Picornell et al., 2011) and 
cross-analysis of multiple large-scale anthracological examinations. Due to these 

advanced critiques, it is now evident that several constants affect people’s firewood 
collection approaches which have evolved from ethnoarchaeological studies 

examining both fuel management and selection in socio-cultural and environmental 

settings, firewood management and anthracological investigations (Delhon, 2021; 
Dotte-Sarout et al., 2015; Huebert et al., 2010; Picornell-Gelabert et al., 2017; Thery- 

Parisot et al., 2010). 
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Dotte-Sarout, Carah and Byrne (2015:6) describe in detail the five main factors 

affecting firewood gathering: 

1. The function of the fire affects what and how people gathered wood (i.e., 

domestic, general, or specialised); 
2. People can only collect available fuel. This includes the presence/ absence and 

frequency of different taxa; 
3. The creation of a charcoal assemblage is influenced by the avoidance of 

specific species rather than purposeful exploitation (Byrne et al., 2013; Dotte- 

Sarout, 2010; Dufraisse, 2012a, 2014; Henry et al., 2009); 
4. The condition of the wood plays a role in the collection of fire fuel. For instance, 

there is a known preference for dry wood over fresh, small twigs and branches 
over trunk etc. (Mallol & Henry, 2017; Vidal-Matutano et al., 2020; Vidal- 

Matutano et al., 2017); and 

5. The conditions surrounding the procurement of wood fuel, including the people 
undertaking the tasks. Both ethnobotanical and anthracological studies have 

shown that firewood collection is rarely a solitary activity - mostly undertaken 
as a secondary task associated with other daily activities (Dufraisse, 2012a; 

Picornell et al., 2011; Vidal-Matutano et al., 2017). 
 
 

Following these points and the steady increase in anthracological and ethnobotanical 

studies worldwide, it is now common understanding that firewood collection: 

• is dependent upon the taxa available in a given environment and thus is 
reflective of know vegetation communities; 

• most commonly focused on small diameter dead wood such as branches 
(which is especially true for hunter-gather contexts where fuel is transported 
over wider distances); 

• occurred in conjunction with other activities (such as water or food gathering) 

and thus vegetation communities often reflect resource-rich habitats; 

• tends to avoid undesirable (or culturally forbidden) taxa; and 

• likely occurred in selected environments. Most anthracological investigations 

show specific vegetation communities were targeted (e.g. near the site) (Dotte- 
Sarout et al., 2015:6) 
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Whilst the above rules are most often reflected within anthracological studies around 

the world (Byrne et al., 2020; Byrne et al., 2021; Byrne et al., 2013; Dotte-Sarout, 2010; 

Dotte-Sarout & Byrne, 2013; Dufraisse, 2012a; Figueiral, 1996; Frawley & O'Connor, 
2010; Picornell et al., 2011; Smith et al., 1995) it must be acknowledged that human 

behaviour is always open to variations and unpredictability (Delhon, 2021; King & 
Dotte-Sarout, 2019). Examples of such behaviours may include: 

• Non-permanent habitation sites may introduce resource affluence, potentially 
encouraging selective collection (e.g. dry vs wet wood, multipurpose woods) 

• The type of person(s) collecting (for example, a child vs adult, “foraging” vs 
“collecting” groups) - all capable of transporting different sizes and amoun ts of 
fuel (Asouti & Austin, 2005). 

 
 
 
Due to the slow development of Australian anthracology, we are yet to understand 
how such methodological and theoretical standards may differ for Australian contexts 

and flora. The perfect example of such is Whitau et al. (2018) – a study resulting from 

excavated charcoals at Mount Behn Rock shelter, North WA. The authors 
acknowledges the difference in identification levels between vitrified and non-vitrified 

charcoal fragments. Furthermore, she observes that a particular species, 
Grevillea/Hakea sp. appears more susceptible to this process. As such, the species 

appears quite dominant within the charcoal assemblage- a result contrary to other 

studies undertaken within WA (Byrne et al., 2021; Byrne et al., 2013; Hudson, 2013; 
Taylor, 2012). The genus is known to be a poor fuel resource yet favoured for tool 

manufacturing (Byrne et al., 2020; Byrne et al., 2021; Byrne et al., 2013; Dotte-Sarou t 
& Byrne, 2013; Whitau, 2017). Such species are also known as being culturally sacred, 

used for tree scarring, imparting a type of “ownership” and identity (Butcher, 

Yinhawangka Elder pers comm. 2021). The authors explain the vitrification and 
subsequent over-representation of these species is likely a preservation issue. Thus, 

when removed from the analysis, a coherent and conforming vegetation record 
remains. By following methodological protocols, Whitau et al. (2018) were able to 

identify anomalies that supplied a wealth of information about site processes, and past 

flora collection strategies. The authors also showed that in other sites where the 
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species was not represented or in low frequency, the wood was avoided due to its 

tool-making value, in comparison to sites with higher species richness where 

avoidance was unnecessary. 

 
 
2.3 Taphonomic filters 

 
At the beginning of the chapter, we started by considering the idea that two major 
issues faced those undertaking anthracological analysis (Lancelotti et al., 2010:308), 

the first being the attempt at grasping the role of human filters in the creation of a wood 
charcoal assemblage. The second is interpreting the impacts of taphonomic 

processes, and this is especially important when considering that charcoal analysis is 

quantitative - relying on the frequency of each species through its representation in 
the number of fragments identified. Considering this, anthracological analyses should 

take into consideration the potential deformation between the anthracological spectra 
and initially burned wood (Thery-Parisot et al., 2008:79). 

 

 
The development of wood charcoal taphonomic studies was slow, and thus the 

discipline suffered from a lack of methodological footing (Thery-Parisot et al., 
2010:143). Concerns surrounding anthropogenic, depositional, and post-depositional 

filters emerged as a central focus in the 1990s when the Montpellier School graduates 

undertook systematic exploration into the effects of taphonomic processes upon 
analysed assemblages. Chabal (1997), Thery-Parisot et al. (2010) and others (Allué 

et al., 2009; Chrzavzez et al., 2011; Delhon, 2006; Dufraisse, 2012a; Figueiral & 
Mosbrugger, 2000; O’Carroll & Mitchell, 2001) undertook experiments which laid the 

foundations for these approaches. These protocols, amongst others, are accepted, 

developed, and utilised today to ensure valid palaeoenvironmental reconstruction. 
 
 
 

2.3.1 Combustion 

Whilst the carbonisation process results in the fossilisation and preservation of wood 

anatomy it can also create anatomic manipulations (seen in cracks, shrinkage and 
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vitrification, see Figure 2.2). As such, mean pitting and lumina diameters are not 

reliable identifiers for carbonised wood remains. However, nearly all structural 

characteristics of wood are unaffected, permitting taxonomic identification. The 

combustion filter emphasises the importance of local, relevant, detailed reference 
collections, preferably in the same charred state as the archaeological fragments (as 

combustion reactions such as vitrification or radial cracking may be indicative of 
susceptible species). 

 
 

 
Figure 2.2: Cracking due to carbonization process, as seen in transverse section of  Rhizophora 

stylosa (spotted-leaved mangrove). 
 
 

Unless preserved under very specific conditions, organic remains such as fresh wood, 

leaves, fertile segments, and storage organs rarely survive the archaeological record. 
Likewise, pollen is often poorly preserved in some environments, particularly arid 

regions. Many of Australia’s most proficient species (such as the Acacia) are poor 
pollen producers and are often underrepresented in pollen cores (Whitau, 2018). On  

the other hand, carbonised wood (charcoal) is most often prevalent, hardy and 

preserved in most contexts. Therefore, understanding the carbonisation process is 
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vital (Thery-Parisot et al. 2010). There are four stages of combustion as described by 

Asouti (2006), these include: 

1. Dehydration: up to 200°c 

2. Char formation: 200°c to 280°c 

3. Carbonisation: 280°c to 500°c 

4. Ignition: 500°c + 
 

Stages one and two are endothermic, meaning the wood heats, losing a large amount 

of its total weight via moisture, gasses, and organic compounds. The third stage is 
known as pyrolysis, where thermochemical decomposition of organic material takes 

place at elevated temperatures in the absence or limited supply of oxygen. The high 

temperatures from stage four result in a total spontaneous ignition, and with the 
presence of oxygen leaves nothing but ash (Asouti, 2006). 

 

Given this process, the correct temperatures and lack of oxygen are required for the 

formation of charcoal remains, “falsifying the real quantity of initially burned wood and 
therefore the representativeness of the assemblage” (Théry-Parisot et al., 2010:146). 

Studies have shown that the carbonization bias has more impact on the representation  
of the quantity of wood put to fire, with little impact on the representation of species 

proportions (Chabal, 1992). This also emphasizes the importance of scattered 

(multiple burning) charcoals for palaeoenvironmental representations, rather than 
condensed features. This leads to the discussion surrounding fragmentation, and the 

importance of analysing charcoal by count rather than by weight. 
 
 

2.3.2 The physical composition of the hearth 

The placement of wood within the combustion feature itself is another process to 

consider. As described above, for the carbonization process to take place, the fuel 
requires a set of specific temperatures and a lack of oxygen. Arising from a series of 

experiments, Braadbaart and Poole (2008) describe two circumstances that result in 
charcoal formation: a) when the wood is heated in a limited supply of oxygen causing 

the wood to turn to charcoal (and if complete combustion occurs the wood turns to 

ash), and b) in the complete absence of oxygen resulting in carbonization which 
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always results in charcoal. Therefore, wood placed within the centre of a hearth would 

be consumed rapidly and turned to ash, when compared to wood placed at the bottom 

of a hearth (or in a closed feature such as an earth oven) in which it is held at a steadier 

temperature, receiving less oxygen and thus results in carbonization of the fire fuel 
(Asouti, 2006; Smart & Hoffman, 1988). Burning conditions may also impact charcoal 

preservation such as variation in temperature, intensity, maintenance, and exposu re 
time (Asouti 2006). More investigation is required into the type of combustion features 

(Whitau, 2017) and the differences in combustion and ignition rates between them. 

 
 

2.3.3 Physical composition of the wood 

There are physical properties of firewood that may affect the taxonomic representation  

within a charcoal assemblage and its preservation. As has been touched on, fragment 
count plays a major influence in charcoal analysis. There have been several studies 

that examine the different rates of fragmentation on varying species, concerning their 
differing anatomy (Chabal, 1990 1992, 1999; Thery-Parisot et al., 2010). These 

experiments have indicated that “all plant species have similar average mechanical 

and physical properties when transformed into charcoal.... properties which are 

different from one species to the other in wood may be erased...by [carbonisation]. In 

all probability, the post-depositional processes added to the combustion could act as 

a homogenisation agent, leading to an average similar behaviour of species” (Thery- 

Parisot et al. 2010:150) (see Law of Fragmentation 2.4). 

 
 

The combustible properties depend on species density and chemical composition with  
several studies demonstrating that wood’s combustible properties are dependent on 

calibre, rate of humidity and the physiological state of the wood (dead vs. fresh) (Thery- 

Parisot et al. 2010:144). Firstly, the anatomical structure of different wood species may 
react differently to the carbonization processes. For example, some softwood can burn 

more rapidly, potentially reducing the wood to ash. In comparison, hardwood generally 
heats slower and thus holds a greater potential to form charcoal (Asouti, 2006; Smart 

& Hoffman, 1988). Secondly, the size of the wood collected can determine what is lef t 

remaining in the pit. These phonological and physiological states may have influenced 
not only the taphonomic processes at hand but - demonstrated by ethnographic 
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studies - may have determined the collection process too. Some studies have 

demonstrated the high incidence of small calibre wood in fuel, indicating that small 

twigs and sticks may have been just as suitable for collection (and preservation) as 

larger branches (Dufraisse, 2006). This is where the importance of correct sampling 
and methodologies ensures a true representation for palaeoenvironmental 

reconstruction. Following many ethnobotanical and anthracological studies worldwide, 
it appears that taphonomic markers can be discerned, with a variety of small and large 

caliber wood pieces, low and high-density wood and, both common and rare species 

being represented in archaeological charcoal remains (Delhon, 2006). 
 
 

By examining the physical and chemical processes wood undertakes during 

combustion, it is easy to understand the effect it may hold on the morphological 

composition of the wood itself (thus impacting upon analysis due to the quantification 
nature of analysis). Several studies (Metcalfe & Chalk, 1950; Prior & Gasson, 1993; 

Rossen & Olson, 1985) examine the effect of charring concerning varying species’ 
anatomic composition, and whilst there are small variations it seems the process 

doesn’t generally favour the preservation of certain species over others. Combustion  

can result in the cracking, shrinking and sometimes vitrification of anatomic featu res 
(therefore, for example, measuring the size of features is futile) which some species 

are more prone to, making identification of certain species more difficult to identify (or 
the contrary, the case of Proteaceae in WA assemblages by Whitau, Dilkes-Hall, et al. 

(2018), discussed below). 
 
 
2.4 The Law of Fragmentation 

 
Concerns surrounding the potential for the over-or under-representation of certain 
species relating to the above taphonomic filters (including differential fragmentation 

and mass reduction rates between species and wood densities) were of a central topic 
within anthracological discourse for decades (Smart & Hoffman, 1988). As such, 

statistical and experimental research led by Chabal and Théry-Parisot examined the 

potential biases (carbonization and taphonomic filters) on charcoal fragmentation 
rates (Chabal, 1988 1992, 1999; Chrzavzez et al., 2011; Thery-Parisot et al., 2010). 

This was the beginning of an influential concept in anthracology: the Law of 
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Fragmentation (Chabal 1988, 1992, 1997 (Asouti & Austin, 2005; Chabal, 1988 1990 

1991 1992, 1999; Chabal et al., 1999). 
 
 
 
These, and subsequent studies showed that fragmentation is mostly associated with  

combustion conditions, the condition of the wood (i.e. fresh or dry wood) (Théry- 
Parisot, 2001; Thery-Parisot et al., 2010) and the type of sediment in which the 

assemblage is deposited (Vernet & Thiebault, 1987), rather than individual species 

anatomic or chemical composition. Furthermore, anthracological studies around the 
world have reflected a balancing of fragmentation rates due to carbonisation. This 

process promotes the multiplicity of fragments produced by low-density taxa, and post- 
depositional processes in which low-density fragments tend to disappear at a h igher 

rate (Dotte-Sarout et al., 2015:5). 

 
 

Importantly, the Law of Fragmentation has been consistently proven through 

anthracological experiments and applications throughout the world. Simply, the Law 

of Fragmentation demonstrates: 

• The over-fragmentation of the most frequent taxa – which tend to be represented 
in both small (<4mm) and large (>4mm) fragments; 

• The under-fragmentation of rare species is predominantly represented in 
smaller sized fragments; 

• The random nature of taphonomic impacts renders anthracological samples 
suitable for subsampling (Kabukcu, 2018, pp. 135-136); and 

• The identified charcoal assemblage sample is ideally between 200–400 
fragments of various size classes per stratigraphic unit or context (with 

considerations to local biodiversity) (Chabal et al., 1999; Keepax, 1988) 

 
 
 
The recognition of these filters and their impacts have facilitated analyses that 

consider such biases. Considerations and observations of such transforming 

processes have formed the backbone of methodological standards within 
anthracological discourse, particularly the importance of sampling smaller fragments 
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from scattered deposits for valid paleoenvironmental reconstruction (see discussion 

2.6) as well as drawing on known ecological diversity measures (section 2.7). 
 
 

Whilst these filters have set the foundations for anthracological disciplines, and are 

mostly considered efficient in their application, some considerations remain relevan t. 
Henry et al. (2020) demonstrate how taphonomy-related questions are still relevant 

today. Their study at the Mesolithic Escabasses Cave (Southwest France) shows; 1) 
the proportions between species show more variability according to size class than to 

types of deposit (i.e., scattered vs hearth); 2) fragment size does not impact floristic 

diversity; and 3) the probability to find higher Quercus species frequencies within the 
2–4 mm size class (vs. the 4mm) is significant. These results allude to different stages 

in the taphonomy history of the charcoals, potentially ranging from the type of 
occupation and related human practices to specific post-depositional behaviour of 

Quercus. This is similar to results observed by Whitau, Dilkes-Hall, et al. (2018) whose 

study implies differences in taphonomy for Proteaceae fragments (discussed in more 
detail below). Importantly, Henry et al. (2020) show how depositional and post- 

depositional conditions vary between archaeological sites, periods and floristic 
contexts, contributing to the main aims of this thesis. 

 
 
2.5 Post-depositional influences 

 
Like most types of archaeological remains, charcoal fragments are subject to the 

influence and distortion of post-depositional processes, both qualitative (i.e. 
presence/absence) and quantitative (i.e. rank and proportion). These processes act 

as a filter between the vegetation represented and the assemblage analysed as they 
have the potential to affect the spatial positioning of the charcoal, or cause increased 

fragmentation and thus affect identification counts (Thery-Parisot et al., 2010). 
 
 
Displacement of archaeological charcoals may take place due to bioturbation 

processes, such as those caused by the root system of plants. However, this is less 
of an issue for rock shelters and caves (as explored in the case studies from this thesis 

see Chapters 4, 5 and 6) in comparison to open-air sites (Théry-Parisot et al., 2010). 
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Similarly, trampling and burrowing by animals and earthworms may displace remains 

affecting assemblage context– worms alone may move archaeological features by up 

to 5mm per year (Wood and Johnson 1978 cited in Thery-Parisot et al., 2010:148) 

 
 
Atmospheric factors such as runoff, leaching, freeze/thaw, dry/humidity cycles, and 

eolian and fluvial action are all phenomena that can lead not only to the horizontal and 
vertical displacement of charcoal but also has the potential to lead to further 

fragmentation or disintegration of archaeological material  (Asouti, 2006; Bird et al., 

2002; Fifield et al., 2001; Thery-Parisot et al., 2010), this is a consideration given the 
disciplines quantitative analytical approach. Likewise, taphonomic disturbances such 

as those created by termites can play a major role in the post-site formation biasing of 
dating and the reliability of in situ relationships of cultural remains and sediments 

(Williams, 2019). 
 
 

Mineralisation is a taphonomic process in which the chemical surroundings of the 

sediment matrix influence the preservation of charcoal (Asouti, 2006). The large 

porous surface of wood charcoal results in them being susceptible to the accumulation 
of mineral inclusions and precipitates, thus decreasing fragment porosity and 

increasing density (Greenlee, 1992). This is particularly relevant to the highly 

mineralised sediments present within Western Australia and can ultimately affect (both  
positively and negatively) the preservation of charcoal. Byrne et al. (2013; Taylor, 

2012) recovered charcoal remains that were at times, highly mineralised. This was 
more recently observed during the excavation of Yirra Rockshelter, in Paraburdoo 

(report in prep), with some charcoal fragments sinking during flotation recovery. The 

mineralisation caused some fragments to become heavier, emphasising the 
importance of the accepted disciplinary approaches of 1) using small fraction sieves 

to collect fragments that sink; and 2) emphasising the importance of counting 
fragments rather than weighing (refer to section 2.4). Importantly, these 

methodological applications have shown North WA may be prone to the accumulation 

of mineral deposits as the result of acidic soils (Rebollo et al., 2008) (see also Chapter 
6).  

 

Despite the potential issues discussed above, the biggest influence on an 
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assemblage is the original vegetation itself, and human collection behaviours 

(Delhorn 2006:9, Delhon, 2021), and whilst such potential influences may appear 

overwhelming, they simply emphasise the need for appraisal of the site’s condition, 
and prudence surrounding chosen recovery and analytical methodologies. 

Accordingly, a detailed understanding of the site’s stratigraphy, taphonomic and 
depositional history (including socio-cultural and environmental contexts to be 

integrated into the interpretation) is indispensable to the wood charcoal investigation. 

The original charcoal assemblage is created because of accessible vegetation, 
collection processes, transportation of the wood, burning (carbonisation) and 

depositional process, post-depositional history, archaeological recovery, and 
sampling. Most often, the differential sensitivity of each taxon to these filters is 

stabilised in the final analysis (Dotte-Sarout et al., 2015; Thery-Parisot et al., 2010). 

Likewise, results that differ from such methodological and theoretical normalcies 
(Whitau, Dilkes-Hall, et al., 2018) allude to other interesting and informative 

abnormalities (whether it be taphonomic, anthropogenic or otherwise). 
 
 

Adaptability is essential in recovery and sampling approaches as each site can hold 

unique challenges and histories. Consequently, the importance of having an 

anthracologist on-site during the planning and recovery is just as important as for the 
subsequent analysis phase. This is especially true with application to Australian 

contexts which vary dramatically in their environments, histories, and preservation. In  
many regions of the continent, there are no direct methodological reference sources 

or applications. Thus, the importance of testing methodological applications, and 

sharing these applications, will result in best practices and methodological foundations 
for future Australian anthracology. 

 
 
2.6 Recovery and sampling 

 
2.6.1 Establishing context – natural vs. synthetic excavation units 

Excavation and recovery techniques play a major role in the representativeness of an  

archaeological charcoal assemblage. This is because anthracology attempts to 
reconstruct past vegetative histories through correlation to depositional events 

(contexts). 
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Condensed charcoal features represent short use activities, likely reflective of the last 

burning activities (Thery-Parisot et al., 2010). As such, these deposits usually 

represent fewer taxa diversity and more limited collection areas. However, Whitau, 

Vannieuwenhuyse, et al. (2018) identified differences in condensed features and their 
usage: short-term features (typically hearths) are distinguishable, having 

encapsulated moments in time and specific uses by a group during the last burn. 
These differ from other features which have been reused without a full clean or burning 

of the wood (such as ovens) and as such capture more taxonomic diversity than a 

single/short-use hearth. Potentially, this may reflect a closed carbonisation process 
and re-use of the feature thus capturing a longer-term representation of fuelwood. The 

shape and size of the feature may also be able to determine its original function 
(Asouti, 2006; Whitau, 2018). In comparison, scattered charcoals represent long term 

use and random taxonomic preservation, and thus reflect the palaeoenvironment 

better. Given the difference between these two types of deposits, they should be 
collected separately allowing for comparative analysis between the two. 

 
 

With the central aim of reproducing palaeo-vegetative diversities and frequencies, the 

archaeological charcoal assemblage must relate to natural depositional contexts - 
units that provide a coherent event (stratigraphic units). As further discussed in 

Chapters 2, 6, 8, this is a challenge for Australian archaeology, where stratigraphy is 
often homogenous, accumulating over deep-time periods and with long hiatuses, and 

where a tradition of excavation by artificial excavation units has developed (Dotte- 

Sarout et al., 2015; Ward, Winter, et al., 2017 see Appendix D). Nevertheless, while 
arbitrary excavation units (excavation or analytical units) are sometimes appropriate, 

ideal excavation methods should be focused on the recovery and interpretation of 
archaeological remains in a stratigraphic context. Synthetic units may potentially 

truncate uneven living floors, skewing anthracological and archaeological analyses. 

This is because it provides an accurate and natural context of time including past 
vegetation and climatic histories (Ward, Winter, et al., 2017). 
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2.6.2 Recovery from the archaeological deposit 

Anthracology relies on counts (rather than weights), and further fragmentation or 

degradation of the fragments may cause bias in their representativeness. Likewise, 
the Law of Fragmentation (section 2.4) shows the importance of examining a variety 

of different sizes of fragments, but particularly smaller fragments, to ensure a better 
representation of taxonomic frequencies within the deposited assemblage (and thus 

of past environments). 

 
 

Handpicking results in a bias towards larger (>4mm) fragments, while anthracological 

experiments and applications internationally have demonstrated that rare taxa tend to 

be mainly represented in smaller fractions and frequent ones are present in both large 

and small fractions (Chabal, 1988 1992). The same phenomenon has been observed 
in North WA contexts (Taylor, 2012). That study examined the difference in species 

diversity between handpicked and sieved fragments from the same contexts, resulting 
in a clearer representation of higher diversity in (smaller) sieved fragments than 

(larger) handpicked ones (Byrne et al., 2013; Taylor, 2012). Naturally, smaller-sized 
taxa (such as shrubs) were better represented in smaller fragments. 

 
 

Sieving techniques can also create biases. Dry screening may cause excessive 

damage to charcoal fragments, causing further breakage, and lead to a distortion in 

the representation of relative frequencies. As well, most common mesh sizes employ 
a range of 4-5mm, thus only catching large fragments, allowing the more 

representative smaller charcoal fragments to pass through, again leading to rare 
species becoming unrepresented and original diversity being missed. 

 
 

Given the importance of smaller fragments in enhancing taxonomic 

representativeness, a charcoal assemblage must contain various sizes of both large 
and small fragments. As such, flotation and wet sieving are considered the best form 

of recovery for all organic remains: bone, shell, seeds, wood, and charcoal. Flotation  

recovery methods utilise the differences in density between organic and inorganic 
material to achieve separation between the two (Pearsall, 2010). Charcoal fragments 
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of 2 mm are identifiable (Badal et al., 2012; Byrne et al., 2013; Delhon, 2006; Dotte- 

Sarout, 2010). Given this observation, sieve sizes of 2 mm (or less) should be utilised. 

This ensures small fraction charcoals are caught, whilst enhancing the retrieval of 

other delicate remains including bones and small artefacts such as debitage, or small 
seeds that could have been used by past occupants of Australian sites (i.e. Acacia 

seeds). Flotation and wet sieving techniques are generally suitable for most artefacts 
and ecofacts, however, some considerations need to be made for certain forms of 

analysis (such as DNA or residues). 

 
 
 

2.6.3 Subsampling and laboratory selection 

Often the charcoal fragments recovered from the assemblage will be numerous, with  

counts into the thousands being common. As such, only a small percentage of the 

fragments will be examined for identification. As previously discussed, the accepted 
count is between 200-400 fragments per context, with statistical tools used to ensure 

meaningful results. Regardless, how the fragments are chosen for identification is 

equally important. “Grab sampling” of fragments is subjective and suffers from a lack 
of standardisation (Asouti, 2006). Grid systems are time-consuming as well as equally 

subjective (Asouti, 2006; van der Veen & Fieller, 1982). Ideally, charcoal remains 
resulting from dry or wet sieving excavation should be bagged within their separate 

sieve sizes, allowing for subsampling from various size classes. The float should be 

passed through graded sieve sizes with subsampling taken from each size fraction 
(Asouti, 2006; Pearsall, 2010; Zalucha, 1982). 

 
 
2.7 Validity: comparing to known ecological diversities 

 
So far, the many filters which may impact the anthracological assemblage have been 

explored in this chapter. Despite these, many studies (Chabal et al., 1999; Delhon, 
2006; Nelle et al., 2013; Scheel-Ybert, 2002a) have shown that correct statistical and 

analytical tools can help ensure a valid representation of the past vegetation. 
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2.7.1 Diversity assessment: accumulation curves and Gini-Lorenz indexes 

Two statistical tools are inevitably utilised. Firstly, the accumulation curve (saturation  

or species/area curve) plots the number of identifications against the number and 
frequency of represented species. This ensures that the identified assemblage is 

representative of the taxonomic richness of the deposit (i.e. number of taxa). The 

minimum number of fragments to be analysed is considered to have been achieved 
when the saturation curve reaches a clear plateau in temperate or semi-arid regions 

(see Chapters 4, 5, 6). 
 
 

The second tool utilised is the Gini-Lorenz curve. This tests that the ecological diversity 

and representativeness are reflective of the region (i.e., relative proportion between 

the taxa present). This is achieved by calculating the ratio between the frequency of 
each taxon and the number of taxa in a given assemblage. This shows how the rank 

and proportion of taxa are represented. Depending on the climatic conditions (arid to 
tropical) or the vegetation units (savannah, open forest, secondary or less disturbed 

vegetation), the curve will indicate a ratio recording the dominance of certain species 

in the assemblage whilst also reflecting secondary taxa. This can be examined to 
known vegetation communities, associations, and proportions. 

 

2.8 Anthracology in Australia 
 
Questions surrounding taphonomy are as old as the first methodological groundwork 
in anthracology and are still relevant today as depositional and post-depositional 

conditions vary between archaeological contexts, periods, and sites (Henry et al., 
2020). As such, one of the main aims of this thesis is to test how transferable the 

international disciplinary standards are to WA's highly unique and varied contexts, 

both archaeologically and floristically. This will begin by clearly reviewing 
anthracology’s history within Australia. 

 
Examination of Australian archaeological practice reveals a forgotten and signif icant 

gap in the study of archaeobotany (Denham et al., 2009; Dotte-Sarout et al., 2015). 

Few applications have shown the great potential for understanding past people-plan t 
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histories (Atchison et al., 2005; Dilkes-Hall, 2020; Head et al., 2002; Tuechler et al., 
2014). Anthracology has held even less attention with wood charcoals recovered from 

archaeological sites most often overlooked, except for their dating potential. 
 
 
The first applications of anthracology in the continent were undertaken in the 1960s 

(Donoghue, 1979; Megaw, 1966) mirroring the sub-disciplines’ emergence in Europe 
(Godwin & Tansley, 1941; Momot, 1955; Salisbury & Jane, 1940). However, 

anthracology’s growth remained slow and methodologically inconsistent in Austral ia. 
This was likely due to minimal specialist training and accessible English publications. 

 
 
Ironically, palaeoclimatic fluctuations and environmental changes were popular 
themes in Australian archaeology from the 1980s (Hall et al., 1988; Lamptert & 

Hughes, 1974; Smith, 1989; Veth, 1989) with site interpretations and regional analysis 
focused on past climatic shifts and the subsequent impacts on changing and available 

resources. Local WA palaeoenvironmental datasets are rare and inferences of past 

vegetation dynamics were often drawn from long-distance regional proxy datasets 
such as marine, coastal, and terrestrial records (Vannieuwenhuyse, 2016, p. 4). 

Despite this, anthracology was not applied again until the 1990s, with the earlier 
exception of Donoghue (1979). 



36  

Table 2.1: Anthracological studies conducted in Australia adapted f rom (Whitau, 2018) 
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Boyd et al. (2000) Cape Byron Shell Midden NSW Sub-tropical  10 5 

Burke (2004) 
Devil’s Lair 
rockshelter WA (south) Temperate  131 9 

Byrne et al. (2013); Taylor (2012) 
Weld Range 

rockshelter WA (Midwest) Semi-arid  483 18 

Chapter 5 Boodie Cave WA (N, Island) Semi-arid Scattered 366 45 

Byrne et al. (2018) 
West Angeles: 
WARE 13/10 rockshelter WA (North) Arid Both 270 13 

Byrne et al. (2020); Chapter 5 
Bandicoot Bay 
Barrow Island (open dune) WA (N, Island) Semi-arid Both 500 24 

Byrne et al. (2021); Chapter 4 
Karnatukul 

rockshelter WA (North) Arid (desert) Both 1016 48 

Carah (2012) Gledswood Shelter 1 QLD Sub-Trop ical  135 10 

Carah (2016) Madjedbebe NT (North) Sub-Trop ical  1965 20 

Dolby (1995) Nunamira TAS Temperate  25 6 

Donoghue (1979) Toulkerrie Midden    21 10 

Dortch (2004) Tunnel Cave WA (South) Temperate  257 6 

Edgar (2001) 
Carpenter’s Gap 1 
rockshelter WA (North) Sub-Tropical  40 5 

Dotte-Sarout et al. (2012); 

Dotte-Sarout and Byrne (2013); 
Chapter 6 

BHP: PAD10/17 
rock shelter 

 
WA (North) 

 
Arid 

 
Both 

 
368 

 
11 

Frawley (2008); Frawley and 
O'Connor (2010) 

Carpenter’s Gap 1 
rockshelter WA (North) Sub-Tropical  179 43 

Hudson (2013) Kalgan Hall WA (South) Temperate  473 13 

King (2015) 
Goddard Creek 

Open Site QLD Tropical  200 37 

King (2022) 
Sisters Creek 

Cave TAS Temperate Both 778 23 

Mackay-Dwyer (2011) Gordolya rockshelter NT (North) Tropical  247 10 

Megaw (1966) 
Gymea Bay 

rockshelter NSW Temperate   12 

Purssell (2012 ) Middle Park Station QLD Tropical  373 13 

Smith et al. (1995) Puritjarra NT Arid (desert)  124 19 

   Walsh (2021) Jiwarrjiwarra rockshelter NT Sub-tropical  Both 392 35 

Whitau (2018) 
Riwi 
rock shelter WA (North) Sub-Tropical Both 2754 19 
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Smith et al.’s (1995) application revealed the important role wood charcoal analysis 

can play in answering the ongoing themes raised in the previous decade. Smith et al. 

(1995) identify late Pleistocene and early Holocene charcoals from the Puritjarra rock 

shelter in central Australia revealing changes in vegetation throughout time. Likewise, 
the authors interpret collections as having taken place within water-associated 

habitats. This theme continues to emerge in later charcoal analysis studies (Byrne et 
al., 2020; Byrne et al., 2021; Byrne et al., 2013; Dotte-Sarout & Byrne, 2013; Frawley 

& O'Connor, 2010). Dolby’s (1995) thesis examined charcoals recovered from 

Nunamira Cave in Tasmania, acting as a test application of wood charcoal 
identification. The study revealed patterns of avoidance, whilst representing a valid 

representation of the tree and shrub communities through time. The study emphasises 
the importance of anthracology in revealing meaningful vegetation reconstruction, 

reflecting communities directly surrounding the site in comparison to pollen analysis 

which results in a palimpsest of course-grained depictions from a wider area (Dolby, 
1995). Whilst the study sample sizes were small, and methodologies inconsistent, they 

did demonstrate the importance and applicability of wood charcoal analysis in 
Australian archaeological contexts (Table 2.1). 

From the 2000s on anthracology was applied in a number of Honours theses (Carah , 
2012; Edgar, 2001; Hudson, 2013; King, 2015; Mackay-Dwyer, 2011; Purssell, 2012; 

Taylor, 2012) Masters (Frawley, 2008) and Doctoral theses (Dortch, 2004). From 2010 

wood charcoal analysis embraced more methodologically sound applications. Recent 
Honours theses and PhD dissertations have experimented with the application of 

internationally recognised methods in a systematic way on Australian case studies 
(Hudson, 2013; King, 2015; Taylor, 2012; Walsh, 2021; Whitau, 2018). Importantly, 

these dissertations have all contributed to the testing of international disciplinary 

standards within Australian archaeological contexts. Likewise, many have resulted in  
publications, increasing the shared knowledge of this still-growing subdiscipline (Byrne 

et al., 2013; King & Dotte-Sarout, 2019; Whitau, Vannieuwenhuyse, et al., 2018). 

Despite previous initiatives in academic training and exposure to archaeobotany by a 
range of researchers in the Eastern States (see papers in Beck et al. 1989) there 

was a need to inculcate archaeobotanical approaches at the national level. Initiatives 



38 

to coordinate interstate efforts helped with the development of the discipline locally, 

such as at the University of Western Australia and the University of Queensland’s 

collaborative Archaeobotany workshop funded through the Bilateral Research 
Collaboration Award in 2011 and 2012 (awarded to Dotte-Sarout, Fairbairn and 

Paterson). The latter aimed at directly addressing the slow growth of archaeobotany, 
inconsistent and applicable methodological standards, and re- evaluating the 

direction of macrofossil analysis in the Australasia-Pacific region. As part of this 

workshop, a series of reciprocal masterclasses and seminars were organised to 
harmonise the laboratory activities and provide supervision opportunities to 

researchers and postgraduate students working within the region (Figure 2.3). From 
this foundational workshop, future aims were discussed, including an emphasis on the 

need for botanist-level identification reference material, accessible reference materials 

(online database) and publication of archaeobotany work to ensure the testing and 
growth of Australian archaeobotany whilst better coming to understand the specific 

needs (and standards) required for valid Australian applications. 

Figure 2.3: UQ/UWA Tropical Archaeobotany Workshop held at The University of  Queensland, 

Archaeology Laboratory, April 2012 

2.8.1 Why the slow growth? 

To this day, Australian archaeobotanical studies are most often the only local 

paleoenvironmental datasets available – and this is especially true for North WA 

archaeological sites (Byrne et al., 2020; Byrne et al., 2021; Byrne et al., 2013; Dilkes- 
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Hall, 2020; Taylor, 2012; Veth et al., 2017 see Appendix E and Chapters 4, 5 and 6). 

Australian archaeology favours a strong focus toward lithic and rock art analysis, as 

reflected in Australia’s two premier archaeology peer reviewed journals: Australian 

Archaeology Association and Archaeology in Oceania (Figure 2.4). Whilst charcoal 
remains one of the most common and abundant eco/artefacts recovered, anthracology 

is still rarely applied to excavation approaches and analyses. 
 
 
 

 
Figure 2.4: Comparison of article topics in Australian Archaeology Association (AAA, blue) and 

Archaeology in Oceania (AO, red). Red square indicates the most consistently popular topics. See 

Appendix F for supplementary data. 

 
 
 

2.8.2 Lack of accessible academic resources 

As discussed above, anthracology’s development and growth centred around 

European and African studies. As such, many publications (particularly those centred 
around the advancement of methodological tests and approaches) were published in 

languages other than English (Badal–Garcia, 1992; Chabal, 1982 1988, 1990, 1991, 
1992; Chabal, 1997; Chabal, 1999; Chabal et al., 1999; Figueiral, 1992; Ntinou, 2002; 
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Théry-Parisot, 1998 ; Vernet, 1997; Vernet et al., 2005). Combined with the lack of 

Australian archaeobotany specialists, archaeology students were unable to gain  the 

skills, research, and training required to propel the growth of the subdiscipline in 
Australia. 

 
Anthracology papers have become more accessible to English speaking readers, 

particularly over the last decade. This has been a major development in expanding 

methodologies and reference materials. Nevertheless, Australia’s flora and peculiar 
environments are particularly unique, making international reference collections and 

methodological approaches not directly applicable to Australian archaeological 
charcoal deposits. Moreover, disciplinary standards and methodologies are often not 

easily transferable to some Australian contexts. An example of this is the use of 

excavation units (XUs) within the Pilbara (Ward, Winter, et al., 2017). 
 
 

2.8.3 Australia’s unique and challenging flora 

Australia’s forests are predominantly Eucalyptus (77%) and Acacia (8%) (Department 

of Agriculture, 2021) (Figure 2.5). Paradoxically, these genera are notorious for 

interspecies similarities, often resulting in species-level identifications being complex, 
even for highly trained anthracologists and wood anatomists. Some Australian 

anthracolgists have raised concerns regarding interspecies similarities and intra- 

species variances within these types (Carah, 2016:163; Whitau, 2018:50). As such, a 
large component of this thesis explores Acacia wood anatomy, given its prominence 

and diversity in North WA (Chapter 7). 
 
 

Concern regarding difficult genera, such as Acacia and Eucalyptus, is understandable. 

Identification to species level is extremely time-consuming and often comes down to 

differences amongst the smallest anatomical differences (see Chapter 7, Vol. II). This 
requires intense specialist training, often inaccessible to archaeology students. 

Nevertheless, species-level identification is most certainly possible (Byrne et al., 2013; 
King pers. comm. 2021; Frawley & O'Connor, 2010; Hope, 1998; King, 2022) (see also 

Chapters 4, 5, 6, 7 and Vol. II). Inter/intra-species similarities in Australian taxa can be 
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overcome with a more extensive examination of wood species (particularly the 

sampling and description of non-commercial timbers). Relevant and comprehensive 

wood charcoal reference collections overcome such issues, ensuring the efficiency of 

anthracological applications to both consulting and academic research archaeology 
projects. It also expands knowledge of Australian unique flora, including its woody 

species anatomy, see Chapter 3 for extended discussion. 
 
 

 
Figure 2.5: Main vegetation types of Australia’s arid regions. Note the predominance of  Acacia 

shrublands (Barker & Greenslade, 1982) 

 
 
 

2.8.4 The specialist filter 

The level of the anthracology training may impact the quality and level of identification 

– as species-level classification relies on the recognition and comparison of featu res 

throughout a larger sample (rather than just a look at one section). Differentiation often 
results from the examination of minute differences or features which can be difficult to 

find, or minute variations difficult to compare. Due to the slow growth of anthracology 

in Australia, specialists are not common within teaching environments. As such, most 
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academics and students wishing to undertake anthracological training must rely on 

minimal one-on-one practical training sessions, and/or through published works only. 

Given the time-consuming nature of anthracology, students are often unable to spend 

adequate amounts of time examining and describing minute and intricate features of 
each species, both for reference samples and archaeological charcoal identifications. 

This leads to a higher rate of genus-level identifications, metastasising the belief that 
species identifications are not acquirable for less anatomically distinctive species. 

 
 

As discussed, much of Australian flora is ambiguous in its wood anatomy. Some 

species such as Acacia are just as difficult in their fresh vegetative form. Australian 
botanists are often confused by interspecies similarities of this genus, as well as intra- 

species variations (see discussions surrounding Acacia aneura in Chapter 7). Even 

the ablest botanists can misidentify or lean toward more ambiguous labels (eg sens. 

lat.). This is especially true when botanists are identifying materials outside their usual 

geographies of experience. Likewise, botanists are only able to identify what is 
presented to them- vouchers which lack fertile material (flowers, seeds) may not hold 

enough key information for secure identification. Therefore, identification of reference 

material by a botanist on site is always optimal. Certain species which are particularly 
difficult, such as Acacia, have a larger error margin for identification. Ideally, specialist 

taxonomists can ensure identifications are correct; this is critically important for 
reference collections which will determine the species ladled to all future 

archaeobotanical analyses. 
 
 

Consequently, the classification of species is constantly changing. Often taxonomists 

and botanists find relationships between individual species (or genera) which are 

different to previously published names. For example, invalid names are replaced 
(eg. Callitris glaucophylla has been renamed Callitris columellaris). Previously used 

names may be restored (eg. Hakea pugioniformis reverted to Hakea teretifolia) or 

highly variable species are divided into separate species (which is particularly relevant 
to Acacia (eg. Acacia aneura, Acacia aptaneura see Chapter 7). On the contrary, spe- 

cies may be combined into a single species (e.g., Eucalyptus stoatei was incorporated 
into Eucalyptus forrestiana as Eucalyptus forrestiana subspecies stoatei). Likewise, 
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sub-species or varieties are raised to species status (e.g., Banksia integrifo- 

lia var. aquilonia became Banksia aquilonia). Genetic studies are also shedding light 

on family lines, with some species reclassified into different genera (e.g. Eucalyptus 

maculata became Corymbia maculate) (ANPS, 2020). Whist taxonomy and specific 
classifications are useful in describing the species examined, much confusion exists 

among botanists as to the current classifications and correct species identifications. 
Again, this is where consultation with specialist taxonomists, particularly for difficult 

genera such as Acacia or Eucalyptus, gives a higher level of certainty to the assigned 

species for reference materials. This also stresses the need for botanical vouchers 
and transparent reference collections to ensure they may be questioned in future (see 

Chapter 3 and 7 for an extended discussion). Reference collections can not remain 
stagnant: classification changes, taxonomist specialist consultations and upkeep 

ensure relevant, valid and healthy archaeobotanical identifications as a result. 

 
 

Bias may also present during the interpretation of collected data and reference 

samples. An example of this is the idea surrounding “good fuel”. Ethnobotanical 

studies around the world (Picornell et al., 2011) and backed by the anthracological 

records, show fire fuel is rarely sought based on it being a “good fuel”, and whilst such  
properties may be recognised it rarely necessitates additional labour for procurement 

(Kabukcu, 2018). Such ideas surrounding “hotter”, “better”, and “longer burning” fuel 
are mostly a modern concept, resulting from forestry and commercial wood industries. 

Such modern notions may ultimately impact the understanding of the species 

represented, or perhaps the targeted species in the creation of a reference collection. 
This highlights the importance of drawing on ethnobotanical knowledge and Traditional 

Knowledge to frame relevant questions during all phases of anthracological analysis. 
 
 
 

2.8.5 Existing reference collections and databases: assessment of the usability for 
Australian anthracology applications 

Anthracology relies on the observation of preserved wood anatomy in archaeological 

charcoal fragments which are then compared to modern woody reference samples. 
Wood anatomy is considered outdated in botany (with a focus generally on vegetative 
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form and genetics). As briefly discussed, above, there have been many reference ma- 

terials produced overseas stemming from both forest industries (Illic, 1987; 

InsideWood, 2004; Meier, 2008) and anthracological applications. Most atlases are 

specific to a particular family (Koek-Noorman & Westra, 2012), study (Viney et al., 
2017) or region (Crivellaro & Schweingruber, 2013; Scheel-Ybert & Goncalves, 2017). 

This is also true for online databases which are predominantly focused on commercial 
timber uses (Meier, 2008) or international wood descriptions (Inside Wood 2021). 

Thus, most available reference materials are extraneous to the Australian context. In  

the mid-2000 UQ began an online archaeobotany database with detailed descriptions 
of Australian species [http://uqarchaeologyreference.metadata.net/archaeobotany- 

/list], however recent access shows the website has since been removed. As such, 
there is currently no publicly accessible database or reference work specific to 

Australian archaeobotany. This undoubtedly impacts the application of anthracology 

in both academia and consulting platforms. 
 
 

The first Australian wood-reference work was published by Ilic (1987). This pioneering 

work provided the first published comprehensive wood descriptions of Australian 

species such as Eucalyptus and Acacia, including microscope imagery. However, the 
atlas is limited to species as examples of specific features rather than in-depth 

examinations of a species or genus. Likewise, descriptions and images are based on  
fresh wood, not charred samples. This reflects the forestry focus of the book, rather 

than anthracological application. 
 
 

Over a decade later Hope (1998) published an atlas which was based on the 

observation and description of Australian Central and North Eastern woody species. 

This publication is the first Australian work which describes charred reference 
samples, specifically for use in wood charcoal identification. Charred reference 

samples are ideal as they represent the species' reaction to the carbonisation process 

which can potentially shrink, crack or distort features. Hope describes two studies, the 
methodologies employed, and detailed descriptions of the species encountered, 

including detailed imagery. Unfortunately, whilst the samples were identified in the field 
by a botanist, there are no corresponding vouchers. This provides a level of 
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uncertainty as, in the PhD candidate’s experience, botanical identifications are not 

always correct, especially concerning difficult taxa such as Acacia. Vouchers have 

played a major role in leading to the correct identification of species by specialist 

taxonomists (see Chapter 3 and 7). Nevertheless, the work remains one of the most 
valuable and accessible reference materials produced to date. 

 
 

Due to the lack of reference materials in Australia, every project undertaken requires 

a new set of reference woods to be collected, processed and described. Many 
consulting or student projects are limited by small budgets and time constraints. With  

the additional costs associated with the creation of reference materials, anthracology 
is seen as unattainable by many. On a more positive note, the collection of local 

reference materials better reflects the site/region and often provides a much clearer 

image of the past environment and collection strategies in comparison to international 
online databases for larger and more generalised areas. It also affords more 

opportunities for species-level identifications. As anthracology is still an emerging 
discipline, the creation of new reference materials also gives greater insight into the 

anatomy of indigenous species and the similarities and variations amongst them. 

Importantly, the creation of reference samples offers anthracologists opportunities to 
coordinate with botanists and Traditional Owners to better understand the unique and 

diverse species of the area, including growth habits and ethnobotanical uses. Un like 
some other regions of the world, Australia has a strong, living Indigenous culture with 

clear connections and understandings of the recent and more distant past which can  

be crucial to understanding aspects of the archaeobotanical record. 
 
 

The creation of the candidate’s reference collection and associated database (Vol. II) 

are discussed in detail in the following chapter. 
 
 
2.9 Discussion 

 
Wood charcoal analysis has a long history in European archaeological applications. 
This led to the expansion of anthracology into other continents and climatic zones al l  

over the world. Accordingly, a better understanding of the taphonomic filters facing the 
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discipline was gained, leading to strict disciplinary standards regarding the recovery 

and sampling of archaeological wood charcoals to ensure valid and representative 

results. This includes protocols surrounding analysis and statistical tools 

(accumulation curves and Gini Lorenz indexes) associated with known climatic zone 
diversities. 

 
 

Through a detailed literature review, we have determined that Australian 

archaeological practice reveals a significant gap in the study of anthracology, which 
holds the potential to fill this missing link in the record. This is despite the popularity of  

palaeoclimatic theories in Australian archaeology with a focus on past climatic sh if ts 
and resource availability. Local palaeoenvironmental datasets are rare and inferences 

of past vegetation dynamics were often drawn from long-distance regional proxy 

datasets such as marine, coastal, and terrestrial records. 
 
 

Australian anthracological applications have shown promise for filling this gap in 

knowledge. However, not all the pioneering Australian anthracological applications 

have been rigorous with appropriate methodological rigour. This is most often related 
to the creation and use of appropriate local and regional reference materials, including 

accessible data such as botanical vouchers, and the standards reached in the 
identification of reference material (i.e., by the botanist, herbarium, analyst). Likewise, 

not all reference works or databases are representative of regions or even published. 

On the positive side, the last decade of growth in Australian anthracology has led to 
more methodologically valid studies, tests, and discussions, resulting in more detailed 

and representative reference materials. 
 
 

Through a detailed examination of both international and regional literature, it 

becomes clear that there are three main reasons behind the minimal application of 

anthracology in Australian archaeology: 
1. Minimal local anthracology applications result in a lack of testing of best practise 

and methodologies for local vegetative environments and archaeological 

contexts (explored in Chapters 3, 4, 5, 6); 
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2. The continent's flora is unique and complicated. This is especially relevan t for 

the most common genus throughout the continent, especially regarding the 

Acacia debate (Chapter 7). 

3. The lack of accessible reference materials causes anthracological applications 
to become inefficient, costly, and unappealing. This is because reference 

samples need to be created for every application - a lengthy process. This 
deters specialist growth and consistent application (Chapter 3, 6) 

 
 

This chapter has examined some key literature profiling the development and growth  

of anthracology, including its long history in Europe and its strong expansion 
internationally. The many elements which condition the creation of a charcoal 

assemblage were discussed, including anthropogenic, taphonomic, post-depositional, 

sampling and analysis filters. This led to an exploration of the many studies which have 
formed methodological and theoretical foundations (‘“the dream” or ideal) to ensure 

valid palaeoenvironmental representation. 
 
 

The following chapters explore ‘the reality’ of implementing these methodological and 

theoretical foundations in a highly variable set of North WA archaeological contexts 

(Chapters 4, 5 and 6). Firstly, however, the link between the methodological ideal and 
its implementation into real-life examples will be explored in the following Chapter 3. 

This will be realised through the creation, and then use, of a newly constructed North- 
western Australian anthracology database, as well as a discussion of related legal, 

ethical, and methodological considerations, in hopes of tackling the three 

considerations listed above. 
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Chapter 3 
Applying the Dream: Reference Collections and 

Accessible Datasets for North WA Anthracological 
Contexts 

 
The slow growth of anthracology in Australian archaeology could once be attributed to 

the lack of English publications (particularly those centred on methodological 
advancements). However, the previous chapter explores how this issue has dissipated 

throughout the last two decades, with many accessible English publications 

showcasing applications and experiments from all over the world (Bellomo, 1993; 
Dotte-Sarout et al., 2015; Figueiral, 1992 ; Kabukcu & Chabal, 2020; King & Dotte- 

Sarout, 2019; Marston et al., 2014; Stuijts, 2006; Thery-Parisot et al., 2010; Thery- 
Parisot et al., 2008; Whitau, Vannieuwenhuyse, et al., 2018; Zalucha, 1982). From this 

burgeoning research, methodologies and theoretical foundations have been 

consistently tested, establishing a sound practice for both ecological and 
anthropogenic histories encompassing past peoples and their environment. 

 
 
3.1 Australian anthracology’s slow growth: the three major hurdles 

 
Following on from the exploration in the previous chapter, the reasons for the slow 
disciplinary growth in Australia are attributed to: 

1. Minimal local applications and specific fieldwork traditions result in negligible 
understanding surrounding best practices and methodologies for local 

vegetative environments and archaeological contexts (explored in Chapters 3, 

4, 5, 6). 
2. The continent’s flora is unique and complex, with genetic and taxonomic 

classifications still being modified and defined. This is especially true for the 
most common genus throughout the continent: Eucalyptus and Acacia (Chapter 

7); 

3. The lack of accessible reference materials means anthracological applications 
can seem inefficient and costly. This is a result of reference collections needing 
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to be created for every application – which is a lengthy process. This deters 

growth in this specialization and the development of consistent applications. 

 
 

In hopes of laying the foundations to address the points above, one of the main aims 

of this thesis is the creation of a large, detailed, and relevant anthracological reference 
collection and easily accessible database (Vol. II), applied and tested in the diverse 

North WA archaeological sites of Boodie Cave (Chapter 6), Bandicoot Bay (Chapter 

5), Karnatukul (Chapter 4) and two consulting projects undertaken in the Pilbara 
(Chapter 6). It should be noted that the reference materials from the two consulting 

projects are discussed separately in relevant chapters having been created as part of  
the respective consultancies. 

 
 

Most Australian anthracological studies have discussed the lack of relevant reference 

material, thus leading to the creation of project-specific materials and descriptions 
(Byrne et al., 2013; Carah, 2012, 2016; Donoghue, 1979; Dortch, 2001; Frawley & 
O'Connor, 2010; Hudson, 2013; King, 2015; King & Dotte-Sarout, 2018; Mackay- 

Dwyer, 2011; Purssell, 2012 ; Taylor, 2012; Whitau, 2018). However, very few studies 

provide detailed descriptions, insights, or details of permits and processes undertaken. 

The lack of transparent discussion surrounding this process of data acquisition is 
problematic: Australian environments, heritage regulations, Indigenous cultures and, 

archaeological contexts are unique and differ from international approaches (Nesbitt 
et al., 2003; Pearsall, 2010). As such, this chapter will explore the methodological and 

theoretical principles surrounding the creation of an anthracological reference 

collection relevant to Western Australia in some detail. This includes legal, ethical, and 
contextual considerations. Importantly, the beginnings of best practices will be 

discussed in the hope of establishing coherent and accessible reference col lections 
and databases for future Australian archaeobotany studies. 
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3.2 Planning the collection 
 
The creation of a reference collection requires careful planning. Before the collection 

of vegetative reference materials, the following should be considered: 
• Legal requirements 

• Ethical obligations 

• Geological histories and affinities (for example, changing coastlines, climate 
and modern impacts such as mining) 

• Diversity, in terms of both species and vegetation communities 

• Coherent methodologies: collection, preservation, recording, and storage 
 
 

3.2.1 Legal requirements 

Western Australia is recognized for its unique and highly diverse plant and animal 

assemblages. The Department of Parks and Wildlife holds a key role in protecting the 
native flora through the management of lands and waters reserved under the 

Biodiversity Conservation Act 2016 and Biodiversity Conservation Regulations 2018. 
These laws require authorisation for taking, disturbing, possessing, and processing 

activities concerning flora and fauna. Simply, the collection of any vegetative materials 

(including flowers, seeds, whole plants, and wood) in Western Australia requires an 
approved permit. The most relevant to the archaeobotanical analysis and reference 

collections are Regulation 61 (Flora taking [other purposes] for Crown land) and 
Regulation 4 (Authority form (CALM Act lands/waters)) (DPaW, 2021). These licenses 

were obtained from the West Australian Department of Environment and Conservation 
(Appendix G) before the collection of this Doctorate’s reference samples. 

 
 

3.2.2 Ethical obligations 

The archaeobotanical analysis is not solely dependent on plant anatomy and floristic 

analysis. Australian Indigenous culture is fundamentally interwoven with the 

landscape – both ancient and present. Traditional Custodians’ ecological knowledge 
is vast, comprehensive, and significant. The incorporation of Indigenous Ecological 

Knowledge (IEK) is essential to understanding the archaeological and anthracological 

data as a reflection of past and changing environments, people’s movement and the 
long-term history of this knowledge and use of plants – including medicinal 
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applications. Ideally, archaeobotanists will collect reference samples on Country with  

local Traditional Custodians. It is the experience of the candidate that collections 

undertaken with Traditional Custodians result in a richer reference sample set – both  

in terms of species diversity, relevant vegetative habitats and the shared IEK. 
 
 

Methodologies regarding the collection of IEK, its use and management should be 

planned and implemented in acknowledgement and respect for Indigenous people’s 

rights over their cultural knowledge and intellectual property (Holcombe, 2009). 

Archaeobotany holds a variety of considerations distinct from mainstream 
archaeology, such as the collection of potentially significant plant samples and the 

recording of ethnobotanical uses and processes (including photographic, oral and 
written records). Considerations of Indigenous Cultural Intellectual Property apply to 

all research, collections, databases, publications, images, audio, or video recordings. 

Likewise, related activities undertaken during the collection of plant samples (and 
associated IEK) should also consider these issues (ISE, 2006). 

 
 

Many detailed guidelines and codes provide regulatory approaches regarding ethical 

and IP methodologies for the collection of IEK (AIATSIS, 2020; Holcombe, 2009; ISE, 

2006). Likewise, Aboriginal corporations and representative bodies often have cultural 
protocols to manage customary knowledge. It is not the purpose of this chapter to 

provide prescriptive ethical and intellectual property guidelines, but rather to raise 
awareness regarding the importance and the need for their use during archaeobotanic 

applications, particularly during the creation of reference collections. Therefore, it is 

the responsibility of archaeobotanists to ensure the following are obtained: 

 
• Free, prior, and informed consent: discussion surrounding the aims of the 

project, explanation of the use of plant samples (reference collections) and how 

the associated IEK contributes to archaeobotanical analysis and interpretation. 

• How the IEK may be used and managed. For example, databases, research 
and publication outputs. 



52  

• Consent without coercion: the archaeobotanist should be guided by Traditional 
Owners. IEK can be detailed and descriptive, succinct, or withheld. Knowledge 

which may be considered sacred, or taboo (such as gender-specific knowledge) 
may remain unrecorded. Likewise, collections should not occur at sacred sites 
or be of sacred flora, except if requested or agreed on by the Traditional 

Custodians. 

• Ongoing engagement: includes the communities’ right to access the recorded 
IEK and review/request participation in research output (e.g., publications). 
These details should be recorded in the PIF documentation and given to TOs 

before collections and/or interviews. 

 
 
The case studies explored in this thesis (Chapters 4, 5 and 6) were guided by the 
University of Western Australia’s Human Ethics office. Approval was granted before 

the commencement of the project in 2013 (Appendix H). This included the use of 
project-specific Participant Consent Forms (PCF) and Participant Information Form 

(Appendix H). Whilst reference collections did not result in formal interviews (and thus 

the need for PCF), broader Indigenous cultural knowledge was shared during 
archaeological excavation (and thus fell under the larger BIAP project’s ethical 

guidelines). The PIF was inherently important - it not only assisted in the discussion 
surrounding the project's aims but also gave Traditional Owners a chance to take 

information with them about the project and the contact details for ongoing 

consultations, as desired. 
 
 

3.2.3 Geological histories and affinities 

A reference collection needs to represent both present and past vegetation. Therefore, 

it requires careful planning regarding collection localities. Whilst collecting samples 

close to the archaeological site is standard procedure, investigation of the geological 
substrate and plant assemblage affinities can provide greater insight into past 

vegetation and changes throughout time. 
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A good example of this is Barrow Island where two of the sites explored - Boodie Cave 

and Bandicoot Bay - are located. Sitting approximately 56 km off the Pilbara mainland, 

Barrow Island is Western Australia’s second-largest continental island (Moro & 

Lagdon, 2013). It is approximately 25 km in length and 10 km in width (Moro and 
Lagdon 2013). The island represents a unique and preserved ecosystem. Importantly 

it holds geological and ecological affinities to the Cape Range region, as well as its 
neighbouring mainland Pilbara coastline (Figure 3.1), especially as it was part of  the 

extensive coastal plain before Holocene sea-level rise. Reference samples for this 

thesis were therefore not only taken from a variety of locations on the island itself but 
also from neighbouring regions which hold geological affinities including Cape Range, 

Exmouth, Karratha and the Burrup Peninsula. Hence, vegetation expected to have 
been present on the now drowned lands between Barrow Island and the current 

coastal geological suites of the NW coast was also captured by this collection. 
 
 

 
Figure 3.1: Collections of reference materials. Blue indicates collections pertaining to research 

projects (Chapters 4, 5, 6), and red indicates collections relating to consulting projects (Chapter 6). 
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3.2.4 considering collection methodology and e) diversity: creating the North WA 
anthracology reference collection 

In May 2013 Byrne and Dotte-Sarout began plant sample collections. These became 

the main reference materials for this doctorate. Collections began in Cape Range 
national park, along Exmouth, up the coast to Gnoora (40-mile beach), through to 

Burrup Peninsula and into Karratha. Botanist Vicki Long, and Martuthunira Traditional 

Owner, Bevan Wally accompanied collections along the 40-mile beach, Burrup and 
Karratha (Figure 3.1, Figure 3.2). Long identified species on-site as collections took 

place. Collections made before this (Exmouth, Cape Range and up to 40 Mile Beach) 
were identified by Long through examination of botanical vouchers, collection record 

documents and photographs. 
 
 

 
Figure 3.2 Bevan Wally and Chae Byrne collecting woody plant samples in the Burrup Peninsula 

– Murujuga (lef t) and Karratha (right), 2013. 
 
 
 
Wood samples were cut from branches (Figure 3.2) and numbered with a permanent 
marker. Leaves, seeds, flowers, fruits, pods, and any other identifiable material were 

also collected. All samples were stored in labelled cloth bags. Identifiable material was 

pressed in anticipation of the creation of botanical vouchers (Figure 3.3, stored in UWA 
Archaeology laboratory) as per the WA herbarium requirements (Herbarium, 2008). 

Accompanying these collections were photos of the plant (form, leaves, bark, soil and 
habitat) and descriptive collection sheets. These forms assisted the botanist in 
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identification when not present on-site, whilst also ensuring transparency for future 

questions regarding the species assigned. 
 
 

 
Figure 3.3 Specimen vouchers (lef t) pressing reference samples, (right) botanical specimen 

 
 
 

3.2.5 Barrow Island 

Reference collections continued later in 2013 and 2014 on Barrow Island (BWI), during 

the first two BIAP field seasons (see Chapter 2, Veth et al., 2017). Again, targeted 
species lists were compiled, and appropriate flora collection licences and permits were 

obtained (Appendix G). The same process was followed with voucher materials, 

photos, forms and wood cuttings. Collections were made close to both sites: at Boodie 
Cave to the NW of the island and Bandicoot Bay located on the southern coastal zone. 

Samples were also taken at various other locations on BWI in an attempt to represen t 
all vegetation communities and habitats found across the island. This collection 

strategy was facilitated through the use of detailed flora reports complied for Chevron 

(Chevron, 2005; Mattiske, 2005) and by liaison with BWI Department of Parks and 
Wildlife (DPaW) officers. Flora reports are invaluable in the compilation of targeted 

species lists, as well as during analysis when vegetation communities are identified 
through species frequencies and associations. All reference collection samples were 

identified by botanist Professor Stephen van Leeuwen, or the Western Australian 

Herbarium identification service (Appendix I) with reference to recording forms, 
photos, and botanical vouchers. 
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3.2.6 Katjarra 

Woody reference samples were taken at multiple locations at the site of Katjarra (in 

the Carnarvon Ranges). Once more, this aimed to capture a high diversity of species, 
and vegetation communities and to potentially sample both present and ancient 

landscapes. Collections took place during the 2013 Karnatukul (Serpents Glen) 
archaeological excavation (Chapter 4) (see also J McDonald et al., 2018). Karnatukul 

is located within a broad valley at the southwestern corner of Katjarra (the Carnarvon 

Ranges) in the Western Desert, approximately 160 km NNW of Wiluna. Birriliburu 

Traditional Owners were less concerned with specific species of plants, focussing 

instead on collections from specific areas, particularly those around water sources 
(including hidden waterholes, creek beds) and areas of high biodiversity. Ecological 

sample identifications were made on-site by Professor Stephen van Leeuwen 

(Botanist) ensuring the validity of the reference collection specimen. Wood was once 
again numbered and bagged along with leaves and other identifiable material. Despite 

identifications already made on-site, botanical vouchers were still created to ensure 
transparency of the identified material and for future reference (stored in UWA 

archaeology laboritory). As will shortly be discussed, many vouchers were used years 

later to ensure the valid identification of complicated species such as Acacia (Chapter 
7). 

 
 
3.3 Creating the collection for anthracological use 

 
The following section describes the uniform processes used for all collections 
described above. Wood samples were dried for several weeks within muslin bags (to 

avoid sweating, and mould growth and to allow for progressive drying). Drying also 
allowed for consistency amongst the samples, as the moisture content may impact 

anatomical aesthetics, as well as assist in the reduction of smoke during burning. Once 

the wood was dry, charring was carried out. Samples were tightly wrapped in tin foil, 
their collection number marked, rewrapped in foil, and relabelled. The tin foil ensured 

the wood sample was contained, with no cross-contamination of charcoal fragments, 
whilst assisting in the carbonisation process by limiting oxygen exposure (Asouti, 

2006). The furnace was preheated to 400ºc (Asouti, 2006) ensuring all samples 

burned at a constant temperature. The charring process caused a great deal of smoke 
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pollution and thus the furnace was used outside at the UWA Crawley storage site 

(Figure 3.4). Depending on the samples’ sizes, approximately 3-4 pieces of wood were 

placed in the muffle furnace simultaneously (samples of roughly the same thickness 

were charred together). Mean burn time took 40 minutes but charring continued unti l 
smoke ceased or became significantly lighter. Some samples took less time (for 

example thinner branch cuttings or less dense samples) and some took up to an hour 
(for example exceedingly resinous and larger samples). 

 
 
 

Figure 3.4 charring of reference woods in a muffle furnace, 2013 
 
 
 
The reference charcoal specimens were placed within laboratory sample bags and 

appropriately labelled with their reference number, taxa identification (including family, 

genus and species), collector name, project name and date. To assist optimal viewing 
during analysis, a small piece was taken from each collection and snapped into the 

three anatomical planes of wood (Figure 3.5) (transverse, radial longitudinal, 
tangential longitudinal). The three sections were placed on a glass slide and attached 

with tack for easy accessibility and examination (Figure 3.6). Anatomical features were 

described within the candidate’s wood charcoal anatomy database (Vol.II). 
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Figure 3.5 anatomical planes of wood (modif ied f rom Elfick, 2012) 
 
 
 

 

Figure 3.6 Reference collection in UWA archaeology lab: (lef t) reference charcoals sectioned 

slides, (right) candidate on Nikon Scope Eclypse LV100ND 
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3.4 The anthracological database: management and use of reference data 
 
A sound reference collection generally reflects a high diversity of species (ideally 

including multiple samples of the same taxon from different trees and locales). 

Collections contain a vast amount of informative data: collection information, species 
habitats and regional distribution, anatomical variations, and similarities. However, the 

more detailed the collection, the more material requires examination and curation. As 
such, archaeological charcoal specimens are preferably compared to a greater 

number of reference samples for accurate identifications. Having noted that, physically 

comparing an archaeological fragment to hundreds or thousands of reference samples 
is inefficient. Searchable databases (for example see Dotte-Sarout, 2010) allow for 

specific features, which are visible within the archaeological fragment, to be “queried”, 
resulting in a specific list of species presenting the feature(s) in question. This reduced 

list of potential species can then be physically compared to the archaeological sample 

to ensure more efficient search times and result in a higher number of identified 
fragments. 

 
 

A total of 132 reference samples of wood (representing 34 families, 49 genera and 81 

species) were collected for this thesis and entered into the corresponding searchable 
database. The database was created using FileMaker Pro (Vol. II) and designed to 

describe the anatomy of all woody charcoal samples taken from the locations, 
discussed above. Inspired by Dotte-Sarout’s anthracology database (Dotte-Sarout, 

2010), this doctoral database (Figure 3.7, Vol. II) layout as seen in the Pilbara 

database (Dotte-Sarout et al. 2013) was based on the anatomical features described 
on the IAWA List of Microscopic Features for Hardwood Identification (Wheeler et al. 

1989). The features were arranged in the three anatomic planes of wood (Figure 2.10) 
coinciding with how each reference sample would be viewed and analysed. Additional 

features were added including detailed collection information (collection number, date, 

person, botanical region), as well as the botanical identification itself including species 
name, family name and priority status. Collection photos were also added providing 

additional details of tree form and habitat. Information regarding the botanical 
provinces (regions and map) were also included. Information about the taxa itself is 

also listed: with a brief description of growth and habitat preferences, ethnobotanical 
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uses, and known vegetation communities with distribution maps from Florabase 

(Florabase, 2017) (a public access web-based database of the flora of Western 

Australia created by the Western Australian Herbarium). The latter data assist in quick 

reference for analysis, correlating species-specific knowledge from a variety of 
sources. The record ends with four microscopy photos taken of the sample. This 

allows for a quick visual reference to key observed features. These descriptions will 
lead to a published atlas with the aim of making anthracological descriptions 

accessible to specialists throughout Australia. 

 
 

A crucial issue for all reference collections is the reliability of the botanical identification 

associated with each ecological sample (Nesbitt et al., 2003). Once a species is 

assigned to a sample, all comparable archaeological fragments will also obtain that 

identification. There are two forms of documentation which assist in maintaining the 
consistency and transparency of reliability in the use of reference collections and 

associated databases. These are: 
a) Documenting (or ‘flagging’) the level of authority in reference to the sample 

identification (i.e., non-specialist, botanist, taxonomist) as well as how the 

identification was undertaken (i.e., on-site, botanical voucher, photo only); and 
b) Creation, accessibility, and preservation of associated botanical vouchers 

(created in line with local herbarium requirements). 
 
 

 
Figure 3.7 Screenshot of North Western anthracology database record 001, showing the 

‘f lagging’ system (red outline) to ensure the reliability of  the assigned identif ication 
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One of the features added to the North WA anthracological reference collection (Vol. 

II) was a ‘flagging’ system, documenting the skill set of the person who undertook the 

identification, and how this was carried out (Figure 2.12). As discussed in the previous 

chapter, Australia’s flora is diverse and unique. Species can show huge regional 
variations but also linkages. This is particularly true for some of the continent’s most 

prevalent genera (such as Acacia and Eucalyptus) which can be exceptionally difficult 
to identify to the species level, even for the most competent botanists (see Chapter 7 

and discussion below). Nevertheless, many reference collection samples are often 

identified by non-specialists who attempt identification, for instance through books, 
and sometimes because no expert advice is available on site. This introduces a large 

margin of error which impacts future archaeological identifications. As such, the 
creation and preservation of botanical vouchers and the documentation of the person , 

their role, and how the identification was made providing transparency to 

archaeobotanists using the reference material and the likelihood of error or certainty 
for the reference samples. As previously discussed, anatomical databases are a 

wonderful resource given their flexibility, allowing constant updating to the specimen  
record. Qualifying the margin of error in identification will ensure better practices, 

datasets and future anthracological identification studies. 
 
 

The importance of developing a systematic process in the creation, maintenance and 

accessibility of botanical vouchers was demonstrated during the preparation of this 

thesis, particularly concerning the investigation of the complex Acacia species 
(Chapter 7). Due to interspecies similarities and intraspecies disparities, the first 

anthracological studies conducted in Australia often concluded that Acacia could not 

be identified at the species level. In my current research, the collaboration of Bruce 
Maslin, who is an expert in Acacia taxonomy, was sought. As a specialist, he examined 

the Acacia reference specimens and confirmed or corrected their botanical 
identifications. Maslin utilised the collection forms, photos, and most importantly 

botanical vouchers to identify the specimens collected. In examining the voucher 

specimen (sometimes the tiniest features like phyllode vein structure), the 
identification of even the most ambiguous Acacia species was achieved. Of the 35 

Acacia samples identified in the reference material, 14 were incorrectly identified, 
despite these having been originally identified by competent botanists (Table 3.1). 
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Reassuringly, these changes are better aligned with the wood anatomical descriptions 

recorded during the making of this thesis’s wood anatomy database. This case study 

demonstrated not only how some species such as Acacia require highly specialised 

identification, but also the importance of botanical vouchers. 

 
Table 3.1 Reference collection Acacia species listed showing previous and corrected 
identifications 

 
reference 
no. 

Taxon Previous (incorrect) ID 

2 Acacia tetragonophylla  
3 Acacia coriacea subsp. Coriacea Acacia coriacea 
5 Acacia bivenosa  
6 Acacia bivenosa Acacia startii 
9 Acacia coriacea subsp. coriacea Acacia coriacea 
10 Acacia coriacea subsp. coriacea Acacia coriacea 
18 Acacia bivenosa  
21 Acacia pyrifolia var. pyrifolia  
22 Acacia pyrifolia var. pyrifolia Acacia pyrifolia var. morrisonii 
23 Acacia alexandri  
34 Acacia coriacea subsp. coriacea Acacia coriacea 
36 Acacia bivenosa Acacia startii 
45 Acacia bivenosa Acacia startii 
49 Acacia inaequilatera  
50 Acacia coriacea subsp. coriacea Acacia coriacea 
55 Acacia synchronicia  
104 Acacia pruinocarpa  
111 Acacia minyura  
113 Acacia aptaneura  
120 Acacia rhodophloia  
122 Acacia citrinoviridis  
123 Acacia eriopoda  
124 Acacia sibirica Acacia adsurgens 
125 Acacia maitlandii  
128 Acacia ayersiana  
130 Acacia aptaneura  

WR001 Acacia aptaneura Acacia aneura sens. lat. 
WR002 Acacia aneura sens. lat.  

WR003 Acacia coolgardiensis Acacia coolgardiensis subsp. coolgardiensis 
WR004 Acacia pruinocarpa  

WR005 Acacia quadrimarginea  

WR007 Acacia caesaneura Acacia aneura var. 
WR008 Acacia tetragonophylla  

WR011 Acacia quadrimarginea Acacia grasbyi 
WR014 Acacia craspedocarpa  
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3.5 Discussion: the importance surrounding the consistency, transparency 

and sharing of reference materials 
 
At the beginning of this chapter, three issues were raised to account for the stymied 

growth of Australian anthracology. These were: 
1. Minimally developed local applications and specific fieldwork traditions 

resulting in a negligible understanding of best practise and methodologies 
for reconstructing local vegetative environments and archaeological 

contexts; 

2. The continent’s unique and complex flora, with genetic and taxonomic 
classifications still being modified and defined. This is especially true for the 

most common genera throughout the continent such as Eucalyptus and 
Acacia (Chapter 7); and 

3. The lack of accessible reference materials causes anthracological 

applications to become inefficient and costly. This is because reference 
samples need to be created for every study – which is a lengthy process. 

 
 

Relevant and high-quality reference collections are a fundamental tool in anthracology, 

addressing the issues raised above. The key attribute of ongoing reference collection 
and databases is their flexibility (Nesbitt et al., 2003): searchable to single or multiple 

features with systematic descriptions and open fields for more specific information  to 
be recorded, they are suitable for a variety of collection types (i.e., seed, wood, 

charcoal), and can be continually developed, with new species descriptions, edited 

additions and anatomical variabilities noted. This makes a large amount of data easily 
manoeuvrable, shared and transferable. This leads to an increase in the efficiency of 

the collection itself, as well as the study it is being applied to (for example, leading to 
a larger sample size of archaeological fragments identified). The growth, flexibility and 

accessibility of reference collections and databases ensure that Australian 

anthracologists’ understanding of species diversity is recorded and better recognized, 
including more difficult genera (like Acacia and Eucalyptus) (point 2). Likewise, 

anthracology applications will become more efficient in their applicability to 
mainstream archaeology (point 3). As reference collections grow, more regions, 
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species and habitats will be represented and, hopefully, will become available to the 

community. 

 
 

Importantly though, quantity does not override quality. Consistent methodological 

application in the planning, creation, and management of reference collections and 
associated databases is essential. Without the creation and management of collection 

information and easily accessible botanical vouchers, reference collection 

identifications cannot be questioned or corrected. These can, for instance, help in 
addressing and correcting questions of intraspecies similarities or intraspecies 

differences. This process of constant improvement increases knowledge of Australian 
species linkages and wood anatomy (point 2). 

 
 

The growth of archaeobotany in Australia has resulted in a new body of research that 

requires accessible and relevant reference collections. More discussion needs to 
occur about the methodologies employed, not just in the recovery of archaeological 

remains and anthracological analysis, but in the creation and management of 

reference works. This begins with good practice surrounding lawful and ecologically 
minded collections and ongoing consultation and management of IEK. An inclusive 

approach provides a better understanding of best practices in anthracological 
applications (point 1) and in understanding a continent of vast, diverse, and unique 

native vegetation (point 2). The sharing of findings through publications and easily 

accessible reference materials and databases will also ensure more coherent practice 
and overall, the expansion of knowledge surrounding Australian woody anatomy. Ease 

of access to reference material will make anthracological applications more efficient 
(point 3), ensuring its growth within mainstream Australian archaeology. This shou ld 

stimulate growth in both the specialist study of fuel timbers but also a deeper 

understanding of Australia’s deep history of the connection between plants and 
people, at both the local and regional levels. 
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A B S T R A C T  
 

Despite environmental factors being at the forefront of socio-ecological models in Australian archaeology, 
detailed local environmental and vegetation datasets are uncommon. Such data is important in assessing, for 
instance, if and how shifting climatic conditions influenced and conditioned hunter-gatherer movements and 
choices. Archaeological re-excavation of Karnatukul (Serpents Glen) in Katjarra (the Carnarvon Ranges) provided 
an opportunity to undertake anthracological (archaeological wood macro-charcoal) analysis. This data offers an 
insight into the earliest uses of firewood and collection strategies in the Australian Western Desert. This study 
aimed at testing global anthracological methodologies to examine the problems and potentials offered by this 
important sub-discipline which is currently developing in Australian archaeology. This study makes an important 
contribution to international anthracological studies, given these are rarely applied to arid contexts, especially 
with an occupation record spanning almost 50 ka. The study demonstrates the presence and persistence of Acacia 
(sens. str.) woodlands from the Pleistocene, through the Last Glacial Maximum, and into the Holocene with the 
case made that this productive plant makes an essential contribution to the habitability of this arid landscape. 

 
 

 
1. Introduction 

A place of great cultural, ecological, and archaeological significance, 
Karnatukul (Serpent’s Glen) is the earliest occupation site in the 
Australian Deserts (Fig. 1), with initial occupation dating to 50,010–
45,190 cal. BP (McDonald et al., 2018a; McDonald et al., 2018b). 
This most recent study has confirmed early and repeated arid zone 
occupation during various climatic shifts, including the Last Glacial 
Maximum (LGM). Despite environmental factors being at the forefront  
of socio-ecological models in Australian archaeology, there are still few 
local environmental and vegetation datasets from the arid zone. Such 
data is important in assessing if and how such fluctuating conditions 
impacted and conditioned hunter-gatherer movements and choices. 
Archaeological re-excavation at Karnatukul has provided an opportunit y 
to undertake anthracological (wood-charcoal macro-remains) analysis 
to i) reconstruct palaeoenvironments; ii) give insight into human choices  
and movements regarding resource procurement; and iii) examine how 
these relationships changed throughout time, particularly through 
transitions from the Pleistocene, the Last Glacial Maximum (LGM, 
26–19 ka cal. BP) and through to the Holocene. 

Anthracology is rarely applied to deep time sequences in desert 

contexts globally (i.e., see Bermeo et al., 2019; Bouchaud et al., 2016; 
Ugalde et al., 2021). Further, anthracological analyses have only 
recently been utilised in Australian archaeological investigations (i.e. 
Byrne et al., 2013; Byrne et al., 2020; Dotte-Sarout et al., 2015; King and 
Dotte-Sarout, 2019; O’Connor and Frawley, 2010; Smith et al.1995; 
Whitau, 2018). This study addresses current gaps in knowledge about i) 
the deep history of arid zone human-plant relationships and ii) Pleis- 
tocene firewood procurement strategies in Australia, whilst iii) testing 
international anthracological methodologies in an Australian arid zone 
site. 

Occupation of the arid zone during the LGM has been a central 
research interest in Australian archaeology for decades (Bowler and 
Wasson, 1984; Hiscock, 1988; Lampert and Hughes, 1987; Marwick, 
2002; Morse, 1993; Morse et al., 2014; Przywolnik, 2005; Reynen et al., 
2018; Slack et al., 2009; Smith, 1989; Smith, 2013; Veitch et al., 2005; 
Veth, 1987; Veth, 1989a; Veth, 1989b; Veth et al., 2016; Veth et al., 
2017; Williams et al., 2013; Williams et al., 2015). The most recent 
excavation at Karnatukul provides the first evidence for persistent 
occupation of the Western Desert through the LGM (McDonald et al., 
2018a). 

It has been previously hypothesised that a high diversity of Acacia 
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C. Byrne et al. 

 

Fig. 1. Regional map (note: in respect to Traditional Owners request the site’s 
location has been generalised). 

 
species (sens. str.; Acacieae tribe, Mimosoideae, Fabaceae) may have 
been key to the continuous or repeated, occupation of the region. This 
dominance of Acacia is profiled in Veth and Walsh’s ethnobiological 
study, noting that a major component (48%) of the plant subsistence 
resources used by Martujarra Traditional Custodians of the Western 
Desert Lands region is derived from Acacia seeds (Veth and Walsh, 
1988:20). The present study tests the hypothesis that Acacia was a key 
resource on a deep-time chronological scale, and examines how eco- 
nomic adaptations during the terminal Pleistocene were dependent on 
enduring Acacia resources. Importantly, this work reveals the persis- 
tence of Acacia woodlands during almost 50,000 years of human occu- 
pation, including the LGM, supporting the idea that this taxon has been 
an important contributor to human habitability of the region. 

1.1. Arid-zone subsistence and occupation during the last Gla cia l 
Maximum (LGM) 

During the LGM (c. 24 – 19 ka) the expanded continent, known as 
Sahul, would have been larger with the north Australian coastline 
extending up to 600 km further than today (de Deckker and Yokoyama, 
2009; Fitzsimmons et al., 2013; Shennan and Milne, 2003; Yokoyama 
et al., 2000; Yokoyama et al., 2001). At this time, the arid zone 
expanded, reaching in places almost to the margins of the continent, 
although with much regional variability (Smith, 2013:110). Such cli- 
matic variations would certainly have affected local resources and 
vegetation, thus potentially transforming the intrinsic relationship be- 
tween people and the landscape. As such, the LGM and its hypothesised 
effects have maintained popularity in Australian archaeological 
discourse since the 1980s (Bowler and Wasson, 1984; Hiscock, 1988; 
Lampert and Hughes, 1987; Smith, 1989; Veth, 1987; Veth, 1989a; Veth, 
1989b). Discontinuities are unquestionably present within many arid 
zone and coastal Pilbara sites, evidently corresponding to part or all of 
the LGM (Morse, 1993; Przywolnik, 2005; Smith, 2013; Veth et al., 
2016; Veth et al., 2017; Williams et al., 2013; Williams et al., 2015). 
Other sites, on the contrary, (including Karnatukul) record evidence for 
occupation during the LGM (Balme et al., 2009; Dortch et al., 2019; 
Marwick, 2002; McDonald et al., 2018a; McDonald et al., 2018b; Morse 
et al., 2014; Reynen et al., 2018; Slack et al., 2009; Veitch et al., 2005). 

Local environmental datasets (directly associated with archaeolog- 
ical sites) remain rare, especially for the LGM period (see discussions in 
Dilkes-Hall et al., 2020; Rowe et al., 2020; Whitau et al., 2018; Whitau 
et al., 2017). Interpretations mostly rely on sparse, and often distant, 
regional palaeoenvironmental data; stemming from alternately marine, 
coastal, and terrestrial data sources (Vannieuwenhuyse, 2016:4). This is 
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a gap which archaeobotany has the potential to fill (Denham et al., 2009; 
Dotte-Sarout et al., 2015; Whitau et al., 2017). For instance, in a recent 
study examining Riwi Cave (in the Kimberley region; Fig. 1), Whitau 
et al. (2018) demonstrated how the period ranging from around 30,000 
years BP to the onset of the LGM saw the appearance of a new com- 
bustion feature type which they identified as hearth ovens. These fea- 
tures were characterised by a higher taxonomic diversity of wood 
charcoal, indicating frequent and multiple or long-term uses of the site 
during this period. Anthracological results also showed that fuelwood 
was collected directly from the vegetation of the valley floor sur- 
rounding the site - a savannah assemblage - where fluctuating relative 
frequencies of Eucalyptus or Corymbia reflected changes in aridity, with 
contribution of dry rainforest taxa. Looking at this site and others from 
the region, Dilkes-Hall et al. (2020) demonstrated through carpological 
analyses the resilience of traditional ecological knowledge and the 
continued strong focus on monsoon dry rainforest as a source of vege- 
tation resources throughout the last 47,000 years. This includes a Late 
Holocene period of peak aridity where other palaeoenvironmental 
datasets record regional vegetation changes. The study highlights the 
resilience of specific flora at a local scale (i.e., multiple forms and sizes of 
woody taxa, including Acacia): this factor needs to be considered when 
exploring the impact of climatic changes on vegetation and, conse- 
quently, on human behaviours in relation to plant resource procure- 
ment. In Northern Australia, the anthracological analysis conducted by 
Carah (2016) at Madjedbebe (Fig. 1) shows that deposits dating to the 
LGM contained the smallest number of hearths, but that these had the 
highest diversity of taxa, including the highest diversity of non-Acacia 
species. Conversely, the early anthracological analysis by Smith et al. 
(1995) on the c. 40,000 years sequence of Puritjarra in Central Australia 
(Fig. 1) demonstrated that these LGM assemblages were characterised 
by a decrease in Acacia species (quantitatively and in terms of species 
richness). The softwood Callitris was frequent within the LGM level, 
before it declined in the Late Holocene while Acacia taxa increased 
again: a shift which is interpreted as an intensification of firing near the 
rockshelter. 

While anthracology continues to gain momentum in archaeological 
studies around the world, it is less commonly applied to isolated sites in 
desert contexts (although see Baruch and Goring-Morris, 1997; Bermeo 
et al., 2019; Bouchaud et al., 2016; Eichhorn and Neumann, 2014; 
Marinova et al., 2008; Neumann et al., 2001; Newton et al., 2008; 
Ugalde et al., 2021). Many of these studies, moreover, are limited to the 
Holocene period (Eichhorn and Neumann, 2014; Marinova et al., 2008; 
Newton et al., 2008) with some Late Pleistocene analyses (Baruch and 
Goring-Morris, 1997; Ugalde et al., 2021). Semi-arid applications in 
Australia are becoming more common (Byrne et al., 2013; Byrne et al., 
2020; Whitau et al., 2017) but have not been extended to the arid zone, 
despite a promising start (Smith et al., 1995). Globally, previous arid 
zone anthracology studies have contributed valuable insights into the 
important role plants played in the occupation and persistence of desert 
people, particularly where other archaeobotanical analyses are rare 
(Eichhorn and Neumann, 2014; also see Ronel and Lev-Yadun, 2009). 

Karnatukul - as an arid zone site with excellent charcoal record - 
presents a unique opportunity to apply anthracology to establish a local 
paleoenvironmental and palaeoethnobotanical history, and to explore 
past vegetation records within Australian archaeology. Patterns and 
differences between Australian sites with archaeobotanical archives, 
including the results discussed below, have begun to reveal regional 
patterns of past environments and peoples’ use of changing landscapes. 
The anthracological results from Karnatukul presented here help explain 
why this part of the Western Desert was occupied through the LGM. 

2. Regional setting 

2.1. Site and surrounding environment 

Karnatukul is located within a broad valley at the southwestern 
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Fig. 2. Karnatukul rock shelter pre-excavation 2014 (Byrne). 

 
corner of Katjarra (the Carnarvon Ranges) in the Western Desert (Fig. 1), 
approximately 160 km NNW of Wiluna. The Martu Traditional Owners 
continue to visit, to protect and manage this site within the Birriliburu 
Indigenous Protected Area (McDonald, 2020). The rockshelter is located 
in the southwest of the Little Sandy Desert (LSD) bioregion (Department 
of Agriculture, Water and the Environment, 2020). It is characterised by 
an arid climate and low (<250 mm annual), yet highly variable and 

episodic rainfall (O’Donnel and Grierson, 2014:6) with extensive sand- 
plains, dune fields, rocky sandstone outcrops, colluvial slopes, gorge, 
creek systems and saline palaeodrainage features (Gibson et al., 2014:6). 

Katjarra is a quartz-sandstone range, forming an extensive upland 
emergent from a mostly low relief sandy plain and dune fields typical of 
the LSD. The rock shelter is below a 6 m high overhanging cliff of which 
the dripline defines the extent of the site’s deposit (Fig. 2). The floor is 

almost flat, falling c. 1 m in elevation along its 20 m length (east–west). 
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Most sediments in the site are aeolian, deriving from the surrounding 
dune fields, with little contribution from the slowly in situ weathering of 
local quartz-sandstone geology. On the opposite side of the valley is a 
small creek line. Several small rock holes and soakages can be found to 
the east at the head of the valley (McDonald et al., 2018a; McDonald 
et al., 2018b; O’Connor et al., 1998). 

The vegetation of the LSD is shrub steppe dominated by Acacia 
(Fabaceae) and Grevillea (Proteaceae) species over extensive hummock 
grass (Triodia sp.) plains, with scattered emergent Allocasuarina (Casu- 
arinaceae), Melaleuca and Eucalyptus (both Myrtaceae) shrub and tree 
species, and samphire (Tecticornia, Chenopodiaceae) lined palae- 
odrainage features (ed. van Leeuwen, 2002:7). Triodia is dominant 
within the ‘sandplains and dune fields’ vegetation community - the most 
extensive habitat of Katjarra. Importantly, ‘rocky sandstone ridges and 
breakaways’ is another frequent vegetation community, dominated by 
various Acacia, and Grevillea species along with Callitris columellaris 
(White Cypress Pine, taxonomic synonym of C. glaucophylla) (Gibson 
et al., 2014:7-8), and this vegetation surrounds the site today. 

 
2.2. The archaeological record 

Occupation of Australia conceivably started prior to 60,000 years 
ago (Bradshaw et al., 2021; Clarkson et al., 2017), with increased evi- 
dence for arid-zone occupation before 40,000 BP (i.e. Dortch et al., 
2019; Hamm et al., 2016; Morse et al., 2014; Smith, 2013; Veth et al., 
2009; Veth et al., 2017). 

In this context, Karnatukul is a highly significant archaeological site, 
being the earliest rockshelter occupied in the Western Desert and 
modelled as first visited between 60,700–46,380 cal. BP (median 
51,380 cal BP: McDonald et al., 2018a; McDonald et al., 2018b). It has a 
large lithic assemblage of over 25,000 artefacts as well as the largest 
known pigment art assemblage within the Katjarra ranges with 237 
recorded motifs over 13 panels. The most intensive phases of occupation 
and art production are contemporaneous and date to the last millennium 

 

 
Fig. 3. Stratigraphic profile drawing and end of excavation photos of SQ B8 Karnatukul (from McDonald et al., 2018a; McDonald et al., 2018b:9). 
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Table 1 
Correlation of excavation units, stratigraphic units and analytical units of SQB 
(McDonald et al., 2018a; McDonald et al., 2018b:8). SU: stratigraphic unit, AU: 
analytical unit, XU: excavation unit.  

Unit n of fragments identified Period (based on 
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former is characterized by sandy deposit and an absence of large rocks 
while the latter contains some large horizontally bedded blocks indi- 
cating episode(s) of rock fall. SU6 contains: i) upper excavation units 
that are dated to the boundaries of the LGM (median modelled ages of 
25,370 cal. BP and 19,460 cal. BP); and ii) lower excavation units dated 

 
  

AU SU XU Per XU Per AU 
 

1 1a/ 1 22 400 (200 scattered, 

Bayesian analysis 
modelled ages) 

Last Millennium 

to  earlier  in  the  Pleistocene  (with  modelled  ages  between 
34,880–37,410 cal. BP and 45,190–50,010 cal. BP) (AU4) (see Table 1; 
and McDonald et al., 2018a; McDonald et al., 2018b: 14–16). SU5 was 

b 2 22 
3 22 

2 4 22 
5 22 
6 23 

200 XU4 hearth) not present throughout all excavations indicating different lateral 
depositional histories, mirrored by variations in the cultural sequence. 
SU7 and SU8 (AU 4) have evidence of intense weathering processes: 
with the development of secondary carbonates that have cemented the 

3 7 22 
8 22 
9 23 

2 4 10 50 200 Mid Holocene 
11 50 
12 50 
13 50 

3 5 (not present in B8) Pleistocene-Holocene 
transition 

3b 6 14 50 200 LGM 
15 50 
16 50 
17 50 
18 100 216 Pleistocene 
19 91 

layers in some areas of the site. These layers point to some degree of 
water stagnation at the bottom of the sequence. None of these units 
contained datable in situ charcoal. However, a limited number of sig- 
nificant lithic tools provide evidence for cultural material in this earliest 
undated part of the sequence (McDonald et al., 2018a; McDonald et al., 
2018b: 20–22). 

3. Methods 

3.1. Excavation and field sampling 

Three 1 1 m non-contiguous squares were excavated in 2014 (see 
McDonald et al., 2018a; McDonald et al., 2018b for details on excava- 
tion strategies and general site analysis). Optimal preservation and 

20 9 
4 7 21 12 

8 22 no 
charcoal 

23 4 

stratigraphic integrity in one square, B8, focused this anthracological 
analysis. Square B8 was located directly below the main rock art 
composition on Panel 9, and included all SUs except for SU5 (AU 3, 
Pleistocene-Holocene transition). This allowed for anthracological 
samples from excavation units (XUs) that were clearly within strati- 

(McDonald et al., 2018a; McDonald et al., 2018b:24–30). 
The archaeological sequence provides evidence for multiple social 

activities. This starts as low intensity use during the Pleistocene 
(including the LGM); followed by episodic but recurrent, still relatively 
low intensity, site use during the mid-Holocene; followed by intensive 
and repeated use during the last millennium (McDonald et al., 2018a; 
McDonald et al., 2018b:30). The chronological sequence from this 
excavation derives from charcoal, which was abundant in varying levels 
throughout the strata. Significantly, the earliest layers of the site are 
effectively at the radiocarbon barrier. Further artefacts are present 
below the lowest dated radiocarbon sample. Analyses conducted by 
McDonald and team (2018a) concluded that the archaeological 
sequence at the site is composed of eight stratigraphic layers (Fig. 3, 
McDonald et al., 2018a; McDonald et al., 2018b: 8–11). The modelled 
radiocarbon chronology delimits the boundaries of these layers, while 
the presence of significant stone artefact assemblage-sizes shows clear 
trends and differences between these layers. The presence of intact 
hearths and features throughout the Holocene demonstrate that site 
integrity is good. Unlike previous lowland arid zone sites (Veth et al., 
2016) there appears to have been sedimentary deposition and artefact 
discard during the LGM with charcoal that can be classified to taxa. This 
makes the site particularly valuable for this study. 

The upper layers (SU1-3) are distinct and date to the Last Millennium 
in AU1 (Analytical Unit) and the Mid-Holocene in AU2 (Table 1). These 
layers show a high contribution of anthropogenic particles, such as 
charcoal and ash in variable proportions, a high density of lithic tools 
and debitage, as well as several combustion features, lenses of ash and 
heat-damaged artefacts. The visible alternation in anthropogenic resi- 
dues between the upper SUs is interpreted as episodic intensive occu- 
pation events between 500 and 700 years ago and then 0–300 years ago, 
interspersed with periods of more ephemeral occupation/higher sedi- 
mentation regimes. 

SU5 was dated to the terminal Pleistocene-Holocene transition (AU 
3) and has a similar texture and colour to SU6 (AU3b), although the 

graphic units and representative of the AUs defined for the site (Fig. 3; 
Table 1). 

The excavation proceeded in 2 cm XUs or following natural bound- 
aries (where identifiable) and sieved on site through both 2 mm and 4 
mm sieves (McDonald et al., 2018a; McDonald et al., 2018b: 8). Larger 4 
mm fraction was sorted on site. The 2 mm residue was bagged and 
partially sorted at camp using bucket flotation methods as time and 
logistical limitations constrained the set-up of an optimal flotation sys- 
tem. The majority was transported back to Perth for sorting in the lab- 
oratory. These field methods are acknowledged adaptations to local 
conditions (i.e. working in a remote location in the arid zone with little 
water) focusing on wood charcoal collection; and demonstrate some of 
the issues still faced by archaeobotany in Australia (see Denham et al., 
2009; Dilkes-Hall et al., 2020; Dotte-Sarout et al., 2015). Despite these 
field conditions, recovery adhered to anthracological methodological 
standards (see Asouti and Austin, 2005; Chabal, 1990; Kabukcu and 
Chabal, 2020): ensuring both large and small (down to > 2 mm) char- 
coal fragments were obtained and analysed; originating from both 
scattered deposits within archaeological layers and concentrated de- 
posits from combustion features (excavated and bagged separately), 
with the main anthracologist (Byrne) present during the excavations and 
operating on site. A total of 640.5 g of charcoal was recovered from 
square B8. 

3.2. Anthracological sampling 

A total of 1016 fragments were identified for this study in alignment 
with the methodological standard for assemblage sampling sizes (Chabal 
1990; Th´ery-Parisot et al., 2010 and see Byrne et al., 2020; Dotte-Sarout 
et al., 2015 for discussions of arid and semi-arid Australian applica- 
tions). Thus, a minimum of 200 identifiable fragments per AU was sub- 
sampled and analysed (Table 1). The analysis was first assessed by 
natural depositional events (SUs), then applied to analytical units (AU) 
to align with McDonald et al.’s (2018a) stratigraphic and archaeological 
interpretations of the site - it is these findings which are discussed below. 
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Table 3 
Summary of the number of identified fragments, taxa richness and Gini-Lorenz index per AU. 
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LGM (AU3b) 200 24 73:27 170 
Pleistocene (AU4) 216 19 73:27 80 

 
30 taxa see appendix Table A1) (Dotte-Sarout and Byrne, 2013). 

Collection of reference samples included photos of the plant, habitat 
descriptions and the wood cutting (5–10 cm wide branch). Identifiable 
components were also collected including leaves, seeds, fruits and nuts 
which were then pressed and made into botanical vouchers, assisting 
botanists in correctly identifying the samples, as well as ensuring data- 
transparency for future reference enquiries. One of the authors (SvL), 
a botanist familiar with the region’s flora, identified all Karnatukul 
collections on site guaranteeing secure taxonomic attributions of the 
specimen. Back in Perth, the wood samples were charred in a muffle 
furnace at approximately 400 ◦C (Asouti, 2006) utilising protocols 
described in Byrne et al. (2013) and Dotte-Sarout et al. (2015). 

Charred samples were observed and imaged using a Nikon Eclipse 
LV100ND reflected-light microscope (magnification 50 to 800 ). 
Characteristics and anatomical features were systematically described in 
a database that already contained the wood anatomy descriptions of 
another 80 taxa (appendix Table A1), with imaging of discriminant 
features also recorded. The Katjarra reference samples and associated 
botanical vouchers are stored at the UWA’s Archaeology Laboratory, 
along with the rest of the doctoral research’s reference collection (Byrne 
et al., 2020). The UWA Pilbara reference collection is also described in a 
similar wood anatomy database, drawn upon for comparisons in this 
study (Dotte-Sarout et al., 2015). 

4. Results 

4.1. Wood charcoal identification 

From the 1016 identified fragments, 48 taxa (including unidentified 
types) were anatomically described (Table 2). Where genus-species level  
identification could not be positively assigned, it was described (within 
the anthracological database) as ‘unidentified type n’ (of which there 
were 20 in this assemblage). This was to firstly, record the anatomy for 
future identification and secondly, record taxonomic diversity and 
richness within the assemblages, thus ensuring valid palae- 
oenvironmental analysis. Where possible, the record was assigned a 
family or genus identification: two taxa were identified to family level, 
11 to genus (Table 4). This ensures differences between types are 
recorded, whilst ensuring transparency in addressing complications of 

 
Table 4 
Anatomical descriptions of the three most common archaeologic al identifications. 

 
inter-species anatomical similarities which can present in species-level 
identifications. Likewise, identifications marked ‘confer’ (cf.) acknowl- 
edge that some identifications, whilst transparently justified, hold some 
uncertainty (for example, due to preservation or anatomical similarities ) 
and may be questioned by future descriptions of anatomical variability, 
achieved through the improvement of reference collections and 
Australian wood anatomy study (Table 3). Fragments which were too 
vitrified, or brittle were omitted from this study, and recorded as un- 
identifiable (33 fragments only overall). Table 4 summarises the main 
anatomical features discriminating the three most frequent taxa identi- 
fied in the assemblages overall. 

 
4.2. Quantification – A valid assemblage 

Two analytical tools were utilised to ensure a valid representation of 
each sampled unit. The first is an accumulation curve (based on the idea 
of ecological species/area curve) which plots the frequency of appear- 
ance of new taxa against the number of analysed identifiable fragments 
(Dotte-Sarout et al., 2015:7; Kabukcu and Chabal, 2020). The curve’s 
plateau indicates when the identified assemblage is representative of the 
taxonomic richness in the original deposit. 

The second tool utilised was the Gini-Lorenz index, measuring the 
diversity of an assemblage and assessing its statistical representativeness 
of the local environment by showing a ratio between overall taxonomic 
richness and relative frequency of each taxon demonstrated in a given 
population (Chabal, 1990; Scheel-Ybert et al. 2013). Previous studies 
conducted in semi-arid areas of Western Australia have shown that the 
ideal ratio of 80:20 used as a reference for temperate regions might not 
always be reached but that an index standing between 80:20 and 70:30 
might be more appropriate (Byrne et al., 2013; Byrne et al., 2020; Dotte- 
Sarout et al., 2015; Whitau et al., 2017). Indices attained in this study  
are listed in Table 3. Species identified within all units and their relative 
frequencies match patterns from known vegetation communities 
(Table 2, Fig. 5). 

 
4.3. Pleistocene unit (AU4) 

209 identified fragments revealed 19 taxa within AU4 (Pleistocene). 
Both the accumulation curve (Fig. 4) and Gini-Lorenz index (Table 3) 

 
 

Transverse Longitudinal 

Species Vessels Parenchyma Fibres Rays Vessels Other 

CUPRESSACEAE 
Callitris columellaris 

Abrupt change in 
tracheid diam 

Extremely rare, 
apotracheal diffuse 

Medium 
wall 
thickness 

2–4 high, exclusively 
uniseriate, homogenous, 
upright/square 

Pitting: 
uniseriate, 
bordered pitting 

Vessel/ray crossing 
cupressoid 3–4 per window, 
thin and smooth wall 

FABACEAE Acacia cf. 
aptaneura 

Clusters of 3+ (4 to 6 
radial clusters) 
tangential bands, 
rounded 

Vasicentric (sheeth 
variable) and apotracheal 
in aggregates radially 

Thin walled 4–9 high, exclusively 
uniseriate, 
homogenous, 
procumbent 

Pitting: 
Bordered with 
simple inset, 
medium. 
Plates: Simple 

Diffuse-porous 

FABACEAE Acacia cf. 
ayersiana 

Clusters of 4+ 
Widespread arrangement 
Rounded 
Tyose common 

Paratracheal vasicentric Thick 
walled 

2–7 high, exclusively 
uniseriate, homogeneous 

Pitting: alternate, 
small and 
bordered 
Plates: simple 

Distinct growth rings. Semi- 
ring porous. Fibre pits 
simple to minutely 
bordered 

 

Period Sample size n (identifia ble fragments) n identifiable taxa GL index Accumulation curve stabilisation (at n fragments observed) 

Last Millennium (AU1) Scattered 200 15 69:33 128 
Hearth 200 16 78:22 106 

Mid Holocene (AU2) 200 18 77:23 135+ 
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Fig. 4. Accumulation (species/ar ea) curve representative of each AU. 

 
demonstrate a valid representation in terms of richness of the deposit 
and expected diversity of the local vegetation. The accumulation curve 
for this assemblage shows an early plateau reached at approximately 80 
fragments. The Gini-Lorenz index reached a ratio of 73:27, comparable 
to other studies in the region (Byrne et al., 2013; Byrne et al., 2020). This 
assemblage is strongly dominated by Acacia cf. aptaneura (Slender 
Mulga), a quite ubiquitous species found in high frequency amongst 
woodlands and shrublands associated to sandy soils in the Western 
Desert (Table 3, 5). Acacia from typical Mulga vegetation units (Table 5) 
dominate the assemblage overall, although drainage-associated species 
are present and indicate reliable water sources were within proximity t o 
the site during this period. 

 
4.4. Last Glacial Maximum unit (AU3b) 

200 fragments were identified from AU3b associated with occupa- 
tion pulses dated to the beginning and end of the LGM. Both the accu- 
mulation curve (Fig. 4) and Gini-Lorenz index (Table 3) demonstrate the 
validity of the assemblage for ecological and archaeological in- 
terpretations. The accumulation curve for this unit shows a plateau at 
approximately 67 fragments, however the curve begins a secondary 
climb at 119 indicating further analysis could have identified new 
(though low frequency/secondary) taxa (see Kabukcu and Chabal, 
2020). 

The LGM assemblage has a different anthracological signature from 
the other units. It contains the highest taxonomic diversity amongst the 
analytical units identified for the site (Table 3) with 24 identifiable taxa. 
Importantly, the Gini-Lorenz index reaches a comfortable ratio of 73:27, 
the same as the previous unit, despite the high number of taxa. This 
reflects the fact that the frequency ratio between the different taxa 
represented is still relatively balanced, with no particular species being 
over-represented. A. cf. aptaneura is still the most frequent taxon but it is  
closely followed by A. cf. ayersiana (Broad Lead Mulga) and the relative 
frequencies between taxa is more even than for the previous AU. Callitris 
columnaris (Cypress Pine) also shows similar secondary frequencies to 
the previous AU (Table 2). 

 
4.5. Mid-Holocene (AU2) 

The accumulation curve for the Mid-Holocene AU2 (Fig. 4) shows a 
plateau at 56 fragments, however it begins to climb again at around 134 
indicating continued analysis would have been ideal for clearer repre- 
sentation of secondary (less common) species. Nevertheless, the index 
reached a ratio of 77:23 (Table 3), marked by the strong dominance of A. 
cf. aptaneura at more than 50% of the assemblage. From the 200 frag- 
ments identified, 18 taxa were recorded. Acacia species continue to 
represent the highest frequency and richness taxa (Table 2). Callitris 
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columellaris becomes the second highest ranked species within this AU, 
at 10% of the assemblage. Noteworthy is the continued yet declining 
presence of Myrtaceae in comparison to the previous units. 

4.6. Last Millennium unit (AU1) 

The most intensive occupation unit shows a shift in vegetation (for 
palaeoenvironmental validity this analysis includes scattered fragments 
only, with hearth fragments discussed separately below). The accumu- 
lation curve stabilises at 128 fragments (Fig. 4) yet returns a low index of 
69:33 (Table 3), indicating additional identifications would be ideal to 
fully capture the diversity of the environment during this period. This is 
likely attributed to the shorter periods of intensive use captured within 
this larger AU, encompassing 3 Stratigraphic Units ranging in age 840 
years ago through to the last century (McDonald et al., 2018a; McDonald 
et al., 2018b: 16; Table 1). Comparison of both the scattered charcoal  
and hearth feature’s diversity measures (Table 3, Fig. 4) suggest the 
taxonomic richness of both deposits and of the original vegetation might 
be well represented. 

The hearth sample and the scattered assemblage show a similar 
taxonomic richness: 15 taxa described in the scattered assemblage and 
16 in the hearth (Table 2). In both assemblages, A. cf. aptaneura and 
Callitris columnaris are amongst the taxa with the highest frequencies. 
The scattered charcoal, however, is dominated by A. cf. aptaneura and 
Callitris is clearly a secondary taxon, while in the hearth feature this 
trend is reversed. Both show a high diversity of Acacia species, but the 
hearth contains traces of the use of Santalum lanceolatum (Northern 
Sandalwood) and three unidentified non-Acacia taxa that are not 
recorded in the scattered assemblage. These differences highlight the 
importance of comparing the taxonomic composition of hearth features, 
that encapsulates a short-term event in the history of the site, with 
scattered deposits that represent a palimpsest of longer-term occupation 
(see Kakukcu ad Chabal, 2020 for a recent discussion). 

5. Discussion 

The analysis of wood charcoal remains from Karnatukul provides 
unique and new data concerning the long-term occupation of the 
Western Desert, both in terms of palaeoenvironmental reconstruction 
and how people’s use of the region evolved in response to their sur- 
rounding environments. Insights can also be drawn from previous 
anthracological studies throughout Australia, highlighting the promise 
and potential this sub-discipline offers to Australian archaeology as it 
continues to grow. 

The most common vegetation community, represented throughout 
all Karnatukul units, is ‘rocky scree at base of ridges and breakaways’ 
(Table 5). This vegetation community is especially adapted to rocky 
ridges (such as those directly surrounding the site) and appears to have 
had a persistent presence in this locale. The relative frequencies and 
ecological coherence demonstrated by the taxonomical composition of 
the assemblages tend to support the basic anthracological tenets of The 
Principle of Least Effort (PLE or Zipf Principle) as the main strategy 
employed in daily and domestic fuelwood collection practises (Shack- 
leton and Prins, 1993; also see discussions in Dotte-Sarout et al., 2015; 
Kabukcu and Chabal, 2020; Picornell-Gelabert and Servera, 2017). This 
principle is based on the observation that mobile people tend to gather 
fuelwood (for daily domestic fires) that is found in relative proximity to 
their occupation base and is easiest to collect (culturally, environmen- 
tally, and logistically dependant) often during daily movements 
throughout the landscapes. Preferential gathering of specific taxa tends 
to be attenuated by the availability factor, except for the avoidance of 
undesirable/protected wood – although this is more difficult to affirm 
from archaeological data. Regionally for instance, human choices are 
mainly reflected in the vegetation communities targeted and less in the 
specific taxa used as fuel (see Byrne et al., 2013; Byrne et al., 2020; 
Dotte-Sarout et al., 2015; Dotte-Sarout, 2017; Whitau et al., 2017). The 
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Fig. 5. Anthracology diagram (diachronic) showing vegetation community boundaries. Dates (Bayesian analysis) from McDonald et al. (2018a), McDonald 
et al. (2018b). 
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Fig. 6. Archaeological Callitris columellaris fragment, B8/XU12 (from left) transverse × 10, transverse × 50, tangential longitudinal ×50 note rays and pitting. 

 
Table 6 
Comparison of species diversity, Acacia and non-Acacia diversity per AU (shown 
as number of fragments and cumulative frequency).  

 

 Pleistocene LGM Mid-Holocene Last Mil. 

Acacia spp. 10 (72%) 10 (69%) 11 (79.5%) 12 (78%) 
Non-Acacia spp. 9 (15%) 14 (22%) 7 (17.5%) 3 (14%) 
TOTAL: (spp. diversity) 19 24 18 15 

 
dominant presence of slopes and screes vegetation surrounding the site 
is consistent with use of the directly adjacent landscapes and vegetation 
areas and along daily paths of movement when accessing the site. 

Drainage/water associated communities are also consistently rep- 
resented as secondary habitats throughout all Karnatukul units, reflect- 
ing firewood collection trips in different localities. Anthracological and 
ethno-archaeological studies commonly demonstrate domestic fuel 
collection as a secondary activity, regularly embedded with other tasks, 
such as food procurement, water collection and daily activities (see 
Asouti, 2012; Dotte-Sarout et al., 2015; Dufraisse, 2012; Dufraisse et al., 
2007; Picornell-Gelabert et al., 2011; Salavert & Dufraisse, 2014). The 
consistent presence of water-associated vegetation shows how people 
focused on these areas of the landscape for their daily subsistence tasks 
and other social undertakings. In arid environments, knowing, protect- 
ing, and favouring these types of milieus would have been an important 
aspect of the relationship woven between “People and Country”. Indeed, 
Australian arid zone peoples depict many water-associated motifs as 
part of the pictorial art repertoire, especially at important water holes 
(McDonald, 2013; Munn, 1973). Additionally, in many Australian arid 
zone landscapes it has been noted that clusters of lithic tools and deb- 
itage are closely associated with drainage lines (Bird and Rhoads, 2020), 
as indeed the occupation evidence at Karnatukul shows across the plain 
between the rockshelter and the creekline (Veth et al., 2018). Moreover, 
the persistent presence of these creekline species throughout long pe- 
riods of time suggest that the area contained reliable water resources 
including through the LGM (AU3b). The fact that it is also during the 
LGM-related AU that the species diversity is the greatest (Table 2, Fig. 5) 
shows that the site’s occupants increased the spatial and economic range 
of their collection activities, targeting riparian habitats. 

 
5.1. Pleistocene Unit (AU4) 

The highest ranked taxa in Karnatukul’s 50,000 year old anthraco- 
logical record are the Acacia species - especially A. cf. aptaneura and A.  
cf. ayersiana. Besides use for domestic tool wood, there is limited 
ethnobotanical evidence for these two (Maslin et al., 2010). However, 
A. ayersiana is a fire-sensitive species noted in association with drainage 
lines within sandy environments; while A. aptaneura is characteris ed by  
its sensitivity to fire associated to heat-stimulated germination – i.e., its 
complex relation with low vs high intensity fire regimes (Maslin, 2020a; 
Maslin, 2020b; Wright et al., 2016). The persistence of these species, 
together with the overall dominance of Acacia (with chronological 
variation of species presence and frequency) is a strong indicator of the 

 
resilience of the genus when confronting environmental stress. It can 
adopt a range of shrub and tree forms, in more or less sparse and 
extended communities. It is also a clear signal of the co-adaptations that 
developed between Indigenous people and “the mulga” (or wattle) 
bushlands over 50,000 years of human presence on the Australian arid 
zone. 

In Australia, ethnobotanical and anthracological studies have 
revealed a trend towards species diversity during periods of aridity 
(Carah, 2016; Dotte-Sarout et al., 2015; Smith et al., 1995). The species 
diversity encountered in the Pleistocene Unit (AU4) was the second 
highest established for the site, with only the LGM-associated unit 
(AU3b) exceeding this diversity. With a potentially low resource- 
productive environment, people would have expanded their territorial 
ranges (i.e. increased their mobility) to collect subsistence supplies, 
including fuelwood. To address potential fuel shortages, there was likely 
an increase in mobility accounting for a high dependency on secondary 
taxa and a lower influence of the ‘avoidance-factor’ (Dotte-Sarout et al., 
2015). 

Slender Mulga (Fabaceae A. cf. aptaneura) and Broad-Leaf Mulga (A. 
cf. ayersiana) are the highest-ranking species in the Pleistocene AU 
(Table 3), and together these are dominant species within the region’s 
‘Mulga woodland, alluvial sandy flats’ and ‘woodland and shrubland, 
sandplain’ vegetation communities (Table 5). The fire-sensitivity of 
these species, as discussed above, could indicate that practices of low- 
intensity fire regimes, typical of Australian Indigenous ecoscaping 
management (Bird et al., 2016), were already in place between 50,000 
and 25,000 years ago. Kanji Bush (A. cf. inaequilatera) was identified 
within the Pleistocene unit only, and the species is a fire-tolerant short- 
lived tree. The seeds have been observed as traditionally being ground to 
make seed-cake ‘Damper’ (Department of Environment and Conserva- 
tion, 2010; Zeanah et al., 2015). 

‘Rocky sandstone ridges and breakaways’ and ‘Rocky scree at base of 
ridges and breakaways’ vegetation communities, also proximal to the 
site, are well represented within this unit, with the main secondary taxa 
being Callitris columellaris and Ficus sp. (Table 4). Ficus sp. declines to 
become absent by the mid-Holocene and then reappears once again 
within the last Millennium. The presence of Pleistocene-aged and Late 
Holocene re-emergence of Ficus is similarly reflected in the Riwi Cave 
study (Whitau et al., 2017). Carah’s (2016) study of Madjedbebe shows 
similar patterns: Ficus sp. is absent or very rare until its strong emer- 
gence in the Late Holocene. This might reflect the fragility of this fir e 
and drought-sensitive taxon, potentially more prone to climatic changes 
and anthropogenic impact, and also its management as a subsistence 
resource in the more recent past. We posit that the fluctuating presence 
of this taxon in rockshelters throughout Northern Australia is a reflec- 
tion of changes in human mobility and landscape occupation patterns 
(with changing site-foci through time) that may reflect changing in- 
tensities of rock shelter use in these epochs. As a secondary taxon of 
importance, Callitris columellaris increases in frequency over time 
(Table 3). Callitris is a native softwood (Fig. 6), and its presence is highly 
informative as this species is greatly controlled by climatic factors (Prior  
et al., 2011) and firing. Its continued presence throughout the assem- 
blage, as well as the clear preferential collection of the wood for the post- 
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contact period hearth, is significant and will be discussed in more detail 
below. 

The discrete but meaningful presence of Eucalyptus cf. victrix with 
Acacia cf. maitlandii, amongst other taxa and together with Ficus 
(Table 2), suggests firewood collections were also taking place alongside 
drainage lines and/or riparian areas. A general pattern already discussed 
above. Several Myrtaceae (Corymbia and Eucalyptus species) are repre- 
sented in the secondary taxa of the Pleistocene assemblage. This pattern 
continues through the LGM and the taxa even demonstrate an increased 
frequency during the mid-Holocene (Tables 2, 4). However, the family is 
completely absent within the last millennium, including in the hearth 
feature. The anthracological study at Riwi Cave observed high diversity 
and frequency of Corymbia and Eucalyptus throughout the Pleistocene, 
with a notable drop during the Holocene (Whitau et al., 2017). 

5.2. LGM unit (AU3b) 

The LGM associated unit (AU3b) described in this paper displays the 
use of vegetation families not represented or very rarely represented in 
other time periods (Rubiaceae, Sapindaceae, cf. Gyrostemonaceae). It is 
likely these reflect a change in vegetation structure in response to 
climate changes and/or hunter-gatherer groups expanding their collec- 
tions to a wider range of areas for resources (as discussed above). These 
taxa are all small shrubs characterised either by peculiar wood/bark 
morphology that would make them undesirable for fuelwood (i.e. 
Gyrostemonaceae) or subsistence use (i.e. Sapindaceae and Rubiaceae). 
It is also notable that Myrtaceae is reflected at its highest ranking and 
diversity in this unit. Many Myrtaceae species are known to preserve 
their health during periods of drought by allowing some branches to dry  
out and break off. Thus, the increased aridity and subsequent reduced 
rainfall would plausibly have augmented the availability of Myrtaceae 
deadwood for fuel collection, especially within an enlarged territorial 
range. In summary, the diversity, assumed areal range and rank of taxa 
collected for fuel during the LGM are distinct from other time periods, 
supporting the environmental changes inferred for the LGM and their 
impact on the sociocultural practices of the region’s inhabitants (Veth 
et al., 2016). 

Lithic analyses of Karnatukul’s LGM assemblage reveals a shift in raw 
material collection strategies also, with occupants selecting available 
materials from the adjacent Ranges, associated with reliable water 
sources and resource-rich habitats (McDonald et al., 2018a; McDonald 
et al., 2018b:20). The clear shift in species diversity and collection 
strategies is in line with McDonald et al.’s (2018a), McDonald et al. 
(2018b:22) findings for other archaeological material. With the 
assumption of environmental stress and periods of increased aridity 
during the LGM, there were changes in residential mobility and resource 
catchment (and see Balme et al., 2019). Pulses of occupation at the start 
and end of the LGM in Karnatukul appear to be associated with higher 
mobility patterns and increased distances of daily movements, with an 
enhanced preference for landscape (and vegetation) units that could 
offer better conditions for daily activities. Drainage-line species 
(E. camaldulensis, A. cf. citrinoviridis, Dodonaea viscosa amongst ot hers ) 
make a stronger appearance within this assemblage (Figs. 5, 6), once 
again indicating peoples’ intentionality to access water and water- 
associated resources. During heightened aridity, such resources would 
have been vital, giving insight into why Karnatukul – unlike other arid 
zone sites – continued to be visited during this period. 

‘Mulga woodland, alluvial sandy flats’ and ‘woodland and shrubland, 
sandplain’ communities (Fig. 5, Fig. 5) continue to be strongly repre- 
sented, with highly ranked species: A. cf. aptaneura, A. cf. ayersiana and 
A. cf. sibirica (Table 2). Likewise, ‘rocky sandstone ridges and break- 
aways’ and ‘rocky scree at base of ridges and breakaways’ are again 
represented by Callitris and diverse Acacia species. From the 24 taxa 
identified, 10 are Acacia species showing the genus remained a strong 
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and diverse presence within the region even through the LGM, inter- 
estingly as opposed to what Smith et al. (1995) discovered at Puritjarra 
rock shelter. The genus continues to be recorded strongly, in terms of 
richness and diversity/frequencies, despite increased evenness of taxo- 
nomic diversity in the assemblage (Table 6). This likely reflects the 
occurrence of the genus within the collection range during this more 
climatically volatile period, while also demonstrating its deep-time 
ethnobotanical importance for Martu people. Acacia species would 
have contributed to the area being suitable as a refuge to past groups 
over a wider area. The economic importance of the Acacia genus was 
originally explored by Veth and Walsh (1988) in the Western Desert 
when they observed the traditional use of plant resources by the Martu, 
the Traditional Custodians of Karnatukul. There was a heavy reliance on 
seed-producing species with Acacia being of special note due to their 
abundance, accessibility and storage potential (O’Connell et al., 1983; 
Veth and Walsh, 1988:20). Green or dry, Acacia seeds provide protein, 
fatty acids and high energy returns (Maggiore and Gedeon, 1983) cited 
in Veth and Walsh, 1988:20). Veth and Walsh’s study concluded that the 
Martujarra exploited a wide variety of plant species for food, whereby 
dependence could be shifted depending on availability (Veth and Walsh, 
1988:23). 

As reflected within other studies (Smith et al., 1995), the onset of 
aridity (and subsequent environmental changes such as the increase 
intensity of fires) likely impacted the incidence and availability of 
certain species, including economically important Acacia species. 
However, Acacia, and Australian woody taxa in general, demonstrate 
very high plasticity and resilience: adapting their form and size to 
aridity, fire exposure and availability of soil moisture. Therefore, it is of 
significance that Karnatukul’s LGM unit continues to contain the pres- 
ence and use of a diversity of Acacia species (69.5%). We suggest that 
Acacia could have adapted to increased aridity and remained frequent in 
the landscape. A. sibirica (at its highest representation within this AU) is  
somewhat of a disturbance opportunist remerging comfortably after fir e 
from seed and rootstock. A. sibirica (especially when young) is also 
highly prospective for housing protein-rich witchety grubs reinforcing 
the important multifaceted subsistence resources these species provide. 
This strong and continuous reflection of Acacia species would help 
explain why the region was a cryptic refugium to past peoples, even 
during the increased aridity of the LGM, perhaps with the support of 
specific practices of low intensity fire management developed by 
Indigenous and Martu people. The larger range system of Katjarra sus- 
tained a dependable, essential, and storable subsistence source in Acacia 
which, when combined with semi-permanent to permanent waters in 
perched pools, creeklines and soaks would have made this an optimal 
and persistent habitation locale. 

5.3. Mid-Holocene 

Acacia cf. kempeana makes its appearance within this unit. This 
species is known to have been important to Aboriginal desert people due 
to its edible seeds, lerp (a sweet secretion produced by larvae of psyllid 
insects as a protective cover) and gum, and abundant hosting of 
witchetty grubs – a consistent, drought-proof source of protein and fat 
(Moore, 2005:330). Acacia kempeana, and A. maitlandii are noted by 
O’Connell et al. (1983) to have been exploited for seeds (by Alyawara 
group, Central Australia). Other edible resources can be found within 
identified species: A. pruinocarpa exudes sweet edible gum from the 
cracks in the bark (Moore, 2005:339) and Eucalyptus camaldulensis is 
also documented for its useful gums and lerps (O’Connell et al., 
1983:96). 

The second highest ranked species within this unit is Callitris col- 
umellaris, with an abundance which continues into the last Millennium 
(Table 3). The Callitris genus tolerates aridity and can be found within 
diverse climates, landscapes and soil types, but whole populations can 
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be wiped out by extreme fires (Prior et al., 2011). Previous Australian 
anthracological studies demonstrate the potential of this genus in 
reflecting climate and fire regimes. Smith et al. (1995) identify 
C. columellaris within the Puritjarra rockshelter, revealing a marked 
decline in frequency from the Late Holocene sequence, interpreted as 
increased firing activity within the area (Smith et al., 1995:176). As 
frequent and high intensity firing can be fatal to this species, we inter- 
pret the strong presence of Callitris within the mid- and Late Holocene at  
Karnatukul as further evidence for millennia of Indigenous low-intensit y 
fire management practices, which reduces likelihood of highly 
destructive intensive wild bushfires (Carah, 2012; Prior et al., 2011). 

In the arid zone and northern sub-tropics of Australia, C. columellaris 
only remains as relict communities. The species shows a preference for 
southern facing rock slopes or sites that rarely carry fire. Katjarra and 
Lake Kerrylyn to the north (Fig. 1) are refugia for this species: both sites 
would have been rarely impacted by frequent extreme fires. The abun- 
dance of Callitris at Karnatukul would not have changed dramatically 
over time but locally its distribution may have changed in response to 
the frequency of firing in the surrounding sandstone/sandplain matrix. 
A decrease in fire intensity would have allowed the species to expand 
and become more common in the environment (thus reflecting a higher 
representation in the archaeological assemblage). This proposition 
would also apply to fire-sensitive Acacia species. It is significant that this  
unit records the highest frequency and diversity of Acacia species, as 
well as the second highest for Callitris. 

 
5.4. Last Millennium 

The scattered charcoal recovered from the Last Millennium yielded 
the lowest species richness (15 taxa) within an assemblage demon- 
strating a continuing dominance of A. cf. aptaneura but high evenness 
between taxa frequencies. The low index (69:33, Table 3) may reflect 
how people’s past collection strategies and the environment favoured a 
higher diversity of Acacia species: which were utilised more often yet 
show a lower non-Acacia species diversity. ‘Woodland, shrubland and 
sandplain’ is the dominating vegetation community within this AU, 
alongside ‘rocky sandstone ridges and breakaways’ and ‘rocky scree at 
base of ridges and breakaways’ (Fig. 5, Fig. 5, Table 2). It is possible that 
the occupants of Karnatukul during the Last Millennium – including in 
the relatively recent past (McDonald et al., 2018a; McDonald et al., 
2018b) had access to a wider diversity of vegetation communities. This 
might be related to overall wetter conditions triggering an arboreal 
boom and a mosaic of communities appearing in the surrounding 
landscape. The increased representation of landscape units associated 
with woodlands and sandplains might, in addition, have resulted from 
changes in mobility patterns and the ways Martu used the landscape 
during daily activities. 

Katjarra has acted as a refugium for plants over time and supports 
two locally endemic species (Tetratheca chapmanii and Hibiscus chrys- 
inocolla). The anthracological record shows Katjarra was a sanctuary for  
fire sensitive plants, through dramatic climatic changes and likely kept 
playing this role during the more recent socio-historical perturbations 
related to colonisation. Prior et al. (2011) found that C. columellaris is a 
species shaped by climate and disturbance histories (particularly in 
relation to fire), and there has been a wide-spread decline of populations 
across the arid zone over the last 200 years, possibly related to the 
decrease of Aboriginal low-intensity fire management and the increase 
of catastrophic high-intensity fire events (Prior et al., 2011:258). 

Eight species identified within the hearth assemblage were not rep- 
resented within the last millennium’s scattered remains (Table 2). Of 
these, A. cf. pruinocarpa, Santalum lanceolatum and cf. Ptilotus sp., ar e al l  
found in drainage habitats. This hearth feature captures a moment in 
time, where past occupants collected fuel within drainage/water 
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associated locales (Byrne et al., 2013; Byrne et al., 2020; Dotte-Sarout 
et al., 2015), preserved within a single/short-term use hearth feature. 

6. Conclusion 

This study of Karnatukul has provided the first anthracological 
analysis for the Western Desert, and rare continuous record of people- 
landscape interactions over 50,000 years. Anthracological results sup- 
port conclusions made about occupation patterns in this part of the 
Western Desert providing additional evidence in support of early and 
successful adaptation to the interior deserts of Australia. There are signs  
of increased mobility during periods of peak aridity i.e. during the 
Pleistocene and through the LGM. The assemblages also record the 
centrality of Acacia, with its plasticity and resilience to climate change, 
as a dependable resource. This study provides new evidence regarding 
the behavioural dynamics of arid zone hunter-gatherers through time, 
and an enhanced understanding of past arid land foragers and their re- 
lationships with the landscape associated to the specific use of Karna- 
tukul: from continuity (strong focus on Acacia species and Acacia 
woodlands as subsistence sources) to transformative adaptations (suc- 
cessive increase/decrease of mobility patterns; incremental effects of 
ecoscaping using low-intensity fires until colonial perturbations). 

Unlike other Australian study areas, the cultural assemblages 
demonstrate persistent collection of fire-sensitive species (Callitris, 
Acacia), tangible evidence of why and how this range system and sur- 
rounding sand flats and dunes have functioned as an ecological refu- 
gium. Other taxa strongly reflect water/drainage line habitats and 
indicate the accessibility of water and the associated cornucopia of re- 
sources available during all occupation periods. 

There is a clear shift in Karnatukul’s occupational intensity through 
time (McDonald et al., 2018a; McDonald et al., 2018b; McDonald, 
2020). The Pleistocene firewood and lithic assemblages suggest episodic 
occupation. The LGM evidence reveals that site occupants expanded 
their economic range and likely breadth of resources, in response to 
poorer availability due to increased aridity. The LGM lithic analysis 
reflects the resourcefulness and adaptive success of early groups, whilst 
providing clear evidence for the occupation of this part of the Western 
Desert through a period of inferred aridity and stochastic events 
(McDonald et al., 2018a; McDonald et al., 2018b; 2020:10). This 
persistence and flexibility in economic strategy deduced from the 
patterning in the lithics are mirrored by the ranges of identified wood 
species: the highest diversity of taxa identified is within the Pleistocene 
and LGM units (Table 6), suggesting wider collection areas due to lower 
overall fuel availability. 

The mid-Holocene and particularly the last Millennium units suggest 
increased resource availability through higher occupational intensity 
(McDonald, 2020). This is seen in the fuelwood record with lower spe- 
cies diversity as well as an increase in economically valued (and easily 
accessible) Acacia species (Table 6). The lithic analysis exhibited this 
was a ‘home base’ where past occupants intensively made and used 
stone tools on site, as well as creating pigment art which signalled local- 
group identity (McDonald et al., 2018a; McDonald et al., 2018b:30). 

This study has identified the importance of better contextualising the 
contribution of Acacia species. This genus is time-consuming to identify 
to species level because of interspecies similarities. However, a combi- 
nation of local reference material, transparent recording, adherence to 
methodological standards, utilisation of statistical tools, and working 
closely with expert botanists has ensured our knowledge around this 
important genus is now increasing. 

Anthracology has the potential to increase our understanding of 
palaeoenvironments, local vegetation changes, as well as the important 
intrinsic relationships held between desert peoples and their forever- 
changing landscapes, both locally and regionally. Here it has been 
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used as an independent source of data to examine issues of resource 
breadth, local fuelwood productivity and human mobility and collection 
strategies around an important site in the Western Desert. It accords and 
amplifies inferences made from lithic analyses about human persistence 
around a desert refuge over 50,000 years, the ethnobotanical impor- 
tance of Acacia as a reliable resource, and changing group mobility and 
collection strategies from these well-wooded and watered range systems 
lying within the Little Sandy Desert. 

Author contributions 

Conceptualization: Chae Byrne, Emilie Dotte-Sarout. Data curation: 
Chae Byrne. Formal analysis: Chae Byrne, Emilie Dotte-Sarout. Funding 
acquisition: Jo McDonald. Investigation: Chae Byrne(anthracology), Jo 
McDonald and Peter Veth (fieldwork). Methodology: Chae Byrne, Emilie 
Dotte-Sarout, Jo McDonald. Project administration: Chae Byrne. Re- 
sources: Chae Byrne, Jo McDonald, Stephen van Leeuwen. Supervision: 
Emilie Dotte-Sarout, Peter Veth (PhD supervisors to Chae Byrne). 
Visualization: Chae Byrne, Jo McDonald, Stephen van Leeuwen. Writing 
– original draft: all authors. Writing – review & editing: all authors. 

 
Acknowledgements 

This research was undertaken with the permission of the Mungarlu 
Ngurrakatja Rirraunkaja Proscribed Body Corporate, and excavation 
proceeded in accordance with the approved Section 16 Permit (No. 542) 
granted by the Department of Aboriginal Affairs, Western Australia, on 
the 18th April 2013. The 2014 expedition and radiocarbon dating were 
funded by Jo McDonald’s ARC Future Fellowship (FT100100206). The 
sites of Serpents Glen and nearby Wirrili were excavated by a UWA team 
of Jo McDonald, Peter Veth, Joe Dortch, Kane Ditchfield, Sam Harper, 
Chae Byrne, Birgitta Stephenson, Zoe Hanson and Emily Maddocks, 
assisted by the Birriliburu traditional owners and Rangers and Ranger 
Co-Ordinator Po Mowero (Central Desert Native Title Services). 

Wendy Reynen undertook the lithic analysis, with the assistance of 
Will Heath (funded by FT100100206). 

Dorcas Vannieuwenhuyse undertook the sediment analysis in the 
field and stratigraphic interpretation of the sequence, and drew the 
stratigraphic sections with assistance of Meg Berry. 

The site plan and cross-sections were drawn by Jo McDonald with 
assistance from Joe Dortch, who supervised the EDM field collection and 
data processing. 

Sediment laboratory analysis was done by Matthias Leopold using 
the sediment samples collected from each XU. 

All radiocarbon samples were analysed at Waikato University 
Radiocarbon laboratory. Fiona Petchey and Kane Ditchfield undertook 
the Bayesian analyses. 

Art recording and its formal analyses were done by Jo McDonald. 
Systematic rock art recording for the Martu and Birriliburu Native title 
claims commenced in June 2000. In 2004, Serpents Glen was visited by 

Jo McDonald and Peter Veth with anthropologists Bob Tonkinson and 
Bill Kruse, to seek permission from a large group of Birriliburu custo- 
dians for permission to do experimental pigment dating work on the 
rock art as part of the native title research. The site was recorded at this 

time by Jo McDonald and June Ross. Permission was granted and 
sampling of the rock art for dating purposes took place in 2005. The 
Karnatukul dated pigment samples were collected by Dr Karen Steelman 
and Jo McDonald during fieldwork in June/July 2005. The rock art 

dating was partially funded by an AIATSIS grant (G2005/7071) received 
by JMcD and Marvin Rowe (Texas A & M University), and the Canning 

Stock Route: Rock Art and Jukurrpa ARC Linkage Project (LP0776332). 
Prof. Stephen van Leeuwen identified ecological (reference collec- 

tion) wood samples on site with ethnobotanic knowledge shared by the 
knowledgeable Mungarlu Ngurrakatja Rirraunkaja Rangers. 

Fig. 5 was created with the help of Marty Firth at the University of 
Western Australia’s Centre for Applied Statistics. 

Journal of Archaeological Science: Reports 40 (2021) 103187 

 
Chae Byrne undertook the anthracological analysis for her PhD 

research (University of Western Australia), supervised by Emilie Dotte- 
Sarout and Peter Veth. All authors contributed to the writing of the 
paper. 

 
Appendix A 

 
 

Table A1 
List of species in Byrne wood charcoal reference collection, University of 
Western Australia archaeology laboratory (note: * indicates the species is rep- 
resented by multiple samples). All samples have been identified by botanist.   

Family Species 
 

 

ACANTHACEAE Avicennia marina 
ACANTHACEAE Avicennia marina subsp. marina 
AMARANTHACEAE Ptilotus obovatus 
ASRERACEAE Pentalepis trichodesmoides subsp. trichodesmoides 
ASTERACEAE Olearia sp. Kennedy Range (G. Byrne 66) 
ASTERACEAE Pentalepis trichodesmoides subsp. trichodesmoides 
ASTERACEAE Streptoglossa decurrens 
BORAGINACEAE Trichodesma zeylanicum var. zeylanicum 
CAESALPINIACEAE Senna artemisioides subsp. oligophylla 
CAESALPINIACEAE Senna glutinosa subsp. chatelainiana 
CAPPARACEAE Capparis spinosa 
CHENOPODIACEAE Rhagodia eremaea 
CHENOPODIACEAE Rhagodia preissii subsp. obarata 
COMBRETACEAE Terminalia canescens 
COMBRETACEAE Terminalia supranitifolia 
CONVOLVULACEAE Ipomoea costata 
CUPRESSACEAE Callitris glaucophylla 
EUPHORBIACEAE Adriana tomentosa 
EUPHORBIACEAE Adriana tomentosa var. tomentosa 
EUPHORBIACEAE Mallotus nesophilus 
FABACEAE Acacia alexandri 
FABACEAE Acacia aptaneura 
FABACEAE Acacia ayersiana 
FABACEAE Acacia citrinoviridis 
FABACEAE Acacia eriopoda 
FABACEAE Acacia inaequilatera 
FABACEAE Acacia maitlandii 
FABACEAE Acacia minyura 
FABACEAE Acacia pruinocarpa 
FABACEAE Acacia pyrifolia var. morrisonii 
FABACEAE Acacia pyrifolia var. pyrifolia 
FABACEAE Acacia rhodophloia 
FABACEAE Acacia sibirica 
FABACEAE Dichrostachys spicata 
FABACEAE Erythrina vespertilio 
FABACEAE Indigofera monophylla 
FABACEAE Senna glutinosa 
FABACEAE Senna glutinosa subsp. × luerssenii 
FABACEAE Senna notabilis 
FABACEAE Acacia bivenosa 
FABACEAE Acacia coriacea subsp. coriacea 
FABACEAE Acacia synchronicia 
FABACEAE Acacia tetragonophylla 
FRANKENIACEAE Frankenia pauciflora 
GOODENIACEAE Scaevola sericophylla 
GOODENIACEAE Scaevola spinescens 
GYROSTEMONACEAE Gyrostemon ramulosus 
LAMIACEAE Clerodendrum floribundum var. floribundum 
LAMIACEAE Clerodendrum tomentosum 
LEGUMINOSAE Tephrosia rosea var. clementii 
MALVACEAE Abutilon cunninghamii 
MALVACEAE Abutilon sp. cf. Cape Range (A.S. George 1312) 
MALVACEAE Brachychiton acuminatus 
MALVACEAE Brachychiton obtusilobus 
MALVACEAE Gossypium robinsonii 
MENISPERMACEAE Tinospora smilacina 
MORACEAE Ficus brachypoda 
MORACEAE Ficus opposita 
MORACEAE Ficus virens 
MYRTACEAE Corymbia deserticola 

(continued on next page) 
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Table A1 (continued ) 

 
 

Family Species 
 

 

MYRTACEAE Corymbia hamersleyana 
MYRTACEAE Eucalyptus camaldulensis 
MYRTACEAE Eucalyptus victrix 
MYRTACEAE Eucalyptus xerothermica 
MYRTACEAE Melaleuca cardiophylla 
NYCTAGINACEAE Commicarpus australis 
OLEACEAE Jasminum calcareum 
PITTOSPORACEAE Pittosporum phillyreoides 
PROTEACEAE Banksia ashbyi 
PROTEACEAE Grevillea pyramidalis 
PROTEACEAE Grevillea spinosa 
PROTEACEAE Grevillea stenobotrya 
PROTEACEAE Grevillea variifolia 
PROTEACEAE Grevillea wickhamii 
PROTEACEAE Hakea lorea 
PROTEACEAE Hakea lorea subsp. lorea 
RHIZOPHORACEAE Bruguiera exaristata 
RHIZOPHORACEAE Ceriops tagal 
RHIZOPHORACEAE Rhizophora stylosa 
RUBIACEAE Psydrax latifolia 
RUBIACEAE Psydrax suaveolens 
SANTALACEAE Santalum lanceolatum 
SAPINDACEAE Alectryon oleifolius 
SAPINDACEAE Dodonaea viscosa subsp. spatulata 
SCROPHULARIACEAE Eremophila latrobei subsp. filiformis 
SCROPHULARIACEAE Myoporum montanum 
SOLANACEAE Solanum lasiophyllum 
SURIANACEAE Stylobasium spathulatum 
TAMARICACEAE Tamarix aphylla 
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2 Island survival 
 

labour for their crews was drawn both from Australian 
Aboriginal and island south-east Asian communities. This 
led to the translocation of large numbers of labourers from a 
broad range of ethnicities to northern Australia’s coastal 
ports and operations, including from the Sulu Archipelago, 
the Aru Islands, southern Sulawesi and inland north-west 
Australia  (Mart´ınez 2012; Paterson 2018). During this 
period, Australia’s north-west regional centres of 
Roebourne and Cossack were described as having a 
combined population of “428 whites, 78 women, over 600 
Aboriginal workers including station hands, almost 1000 
Asians” (Riatti 1964: 37). This non-European labour 
reflected asymmetrical power relationships imbedded in 
both British colonial and imperial structures in the 
nineteenth century. Asian workers entered into labour 
contracts, yet were treated poorly and abused by pearlers 
once in Australian waters. Allegations from the period 
suggest that the translocation of labour within the pearling 
industry extended to the incarceration of labourers on 
remote arid islands to be sold illegally as slaves or, in one 
reported instance, while the ship owner returned to port to 
draft more divers (e.g. Western Australian 1887; see Bain 
1982; Forrest 1996). These practices were linked to a form 
of labour procurement on mainland Australia  known as 
“blackbirding” where Aboriginal people were kidnapped 
and forced into labour (Colonial Secretary’s Office 1886; 
Inquirer 1887: 5; Mart´ınez & Vickers 2012). The 
documentary record of such practices is sparse (see reviews 
in Hook et al. 2004; Souter et al. 2006) and provides little 
insight into the true role of remote offshore islands in 
contemporary pearling voyages or into the working 
conditions experienced therein. 

The Barrow Island Archaeology Project (BIAP) sought 
to address this gap, deploying a multidisciplinary approach 
to characterise the archaeological record of Barrow Island, a  
remote arid island located 60 km offshore and at the edge of 
the region’s historical pearling fisheries (Paterson 2006). 
The island was abandoned by its Aboriginal inhabitants 
when separated from the mainland by rising seas after 
approximately 8 kya. After a  long hiatus, evidence of 
colonial period uses are indicated along the coastal margin 
by remains of small watercraft, historical engine parts, 
rivets and copper sheeting (Paterson 2017b; Veth et al. 
2017; Ward et al. 2017). Historical documents specifically 
mention the use of Barrow Island by pearlers during the late 
nineteenth century, including for the alleged establishment 
of slave barracks (e.g. Forrest 1996; Western Australian 
1887; Paterson 2017b). 

The Bandicoot Bay archaeological site, located on the 
south of the island, preserves significant zooarchaeological 
and anthracological accumulations in direct association 
with late nineteenth century Anglo-Australian and 
Aboriginal material culture. Paterson (2017b) reports 
preliminary findings of survey and excavation and 
establishes the historical context of the island’s nineteenth 
century activities. Initial analysis of artefactual material 
such as bottle glass, repair debris, food cans and metal 
fittings imply the temporary residence of European and 

Aboriginal occupants engaging in activities of food 
processing, boat repair and the creation of glass artefacts. 
Other colonial ventures existed on the west Australia coast 
but are not considered likely to relate to the site: whaling 
(these sites are now well known and occur on parts of the 
coast where whale migrations are visible [Paterson et al. 
2019]); sheep pastoralism (pastoral leases existed for 
Barrow Island; however, there the material evidence is 
inconsistent with pastoral sites, also now well understood 
[Paterson 2017a]); and coastal ports, involving colonial 
oversight, which would be already well understood from 
historical accounts and revealed through port infrastructure 
such as jetties and landings of which there are none at 
Barrow Island. From these findings, it was concluded that 
the site most likely reflected a settlement related to the 
colonial pearl fisheries, as the only itinerant maritime 
industry known to have made use of significant Aboriginal 
crews during the period (Paterson 2017b, 2018). As such 
the site is a  rare example of Aboriginal life, in a potentially 
stressful colonial setting. This paper details the results of 
anthracological and zooarchaeological analysis and 
explores how these together inform an understanding 
of the way pearling ventures made use of such a remote, 
arid landscape and what this meant for their labour 
force. 

Anthracology, or the study of wood charcoal remains, is 
an emerging field of research within Australian archaeology 
(Denham et al. 2009; Dotte-Sarout et al. 2015) which has 
not been previously applied to historic sites. Frontier 
contexts are poorly represented in terms of zooarchaeology 
and no analysis of the faunal assemblage of maritime 
industries have yet been published for north-west Australia , 
unlike, for example, the whaling stations of southern 
Australia  (e.g. Lawrence 2001; Lawrence & Tucker 2002). 
The historic assemblages of Bandicoot Bay afford an 
excellent opportunity to combine archaeobotanical and 
zooarchaeological analyses to better understand the function 
and environmental context of late nineteenth century 
visitation of the island. Importantly, the research presented 
in this paper provides a test application of anthracology to a 
Western Australian historic context in hopes of further 
demonstrating the potential and value of these specialised 
fields of inquiry in Australian archaeological research. 

 
 

BACKGROUND 
 

Barrow Island, located approximately 60 km off the north–
west coast of Western Australia , is a  233-km2 calcareous 
island (Figure 1). Temperatures range between 
34.7 and 25.6°C during the summer and 24.3 and 16.9°C in 
the winter. The climate is arid with an average annual 
precipitation of 300 mm, although this is highly variable 
due to the island’s position between the southern extent of 
the modern Indo-Australian monsoon and the northern 
influence of extra-tropical winter precipitation. Most 
rainfall occurs with summer cyclone activity between 
November and April. Surface water is only present in 
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Figure 1. Regional map showing Barrow Island. [Colour 
figure can be viewed at wileyonlinelibrary.com] 

 

 

creeks and clay pans following significant rainfall (King & 
Bradshaw 2010). 

Though globally typical of the arid Pilbara region, 
Barrow Island vegetation, geology and topography show 
stronger affinities with Cape Range in comparison to other 
surrounding areas, reflecting its past linkages to the 
mainland (Astron Environmental 2011; Gorgon Australia  
Gas 2005: 223; Mattiske Consulting 2005: 6) (Figure 1). 
For this reason, Barrow Island falls within the Cape Range 
botanical region, a  subregion of the Carnarvon Interim 
Biogeographical Region (Beard 1975; Commonwealth of 
Australia  2012). The island’s current vegetation cover is 
dominated by Triodia (hummock-forming grasses) and 
Acacia (wattles) shrubs (Gorgon Australia Gas 2005: 222). 

While not entirely undisturbed (at least two complete 
burns have taken place on the island since the 
mid-nineteenth century), the native vegetation has been 
relatively well preserved by the early protection of Barrow 
Island, listed as a Nature Reserve in the 1900s (Moro & 
Langdon 2013; Short & Turner 1994). More than 370 native 
plant species have been recorded on the island, with the 
main vegetation types being “hummock grasslands of 
Triodia” and “open, low to medium shrublands of Acacia” 
often associated to other taxa of low shrubs (Mattiske 
Consulting 2005). Small mangrove communities (White 
Mangrove Avicennia marina) reside on the southern large 
tidal area and inlets such as in Bandicoot Bay (Gorgon 
Australia  Gas 2005; Moro & Langdon 2013). Within such 
an environment, Acacia low to medium shrubs would be the 
most easily and readily available wood source today. 

 
The modern suite of fauna on Barrow Island is 

distinctive, with many of these species either now extinct or 
threatened on the adjacent mainland (Baynes & Jones 1993; 
Burbidge 1989). Some of the key landform types on the 
island include nesting beaches, intertidal mudflats, rock 
platforms, cliffs, rocky outcrops, clay pans, surface caves 
and an extensive underground karst system (Department of 
Environment and Conservation 2011). The range of 
substrate types available on the island, along with its 
geographical isolation and oceanographic conditions, 
creates a situation for high species diversity and a 
significant endemic component. Over 100 terrestrial 
vertebrate species, four species of marine turtle and 
380 species of marine fish have been recorded on Barrow 
Island and in the surrounding waters in recent years 
(Chevron Australia 2014; Department of Environment and 
Conservation 2011; Kendrick & Mau 2002). 

The Bandicoot Bay archaeological site is situated within 
a low dune system several metres back from the high-water 
mark of Barrow Island’s southern shoreline. The site rests 
between the shallow, sheltered bay from which it draws its 
name to the east and a rocky, exposed shoreline to the west. 
Bandicoot Bay offers a  large intertidal reef and mudflats, a  
habitat unique on the island (Department of Parks and 
Wildlife 2015). Open spinifex grassland and broad claypans 
dominate the nearby inland areas, and several sandy nesting 
beaches are readily accessible. As such, the site is situated 
at the nexus of several important resource zones. 

 
 

METHODS 
 

Excavation 
Survey and excavation of the historical sites were carried 
out in two seasons, 2013 and 2014, as part of BIAP 
(Paterson 2017b; Paterson 2018; Veth et al. 2017). Two 
areas were targeted for focused excavation and analyses: the 
Bandicoot Bay settlement (D24-001) and the settlement at 
South End (D26-001). In this paper, we present the 
anthracological and zooarchaeological results from the 
Bandicoot Bay site only. This site’s standard of preservation 
was higher, and both charcoal and archaeofaunal remains 
more prevalent. 

The site was divided into a 20 20 m grid and 
excavated according to stratigraphic units (SU) divided into 
arbitrary 10 cm excavation units (XU) by square. 
Excavations revealed a broad, unstratified deposit retaining 
good spatial integrity. All excavated material was passed 
through 5 mm and 2 mm nested dry sieves ensuring 
anthracological protocol was met in capturing both large 
and small remains (Chabal 1992; Dotte-Sarout et al. 2015). 
All material was sorted and bagged on site. 

 
Wood charcoal identification 
As part of a  larger PhD research project, representing the 
first application of anthracology in the Carnarvon region 
(Figure 1), this study first relied on the creation of a 
regional wood reference collection. The collection includes 
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Table 1.  Common anatomical features of Acacia species identified. 
 

Transvers e (T) Longitudinal (RL, TL) 
 

 
Species 

 
Vessels 

 
Parenchyma 

Fibres/ 
tracheids 

  
Rays 

 
Vessel 

 
Other 

Acacia bivenosa Ring-porous Vasicentric Thin walled  1-2 seriate (rare Pitting Aggregate 
(Two 
Nerve-Wattle) 

 
 

 
Acacia coriacea 

Radial to 
diagonal 
Clusters 2–3 
Solitary shape 
angular 

 
Semi-ring porous 

and aliform 
 
 
 
 

Lozenge and 

Small 
lumina 
Fibre pitting 
tend to be 
bordered 

 
Medium to 

 3) 
5–25 high 
Heterogeneous 
Mixed 
composition 

 
1-2 seriate 

vestured 
Alternate, 
medium 
Simple 
perforation 
plates 

Pitting 

rays 
 
 
 
 

High species 
(Wire wood) 

 
 
 
 
 
Acacia 

Radial clusters 
1–4 (mostly 
1–2) 

 
 
 
Semi-ring porous 

confluent 
 
 
 
 
 

Lozenge 

thin walled 
Septate 
Distinctly 
large and 
bordered 
(yet rare) 
pitting 

Very thin 

 2–20 high 
composition 
variable 

 
 

 
1-3 seriate 

vestured 
Alternate 
Simple 
perforation 
plates 

 

Pitting small, 

variability 
Simple fibre 
pitting 

 
 

 
Simple fibre 

Synchronicia Radial clusters aliform walled  5–25 high vestured pitting 
(Bardi Bush) 

 
 
Acacia 

Clusters 2–3 
Tyloses present 

 

Ring-porous 

 
 

 
Confluent 

Large 
lumina 

 

Small 

 Mixed cellular 
composition 
Heterogeneous 
Biconvex shape 

1-2 seriate 

Simple 
perforation 
plates 

 
Pitting 

Aggregate 
rays present 

 

Prone to 
tetragonophylla 
(Kurara) 

Radial to 
diagonal 
3+ 

   (mostly 
uniseriate) 6–
10 high 
Uprigh t/square 

vestured, 
opposite 
Outer 
polygonal 

extreme 
vitrification 
and 
cracking 

 
 
 
 
Acacia pyrifola 

 
 
 
 
Radial to diagonal 

 
 
 
 

Aliform and 

 
 
 
 

Medium 

  
 
 
 
1-2 seriate 

pitting very 
distinct 
Simple 
perforation 
plates 

Pitting 

Septate 
fibres 

 
 

Simple fibre 
(Ranji Bush) (mostly radial) 

1–3 
confluent in 
sections 
(when 
vessels 
higher in 
number 
mostly 
sapwood) 
Very 
distinct 

  4–20 high 
Homogenous 
Uprigh t/square 

vestured, 
alternate 
Simple 
perforation 
plates 

pitting 

 
 

associated botanical vouchers to support specialist-level 
taxonomic identification. Woody plant samples (wood, 
leaves, photographs and habitat descriptions) were collected 
from Cape Range, Exmouth, Karratha, the Burrup 
Peninsula and on Barrow Island. The Carnarvon reference 
collection, held in the University of Western Australian 
archaeology laboratory, now comprises more than 100 taxa 
with solid representation of Barrow Island and its 
associated regions. 

The anatomic structure of wood (and wood charcoal) 
varies according to family, genus and species. Therefore, 
when archaeological charcoal fragments are compared to 
reference collection specimens, identification (at varying 
taxonomic degrees) can be achieved. Each of the specimens 
included in the reference collection was observed and 

 
imaged using a Nikon eclipse LV100ND reflected-light 
microscope (magnification 50 to 800 ), after controlled 
charring, as per protocols described in Byrne et al. (2013) 
and Dotte-Sarout et al. (2015). The description of 
anatomical features and their arrangement was compiled by 
taxa in a database managed by Byrne as part of her doctoral 
research. This was then used in conjunction with direct 
observation of reference specimen to reach taxonomic 
identification of the archaeological wood charcoal 
fragments – following the method outlined in Byrne et al. 
(2013). 

Acacia cf. (confer) species level identification was 
reached after observation of specifically discriminative 
features such as pores arrangements and vessel pits (see 
Table 1). However, the high level of intra-genus similarities 
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in Acacia, a long with preservation issues for smaller 
fragments, often prevented decisive species level 
identification in this study. In cases where none of the 
anatomical features observed corresponded to the taxa 
represented in the wood anatomy database, unidentified 
types were described and recorded, to account for 
taxonomical diversity of the assemblage. 

 
Faunal identification 
Recovered teeth, cranial and post-cranial bones was 
taxonomically identified with the aid of modern skeletal 
reference material, held at the University of Queensland 
Archaeology Fauna Laboratory. This modern collection 
includes skeletal material directly collected from Barrow 
Island by Manne as well as specimens on loan from the 
Western Australian Museum. Specimens were identified to 
element, portion of element and side as well as to species, 
genus or in the cases of some reptile and fish material, 
family, superfamily or class. In addition, specimens were 
quantified by weight and length. Modification to bone 
surfaces was observed and recorded using a Labomed 
CZM6 microscope at 6.5 –45 magnification, and 
included burning, weathering, fracture freshness, cut and 
percussion marks, along with other observations. Burnt 
bone specimens were assigned to categories using the 
six-stage burning code developed by Stiner et al. (1995), 
denoting proportion of surface carbonisation to calcination 
as an indicator of burn intensity. Weathering data followed 
Behrensmeyer (1978). The relative freshness of bone 
fractures was indexed following Outram (2002). As this 
paper focuses on the findings of the taxonomic and burning 
data, more comprehensive methods and results can be 
found in Dooley (2018) and in forthcoming publications. 

 
 

FINDINGS 
 

The artefactual evidence 
Artefactual remains recovered from Bandicoot Bay include 
metal, wooden, lithic and glass materials of both European 
and Aboriginal origin. A coin dating to 1879 and modified 
as an adornment, alongside the indicative manufacture-type 
of recovered bottle glass, places the most likely date of 
occupation in the late 1880s/1890s. The density of the 
accumulation does not suggest extended occupation, though 
the instance of a  cooking pot in association with a hearth 
feature implies the use of the site for temporary residence. 
The use of ephemeral forms of shelter is most likely given a 
low incidence of nails, with recovered metal eyelets 
potentially reflecting the presence of canvas tents. Historical 
photographs of ephemeral structures in colonial north-west 
Australia  portray the use of organic materials such as 
timber, grasses, bark and stone in their construction. Boat 
fastenings and other boat-related material such as copper 
sheathing suggest boat repairs at the site. Also recorded 
were bottle-glass Kimberley Points and other knapped glass 
artefacts accumulated in knapping areas suggesting the 
translocation of Aboriginal males over 600 nautical miles to 

 
the island. While the analysis of this artefact type has been 
a primary focus of analyses to date (Hunter 2014; Paterson 
2017b; Paterson & Veth, in press), the faunal and floral 
record for this rare site type promise the potential to 
consider the ecological dimensions of these historical 
events. 

The artefactual finds are concentrated around a central 
area of hearth activity (Figure 2). Out of the total 20 20 m 
grid, noteworthy finds were only recorded in squares in the 
series E-N 2-12. The primary hearth features in the vicinity 
of square J8 overlap the largest accumulation of charcoal by 
weight, and are situated adjacent to the densest distributions 
of artefacts, with find weights gradually tapering off with 
distance. While remaining densest in the vicinity of hearth 
activity, recovered glass is distributed in several separate 
peaks, with debitage distributions implying the presence of 
distinct knapping areas. The division of space suggested by 
this patterning involves a main hearth area serving as a 
focal point for the settlement with shelters and working 
areas arrayed surrounding it. 

 
 

The anthracological evidence 
Figure 2 reports total weight of charcoal recovered by 
square, according to the results of initial analysis, with a 
total of 1335 g of charcoal having been recovered from the 
site. Charcoal samples were chosen from the same 
stratigraphic unit of occupation (SU1) from squares F8, G5, 
G8, J6 and J7, J8, J10/K10, L8 due to their high fragment 
count (anthracology relies on counts rather than weight 
(Chabal 1990), aiming for at least 50 identifiable fragments 
per square. This strategy was selected to ensure 
methodological standards were met regarding minimum 
counts for both hearth and scattered remains, particularly 
with regard to environmental representativity (Chabal 1990; 
The´ry-Parisot et al. 2010). 

Five hundred wood charcoal fragments were identified in 
this study, revealing 24 taxa including eight unidentified 
types (Table 2). One hundred fragments were identified 
within the hearth concentration area, whilst the remaining 
400 fragments were selected from the previously mentioned 
surrounding squares (referred to as “scattered” fragments). 
The saturation curve (number of taxa described/number of 
identifiable fragments) for all scattered fragments shows a 
conclusive plateau of the taxonomic diversity at 
approximately 160 fragments, thereby indicating that the 
assemblage appropriately captures the taxonomic richness 
represented in the original anthracological deposit (SD 1). 
The Gini-Lorenz index reached an ideal ratio of 80:20 for 
the total assemblage, exemplary for temperate to arid 
environments (SD 2). The index measures the richness of 
the assemblage and assesses its statistical representativity of 
a  local environment. It represents the ratio between overall 
taxonomic diversity and relative frequency of each taxa 
demonstrated in a given population (Chabal 1990; 
Dotte-Sarout et al. 2015; Poissonet 1968). Overall, the 
statistical tools discussed show that the anthracological 
assemblage provides a sound record of the past environment 
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Figure 2. Excavated finds by weight (g) (a) total excavated finds, (b) total excavated charcoal and (c) total excavated glass 
fragments. Spatial data credits: Barrow Island Archaeology Project ARC Discovery and DORA3. 

 

 
 
 

and of the original wood charcoal deposit at the Bandicoot 
Bay site. 

Squares J6 and J7 are within and directly adjacent to the 
area of highest concentration for charcoal remains, and J8 
interpreted as a hearth (Paterson 2017b) (Figures 2 and 3). 
L8 is within this area of activity, possibly representing wood 
charcoal scattered away from the hearth through trampling. 
J10/K10 represent a  possible refuse area (refuse area 1), 
with less-common species identified Stylobasium 
spathulatum and Alectryon oleifolius (Table 2) in both 
hearth and the discussed area. Therefore, this area likely 
reflects the last firing event after cleaning of the hearth. G5, 
G8 and F8 are located in a distinct secondary zone of 
artefact and charcoal concentration lacking any features 
indicative of a  hearth, thus leading to the hypothesis that 
this could represent a  second refuse area (refuse area 2). 
The compilation of wood charcoal samples from each of 
these areas provides a coherent anthracological assemblage 
to reconstruct the past vegetation surrounding the site and 
analyse its past exploitation by the occupants, while the 
extensive open-plan excavation (100 m2) enables a spatial 
analysis giving detailed insights into their daily activities. 

As expected within a Pilbara/Carnarvon setting, the most 
common genus identified is Acacia, the most frequent being 
A. cf coriacea (wirewood) and A. bivenosa, as is reflected in 
the island’s woody vegetation today. The diverse types of 
Acacia identified in the assemblage (Table 2) record the 
historic presence around the site of low shrublands similar 
to those found today around coastal complex and dune 
systems, but also in inland landscape units and along 
drainage lines and limestone ridges, flats and valley 
escarpment slopes (Figure 4) (Mattiske 2005; Moro & 

 
Langdon 2013). The discrete but meaningful presence of 
the white mangrove, Avicennia marina highlights 
collections having been undertaken within intertidal zones. 

Interestingly, nine unidentified species were examined 
(Table 2), their features not matching those present within 
the UWA reference collection. These includes tree or shrub 
taxa not identified either because of (i) intra-species 
anatomical variability, (ii) inter-species anatomical 
similarities and (iii) the species was not represented in the 
reference collection. All unidentified species have been 
examined, described and recorded within the UWA 
anthracology database. 

The two non-local species identified to low 
taxonomic levels include a gymnosperm (softwood) and 
monocotyledoneae. Through investigation and comparison 
with international datasets (Schoch et al 2004; InsideWood 
2004; UWA Wood Anatomy reference collection and 
database of Pacific and Australian taxa, see Dotte-Sarout 
et al. 2015 AO), identification has been obtained 
to varying levels. The gymnosperm is from the Pinaceae 
family and corresponds to Pinus sp (Pine), originating 
in Europe (Table 3 and Figure 5).The most widespread 
Australian native Gymnosperm genus is Callitris, 
from the Cuprassaceae family, recorded throughout 
the inland Pilbara and Carnavon regions. The UWA wood 
charcoal reference collection contains several specimens 
of Callitris, demonstrating distinctive anatomical features 
that are not observed in the Bandicoot Bay gymnosperm 
remains. 

The identification of the monocotyledoneae (Table 3 and 
Figure 5) proved more challenging due to limited reference 
material available, both within Australia and internationally. 
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Table 2. D24-001 wood charcoal identifications. Identified species listed against number of fragments per square. 

IDENTI FI E D SPECIES F8 G5 G8 J6 J7 
J8 
(Hearth)  J10/K10 L8 TOTAL 

ACANTHACEAE Avicennia 
marina 

White Mangrove 

− 1 − − − 4 3 − 8 

FABACEAE Acacia cf bivenosa 4 2 11 8 12 4 4 45 
Two nerve wattle 
FABACEAE Acacia cf coriacea 24 14 18 21 16 43 35 26 197 
Wirewood 
FABACEAE Acacia cf pyrifolia 4 4 
Ranji Bush 
FABACEAE Acacia cf 

synchronicia 
Bardi Bush 
FABACEAE Acacia cf 

tetragonophylla 
Kurara 

2 − 2 4 − 6 − − 14 

 
− − − − 3 − − − 3 

FABACEAE Acacia sp 2 28 9 11 23 8 7 19 107 
FABACEAE cf Senna glutinosa − − − − − − 3 − 3 
FABACEAE Erythrina vespertilio − − − − − − 1 − 1 

Gymnosperm (Unidentified 1 
PINACEE Pinus sp) 

Pine 
Monocotyledoneae (Unidentified 

9 POACEAE) 

3 − − 1 − − − − 4 

 
3 − 2 − − − − − 5 

MYTRACEAE cf Eucalyptus sp 2 − 6 − − − − − 8 
MYTRACEAE cf Melaleuca 

cardiophylla 
Tangling Melaleuca 
PITTOSPORACEAE 

Pittosporum phillyreoides 
Weeping Pittosporum 
SAPINDACEAE Alectryon 

oleifolius 

4 − − − − − − − 4 

 
− − 2 − − 3 3 − 8 

Western Rosewood − − − − − 1 9 − 10 
SCROPHULARIACEAE 

cf Myoporum montanum 
Native Myrtle 
SURIANACEAE cf Stylobasium 

spathulatum 
Pebble Bush 

− 2 − − − − − − 2 

 
− − − 2 − 7 25 − 34 

Uniden tified 2 1 1 
Uniden tified 3 1 1 
Uniden tified 4 2 2 
Uniden tified 5 1 9 3 13 
Unidentified 6 Acacia sp 3 6 9 
Uniden tified 7 6 1 7 
Uniden tified 8 6 4 10 
TOTAL FRAGMENTS: 50 50 50 50 50 100 100 50 500 
TOTAL SPECIES DIVERSITY: 9 7 9 6 4 11 12 4 25 

Features of the vascular bundles observed appear to fall 
within the Poaceae family (Dotte-Sarout 2010; Kraehmer 
2017) (Table 3). Although not recorded on the island today, 
several Poaceae species are found on the surrounding 
mainland. Therefore, it is plausible that such taxa would 
have been either (i) present on the island before the modern 
period and still remaining at the end of the nineteenth 
century, or (ii) transported from the immediate mainland by 
the site’s occupants for an unknown reason/use, as is 
discussed in more detail below. 

The archaeofaunal evidence 
Given the open-air nature of the site, the archaeofaunal 
remains of Bandicoot Bay form a small but well-preserved 
assemblage. There are a total of 2922 vertebrate specimens, 
with identified specimens (NISP) numbering 810 (Table 4). 
Identifiable economic mammals comprise of species that 
are extant on the island today (Table 4), including the 
golden bandicoot (Isoodon auratus barrowensis), the 
common brushtail possum (Trichosurus vulpecula), the 
spectacled hare wallaby (Lagorchestes conspicillatus) and 
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Figure 3. Site map showing charcoal sampled squares, defined use areas and artefact association. Spatial data credits: 
Barrow Island Archaeology Project ARC Discovery and DORA3. 

 

 
euro, or common wallaroo (Osphranter robustus 
isabellinus). Chelonioidea, labridae and other fish, crab and 
shark specimens are also present. Fragments of 
Chelonioidea carapace and plastron represent the largest 
portion of the assemblage by basic metrics alone, with 
%NISP and %weight values of 28.6 (n 232) and 45.2, 
respectively (Table 4). The higher values for the minimum 
number of individuals (MNI) of the L. conspicillatus (n 
10) and I. auratus barrowensis (n 9), however, afford 
these species an equally significant presence at the site. As 
such, the occupants of Bandicoot Bay exploited a variety of 
taxa, with habitats spread across several of the island’s 
landscape zones. No specimens attributable to a domestic or 
other exotic animal species were recovered. 

Approximately a third of total identified specimens were 
burnt, with 54% of these being heated to the point of 
calcination (Table 4). While the carbonised bone forming 
the remaining 46% could be consistent with unintentional 
low-temperature burns such as grass fires, calcination 
requires direct exposure to temperatures of over 600–
700°C, usually only attainable for extended periods within 
the context of an active hearth or earth oven (David 1990; 
Robins & Stock 1990; Stiner et al. 1995). High degrees of 
calcination are therefore typically only expected to arise 
from discard or incidental deposition of bone 

directly into a live hearth and where heat intensity is 
maintained for an interval thereafter (Buikstra & Swegle 
1989; Moody 2016). Proportions of carbonised to calcined 
bone vary substantially between species. Chelonioidea 
remains exhibit a  marked dominance of calcination (69%), 
while the L. conspicillatus (22%) and, to a lesser degree, I. 
auratus barrowensis (41%) show a stronger signature of 
carbonised bone (Table 4). As such, these profiles may 
reflect differential discard behaviours between species. 
Regardless of these variations, the proportion of calcined 
specimens is high across all taxa. 

 
 

Spatial analysis 
The distribution of both faunal and botanical deposits 
suggests that site use was centred around the hearth area 
(J8), in accordance with other artefactual evidence 
(Paterson 2017b). For instance, distribution of glass 
artefacts respects a  distance of 5–10 m from the hearth, 
possibly reflecting an interest in keeping the vicinity of the 
hearths free from tool-making debitage. Highest 
concentrations of total fauna (NISP) align with highest 
concentrations of charcoal by weight (Figure 6). Yet while 
total burned faunal NISP centres around similar areas as 
charcoal, it does not closely conform in distribution 
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Figure 4. Anthracological spectrum showing various vegetation communities represented in archaeological charcoal 
identifications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Figure 6), perhaps reflecting discard or processing activity 
carried out separate from the hearth. 

Interestingly, A. marina (White Mangrove), S. 
spathulatum (Pebble Bush) and Unidentified 6 Acacia sp 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

were found in both the hearth (J8) and Refuse Area 1 
(J10/K10). The scarcity of these species elsewhere, 
combined with their shared presence in both locations 
indicate that Refuse Area 1 could indeed represent remains 
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Table 3.  Anatomic features observed in archaeological fragments of non-local species. 
 

Taxon Transverse Longitudinal 

Pinaceae Resin ducts present, rare Uniseriate rays, two to five cells high 
Gymnosperm Growth ring boundaries distinct Uniseriate pinoid pits in tracheids 

Cross-field pitting tend to be piceoid (difficult 
 

Poaceae sp 
Monocotyledoneae 

 
Vascular bundle made up of two to three large 

rounded metaxylem elements, group of 
protoxylem elements at the centre, bundle 
sheath of sclerenchyma cells equally 
distributed around. 

to discern in samples) 
Bordered pits in xylem elements 

 
 

 
Figure 5. Archaeological charcoal fragments anatomic features: (a) gymnosperm Pinaceae Pinaceae cf. Pinus, transverse 

20, showing resin ducts; SQ F8. (b) Gymnosperm Pinaceae Pinaceae cf. Pinus, showing tracheids with uniseriate pinoid 
pits, tangential longitudinal 10 SQ F8. (c) Monocotyledoneae Poaceae sp, vascular bundle, transverse 50 SQ G8. (d) 
Monocotyledoneae Poaceae sp, minute bordered pitting, tangential longitudinal 50, SQ G8. [Colour figure can be viewed at 
wileyonlinelibrary.com] 

 

 
of fire events closely preceding the ones recorded in the 
hearth deposit. Figure 3 shows a close affinity between the 
taxonomic composition of the hearth and the J10/K10 
refuse area. 

Comparatively, Refuse Area 2 (G8/F8) contains species 
not identified within the hearth while both squares record a 
higher taxonomic diversity than any of the other examined 
(except for J8, the hearth) (Figure 3). This could be the 

result of a  longer period of deposition over the course of the 
site’s occupation (several firing events). Myrtaceae cf 
Eucalyptus sp, Myrtaceae cf Melaleuca cardiophylla as 
well as the outstanding Pinaceae Pinus sp, and Poaceae sp 
are only present in this area. In turn, this species variation 
may indicate that Refuse Area 2 was used before Refuse 
Area 1, where the deposit clearly mirrors the last few firing 
events of the hearth. 

 
×C 2019 Oceania Publications 



 

Archaeology in Oceania 11 

Table 4. Faunal taxonomic abundance quantification table by taxa. 

Weight Burned 
Taxon Common name NISP %NISP MNI %MNI (g) %Weight NISP %Burned 

Isoodon auratus Golden Bandicoot 205 25.3 9 31.0 24.71 5.2 29 14.15 
barrowensis          

Trichos ur us vulpecu la Brushtail Possum 32 4.0 3 10.3 1.84 0.4 2 6.25 
Lagorchestes Spectacled Hare 135 16.7 10 34.5 110.06 23.2 51 37.78 

conspicillatus Wallaby         

Osphranter robustus Euro kangaroo 23 2.8 2 6.9 91.32 19.3 1 4.35 
isabellinus          

Microfauna 19 2.3 − − 0.31 0.1 0 0.00 
 
 
 
 
 
 
 
 
 

Regarding the faunal material, Figure 6 shows total 
recovered vertebrate faunal material by NISP by square in 
comparison to total recovered charcoal by weight by square. 
The great majority of total specimens were recovered from 
within or adjacent to the hearth feature and circulation 
areas, closely associated with the central accumulation of 
charcoal (Figure 6). Other small peaks in material lie to the 
south. Significantly, the spatial distribution of carbonised 
specimens is skewed in this direction relative to that of 
calcined specimens and of total charcoal. The annotations 
set within Figure 6 denote the squares which, when 
combined, form the smallest rectilinear comprising ;::50% 
of NISP. These figures demonstrate that, while calcined 
specimens are concentrated within the vicinity of central 
hearth activity, a  greater proportion of carbonised 
specimens were deposited further away from areas of 
charcoal accumulation. Non-human taphonomic 
mechanisms would not be expected to preferentially 
distribute material by burning intensity in a given direction. 
Such patterns, therefore, most likely reflect distributions of 
discard. This may suggest, then, that multiple faunal 
processing activities were performed at the site, resulting in 
the differential burning and movement of faunal remains. 

Outside of the J8 central hearth, the distribution 
of calcined material is chiefly associated with the 
L8 and J6/J7 circulation areas and carbonised material, with 
the F8/G8 and J10/K10 refuse areas. Unfortunately, the 
limited sample size of the faunal assemblage necessitates 
a restriction of inquiry to broad trends and does not 
allow for detailed comparison of taxonomic representation 
or burning intensity by square or by zone to be carried out 
with confidence. With that in mind, the F8/G8 and J10/K10 
refuse areas are distinctive among their counterparts in their 
higher proportion of mammalian remains, especially of L. 
conspicillatus. This, coupled with the skewed distribution 
of carbonised material, may be tentatively considered 
to support the notion that these areas served a separate 
purpose to the J6/J7 and L8 circulation areas or relate 

 
to the movement of material from different events of the 
J8 hearth. 

 
 

DISCUSSION 
 

The zooarchaeological and anthracological analysis 
together evidence several dynamics of the late nineteenth 
century occupation of the Bandicoot Bay archaeological 
site. These encompass (i) past occupants’ movements 
through the landscape and (ii) insights into past occupants’ 
use of the site. 

 
Movements through the island landscape 
Anthracological results clearly record the importance of the 
various and widespread wattle shrublands of the island for 
fuelwood collection. Looking at the more tentative species 
level identifications, A. coriacea, A. bivenosa, A. 
tetragonophylla and M. montanum are all commonly found 
within coastal habitats (Mattiske 2005: 31–32, Department 
of Parks and Wildlife 2017) and tidal zones (A. marina). 
These are environments and vegetation communities which 
reflect those surrounding the site today. They indicate that 
collection of fuelwood took place close to the site, and 
likely record the use of coastal vegetal resource in 
association with hunting trips to capture marine turtles (as 
is strongly reflected in the faunal remains). 

In parallel, A. coriacea and A. bivenosa are found in 
many vegetation communities throughout the island, 
however their association to one another, as well as with S. 
spathulatum indicate collection trips on sand dune ridges 
and low shrublands scoured drainage channels (Mattiske 
2005: 31). 

Most of the native species identified are relatively 
common in the landscape today with the exception of A. 
synchronicia and Eucalyptus sp. Although A. synchronicia 
is very restricted on Barrow Island today, it is widespread in 
mainland areas (Mattiske 2005: 9) and could have been 
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Procellariidae Shearwater 1 0.1 1 3.4 0.07 0.0 0 0.00 
Aves Bird 2 0.2 − − 0.29 0.1 0 0.00 
Chelonioidea Sea Turtle 232 28.6 1 3.4 214.1 45.2 149 64.22 
Labridae Wrasse 9 1.1 1 3.4 2.24 0.5 2 22.22 
Osteichthyes Bony Fish 106 13.1 − − 28.64 6.0 6 5.66 
Chondrichthyes Cartilag inous Fish 6 0.7 1 3.4 0.12 0.0 3 50.00 
Brachyura Crab 40 4.9 1 3.4 0.49 0.1 3 7.50 
Total Identified  810  29  474.19  246 30.37 
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Figure 6. (a) Total vertebrate NISP by square for comparison to (b) total excavated charcoal (g), (c) carbonised and (d) 
calcined NISP by square. Spatial data credits: Barrow Island Archaeology Project ARC Discovery and DORA3. 

 

 
 
 

×C 2019 Oceania Publications 



 

Archaeology in Oceania 13 
 

more prevalent on the island in the past. Similarly, 
Eucalyptus stands are highly localized on Barrow Island 
and remains of these taxa considered alongside wallaby and 
bandicoot remains indicate excursions to the island interior. 

The over-representation of Acacia cf. coriacea in both 
scattered and hearth deposits echoes the species frequency 
and ecological ubiquity within the surrounding 
environment, possibly demonstrating low selection of 
fuelwood with a higher influence of availability on 
collection strategies. 

Of note is the absence of certain species. One such 
example is the Proteaceae Grevillea and Hakea. These two 
genera are highly distinctive and unlikely missed or 
incorrectly identified. Intriguingly, Hakea is found within 
the same habitats as the flora/faunal identifications suggest, 
including valleys, drainage lines, limestone ridges and 
slopes (Mattiske 2005: 12). Other anthracological studies 
from the north-west have previously recorded the complete 
or near-complete absence of Proteaceae in assemblages, 
despite the genus being prevalent within the surrounding 
landscape (Byrne et al. 2013; Dotte-Sarout & Byrne 2013; 
Whitau et al. 2016). Comparison with other 
archaeobotanical proxies, particularly sites with peculiar 
preservation and archaeological contexts, together with 
ethnobotanical information and sociocultural uses of the 
species, has proposed that this regional pattern might reflect 
a  purposeful avoidance of the taxa as a poor fuelwood and 
preferred wooden artefact resource (Byrne et al. 2013l 
Whitau et al., 2016, 2018). Such a pattern of avoidance 
appears to be represented in the Barrow Island historical 
wood charcoal assemblage as well. 

The presence of the Poaceae taxa may relate to several 
species found today only on the mainland. The most likely 
would be Typha (Bulrush), which is common on the 
mainland and colonises quickly to wet areas, so may well 
have been present on the island at one stage following 
consecutive wet years. Phragmites karka (tropical reed) 
occurs in some Pilbara locations including off the coast at 
De Grey River (Van Leeuwen, pers. comm., March 2019). 
One may also speculate it has originated from further 
abroad, like the European Pinus sp fragments. 

The Pinus sp fragments were certainly one of the most 
intriguing identifications to emerge from the assemblage. In 
the historical and maritime context of the site, it is possible 
that they represent remains of foreign timber discarded 
from European objects or shipwreck material used for fuel. 
This hypothesis appears particularly plausible given 
archaeological analyses at the site identified boat repair 
activities, indicated by the presence of boat fastenings 
(Paterson 2017b). While a hearth can be used to burn-off 
discarded materials, these could also provide a 
supplementary fuel source, a  point equally true for burnt 
and calcinated bone (see below). 

Most of the local species identified from Bandicoot Bay 
are known to produce food resources, confirming the idea 
that fire wood collection is often conducted alongside other 
subsistence activities. M. montanum (Western Boobialla) is 
found within coastal sand dunes, ridges and river flats 

 
(water association), whilst producing edible fruits (Cribb & 
Cribb 1974: 45, Low 1991: 171) and adhesive saps (Low 
1991: 171). Interestingly, M. cardiophylla is not known to 
be “widely distributed on the island, but remains significant 
due to its ecological function as fauna habitat” (Mattiski 
2005: 12). A. bivenosa houses edible grubs (Brehaut & 
Vitenbergs 2001: 147). Both A. coriacea, and A. 
tetragonophylla are said to be favoured for tool making 
(Napier & van Leeuwen 2008) in ethnographic records 
from the mainland of north-west Australia . A. coriacea is 
known to be one of the most important trees for subsistence 
seed exploitation among the desert people of the mainland 
(Low 1991: 179) as it is a  drought-tolerant species which 
produces large crops of seeds (Latz 1995: 94). A. 
tetragonophylla was said to have been favoured by 
European settlers for tools such as whip handles (Latz 
1995: 119). A. marina (White Mangrove) (Table 2) is said 
to be the only mangrove fruit to have been eaten by 
Aboriginal people (Kenneally et al. 1996: 6), an important 
food source on the adjacent mainland during the wet season 
(Low 1991: 45). Moreover, a  Traditional Owner from 
Karratha explained that it is a  favoured fire fuel for cooking, 
adding a delicious flavor to food (Byrne, unpublished data, 
2013; reference collection fieldtrip). 

Paterson (2017b) proposes that the site’s past occupants 
were Aboriginal workers from the north-west and, based on 
the glass artefacts, possibly exclusively the Kimberley 
region. It is significant that most of the native floral taxa 
identified would have been familiar to Aboriginal people 
from the north-west (this is with the exception of A. 
coriacea, A. tetragonophylla, M. cardiophylla, Pittosporum 
phillyreoides and A. oleifolius where distribution does not 
extend north of Broome (Western Australian Hebarium 
1998)). Species typically avoided as fuelwood in this region 
are also absent from the Bandicoot Bay anthracological 
assemblage. 

The archaeofaunal results also display a taxonomic 
representation heavily focused on local resources closely 
analogous to those familiar to the Aboriginal groups of 
nearby mainland regions. The occupants’ subsistence 
strategy appears to have involved a focus on the meats 
accessible from terrestrial habitats, particularly L. 
conspicillatus and I. auratus barrowensis from spinifex 
grassland and Chelonioidea likely accessed from nesting 
beaches. This is supplemented by wrasse, other fish, and 
possibly crab located in shallow water habitats also 
accessible from land. Not a single specimen identifiable to a 
domesticated animal or any other exotic species was 
recovered. This is atypical when compared to the 
provisioning arrangements of other industrial maritime 
ventures. Preserved and barrelled meats, such as salted 
mutton, beef, and pork, were common provisions on 
contemporary ships and within other maritime industries 
and many cuts incorporated archaeologically visible 
portions of bone (English 1990; Gibbs 2005; Guiry et al. 
2015). 

Of colonial maritime industries, whaling stations have 
received the most detailed archaeological study. Substantial 
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proportions of bone attributable to cuts of local and 
non-local domesticated meats have been documented within 
many contemporary Australasian whaling stations, 
suggesting a reliance on locally reared or imported meats 
with wild meats inhabiting a supplementary role (e.g. 
James-Lee 2014; Lawrence, 2001, 2006.; Lawrence & 
Tucker 2002). 

Other colonial-era preserved foods, especially fish, are 
usually demonstrated by large numbers of discarded metal 
food cans (Smith & Smith 1999), such as at the 
contemporary pearling and pastoral settlement on West 
Lewis Island in the nearby Dampier Archipelago (Paterson 
2006). These artefacts are few at Bandicoot Bay, suggesting 
that only a limited amount of such food was imported to the 
site. 

 
Site use 
While whaling stations were in use for full seasons, 
spanning substantial portions of the year, Bandicoot Bay 
may represent only ephemeral occupation with less need for 
investment in provisioning systems. While this may explain 
an absence of locally reared domesticates, low occupational 
intensity does not fully account for a  complete absence of 
imported domestic meats. Instead, domestic meats were 
likely present on the pearlers’ ship along with the evidenced 
canned food, yet either under strain or deliberately withheld 
from the camp. In such cases, exploitation of wild meats 
from the island and surrounding waters could have served 
to alleviate the draw on provisions while in the bay and 
maintained them for the voyage onwards. Paterson (2017b; 
Paterson & Veth, in review) reviews many of the actions 
described in contemporary texts as having been perpetrated 
by members of the pearling industry. This included pearl 
masters (such as Broadhurst and Cadell) accused of 
abandoning workers on remote islands with little or no 
food, or with provisions that were diverted to labourers 
primarily constrained to rice (McCarthy 2007: 157–61). 
The assemblage of Bandicoot Bay may therefore partially  
reflect the subsistence efforts of the venture’s divers left to 
survive on insufficient rations. 

The high intensity of burning throughout the 
archaeofaunal assemblage may also reflect an engagement 
with resource management in the form of fuel 
supplementation. The high proportion of overall burned 
NISP (30%) and the spatial distribution of specimens 
(Figures 2 and 6) imply that a  sizeable proportion of the 
site’s faunal remains were discarded into hearths, 
presumably related to refuse disposal. This is again atypical 
when compared with other maritime industrial assemblages. 
The strategies of disposal employed at the whaling sites 
mentioned previously primarily involved the accumulation 
of middens or refuse piles with comparatively little 
presence of burned remains (Gibbs 2005; Lawrence & 
Tucker 2002). Aboriginal communities have noted 
traditions of etiquette whereby hearths were kept clean from 
discard and ready for use in cooking, for example it has 
been noted that strict rules existed, defining what remains 
could be thrown into the hearth and when (Gould 1967; 

Memmott 1979; Walters 1988). Significantly, the high 
calcination-carbonisation ratios for the assemblage suggest 
that a  substantial proportion of bone was deposited into 
hearths during their main period of use: heat intensity 
would be maintained for sufficient intervals to produce 
calcination, rather than into a cooling hearth while cooking 
and consumption began to conclude. Disposal of bone 
refuse into an active hearth, in this way, may have offered 
the additional advantage of augmenting the fuel resources 
of the island. While most often recorded ethnographic in 
Arctic contexts, where marine mammal fat allows for the 
amplification of bone combustibility, the use of faunal 
remains as supplementary fuel has been demonstrated to be 
a viable means of extending hearth heat output in contexts 
of fuel scarcity (Heizer 1963; The´ry-Parisot 2002; Yravedra 
& Uzquiano 2013). Further to this, the supplementation of 
woody fuel with bone changes the heating mechanics of a  
hearth. Experimental work by The´ry-Parisot (2002) found 
that hearths supplemented with bone are characterised by 
high flame with rapid extinction of embers and favour heat 
transfer by convection and radiation, while impeding 
conduction. As such, supplementation with bone would 
assist some forms of cooking, such as grilling or smoking, 
while impeding those which rely on embers, such as 
roasting in a hearth oven. These factors may have 
contributed to observed variations in the intensity and 
spatial distribution of burning across the assemblage, with 
the discard of faunal material into a given hearth being 
informed by the cooking or processing method employed. 
This hypothesis is untestable at the current resolution of 
data. 

These results can inform an understanding of the 
advantages mooring at a  remote arid island may have 
offered a pearling operation. Not only did the nearby 
southern shores of Barrow Island offer sheltered waters in 
which to anchor, the landscape surrounding Bandicoot Bay 
supported a variety of readily accessible resources, rich in 
number and species. As such, a  pearling vessel would have 
had access to a home base or processing site between diving 
expeditions, while simultaneously providing an avenue for 
the conservation of provisioned resources. This 
conservation would have allowed a minimisation of 
expenses leading to a higher yield through an extension of 
the feasible duration of the season. Yet such advantages 
could equally be found in anchorages along the mainland. 
One significant factor which differentiates remote islands 
from mainland alternatives relates to strategies for the 
management of the labour force. 

The presence of Aboriginal artefactual remains at 
Bandicoot Bay suggests that the occupation of the site 
relates to historically documented practices of coerced 
labour (Paterson 2017b). Several contemporary sources 
highlight the methods used by north-west Australian 
pearlers and colonists to incarcerate or otherwise control 
the movements of Aboriginal and Asian labourers, 
including physical restraint and the marooning of groups on 
remote islands (e.g. Forrest 1996; Gribble 1987 [1905]; 
Western Australian 1887). The geographical confinement of 

 

×C 2019 Oceania Publications 



 

Archaeology in Oceania 15 
 

the ship’s divers, therefore, may have been a consideration 
in mooring at Bandicoot Bay. In such a case, it is 
hypothesised that a  large portion of the accumulated 
anthracological and zooarchaeological remains reflect the 
contributions of divers to resource procurement and 
processing. In this way, the divers’ labour may have been 
utilised as a means of supplementing (or entirely providing) 
their own rations while conserving the ship’s provisions. 

 
 

CONCLUSION 
 

The Bandicoot Bay archaeological site preserves a rare 
anthracological and zooarchaeological record for nineteenth 
century north-west Australia . The findings of the analysis of 
these assemblages expand on previous study of the 
artefactual material and inform an understanding of the role 
such sites occupied in the region’s pearling industry. The 
site’s location at the high watermark of the bay likely 
reflects a  desire to keep activity on the island focused to 
somewhere within ready access of the pearlers’ ship. The 
material this activity accumulated, however, demonstrates 
that survival on Barrow Island’s remote, arid landscape 
involved expeditions into the interior in addition to 
exploitation of its coastal and marine resources. 

The taxonomic representation of both wood charcoal and 
vertebrate faunal remains spans several habitats. The site’s 
occupants were collecting from various environments 
including those both in close proximity and further inland. 
These community types are rarely contiguous on the island; 
therefore, this subsistence strategy further included the 
connecting drainage lines, valleys, escarpments and tidal 
zones wherein many observed species are found. Shallow 
rocky shores and sandy nesting beaches were also used for 
subsistence procurement. 

The addition of exotic wood, likely scrap, and of a large 
proportion of bone to active hearths may reflect fuel 
supplementation. Considered in light of the labour practices 
historically documented for the region, the remoteness of 
Barrow Island could also be expected to have acted as a 
means of managing the operation’s diving labour force 
through geographical incarceration. 

The spatial distribution of finds implies the existence of 
multiple activity areas and may relate to the different 
processing practices employed for different resources. Very 
little evidence of the presence of imported food and fuel 
resources could be identified, suggesting that subsistence 
focused heavily on the exploitation of the local landscape. 
This was possibly related to a concern for the conservation 
of ship provisions and may have involved the divers being 
left to survive off the island or to supplement insufficient 
rations. 

Given such collective finds, it appears the site’s occupants 
opted for a  diverse subsistence strategy, incorporating 
mobility over numerous resource zones, exploiting 
a broad sample of the island’s available foods and fuels 
and applying their own traditional ecological knowledge 
to exploit the resources offered by this foreign island. 

 
The occupation of Bandicoot Bay and other offshore 

island sites may therefore be interpreted as offering an 
avenue for pearling operations to relieve drain on resources 
while maintaining the confinement of their labour force. 
The combined faunal and anthracological data examined in 
this paper, together with artefactual evidence (such as the 
presence of glass Kimberley points), support the hypothesis 
that these coerced workers originated from the north-west 
area of the mainland. The environmental and artefactual 
data together provides a rare insight into a group of 
Aboriginal people confined on a remote island, and the 
various social and ecological knowledge deployed to 
attempt survival. 
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The Dark and Light of Charcoal: Examination of 
the Problems and Potentia ls of Austral ian 

Anthracological  Analysis 
 
6.1 Introduction 

 
Like any subdiscipline, anthracological applications face a variety of challenges. 

However, the plethora of data and insights when applied is highly significant. Th is is 

particularly true regarding Australian human-environmental interactions and 
paleoenvironmental datasets- tangible evidence which has been missing from 

dominant theories, particularly those surrounding occupation strategies in response to 
fluctuating glacial and climate histories (Bowler & Wasson, 1984; Hiscock, 1988; 

Lamptert & Hughes, 1974; B Marwick, 2002; Morse, 1993; Morse et al., 2014; 
Przywolnik, 2005; Slack et al., 2009 ; Smith, 1989; Veitch et al., 2005; Veth, 1987, 

1989, 1989 ; Williams et al., 2013; Williams et al., 2015). 
 
 
 
One of the largest hurdles facing anthracology has been its laborious growth within 

Australian archaeology (Denham et al., 2009; Dotte-Sarout et al., 2015). With little-to- 
no reference materials or knowledge surrounding Australian wood anatomy, 

anthracological work requires much time beyond the simple identification of 
archaeological fragments. Overcoming this has required Australian anthracologists to 

start from the ground up, including the creation of detailed reference collections, the 

collation of ethnobotanical knowledge, investigation aided by botanists, and the testing 
of international methodologies to Australian contexts (Byrne et al., 2013; Carah, 2016; 

Taylor, 2012; Whitau, 2018). Additionally, it has demanded raising awareness 
amongst Australian archaeologists, researchers, industry professionals and 

consultants to the existence and potentials of wood charcoal analysis. This ensures 

its future and growth within research and consulting platforms, ultimately leading to 
better standards and all-encompassing investigations in Australian archaeology. 
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During the author’s first anthracological application (an Honours dissertation) (Taylor, 

2012) there was a total of three Western Australian wood-charcoal analyses (Burke, 

2004; Dortch, 2000; Frawley & O'Connor, 2010) with few relevant reference collections 

available (Hope, 1998; Ilic, 1991a, 1991b, 1999; Illic, 1987). This was in stark contrast 
to the cornucopia of international anthracological (and wider archaeobotanical) work 

where the subdiscipline has a long history and strong presence in Europe (Bachelet & 
Scheel-Ybert, 2015; Couvert, 1968; Momot, 1955; Salisbury & Jane, 1940), including 

tested methodologies (Asouti, 2006; Asouti & Austin, 2005; Asouti & Fuller, 2007; 

Chabal, 1982 1991 1992, 1999; Chrzavzez et al., 2011; Dufraisse, 2006; Dufraisse, 
2011; Dufraisse, 2012a, 2014; Ferdiere et al., 1999; Marguerie & Hunot, 2007; Scheel- 

Ybert, 1998, 1999, 2000, 2001; Scheel-Ybert, 2002a; R. Scheel-Ybert et al., 2014; 
Stuijts, 2006; Théry-Parisot, 2001; Thery-Parisot et al., 2010; Thery-Parisot et al., 

2008), and easily accessible databases or wood atlases (Gonçalves & R., 2016; 

InsideWood, 2004; Scheel-Ybert & Goncalves, 2017; Schoch et al., 2004). Australian 
applications were methodologically and analytically inconsistent by comparison, 

despite their innovative character. 
 
 
 
Since then, there has been growth in Australian archaeobotany (Dilkes-Hall, 2020; 

Florin et al., 2022; Langley et al., 2019; Wallis et al., 2020), including anthracology 
(Carah, 2012, 2016; Dotte-Sarout et al., 2015; Dotte-Sarout et al., 2012; Hudson, 

2013; King & Dotte-Sarout, 2018, 2019; Taylor, 2012; Walsh, 2021; Whitau, 2018). All 

have revealed the vast potential that anthracology can contribute to Australian 
archaeological discourse to both past and current investigations. Despite this 

advancement, anthracology is often an afterthought, and is still minimally applied to 
Australian archaeological investigation. In fact, many Australian archaeologists, 

environmental historians and historians are still unaware of its application and 

importance, with detailed discussions surrounding people and plant histories with little- 
to-no archaeobotanical specialist inputs. Some authors even stating recently that 

Australia has no archaeobotanists (for example see Keen, 2021). 
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As assessment of papers published in the two main regional journals, Australian 

Archaeology and Archaeology in Oceania from 2019 to 2020 shows how Australian 
archaeological discourse is centred towards lithic and rock art analyses, with minimal 

investigation of the subdisciplines including geoarchaeology, faunal and 

archaeobotanic studies. The graph in Chapter 2 (Figure 2.4) shows the popularity of 
wider topics in both Australian Archaeology and Archaeology in Oceania from 2019 

and 2020.It is not just within academia and pure research projects where the 
difference is noticeable. Mining companies operating in North WA have been bound 

by Aboriginal heritage legislation to conduct mitigation studies. Heritage and 

archaeological consultants record sites that are to be impacted or destroyed. 
Specialist investigation has the potential to complement consultants’ work, obtaining 

datasets which can help to profile Aboriginal heritage more holistically. Lithic and rock 
art analyses are the most popular forms of specialist investigation engaged in by 

heritage consultancy projects. Archaeobotanical investigations remain uncommon. 

The following consultancy case studies reflect the high quality and holistic approach 
which have been undertaken by BHP BIO and Rio Tinto in several sponsored 

mitigation programs. The aim of this chapter is to better understand the problems and 
potentials of Australian anthracology, in both academic investigation and consulting 

platforms, leading to a more general discussion surrounding the future of anthracology 

within Australian archaeology. 
 
 

Three case studies will be explored to evaluate the potential problems and promises 

of anthracology. First, Barrow Island’s Boodie Cave will be examined, forming part of 

an ARC-funded research project where implementation and preservation were key 
issues. Secondly, two consulting applications will be explored: BHPBIO’s Pilbara PAD 

10/17 and RIO TINTO’s West Angeles WARE13/10. Both consulting projects related 
to contracts undertaken through UWA archaeology (Byrne et al., 2018; Dotte-Sarout & 

Byrne, 2013). All three projects allow for reflection on the methodologies, problems 

and potentials regarding limited sample sizes. 
 
 
6.2 Regional setting 

 
The Pilbara region of WA has been subject to some of the most intensive 
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archaeological surveys in Australia, most of which have been undertaken in response 

to mining and development-related legislation. Despite the quantity of archaeological 

surveys, no anthracological analysis had been applied to the region, prior to the 
authors investigations, discussed below (Byrne et al., 2013; Taylor, 2012). 

 
 

Ironically, paleoclimatic fluctuations and environmental changes have been 

fundamental to Australian archaeological interpretation since the 1980s (Bowler & 
Wasson, 1984; Hiscock, 1988; Lamptert & Hughes, 1974; B Marwick, 2002; Morse, 
1993; Morse et al., 2014; Przywolnik, 2005; Slack et al., 2009 ; Smith, 1989; Veitch et 

al., 2005; Veth, 1987, 1989, 1989 ; Williams et al., 2013; Williams et al., 2015). 

Archaeological theories and site interpretations have made extensive reference to the 
impacts of climate and vegetation changes on people’s access to resources and on 

their mobility strategies. Local palaeoenvironmental datasets produced directly from 

within the region are rare, with the majority of LGM chronology and inferences on past 
vegetation dynamics being drawn from long-distance regional alternative datasets 

derivative from marine, coastal, and terrestrial contexts (Vannieuwenhuyse, 2016:4). 
To this day, Australian archaeobotanical studies provide one of the only local 

palaeoenvironmental datasets for North WA archaeological sites (Byrne et al. 2013, 

Chapter 3, Chapter 4). 
 
 
 
6.3 Boodie Cave, Barrow Island 

 
6.3.1 Introduction 

The Barrow Island Archaeology Project (BIAP) was a multidisciplinary ARC Discovery 

Project (DP130100802) administered by UWA (Lead CI Professor Peter Veth) 

occurring over three field seasons from 2013 to 2015. The project aimed to gain 
knowledge surrounding the changing coastal landscapes, from the earliest phases of 

human occupation through to post-glacial islandisation and abandonment (Veth et al., 
2017; Ward, Veth, et al., 2017) until its historic use for maritime economies (Paterson, 

2017; Paterson & Veth, 2020), see also Chapter 5. The island is a 'time-capsule', 
having been sealed from the early Holocene when it was last separated from the 

mainland due to rising sea levels. Likewise, the island has been ecologically protected 

as one of the first conservation estates of Western Australia, and thus regulated by 
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the Department of Parks and Wildlife. This case study examines anthracological 

application and results from the Boodie Cave site containing both substantial 

Pleistocene and early Holocene occupation layers. 
 
 
 
Examination of Boodie Cave’s excavated charcoal remains was intended to form a 

large part of this thesis. Nevertheless, recovery revealed poorly preserved charcoal, 
thus making identification difficult, coupled with poor counts (or quantity). However, 

the analysis that was undertaken was insightful, both in terms of resu lts and to 
examine the disciplines methodologies applied to a deep-time, coastal, arid site. 

 
 
 

6.3.2 Setting 

Barrow Island is a large (202 km2) limestone continental island located on the North 

West shelf of Australia (Veth et al., 2017:19), approximately 60kms off the Pilbara 
coast. It was connected to the mainland for most of the terminal Pleistocene and early 

Holocene before becoming a super-island as it amalgamated with other surrounding 

land including the Montebello Islands. As the climate warmed and sea levels rose 
further these islands once again separated (Figure 6.1) - and as such were abandoned 
- forming the archipelago of islands present today (Veth et al., 2017). 

 
 
 
This case study examines excavated archaeological wood charcoal recovered from 

Boodie Cave; a large limestone cave located at the west-north-western side of the 

island. Situated approximately 20m above current sea-level (Figure 6.2), the cave is 
12m wide, extending laterally for 100m and 5m high at its peak (Manne & Veth, 

2015:118). The Western side of the island is more exposed in comparison to the other 
areas, resulting in deeper drainage systems, sandy beaches, and narrow near-coastal 

dune systems (Mattiske, 2005). 
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Figure 6.1 Map of Barrow Island (f rom Veth et al. 2017) 

 
 

 
Figure 6.2 Approximate sea levels surrounding Boodie Cave (Ditchf ield, 

2017) 
 
 
 
 



 
107 

 

 
Table 6.1 Geographical affinities of species recorded on Barrow Island (Chevron, 2005) 

 
 

Regional Distribution No. species 
Restricted to Barrow Island 17 

Kimberley 122 

Pilbara 193 

Cape Range and southern districts 50 

Widespread (multiple botanical districts) 115 

 
 
 
The island falls within the Fortescue Botanical District, a component of the Eremaean  

Botanical Province (Beard, 1975) and thus is dominated by Triodia and Acacia 

species. Whilst the flora reflects the nearby mainland Pilbara coast, affinities strongly 

reflect ancient linkages to the Cape Range and Kimberley (Table 6.1), and notably 
these affiliations are strongly reflected in the anthracology results, as outlined below. 

 
 

Through a variety of multidisciplinary analyses and recovered artefacts, Boodie Cave 

has revealed some of the oldest evidence for Aboriginal occupation of Australia at 
50kya, giving insights into resource use and maritime desert adaptations throughout 

time (Veth et al., 2017). The oldest units are dominated by larger arid zone macropods 

(for example, the spectacled hare wallaby and euro). By 42kya marine resources 
appear into the dietary assemblage, and continue throughout all occupation layers, 

despite the fluctuating coastline. Also recorded during this period is the presence of 
Terebralia species, indicating the exploitation of available mangrove habitats. A clear 

discontinuity is seen at the LGM. The presence of dietary shellfish from initial 

occupation (four species) through to abandonment (at 6.8kya, with > 40 species) 
supports a model for continuing marine resource exploitation throughout time (Veth et 

al., 2017). 
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Figure 6.3 Site plan for Boodie Cave showing extent of  burrowing (modif ied f rom Veth 2017 and 

Ditchf ield 2017:181). Yellow squares indicate those discussed in this study 

 

Boodie Cave is named so, due to the occurrence of Boodies (Bettongia Lesueur) 

popularly dwelling within. The dark zone of the interior of the cave was impacted by 
burrowing. The light zone, comprising the first 10-15m from the dripline, was spared 

from active burrowing (Manne & Veth, 2015). Accordingly, excavation occurred 
towards the caves entrance (Figure 6.3). 

 
 
 

6.3.3 Methodology and scope 

Ten 1m by 1m squares (A102, A103, A106, A107, B111, C111, G100, E101, F101, 

G101) were excavated within Boodie Cave (Figure 6.3). Synthetic units (XUs) were 
dug in 3-5cm depths with geoarchaeological analysis on site assisting with recognition 

and documentation of natural depositional (SU) boundaries and changes (Figure 6.4). 

Finds were taken in situ and plotted via total station. All excavated sediment was 
consigned to tagged and numbered buckets, prepared for secondary recovery 

(sieving) and sorting. Excavated sediment was to be dry sieved through a series of 
stacked 4, 2 and 1mm sieves, however the sediment proved too thick and slightly 

moist, impacting the sediments intrusion through the mesh. Consequently, further 

excavated sediment was wet sieved. The large fraction was sorted on site, whilst all 
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bulk 2mm (and some 1mm) residue was bagged and sent to the UWA laboratory for 

future sorting (see Veth et al., 2017 for further detail). 
 
 

The project presented an opportunity to test and compare archaeobotanical recovery 

rates of flotation vs dry sieving. As such, one quarter (quadrant) of one square (A102) 

was delegated to flotation, with the remaining processed by traditional sieving 
methods. As per methodological requirements (Asouti, 2006; David & Thomas, 2016; 

Pearsall, 2010; Théry-Parisot et al., 2010) sediment from flotation was placed in 

tagged calico bags and hung to dry in the shade of a tree (Figure 6.5) this was to 
ensure the remains were fully dry, yet away from direct sunlight. 

 
 

In attempt to test flotation, a multi-tier flotation device was created. The flotation device 

was based on the Ankara-style (Pearsall, 2010), originating in Europe in the 1970s 
and later adapted (Nesbitt et al., 2003; Nesbitt, 1995). The cascading system is based 

around one main tank with subsequent settling tanks. Decreasing sized sieves are 
placed at the top of each tank and act as a filter, catching organic debris and botan ic 

remains which float from the previous tier, while rocks and waste items settle in the 

subsequent tanks. Flowing from the last settling tank, the water is then recycled by 
being pumped back into the main tank. 

 
 

The aim of the flotation system was to firstly recover archaeological remains via water 

flotation. Recognised as the best recovery technique for archaeobotanics, flotation 

ensures all fraction sizes are recovered unbiasedly, whilst minimising post depositional 
fragmentation during recovery. This also assisted in primary sorting. Secondly, the 

flotation was to assist in the reuse of water. Due to the difficulty of water accessibility, 

and conservation considerations (for example, sludge pollution) the water used was 
recycled (cyclically) from the last tier through to the first, only requiring a water change 

as the sludge grew too thick. 
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Figure 6.4 Stratigraphic details for squares G101/F101/A102/A103, North Wall (Veth et al., 2017) 

 
 
 

 
Figure 6.5 Boodie Cave 2013 (lef t) drying of  f lotation quadrant excavated material, (right) f lotation 

device
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Whilst the flotation system performed well as expected, issues in recovery were 

encountered early in the excavation, particularly involving the sinking of charcoal 
remains. Wood charcoal is porous, and therefore can often retain moisture leading i t 

to sink. Despite drying the remains in calico bags for several hours, the charcoal still 
sunk when applied to the system. Subsequently, bags were left to dry over a longer 

24-hour period, with no difference in the results, and reasons for this are discussed 

below. Likewise, waiting for the bags to dry was time consuming, impacting the 
efficiency of the processing of excavated remains. Given the sinking of the charcoal 

fraction, and the switch from dry to wet sieving, it was decided that flotation would 
cease (by the end of A106 and the start of A107 XU), opting for all remaining 

excavation to be wet sieved only. 

 

Large drums of water were placed beneath the sieve stands, holding 200l of water, 

ensuring submersion of the 4m, 2mm and 1mm stacked sieves. Any float remains 

were immediately scooped from the top. This technique proved more effective for 
charcoal recovery because 1) on-site sorting became more efficient as the sediment 

was washed away, meaning less charcoal was missed and 2) the recovery technique 

was gentler and thus resulted in less post-depositional fragmentation (refer to 
discussion in Chapter 2 regarding quantification and the Law of Fragmentation). 

 

 

Recovered charcoal from all squares was crumbly in structure and splintered easily, 

resulting in fragments which were too small and brittle for sectioning and identification. 

Due to this unforeseen taphonomic issue, charcoal fragments were removed in situ. 
Aware of the potential biases handpicking creates towards larger fragments (Asouti, 

2006), all charcoal material including surrounding sediment was collected. This 
resulted in the collection of all fragment sizes whilst minimising further fragmentation  

of the structurally compromised charcoal. In situ collections were dried and sorted 

afterwards at the University of Western Australia’s Archaeology Laboratory. 
Interestingly, even after months of drying post-excavation, the charcoal nonetheless 

sunk (Figure 6.6), proving moisture retention was not the ultimate cause for failure of 
flotation. This retained characteristic is likely due to the clayey sedimentary matrix 

which had infilled anatomically porous elements. This made the fragments negatively 
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buoyant. Ongoing geoarchaeological and FTIR analysis demonstrated that gypsum 

recrystallisation and secondary carbonates were present (pers comm. Ward 2021, 

Ward et al., 2018). These post-depositional processes would have affected 
preservation and mineralisation of the fragments contributing to their weak structu re. 

Correspondingly, strong seasonal changes from wet to dry regimes (ranging from dry 
conditions to tropical cyclone activity) experienced in the cave environment would 

have contributed to poor preservation of charcoal and some other classes of organic 

remains. 

 

 

 
Figure 6.6 Boodie Cave charcoal sinking in lab wet sieve, after several months of drying. 
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6.3.4 Results and interpretation 

Poor taphonomic conditions resulted in only a small number of identifiable charcoal 

fragments, many of which were too fragile or poorly preserved for identification. As 
such, total counts were small (Table 6.2). Squares A102, A103, F101 and G101 

were chosen for analysis as they contained identifiable charcoal with counts large 
enough for reasonable anthracological analysis. A total of 366 charcoal fragments 

were identified from Boodie Cave. Discussion will first centre on corresponding 

adjacent squares A102/A103 and F101/G101 (Figure 6.3). This will then lead to 
results and analysis per SU. 

 
 

Table 6.2 Total fragments identified per stratigraphic unit (SU), per square (SQ) 
 

SU A102 A103 F101 G101 SU TOTAL 

2 2 1 1 26 30 

3 156 5 34 15 210 

4 0 0 0 27 27 

5 45 24 0 23 92 

8 7 0 0 0 7 

SQ TOTAL: 210 30 35 91 366 
 
 
 
Squares A102/A103 

A total of 240 fragments were identified for A102/A103, with 34 species variations 
(Table 6.3). The largest count was present in SU3, dated to 6.8-7.2 cal/BP. Due to the 

small number of identifiable fragments, only SU3 and SU5 (Table 6.2) were applicable 

to the saturation curve and Gini Lorenz index. 
 
 

SU 3 reflects a suitable stabilisation at around 110 identifications (Figure 6.7). 

Likewise, the Gini Lorenz index came in at an acceptable 78:22 (Figure 6.8). If the 
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methodological standard of 200 fragments had been reached, it is likely an ideal ratio 

would have been obtained. 

 
 

Whilst SU5 was too small in count for a valid Gini Lorenz index, the identifications 

were compiled to form a species/area curve (Figure 6.7). The curve reflects the need 
for additional identifications. Whilst the curve is stabilising it has not reached a clear 

plateau thus signifying secondary species are not yet showing a valid representation. 

 
 

Squares F101/G101 

A total of 126 fragments were identified for F101/G101 (Table 6.4), with 20 species 

variants. Like the previous squares, the largest count was from SU3. Due to the small  

number of identifiable fragments no Gini Lorenz index was obtained. All charcoal 
fragments that were available were identified. 

 
 

SU 3 reflects a suitable stabilisation at around 30 identifications (Figure 6.7), and whilst 

the minimum number of fragments was not reached, it shows a clear representation 
of the most common taxa in the assemblage. The remaining SU2, SU4 and SU5 

recoveries were too small for quantitative applications, however the species variations 
will be discussed below. 
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Figure 6.7 Boodie Cave, Barrow Island, accumulation (species/area) curves 
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Combined Square analysis (all squares) 

When combining all four squares, a total of 366 fragments from 5 different SUs 

revealed 45 varying taxa (Table 6.5). SU3 is the highest in count at 210 fragments with  
25 species, followed by SU5 with 92 fragments and 10 species. The remaining units 

contained small counts and are therefore not included in the statistical analysis. 
 
 

No stabilisation was reached for SU3’s species/area curve (Figure 6.7). Likewise, an  

index of 75:25 was reached (Figure 6.8). Counts for SU5 were low, likely the reason 

for the low index of 74:26 (Figure 6.8). Both indexes indicate further identifications 

would have been ideal, the reasons for which are discussed below. Further analysis 
would reveal more secondary (rarer) species, better representing the past 

environment. 
 
 

Examining the identifications from Boodie Cave’s SU3 reveals potential depositional 

issues. That is, isolated identifications from A102/A102 show a suitable stabilisation 

at 160 fragments, with a near acceptable ratio of 78:22. Despite a larger sample size, 
when all 4 squares are combined, SU3 shows a lower index of 75:25, with no 

stabilisation reached. This indicates potential issues with stratigraphic boundaries 
and/or a mixing of depositional events. 

 
 
 

6.3.5 Boodie Cave Discussion 

Whilst the preservation of charcoal from Boodie Cave was generally poor, and 

impacted counts and identifiable wood charcoal features, the identifications which did 

take place were found to be informative. 
 
 

The most frequent communities represented within SU3 is those which directly 

surround the site: limestone, rock piles and valley slopes. This supports the premise 

that people were collecting firewood near the shelter. 
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Bruguiera exaristata (Ribbed Mangrove) and Avicennia marina (White Mangrove) are 

both found within the SU3 Boodie assemblage. Mangrove communities provide a 

range of significant ecological functions, including habitats for terrestrial and marine 
fauna and consequently are known to be highly valued resource collection zones. 

Moreover, Avicennia marina is the only mangrove species to produce fruits which were 
traditionally eaten, and which required complex processing techniques to remove 

toxins, whilst the branches were also burnt to repel sandflies (Kenneally et al., 2012:6). 

Furthermore, mangrove wood is known to be excellent for cooking, adding flavou r to 
the meat (Wally pers comm. 2013). It is noteworthy, that the two mangrove species 

coincide with the shell midden recovered within SU3 (Veth et al., 2017). The 
correlation of such ecofacts clearly shows exploitation patterns during the 

encroachment of sea levels that relied on marine/tidal habitats for resource collection. 

Likewise, it reflects the proximity of the enclosing shoreline during islandisation. 
 
 

As discussed above, SU3 and SU5 contain two species which are not found on the 

island today: Acacia tetragonophylla (Kurara) and Brachychiton obtusilobus. 

Interestingly, the Brachychiton is native and restricted to Cape Range, with the Acacia 

also holding a strong presence in the Cape Range region (for further discussion on 

Acacia species see Chapter 7). Thus, the presence of these species strongly reflects 
the ancient affiliation to the Cape Range region. This not only gives insight into the 

past vegetation of the island and its transformations throughout time but provides 

significant evidence for the success of the applied anthracology methodologies within 
the region. 

 
 

Whilst only one fragment of Clerodendrum floribundum (Lolly Bush) was identified in  
the oldest charcoals, SU8, its presence is significant. Today this species is mostly 

found within WA inland Pilbara habitats including rocky sites, gorges, cliffs, floodplains 

and creek beds, as well as within the Kimberley at the edge of coastal rainforests 
(Table 6.5). This likely reflects ancient landscapes when sea-levels were located much 

further to the cave than today, more reflective of inland vegetation communities. 
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Palaeoenvironmental reconstruction cannot be reliably achieved in this study due to 

preservation issues, responsible for small assemblages of less than 200 fragments 

per SUs. However, the vegetation communities which are represented can be 
discussed, giving hints into collection areas and strategies used by past occupants. 

Australia’s flora is so distinct and unique the presence of just a few species may reflect 
deep insights into past climates and landscapes. Due to the comparatively higher 

number of identifications, only SU3 and SU5 will be discussed here. 

 
 

SU3 shows high representation of valley slopes, escarpments, and rocky habitat 

species (Table 6.5), many of which are strongly affiliated or native to the Cape Range 

region. Again, this reflects habitats most like the Cape Range region, potentially now 

drowned off the island coast. In addition, SU5 reflects more limestone habitats, with 
coastal and dune systems being more strongly represented. Creek/drainage habitats 

and affiliations are reflected in both the SU3 and SU5 species showing the importance 
of riparian areas for resource procurement. 

 
 

The higher species representations of SU3 reflect the higher identification counts, in  

comparison to the other units. Whilst a simple point, it is an important one: the 
significance of reaching methodologically sound counts, and the use of analytical tools 

ensures a valid representation for past environments and species representation. 
Nevertheless, this study has also shown that, whilst some sites may yield small 

assemblages and poorly preserved charcoal fragments, there is still worth in their 

identification and examination, if the limits of the interpretations are acknowledged. 
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6.4 BHP: PAD 10/17, 2013 (Dotte-Sarout & Byrne, 2013; Dotte-Sarout et al., 

2012) 
 

6.4.1 Introduction 

BHPBIO contracted UWA Archaeology in 2011 to implement anthracology studies in  

the central Pilbara, focusing on sites excavated on BHP Billiton tenements (Dotte- 
Sarout et al., 2012). The project was divided in two phases. The first, undertaken in 

2012, comprised the compilation of a reference collection and the creation of a wood 

anatomy database to be used for taxonomical identification of archaeobotanical 
samples (Dotte-Sarout et al., 2012). The second phase of the project was undertaken 

in 2013, and aimed to apply the use of the reference collection and database for the 
identification and analysis of wood charcoal remains recovered from the previous 

year’s salvage excavations (Dotte-Sarout et al., 2012). This project provided the first 

application of anthracology to the Pilbara, resulting in a new body of data enriching the 
Australian palaeoenvironmental dataset and improving current knowledge of 

vegetation changes in relation to human mobility and natural resource managemen t 
(Dotte-Sarout & Byrne, 2013:3). 

 
 

6.4.2 Setting 

BHPBIO’s OB35 project area is located approximately 10 km southwest of Newman, 

in the inland Pilbara region, close to the Mt. Whale Back mine. OB35 PAD 10-17 (DIA 

30330) is a large (10m deep, 6m wide at the dripline, and 2m high) low rock shelter 
located along a south facing escarpment, featuring on the southern side of a large 

ironstone hill (the Marra Mamba Formation). Scarp Archaeology began work in 2012 
and 2013 to complete required salvage excavations (Slack & Law, 2013). The site is 

surrounded by flat plains with ephemeral creek channels, consisting mainly of 

Quaternary colluvium and minor alluvium deposits (Slack & Law, 2013:18). The 
Fortescue River is located approximately 5kms away, with a smaller tributary only 

100m distance, and a drainage line running to the base (Slack & Law, 2013). 
PAD 10-17 is situated at the south-eastern limit of the Hammersley sub-region. The 

dominant species today is tree steppe: Acacia spp. and Eucalyptus leucophloia 

(Snappy Gum) on rocky slopes and low woodland (Acacia spp. and 
Eucalyptus/Corymbia spp.) in valleys (Dotte-Sarout et al., 2012). To the North-west, 

the Fortescue Plains consist of extensive salt marsh, mulga-bunch grass, and short 
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grass communities on alluvial plains to the east (Onshore Environmental, 2009). An 

extensive calcrete aquifer feeds many permanent springs in the central Fortescue, 

supporting large permanent wetlands and essential freshwater resources for past 

occupants of the area (Dotte-Sarout & Byrne, 2013; Dotte-Sarout et al., 2012). All 
drainage lines in the study area are fringed by woodlands of River gum (Eucalyptus 

camaldulensis) and Paperbark (Melaleuca spp.) (Dotte-Sarout & Byrne, 2013:13) 
 
 

6.4.3 Methodology and contract 

Due to the timeframe and budget of the consulting project, site OB35 PAD 10-17 was 

chosen based on its optimal stratigraphy and charcoal preservation. Four 

assemblages were analysed (Table 6.6), based on the stratigraphy and samples 

provided by BHP BIO. Squares E and F (Figure 6.9) offered the best potential for 
anthracological analysis being rich in wood charcoal remains, accessible section 

profiles, the potential for a larger spatial representation of the deposit and finally, the 
presence of a hearth feature (XU11.1) (Dotte-Sarout and Byrne 2013, Slack and Law 

2013). The units were chosen to represent the three main analytical units as defined 

by Slack and Law (2013). Three assemblages are derived from scattered charcoals 
from three different units, with the fourth representing the hearth (XU11.1/SQE). 

 
 

Table 6.6 Summary of anthracological assemblages, PAD 10-17. Dotte-Sarout and Byrne 2013 
 
 

ASSEMBLAGE XU SQ SU AU Period 

1 11, 12 F, E 2 2 Early Terminal Pleistocene 
(ca. 10-15 kyr) 

2 11.1 E 
(hearth) 2 2 Early Terminal Pleistocene 

(ca. 10-15 kyr) 

3 18 F,E 3 3 LGM/OIS2 
(ca. 15-28 kyr) 

4 22,23,25 E 4 4 Pre-LGM (ca. 28-40 kyr), 
associated to earlier range 

 
 
 
Excavation took place in 5cm excavation units. All sediment was dry sieved through 

4mm sieves (Slack & Law, 2013:86). Charcoal was recovered and bagged by XU with 
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features collected separately (Dotte-Sarout & Byrne, 2013; Slack & Law, 2012, 2013). 

All pits were concluded until 40 cm of sterile deposit or bedrock was reached. 
 
 

 

 
 

Figure 6.9 PAD10/17 excavation map showing location of squares (Slack & Law, 2013) 
 
 
 
Fragments from each unit’s sample bag were placed in a petri-dish, and randomly 
selected for examination. Each fragment was hand split and observed in the three 

anatomical planes (refer to Chapter 2). Features observed are those which 

correspond to the Pilbara reference collection created during phase 1 of the project 
(see Dotte-Sarout et al., 2012), based on the IAWA list of features (Wheeler et al., 

1989). An Olympus BH2-UMA reflective light microscope was used at the UWA 
Archaeology Laboratory. Magnification range included 50x, 100x, 200x, 500x, 800x, 

each allowing various histological features of the fragments to be explored, with further 

examination using the Scanning Electron Microscope (SEM) at the Centre for 
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Microscopy, Characterisation and Analysis (CMCA), UWA (Dotte-Sarout & Byrne, 

2013:9). Comparisons were made to Byrne’s PhD reference collection database (Vol. 

II) and the UWA Pilbara wood anatomy database (Dotte-Sarout & Byrne, 2013; Dotte- 

Sarout et al., 2012) (Table 6.7), as well as other available resources on wood anatomy 
or Pilbara ethnobotany (Hope, 1998; Taylor, 2012). 

 
 

Table 6.7 overview of Pilbara database and Byrne’s doctoral database, showing number of  

samples, species, and genus in each database 

 
 
Number of representations 

Byrne PhD 
database 

Pilbara 2012 
database 

Families 32 12 

Species 90 38 

Genus 49 16 

Samples (incl. duplicate species samples) 131 39 

 
 
 
As in the previous case study, varying levels of identification were reached, depending 

on the quality of preservation per fragment (presence or absence of certain 
discriminant features) and inter-species similarities present within the assemblage. By 

making Confer (cf.) identifications, it is acknowledged that a level of uncertainty exists 

(either due to preservation issues or anatomical similarities), and whilst the 
identification is anatomically justified and transparent, the identification can still be 

questioned by future descriptions of anatomical variability, achieved through the 
improvement of reference collections and the study of Australian wood anatomy (refer 

to Chapter 3 and 7 for further discussion). Fragments which were too vitrified, or brittle 

were omitted from this study (which was rare). 
 
 

6.4.4 Results: PAD10/17 

Assemblage 1 

Assemblage 1 consisted of samples from XU 11 and 12 over two squares (E and F). 

This sample consisted of all recovered 89 fragments from SQF/XU11 and 12 and 172 
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fragments from SQ E/XU 11 and 12. Analysis ceased at 261 fragments (representative 

of the entire ancient occupation layer) after the minimum disciplinary standard coun t 

was reached (200+ fragments) and all contexts for this level were represented in the 

analysis, with some stabilisation of the saturation curve (Figure 6.10). Some time 
constraints in the contract also dictated some limitations in the analyses. Ideally further 

analysis would have been undertaken to reach a longer stabilisation. 
 
 

Likewise, the Gini Lorenz index for assemblage 1 is somewhat low at 73:27 with 4 new 

taxa revealed within the last 30 identifications. Whist the index is acceptable, the lower 

ratio indicates that further identifications would have revealed additional taxa, although 
likely only rarer species, nonconsequential for paleoenvironmental representativeness 

(species presence and ranking). Interestingly, this index is like those obtained by 

Byrne et al. (2013) (also see Taylor, 2012) on assemblages from the semi-arid zone 
of the Weld Range (Midwestern WA, indicating a higher count for identification (300 

fragments) and likely would have achieved better representation. However, further 
identifications equally could have revealed less common (secondary) species only. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.10 Accumulation (specie/area) curve for assemblage 1, PAD10/17 SQE/F XU11/12 

(Dotte-Sarout & Byrne, 2013) 
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As expected, secondary and rare species were identified in low frequencies (Table 

6.8, Figure 6.11) and were reflected in this assemblage only. This is likely due to the 

representative size of the assemblage, in comparison to the smaller sample sizes 

obtained from the subsequent levels. Species identified reinforce the riparian 
associated habitats, with some taxa mainly found as secondary in other habitats also. 

 
 

Assemblage 2 – Hearth feature 

Concentration features are known to represent short-term activities (last few firing 

events) and thus yield poorer taxonomical diversity and ecological representativeness, 

in comparison to scattered charcoals from occupation soils (Chabal et al., 1999; Dotte- 
Sarout et al., 2015; Théry-Parisot et al., 2010). Assemblage 2 (SQE, XU11/12) 

confirms this theory within a Pilbara application, with stabilization of the saturation 

curve at only 9 fragments. Given this sensitivity, identifications ceased at 50 
fragments, since the aim was to compare the taxonomical composition with the 

surrounding levels represented in the larger assemblage. 
 
 

Table 6.9 Representation of species identified by count and percentage, hearth feature 
 

ASSEMBLAGE 2 (XU11.1 E - Hearth) N % 
Acacia sp. 1 (cf. catelunata) 20 40.0 

Acacia catenulate 9 18.0 
Acacia cf. catenulate 8 16.0 

Acacia cf. aneura 7 14.0 

Acacia aneura 6 12.0 

TOTAL 50 100.0 
 
 
 
Assemblage 3 

Assemblage 3 represents the LGM, 28 – 15 k years BP (Slack & Law, 2013). Due to 

time limitations, identifications ceased at 50 fragments, with the saturation curve 
stabilizing after 27 fragments (5 taxa) from two observed contexts (Table 6.10). As 

such, the assemblage size was too small to provide a representative Gini Lorenz 
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with the LGM and the association of these species to permanent water zones, it is 

postulated that collections were taking place along particularly resilient bodies of 

water. The Fortescue River or possibly the Weeli-Wolli creek would have provided the 

nearest riparian vegetation units (Dotte-Sarout & Byrne, 2013). The creek is a 
culturally significant place for the Banyjima and Nyiyaparli people, whilst also being 

listed as a priority ecological community (Dotte-Sarout et al., 2012). 
 
 

Table 6.10 Representation of species, count and percentage, layer 3 
 

ASSEMBLAGE 3 (LAYER 3 - XU 18 E AND F) 

Square E XU 18 N Square F XU18 N TOTAL % 
Acacia cf. ampliceps 1 Acacia cf. ampliceps 21 22 44 

Acacia catenulate 7   7 14 

Acacia citrinoviridis 3   3 6 

Acacia cf. citrinoviridis/catelunata 5   5 10 

Myrtaceae (cf.) Melaleuca cf. bractiata 7   7 14 

Acacia sp.2 2 Acacia sp. 2 2 4 8 
  Eremophila cf. fraseri 2 2 4 
TOTAL : 5 taxa 25 TOTAL : 3 taxa 25 50 100 

 
 
 

Table 6.11 Representation of species identified by count, assemblage 4. 
 

ASSEMBLAGE 4 (SQE, XU 22/23/25) N 
Acacia cf. aneura 6 

Acacia cf. citrinovirdis 2 

Acacia sp.1 (cf. catenulata) 1 

TOTAL : 3 taxa 9 
 
 
 
Assemblage 4 

The pre-LGM unit (28-40k) was represented by assemblage 4. Square E, XU 22-23, 

and 25 were the only lower areas to contain wood charcoal material and were 
collated to create the small assemblage. Unfortunately, many of the samples were 
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poor in count and quality with most fragments too vitrified to be identified. Nine 

fragments were identified, with 3 different species recognised (Table 6.11). As such, 

no index or saturation curve could be compiled for this assemblage. Species 

identified are common within the area and through previous units, as discussed. 
 
 
 

6.4.5 Discussion 

A total of 368 fragments were analysed within this project. Eleven identifiable taxa 

were recorded, which included four identified to species level, five to genus and two 
to family level (a total of 11 taxa). Mimosaceae (Fabaceae) family represents the most 

common family, with 96% of the identifications represented by the Acacia genus. The 

remaining 3% of identifications are represented by two types of Myrtaceae, occurring 
in two different assemblages. Only 1% of the fragments have been recognised as 

Eremophila, occurring in only one assemblage. 
 
 

The results are typical of Pilbara vegetation, whilst showing the targeting of specific 

vegetation habitats for wood collection as well as a change in vegetation and/or wood 

collection strategies at the beginning of the middle phase of occupation (XU 18, Layer 
3, analytical unit 3. This shift potentially coincides with climatic changes associated 

with the beginning of the LGM (Table 7) (Dotte-Sarout & Byrne, 2013:22). 

 
 

The most frequent taxa observed in all assemblages was Acacia catenulata (including 

confer identifications) associated with Acacia aneura and Acacia citrinoviridis (Black 

Mulga) (Table 6.5, 6.6, 6.7, 6.8). Acacia catenulata and Acacia citrinoviridis typically 

occur in drainage-associated habitats and commonly associated with A. aneura 

(Beard 1975; Onshore 2009). Acacia cf. ampliceps, Myrtaceae (cf.) Eucalyptus cf. 

leucophloia /camaldulensis, Acacia sp. 2 and Eremophila cf. fraseri (Burra) only 
occurred in assemblage 3 (LGM, XU 18), while Acacia catelunata and Acacia 

citrinoviridis are present in lower frequencies in this assemblage, with Acacia aneura 

absent (Dotte-Sarout & Byrne, 2013:24). The presence of Eremophila is significant 
regionally and will be discussed further below. 
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Analysis of the results demonstrate the targeting of specific vegetation habitats for 

wood collection. They register a change in vegetation and/or wood collection 
strategies by the middle phase of occupation (XU18, assemblage 3), most likely 

corresponding to the beginning of the LGM. 

 
 
The time and budget constraints imposed by a defined contract resulted in only a 
limited number of identifications possible on this project. The recovery of a large 

amount of excavated charcoal had the potential to reveal a much richer assemblage 
which could inform palaeoenvironmental reconstructions for both LGM and Holocene 

layers. This is an issue discussed in detail, below. 

 
 
6.5 West Angeles: WARE 13/10, 2019 (Byrne et al., 2018) 

 
6.5.1 Setting 

The rockshelter known as WARE1310 is located near the West Angeles mine site, 

approximately 125kms west North West of Newman, in the Pilbara. Situated within the 

Eremaean Botanical Province and IBRA 7 (Pilbara Interim Biogeographic 

Regionalisation of Australia) and the Hamersley subregion, it is characterized by 
“mountainous areas of Proterozoic sedimentary ranges and plateaus, dissected by 

gorges (basalt, shale and dolerite)” (Ecologia environment, 2013:65). Mulga low 
woodlands sit over bunch grasses on fine textured soils in valley floors. Eucalyptus 

leucophloia (Snappy Gum) over Triodia brizoides occur on the skeletal soils of the 

ranges (Ecologia Environment, 2007:69). The rock shelter itself is located along a 
range, situated above a small gorge and some 500 m from a semi-permanent creek- 

line. 
 
 

In 2018 the Yinhawangka people of the southern Pilbara requested additional 

archaeological research, prior to the expansion of Rio Tinto Iron Ore (RTIO) West 

Angeles mine site. The Traditional Owners hoped to gain a better understanding of 
regional occupation histories, cultural landscape, and traditional use (Byrne et al., 

2018:7). As such, Gavin Jackson Cultural Resource Management (GJCRM) was 
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commissioned to undertake a variety of archaeological investigations, including the 

excavation of two rock shelters. Given the considerable amount of archaeological 

wood charcoals recovered, GJCRM contracted anthracological investigations by 
specialists at the UWA Archaeology department (Byrne et al., 2018). 

 
 

6.5.2 Methodology and contract 

WARE 13/10 provided the largest and best-preserved charcoal remains, and given 

budget and time constraints, anthracological analysis focused specifically on this site. 
Charcoal samples and their stratigraphic associations are provided in the table below 

(Table 6.12). To ensure coherent context and boundaries were chosen – 

incorporated into the paleoenvironmental reconstructions (Dotte-Sarout et al., 2015; 
Ward, Winter, et al., 2017). Through examination of the contexts and charcoal 

remains, it was agreed that analysis should focus on XU5 charcoal (scattered), and 
Feature 1 (a dense charcoal feature) from the same archaeological level and 

occupation period. This was to allow the reconstruction of both palaeoenvironmental 

history as well as distinct fuel collection events and human mobility patterns. 
 
 

Table 6.12 description of the stratigraphic context, WARE 1310 (communicated by Gavin Jackson 

CRM to the authors (Byrne et al., 2018) 

 
SU XU Brief Description 

 
1 

 
1-4 

Ground surface of the shelter. Very loose and dry silty sediment, large angular 
and sub angular roof fall pieces present, much organic material (particularly 
macropod faeces plus some leaves and stems), some charcoal present. 

2 2-11 
Consolidated silty sediment, occasional angular/sub-angular roof fall rocks, 
charcoal present throughout. This is the largest stratigraphic layer. 

 
3 

 
11-16 

Very compact rocky silty sediment, includes decaying bedrock (and sits directly 

on the bedrock), frequent angular rocks, some charcoal (assumed to mostly 
originate from the ashy features in the south wall). 

4 9-13 
Very compact rocky silty sediment, frequent angular roof fall rocks, some 
charcoal present. May represent a roof fall event that has decayed in situ. 

5 8-13 
Slightly compacted silty sediment, occasional angular/sub angular rocks, some 
charcoal present. 
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This contract was strategically arranged prior to excavation. This allowed 

archaeobotanist Dr Dotte-Sarout to provide advice to GJCRM on the correct sampling 

methods for the archaeobotanical analysis. All charcoal samples were collected on 

site during excavations via bucket flotation using 4mm and 2mm mesh sieves, with 
sub-samples of the <2mm residue kept for controls. Excavation and sampling were 

carried out for each XU, with features collected in situ separately. As features and 
scattered charcoals were collected separately, excavation units (XUs) could be 

reconciled with stratigraphic units, assisting the confirmation of valid assemblages for 

analysis (i.e., artificial vs natural layers). 
 
 
The botanical families and genera present at the site (represented by the greatest 
number of taxa) are typical of the wider Pilbara region. This allowed identification of 

archaeological fragments from WARE1310 to rely on the Pilbara Wood Anatomy 

Database, UWA (Dotte-Sarout et al., 2012) and the Weld Range Database (Taylor, 
2012). At the time, 54 species from the Pilbara (Vol. II), Weld Range (Taylor, 2012) 

and semi-arid regions of WA were described within the UWA reference collection 
database, representing 11 families and 16 genera. Additional references used Byrne’s 

doctoral collection and database (see discussions in Chapter 3; Vol. II). This added an 

additional 100 species for comparisons and reference. Given the good representation  
of diverse Pilbara species, the potential for genera - and species-level identifications 

on WARE1310 archaeobotanical remains was promising, whilst still acknowledging 
the potential for unidentified species. 

 
 
A total of 80 hrs of laboratory analysis was commissioned for this work. This would 

allow the identification of one anthracological assemblage to explore both 

paleoenvironmental and ethnobotanical histories. Due to experience with Pilbara 
charcoals, the candidate was approached to undertake the identifications for this 

project, contributing to the analysis and reporting of results. Identification and analysis 
methodologies are those described previously (Chapter 2 and 3, (Byrne et al., 2018). 
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6.5.3 Results and interpretation: WARE 13/10 

A total of 270 fragments were identified (Table 6.13): 200 scattered remains 

(SU2/XU5) and 70 for the condensed charcoal feature (feature 1), revealing a total of  
13 species. As discussed, a minimum of 200 samples per stratigraphic unit has been  

demonstrated as a minimum to achieve valid palaeoecological representativeness. 
However, due to time and budget constraints both the specie/area curve (Figure 6.13) 

and Gini Lorenz index (Figure 6.14) were utilised to ensure statistical validity was 

reached with a minimal number of identifications. Due to low counts, the heath and 
scattered remains (from the same SU) were combined to test the pareto index. This 

reached 75:25, which seems to be within the reoccurring range for the region (see 
Byrne et al., 2020; Byrne et al., 2013; Walsh, 2021) 

 
 
 
Identification was undertaken with various levels reached. This was dependent on 

presence or absence of certain discriminant features and inter-species similarities (i.e., 
genus or genus cf. species). Five different types of unidentified taxa were recorded 

including 3 types of probable Acacia species, 1 Myrtaceae and 1 unidentified type. 
 
 
When the results of the feature and scattered identifications were combined, Acacia 

comprises 25% of the overall assemblage representing 6 of the 13 species observed. 
Unexpectedly, the dominant taxa are cf. Myrtaceae, representing 41% of the overall 

assemblage. Also of note is Senna cf. glutinosa, which appears at a low frequency 

(3%). It is, however, one of the most frequent taxa recorded during vegetation surveys 
in the current landscape, occurring in association with mulga open woodlands 

(Ecologia Environment, 2007). 
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WARE 13/10 - Feature 1 
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Figure 6.13 Accumulation (specie/area) curves WARE13/10 SQA/XU5 
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Figure 6.15 Anthracological spectrum for WARE1310 SU2, SQA. Relative proportion (%) of  taxa. 

Yellow represents species associated to mulga woodlands, green represents species found in 

drainage lines and f loodplains. 

 
 
 
The most frequent Acacia species identified were cf. ayersiana and cf. aneura, both 

common in the West Angelas area today, and often occurring in ‘mulga open 

woodlands on various soils and landforms’ (Ecologia Environment, 2007). Acacia 

aneura subsp. aptaneura (Mulga), Acacia ayersiana and Senna glutinosa are all found 

within the ‘open woodland and shrubland (Eremophila forrestii or Wilcox Bush ) over 
hummock grassland of Triodia’ vegetation unit, are found on floodplain and drainage 

lines (Ecologia environment, 2013). 

 
 
 
As expected, identifications from the hearth feature resulted in a lower taxonomic 
richness (Table 6.14). Interestingly, Senna cf. glutinosa was only identified in the 

hearth, where the proportion of A. cf. ayersiana is also higher. This confirms the 

expectation that hearths represent the last few fires only, therefore reflecting specif ic 
vegetation units or areas of the landscape. Further analysis resulting in more species 

level identifications would likely confirm that past occupants had collected fire fuel in 
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‘open woodlands along drainage lines’ possibly just below the rock shelter and in 

association with other daily subsistence activities. 

 
 

Table 6.14 Archaeological identifications for WARE 10/17 SU2 Hearth and Scattered: number of  

f ragments identif ied (count) per identif ied species 

 
FEATURE 1   XU5 (SU2) SCATTERED  

TAXA COUNT  TAXA COUNT 
Unknown 3 cf. 
MYRTACEAE 

 
20 

  
Unknown 3 cf. MYRTACEAE 

 
91 

Acacia cf. ayersiana 19  Acacia cf. aneura 30 

Unknown 2 Acacia sp. 13  Unknown 4 Acacia sp. 21 

Senna cf. glutinosa 7  Acacia cf. ayersiana 17 

Acacia cf. kempeana 4  Acacia sp. 16 

Acacia cf. aneura 3  Unknown 5 9 
Acacia sp. 2  Acacia cf. coriacea 6 

Unknown 4 Acacia sp. 2  Acacia cf. kempeana 5 

TOTAL 70  Acacia cf. minyura 2 

   Acacia cf. bivenosa 1 

   Unknown 1 Acacia sp. 1 

   Unknown 2 Acacia sp. 1 
   TOTAL 200 

 
 
 
Myrtaceae probably represents one of the Eucalyptus associated with open 

woodlands (Ecologia environment, 2013). Melaleuca species can also be found along 
more permanent water sources in the surrounding landscape. The collection of fire 

fuel along water-associated vegetation units is a common theme in anthracology and 

previous regional work (Byrne et al., 2013; Frawley & O'Connor, 2010; Taylor, 2012) 
(see also Chapter 4 and 5). This implies that wood collection is a companion task, 

carried out in combination with other resource procurement and mobility strategies. 
 
 
A noticeable absence is also that of Eremophila, the second most frequent genus in 
the current landscape that constitutes the majority of the shrublands associated with 
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the mulga open woodland (Ecologia environment, 2013). Eremophila is a thorny and 

sticky shrub not easy to collect and Aboriginal people may have avoided it for 

fuelwood. A similar pattern of avoidance was identified in another anthracological 

study conducted in the Pilbara and Weld Range (Byrne et al., 2013; Dotte-Sarout & 
Byrne, 2013), where Eremophila was only identified in exceptionally low proportions 

during an occupation phase associated with the LGM, when there was possibility a 
low availability of wood. 

 
 
While this sample size was not ideal, and comparisons to other stratigraphic units 
would have been optimal, the WARE1310 investigation clearly reflects how past 

occupants collected fuelwood in diverse types of mulga communities and across a 
range of landforms surrounding the site, including rocky slopes and hilltops through to 

floodplains and drainage lines, and all amidst their daily routes and activities. 

 
 
This project represented one of the first applications of anthracology to a Western 

Australian inland Pilbara site and showed promising results despite adjustments 
required due to limitations of contracts. Inevitably the results are limited due to the 

need to expand local reference collections. 
 
 
Applications such as these act essentially as pilot studies, validating or disproving 

known anthracology methodologies. For example, this analysis validated the need to 
identify both scattered and hearth features, with clear discrepancies noted between 

diversity and richness indices in the hearth feature in comparison to the scattered 
remains. Likewise, it was shown that the hearth at WARE1310 was fuelled by wood 

collected from a specific mulga vegetation community, in comparison to widespread 

collection that took place throughout the occupation represented in SU2 (XU5). It is 
possible that this vegetation unit was represented by a low woodland of Acacia aneura. 

 
 
Comparisons to other anthracological studies (Byrne et al., 2013; Frawley & O'Connor, 

2010; Taylor, 2012) (Chapter 4 and 5) reveal a clear regional pattern of avoidance of 

particular species, for example Proteaceae (with the exception of Whitau, Dilkes-Hall, 
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et al., 2018). In this study, the absence of the widespread but thorny Eremophila shrub, 

document previously in the Pilbara and Weld Ranges, is noted from other 

anthracological studies in semi-arid WA. This will be discussed in further detail, below. 

 
 

6.6 Discussion and recommendations: the limitation and potential of 

Australian anthracology within consulting/small-scale contexts 
 
Anthracology is an intricate and time-consuming form of investigation, requiring the 

examination and identification of hundreds, conceivably thousands of charcoal 
fragments, each needing to be hand-split and meticulously examined. Because of the 

time required, application to consulting frameworks makes it difficult in terms of 
meeting constrained budgets and deadlines. This is especially true when the 

anthracologists are also required to create relatable reference materials, in situations 

of first regional applications. These reference works require a profusion of lengthy 
builds including the application for flora collection licenses, the physical collection  of 

woody samples (ideally with Traditional Owners and botanists), the taxonomic 
identification of woody specimen sampled (by a botanist), controlled charring of each  

specimen, curation of reference samples, anatomical observation, imaging, and 

description of the specimen for the creation of a wood anatomy database. 
 
 
Whilst the sub-discipline’s extended processes are time consuming, it is also 
something which will improve with each application, resulting in the growth of required 

indexes, reference collections and accessibility of shared databases. Consequently, 

anthracologists will be required to create new reference materials less often with the 
passage of time. Likewise, as specialists’ understanding surrounding Australian wood 

anatomy expands (both through investigation and peer review publications), 
identifications will become quicker. On the same note, as a specialist works more 

frequently in a region, identification becomes more efficient (due to enhanced 

recognition). As discussed in the case of the two consulting case studies above, both  
had tight time and budget constraints, and thus samples sizes were smaller than 

benchmark methodological requirements. Whilst this does not always produce ideal 
results, it does illustrate how even small samples sizes can reveal unique insights 
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about past environments and people’s relationships to them, and that anthracology 

can be flexible within a variety of time and budget constraints. 

 
 

6.6.1 Wood anatomy 

As has been established within this thesis thus far, one of the most prominent issues 

with Australian anthracological research generally is the lack of knowledge 

surrounding native wood anatomy. This is true not only for anthracology, but for botany 
where wood anatomy holds little focus. This has caused some debate amongst 

Australian anthracologists as to what identification level is plausible, particularly 
regarding species level within certain genus such as Acacia (for example see Carah , 

2016:163). It is this author’s experience (Frawley, 2008; Hope, 1998; Smith et al., 

1995) that species level identification is often possible with difficult genus (for example 
Acacia, Eucalyptus, Ficus (for further discussion see Chapter 7). However, such 

identifications necessitate the observation and description of minute or secondary 
anatomical details (e.g., fibre pitting, axial parenchyma variations). The case studies 

above, and other chapters in this thesis (Chapter 4, Chapter 5), repeatedly and clearly 

demonstrate this point. Two anthracologists worked on the identifications of the 
PAD10/17 case study (Dotte-Sarout and Byrne 2013), and both identified and 

attributed the same species within each recovered assemblage including those from 
the Acacia genus. This convergence confirms the reproducibility of anthracological 

identifications based on detailed anatomic variations using relevant local reference 

collections. Through such detailed examination, any which may include inter/intra 
species similarities or anomalies, are documented within the wood-charcoal database. 

Importantly, this documentation contributes to much needed native wood anatomic 
knowledge. This is explored in further detail in Chapter 7. 

 
 
It is worth stressing that, the state of preservation, the level of the anthracologist’s 
training, the methodological standards utilised, and the correct examination and 

comparison of all observable features (access to microscopes with sufficiently high 
magnification power, i.e., at least up to x500 to x1000), are the largest contributing 

factors in determining the level of identifications achieved. It is concerning that some 

researchers steer away from species-level identifications of certain genus (yet still 
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apply palaeoenvironmental analysis) in fear of incomplete reference collections or 

inter/intra species misidentification. By ensuring that each identification’s description 

is transparent, with the use of confer (and conjoined anatomic explanation) to clarify 

uncertainty, and the application of ‘unidentified types’, means there is little reason  as 
to why a species level of identification should not be attempted. Time constraints are 

really the greatest hurdle in species-level identifications, as they require a much 
lengthier examination per fragment, in comparison to family or genus level inspection. 

Attempting to differentiate between species (whether to species level or unknown 

types) is extremely important, not only in attempting to better understanding past 
environments, but also ensuring a valid representation when applying statistical tools 

such as Gini Lorenz index and saturation curves. Likewise, species-level 
identifications can be directly compared to known vegetation communities and 

associated taxa (unlike family or genus level identifications) with misidentifications 

consequently unlikely to go unnoticed. Significantly, identifications to known 
vegetation communities result in clearer understandings of past collection habitats and 

vegetation shifts throughout time. The size of the assemblage can help reduce 
misidentification at the species level, as a large assemblage will provide several 

specimens from the same species thus allowing for the recognition of intra-species 

variability or inter-species similarities. 
 
 
 
Nevertheless, the potential for misidentification is not slight, and therefore 
transparency is imperative. Features observed should be described alongside each 

identification. As previously discussed, the use of confer (cf.) discloses a level of 
uncertainty. All three case studies above utilise confer, which is preferable over a 

genus-level only identification (e.g., Acacia sp., Eucalyptus sp.). This is especially 

relevant to Australian anthracology studies, as Acacia (8.2%) and Eucalyptus (77%) 
forests are the most prominent types found (Department of Agriculture, 2021), with 

both species having highly diverse habitats and associations. Genus-level only 
identifications result in poorer palaeoenvironmental reconstructions with respect to 

diversity and relatability to associations and habitats. 
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Misidentification is also relatable to the ecological (or reference) collection stage. Many 

Australian anthracology applications do not refer to the details regarding reference 

sample collections. Collection sheets, botanical vouchers and/or database sheets 

should clearly document the name and/or qualification of the person who allocated the 
species name to an ecological sample, as non-specialist misidentifications can impact 

current and future archaeological interpretations. The importance of botanist-level 
identification of ecological samples (ideally during the collection of woody samples) is 

imperative. This not only ensures the sample is correctly identified, but they may also 

assist in the recording of other important data including plant associations, seasonality, 
growth habits, and details surrounding the economic resources it may provide 

(Pearsall, 2010:119). As discussed in Chapter 3, Traditional Owners should be 
involved, with IEK recorded for sampled species, including those which are avoided 

(such as undertaken for this PhD research, the Weld Range project (Taylor, 2012) or 

the BHP Pilbara reference (Dotte-Sarout et al., 2012). Likewise, the documentation of 
ecological sample identifications provides transparency, allowing for reference 

samples to be re-verified or queried as the expertise of specialists expands, and 
reference collections grow. In this candidate’s experience, WA native flora are difficult 

to identify to species level even for botanists, with identification often reliant on 

seasonal variations (i.e., presence of reproductive features such as flowers) and the 
botanist’s regional expertise. 

 
 

6.6.2 Vegetation knowledge and accessibility 

Anthracological analysis is reliant on knowledge about local botanical composition and 

therefore vegetation reports become key to the analysis of recovered data. This is 
where consulting engagements can prove effective: most mining/land-use companies 

have relevant and detailed flora reports prepared for the Environmental Impact 

Statement (EIS) process, which not only list the species identified within the area, bu t 
detail associated species and preferred habitats. These reports can be invaluable in 

understanding past environmental markers, and species presence (or absence) within 
the assemblage. As noted, this is essential for comparing anthracological 

assemblages to known vegetation communities, ensuring assigned identifications are 

correct and coherent. This is especially true when minimal counts cannot be reached 
either due to time constrains or preservation issues, as in the case studies above. 
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Species which are identified and yet are no longer present in the modern vegetation  - 

such as Acacia synchronicia (Bardi Bush) and Brachychiton obtusilobus on Barrow 

Island, from the Boodie Cave study - provide insights into the environmental changes 

throughout time. This can also work in reverse, where species such as Hakea and 
Grevillea are absent from all three archaeological case studies yet are recorded in the 

associated vegetation reports (Chevron, 2005; Ecologia Environment, 2007, 2013; 
Mattiske, 2005; Onshore Environmental, 2009). 

 
 

6.6.3 Excavation and stratigraphy 

The importance of careful excavation and analysis of stratigraphic units, or discrete 

stratigraphic units (SU), is highlighted in the application of anthracology. Almost all 

excavations in Australia are undertaken via implementation of arbitrary excavation 
units (XUs) rather than SUs, including artefact and dating analysis (Ward, Winter, et 

al., 2017). Most excavation methodologies only use the arbitrary XU depths until 
stratigraphic differences are noted. The latter are often too hard to define in the field 

in habitually uniform sediment profiles of the Pilbara. This is because stratigraphic 

units are often difficult to differentiate and/or the presence of thick homogeneous 
strata can encapsulate several deposition events over huge time scales. As such, 

XUs are utilised for artificial temporal control, relating to changes in the 
archaeological record over time rather than a more comprehensive understanding of 

site formation. The issue surrounding this relates to the potential of XUs to truncate 

ancient living floors, depositional events (SUs) or discrete features, potentially 
leaving artefact and ecofact assemblages devoid of clear context and association. In 

terms of anthracology, this makes it more complex in securing valid 
palaeoenvironmental analysis and understanding meaningful behavioural units 

(Dotte-Sarout et al., 2015:17; Ward, Winter, et al., 2017:267). An example of this 

was noted in the case of the PAD1017 study where the transition of identifications 
from square E to F was obvious, with taxonomic composition and ranks showing a 

lack of coherence, coupled with the appearance of two new species. This was likely 
due to the mixing of different depositional events (combined into one synthetic 

excavation unit), leading to a biased record of past vegetation and of its human 

exploitation. Positively, this proves anthracology’s worth in assisting the 
differentiation of stratigraphic boundaries, essential for accurate archaeological 

analysis. 
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Popular excavation methods do not only present an issue vertically through the site, 

but also horizontally. Cave and rock shelters constitute most published archaeological 
sites in Australia (61%), with 44% being 1 x 1m test pits (Ward, Winter, et al., 2017). 

Budget and time constraints contribute to the popularity of such small excavation 
squares. The WA legislation can also limit the disturbance of floor space to less than  

10% in preliminary excavation (Ward, Winter, et al., 2017). Whilst the reasons for such 

restrictions is recognized, the ramifications are apparent. Fragments deposited 
outside the 1 x 1m test pits - during the occupation of the site - are being missed. 

Chapter 5 (Byrne et al., 2020) explores anthracological analysis of the historic 
Bandicoot Bay site (Barrow Island, Western Australia) which highlights the value of 

deploying a larger excavation area, permitting detailed spatial analyses. Differences 

in species diversity, richness, specific fuel collection trips, and count are seen between  
different squares and areas within the site. Likewise, site use was better understood, 

with charcoal and faunal remains giving clear indications of different activity areas of 
the site including cooking and multiple refuse areas. 

 
 

6.6.4 Anthracology in Australia 

One of the main aims of this thesis is to test how transferable international 

anthracology methodologies are to WA archaeological sites (i.e., the ‘dream’ vs. 

‘reality’). Whilst most international anthracological methodologies have proven 
transferable to Australian contexts (Chapter 4, 5, 6), some have not. This includes the 

excavation and identification of clear stratigraphic units as discussed above. Likewise, 
many Australian sites are located within arid or semi-arid zones, making the 

accessibility to water for flotation or wet sieving recovery unfeasible. In fact, 

anthracology application to desert environments is rare throughout the world (see 
discussion in Chapter 4). Looking back to the time of this author’s first application of 

anthracology (Taylor, 2012), there were no known minimum counts for semi-arid 
Australian anthracological assemblages and therefore Mediterranean applications 

were drawn upon. Since then, the continued growth of studies undertaken within the 

Northwest of WA has led to a better understanding of minimal counts and indices 
required for Australian semi-arid and arid diversity representation (see discussion in 
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Chapter 2). Better understanding of the required alterations to existing and relevant 

methodological applications will make time-limited restrictive projects (such as 

consulting applications) more feasible and efficient. This will also assist in establishing 

national methodological standards to ensuring all anthracological work is correctly 
implemented. 

 
 

One of the main issues facing anthracology is the lack of awareness of its existence 

and/or potential behavioural insights the subdiscipline can bring to wider 
archaeological understandings. Not only does this preclude its application to 

Australian archaeological studies, but when applied it is often of secondary though t, 
employed well beyond initial planning and recovery. Regrettably, this often results in  

poorly applied archaeobotanic practices, for example: the lack of local ecological plant 

samples (for relatable reference material), the use of larger sieve sizes only, not 
separating features from scattered charcoal fragments, dry sieving over wet or flotation 

recovery and poor stratigraphic examination. 
 
 

Ideally, anthracologists should be consulted prior to planned excavation (as per the 

WARE13/10 and Boodie Cave case studies), ensuring input to best practice collection 

strategies, in an attempt to limit post depositional biases. Likewise, if an anthracologist 
is present during excavation it affords the trial of different sampling methods adapted 

to the individual needs of the site, maximising recovery (especially so for when ideal 
techniques not possible), as per the Boodie Cave case study. Understanding the 

demands of wood identification when planning for analysis is vital in ensuring the most 

rewarding outcome for each study, as well as assisting in the growth and efficiency of 
Australian anthracological applications. Pre-excavation consulting also guarantees 

time for flora collection license applications, required for the collection of flora in  WA. 
This is particularly important for Australian applications, where reference collections 

and understandings of Australian wood anatomy, are limited. 

 
 
 
With each application of anthracology, reference materials will grow, knowledge 

surrounding wood anatomy will increase, specialist training will expand and knowledge 
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surrounding the subdiscipline’s potentials will spread. As such, anthracology will 

become more efficient in its application, allowing for its accessibility for consulting 

applications and sites which do not always present the most ideal preservation. 

Importantly, our understanding of past occupant’s use of the landscape will increase, 
and more detailed interpretations of both local and regional environmental datasets 

will occur. 
 
 
Charcoal is one of the most prevalent artefacts recovered from archaeological sites in 

Australia yet is often disregarded and most utilised only for its dating potential. This is 
detrimental to Australian archaeological study, with a plethora of past environmen tal 

datasets being unheeded. The case studies from this chapter reveal that, even with 
limitations in small sample sizes, budget and preservation, charcoal analysis has a 

significant role to play in understanding past human-environmental interactions. 

Likewise, important regional patterns are unfolding reflected in patterns of collecting 
water-associated fuel species and the avoidance of others such as Eremophila, 

Grevillea and Hakea. 
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Abstract 

The genus Acacia is known to display strong interspecies similarities in wood anatomy 
as in other botanical features, a fact that previously convinced some Australian 

anthracologists that species level identification in this genus was simply not 

achievable. Given the dominance of the genus in both modern and historic 
landscapes, the issue of species identification is evident in many Australian 

anthracological studies. Understanding Acacia wood anatomy is not only vital in 
assisting with the discipline’s growth within the continent, but also facilitates a better 

understanding of local climatic and vegetation datasets, and how these relate to 

movements and exploitations of past people regionally. This paper describes and 
compares the anatomy of 20 reference Acacia species, collected in relation to 

archaeological charcoals recovered at several North-western Australian sites. The 
wood anatomy of these species is described in detail and illustrated by micrographs 
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(Appendices 6), leading to a discussion surrounding the challenges, potentials, and 

feasibility of identifying Acacia specimens to species level. Importantly, the identif ied 

species and their anatomy is viewed in connection to the current taxonomic 

understanding of the genus. The included Acacia species fall within three sectional 
groups (Phyllodineae, Juliflorae and Plurinerves), and these groups are used to 

explore similarities and differences between the species. Taxonomic and 
nomenclatural difficulties surrounding widespread species, such as those of the Mulga 

group (Acacia aneura and its close relatives) are explored, and the reasons for these 

issues are explained. This paper sets the foundation for better documentation and 
understanding of this important and resilient genus, leading to the growth of Australian 

anthracology with relatable reference materials. Likewise, it is hoped that by exploring 
Acacia in the way we have will alleviate some of the reservations surrounding its 

identification to species level, thus leading to better developed paleoenvironmental 

reconstructions. Likewise, we acknowledge the small founding sample size explored 
in this paper, however results show promise for variations amongst Acacia species 

including their sectional placement groups, as such it is hoped that this will set in 
motion future examinations of the tricky Acacias and their potential in anthracological 

application. 
 
 
7.1 Introduction 

 
The genus Acacia (commonly called Wattle) is ecologically, historically, and culturally 
meaningful to Australia and its people, both past and present. It is as iconic as the 

kangaroo and emu which it encircles on the Australian Coat of Arms (Figure 7.1) and 
is the inspiration for the national colours of green and gold. This is because Acacia 

grows in every Australian state and territory and is found within almost every 

ecosystem of the country (Cabinet, 2021; Simmons, 1981), it is also the largest genus 
of woody plants in the continent. The emergence of Australian anthracology 

(archaeological wood charcoal analysis) has revealed that the significance of Acacia 

is reflected throughout deep time, both ecologically and anthropogenically (Byrne et 

al., 2020; Byrne et al., 2021; Byrne et al., 2013; Carah, 2016; Frawley & O'Connor, 

2010; Smith et al., 1995; Taylor, 2012; Whitau, 2018). Nevertheless, anthracology has 
had a slow evolution in Australian archaeological discourse, despite the promises and 

potentials that the subdiscipline offers (Denham et al., 2009; Dotte-Sarout et al., 2015). 
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Other archaeobotanical subdisciplines face issues with many Australian 

environments, for example, palynology has proven difficult in arid landscapes. 

Australia is the driest inhabited continent in the world with 70% of the land surface 

classed as arid or semi-arid (DAWE, 2021b). In these regions Acacia is often under- 
represented in pollen cores (Whitau, 2018). While carpological analysis shows 

promising development in such regions (Dilkes-Hall, 2020; Florin et al., 2020) it has a 
potential sampling bias against Acacia which normally has small seeds likely lost 

through the commonly used sieve of 3 to 5 mm mesh utilised in archaeological 

excavations. Charcoal is a predominant artefact/ecofact recovered from 
archaeological sites throughout Australia, yet it remains underutilised for its 

archaeobotanical potential. A key contributor to the difficult development of Australian 
anthracology is the anatomical complexity of Acacia wood anatomy and the issue of 

intra-generic similarities between its more than 1000 native species. Given the 

dominance of the genus in both modern and historic landscapes, these challenges are 
unavoidable. Understanding Acacia wood anatomy is not only vital to assisting 

discipline growth within the continent, but also developing a better understanding of 
local climatic and vegetation datasets, and how these relate to movement and 

resource use of past people regionally. 
 
 

This paper will describe and compare the wood anatomy of 20 Acacia species, 

collected from different sites in north-central and north-western Western Australia. 

This comparative work will then lead to a discussion of the challenges, potentials, and 
feasibility of identifying Acacia wood to species level, especially for use as 

anthracological analysis. Importantly, the identified species and the relationships 

between their anatomy will be viewed in combination with botanical taxonomic 
knowledge. Taxonomic difficulties surrounding the identification of extant widespread 

species, such as Acacia aneura (Mulga) will be explored, and the possible reasons 
relating to this will be examined. This paper does not claim that all Acacias are 

identifiable to species level based on wood anatomy. Likewise, we acknowledge that 

wood is variable, and descriptions are based on a small sample size. As such 
description may not represent the full variability of this large genus. However, this 

paper sets the foundation for better documentation and understanding of this important 
and resilient genus, leading to the growth of Australian anthracology with relatable 
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reference materials (comprising of wood charcoal samples, voucher specimens and 

wood anatomy descriptions). Also, it is hoped that this study of Acacia wood anatomy 

will ameliorate concerns regarding the anthracological identification of species, 

showing that future explorations into Acaica wood anatomy is worthwhile. This will lead 
to better developed paleoenvironmental reconstructions (through better diversity 

representations), and accessible detailed reference materials, including those of the 
tricky Acacia species. 

 
Figure 7.1 Australian coat of arms depicting the iconic wattle (Acacia) symbolising unification 
of all states and territories (Croft, 2012) 

 
 
 
7.2 Context: Acacia’s past and present 

 
7.2.1 Even a name can be tricky: defining the Acacia genus 

In 1754 English botanist Philip Miller was the first to formally name and describe a 

group of plants from Africa, Asia and the Americas as Acacia. This name is a 
descriptive marker derived from the Greek word “akis", meaning ‘thorn’, a 

morphological trait that characterized the species that were described. A few decades 
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later, Europeans colonised Australia, discovering hundreds of plants, many of wh ich  

they named Acacia. Over the ensuing two hundred and fifty years, botanists described 

over 1000 species of Acacia that are spread throughout every state and territory of 

Australia (World Wide Wattle, 2012). 
 
 

During the 1980s a debate arose concerning the definition of Acacia, with Pedley 

(1986) arguing Acacia be divided into three separate genera (Smith, 2021). However, 

it was not until the early 2000s when DNA sequencing provided tangible evidence that 
the genus was not monophyletic. From this, seven genera are now recognized in what 

was formerly called Acacia. 
 
 

After years of debate, the International Botanical Congress in Vienna in 2005 voted to 

accept a proposal by Orchard & Maslin (2003) to conserve the name Acacia with a 

new Australian type (A. penninervis), which replaced the former African type (A. 

nilotica, now called Vachellia nilotica). The effect of this action means that the name 

Acacia now applies predominantly to species that are largely confined to Australia 

where 1070 species are recorded. While 18 species of Acacia occur naturally outside 
Australia (on some islands of the Pacific and Indian oceans, and in Southeast and 

East Asia), the other species that were formerly called Acacia are now contained in 
the following genera: Acaciella (15 species, confined to the Americas), Mariosousa 

(14 species, confined to the Americas), Parasenegalia (11 species, confined to the 

Americas), Pseudosenegalia (2 species, confined to the Americas), Senegalia (220 
species, pan-tropical, including two species in northeast Queensland) and Vachell ia 

(164 species, pan-tropical, including nine species in northern Australia). Many species 
of Australian Acacia are widely utilised globally for commercial and other purposes or 

are classed as an environmental weed. These changes have the potential to cause 

confusion with respect to the names of species, especially when sourcing information 
from older literature. However, the current names of all species included in the former 

broadly defined genus Acacia can be obtained through the WorldWideWattle website 
(see World Wide Wattle, 2012). 
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7.2.2 Ecological significance 

The vegetation of Australia is dominated by two genera: Eucalyptus and Acacia. Whilst 

Eucalyptus makes up the most prevalent forest type around the periphery of the 
continent, Acacia’s species numbers are nearly double those of Eucalyptus. Acacia is 

a member of the Fabaceae family (Caesalpinioideae: Mimosoideae) and is the largest 
group of flowering plants in Australia, containing, as already noted, 1070 species (this 

number rises to 2000 when subspecies and varieties are included). The genus is very 

widespread, occurring throughout the temperate, arid, and tropical climatic zones of 
the continent. The southwest of Western Australia is the area of highest species- 

richness, but there are secondary centres of richness south of the Tropic of Capricorn  
along Great Dividing Range in eastern Australia, and elsewhere (see Hnatiuk & 

Maslin, 1988). The Arid Zone is relatively species-poor in comparison; however, plants 

of Acacia species are a dominant feature of these landscapes. The species dealt with  
in the present work are all found in the western part of the Arid Zone. 

 
 

The significance of wattles does not merely stem from its prominence throughout the 

continent. Ecologically, Acacia species are resilient: they are found in coastal habitats, 

sub-alpine regions, high rainfall habitats and dominate the arid interior. Most species 

possess hard-coated seeds which can lay dormant for decades, often liberated from 
the soil by fire or mechanical disturbance, patiently awaiting exposure to the sun and 

rain to promote their growth. Whilst many Acacia species are fire sensitive, there are 

those that survive through resprouting and by the production of copious amounts of 
seeds - an important resource for the survival of past people throughout Australia 

(Byrne et al., 2020; Byrne et al., 2021; Byrne et al., 2013; Veth & Walsh, 1988). 
 
 
 

7.2.3 The connection between plant and people, past and present 

Acacias provide a wide variety of significant resources to Indigenous Australians. The 

wood of many species is used as a fuel and is ideal for making a variety of tools and 

weapons. For example, Acacia coriacea and A. aneura are known for making good 
digging sticks, spears and shields, popular for weapons and trade (JAC, 2003; Napier 

& van Leeuwen, 2008) 
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The leaves of some species hold medicinal properties, they are ground and boiled to 

bathe sores, relieve headaches (A. ancistrocarpa) or for sore eyes (A. ampliceps) 

(JAC, 2003).The leaves of Acacia citrinoviridis can be crushed like soap to clean the 
skin (S.Ingie Yinhawangka Traditional Owner pers. comm. Oct 2021). The ash of 

Snakewood (A. xiphophylla) is important in many ceremonies added to body paints 
and artefacts (JAC, 2003). 

 
 

Acacias are highly valued for their productive food resources. Many species produce 

sweet edible gums which ooze from the trunks and branches of the trees (Low, 1991), 
and when wrapped in paperbark may last all year (JAC, 2003). Some Acacias, such 

as A. kempeana, are known for housing protein-rich witchetty grubs. Likewise, the 

Honeypot ant (Melophorus inflatus) commonly build nests beneath the Mulga (A. 

aneura). These ants would be dug up and enjoyed as a sweet treat (Low 1991:181). 

Mulga “apples” (or galls) are another pleasant edible treat, produced by the tree’s 
reaction to a burrowing wasp larva (Low 1991:181). 

 
 

Importantly, many species of Acacia produce edible seeds which can be eaten raw 

(green) or lightly roasted amongst burning spinifex grass or hearths (Cribb & Cribb, 
1974; Napier & van Leeuwen, 2008). Hard, ripe (and sometimes roasted) seeds would 

also be used to make damper (bread) by roasting and grinding the seeds into a flour. 
Green seeds can be eaten raw or steamed. Collected from pods, green or ripe, or 

fallen to the ground - these seeds were utilised in all their forms, nourishing people 

throughout deep time to the present: a dependable, widespread, and abundant 
resource (Veth & Walsh, 1988). Byrne et al.‘s (2021) anthracological analysis at 

Karnatukul, in the Western Australian Desert, documents the importance of the Acacia 

to past people, with its repeated presence clearly contributing to the habitability of 

the region for over 50,000 years (Byrne et al., 2021). 
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7.2.4 Existing reference collections – what is known about Acacia 

Anthracology relies on the observation of preserved wood anatomy in archaeological 

charcoal fragments which are then compared to named wood reference samples for 
identification. The correct identification of comparative reference material is essential 

- if the species is wrongly named then the information that is assembled and distributed 
under that name will apply to all archaeological identifications compared to that 

reference sample. Most online databases are predominantly focused on commercial 

timber uses (Meier, 2008) or international wood species descriptions (Inside Wood 
2021). Equally, international publications describe species which are often not relevant 

to Australia (Asouti & Fuller, 2008; Höhn et al., 2008). As such, most accessible 
reference materials are extraneous to Australian contexts. In the mid 2000’s the 

University of Queensland began an online archaeobotanical database 

(http://uqarchaeologyreference.metadata.net/archaeobotany/list - archived) listing 
detailed wood descriptions of Australian species, but unfortunately the website was 

discontinued. As such, there is no publicly accessible database specific to Australian  
archaeobotany. This lack of accessible reference materials not only impacts negatively 

on the growth of applied anthracology in Australian archaeology but impedes 

understanding of difficult taxa such as those in the genus Acacia. This is because 
there is little understanding about Acacia wood and its variation both within and 

between species, and little documentation as to the reactions to carbonization and 
preservation of species within the archaeological record. 

 
 

Australia’s first wood-reference study was by Ilic (1987). This important atlas provided 

the first comprehensive wood descriptions of Australian species, including those of 
Eucalyptus and Acacia. The publication comprises brief anatomical descriptions and 

microscope imagery. However, the atlas is limited in using species as examples of 

descriptive features rather than detailed species descriptions. This reflects the forestry 
focus of the book, rather than one that has practical application to anthracology. 

 
 

A publication by Hope (1998) provided observations and descriptions of Australian 

Central and North-eastern woody species, including 10 Acacia species. Importantly 
this was the first atlas which described charred reference samples, specifically for use 



 
159 

 

in wood charcoal identification. As such, reflecting each species reaction to the 

carbonisation process. Hope and his collaborators, Smith and Pask, described two 

studies, their methodologies and detailed descriptions of the included species. 

Usefully, these descriptions were also accompanied by microscope imagery. Despite 
a lack of associated voucher specimens (adding a level of uncertainty to the assigned 

species, see discussion below), the publication remains one of the most valuable and 
accessible Australian archaeobotanic reference materials to date. 

 
 

In 2000 Dortch completed a PhD which included wood charcoal analyses. Charcoals 

were identified from a Pleistocene cave, Tunnel Cave, Naturaliste Region, south- 
western Australia. Whilst this work represents one of the first applications of wood 

charcoal analysis in Western Australia, the sample size was small (257 fragments) 

and accepted methodologies were not employed. This was mostly due to the lack of 
accessible English methodology-based publications at the time. Also, very few 

reference materials existed for Western Australia woods (Hope, 1998; Ilic, 1987), and 
none included woods from the Southwestern region. 

 
 

Recent Australian doctoral theses have expressed concerns regarding the 

identification of Acacia to species level via wood anatomy (Carah, 2016; Whitau, 
2018). Whitau (2018) explored anthracological analyses from charcoal fragments 

recovered from two sites from the Kimberley region of Western Australia: Riwi cave in  
Gooniyandi country and Mount Behn rock shelter in Bunuba country. As part of the 

thesis, nine Acacia species were collected and described as part of the creation of a 

reference set, of which show differences in species wood anatomy. Carah (2016) 
explored anthracological deposits from Madjedbebe in Mirarr country. Reference 

samples from Carah’s study are no longer publicly accessible due to the archiving of 
the online database (as discussed above). Both authors concluded that Acacia 

identifications could not be secured to species level due to lack of knowledge and 

recording of the genus’s wood anatomy. They describe the need for further 
investigations of the genus’s wood anatomy, including potentials for intraspecies 

variations. 
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Table 7.1 List of Acacia species described in Australian anthracology studies 
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Acacia ampliceps  X     
Acacia aneura sens. lat. X X     
Acacia aptaneura X      
Acacia aulacocarpa    X   
Acacia auriculiformis    X   
Acacia ayersiana X      
Acacia bivenosa X X     
Acacia caesaneura X      
Acacia cf. lamprocarpa    X   
Acacia citrinoviridis X      
Acacia coolgardiensis subsp. coolgardiensis X      
Acacia coriacea X X     
Acacia craspedocarpa X     
Acacia cyperophylla  X     
Acacia dictyophleba  X     
Acacia difficulis    X   
Acacia dimidiate    X   
Acacia elachantha  X     
Acacia elata   X     
Acacia eriopoda X     
Acacia holosericea  X  X   
Acacia inaequilatera X     
Acacia leioderma   X     
Acacia ligulata  X     
Acacia lysiphloia    X   
Acacia macdonnelliensis  X     
Acacia maitlandii X     
Acacia mangium   X   
Acacia melanoxylon   X   
Acacia minyura X     
Acacia monticola  X     
Acacia mountfordiae    X   
Acacia munayana  X     
Acacia oncinocarpa    X   
Acacia papyrocarpa  X     
Acacia peuce  X     
Acacia platycarpa  X     
Acacia plectocarpa    X   
Acacia pruinocarpa X X     
Acacia pyrifolia X      
Acacia quadrimarginea X      
Acacia rhodophloia X      
Acacia shirelyi    X X  
Acacia sibirica X      
Acacia synchronicia X      
Acacia tetragonophylla X X     
Acacia tumida  X     
Vachellia sutherlandii (formally Acacia)    X X  
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Other anthracological studies have been undertaken in Australia. However, despite 

their importance regarding the application of anthracology, including the presence and 

persistence of Acacia (Table 7.1) in identified archaeobotanical taxa, their reference 
materials and archaeological identification descriptions remain unpublished (Carah , 

2012, 2016; Frawley & O'Connor, 2010; Hudson, 2013; Purssell, 2012 ; Smith et al., 
1995). Likewise, assigned identification of reference materials is ambiguous with non- 

specialist methods utilized (Frawley & O'Connor, 2010). 

 
 

Due to the lack of published reference material descriptions (both in commercial forest 

industry and anthracology) little is documented regarding detailed Acacia anatomy, 

and thus samples taken from multiple species (and multiple samples of the same 

species) cannot be compared. This not only holds true for differences between Acacia 

species, but subspecies and varieties. As such, where possible, this study compares 

the wood anatomy descriptions of species also present in other reference sets (see 
results section). 

 
 

Due to the lack of published reference materials in Australia, every anthracological 

project undertaken requires a new set of reference woods to be collected, processed, 
and described, and voucher specimens to be collected, identified, and stored 

appropriately. Many consulting or student projects are constrained by regimented 
budgets and time limitations. With the additional costs associated to the creation of 

wood reference materials and voucher specimens, anthracology research is severely 

constrained. On a positive note, the collection of local reference materials provides a 
permanent record of the site/region and often a much clearer image of the past 

environment and collection strategies. Likewise, reference material also affords more 
opportunity for species level identification and verification. As anthracology is sti l l  an  

emerging discipline in Australia, the creation of new reference materials also gives 

greater insight into species anatomy and the similarities and variations amongst them. 
For instance, multiple samples of the same species allow for examination into potential 

intraspecies variations. Importantly, the creation of woody reference samples offers 
anthracologists opportunities to coordinate with botanist and Traditional Owners in 
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hopes of better understanding the unique and diverse species of the area, including 

growth habits and ethnobotanical uses. Australia has a strong, living Indigenous 

culture with clear connections and understandings of the past and the environment, 

which are imperative to interpretations of the archaeobotanical record. 
 
 

On a general level, Acacia woods have been described as greatly variable in their 

density, with most commercial species showing moderate weight while a few can be 

very hard and heavy. Many species display a medium to dark brown heartwood with 
sharply demarcated sapwood. Likewise, figured grain patterns such as curl (or 

“ringed”) are commonly observed. Wood is most often diffuse porous, typically with 
medium to large pores. Many species of Acacia fluoresce under a black light, which 

can help to separate them from other lookalike genera (The Wood Database 2022). 

 
 

7.2.5 Naming and classifying the Australian Acacia flora 

As already noted, it is essential that species in any study be accurately named. Until 

relatively recently workers (especially non-botanists) have often found it difficu lt and 
daunting, to accurately apply names to Australian species of the very large genus 

Acacia (which currently contains 1070 species plus subspecies and varieties). 
Identification problems are often exacerbated by many species being morphologically 

variable and the critical characters that differentiate them may be difficult to interpret 

or be absent from the specimens examined. Today, however, there are several tools 
available that make the task of accurately naming species and accessing reliable 

information concerning them much easier. The simplest and most reliable way to 
identify Australian taxa of Acacia is to use the electronic WATTLE Key that is available 

at: https://apps.lucidcentral.org/wattle/text/intro/index.html. Information and images 

about the Acacia taxa are made available through WATTLE, and such data can also 
be accessed through the WorldWideWattle website (http://worldwidewattle.com/) or 

Flora of Australia Online (https://profiles.ala.org.au/opus/search). 
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Table 7.2 Acacia species included in this study. Species are arranged in three taxonomic sections 

(groups 1-3 in column 1); these groups correspond to three sections of  Acacia (listed in column 3 with 

their diagnostic features). Informal subgroups (A, B etc.) containing presumed closely-species are 

recognized within sections where possible. Horizontal lines in columns 2 & 3 represent morphological 

discontinuities between subgroups. 
 
 

Acacia group/ 
subgroups 

Reference taxon Sectional placement 

1 A Acacia synchronicia Phyllodineae: 
• phyllodes 1-veined 
• f lowers in round heads 

 B Acacia bivenosa 
 C Acacia inaequilatera 

Acacia pyrifolia 
 D Acacia tetragonophylla  
 E Acacia maitlandii  
 F Acacia pruinocarpa  

2 A Acacia incurvaneura 
Acacia caesaneura 
Acacia aptaneura 
Acacia minyura 
Acacia craspedocarpa 
Acacia ayersiana 

Juliflorae: 
• phyllodes multi-veined 
• f lowers in cylindrical 

spikes 

 B Acacia rhodophloia 
Acacia sibirica 

 

 C Acacia citrinoviridis  
 D Acacia eriopoda  
 E Acacia quadrimarginea  
 F Acacia coolgardiensis subsp. coolgardiensis  

3  Acacia coriacea Plurinerves 
• Phyllodes multi-veined 
• f lowers in round heads 

 
 
The process using species similarities and differences to place them within a 
hierarchical system which (hopefully) reflects their true relationships is called 

classification. As discussed by Maslin (2002) currently the most generally used 

classification of Acacia is that of Pedley (1978), which accommodates the Austral ian  
species in six sections, namely, sect. Alatae, Botrycephalae, sect. Phyllodineae, sect. 

Plurinerves, sect, Juliflorae and sect. Pulchellae. While this classification is a 
convenient way of grouping species of this enormous genus, it is an artificial scheme 

in that not all species included in the sections are necessarily closely related. A major 

reappraisal of this classification is needed to develop a phylogenetic classification that 
reflects the historical relationships between the species. In constructing such 
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classifications, taxonomists use data from a variety of sources, and there is no reason 

why wood anatomy should not be one of these. Insofar as the present paper is 

concerned, the Acacia species examined are accommodated in sect. Phyllodineae 

(seven species) which appears taxonomically distinct from the presumed closely 
related sect. Juliflorae (12 species) and Plurinerves (one species) (Table 7.2). These 

are the three largest sections of the genus, containing a total of 420 (Phyllodineae), 
292 (Juliflorae) and 234 (Plurinerves) species respectively, and it is regrettable that 

there is no effective infra-sectional classification for grouping related species. It is for 

this reason that we show informal infra-sectional groupings in Table 7.2. 
 
 
7.3 Aims 

 
There is some debate within Australian anthracological discourse as to the feasibili ty 
of identifying Acacia to species level using wood anatomy features (Carah, 2016; 

Whitau, 2018). This issue is addressed in the present paper by using a selection of 20 

authoritatively named Acacia species from the arid zone of Western Australia. Our 
principal aim is to document the wood anatomy of these species and to assess 

whether these features enable individual species to be identified, and whether the 
anatomical similarities and differences can contribute in any way to a better 

understanding the relationships between groups of Acacia species. Crucial to this 

study is showing the importance regarding the reference set be correctly named and 
be supported by voucher specimens (which enable future workers to check our 

identifications), and that the results of the wood anatomical research be preserved in  
a well-documented and appropriately preserved reference set. 

 
 
7.4 Methodology 

 
7.4.1 Creation of the anthracology reference collection 

Anthracology relies on the comparison of archaeological wood charcoal fragments to 

extant species wood specimens. Examination of the anatomy allows for the 

archaeological fragments to be compared to the reference samples leading to 
identification. As such, prior to the commencement of anthracological investigations 

involving Acacia, Byrne (as part of her undergraduate and doctoral research and other 
more recent collections associated to other projects) created a comparative reference 
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collection. To date, this collection includes 163 charcoal specimens which comprise of 

wood cuttings, photos, habitat information and GPS co-ordinates, leaves, seeds, fruits, 

and flowers are collected (when available) from plants associated with each collection 

site, to create voucher specimens that link the data. Ideally collections take place 
alongside Traditional Owners, who importantly share knowledge about the area’s 

vegetation communities (resource catchments) and traditional plant uses. The 
reference material therefore represents a range of species from multiple plant families 

and genera – sometimes with multiple samples of the same species. The specimen 

vouchers are imperative to any anthracological study because firstly, they assist 
botanist in naming the plants that were sampled; also, these vouchers provide a 

permanent, physical link to the names used in the study, and can be checked in future 
to verify that the correct names were assigned. 

 
 

 
Figure 7.2 map of North-western Australia showing IBRA regions (yellow) where reference 

collections took place: Carnarvon (CAR), Pilbara (PIL), Little Sandy Desert (LSD) and Murchison 

(MUR). Samples were taken at both archaeological sites (red points) and other relevant areas (blue 

points). 
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The Acacia species described below relate to charcoal reference collections created 

in relation to archaeological (anthracological) investigations. Firstly, Byrne’s honours 

thesis examined archaeological charcoal remains from the Weld Range (reference 
number prefix WR), near Cue in Murchison (Byrne et al., 2013; Taylor, 2012) (Figu re 

7.2, Table 7.3). The remaining reference materials discussed were created as part of 
Byrne’s doctoral research encompassing multiple archaeobotanical projects including 

at: Karnatukul in the Little Sandy Desert (Byrne et al., 2021) and both Boodie Cave 

and Bandicoot Bay as part of the Australian Research Council, Barrow Island 
Archaeology Project (Byrne et al., 2020; Veth et al., 2017). Reference materials were 

collected in locations surrounding the archaeological sites. This was done in attempt 
to reflect geological and floral affinities of each site, and therefore the area sampled 

for each study site varied, depending on various considerations. For example, 

reference materials aimed at reflecting the Barrow Island archaeological sites 
Bandicoot Bay (Byrne et al., 2020) and Boodie Cave (Veth et al., 2017) were collected 

on the island, the neighbouring Pilbara coastline, south to Exmouth and Cape Range; 
the mainland region adjacent to Barrow Island was sampled because it is geologically 

linked to the island and is likely more representative of the Islands past than its 

neighbouring mainland coastline. Site adjacent collections take place within less than 
5km radius of the site, as to represent a walking distance likely used by past people. 

Most importantly, reference collection sampling attempted to include as many different 
vegetation communities as possible (i.e., riparian, scree, flats). It is acknowledged the 

reference collection samples are a small representative portion only representing the 

most common woody species in each region, as such the need for further collections 
and explorations. 
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Table 7.3 Acacia species represented within this paper, listing collection details. Projects 

referred: Weld Range (WR), Karnatukul and BIAP (Barrow Island Archaeology Project). Regions refer 

to Beard (1975) and the Interim Biogeographic Regionalisation for Australia (IBRA) (DAWE, 2021b) . 

All collections were conducted as part of  Byrne’s PhD research. 
 
 

Species Reference 
number 

Project Beard  (1975),  IBRA  (2021) 
region 

Acacia aptaneura 113 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

 130 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia ayersiana 128 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia bivenosa 5 BIAP, Barrow Island Cape Range, Carnarvon 
 6 BIAP, Barrow Island Cape Range, Carnarvon 
 36 BIAP, Barrow Island Exmouth, Carnarvon 
 45 BIAP, Barrow Island Cape Range, Carnarvon 

Acacia caesaneura WR7 Weld Range, Cue Midwest, Murchison 

Acacia citrinoviridis 122 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia coolgardiensis subsp. 
coolgardiensis 

WR3 Weld Range, Cue Midwest, Murchison 

Acacia coriacea subsp. coriacea 3 BIAP, Barrow Island Cape Range, Carnarvon 
 9 BIAP, Barrow Island Cape Range, Carnarvon 
 10 BIAP, Barrow Island Cape Range, Carnarvon 

Acacia craspedocarpa WR14 Weld Range, Cue Midwest, Murchison 

Acacia eriopoda 123 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia inaequilatera 49 BIAP, Barrow Island Exmouth, Carnarvon 

Acacia incurvaneura WR1 Weld Range, Cue Midwest, Murchison 
 WR2 Weld Range, Cue Midwest, Murchison 

Acacia maitlandii 125 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia minyura 111 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia pruinocarpa 104 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia pyrifolia var. pyrifolia 21 BIAP, Barrow Island Cape Range, Carnarvon 
 22 BIAP, Barrow Island Cape Range, Carnarvon 

Acacia quadrimarginea WR5 Weld Range, Cue Midwest, Murchison 
 WR11 Weld Range, Cue Midwest, Murchison 

Acacia rhodophloia 120 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia sibirica 124 Karnatukul, 
Carnarvon Range 

Western  Desert,  Little  Sandy 
Desert 

Acacia synchronicia 55 BIAP, Barrow Island Burrup Peninsula, Pi bara 

Acacia tetragonophylla 2 BIAP, Barrow Island Cape Range, Carnarvon 
 WR2 Weld Range, Cue Midwest 
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Archaeological excavation at the archaeological sites allowed for the testing of 

anthracological analysis which incorporates the identification of recovered charcoal 

fragments, which is then analysed and compared to known floristic diversities and 

associated vegetation communities (see here for anthracology project application and 
results Byrne et al., 2020; Jo McDonald et al., 2018; Veth et al., 2017). The sites are 

highly diverse spatially (Figure 7.2: Weld Range, Katjarra, Barrow Island), 
archaeologically, methodologically, and floristically allowing for examination for the 

variables in methodology to account for this (Table 7.3). Species with multiple 

specimens allowed for the observation and description of variations in the anatomy, 
including through the use of other woody reference sources such as Hope (1998) and 

InsideWood (2004). Reference sample numbers refer to the UWA Archaeology 
laboratory charcoal reference collection records. 

 
 

Following the collection of samples, the wood was air dried for approximately 4 weeks, 

and then charred in a muffle furnace at 400°c (until smoke production ceased 
indicating completion of the carbonization process). Charring of the wood samples 

allows for examination into each species reaction to the carbonization process (Asouti , 

2006). Each charcoal sample was bagged, labelled, and stored within the 
archaeobotanical reference collection in the University of Western Australia’s 

Archaeology laboratory, along with associated collection sheets, photographs, and 
voucher specimens. 

 
 
 

7.4.2 Creation of the database 

All charcoal reference samples were split into the three anatomical planes (transverse 

(T), tangential longitudinal (TL), radial longitudinal (RL)) and mounted with tack on to 
glass slides for easy reference comparative observation. Features observed and 

described are based on discriminative features described by the International 
Association of Wood Anatomists (Wheeler et al., 1989). Observations were recorded 

in Byrne’s North-western Anthracology Database created as part of her candidature. 

Measurements of features were not included due to the taphonomic unpredictability of  
charring, as per anthracology disciplinary observations (Chabal, 1988 1992, 1999; 
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Kabukcu & Chabal, 2020; Thery-Parisot et al., 2008). Where possible both light 

microscope and SEM micrographs were included to show the variation of observable 

features. Whilst SEM photographs allow clarity for small features, it is light microscopy 

which is utilised most frequently by anthracologists for its greater accessibility and less 
time-consuming sample preparation. Likewise, an attempt was made to include 

descriptions or images of all three anatomical planes. Nevertheless, the principal focus 
is kept on the most important and discriminative features. 

 
 

The table below describes in the 20 Acacia samples represented within the reference 

collection and descriptive database, see appendices for detailed descriptions and 
micrographs. Some species are represented by multiple samples collected from 

different plant specimens (Table 7.3). The sample number corresponds to the project 

and/or sample reference number within the UWA anthracology reference collection. 
Sectional placements are listed at the bottom of each description in the appendices, 

with colour representing the main sectional placement groups and subgroups in Table 
7.4. 

 
 
7.5 Results 

 
While Acacia is certainly a ‘tricky’ genus, it does not simply result a concrete response 

for the genus being unidentifiable to species level. This complexity simply high l ights 
the need for more detailed investigation into the woody anatomy of this genus. The 

main aim of this paper is to document the wood anatomy of various Acacia species to 
examine similarities, differences, and variations between them, the beginning of much 

needed future examinations and documentation. Several features are shared by all 

species within the Acacia genus. Acacia porosity growth is semi-ring to diffuse porous, 
with no abrupt change in vessel size observable. Likewise, all vessels hold simple 

perforation plates. Vessel pitting is either simple, bordered or vestured although some 
outer vessel boarded pitting may also be surrounded by a polygonal honeycomb 

shape. 
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Maslin, a taxonomist specialising in Acacia, identified the voucher specimens relating 

to the reference material of this study (ensuring correct identifications assigned to the 

discussed reference samples). The 20 included species are assigned to three sections 

of Acacia (Table 7.2), namely, sect. Phyllodineae, (seven species; Group 1), sect. 
Juliflorae (12 species; Group 2) sect. Plurinerves (1 species; Group 3). Within the first 

two sections a few informal species groups containing presumed closely related 
species were recognized, namely, A. inaequilatera – A. pyrifolia (Group 1C), the A. 

rhodophloia – A. stowardii (Group 2B) and the large Mulga group comprising A. 

aptaneura, A. ayersiana, A. craspedocarpa, A. caesaneura, A. incurvaneura and A. 

minyura (Group 2A). This classification allows for assessment and comparison of 

shared wood anatomical features amongst species in this study. 
 
 
7.6 Discussion 

 
Acacia wood anatomy and the feasibility for species level identification 

Of the 20 Acacia species examined in this paper, no two species are anatomically 

identical, although some species are more difficult to differentiate between (Table 7.4), 
demonstrating that species level identification for Acacias is possible, at least within 

this sample set. Certainly, some wood features are prone to growth influences (for 
example, growth rings) or taphonomic effects (e.g., vitrification, cracking, vessel 

diameter), and therefore are less reliable for species level identification for 

anthracological application. As such, more conservative anatomical features (e.g., ray 
width, fibre, or vessel pitting) is utilised. That notwithstanding, it is the combination of 

multiple features for a given sample which lead to species level identification, 
sometimes very small differences between the species. Examples are given below. 

 
 
 
Thirty-one samples were examined for 20 species in this study, of which seven species 

were represented by more than one sample (Table 7.3). Importantly, samples of the 
same species all showed intraspecies consistency with little or no variation. Four of 

the species in this study had also previously been described by Hope (1998) and 
InsideWood (2004): A. coriacea, A. citronoviridis, A. pruinocarpa and A. 

tetragonophylla. Our descriptions reflect those of those previous studies, with little to 
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minor variations (usually expected features such as growth ring distinction) (Table 

7.5). This is enlightening in two ways. Firstly, it shows consistency in anatomical 

results from three studies involving samples originating from vastly different regions: 

Western Australia (this paper), Central Desert (Hope 1998), and InsideWood 
specimens from an unknown location (InsideWood, 2004) and which were described 

by different anthracologists or wood anatomists (for example, Ilic for InsideWood 2004, 
Hope 1998). Notwithstanding the above, a study by Whitau (2018), which included 

several Acacia species, including A. bivenosa which is in our study, concluded that 

species of this genus were so variable that it precluded wood attributes from identifying 
individual species. This conclusion may reflect either differences in the use of 

specialised descriptive features, variations were not present in the given samples or 
most likely misidentification of the specimen voucher material. 

 
 

Table 7.4 Comparison of differences observed between this paper and previously described 
references 

 

SPECIES DIFFERENCES IN OBSERVATION 
Previous description This paper 

Acacia coriacea 
Hope (1998):  

Rays uniseriate Uniseriate with rare biseriate 
 Whitau 2018: 

Vessel solitary shape angular Rounded 

 Fibre wall thick Fibre wall medium 
Acacia bivenosa opposite vessel pitting Alternate vessel pitting 

 height 6 to 17 Ray height 5 to 25 (rare 2) 
 Homogenous (procumbent) Heterogenous (mixed) 

Acacia citrinoviridis 
InsideWood (2004):  

Images only No differences observed 
 Hope (1998):  

 
Acacia pruinocarpa 

Banded or confluent 
parenchyma 

Vasicentric with confluent 
sections 

 Uni to biseriate Uni to 3 seriate 
 Rays 4+ cells high 3 to 15 cells high 
 Hope (1998):  

Acacia 
tetragonophylla 

Vessels rare Vessels not rare 

Banded parenchyma only Lozenge-aliform and banded (3+ 
cells) 
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7.6.1 Sectional and species-group classification in relation to Acacia wood anatomy 

Some wood anatomical characters do shed light on the relationships between the 

three sections of Acacia that are recognized above (Table 7.2) to accommodate the 
20 species included in this study. That being said, most of these characters are rather 

cryptic and they often do not uniquely characterize the sections in which they are 
found. Arguably, the most significant character is the absence of triseriate rays in  

species of sect. Juliflorae (Group 2), which possess only uniseriate or biseriate rays. 

Angular vessels occur only in sect. Phyllodineae (Group 1) although not in all species. 
In comparison only distinctly rounded vessels are present in sect. Juliflorae. 

Parenchyma arrangement is more diverse in the sect. Juliflorae (particularly subgroup 
2A Mulga discussed below). Vessel pitting is mostly vestured in species of sect. 

Phyllodineae, whereas vessels in species of sect. Juliflorae. Fibre pitting appears 

mixed in species of sect. Phyllodineae whereas species of sect. Juliflorae show only 
simple pits. It should be noted that sect. Plurinerves (Group 3) only contains one 

species in this sample set and is therefore not reviewed in detail. 
 
 
 
Whilst some species show considerable differences in their wood anatomy, others 
share many features that indicate a close relationship. An example of this is A. 

inaequilatera and A. pyrifolia, both with similar anatomy in terms of vessel clusters, 
axial parenchyma arrangements and vessel pitting (see Table 7.4 and Appendix J). 

Importantly, these two species are taxonomically closely related (Group 1C). Despite 

their similarities these species can be distinguished by the presence of bordered pitting 
and septate walls in fibres crossed with longer and rare multiseriate rays in A. pyrifolia 

versus shorter and strictly uniseriate rays and the peculiar changeable orientation of 
A. inaequilatera‘s vessels clusters (Table 7.4). A. rhodophloia and A. sibirica (Group 

2B) share some anatomical characters that indicate a close relationship, for example 

changeable vessel pitting shape, vasicentric parenchyma, simple pitting, and similar 
average ray sizes. However, these similarities are also sporadically shared amongst 

other species within the main Juliflorae group and thus are unlikely enough to indicate 
sure placement during anthracological identification. However, the Mulga subgroup 

(2A) show distinct shared features between the represented species. For instance, all  

samples show distinct radial clusters (although the group size varies in length) with 
distinctly round vessels. Parenchyma is the most variable within this group, each 
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species containing at least two different arrangements. Rays’ width is uniseriate in all 

species except A. minyura where rare biseriate rays are noted. Whilst not all 

subgroups show similar features, others do. Importantly, the shared features within 

the Mulga group (Group 2A) will prove to be an invaluable tool in Australian 
anthracological application given the dominance of Mulga within the vegetation today 

and in the past (Byrne et al., 2020; Byrne et al. 2018; Byrne et al., 2021; Byrne et al., 
2013; Dotte-Sarout & Byrne, 2013). 

 
 

Despite our small sample size, wood anatomy does show the trend that sect. 

Phyllodineae is somewhat distinct from the combined sect. Juliflorae and one sample 
represented in the sect. Plurinerves. This taxonomic arrangement of sections is 

congruent with certain morphological characters (especially phyllode venation) and is 

not inconsistent with some clades that are recognized in genetic studies (e.g., Murphy 
et al. 2010). Wood anatomy also informs and supports taxonomic relationships at the 

species-group level, e.g., the Mulga group (2A). Therefore, if expanded to include 
more species, this discipline has the potential to assist with the development of a 

much-needed, new classification of the Australian Acacia flora, and assisting in the 

identification of Acacia species in the archaeological charcoal deposits (at least to 
subsection placement groups). 

 
 
 

7.6.2 Taxonomic problems of variation and identification: the Mulga group 

The Mulga group is perhaps the most taxonomically complex group of Acacia within 

Australia. Until the turn of this century the name A. aneura was applied to a single, 

exceptionally variable, and widespread species, A. aneura. However, in connection 

with the new Flora of Australia, Pedley (2001) recognized 10 varieties within A. aneura, 
but a decade later Maslin and Reid (2012) revised the entire Mulga group (i.e., Acacia 

aneura and its close relatives) in Western Australia, and consequently, all but one of 
Pedley’s varieties (namely, A. aneura var. major that occurs in eastern Australia) were 

replaced by species names. The Mulga species (excluding variants and hybrids) 

recognized by Maslin and Reid included A. aneura, A. aptaneura, A. ayersiana, A. 

caesaneura, A. craspedocarpa, A. fuscaneura, A. incurvaneura, A. macraneura, A. 
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minyura, A. mulganeura, A. paraneura, and A. apteraneura. These 12 species now 

comprise the Mulga group, and the relationship between Pedley’s variety names and 

Maslin & Reid’s species names can be obtained from the WorldWideWattle website 

(www.worldwidewattle.com). It is these names that are most commonly used today; 
outside of Western Australia, the Maslin & Reid species names have, where possible, 

now been adopted. Undoubtedly Mulga group species are morphologically variable 
and the differences between species is often somewhat cryptic, thus the identification 

of these species can present challenges, especially for non-botanists. Therefore, to 

help ameliorate this problem, the interactive WATTLE identification key (available at 
https://apps.lucidcentral.org/wattle/text/intro/index.html) incorporates a subset of 

characters specifically designed to assist with the naming of Mulga group species (and 
some hybrids). As shown in Table 7.4, the Mulga group species included in the present 

study include A. aptaneura, A. ayersiana, A. caesaneura, A. craspedocarpa and A. 

minyura. As mentioned above, shared features can be observed amongst the Mulga 
group. 

 
 

In view of the above discussion regarding the taxonomic and nomenclatural changes 

involving A. aneura over the past two decades, much care needs to be taken with 
records of this species that appear in publications, databases or indeed, botanical 

identifications; this includes wood anatomy descriptions utilised in anthracology. This 
especially applies to records prior to 2001 because the name A. aneura may indicate 

that species (but not necessarily as currently defined), a different species from the 

Mulga group, or the group itself. Adding to this confusion, the term Mulga is commonly 
used to denote a vegetation type that is dominated by these species. However, typical 

Mulga communities will include more than one of the species listed above, commonly 
accompanied by Mulga close relatives such as A. ramulosa or A. brachystachya, as 

well as hybrids between at least some of the species. These mixed populations often 

form a perplexingly complex mosaic of mixed populations across the landscape, with  
adjacent populations often including different combinations of species and hybrids. 

There is still much to learn about the Mulga group, especially outside Western 
Australia where detailed taxonomic scrutiny of Mulga populations has not occurred, 

and where some new (undescribed) species are known to exist. Even the application 
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of the name A. aneura itself, which was based on a plant from South Australia, requires 

further study (see Maslin et al. 2012). 

 
 
These sorts of taxonomic and nomenclatural issues described above for Mulgas are 
not necessarily confined to this group, and as such have the potential to create 

significant negative impacts for many studies. In the case of wood reference 
collections, the names assigned to reference materials are linked to all archaeological 

identifications matching its compared anatomy. Anthracologists rely on the knowledge 

and documentation presented by botanists, and thus often draw upon a range of 
resources both new and old (this may include identification books, vegetation 

associations, or ethnobotanic knowledge). It may not always be possible to determine 
with certainty what species are meant when older records are based on A. aneura. 

However, for the future this problem can be overcome by the collection and 

preservation (preferably in a recognized Herbarium) of authoritatively named voucher 
specimens. Future workers can then consult these specimens to verify the basis upon 

with the study was based. The view expressed by Carah (2016) that Acacia species 
are unlikely suitable for species level identification for anthracological applications is 

quite possibly the result of classification changes, misidentification of specimens, 

and/or taxonomic confusion, rather than intra-species variability. 
 
 
7.7 Conclusion 

 
Acacia species grow in almost all ecosystems in every Australian state and territory 

(Cabinet, 2021; Simmons, 1981). As such, identifications to just genus level for 

anthracological analyses provide limited knowledge regarding the vegetative history 
of an archaeological site, including the diversity and frequency of identifications 

recorded. However, identifications to species level produce significantly improved 
outcomes for charcoal studies that aim to reconstruct paleoenvironments and to reflect 

precise vegetation communities exploited by past people throughout time. That being 

said, the differences between species are not always obvious both within the modern  
reference materials (voucher specimens) and the wood anatomy observed. As such , 

both require specialist knowledge. Taxonomists and botanists adapt in the region of 
study can accurately apply names to voucher specimens in reference materials. 
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Likewise, anthracology should only be undertaken by specialist archaeobotanists. 

Documented justification of the observed features for each identified fragments 

ensures transparency, especially with regard to difficult genus, such as Acacia. As 

explored in this paper, the correct identification of voucher specimens is imperative, 
and is best undertaken by botanists with appropriate knowledge of the group and/or 

study area. Being aware of taxonomic and nomenclatural issues – such as those we 
describe for the Mulga group (i.e., A. aneura and its allies), helps to ensure the validity 

of reference samples and subsequent archaeological identifications placed under 

these. Whilst variations of wood anatomy are plausible, the reference collection 
identification validity needs to be verified – this is especially important with the large 

and complex genus of Acacia. This underscores the need for associated voucher 
specimens (with careful specialist identification) and access to methodologies and 

accessibility to all aspects of reference materials (microscope photos, database 

descriptions, collection photos, voucher specimens and collection information). 
 
 

Whether it be wood charcoals, seeds, shells or faunal remains, all archaeological 

reference collections facilitate the identification of the material culture fragments 

recovered from archaeological sites. Most commonly, the remains are fragmented, 
pieces of a puzzle, clues reflecting the once intact. We are therefore, undoubtedly 

faced with error margins, and potentials for misidentification. Nevertheless, adhering 
to methodological standards, statistical analyses (Asouti, 2006; Dotte-Sarout et al., 

2015; Kabukcu & Chabal, 2020; Théry-Parisot, 1998 ; Thery-Parisot et al., 2010), 

comparisons to known vegetation communities and consultation with botanists, 
ensure validity to assigned archaeological identifications. 

 
 

It seems the driving factor of academic substance is often forgotten research seeks to 
understand an area where knowledge is incomplete or lacking. This is often impeded 

by a feeling of moral obligation to avoid error. The effrontery of admitting a void in 

understanding, often leads to strong statements that something is impossible or 
fraught with risk. This is clearly reflected in Australian anthracology, its slow 

development and intersection with limited wood anatomy knowledge for the continent’s 
unique species. The uncertainty of Acacia wood anatomy (suggesting intraspecies 
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variations and interspecies similarities) should not result in the concrete inapplicability 

of species level identification. The underlying concern in Australian anthracology of 

incorrect identifications in Acacia should not constrain the exploration of knowledge 

surrounding the wood anatomy of this (and other) ambiguous genus. Whilst such 
diffidence is understandable, transparency showing the observed features and 

justification of the assigned identification will allow for the healthy development of 
Australian wood anatomy. This is true for both research projects and consulting 

applications, as well as most importantly, in publications where reference descriptions 

can be shared, leading to a regional comparison of Acacia anatomy. Tools such as 
the use of confer (cf.) should be utilised in cases where levels of uncertainty exist. 

 
 

Documentation of the features observed leading to each charcoal fragments 

identification, and accessibility of the assigned species specimen vouchers is vitally 
important. Sharing of reference collection data (including voucher specimens) is 

imperative. Most importantly, voucher specimens for reference materials should, if 
possible, be identified and/or verified by botanists experienced with the taxonomic 

group under consideration and/or the geographic region of study – whether on site at 

the time of collection or subsequently in the laboratory. If such expertise is not 
available, creating and preserving voucher specimens and collection records for future 

verification is essential and easy to realise. Non-specialist identification (typically by 
the archaeologist or anthracologist without botanical training) may well lead to 

misidentifications, especially for large genera such as Acacia or Eucalyptus, although 

for both these genera electronic identification keys (WATTLE and Euclid respectively) 
are available and relatively easy to use at the LucidCentral website 

(www.lucidcentral.org). Incorrect identifications at the ecological (reference collection) 
level will negatively impact the archaeological wood charcoal identifications 

(incorrectly reflecting vegetation habitats and paleoenvironmental reconstructions). 

Likewise, understanding of Acacia wood anatomy, leading to speculation about 
intraspecies variations will be incorrectly correlated between correct and misidentified 

samples. Furthermore, the development of anthracology database systems containing 
information on wood anatomy for large numbers of species, as well as information on 

their variation and taxonomic relationships, will assist in the growth of the discipl ine. 

The uncertainties around classification and names (such as that discussed for the 
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Acacia aneura group) will be directly addressed and better understood, assisting in 

the creation of more robust reference collections, if they are based on correctly 

identified species. 

 
 

Anthracology has the potential to enlighten the histories of past peoples’ complex and 

changing relationship with the landscape throughout deep time. It is inconceivable to 

think of excavation taking place without resulting lithic or dating analyses. Despite this, 

charcoal - one of the most prominent artefacts/ecofacts within Australian 
archaeological sites - remains under-analysed. One of the main reasons for the slow 

growth of anthracology in Australia has been the lack of reference material, and 
hesitancy toward identifying the tricky Acacias. Through detailed examination of 20 

Acacia species wood anatomy, the potential for species level identification is possible, 

at least for the species examined within this study. Though sectional placement groups 
we explored their variations and similarities both between groups, subgroups and 

species hinting to promising results which may greatly assist in anthracological 
charcoal species level identification. Still, this study is simply a small measure, 

requiring a much larger sample size to better understand this important and complex 

genus, adding to a greater regional understanding of the importance of Wattle in 
Australia both past and present. 
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Discussion: Assessing Reali ty 

 
The past and present relationships that exist between people and plants, in the realms 
of food, medicine, toolmaking and fire are fundamental to human life. Whilst 

archaeobotany, including anthracology, has had a slow growth within Australian 

archaeology, its application has led to a better understanding of past people’s lifeways 
including the intimate insights about discrete collection activities and significant places 

within the landscape they visited. Through both literature review and local (and 
diverse) application, this thesis has verified the importance of this subdiscipline 

including application with Australian historical and deep time contexts, both within 

academic and consulting projects. This chapter will revise the main aims of this 
doctoral research, the observations relating to these aims within each chapter, and 

assess how each of the research aims has been fulfilled. 
 
 
8.1 Thesis aims 

 
The main objective of this thesis was to establish a systematic and precise contribution 

to the growth of anthracological applications in Australia, focusing on the arid and 
semi-arid North WA. This was undertaken by: 

5. better understanding the challenges that may have impeded its growth; 

6. testing how transferable international anthracology methodologies are to 

archaeological sites in Australia (i.e., the ‘dream’ or ideal advocated 
methodology vs. ‘reality’ of its local application); 

7. creating a set of detailed wood-charcoal reference materials; and 

8. exploring and documenting Northern WA woody plant species’ anatomy, 

particularly focusing on the ‘tricky’ Acacia genus. 

 
 

These economic and socio-cultural realms are examined within five diverse North 

West archaeological excavations: the two deep-time 50,000-year-old Aboriginal 
occupation sites of the Karnatukul (Western Desert) and Boodie Cave (which records 

Pleistocene to Holocene sea-level transitions on Barrow Island), the historic pearling 



181  

site at Bandicoot Bay (Barrow Island), and two inland Pilbara sites of Pleistocene age 

recovered within compliance (consulting) contexts. These arid zone sites were chosen 

to assess and implement anthracological applications in the contexts of very different 

archaeological approaches, recovery objectives and vegetation settings. The resulting 
data provide new interpretations about past environmental dynamics and human- 

plants interactions in Western Australia- specifically for the arid and semi-arid zones. 
This is important given that Australia is the most (inhabitable) arid continent in the 

world (Figure 8.1), with deserts constituting such a large proportion of the landmass 

(Figure 1.1). 
 
 

 
Figure 8.1: The world's drylands system (Assessment, 2005) 

 
 
 

8.2 Aim one: understanding the problems which have impeded anthracology’s 

growth in Australia 
 
Examination of relevant disciplinary literature reflects anthracology’s long and evolving 

international development, especially in Europe, and as applied to the Middle East and 

Mediterranean regions. Through consistent application, strong methodological and 
theoretical foundations have been established (Asouti, 2006; Asouti & Austin, 2005; 

Chabal, 1982 1988 1990 1991 1992; Chabal, 1997; Chabal, 1999; Chabal et al., 1999; 
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Chrzavzez et al., 2011; Dufraisse, 2012a; Henry et al., 2020; Kabukcu & Chabal, 2020; 

Théry-Parisot, 1998 ; Théry-Parisot, 2001; Thery-Parisot et al., 2010; Thery-Parisot et 

al., 2008). These foundations have resulted in valid representations of past 

environments and consistent methodologies leading to comparable local datasets with  
recognition of larger regional patterns (encompassing both climatic and mobility 

histories). 
 
 
The review of Australian anthracology outlined in Chapters 2 and 3, illustrated late, 

patchy and sometimes methodologically incoherent applications. Whilst founding 
studies demonstrate the potential of this discipline to archaeological investigation, they 

have not implemented international disciplinary approaches or standards (Dortch, 

2004; Frawley & O'Connor, 2010; Smith et al., 1995). This was to some extent a 
product of the low number of English publications available on the methods in the 

1980s and 1990s and lack of access to specialist training in Australia, two issues which 
are less prevalent today. 

 
 
Australian anthracology has shown steady progress during the last decade, however 

studies continue to use inconsistent methodologies, rely on small sample sizes, and 
have a general lack of discussion surrounding descriptions of reference material and 

necessary considerations of the unique Australian environment (Byrne et al., 2013; 
Carah, 2016; Dotte-Sarout et al., 2015; Hudson, 2013; King, 2015; King & Dotte- 

Sarout, 2019; Purssell, 2012 ; Taylor, 2012; Walsh, 2021; Whitau, 2018). The case- 

studies undertaken for this PhD research reflect similar challenges, and as such  the 
role of the thesis was to examine why these inconsistencies continue to resurface (aim 

1) and how they may be overcome (aims 2 and 4). 
 
 
Through a detailed literature review, Chapter 2 clearly defined international disciplinary 
standards so that these could be tested throughout the thesis (see discussion in 

following section). The first aim of this study was realised with the identification of the 
three main problems impacting consistent application in Australia today. These are: 
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4. Fieldwork traditions and sampling issues: methods which impede the correct 

application of best practice and methodologies, both for valid sampling and 

representation of vegetation or of the archaeological contexts (explored in 

Chapters 2, 3 and 6). 
5. Local botanical understanding and available information: Australian flora is 

highly unique and complex, with genetic and taxonomic classifications still 
being modified and defined. Specifically, the complexity lies in the high number 

of variations, and classification boundaries. This complexity is especial ly true 

for the most common genera throughout the continent: Eucalyptus and Acacia 

(Chapter 7). 

6. Complications and limitations surrounding the lack of appropriate reference 

materials: the lack of accessible reference collections means anthracological 

applications are often inefficient and costly. This is a result of reference 

collections needing to be created for each new application – a lengthy process. 
 
 
 
Having clearly defined the overarching issues impeding the growth of Australian 

anthracology, the following section will discuss these points in relation to the five case 
studies and discuss how these challenges were overcome. 

 
 
 
8.3 Aim two: testing how transferable international anthracology methodologies 
are to WA archaeological sites (i.e., the ‘dream’ or ideal advocated methodology 

vs. ‘reality’ of its local application) 
 
Henry et al. (2020) demonstrate how taphonomy-related questions are still relevant 
today given depositional, and post-depositional conditions vary between 

archaeological sites, periods, and vegetative contexts. Considering disciplinary 
standards developed internationally - in different cultures, landscapes, and 

archaeological settings in comparison to Australia - it might be asked: how readily 

transferable are these methods and theoretical premises to North WA arid zone sites? 
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The extensive literature review in Chapter 2 (specifically regarding the anthropogenic 

and taphonomic impacts on charcoal assemblages) led to a clear statement of the 

critical disciplinary standards required, which were then tested in WA archaeological 

contexts (see also Dotte-Sarout et al. (2015). The sampling strategies used are 
considered in relation to the five case studies. 

 
 
Context: short-term domestic deposits versus long term anthracological deposits 

 
The methodological and theoretical foundations regarding the differences between 

long-term (scattered) and short-term (condensed) deposits (Badal et al., 2012; Chabal, 
1999; Dufraisse, 2012a) were tested on 4 out of the 5 case studies presented within 

this thesis (no distinct hearth features were observed in the Boodie Cave site). As 
international standards predominantly reflect, the case studies generally resulted in a 

higher taxonomic diversity and more representative proportional frequencies of 

species (i.e. over representation of specific species) in the scattered remains 
compared to condensed combustion features identified as domestic daily-use hearths. 

None of the sites investigated here contained features identified as specialised earth- 
ovens that are typically re-used over long periods of time, and where it has been 

demonstrated that taxonomic composition can echo that of scattered deposits (i.e. 

Whitau et al. 2018; Walsh 2021). 
 
 
 
Analysis from the Pilbara WARE13/10 site reflected the expected patterns of short vs 

long-term deposits. The hearth yielded a lower taxonomic richness (8 species) in 
comparison to the scattered charcoal from the same occupation unit (12 species). This 

included three taxa that are not represented in the hearth (Table 8.1). Senna cf. 

glutinosa was only identified in the hearth feature and was absent from the scattered 
remains, where the proportion of A. cf. ayersiana is higher than in the scattered 

charcoal reflecting a greater proportion than in the scattered remains. This pattern may 
indicate that the last few collection trips undertaken by previous occupants of the site 

concentrated on a specific vegetation community, whereas the scattered charcoal 

reflects several collection trips by groups targeting multiple communities. 
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Table 8.1 Comparison of condensed vs. scattered deposits from WARE10/17 SU2. Bold 

indicates species which are unique to that deposit (i.e. absent f rom the corresponding deposit) 

(adapted f rom Byrne et al., 2018) 

 
FEATURE 1 

  
XU5 (SU2) SCATTERED 

 

TAXA COUNT 
 

TAXA COUNT 

MYRTACEAE unknown 3 20 
 

MYRTACEAE unknown 3 91 

Acacia cf ayersiana 19 
 

Acacia cf. aneura 30 

Unknown 2 Acacia sp 13 
 

Unknown 4 Acacia sp. 21 

Senna cf glutinosa 7  Acacia cf. ayersiana 17 

Acacia cf. kempeana 4  Acacia sp. 16 

Acacia cf. aneura 3  Unknown 5 9 

Acacia sp. 2 
 

Acacia cf. coriacea 6 

Unknown 4 Acacia sp. 2 
 

Acacia cf. kempeana 5 

TOTAL 70 
 

Acacia cf. minyura 2 
   Acacia cf. bivenosa 1 
   Unknown 1 Acacia sp. 1 
   

Unknown 2 Acacia sp. 1 
   

TOTAL 200 
 
 

Table 8.2 Comparison of condensed vs. scattered deposits from PAD10/17 Pilbara site. Bold 

indicates species which are unique to that deposit. 
 
 

 
ASSEMBLAGE 2 

   
ASSEMBLAGE 1 

 

XU11.1 E - Hearth # frags. 
 

XU11/12 SQE/F SCATTERED # frags. 
 

Acacia sp. 1 cf. catelunata 
 

20 
  

Acacia sp.1 cf. catelunata 
 

96 
 

Acacia catelunata 
 

9 
  

Acacia cf. aneura 
 

48 
 

Acacia cf. catelunata 
 

8 
  

Acacia aneura 
 

35 
 

Acacia cf. aneura 
 

7 
  

Acacia catelunata 
 

26 
 

Acacia aneura 
 

6 
  

Acacia cf. synchronicia 
 

11 
 

TOTAL 
 

50 
  

Acacia cf rhodophloia 
 

10 
    

Acacia cf. xiphophylla 
 

9 
    

Acacia cf. catelunata 
 

8 
    

Acacia cf. citrinoviridis 
 

8 
    

Acacia synchronicia 
 

4 
    

MYRTACEAE cf. Eucalyptus sp. 
 

4 
    

TOTAL 
 

259 
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Table 8.3 Comparison of condensed vs. scattered deposits from Bandicoot Bay. Bold indicates 

species which are unique to the deposit. 

 
 
 
 
 

SPECIES 
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Acacia cf. coriacea 43 35 42 14 21 16 26 197 
Acacia sp. 8 7 11 28 11 23 19 107 

Acacia cf. bivenosa 12 4 4 2 11 8 4 45 
cf. Stylobasium spathulatum 7 25   2   34 
Acacia cf. synchronicia 6  4  4   14 

Unknown 5 9 3 1     13 
Alectryon oleifolius 1 9      10 
Unknown 8   10     10 

Unknown 6 (Acacia sp.) 3 6      9 

Avicennia marina 4 3  1    8 
cf. MYRTACEAE Eucalyptus sp.   8     8 
Pittosporum phillyreoides 3 3 2     8 

Unknown 7  1 6     7 
Unknown 9 (Monocotyledon)   5     5 

Acacia cf. pyrifolia 4       4 

cf. Melaleuca cardiophylla   4     4 
Unknown 1 (Gymnosperm PINACEAE Pinus sp.)   3  1   4 

Acacia cf. tetragonophylla      3  3 

cf. Senna glutinosa  3      3 
cf. Myoporum montanum    2    2 

Unknown 4    2    2 
Erythrina vespertilio  1      1 
Unknown 2       1 1 

Unknown 3    1    1 
TOTAL frag. identified per SQ 100 100 100 50 50 50 50 500 

 
 
 
The Bandicoot Bay excavation was plotted into 400 square metre quadrats, allowing 

for high resolution spatial analysis of identified remains. Interestingly, 
Avicennia marina (White Mangrove), Stylobasium spathulatum (Pebble Bush) and 

Unidentified 6 Acacia sp. were found in both the hearth (J8) and Refuse Area 1 
(J10/K10) of the larger habitation complex. The scarcity of these species elsewhere 

shows the contextual differences between short term condensed features and longer 

term scattered charcoal fragments, as well as a ‘middle’ term representation in the 
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refuse areas (i.e. a combination of few, yet specific, firing events representative of 

hearth cleaning). The latter shows more firing events than the hearth (likely 

representing several hearth cleaning episodes) yet is still somewhat consolidated in 

comparison to the longer-term scattered areas. This is shown through less 
proportional frequencies in the more condensed hearth and refuse areas. Through 

spatial analysis, this study highlights that charcoal densities are not only represented 
through hearth/oven features but also other collection events such as hearth cleaning. 

 
 
 
Interestingly, the Karnatukul hearth feature preserved a taxonomic diversity almost 

equivalent to that of the corresponding scattered deposit, with even one additional 
species recorded (Table 8.4). Importantly, the feature reflects secondary taxa at higher 

frequencies. Callitris columellaris and Acacia sp. were the highest ranked taxa within  

the hearth deposit, with six non-Acacia species recorded, of which four are not 
represented in the associated longer term (scattered) remains. Relative frequencies 

of species are more aligned with ecological proportions in the scattered remains, with  
only the A. aptaneura representing a high frequency (and this is somewhat 

proportionally representative of the areas vegetation). Like the studies above, this 

shows the difference between short-term domestic features recording discrete 
fuelwood collection trips, and scattered deposits that represent a palimpsest of longer- 

term occupation thereby better encapsulating paleoenvironmental taxonomic 
composition. 

 
 
 
Due to the differences in the number of fragments identified at each site, and between  

hearth vs. scattered samples, the average number of taxa allows for more equal 
comparison (Table 8.5). Due to time constraints, not all deposits reached a valid index 

or accumulation curve, as discussed in the relevant chapters. Nonetheless, it is 
encouraging to see these Australian applications reflect similar relationships 

commonly echoed in international applications (regarding domestic short-term use in  

comparison to scattered charcoal fragments with a wider diversity of species). Other 
Australian anthracology applications have revealed similar patterns, such as 

presented in Whitau (2018) with an additional taxa groups represented in the 
dispersed charcoal, with more comparable  proportions  in comparison to the 
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condensed feature fragments. Earth oven features specifically appear to record h igh  

taxonomic diversity due to re-use and preservation of charcoal fragments from 

previous fire events (i.e., from incomplete combustion) (Ribeny et al., 2021; Walsh, 

2021; Whitau, Vannieuwenhuyse, et al., 2018), a phenomenon requiring more 
examination within Australian contexts. 

 
 

Table 8.4 Comparison of condensed vs. scattered deposits from Karnatukul. Bold indicates 

species which are unique to that deposit. 

 
 

FEATURE 1 
# 

frags. 
  

LAST MIL. SCATTERED 
# 

frags. 

CUPRESSACEAE Callitris columellaris 59  FABACEAE Acacia cf. aptaneura 65 

FABACEAE Acacia sp. 50  CUPRESSACEAE Callitris columellaris 22 

FABACEAE Acacia cf. aptaneura 36  FABACEAE Acacia cf. minyura 17 

FABACEAE Acacia cf. ayersiana 18  UNIDENTIFIED 5 (FABACEAE Acacia sp.) 17 
 

UNIDENTIFIED 5 (FABACEAE Acacia sp.) 
 

14 
 UNIDENTIFIED 8 (cf. MYTRACEAE 

Eucalyptus sp.) 
 

16 

UNIDENTIFIED 2 (FABACEAE Acacia sp.) 5  FABACEAE Acacia cf. ayersiana 13 

FABACEAE Acacia cf. adsurgens 4  UNIDENTIFIED 16 (FABACEAE Acacia sp.) 11 

FABACEAE Acacia cf. minyura 2  UNIDENTIFIED 17 (FABACEAE Acacia sp.) 11 

FABACEAE Acacia cf. pruinocarpa 2  FABACEAE Acacia cf. citrinoviridis 6 

MORACEAE Ficus sp. (?virens) 2  MORACEAE Ficus sp. (?virens) 6 

UNIDENTIFIED 3 2  FABACEAE Acacia cf. eriopoda 5 

UNIDENTIFIED 4 (cf. FABACEAE Acacia sp.) 2  FABACEAE Acacia cf. kempana 4 

UNIDENTIFIED 1 FABACEAE Acacia sp. 1  FABACEAE Acacia cf. tetragonophylla 3 

SANTALACEAE Santalum lanceolatum 1  FABACEAE Acacia cf. adsurgens 2 
UNIDENTIFIED 18 (cf. 
AMARA NT H ACEAE Ptilotus) 

 
1 

  
FABACEAE Acacia cf. maitlandii 

 
2 

UNIDENTIFIED 6 1  TOTAL 200 

TOTAL 200    

 
 
Perhaps more striking is the continued trend of condensed features representing a 

higher richness of secondary (or less common) taxa than corresponding scattered 
deposits. This is seen distinctly at Karnatukul (Chapter 4) and the West Angeles site 

(Chapter 6). In these sites scattered fragments generally represent a better general 
image of taxa proportions in past environments, whilst condensed features will capture 

intimate collection localities and specific burning events, hence providing an 

opportunity to record the presence of rare taxa. This pattern should be taken into 
consideration as knowledge of different types of condensed deposits grows in 

Australia (Walsh, 2021; Whitau, Vannieuwenhuyse, et al., 2018); acknowledging that 
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no one site will be the same as another (Henry et al., 2020). The excavation, recovery, 

sampling and recording techniques that allow for a distinction between scattered and 

hearth feature are imperative, allowing for an understanding of past people’s mobility 

and collection patterns, as well as palaeoenvironments, both at the local and regional 
levels. Distinctions between hearth features and scattered remains have shown the 

various insights anthracology can bring to archaeological study. Specifically, intimate 
moments are recorded in time-specific collection activities and movements can be 

traced through the landscape. Importantly, these hearth records can only be 

recognised as such if compared against long term (scattered) deposits. As such, the 
different contexts containing wood charcoal are complementary and need to be 

collected and analysed in concurrence. 
 
 
Context: sampling 

 
Potentially the biggest hurdle for methodological transferability involves basic 
archaeological approaches. Specifically, Australia’s widespread use of arbitrary 

excavation units, (represented as either as excavation tools or analytical components) 
(Ward, Veth, et al., 2017; Ward et al., 2016). These do not always reconcile with the 

actual stratigraphy and can represent reconstructive challenges. Stratigraphic 

contexts (living floors, features, sedimentary events, etc.) reflect original depositional 
events that contain artefacts and ecofacts based on past environments and human 

behaviour. The identification of stratigraphic changes in a site is a challenge for 
Australian archaeology, particularly in North WA where stratigraphy is often 

homogenous, accumulating over deep time periods and with long hiatuses (O'Connor 

et al., 1999 ; Vannieuwenhuyse, 2016; Veth et al., 2017 ; Ward, Winter, et al., 2017). 
Nevertheless, while arbitrary excavation units (excavation or analytical units) are 

sometimes appropriate, ideal excavation methods should be focused on the recovery, 
sampling, and interpretation of archaeological remains by stratigraphic context. 

Synthetic units may potentially truncate through uneven stratigraphic units and 

archaeological contexts (see discussion below). Where these can be discerned in the 
field SUs have the potential to record the original event of deposition and accurately 

represent specific past climatic histories, human actions, vegetation communities, 
diversities, and frequencies. 
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This issue can be overcome with the implementation of specialist geoarchaeological 

analysis, ideally on-site during excavation (Whitau, 2018). Archaeological and 

anthracological sampling was developed in collaboration with geoarchaeologists at 

both the Karnatukul and Boodie Cave sites allowing for the management of difficult 
stratigraphy and the correlation between the synthetic units and their accurate 

association to the original depositional periods. 
 
 
Whilst vertical stratigraphy was not as imperative at the Bandicoot Bay historic site 

(where the archaeological deposit was largely synchronous, and its soft beach sand- 
dune sediment would not have allowed for such), the project was implemented with a 

spatial awareness which revealed significant insights into the past use of the site, 

specific areas of use and moments in time. Larger spatial excavation is less common 
in Australian archaeological excavation applications, especially at indigenous pre- 

colonial sites. The remoteness of many significant arid and semi-arid sites in Australia 
makes larger grid excavations difficult, requiring additional resources and personnel 

for both the physical excavation, sorting and transportation. This is made even more 

difficult when also considering water accessibility for processing organics. There is 
also a cultural aspect to consider. With a larger scale excavation, comes a larger area 

of destruction. Strict regulations exist concerning the authorisation of areas to be 
excavated/destroyed. 

 
 
Consultancy mitigation projects differ from the research projects in that arbitrary XUs 

were not necessarily linked to depositional units. As such some stratigraphic 
boundaries may have gone undetected. Indeed cross-boundaries between XUs and 

SUs could sometimes clearly be identified in post-excavations stratigraphic profiles 
and XU depths. Multidisciplinary approaches with geoarchaeologists should be 

standard practice during Australian archaeological investigation, but this is especially 

true at North WA sites where the sediment is most often (superficially) homogenous. 
Correct, detailed documentation of the stratigraphic changes within a deposit not only 

contributes to valid archaeological contexts but ensures understanding of site 
formation processes, taphonomic biases and ensures detailed documentation 
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between specialist interpretations for overall site analyses (for example, the correlation 

between archaeobotanics, lithic and faunal assemblages). 

 
 

Due to the taphonomic issues present in Boodie Cave, identifications did not 

necessarily align with known vegetation communities, nor with the chronometric 
analyses of climate phases and sea-level distances from site. Geoarchaeological 

analysis of square C111 suggested it should not be relied on for anthracological 

identifications, rather the focus was on the four other deeper and high integrity 
excavation squares from Boodie Cave, as discussed in Chapters 2 and Chapter 6. 

The presence of the candidate in the field supervising the anthracological recoveries 
at Boodie Cave allowed for better control in the recoveries from the excavation, 

flotation, and subsequent analytical phases. 

 
 
In contrast, anthracologists are rarely consulted during the planning and excavation 
phases of many Australian archaeological studies. Most often anthracological analysis 

is considered after excavation has taken place, and usually because 1) a significant 
amount of charcoal is recovered, and/or 2) there is a lack of other mainstream 

artefacts. As shown in Table 8.6, only two of the five case studies had an 

anthracologist on site during excavation. The PAD10/17 project did employ an 
anthracologist during the initial phase of the project however this was focused on the 

creation of a reference collection, not on the excavation and sampling methodologies. 
Prior consultation with an anthracologist ensures that the excavation team are made 

aware of the importance of stratigraphic units/archaeological features over XUs, the 

utilisation of both large and small sieve fraction sizes and capturing features separately 
to scattered charcoal remains. Excavation doesn’t always go according to plan, thus 

having an anthracologist on site ensures adaptations can still be suggested to ensure 
paleoenvironmental representativeness is achieved and that taphonomic issues are 

addressed. An example of this was Boodie Cave, where in the first season some initial 
dry sieving was seen to cause damage to the charcoal remains due to the damp clay- 

like sediment. Consultation between archaeological specialists (lithic, faunal and 

charcoal) resulted in the adaption of wet sieving early on in the excavation process. 
Likewise, a large water drum was transported to Karnatukul, however it proved difficult 
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to secure water access directly at the site. As such, all 2 mm was collected in bulk, 

and floated back at camp where better water access was available via a local rain 

tank. 

 
 

Table 8.6 Summary of site recovery methods 
 

Site Recovery type Fraction Anthracologist 
on site 

Karnatukul Dry sieve 
Floatation of 2 mm 

2 mm 
6 mm 

Yes 

Bandicoot Bay Dry sieving 2 mm 
4 mm 

No 

Boodie Cave Wet sieving 2 mm 
4 mm 

Yes 

PAD 10/17 Dry sieving 2.4 
4 mm 

No 

WARE 13/10 Flotation 4 mm 
1.7 mm 

No 

 
 
 

Another issue with the use of synthetic XUs is the levelling of randomness within the 
natural charcoal assemblage being identified. That is, the identification of fragmen ts 

in the numerical order of the synthetic XU. Best methodological practises call for the 
random sampling of fragments from the entirety of the depositional event (SU). Grab 

sampling from the synthetic unit’s numerical order can skew the randomness over the 

actual SU or deposit analysed. This adversely impacts the accumulation curve, 
essentially making it redundant: the accumulation curve plots the randomness of new 

taxa represented to the number of fragments identified within the SU. An example can  
be seen from review of the consulting BHP PAD10/17 analysis where a cluster of new 

taxa is apparent with the transition to a new XU (despite being a part of the same SU) 

(Figure 6.11). Therefore, not all fragments from each of the SU’s synthetic units can 
be combined, because boundaries may shift from one XU to another SU, independent 

of anthracological oversight. Also, as was observed in this example, the transition 
along the same unit between different squares can have less of an impact on the 

accumulation curve than a minor vertical change between excavation units. 
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Working in liaison with UWA’s statistics clinic, it was recognised the best way of 

randomising a stratigraphic units’ fragments (whilst documenting the correlating XU) 

was by assigning the identification a random number in excel (formula =RAND) and 

then sorting the identifications based on this assigned number. This leads to a more 
representative accumulation curve. This process was utilised in the Boodie Cave and 

Karnatukul sites, in comparison to the distinct changes represented in the consulting 
project sites, WARE13/10 and PAD10/17. 

 
 
 
The isolation of many North WA sites can present significant logistical issues including 
water accessibility. Likewise, the significance of certain sites (both culturally and/or 

ecologically) can pose issues for water and sludge mess (for example, Boodie Cave 

on Barrow Island, located within an A-Class Nature Reserve). Consequently, for NW 
environments where wet sieving or flotation is not possible, dry sieving with both small  

(i.e., 2mm) and large (4 or 5mm) mesh size is best, especially in sandy and dry 
environments. While the sorting of the larger sieve fractions can be easily done on site 

(as it poses less issues of bias since the pieces are already large and distinct), the 

2mm fraction should be collected in bulk, dry sieved or floated and sorted back at 
camp or in the laboratory to ensure smaller fraction charcoals are not missed or 

selectively chosen. This also saves time on site and ensures efficient excavation 
timing and collection. This method was used at Karnatukul and worked efficiently for 

the team. 

 
 
 

8.3.1 Fragment size 

Disciplinary standards show that the charcoal assemblage should contain various 

sizes of fragments (due to the LoF and the observation that rare taxa are mainly 

represented in small fragments < 4mm, see Chapter 2). This enhances the taxonomic 
representativeness of the assemblage, which is important for paleoenvironmental 

reconstruction. It is known that hand-picking during excavation should be avoided to 
eliminate bias toward larger size fragments, thus recovery preference is by flotation or 

wet/dry sieving using a range of mesh sizes down to 2 mm. 
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influences upon an assemblage. Likewise, it emphasises the need for consistent 

recording and archaeological methods, as well as the importance of having an 

anthracologist involved in the project from initial planning, during the excavation  and 

through to analysis. 
 
 

8.3.2 Sample size and validity 

Disciplinary standards for sample size (for temperate and arid regions) ideally require 

between 200 – 500 fragments per stratigraphic unit or context (with considerations for 
local biodiversity) (Chabal et al., 1999; Keepax, 1988; Puech et al., 2021; Scheel- 

Ybert, 2002a). A total of 2,595 fragments were identified during this thesis. Larger 

sample sizes would have been ideal (specifically for sites which returned external 
range indexes). New applications require a significant amount of the project time to 

be focused on the creation and description of valid local reference collection. Time 
constraints are also aggravated by sampling and excavation practices producing small 

assemblages. Compliance projects are tightly constrained by budget and time issues, 

often hastily applied prior to the site being destroyed for mining or industry projects. 
The significant gap in knowledge around Australian woody species anatomy requires 

more analysis time, especially the trickier genus such as Eucalyptus and Acacia 

(Chapter 7). 

 
 

The creation of a detailed reference collection and database greatly assists in the 

efficiency of archaeological charcoal identifications. Quarriable databases allow for 

specific features to be searched, resulting in a reduced list of species and thus 
minimising the number of taxa that need to be physically withdrawn for comparison. 

As detailed in Chapter 3, the creation of databases is timely, with elements (such as 
travel) also presenting financial considerations. The necessary creation of a detai led 

and relevant collection, and the compilation of a wood atlas, took up a significant 

portion of time in this doctorate research (Table 8.8). Whilst this aided in making 
individual identification more efficient, it was a time-consuming task at the front-end of 

the project which ultimately reduced the time left for subsequent identifications. 
Likewise, issues surrounding the lack of knowledge about diverse Australian taxa such 

as  Acacia  and  Eucalypt  required  further  observations  and  multidisciplinary 
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investigation. It is hoped that the work undertaken through this thesis on these specific 

aspects will provide legacy resources and help future works to efficiently apply 

anthracology in the region more broadly 

 
 
The uncertainty surrounding difficult genus, such as the Acacia and Eucalyptus, 

required additional and complex observations and explorations for each fragment. The 

efficiency of identification will undoubtedly improve as reference materials, anatomic 
descriptions and knowledge surrounding these taxa grow, as outlined in the third and 

fourth aim of this thesis and discussed below. 
 
 

Identified sample size is influenced by two main factors, the first of which is 

preservation. Whilst most of the case studies presented in this thesis produced a 

sufficient sample size, Boodie Cave’s preservation of charcoal was unexpectedly poor, 
and thus led to inefficient particle numbers for valid representation. Just as 

identification justification (description of anatomical features observed) should be 

recorded for transparency, so should a preservation code (Appendix K). By this, a 
simple number is assigned alongside the identification which shows how well 

preserved the fragment was, thus ensuring transparency in the surety of its 
identification (how well observable or distinct the features were). This was used in al l  

case studies of this thesis, except for the earlier consulting projects which were 

discussed in Chapter 6. Similarly, the number of unidentifiable fragments should also 
be recorded, representing the percentage of poorly preserved/unidentifiable fragments 

in the overall sample (Table 8.9). These recorded observations can be seen in 
Appendix K which list the identification sheets from Kartnatukul, Boodie Cave, 

Bandicoot Bay and the consulting projects. 
 
 
The second major influence on sample size is time. As discussed, above, this was 

especially true for the consulting projects (PAD10/17 and WARE13/10) as analytical 

hours were significantly limited by comparison to the larger research projects (such as 
Karnatukul, Bandicoot Bay and Boodie Cave). The largest hurdle in this thesis was 

differentiating between minor anatomical features to confirm correct identifications to 
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species level, for example in the case of the Acacia identifications (Chapter 7). As 

experience and detailed documentation grew, identification speed increased greatly. 
 

Table 8.8 approximated time spent per task. Time and costs associated to main archaeological 

project logistics is not included (for example car hire and archaeological excavation consumables). 

 
 

Task 

 

Estimated time spent 
Total 
estimated 
time (hr) 

 

Other 

Priority taxa list 5 hours (per fieldtrip) 25  

 
 

Licensing 

 
1-hour per form 

 
 

4 

Scientific or Other Prescribed 
purposes licence = $120 per 
annum per person 

2-hour contact time for written Landowner 
permission (council, private or mining 
tenant) average wait time 2 weeks. 

 
Regulation 4 licence 

 
Travel to site 

Katjarra: 12-hour drive (each away)  
28 

 
Perth to Barrow Island: 1hr 50min (each 
way) 
Perth to Exmouth: 1hr 50min 

 
Travel on site 

Katjarra: 8 hours return  
23 

 
Exmouth to Karratha: 7hrs 
Barrow Island: 8-hrs 

 
 

Plant sampling 

 
 

30 minutes per sample 

 
 

64 

Includes walking the landscape, 
cutting plant materials for vouchers, 
sawing wood, photographing, GPS, 
ethnobotanic interviews and 
documentation. 

IEK interviews and 
research 90 minutes per sample 192 Indigenous consultation fees may 

need consideration. 

Voucher specimen 
preparation 

 
30 mins per sample 

 
64 

Pressing plant sample including 
multiple paper changes, sewing to 
card, labelling, filing. 

 
 

Voucher specimen 
identification 

  
 
 

4 weeks 

Botanist on site or via specimen 
through WA herbarium 
identification services ($25 per 
sample) 

Further specialist taxonomist 
identification required for some 
samples (e.g Acacia species) 

Charring Approx 60 min per sample (3-4 samples fit 
in furnace at once) 38  

Sample preparation 30min per sample 64 Bagging, sectioning, slide 
preparation 

Creation of database 1 week 168 Creation of database in filemaker 
pro 

Database 
descriptions 

 
90 mins per sample 

 
192 

Includes ongoing observations. 
Observation of anatomical features 
based on IAWA 

 
Microscopy 

 
60 mins per sample 

 
128 

Includes ongoing imagery of 
microscopes. Includes both light 
microscope and SEM (preparation, 
coating, imaging, editing) 

 

Collections 
management 

 
 

Ongoing 

 
 

Ongoing 

Ongoing maintenance of bags and 
vial preservation, pest control of 
voucher specimens, updating 
database descriptions with new 
observations and comparisons of 
duplicate taxon 

Total working hours (excluding wait periods) 990 
Total days (rounded) 41.5 
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Table 8.9 Comparison of preservation and unidentified fragments at each site 
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Karnatukul 1016 33 71 945 
Bandicoot Bay 500 34 43 457 

 
 

Boodie Cave 

 
 

366 

83 
(plus whole units 
and squares 
identified as too 
poor for 
identification) 

 
 

19 

 
 

347 

WARE 13/10 250 18 100 150 
PAD 10/17 368 Not recorded 0 368 

 
 
Statistical analysis 

 
Disciplinary standards call for the use of two statistical tools when undertaking 

paleoenvironmental reconstruction. The first, is the accumulation curve (saturation or 
species/area curve) which plots the number of identified fragments against the number 

of taxa observed. This ensures that the identified assemblage is representative of the 
taxonomic richness of the deposit. Indexes from various climate zones are 

documented, with the establishment of indexes for given regions through application 

of anthracological analyses. However, as the discipline is still emerging in Australia, 
the best index ranges for Australian contexts, are still yet to be clearly defined. 

 
 

Anthracological analysis from Madjedbebe in Arnhem Land (Carah, 2016), shows 

stabilisation of the curve at approximately 200 identifications with few or no new 
species appearing after this point. The Kimberley Holocene assemblages presented 

by Whitau (2018) reflect stabilisation at around 150 identifications. Likewise, similar 
results were obtained from Walanjiwurru in the Gulf of Carpentaria Walsh (2021), with  

stabilisation being reached in all assemblages at an average of 150 fragments. 
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Stabilisation rates reflected in this thesis vary. Karnatukul shows stabilisation of the 

accumulation curve at a mean of 114 identifications (Table 8.10). The historic site of 

Bandicoot Bay revealed a higher stabilisation rate of 160, although it should be 

considered that two non-local species were identified within this assemblage as well  
as representing a highly changeable island environment, thus impacting the local 

statistical value. Whilst the Boodie Cave analysis generally revealed counts too small  
for statistical analyses, SU3 resulted in over 200 identifiable fragments. Stabilisation 

of the accumulation curve was reached at 150 identifications. SU2 from PAD10/17 

stabilised at 209 fragments, however this curve also shows a clear example of the use 
of synthetic XUs within the SU. This emphasises the importance in Australian contexts 

where XU boundaries can be arbitrary, of randomising identifications of the synthetic 
units to better represent cultural depositional events (discussed in Chapter 2, 3, 6). 

Condensed assemblage identifications were minimal with an average of 50 fragments 

identified; however, a clear plateau was reached at 9 identifications reflecting the lower 
species richness typical of these types of deposits. This simple but effective tool was 

utilised and clearly shows effective transferability. When the results of this thesis are 
combined with other Australian anthracology projects we uniquely will see the 

emergence of indices and stabilisation trends more appropriate to Australian contexts. 
 
 

If comparing stabilisation in Australian projects (which utilised these statistical tools), 

similar ranges are reflected to those discussed within this thesis (Table 8.10). Most 

projects located in the arid to semi-arid zones show stabilisation of the accumulation 
curve before 200 identifications, meaning the 200 minimum identification rule is 

suitable to more arid Australian applications. As expected, higher counts are required 

for sub-tropical and tropical areas due to the higher species richness represented in 
these types of environments. 

 
 

The lack of knowledge surrounding Australian wood anatomy - particularly the more 

difficult genus such as Acacia and Eucalyptus – has greatly impacted true reflection 
rates of both Gini-Lorenz indices and the accumulation curve plateau count. Many of 

the studies have grouped a range of species into one genus-level identification, whilst 

individually listing other species from a variety of genus. This greatly impacts the 
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accumulation curve as counts for various species or ‘types’ are not accounted for. This 

observation is particularly relevant for the difficult Acacia and Eucalyptus species in 

Australia, making up such a vast percentage of the vegetation richness, as discussed 

in more length below (section 8.71) Importantly, even when a specific species cannot 
be assigned, efforts should be made to account for various ‘types’ having shared 

features. This will still allow for the validity of ratios for the number of identified 
fragments to taxa represented. 

 
 
The second tool is the Gini Lorenz curve which permits observation of the pareto index, 

allowing comparisons with ecological references (Chapter 2). The known reference 
indexes are: 80:20 (i.e. 20% of the taxa are represented in 80% of the fragments or 

plants present) for (European) temperate regions and between 70:30 and 75:25 in 
tropical regions but also in other diverse environments such as African and more 

recent patterns for Australian environments, as will now be discussed (Chabal, 1997; 

Chabal, 1999; Dotte-Sarout et al., 2015; King & Dotte-Sarout, 2019; Puech et al., 
2021; Scheel-Ybert, 2002a; Whitau, 2018). Highly arid regions are less often 

observed, with very few applications of anthracology applied to true desert 
environments, and with little discussion surrounding the obtained index (Neumann, 

1989). 
 
 

Karnatukul resulted in four assemblages with varying indexes. The Pleistocene Unit 

(AU4) shows a valid representation in terms of richness of the deposit and expected 

diversity of the local vegetation (Table 8.10). The LGM unit (AU3b) revealed a 

comfortable ratio of 73:27, the same as the previous unit, despite the high number of 
taxa. This reflects the fact that the frequency ratio between the different taxa 

represented was balanced, with no species being over-represented. The strong 
dominance of Acacia cf. aptaneura in the Mid Holocene unit (AU2) resulted in a higher 

index of 77:23. The Last Millennium unit revealed a low index value of 69:33.This 
suggested additional identifications would be ideal in order to fully capture the diversity 

of the environmental contexts, here attributed to shorter periods of intensive use 

captured within this larger AU, encompassing three Stratigraphic Units which ranged 
in age from 840 years ago through to the last century. On examining these indexes, 
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When compared, many units examined from the case studies yielded a minimum 

count (of 200 fragments) and with a stable accumulation curve, however they still 

registered a value closer to the 75:25 index than the temperate/Mediterranean 80:20 

range. However, the Bandicoot Bay sample reached this value presumably because 
of a larger sample size (Table 8.10). Equally, 80:20 was also reached by Hudson 

(2013) in the temperate, but taxonomically diverse, environment of the Southwest and 
with a very small sample size of only 80 fragments (Table 8.10). No plateau was 

reached within the accumulation curve, however. 

 
 

Examining indexes across all studies (Table 8.10) reveals the re-occurrence of 

indexes closer to the 75:25 which is typical of the tropical index (average) rather than  

the 80:20 temperate/Mediterranean index. Except for only three units, all other units 

– from all sites listed in Table 8.10 - reached a clear accumulation curve stabilisation 
plateau. This was true not only for WA arid to semi-arid sites, as presented within this 

thesis, but also regional sites in the Northern Territory’s semi-tropical to tropical 
regions. Given that only the most recent applications have applied these statistical 

tools, potential local and regional patterns are only just emerging, and this might 

represent the peculiar taxonomic diversity of Australian flora, within different climatic 
contexts. Further study is needed, with a focus on indexes resulting from consistent 

deposit counts, systematic methodological approaches, and applications of 
stratigraphic unit analyses, as argued above. 

 
 
Vegetative regions, associations, and habitats 

 
The Biogeographic Regionalisation for Australia (IBRA) depict distinct areas of land 

with unique characteristics including geology, landform patterns, climate, and plant 

and animal communities (DAWE, 2021a). There are 89 regions within Australia, with  
419 subregions and thousands of unique regional ecosystems within these (Figure 

8.2). This complexity underscores the importance of understanding each species that 
might be associated with a given region, subregion and local community. 

Archaeological wood-charcoal identifications should reflect the representative 

diversities of known vegetation communities and relationships. Likewise, 
understanding vegetation taxonomic frequencies, diversities and affiliations for each 
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region is integral to the planning and making of reference collections. Given these 

requirements, access to detailed vegetation reports are vital, especially in Australia 

where the species and vegetation communities can vary so markedly between 

regions. Vegetation reports are commonplace within the North WA due to companies’ 
responsibilities surrounding land management and the commissioning of 

Environmental Impact Statements. These reports are undertaken by botanists and 
specialist ecologists, ensuring valid identification and analysis of plant diversities and 

relationships, both amongst plants and the habitats they grow in. These patterns can  

be compared to the species, diversities and frequencies interpreted from identified 
archaeological remains, giving insights into past climate, and the intimate locations 

people likely collected fire fuel and other plant-resources from. 
 
 
 

 
Figure 8.2 Conceptual model of the bioregional framework showing IBRA regions, subregions 
and regional ecosystems (Department of Agriculture, 2021) 

 
 
 
The level of identifications that were reached clearly contributes to the clarity of 

representation of the assemblage. Ideal analysis for both accumulation curves and 
pareto indices rely on the variation and frequency of species diversities within a given 

deposit. If most fragments are identified to species level, but difficult genus 

identifications are lumped together (for example, Acacia), this skews analysis and 
retrospectivity of the deposit. This is especially true in Australia where the more 

“difficult” genera such as Acacia and Eucalypts are the continent’s most predominant 
taxa. Likewise, the appearance of just one species within these highly diverse genera 
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can reflect the difference between regional ecosystems, climatic shifts through time 

and specific collection habitats. This is especially true for Pilbara sites in NWA where 

collection habitats are highly distinct and Acacia species dominant in the landscape 

(Chapter 7). Consequently, the importance of the fourth aim, in better understanding 
the Acacia genus, is imperative to the growth and correct application of anthracology 

in Australia. 
 
 
 
8.4 Aim three: creating a set of detailed wood-charcoal reference materials 

 
Chapter 2 outlined the three main issues impacting the growth of anthracology in WA, 
including the lack of accessible reference materials resulting in the discipline 

appearing inefficient and costly, especially for consulting and smaller research 

projects, Reference collections need to be created for every study - a lengthy process 
both on site and in the laboratory. In the hope of assisting the growth of anthracology 

in WA by tackling this issue, one of the main aims of this PhD project was the creation  
of a detailed and extensive reference collection for North WA, as outlined in Chapter 

3. 

 
 

Australian anthracological studies rarely provide detailed explanations about the 

planning, collection and curating of reference materials. The lack of transparent 

discussion surrounding this complex process is compounded by differing Austral ian 

environments, regulations, Indigenous cultural matters and archaeological contexts 
which are unique and differ greatly from international prescriptive sources (Nesbitt et 

al., 2003; Pearsall, 2010). As such, Chapter 3 explored the methodological and 
theoretical principles surrounding the creation of an anthracological reference 

collection which was relevant to North WA. This included legal, ethical, and contextual 

considerations. Best practices were discussed in the hope of establishing coherent 
and accessible reference collections and databases. This was aimed at satisfying the 

main objective of this thesis: to assist in the growth of anthracological applications in  
Australia, whilst testing international methodologies within WA contexts (Chapters 4, 

5, 6). 
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Figure 8.3 Comparison of species frequency in the reference collection and archaeological 
fragments 

 
 
132 woody samples representing 34 families, 49 genera and 81 species were 
collected from seven locations in North WA. When compared the genera represented 

within the reference collection generally correspond to genera most commonly 

represented in all of the sites explored within this thesis (Figure 8.3). Noticeably, 
Acacia is the dominant genus in the reference collection, both in terms of species 

diversity and multiple (comparable) samples of the same species. Two distinct 
differences are seen when comparing the reference collection genera to the identified 

genera from archaeological deposits. Firstly, Callitris representation is minimal in the 

reference collection, with only one native Callitris found within Western Austral ia. Its 
common occurrence in the archaeological deposits is witnessed in the identifications 
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from Karnatukul, where clear human choice and climatic histories influence its 

frequency – a regional pattern seen in the studies by both Carah (2012) and Walsh 

(2021) in Northern Australia. Secondly, the clear presence of Grevillea in Western 

Australian arid and semi-arid environments is reflected in the reference collection 
sampling. Fortunately, as it is completely absent from all archaeological deposits 

explored within this doctoral thesis (see further discussion in section 8.72). 
 
 

The processes used to plan, collect, char, and describe these woody samples are 

provided in detail in Chapter 3 (and discussed above). A database which can be 

queried for specific anatomical features was created for this doctoral study, fulfilling 
the aim of creating a detailed woody charcoal reference collection, and the overarching 

objective to assisting the growth of WA anthracology applications by making these 

descriptions accessible and comparable. Exploration and documentation of these 
reference materials (Vol. II) led to a better understanding WA woody anatomy, 

including the ‘tricky’ Acacia genus (thereby addressing the fourth aim of this 
doctorate). The ratio of unidentified to identified taxa for all sites reflects the efficiency 

of the detailed reference collection, with only a low ratio of unidentified fragments 

resulting from its use (Table 8.9). Fragments where the preservation of anatomy was 
too poor to allow for examination were omitted from all studies, thus ensuring 

unidentified fragments were representative of types. Unidentified types mostly 
represent rare taxa. As such, it can be concluded that the reference collection is 

sufficient in representing much of the North WA vegetation. However, the ratio of 

unidentified/identified taxa still reflects the taxonomic diversity of the Australian  f lora 
and the need to keep expanding regional reference collections. 

 
 
 
8.5 Aim four: explore and document North WA woody plant species anatomy, 
particularly regarding the ‘tricky’ Acacia genus’ 

 
Chapter 2 defined the three main issues impacting the growth of anthracology in WA. 

Importantly, this discussion included the complexity inherent in analysing the Acacia 

genus and addressed the question of whether it could be speciated through its woody 

anatomy. 
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Examination of species identifications, assisted with the help of specialist botanists 

and taxonomists, revealed classification issues which ultimately impact 

anthracological analysis, particularly regarding the Acacia genus. Acacia have caused 
considerable debate amongst Australian anthracologists regarding species 

differentiation. This issue has been an important contributor to the slow growth of 
Australian anthracology, as the genus is prevalent both in modern vegetation 

communities (reflected in reference materials) and in ancient landscapes 

(archaeological identifications). 
 
 
 
The most frequent taxa recognized in all assemblages from the PAD10/17 study was 
Acacia catelunata. However, this identification was tentative noticing strong 

anatomical similarities to Acacia aneura, in particular. A. catelunata (along with the A. 

citrinoviridis also identified) typically occurs in drainage-associated habitats. A. aneura 

has a very widespread distribution, but when associated with the other secondary taxa 

identified within these assemblages, is characteristic of water-associated habitats. 
These reference samples have been collected previously by other researchers, in 

addition to the reference collection materials compiled for this thesis. As such, Acacia 

reference materials used for the PAD10/17 study and collected in the Pilbara, although 
identified on site by Traditional Owners and a botanist and linked with reference 

botanical vouchers (Dotte-Sarout et al. 2012), were unfortunately not verified by 
Acacia taxonomist, Maslin. The samples created by the candidate for this thesis were 

confirmed by Maslin, however (see Chapters 3, Chapter 7). Nevertheless, because 

specimen vouchers were created for the Pilbara collections, these can be verified at a 
later date. TAs discussed in Chapter 3, some anthracologists have observed the 

potential for intraspecies similarities, as noted in the PAD10/17 report which showed 
likely anatomical features were shared between A. catelunata and A.aneura (Dotte- 

Sarout & Byrne, 2013). Through detailed exploration and correlation of anthracological 

descriptions to taxonomic classifications it does appear likely, however, that the A. 

aneura from the PAD10/17 reference materials indeed reflects the same species. This 

may have occurred either through, 1) the misidentification of one of the original 
reference samples, or 2) most plausibly that the A. aneura sample was named as the 
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reference for the A. aneura group rather than the reference for the specific A. aneura 

species (see Chapter 7 for further discussion). Looking back at historical applications 

of anthracology, such as in the case of this consulting project (which took place 

between 2012-2013, and which was an early pilot study in WA), shows how a lack of 
understanding regarding assigned classifications within the reference materials (or an  

incorrect identification given to the reference sample) can greatly impact the overall 
anthracological analysis and an accurate understanding of the specific deposit. 

 
 
8.6 Emergence of regional patterns; mobility, people, and the landscape 

 
8.6.1 The archaeology 

The Pilbara region of WA has been subject to some of the most intensive 

archaeological surveys in Australia, most of which result from heritage (or compliance) 
surveys undertaken in response to mining and other developments. Most of the sites 

recorded in this region are stone artefact surface scatters. Other frequently recorded 
sites include art or engraving complexes, followed by occupied rock shelters, scarred 

trees and grinding surfaces (Dortch et al., 2019). Rockshelter deposits are increasingly 

being targeted now as deposits older than 45,000 BP are being confirmed more 
frequently (Veth 2017). 

 
 

The inland Pilbara was occupied by Aboriginal people as early as 50,000 years ago 

(Jo McDonald et al., 2018; Morse, 2009; Veth et al., 2017; Wood et al., 2016). From 
this time onwards, conditions became increasingly arid as atmospheric water became 

tied up in icesheets and at low latitudes, reaching a climax at the Last Glacial Maximum 
(LGM) approximately 22,000 – 18,000 years ago. Patterns of occupation during this 

period have been subject to varied interpretations (Ben Marwick, 2002; Slack et al., 

2009; Veth & O'Connor, 2005). 
 
 

The archaeological record of the Pilbara indicates that Aboriginal people adapted to 

increased aridity by adopting greater residential mobility (McDonald & Veth, 2013; 

Slack et al., 2009; Smith, 2013; Veth, 2005). Around 4,000 years ago, it is generally 
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agreed that there is a significant change in the intensity of rock shelter use and an 

increase in the number of sites occupied in the inland Pilbara and Western Desert. At 

the same time new types of stone artefacts, such as backed artefacts and adzes 

appear (Brown, 1987) and a major proliferation of rock art occurs in the inland Pilbara. 
These changes are interpreted as evidence for an increase in population and the re- 

establishment of regional networks during the mid-late Holocene in a recent and new 
model for settlement of Australian deserts (Veth et al., in press). The new desert model 

makes a case for the early occupation of deserts at the continental scale by c. 60 ka; 

during an early wet phase; with rapid expansion of people; relying on water features; 
and showing changes through time in response to changing regional conditions. The 

role of anthracology in unpacking local and regional-scale mobility responses to th is 
initial settlement and then the progressing desiccation of the LGM will be crucial. 

 
 

8.6.2 Mobility 

Sites representing an LGM-related deposit often reflect the greatest species diversity 

and associated vegetation communities (see Chapters 4, 6). This reflects how past 

occupants increased their spatial and economic range during collection activities in 
response to poorer availability of woody resources most likely due to increased aridity. 

 
 

Increased species richness is associated with periods of environmental stress more 

generally. Both Karnatukul (Chapter 4) and PAD10/17 (Chapter 6) reflect increased 
mobility by groups during periods of peak aridity i.e., during the Pleistocene and 

through the LGM. This persistence and flexibility in economic strategy (reflected in the 
patterning of both lithics and high diversity of identified wood species and vegetation  

communities) suggests wider collection areas due to lower overall fuel encounter rates 

and availability. 
 
 

Similarly, sites with LGM signatures show specific targeting of riparian habitats, even  

when this meant increased distances of daily travel to access permanent water 

sources that persisted in arid conditions. Both Pad10/17 and Karnatukul (see also 
Byrne et al., 2013) reflect behaviours and sociocultural norms around fuelwood 
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collections. As discussed in Chapter 2, ethnographic records show that wood fuel 

collections are most commonly performed by women and children in areas of the 

landscape that would be more amenable to visitation during the day, especially in hot 

arid environments. Consequently, the need to find and access more permanent water 
sources would have been more important, and the daily use of such sites is predicted 

to have increased during times of heightened aridity. 
 
 
 

8.6.3 Collections usually represent water association 

The consistent presence of water-associated vegetation shows how people focused 

on areas of the landscape for their daily subsistence tasks and other social 

undertakings. In arid environments, knowing, protecting, and favouring these types of 

milieus would have been an important aspect of the relationship woven between 
“People and Country”. Indeed, Australian arid zone peoples depict many water- 

associated motifs as part of the pictorial art repertoire, especially at important water 
holes (McDonald, 2013; Schultz, 1974). Additionally, in many Australian arid zone 

landscapes it has been noted that clusters of lithic tools and debitage are closely 

associated with drainage lines (Bird & Rhoads, 2020). 
 
 

Riparian associated communities were consistently represented as secondary 

habitats throughout all the Karnatukul units, reflecting firewood collection trips in 

different water associated localities. Specific species strongly reflect water/drainage 
line habitats and indicate the accessibility of water and the associated cornucopia of 

resources available during all occupation periods. The occupation evidence at 
Karnatukul shows movement between the rock shelter, across the plain and to the 

creek line (Veth et al., 2017). Riparian habitats in the PAD10/17 site reflect how even  

during highly arid and harsh climatic periods (such as the LGM or Pleistocene units), 
there is a continued focus on these riparian collections. Whilst collections at water- 

associated sites was undertaken within the proximity of Karnatukul (a refuge with 
permanent water) for PAD10/17 the creeks and drainage lines are shallow and 

seasonal, and likely would have been dry seasonally. As such, the persistent reflection  
of water associated communities implies people would travel longer distances to 
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access remaining less ephemeral riparian sites, such as the Fortescue River (Dotte- 

Sarout et al., 2012). 

 
 
 
Site WARE 13/10 reflected similar collection trips associated with water communities. 
Species which were identified in the hearth feature show that the last few collection 

trips likely took place alongside open woodlands and drainage lines – possibly just 
below the rockshelter site. 

 
 

The identification of Eucalyptus sp. and M. montanum (Western Boobialla) at the 

historic Bandicoot Bay site also indicates resource collection trips along ridges and 
drainage lines. These are very restricted habitats on the island, and thus would have 

been deliberately sought and exploited, likely for fresh water sources such as soakage 

points and possibly even shored wells during the 19th century. 

 
 
8.7 Selectivity reflects abundance, scarcity echoes high diversity 

 
The relative frequencies and ecological coherence - demonstrated by the taxonomical 

composition within all case studies - supports the basic anthracological tenets of PLE 
as the main strategy employed in daily and domestic fuelwood collection practices 

(Dotte-Sarout et al., 2015; Kabukcu & Chabal, 2020; Picornell et al., 2011; Shackleton 
& Prins, 1992). This principle is based on the observation that people tend to gather 

fuelwood (for daily domestic fires) that is found in relative proximity to their occupation 

base and is easiest to collect (culturally, environmentally, and logistically dependant), 
often during daily movements throughout the landscapes (Chapter 2). Nevertheless, 

while ethnographic studies underline the opportunistic foundations of wood gathering, 
human choice (reflected both in favouritism and avoidance of specific taxa) also plays 

a significant role in the creation of an anthracological assemblages (Delhon, 2021; 

Shackleton & Prins, 1992). 
 
 

When choice is affordable and sustainable (in quantities that exceed the needs) 

selectivity is usually practiced to variable degrees. Choice may not simply be focused 
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on speciation, but also size, state (green or dry) of the wood and location (Delhon, 

2021). Likewise, the amount of time spent at a site may influence selectivity, with 

longer habitation resulting in a shift from higher selectivity (due to abundance) through 

to less selectivity as resources are utilised during the length of the stay and become 
incrementally scarcer. 

 
 

Regional patterns are emerging which reflect these choice factors. For example, the 

strong presence of Callitris recorded at the Karnatukul site (Chapter 4) echoes 
observations made by Carah (2016) in Arnhem Land and Walsh (2021) in the Gulf of  

Carpentaria, and finally during the pre-LGM units at Puritjarra (Smith et al., 1995) 
(Table 8.11). This genus is most prevalent in fire-protected habitats such as gorges, 

though its high frequency in anthracological deposits still appears to be an ecological 

anomaly almost certainly reflecting preferential targeting of the species. The targeting 
of this timber may be at least partially due to the wood permeating insect repellent 

perfume when fired, as well as presenting excellent burning qualities (Carah, 2016). 
 
 
 

8.7.1 The Favourite Arid Zone Species: Persistent Acacia 

Another strong pattern which is emerging for arid Australian sites is the persistence of 

Acacia. All studies identified and conducted in this thesis clearly reflect the importance 

of better contextualising the contribution of Acacia species to peoples’ mobility 
patterns and site selectivity. At the commencement of this thesis, it was believed this 

genus was, at best, time-consuming, and at worst, impossible to identify to species 
level because of widespread interspecies similarities. However, a combination of local 

reference material, transparent recording, adherence to methodological standards, 

utilisation of statistical tools, and working closely with expert botanists has allowed 
important improvements to be realised in the anatomical description of Acacia species 

and their identification here. 
 
 

Unlike  other  Australian  study  areas,  the  cultural  assemblage  at  Karnatukul 

demonstrates persistent collection (and high ranking) of fire-sensitive species (Callitris 
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as discussed above and Acacia) throughout changing climatic conditions (Table 8.11). 

This is tangible evidence that the range system and surrounding sand flats and dunes 

have functioned as an ecological refugium. The study not only supports inferences 

made from lithic analyses about human persistence around a desert refuge over 
50,000 years but gives deeper insights into why this landscape was considered 

reliable: the resilience of Acacia species - quickly adapting to environmental changes 
- provided a reliable resource (both in its highly nutritious fatty seeds and woody fuel 

source), combined with the well-wooded and watered range systems as reflected in 

the consistent riparian stands recorded throughout anthracological assemblages. 
 
 

Acacia coriacea is one of the highest ranked species recorded from the historic 

Bandicoot Bay site. The species is known to be one of the most important trees for 

subsistence seed exploitation among the desert people of the mainland (Low 1991: 
179). It is a drought-tolerant species which produces large crops of seeds (Latz 1995: 

94). As discussed for this case-study, this is interpreted as illustrating pre-existing 
ethnobotanical knowledge of indentured Aboriginal labourers brought to the island. 

 
 

Comparison of Australian anthracological studies reflects the economic importance of 

the resilient Acacia genus to arid and semi-arid peoples (Table 8.11). Subtropical and 
tropical areas show a much lower incidence of Acacia, with a higher documentation of 

Corymbia and Eucalyptus (although the genera is still present, as coherent with 
ecological repartition of these taxa). This not only reflects the different species 

diversities within each region, but also anthropogenic signatures of the relative 

importance placed on different species. The importance of Acacia seeds to arid zone 
peoples is known today, and the emerging pattern from anthracological analysis 

clearly shows this was also important in the past. Sites in which Acacia was protected 
from fire prospered and supported human habitation even during the harshest of 

periods (Chapters 4, 5 and 6). Likewise, arid sites which have shown a lack of high 

ranking persistent Acacia show stronger hiatuses in site occupation over the LGM 
(Smith et al., 1995). 
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8.7.2 The Avoided Arid Species: The Silent Proteaceae 

Established early within this thesis (Chapter 2), international anthracological and 

ethnobotanical observations consistently reflect signatures of preferential fuel 
selection (for domestic fires), as well as those specific species which were avoided. 

This may be due to reasons including cultural taboos, high smoke production, 
unpleasant smells, thorns, or sticky resins. This anthropogenic signature of 

‘avoidance’ is clearly present throughout these case studies. Of consideration is the 

near to complete absence of Proteaceae species (Grevillea, Hakea) throughout all 
arid sites, particularly within Western Australia (Table 8.11, Chapters 4, 5, 6). Yet, the 

genera does appear in archaeological sites from other regions, and even registers 
high ranking values at some sites – with taphonomy to be considered (Table 8.11) 

(Frawley, 2008; Whitau, 2018). 

 
 

It was first recognised by Byrne et al. (2013) that most Australian anthracological 

applications show a clear absence or very low incidence of certain ecologically- 

frequent species, most particularly from the Proteaceae family. This family is prevalen t 

within the Australian arid and semi-arid landscape, with often high species diversity. 
Yet its low frequency to total absence within the archaeological record is striking and 

appears indicative of either taphonomic or human choice factors. Anthracological 
studies from the North West have previously recorded the complete or near-complete 

absence of Hakea and Grevillea (Proteaceae) charcoals, despite the genera being 

prevalent within vegetation communities in the study site’s associated landscapes 
(Byrne et al. 2013, 2017; Dotte-Sarout & Byrne 2013; Whitau et al. 2016). In the 

Bandicoot Bay assemblage, Hakea is found within the same habitats as the dietary 
flora and fauna recovered from the site. Such habitats include valleys, drainage lines, 

limestone ridges and slopes (Mattiske 2005: 12). Similarly, the vegetation associated 

with the WARE10/17 site in the Pilbara identified 6 species of Proteaceae (Grevillea 
and Hakea) (Ecologia, 2013). Comparison with other archaeobotanical proxies, si tes 

with peculiar preservation and specific archaeological contexts, together with 
ethnobotanical information and sociocultural uses of the species – notably as valued 

timber, allows us to propose that this regional pattern might reflect a purposeful 

avoidance of the taxa as a poor fuelwood, preferred for its wood as an artefact 
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resource, or potentially associated with cultural taboos of past arid peoples (Byrne et 

al. 2013, 2017; Whitau et al., 2016, 2018). 
 
 

 
Figure 8.4 Micrographs of Proteaceae reference samples: a) Banksia ashbyi live tree sampled for 

reference collection b) Grevillea variifolia charcoal (T) c) Banksia ashbyi charcoal d) Banksia ashbyi 

charcoal (T). 

 
 
 
The Proteaceae group is anatomically distinctive in comparison to other Australian arid 
taxa (Figure 8.4, Vol. II). Typically, it is characterised by large multiseriate rays and 

tangential vessel arrangement. Similarly, the Proteaceae species are generally 
distinct, with less botanical variants in comparison to Acacia and Eucalyptus. As such, 

it can be confidently argued that this genus is unlikely to have been incorrectly 

identified either during voucher specimen (reference collection) classification or the 
process of anthracological identifications. 







220  

still exhibiting their large rays with typical pores in tangential bands being easy to 

identify. Nonetheless, the ratio of fragments identified as Proteaceae to unidentifiable 

fragments remained low, showing that the taxa was possibly not as frequent in relation  

to other species that were collected and burnt. 
 
 

Vitrification was recorded for all studies except PAD10/17, and the phenomenon is 

present only in low occurrences, rarely impacting on identification in this thesis (at 

least to genus level). Likewise, Boodie Cave’s poor charcoal anatomy preservation 
has already been discussed (Chapter 6). Only four vitrified fragments were recorded 

during the analysis of Karnatukul, four at Bandicoot Bay, and twelve for the 
WARE13/10 site. Considering these observed patterns, it is not possible to ascertain 

the degree to which the general (near) absence of Proteaceae in the case-studies is 

an effect of taphonomy as opposed to avoidance behaviours. There are hints of a 
specific regional collection behaviour that tends to influence the representation of 

these species in anthracological assemblages, but only an increase in case studies 
from the region with different taphonomic attributes will help improve our 

understanding of the ‘Mysterious case of Proteaceae’ (Whitau, Dilkes-Hall, et al., 

2018). 
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Conclusion: The symbiosis of people and plants 

 
Australian archaeology has a long and important history in gaining tangible evidence 
for the oldest continuous cultural history on earth, spanning some 60,000 years. 

Investigations from the North WA arid and semi-arid regions have provided valuable 
insights into raw material procurement, lithic manufacturing techniques, and the impact 

of the changing environment on artistic production. Regional patterns have come to 

light, especially in Western Australia where certain areas and sites show clear 
sanctuaries reflected through continuous or episodic occupation. The expansion in 

knowledge obtained through archaeological analysis has shown regional patterns, 
corridors to rich coastal plains and passages or refuges (both larger and cryptic). 

Regional patterns of mobility share ancient stories of how people moved throughout 

the vast and variable continent, but why these sites were favoured in deep time has 
only ever been hypothesised, most relying on climatic datasets vastly removed from 

the local histories of the site. Most archaeological theories surrounding site use and 
mobility patterns are based on the climate’s impact on vegetation and life-sustaining 

resources. Despite the central importance of people-plant relationships, 
archaeobotanics have often remained overlooked, and arguably still are. Given well 

preserved non-woody macrobotanical remains are rare, whereas charcoal deposits 

are common, there is an overwhelming case for anthracology to fill this missing link in 
climatic reconstructions. 

 
 

This thesis aims to contribute foundational resources for the growth of anthracology 

by firstly, understanding and defining the relevant issues facing the discipline in 
Australia. Through detailed literature review of both international and regional 

applications, it became clear that the main issues concerning the slow growth of 
anthracology in Australia was a lack of understanding surrounding the continent’s 

intractable (and most affluent) genus, Acacia, for the semi-arid and arid regions which 

encompass most of the continent (Figure 1.1. Figure 8.1). Apprehension regarding 
species-level identifications for this genus, has impacted both the applicability, 

frequency, and success of anthracological applications in Australia. 
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Application of anthracology within five highly varied arid zone archaeological si tes of 

North WA has exposed the transferability of international disciplinary standards, yet 

with reflections on the unique Australian context. These include producing relevant 

ecological indexes for arid and semi-arid regions, appropriate recovery methods, and 
refining sampling considerations (including the randomisation of identifications to 

compensate for synthetic excavation practices). 
 
 

Human choice influences are exhibited within all of the case studies. Specifically, the 

potential for over-representation, or favouritism, of Acacia and Callitris. Similarly, the 

complete avoidance or very low incidence of Proteaceae species contrasts markedly 
with its presence in sites from subtropical and tropical regions. These variation does 

not simply reflect the differences in the vegetative landscape, as the contrast is simply 

too stark. Whilst the variations and rankings across all sites show the foundations of 
random vegetative sampling, specific areas were preferred, with mostly one specific 

family avoided: the Proteaceae. Cultural beliefs and boundaries will also be reflected 
between groups from the subtropical/tropical regions in comparison to the arid/semi- 

arid peoples in ways still to be discerned. The landscape will have shaped culture, and 

the different cultural groups will have used the landscape in unique ways. 
 
 

It has long been argued that Acacia is too difficult and variable to provide species level 

identification. Through detailed examination and documentation, with cross knowledge 
from specialist Acacia taxonomist Bruce Maslin (Chapter 7), this thesis has shown that 

the issue is less likely due to interspecies similarities/intraspecies variations and more 

due to the complexities surrounding classifications including name changes (historical 
classifications), and name types which can be used for either a specific species or a 

group of relatable species (for example, Acacia aneura). Likewise, all reference 
samples which appeared to show intraspecies variations were in fact different species, 

with their original assigned identification being shown to be incorrect. Through the 

creation of a detailed reference collection, and anthracological application to a highly 
varied set of archaeological sites Acacia species level identification is indeed possible. 

Archaeological charcoal identifications from all sites show frequencies and 
associations to known communities. 
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Aiming for the characterisation of archaeological deposits to species level (or types) 

is paramount. Many anthracological applications within Australia have resulted in high 

genus or family-level identifications (Carah, 2012, 2016; Whitau, 2018). Many such 
studies have discussed the difficulties of species-level identifications, exacerbated by 

small reference sets and lack of knowledge surrounding the more difficult species such 
as Acacia. However, Gini-Lorenz indices and accumulation curve rates are reliant on  

the recognition of an assemblage’s diversity and richness, and therefore, show a more 

valid representation when frequency rates are documented to species (or type) 
occurrences rather than genera or family levels. Such difficulties will ease with the 

augmentation of reference collections. Equally, the sharing and publication of 
databases and atlases will result in better understanding of species variations, climatic 

impacts on morphogenetic mechanisms and potential areas for taxonomic confusion. 

 
 

Importantly, through the perseverance of species level identifications, and detailed 

anatomic exploration of the tricky Acacia, this thesis has provided greater insight into 

understanding the past occupant’s lifeways of the North WA’s arid to semi-arid 

regions. Certain sites and areas are known to be favoured by past peoples, with 
occupational persistence even during periods of climatic volatility (such as the LGM). 

Likewise, some sites show more consistent and heavy use, such as Karnatukul where 
resources supported groups even during times of climatic volatility, whilst others are 

more typical of the variable use of cryptic refugium (PAD10/17) (Veth et al., in press). 

Examining responses to climatic changes (such as sea level fluctuations) and how 
these impacted vegetation and wood fuel procurement has shown the operation of 

one stalwart genus: the persistent Acacia. 
 
 

The impacts of changing climate on past people has been a central topic within 

Australian archaeological research for over five decades (Chapter 2). Yet only recently 

has anthracology provided a major insight into one of the driving forces that dew 
people to specific sites more than others. Whilst water accessibility and faunal 

procurement are obvious attractors, exactly what made specific sites more desirable 

than others, is more mercurial. It seems that the habitats which protected and allowed 
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Acacia to prosper provided staple seed, lerp and larval foods and fuels through 

millennia. The ways in which fires affect biodiversity is shown by the presence of 

certain fire-sensitive species (extreme high-temperature bush fires) within the 

archaeological record, for example Acacia and Callitris (Chapters 4, 5 and 6), as 
reflected in intensively occupied sites such as Karnatukul (see also Carah, 2012, 

2016). The absence or low incidence of Acacia in arid zone sites can also indicate 
abandonment or a low occurrence of occupation during specific periods of climate 

stress (Smith et al., 1995). 

 
 

Acacias are enduring survivors, numerous in even some of the harshest landscapes. 

They serve as a valuable habitat for many animals and grubs, ooze sweet edible gums 

and lerps, yield tannins for making hides, leaves for soap, and provide resources for 

countless medicinal uses. But most importantly, they provide reliable sustenance 
through the rich harvests of nutritious, fatty seeds. These seeds can be collected, dried 

or green, roasted or eaten fresh, and importantly, stored for years to be reserved for 
times of need. Understandably, regions and sites which provided refuges and 

prosperity for this genus, also provided dependability of survival to past arid and semi- 

arid occupants of the North WA people. 
 
 

This thesis has established the importance and potential of anthracological application 

to Australian archaeological studies in the arid zone. Even when applied to sites with  
poor charcoal preservation (e.g., Boodie Cave) or very low sample sizes (PAD 10/17 

and WARE 13/10), knowledge was still gained about past mobility strategies and 

landscape use. From the first application of Australian anthracology to a historic site 
(at Bandicoot Bay on Barrow Island), to one of the continent’s oldest continuously 

occupied desert sites (Karnatukul), anthracology has given some of the most intimate 
insights into past occupants’ relationships with the landscape. It has shown how these 

relationships evolved with changing climate through time – a topic which has never 

been more relevant than it is today. 
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Today and throughout deep-time, landscapes are at the heart of Indigenous cultures 

across Australia. The Dreaming tells of the creation of the earth, sea and sky, the 

animals, plants, and people within it. Past peoples relied on the shared knowledge of 

natural resources to survive, often thriving within harsh, highly variable, and often 
changing landscapes. Deep knowledge of those trees, shrubs and herbs which were 

resilient underwrote the survival and prosperity of the world’s oldest continuing culture. 
Whispers of this Deep History - a symbiotic relationship between plants and people - 

is depicted within rock art and endures in living stories still shared today. 

Consequently, gaining a better understanding of how past people moved through 
country, and drew on natural resources, is vital to Australian archaeological 

interpretation and arguably to meaningful environmental management of Austral ia’s 
great conservation estates. Australian archaeology has had an important role in 

generating tangible evidence and data for the oldest continuous culture on earth, 

spanning likely over 60,000 years. Investigations from Northern WA’s arid and semi- 
arid regions have provided unique insights into raw material procurement, lithic 

manufacturing techniques, and the impact of the changing environment on artistic style 
grammars and modes of art production. Regional patterns have become clearer, 

especially in Western Australia with the importance of a cryptic refugia providing 

passages of movement to the rich coastal plains and interior deserts (Veth et al., in 
press). Regional patterns of mobility echo ancient narratives of how people moved 

throughout the vast and variable continent. This has often led to archaeological 
theories centred on the impacts of climate change on past peoples, particularly 

regarding the subsequent impacts on vegetation and life-sustaining resources. 

Despite the central importance of people-plant relationships archaeobotanics often 
remain underutilised. The presence of charcoal as both hearth features and as 

scattered deposits within most sites allows the subdiscipline of anthracology to profile 
these human-landscape dynamics. Charcoal features in sites represent an expression  

of how people once perceived, represented and interacted with the landscape around 

them (Maxwell, 2011). They represent an archaeological and environmental 
cornucopia of untold stories of how people and plants interacted within Aboriginal 

Australia. 
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The following atlas records wood charcoals collected and described as per Chapter 

3 (Vol. I). Each sample comprises of a corresponding specimen voucher and 

collection form (see below figure for example). Anatomical image bank for all taxa 

continues to be updated into the database. This, and the specimen vouchers are 

housed in the UWA archaeology laboratory.  



 



 




























































































































