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ABSTRACT 

 

This research investigates people-plant relationships by examining macrobotanical 

assemblages recovered from nine archaeological sites in the Kimberley region of 

northwest Australia. A significant proportion of Australian Aboriginal diet and nutrition 

is met using food obtained from plants. The study of macrobotanical remains (here 

excluding charcoal and referring exclusively to seeds, nuts, fruits, and other floristic 

elements), in association with other cultural materials excavated from stratified 

archaeological contexts, provides insights into people’s diet and ecological 

relationships in the past.  

Taxonomic information obtained from archaeobotanical assemblages contributes to 

reconstructions of diet, subsistence, landscape use, environment, and palaeoclimate. 

However, the application of archaeobotany in Australian archaeology has been 

infrequent and the focus of archaeological discourse on lithic technologies and hunting 

strategies has largely neglected women’s activities in Aboriginal society creating an 

incomplete picture of past diet and subsistence. 

The distribution of the Kimberley sites provides an excellent opportunity to identify 

differences in plant use from the coast to the interior on a regional-scale and to assess 

localised responses to palaeoenvironmental changes. Documentation of traditional 

ecological knowledge and conducting experimental studies and botanical collection 

with Aboriginal Traditional Owners has been invaluable for this research and 

macrobotanical analyses, coupled with these other lines of evidence, has revealed a 

rich and complex record of plant use over 47,000 years of occupation.  

Macrobotanical records accumulated anthropogenically show cultural knowledge of 

monsoon rainforest ecosystems, with partiality towards Indo-Malaysian botanical 

elements, formed the basis of early human-environment interaction in the Kimberley 

region. Regardless of palaeoenvironmental changes encompassing glacial climate 

deterioration and periods of peak aridity peoples use of monsoon rainforest taxa 

persists suggesting management strategies and scheduling to ensure future 

availability of these botanical resources. Overall, this research demonstrates the 

potential of macrobotanical sequences in understanding plant use and human-plant 

relationships and to inform on people’s responses to palaeoenvironmental changes. 
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Chapter 1. Introduction 

This thesis presents a study of macrobotanical remains recovered from nine 

archaeological sites in the Kimberley northwest Australia to investigate Aboriginal 

plant use spanning 47,000 years. Across most parts of the world plants make up a 

major component of human dietary needs. In addition to food, botanical resources 

provide raw materials for fuel, plant-based technologies, watercraft, clothing, 

medicines, and shelter. Internationally, archaeobotanical research has largely focused 

on plant domestication and agricultural societies with significantly less attention given 

to hunter-gatherer-fisher societies. Hunter-gatherer-fisher groups living between 11 

and 20 degrees latitude, in which the Kimberley lies, obtain between 45 and 55% of 

their nutritional requirements from gathered plant foods (Cordain et al. 2000). In 

Australia, despite the well-documented fact that the most important contributions to 

Aboriginal daily diet come from plant foods (e.g. Kaberry 1935; McArthur 1960; 

Meehan 1989; Meggitt 1964), archaeological discourse about diet and subsistence in 

the past, has focussed on lithic technologies and hunting strategies creating an 

incomplete picture. Furthermore, by largely neglecting plant use, research has 

substantially overlooked the significant contribution of women, who perform the 

majority of tasks related to the gathering of plant foods in hunter-gatherer-fisher 

societies (Murdock and Provost 1973). This research addresses this imbalance 

presenting the results of macrobotanical analyses as a series of published journal 

articles (Chapters 3–9). This introductory chapter provides the context for the 

research.  

1.1 Plants in the archaeological record  

The visibility/invisibility of plants in the archaeological record has been a subject of 

ongoing inquiry since the first studies of plant remains derived from archaeological 

contexts in the mid-19th century (Hastorf 1999:55). Plant remains are less visible in the 

archaeological record when compared to more robust cultural materials, such as stone 

tools (Hastorf 1999) from which it is only possible to infer plant use (e.g. Hayes et al. 

2018; Hiscock et al. 2016; Wallis and O’Connor 1998). Direct evidence for subsistence 

plants can be elusive and, in archaeological sites where plants remains do preserve, 

botanical remains represent only a fraction of what was originally used and deposited 

by humans, often as a result of accident (Yen 1988). However, when preservation 
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allows, studies of preserved plant remains can provide considerable information on 

people-plant relationships in the past and human interaction with the surrounding 

environment by answering questions about plant-based economies, domestication 

processes, agriculture, horticulture, subsistence strategies, seasonality, ecological 

targeting, habitat modification, land management strategies, environmental and 

climatic conditions, social ornamentation, and by extension identity, maritime 

capabilities, and other plant-based perishable technologies (Antolin et al. 2016; Balme 

2013; Balme and Morse 2006; Balme and O’Connor 2014; Cappers and Neef 2012; 

Denham et al. 2009; Dotte-Sarout 2017; Dotte-Sarout et al. 2015; Ford 1979; Hastorf 

and Popper 1988; Hather 1994; Hather and Mason 2002; Pearsall 2010; Sayok and 

Teucher 2018; Whitau et al. 2016).  

Plant remains enter archaeological sites via two main pathways: anthropogenic and 

non-anthropogenic introduction (Gallagher 2014). It is important that culturally and 

naturally introduced archaeobotanical remains are differentiated as the two provide 

different types of information, one reflective of diet, subsistence, and human agency, 

the other reflecting the natural environmental setting (Minnis 1981). Macrobotanical 

remains include wood charcoal, uncharred wood, bark, stems, leaves, flowers, fruits, 

seeds, and modified botanical materials such as string, wooden tools, and other plant-

based technologies (Madella et al. 2014; Marston et al. 2014; Pearsall 2010). For this 

research the term macrobotanical remains excludes wood charcoal, analysis of which 

has been undertaken by Whitau (2018). When shown to be introduced 

anthropogenically, macrobotanical remains can offer information directly related to 

peoples plant use in relation to fuel, diet, and subsistence and answer questions 

related to human agency, seasonality, scheduling, and mobility.  

Macrobotanical remains have the best potential to preserve in extreme dry/wet/cold 

environmental conditions that prevent physical and chemical decay of organic plant 

materials and inhibit destructive biological processes or through exposure to fire which 

transforms organic material to carbon (Cappers and Neef 2012:188; Miksicek 1987: 

213–219; Renfrew 1973:9–19). Preservation and/or decomposition of plant material 

over time is complicated by a number of taphonomic processes and, consequently, 

the quality and quantity of botanical materials can vary enormously within and across 

archaeological sites, producing intra- and inter-site difference/s (Clarke 1989; Denham 

et al. 2009; Hather 1994). Figure 1.1 traces how macrobotanical remains enter 
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archaeological sites and the pre-depositional, depositional, and post-depositional 

processes that can affect remains. 

 

Figure 1.1 Potential sources of macrobotanical remains and pre-depositional, 

depositional, and post-depositional processes (adapted from Bush 2004, Fig. 2.1, 19) 

1.2 Global themes in archaeobotanical research  

Despite the fact that hunter-gatherer-fisher lifeways account for 99% of total human 

history, globally archaeobotanical investigations have concentrated on the origin 

centres of plant domestication and the rise and spread of agricultural societies (e.g. 

Denham 2018; Hastorf and Popper 1988; Heiser 1990; Reed 1977; Renfrew 1973; 

Ucko and Dimbleby 1969; Zeist et al. 1991). In contrast, relatively few studies have 

been conducted on hunter-gatherer-fisher archaeobotanical assemblages. For 

example, searching the terms ‘agriculture and archaeobotany’ in Google Scholar 

returned 21,600 results against 5,690 results when searching the terms ‘hunter-

gatherer and archaeobotany’ (https://scholar.google.com.au/, searched 29 October 

2019). Nevertheless, scholarship in the area of hunter-gatherer-fisher foodways is 

growing with research answering questions around diet, subsistence, use of toxic 

plants, food processing, waste management, plant management, plant cultivation, 

procurement techniques, labour division, mobility strategies, seasonality, scheduling, 

and vegetation change (e.g. Antolin et al. 2016; Aura et al. 2005; Barton and Paz 2007; 
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Belmar et al. 2017; Caromano et al. 2013; Hastorf 1998; Hather and Mason 2002; 

Kawashima 2016; Llano 2015; Martinoli and Jacomet 2004; Rhode and Masden 1998; 

Schulting 2013; Terrell et al. 2003; Van der Veen 2007; Vanhanen and Pesonen 

2016).  

Preoccupation of archaeobotanical studies with agriculture is underpinned by the fact 

that long term human exploitation of botanical resources can have significant effects 

on plant morphology and genetics (Fuller and Allaby 2009) and morphological 

changes in plant structures associated with human manipulation can usually be 

identified and observed in the archaeobotanical record (Hancock 2007). Changes to 

people-plant relationships in hunter-gatherer-fisher societies are less visible because 

different plant propagation mechanisms (i.e. short-lived annuals vs long-lived 

perennials and vegetatively propagated crops) mean domestication of some plants is 

not always possible or distinguishable. In terms of morphological change in 

macrobotanical remains, domestication of perennial fruiting trees, shrubs, and vines, 

and, to a lesser extent, underground storage organs is not as well understood as it is 

for annual cereal crops (Denham et al. 2020; Fuller 2017). 

The focus of archaeobotanical research on the origins of plant domestication and 

agricultural societies has perpetuated the notion that transitions from foraging to 

farming represent the only significant change in people-plant relationships in the past, 

presenting agriculture as an inevitable end on a linear trajectory (e.g. Ford 1985:6; 

Harris 1990:39). An example of the pervasiveness of the agriculture/hunter-gatherer-

fisher dichotomy can be observed in the traditional division of the Pleistocene 

continent Sahul (Australia, Tasmania, New Guinea, and Aru Islands, Figure 1.2) into 

the Melanesian agricultural north and the Australian Aboriginal hunter-gatherer-fisher 

south. While terms more inclusive of Australian Aboriginal plant use and landscape 

management have been created and recreated over time, for example plant 

husbandry (Higgs and Jarman 1972), domiculture (Hynes and Chase 1982), incipient 

agriculture (Ford 1985), plant mothering (Hastorf 1998), low-level food production 

(Smith 2001), vegeculture (Barton and Denham 2018), and ecoscaping (Ouzman et 

al. 2019), the agriculture/hunter-gatherer-fisher dichotomy continues to exist. Although 

efforts have been made to shake the divide (e.g. Florin and Carah 2018) and draw 

attention to Aboriginal resource management techniques (e.g. Pascoe 2014), 

archaeobotanical research continues to focus on New Guinea as one of the global 
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centres of agriculture (e.g. Denham 2018; Golson et al. 2017). In contrast, less 

attention has been paid to the archaeological evidence of people-plant relationships 

from Australian contexts and changes in plant use over time that can help to shed light 

on social, technological, and/or environmental changes. 

 

Figure 1.2 Australia with climatic zones, LGM coastline, and archaeological sites with 

non-woody macrobotanical investigation (adapted from Whitau 2018, Fig. 2.4, 46; 

CAD: CartoGIS. Australian National University). Archaeological sites for this research 

display▲ icon 
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1.2.1 Macrobotanical research in Australia 

An assessment of available literature for Australia has revealed a total of 36 

archaeological excavations (not including surface collections) have recovered non-

woody macrobotanical remains (Table 1.1 and 1.2). Nine of these sites are located in 

the Kimberley and are the subject of the thesis (Table 1.1). The locations of these 

archaeological sites, across most major climatic zones (Figure 1.2), shows that 

macrobotanical remains preserve in a range of environmental settings. Despite the 

presence and recovery of macrobotanical remains in these archaeological sites, 

studies have been sporadic and inconsistent with very few undergoing systematic 

analysis. For example, macrobotanical remains are totally unquantified at 25% of sites 

(Table 1.1 and 1.2).  

Table 1.1 Kimberley sites containing non-woody macrobotanical remains with the 

number of remains identified, number of taxa identified, and reference 

Site State Total number of remains 
taxonomically identified  

Number 
of taxa 
identified 

Source 

Brooking Gorge 1 WA 4138 13 Dilkes-Hall et 
al. 2020b 
(this thesis) 

Carpenter’s Gap 1, Square A2 WA 7846 23 Dilkes-Hall et 
al. 2019a, 
2020b (this 
thesis) 

Djuru WA 96 3 Dilkes-Hall et 
al. 2020b 
(this thesis) 

Moonggaroonggoo WA 604 6 Dilkes-Hall 
2019; Dilkes-
Hall et al. 
2020b (this 
thesis) 

Mount Behn rockshelter WA 203 8 Dilkes-Hall et 
al. 2020b 
(this thesis); 
Whitau et al. 
2018 
(Appendix B) 

Riwi  WA 7609 32 Dilkes-Hall et 
al. 2020a, 
2020b, 
2019b, 
2019c (this 
thesis) 

Wandjina rockshelter  WA 487 14 Dilkes-Hall et 
al. 2020b 
(this thesis) 
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Widgingarri Shelter 1 WA 357 whole specimens only 9 O’Connor 
1999 

739 11 Dilkes-Hall et 
al. 2020b 
(this thesis) 

Widgingarri Shelter 2 WA 13 whole specimens only 1 O’Connor 
1999 

111 8 Dilkes-Hall et 
al. 2020b 
(this thesis) 

 

Table 1.2 Australian sites outside of the Kimberley reporting the presence of non-

woody macrobotanical remains with the number of remains identified, number of taxa 

identified, and reference 

Site State Total number of remains 
taxonomically identified  

Number 
of taxa 
identified 

Source 

Anbangbang 1 NT 1249 21 Clarke 1987, 
1989 

Angophora Reserve NSW 121 Macrozamia 1 Beck and 
Webb 1992 

Boignjul QLD 4  1 Ferrier 2015 

Bomaderry Creek NSW ~328.1 Macrozamia 
(estimate only), 
unquantified Melaleuca 
paperbark 

2 Lampert and 
Steele 1993 
 

3051 1 Asmussen 
and McInnes 
2013 

Botobolar 5 NSW 80 Macrozamia  1 Pearson 
1981, cited in 
Smith 1982 

465 1 Asmussen 
and McInnes 
2013 

Capertee 3 NSW Unquantified Macrozamia 1 McCarthy 
1964 

204 1 Asmussen 
and McInnes 
2013 

Carpenter’s Gap 1, Square A WA 2411 24 McConnell 
1997 

Cathedral Cave QLD ~500 per m3 Macrozamia 
(estimate only) 

1 Beaton 1977 

2870 1 Asmussen 
and McInnes 
2013 

Cheetup rockshelter WA ~10 Macrozamia (estimate 
only) 
Unquantified Xanthorrhoea 
leaf bases  

2 Smith 1982 

Durras North  NSW Unquantified Macrozamia 1 Lampert 
1966 
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Drual VIC Unquantified 8 Coutts and 
Lourblanchet 
1982 

Glenisla VIC Unquantified 38 Coutts and 
Lourblanchet 
1982 

Goddard Creek QLD 559 3 Cosgrove et 
al. 2007 

Granilpi NT 904 7 Atchison 
2000 

Jinmium NT 3334 20 Atchison 
2000 

Kawambarai Cave NSW Quantified by mass 
~85–13 g of plant material 
per kg of sediment 

4 Beck 2006 

Kenniff Cave QLD Unquantified Macrozamia 1 Mulvaney 
and Joyce 
1965 

Ken’s Cave QLD Quantified by mass 
gram/metre3 

34 Morwood 
1979 

Kongarati Cave SA Unquantified 11 Tindale and 
Mountford 
1936 

Madjedbebe (formerly 
Malakunanja ll) 

NT 622 5 Florin et al. 
2020 

Murubun rockshelter QLD 54 3 Cosgrove et 
al. 2007 

Noola Cave NSW Unquantified Macrozamia 1 Tindale 1961 

Paribari (formerly Padypadiy) NT Unquantified 4 White 1967 

Punipunil NT 420 6 Atchison 
2000 

Rainbow Cave QLD ~400–600 per m3 

Macrozamia (estimate only) 
1 Beaton 1977 

113 1 Asmussen 
and McInnes 
2013 

The Tombs QLD Unquantified Macrozamia 1 Mulvaney 
and Joyce 
1965 

Urumbal Pocket QLD 496 3 Cosgrove et 
al. 2007 

Wanderers Cave QLD ~400–600 per m3 

Macrozamia (estimate only) 

1 Beaton 1977 

1517 1 Asmussen 
and McInnes 
2013 

 

The earliest known archaeological excavations to recover macrobotanical remains 

took place in 1934 at Kongarati Cave in South Australia (Tindale and Mountford 1936; 

Figure 1.2). A variety of plant remains (e.g. grasses, string, and fishing nets) were 

recovered in direct association with the burial of an elderly Aboriginal woman (Tindale 

and Mountford 1936:489). Excavated ‘plant debris’ was retained and, although some 

taxonomic identifications by systematic botanist C. M. Eardley are provided, 
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comments on the macrobotanical materials are cursory (Tindale and Mountford 

1936:492–493).  

It was not until the 1960s that further accounts on the recovery of macrobotanical 

materials were published (Tindale 1961) and from this time onwards considerable 

attention is given to the use of toxic plants, particularly Macrozamia. Of the 36 

macrobotanical studies that have been conducted, 16 sites (45%) focus on the use of 

toxic plants (Table 1.2) and of this research, two major themes come to light, the 

antiquity of Aboriginal use of toxic plants and the associated processing techniques 

necessary to neutralise the toxic compounds present in these plants.  

Macrozamia, belonging to the Zamiaceae family (formerly Cycadaceae), contain 

carcinogenic azoxglycosides and neurotoxic substances (Whiting 1963) that need to 

be removed prior to ingestion either through brief or prolonged leaching, or through 

natural or artificial ageing (Beck 1992), yet, early archaeological encounters overlook 

the processing techniques necessary. For instance, archaeological excavations at 

Noola Cave, New South Wales (Figure 1.2), recovered Macrozamia macrobotanical 

remains leading Tindale (1961:194) to conclude that ‘the nuts were an important article 

of diet’, and nothing further. Likewise, upon excavating ‘a mass’ of Macrozamia from 

a large hearth at Capertee 3, McCarthy (1964:199) remarked ‘the plant appeared to 

be an important item of food’. Macrozamia remains excavated from archaeological 

sites Durras North, Kenniff Cave, and The Tombs (Figure 1.2) are similarly 

unquantified and lack interpretation. It is worth mentioning here that Macrozamia 

seeds are large with thick and particularly robust sclerotesta and are doubtlessly more 

conducive to preservation than smaller more fragile plant remains that might not have 

preserved or been recovered from these sites. In addition, Macrozamia are known to 

be collected in large quantities (Beck 1992) improving their visibility in the 

archaeological record and the chances of being recognised by archaeologists during 

these early excavations. It is likely that differential preservation and biased recovery 

played a role in only Macrozamia being recovered from the aforementioned 

archaeological sites and it is possible that this plant represents just one of many plants 

used within these sites. 

Beaton’s (1977) research made the first attempts to quantify Macrozamia 

macrobotanical remains (Table 1.2) and his research is the first to pay attention to 
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leaching technologies. Macrozamia remains recovered from Queensland sites, 

Cathedral Cave, Rainbow Cave, and Wanderer’s Cave, occur in stratigraphic 

association with stone artefacts of the ‘small tool tradition’ (Beaton 1977:185), which 

share typological similarities to stone artefacts found in Island South East Asia 

(Hiscock 2008:147–148). In keeping with the general thinking of the time, that 

sophisticated technologies were brought to Australia as part of diffusion of a cultural 

package from elsewhere in the Indo-Pacific region (Bowdler 1981; Bowdler and 

O’Connor 1991), Beaton (1977) suggests leaching technologies were introduced from 

outside of Australia around 4.5 ka. 

In Western Australia, archaeological excavation at Cheetup rockshelter (Figure 1.2) 

revealed Macrozamia remains contained in a shallow pit, interpreted by Smith 

(1982:120) as a processing/treatment pit. Charcoal overlying the pit provides a 

terminus ante quem for Macrozamia preparation in Australia of around 15 ka (16,904–

14,894 cal BP [GX6605], Smith 1982:119), suggesting the independent development 

of toxin removing techniques on the continent by innovative Aboriginal groups 10,000 

years earlier than claimed by Beaton (1977). 

Given the importance that Macrozamia plant processing and detoxification techniques 

have for understanding people-plant relationships in the past, more recently 

Asmussen and McInnes (2013, see also Asmussen 2005, 2008, 2010) reanalysed 

seven New South Wales and Queensland Macrozamia macrobotanical assemblages 

(Table 1.2). Quantifying the material by number of individual specimens (NISP), 

Asmussen and McInnes’s (2013:474) reanalysis of macrobotanical material has been 

crucial for correcting quantification attempts made by Beaton (1977) and assigning 

species level identifications to Macrozamia remains. This research is also the first to 

suggest increased Macrozamia exploitation in the mid-to-late Holocene reflects 

people’s response to subsistence risks linked to El Niño–Southern Oscillation (ENSO) 

driven climate change, which is commonly associated with lower environmental 

productivity and resource unpredictability (Asmussen and McInnes 2013).  

More recently, Cosgrove et al.’s (2007:161) analysis of macrobotanical remains 

recovered from Urumbal Pocket, Goddard Creek, and Murubun rockshelter in 

Queensland (Figure 1.2) revealed Aboriginal exploitation of toxic nut species 

Beilschmedia bancroftii (yellow walnut) and Endiandra palmerstonii (black walnut) 
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(Family: Lauraceae) beginning around 2.5 ka and peaking after 1.5 ka. These species 

were also recovered at nearby Boignul by Ferrier (2015). Processing of these toxic 

nuts is coincident to the development of specialised stone technologies (e.g. incised 

grindstones) and appears to play an important role in Aboriginal people’s successful 

adaptation to rainforest environments and permanent rainforest settlement at a time 

of intense ENSO activity occurring from 2.5 to 1.7 ka (Cosgrove et al. 2007:169). 

Importantly, the studies conducted by Asmussen and McInnes (2013) and Cosgrove 

et al. (2007) draw attention to, and demonstrate that, there are potential causal links 

between environmental change, plant use, and complex socio-technological change. 

Moving away from the topic of Aboriginal use of toxic plants, other interesting themes 

that macrobotanical research can provide information on include the types of 

vegetative communities targeted by Aboriginal groups for plant food collection, 

seasonality, scheduling, activity areas, labour division, and fruit processing, as shown 

by the following examples. 

Archaeological excavations at Ken’s Cave in Queensland (Figure 1.2) recovered a 

large amount of macrobotanical material which was grouped (e.g. seeds, leaves, wood 

shavings, and wood fragments) to reveal patterns of relative densities of functionally 

related plant categories (Morwood 1979:124–125). This analysis demonstrated 

different activity areas within the site, such as the separation of food consumption 

areas from tool maintenance and manufacture zones and sleeping areas (Morwood 

1979:125). Furthermore, fruiting times of taxonomically identified macrobotanical 

remains suggest winter occupations of the site (Morwood 1979:128).  

Clarke’s (1987, 1989) research at Anbangbang 1, in the Northern Territory (Figure 

1.2), was the earliest Australian macrobotanical research to apply standard 

quantitative methods used internationally, such as NISP, presence/absence, and 

frequency, to analyse and interpret macrobotanical remains. A large suite of plant 

remains were taxonomically identified (Table 1.2) and remains deposited as a result 

of human activities demonstrate that different vegetation communities (aquatic, 

wetland, and terrestrial habitats) were targeted by humans for economically important 

plants (Clarke 1989:83). Clarke’s (1987:324–331) research highlights the role of 

women in plant collection activities, and seasonal occupations during the wet season 
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and early, mid- and late dry season, are inferred from taxonomic identifications 

because certain plants are only available at these particular times of the year. 

In north Western Australia, O’Connor (1999) recovered macrobotanical material from 

two rockshelters, Widgingarri Shelters 1 and 2 (Figure 1.2). O’Connor’s (1999) 

analysis included only whole seeds (Table 1.1) and these assemblages have been 

reanalysed as part of this PhD research. Macrobotanical remains show evidence for 

gnawing by native rock rats (Zyzomys spp.) and the study highlights the importance 

of considering different potential sources that may deposit macrobotanical material in 

archaeological sites (O’Connor 1999:83). 

McConnell’s (1997) research on macrobotanical material from Carpenter’s Gap 1, 

north Western Australia, (Figure 1.2), interpreted changes in plant taxa through time 

as a proxy for regional environmental change. Several issues with McConnell’s (1997) 

interpretations of the macrobotanical record were identified during this research 

including taxonomic misidentification and the reconstruction of a regional 

palaeoenvironmental sequence from a culturally biased record. So as not to duplicate 

here, see Chapter 3 for detailed discussion relating to McConnell’s (1997) research. 

At rockshelter sites Jinmium, Granilpi, and Punipunil, located in the Keep River region 

of the Northern Territory (Figure 1.2), Atchison et al. (2005) identified fruit seed 

processing of Buchanania obovata (bush mango) and Persoonia falcata (wild pear) in 

the archaeobotanical records dating to around 3.5 ka. The cessation of fruit seed 

processing is contemporaneous with the arrival of Europeans which, in turn, triggered 

reorganisation and changes in Aboriginal land use practices in the region (Atchison 

2009:148; Atchison et al. 2005:179). Fundamentally, Atchison et al. (2005:174) draws 

upon traditional ecological knowledge held by the senior Aboriginal women of the 

nearby Marralam community to shed light on the timing of fruit collection (wet season) 

and processing techniques.  

In 2006, Beck (2006:310) championed the need for more middle-range research, such 

as ethnobotany and actualistic studies, to further enlighten interpretation and analysis 

of plant remains and Atchison et al.’s (2005) research into fruit processing provides an 

excellent example highlighting the importance of working closely with Aboriginal 

people, specifically women, when interpreting the archaeobotanical record. In a similar 

vein, Ferrier and Cosgrove (2012) draw upon supportive oral traditions and 
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ethnohistorical documents that record Aboriginal use of the species represented 

archaeologically to establish a baseline for macrobotanical remains that might be 

cultural. 

Most recently, at Madjedbebe, located in the Northern Territory (Figure 1.2), 

macrobotanical remains are preserved by carbonisation in the earliest occupation level 

dated to 65–53 ka (Florin et al. 2020). Macrobotanical analysis found that food plants 

were foraged from different vegetative communities including open forest, woodland, 

monsoon vine forest, and aquatic environments, suggesting that a broad diet was part 

of the colonising repertoire of early modern human populations in Sahul (Florin et al. 

2020). 

To summarise, macrobotanical research across the Australian continent has been 

fragmented, mainly targeting the eastern seaboard (Figure 1.2) and, on the whole, has 

largely centred on the use of toxic plants (e.g. Macrozamia) (Table 1.2). Thus, only a 

small part of people’s diet and subsistence has been studied in most areas, resulting 

in scant knowledge and poor understanding of the economic use of plants by 

Australian Aboriginal populations in the past. However, this previous macrobotanical 

research in Australia has provided solid foundations and demonstrated that important 

research questions about diet, subsistence, seasonality, fruit processing, women’s 

activities, and people’s responses to environmental change can be answered through 

the analysis of macrobotanical remains.  

This research takes advantage of the opportunity to investigate these same research 

questions and develop a more nuanced picture of Aboriginal plant use in the past, on 

both a local and regional scale, by analysing nine macrobotanical assemblages 

recovered from archaeological sites located in an area which, until now, has received 

very little systematic macrobotanical research, the Kimberley region of north Western 

Australia. 

1.3 Defining the research area  

1.3.1 Geography, geology, climate, and vegetation 

The Kimberley is located between 14°S and 19°S latitude and 123°E to 129°E 

longitude and covers an area of around 420,000 km2 (Australian Bureau of Statistics 

2020). The region is bordered in the south by the Great Sandy and Tanami Deserts, 
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in the east by the Northern Territory border, and in the west and north by the Indian 

Ocean and Timor Sea, respectively (Pepper and Keogh 2014, Figure 1.3). 

Geologically, the Kimberley is dominated by the Canning, Kimberley, and Ord Basins, 

and deformation, fault activity, metamorphism, and volcanic intrusion over time have 

produced tectonic belts, the King Leopold Orogen to the southwest and the Halls 

Creek Orogen to the southeast of the Kimberley Basin, which together with the 

Kimberley Basin form the Kimberley Block (Pepper and Keogh 2014:1445; Playford et 

al. 2009:8, Figures 1.3 and 1.4). Devonian reef complexes occur in a structural 

subdivision of the Canning Basin known as the Lennard Shelf which is bounded in the 

north and east by the Kimberley Block (Playford et al. 2009:8, Figure 1.4). Devonian 

reef complexes form a series of rugged limestone ranges and it is in the caves and 

rockshelters within these karst systems that archaeological deposits with good 

stratigraphic integrity, exceptional organic preservation, and considerable time depth 

had been located by archaeologists (e.g. Balme 2000; O’Connor 1995). 

 

Figure 1.3 (a) True-colour Aqua MODIS satellite image (NASA) showing the 

Kimberley (Kimberley Basin + King Leopold Orogen + Halls Creek Orogen) and 
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surrounding areas (http://upload.wikimedia.org/wikipedia/commons/e/ed/Australia_sa

tellite_plane.jpg). (b) Digital elevation model image (Shuttle Radar Topography 

Mission) showing the Kimberley and surrounding areas 

(http://dds.cr.usgs.gov/srtm/version2_1/SRTM3/Australia/). Areas of high elevation 

shown in red and those of low elevation are blue. The inset shows the location of the 

Kimberley (grey) within the Australian continent, including the Top End (TE) and the 

Pilbara (PIL). Copied directly from Pepper and Keogh (2014, Figure 1, 1444) 

 

Figure 1.4 Devonian reef complexes of the Canning Basin. Copied directly from 

Playford et al. (2009, Figure 1, 4) 

The monsoonal climate of north Western Australia strongly influences the seasonal 

availability of plant resources. The immense size of the Australian mainland produces 

strong continentality influenced by many broad scale climatic controls. Primarily, the 

Australian summer monsoon is driven by the southward migration of the Inter-Tropical 

Convergence Zone (ITCZ) between December and March (Suppiah 1992). Madden-

Julian Oscillation, ENSO, and sea surface temperatures all affect the annual north 

south migration of ITCZ controlling the strength, or weakness, of the Australian 

summer monsoon across northern Australia (Risbey et al. 2009; Suppiah 1992; 

Taschetto et al. 2010; Wheeler et al. 2009).  
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The Australian Monsoonal Tropics is an area defined as receiving 85% or more of its 

rainfall between the months of November and April (Bowman et al. 2010). Seasonal 

rainfall creates a distinct oscillation between wet and dry seasons and although 

median rainfall for the region is ~1000 mm per annum precipitation varies markedly 

from north to south (Bureau of Meteorology 1996, Figure 1.5). Biologically diverse, 

and with a mosaic of environmental niches that occur across a topographically and 

geologically varied landscape, the Kimberley makes up the Northern Botanical 

Province as defined by Beard (1979). Within the Northern Botanical Province four 

phytogeographic districts are recognised (Beard 1979, Figure 1.5). 

 

Figure 1.5 Map of the Kimberley region of northwest Western Australia. Botanical 

districts after Beard (1979). Rainfall isohyets after Bureau of Meteorology (1996) 

16



The nine archaeological sites studied for this research are situated across three of 

these districts, Gardner, Fitzgerald, and Hall (Figure 1.5). These are briefly described 

here and more detailed botanical information, specific to the location of archaeological 

sites, is given in Chapters 3–9. The northern Gardner Botanical District receives over 

700 mm of rain annually (Beard 1979:15, Figure 1.5). This district is characterised by 

tropical high-grass savannah with Eucalyptus spp. woodlands (Beard 1979:15). The 

Fitzgerald Botanical District encompasses the central area of the Kimberley with the 

region experiencing an annual rainfall between 400 mm and 700 mm (Beard 1979:16, 

Figure 1.5). Chrysopogon spp. (ribbongrass) dominates the tall grass savannah 

woodlands, which form on basic volcanics (Beard 1979:16) and communities of 

Adansonia gregorii (boab) and stands of Corymbia spp. (bloodwoods) are known to 

occur (Tille 2006:102). The Hall Botanical District incorporates the land to the east and 

south of the Fitzgerald district (Figure 1.5) where annual rainfall is reduced to between 

350 mm and 600 mm (Beard 1979:17). This district is semi-arid and skeletal soils 

coupled with decreased precipitation significantly influence vegetation communities 

with dry calcareous plains dominated by short grass savannah and Triodia spp. 

(spinifex) steppe (Beard 1979:17). 

The botanical districts described above are overlapped by patches of monsoon 

rainforest that occur in coastal areas and persist further inland in fire protected gorges 

and limestone ranges where water seepage maintains these sensitive vegetative 

communities (McKenzie et al. 1991). Monsoon rainforest is rich in plant species that 

are rare if not entirely absent from the surrounding open woodlands and plant species 

include; Celtis strychnoides (hackberry), Ficus spp. (fig), Flueggea virosa (white 

currant), Grewia spp. (current bush), Terminalia spp. (terminalia), and Vitex spp. (black 

plum) (Kenneally 2018).  

It is important to note here that the so called ‘natural’ vegetation of the Kimberley 

region today has in fact been dramatically altered since European colonisation 

(Connor et al. 2017). The introduction of pastoralism in the 1870s saw Aboriginal 

people forcibly removed from their lands effectively halting existing Aboriginal 

landscape management practices and complex fire regimes (Connor et al. 2017; Smith 

2000). Despite this, Aboriginal people today maintain links to Country and employ 

traditional land management practices to protect important ecological zones, 

especially in regard to the protection of vulnerable patches of monsoon rainforest 
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(Vigilante et al. 2017) which contain important economic plant species and are often 

associated with important cultural sites (Mangglamarra et al. 1991; Karadada et al. 

2011). 

1.3.2 Palaeoclimate  

Climate and environment are intimately linked to archaeological narratives in terms of 

adaptation, innovation, and socio-economic responses and, as such, palaeoclimatic 

background is provided here to highlight periods of significant change since human 

occupation of Sahul around 65 ka (Clarkson et al. 2017).  

There are a number of climatic changes and environmental shifts that have occurred 

and these are primarily in relation to glacial and interglacial cycles (Lambeck and 

Chappell 2001). Marine cores collected in the Bonaparte Gulf (Figure 1.6) demonstrate 

a slow marine regression phase began around 120 ka ago (Lambeck and Chappell 

2001; Lambeck et al. 2002; Yokohama et al. 2000). Between 60 and 32 ka sea level 

in northern Australia fluctuated between 50 and 90 m lower than present (Lambeck 

and Chappell 2001; Lambeck et al. 2002; Yokohama et al. 2000, Figure 1.6 and 1.7). 

Palaeohydrological records for the large lake systems (Gregory Lakes) demonstrate 

peaks in fluvial activity that suggest wetter and cooler climatic conditions for the period 

of 35–32 ka (Veth et al. 2009). From around 30 ka increased dune activity, decreased 

fluvial activity, and increased dust transport suggest the development of more cooler 

drier climate and more arid conditions leading into the Last Glacial (30–18 ka) 

(Fitzsimmons et al. 2013; Reeves et al. 2013a). 
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Figure 1.6 Migration of the northern Australian coast line over the last 60 ka. Sea level 

curve after Lambeck and Chappell (2001). Copied directly from Vannieuwenhuyse 

(2016, Fig. 2-13, 30) 
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Figure 1.7 Main palaeoenvironmental data and palaeoclimate trends from northwest 

Australia over the last 60 ka. Copied directly from Vannieuwenhuyse (2016, Fig. 2-16, 

41) 

During the Last Glacial Maximum (LGM) (~22–18 ka) extensive glaciation lowered sea 

levels by 120–130 m, when compared to the present day, and exposed the now 

submerged continental shelf (Lambeck et al. 2002; Lewis et al. 2013; Petherick et al. 

2013, Figure 1.6 and 1.7). Sea surface temperatures were cooler by 1–3 degrees 

(Visser et al. 2003) and increased aeolian activity, increased dune activity, reduced 

fluvial input, and lake regression indicate arid climatic conditions prevailed and 

monsoonal activity was greatly weakened (Fitzsimmons et al. 2012, 2013; Reeves et 

al. 2013a, 2013b; Wyroll and Miller 2001).  

During the early Holocene deglacial period (18–12 ka) sea-level rise and flooding of 

the continental shelves sees a transition to wetter and warmer conditions and 

monsoon reactivation by 14 ka (Denniston et al. 2013; Field et al. 2017; Reeves et al. 

2013b; Wyrwoll and Miller 2001). A tropical humid climate with an intense and 
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predictable summer monsoon throughout the mid-Holocene, peaking around 6–7 ka, 

is indicated by rainforest expansion across Australian tropical zones (Hiscock and 

Kershaw 1992; Shulmeister 1999), increased fluvial activity (Wende et al. 1997), and 

increased summer rainfall (Denniston et al. 2013; Field et al. 2017; Gagan et al. 2004; 

McGowan et al. 2012; Van der Kaars et al. 2006).  

An abrupt weakening of the monsoon and intensifying ENSO—associated with drier 

conditions and increased aridity—occurs around 4.2 ka and is sustained until 1.2 ka 

with a period of peak aridity occurring between 1.5 and 1.2 ka (Denniston et al. 2013; 

Shulmeister 1999; Shulmeister and Lees 1995). From 1.2 ka to 0.9 ka decreased 

oxygen isotope values indicate a return to wetter conditions, with evidence for small-

scale variability, through to the present (Denniston et al. 2013). 

In brief, over the last 60,000 years climatic shifts have produced environmental 

changes in the Kimberley region as shown in local and regional palaeoclimatic and 

palaeoenvironmental archives (Figure 1.7). Periods of peak aridity, such as the LGM 

and late Holocene ENSO driven climate change, and periods of relative humidity (e.g. 

mid-Holocene) have been associated with decreased or increased environmental 

productivity as tropical flora and tree cover contracted or expanded, particularly within 

the arid zone which expanded north into the semi-arid zone during arid phases (Hesse 

et al. 2004). Over the 47,000 years of time represented in archaeological deposits in 

the Kimberley (Maloney et al. 2018) climatic and environmental alterations have been 

correlated to changes in the archaeological record which are summarised below to 

provide the background in which this research is staged. 

1.3.3 Archaeological context  

The ancient cultural landscape of the Kimberley is well known for its extensive rock art 

galleries, investigations of which began in the early 19th century (Grey 1841). In 

contrast, archaeological inquiry did not begin in the region until in the 1970s when 

salvage excavations of the Ord River valley (now Lake Argyle) were conducted by 

Dortch (1972, 1977) and systematic archaeological surveys and excavation began in 

the southern Kimberley (Blundell 1974, 1975). During the late 1980s archaeological 

excavations of rockshelters and shell middens were conducted in remote north and 

western areas (O’Connor 1999; Veitch 1996). Radiocarbon dating of marine shell 

excavated from Koolan Shelter 2 and Widgingarri Shelter 1 returned the first 

21



Pleistocene dates for the region, c. 28 ka (O’Connor 1999:29, 59, Figure 1.8). Further 

excavations in the southern Kimberley in the 1990s confirmed deep antiquity of human 

occupation that extends back to around 50–45 ka at Carpenter’s Gap 1 and Riwi 

(Balme 2000; O’Connor 1995). In the 2000s more extensive excavations began in the 

southern Kimberley (Harrison 2002, 2004; Harrison and Frink 2000) and in more 

recent years three major research projects have been funded by the Australian 

Research Council to investigate archaeology and rock art in different areas of the 

region, Lifeways of the First Australians (CIs Jane Balme and Sue O’Connor, 

LP100200415), Change and Continuity (CIs Kira Westaway, Michael Morwood, and 

June Ross, LP0091845), and Kimberley Visions (CI Peter Veth, LP150100490).  

 

Figure 1.8 Location of published archaeological excavation sites in the Kimberley 

(adapted from Vannieuwenhuyse 2016, Fig. 2-19, 45). Note* Kimberley defined in the 

east by Northern Territory border  
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Some of the oldest archaeological sites in Australia (~50–45 ka) are located in the 

Kimberley (Balme et al. 2019; Maloney et al. 2018) and the Pleistocene archaeological 

record has revealed evidence of technological innovation and symbolic behaviour. At 

Carpenter’s Gap 1 evidence for ground-edge axe manufacture dates to between 49 

and 44 ka (Hiscock et al. 2016) and the multipurpose nature of these tools has been 

argued to ensure flexible applications for the encounter of novel environments and 

resources by colonising Aboriginal groups (Balme and O’Connor 2014). Excluding 

ground-edge axe manufacture, Pleistocene stone tool technology shows little 

technological diversification, however, changes in raw material use throughout the 

sites’ occupation records changing procurement strategies indicative of flexible 

mobility (Maloney et al. 2018). 

The earliest evidence for pigment use in Sahul is indicated by a slab of limestone 

covered with ochre recovered from deposits dated to 40 ka (O’Connor and Fankhauser 

2001). Categorised stylistically as part of the ‘colonising repertoire’ of rock art, the 

presence of pecked cupules at several archaeological sites across the Kimberley 

indicates complex signalling behaviours by early Aboriginal groups and provides 

evidence for vegetable, animal, and ochre processing activities (Veth et al. 2018:28–

32). Additionally, a bone implement recovered from deposits dated to 46 ka at 

Carpenter’s Gap 1 is interpreted as the earliest evidence of osseous technology in 

Australia (Langley et al. 2016a).  

Increased aridity during the Last Glacial, particularly the LGM, has often been 

associated with lower artefact discard and depositional hiatuses (O’Connor et al. 1999; 

Williams et al. 2013). It has been suggested that during the LGM Aboriginal 

populations retreated from expanding arid areas where changing climatic conditions 

and resulting stresses on resource availability forced groups to contract into refugia—

refugia considered to be areas less sensitive to environmental changes where 

resources remained reliable and abundant, such as, major riverine systems and well-

watered ranges (Hiscock 2008; O’Connor and Veth 2006; Veth 1989, 1995; Williams 

et al. 2013, 2015). Recent geoarchaeological analyses of five archaeological sites in 

the Kimberley (Carpenter’s Gap 1 and 3, Djuru, Mt Behn, and Riwi) has demonstrated 

that at these sites there is little evidence to connect site abandonment and depositional 

hiatuses (Vannieuwenhuyse 2016). At Carpenter’s Gap 1, the largest discard peak of 

stone artefacts occurs during the LGM and faunal records for this time indicate that 
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people accessed the nearby permanent water source at Windjana Gorge for 

freshwater fish and mussels providing support for the LGM refuge model (Maloney et 

al. 2018:225). However, at Riwi, hearths dated to the LGM (Balme et al. 2019) provide 

evidence that people continued to visit arid areas because the site’s location would 

have been well within the expanded arid zone (Hesse et al. 2004). Occupations during 

the LGM at Riwi suggest people’s responses to climate and environmental change 

were more complex and nuanced than previously thought and/or the nature of 

monsoon activity may have been more variable during this period (Balme et al. 

2019:49). 

A characteristic of post-Pleistocene marine transgression and climatic amelioration is 

changes in niche width and expansion in the diversity of resources used by people 

best evidenced in early Holocene marine resource use (e.g. Barker 1991). 

Archaeological sites, now situated on the Kimberley coast, record distinct changes in 

the faunal sequences that reflect the transition from a Pleistocene terrestrial mode of 

subsistence to marine mode of subsistence during the Holocene (O’Connor 1996). 

Analysis of wood charcoal recovered from mid-Holocene deposits at Riwi reveal 

considerable components of monsoon rainforest taxa lending support to available 

palaeoclimatic evidence that suggests a period of relative humidity with increased 

precipitation for this time (Whitau et al. 2017:150). Evidence for changes in stone tool 

technology are indicated by the first appearance of direct percussion points in southern 

Kimberley archaeological sequences between 5.6–5.3 ka (Maloney et al. 2014; 

O’Connor et al. 2014).  

Across Australia, the late Holocene (defined here as 4.2 ka onwards after Walker et 

al. 2012) archaeological record is associated with significant changes, such as the 

arrival of the dingo, intensification, intensified use of microliths, increases in cultural 

discard, and technological developments (Balme et al. 2018; Beaton 1977; Cosgrove 

et al. 2007; Hiscock 1994; Lourandos 1983, 1985, 1997; Maloney et al. 2014; Veth et 

al. 2011, 2018; Williams et al. 2008). In the Kimberley, territorial boundaries and social 

signalling linked to ENSO intensification is suggested by increased stylistic diversity in 

rock art (Veth et al. 2018) and the emergence of the Wandjina, dated to around 4 ka 

(Morwood et al. 2010). At Carpenter’s Gap 1, hafting resin recorded on stone tools 

suggest changes in stone tool technologies and faunal records, showing coincident 

increases in medium and large sized macropods, suggest these new stone 
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technologies altered hunting strategies to target larger species (Maloney et al. 

2018:222). Over the last 1000 years pressure flaked points associated with projectile 

technologies (Maloney et al. 2014) and plant-based technologies (see Langley et al. 

2016b, 2019; Whitau et al. 2016) appear in archaeological records.  

This summary of archaeological investigations in the Kimberley is not exhaustive but 

highlights the fact that research has concentrated largely on lithic technologies, faunal 

records, and rock art. Changes in these sequences over time are often linked to broad 

scale climate/environmental change, evident in palaeoclimatic sequences, and 

inferred phases of resource depletion and abundance. Previous investigations have 

shown that archaeological sites have good stratigraphic integrity and, particularly in 

southern Kimberley cave and rockshelters contexts, some have exceptional organic 

preservation (Balme 2000; O’Connor 1995). However, excluding McConnell (1997), 

little consideration has been given to the analysis of macrobotanical sequences 

available for the region irrespective of the complex people-plant relationships indicated 

by ground-edge axe technologies (Hiscock et al. 2016), activities related to plant-

processing (Wallis and O’Connor 1998), and numerous botanical motifs in rock art 

(Veth et al. 2018). As a result, an incomplete picture of diet and subsistence, in relation 

to plant foods, has developed and there is little knowledge on how changes evident in 

lithic technologies and faunal records might relate to people’s use of botanical 

resources. Here, macrobotanical analysis has the potential to improve our 

understanding of plant use in the past by providing an opportunity to (i) examine diet, 

subsistence, and technological developments related to plant use, (ii) assess whether 

patterns of change identified in lithic and faunal records are reflected in people’s 

exploitation of botanical resources, and (iii) provide information on people’s responses 

to climatic and environmental shifts recorded for the region.  

1.4 Research aims 

This dissertation presents the results of macrobotanical analyses of assemblages 

recovered from nine archaeological sites across the Kimberley, northwest Australia. It 

investigates people-plant interaction through the identification of economic plants, 

subsistence strategies, processing techniques, and change in plant use over the 

47,000 years of human occupation represented in the Kimberley. In particular, the 

aims of this research are: 
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 To identify what plant species people chose for consumption and determine 

which vegetation communities were targeted for the collection of plant foods. 

 To investigate whether plant-processing techniques can be recognised in 

macrobotanical records. 

 To examine plant food selection strategies diachronically and explore shifts in 

subsistence practices. 

 To assess whether people’s responses (i.e. change/s in plant use over time), 

if any, can be attributed to climatic/environmental changes recorded for the 

region. 

The following methodological aims were also included: 

 To distinguish anthropogenic from non-anthropogenic macrobotanical remains 

by testing for evidence of alternative physical and biological sources.  

 To produce a comparative reference collection with modern specimens and 

create a database that includes modern and archaeological examples and 

descriptions of physical elements to aid taxonomic identification.  

 To collaborate with Aboriginal groups, document traditional ecological 

knowledge with Traditional Owners, and include Aboriginal narratives.  

The general approach of this research combines the identification of economic plants 

through macrobotanical analyses with ethnobotany to help understand the array of 

plants represented and demonstrate the importance of working with Aboriginal people 

to provide archaeological interpretations unavailable in other places in the world. 

1.5 Thesis structure  

This dissertation is presented via a series of published papers (7) forming a thesis by 

series of papers following the University of Western Australia (UWA) guidelines 

(Appendix A). Chapters 3–9 are published in peer-reviewed academic journals. As 

such, Chapters 3–9 are styled and formatted in accordance with the requirements of 

the journal to which they are published in and submitted to. References for Chapters 

3–9 appear within the publications. Chapters 1, 2, and 10 make up the exegesis and 

have not been submitted elsewhere. References cited within the exegesis are 

presented in a single reference list after Chapter 10, before Appendices A and B.  
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Chapter 1 has provided archaeobotanical background, introduced the archaeological 

context against which this research is set, and presented the aims of this project.  

Chapter 2 describes the methods used in this research in detail greater than is able to 

be given in published chapters. Specifically, more information is provided on the 

methods used to collate and create the comparative reference collection, to assign 

taxonomic identifications, to establish the source/s of macrobotanical remains, to 

quantify the macrobotanical remains, and to document traditional ecological 

knowledge with Aboriginal Traditional Owners.  

Chapter 3, People-plant interaction and economic botany over 47,000 years of 

occupation at Carpenter’s Gap 1, south central Kimberley, presents the results of 

analysis of macrobotanical remains from the deepest square with the longest 

chronology at Carpenter’s Gap 1, Square A2. Over 47,000 years of time is represented 

in the sequence and macrobotanical remains in the earliest cultural unit demonstrate 

that diet, subsistence, and site occupation were intimately associated with the 

seasonal availability of monsoon rainforest botanical resources. This chapter 

highlights the importance of monsoon rainforest ecosystems for the collection of food 

plants by early Aboriginal groups colonising the region. The use of monsoon rainforest 

taxa through time suggests people avoided depleting resources through seasonal 

scheduling and may have established land management practices to ensure future 

availability of economic plants. 

Chapter 4, Archaeobotany of Aboriginal plant foods during the Holocene at Riwi, 

south central Kimberley, Western Australia, presents the results of macrobotanical 

analysis conducted at Riwi. Direct dating of macrobotanical materials recovered from 

Pleistocene contexts suggest that they derive from the superposed Holocene layers 

highlighting complex site formation processes at the site (see also Balme et al. 2019, 

Appendix B). Macrobotanical remains from Holocene layers demonstrate that 

Aboriginal groups exploited monsoon rainforest ecosystems for food plants, especially 

Vitex cf. glabrata, during seasonal occupations. Wetter conditions recorded for the 

mid-Holocene are supported by the macrobotanical record which shows monsoon 

rainforest taxa are more abundant during this period than the late Holocene. The 

research draws attention to the importance of moisture retaining limestone outcrops, 
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which support vestigial monsoon rainforest, in foragers’ subsistence organisation in 

the semi-arid to arid south central Kimberley. 

Chapter 5, ‘Doog girndi’. Using experimental archaeology to understand the 

archaeobotanical record: an investigation of mid-Holocene Vitex glabrata fruit 

processing in Gooniyandi Country, northwest Australia, continues on from the 

research presented in Chapter 4 and presents the results from ethnobotanical survey 

and experimental studies conducted with Gooniyandi Traditional Owners in 2018 to 

help interpret different plant parts of Vitex cf. glabrata (e.g. whole fruits, whole and 

fragmented endocarps, and calyces) recovered from Riwi. V. cf. glabrata 

macrobotanical remains suggest fruit processing and results from this experimental 

research suggests a two stage processing technique, similar to that practiced today, 

was in place from at least 7,000 years ago. This paper demonstrates the importance 

of collaborating with Traditional Owners who are experts in local botany and these 

results, published in co-authorship with Traditional Owners, provide the earliest clearly 

demonstrated evidence for fruit processing in Australia. 

Chapter 6, Indigenous led archaeological excavation at Moonggaroonggoo, 

Gooniyandi country, Western Australia, reveals late Holocene occupation, 

provides the archaeological background necessary for Chapters 7 and 8. This paper 

presents the overall results of archaeological excavations conducted at 

Moonggaroonggoo in 2016 and provides the necessary archaeological information to 

understand results of macrobotanical analysis presented in Chapter 7. An important 

component of the archaeological project was to conduct ethnobotanical survey with 

Gooniyandi Traditional Owners, results of which flow into Chapter 8.  

Chapter 7, Macrobotanical remains and preservational bias: an example from 

Moonggaroonggoo, Gooniyandi Country, Western Australia, presents the results 

of macrobotanical analysis of remains recovered during excavations at 

Moonggaroonggoo. Analysis shows limited species representation and biased 

preservation of plant remains, namely Celtis strychnoides. At this site macrobotanical 

remains cannot be linked to cultural activities and are interpreted as reflecting the local 

vegetation. Similar findings are shown for other archaeological sites analysed for this 

research in Chapter 9 (see also Whitau et al. 2018, Appendix B). 
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Chapter 8, Understanding archaeobotany through ethnobotany: an example 

from Gooniyandi Country, northwest, Western Australia, presents traditional 

ecological knowledge documented with Gooniyandi Traditional Owners in 2016 at 

Moonggaroonggoo. This research identified economic plants and during botanical 

survey distinct ecological areas of economic significance were recognised. Due to the 

non-anthropogenic nature of Moonggaroonggoo’s macrobotanical records, traditional 

ecological knowledge was used to examine another site located on Gooniyandi 

Country, Riwi. This research highlights crucial differences between Aboriginal and 

Western knowledge and our discussion raises some important points around the 

interpretation of macrobotanical material by European/Western researchers, and 

knowledge and gate-keeping in regards to herbaria and botanical literature. Published 

together with Traditional Owners this paper represents an important piece of research 

where Aboriginal narratives on plant use take centre stage. 

The final manuscript of the thesis, Chapter 9, Evaluating human responses to ENSO 

driven climate change during the late Holocene in northwest Australia through 

macrobotanical analyses, synthesises results of macrobotanical analyses of nine 

archaeological sites available for this PhD research. This paper focuses on changes 

in people’s use of plants in response to ENSO driven climate change during the late 

Holocene. This study found that people continue to target monsoon rainforest food 

plants, specifically Indo-Malaysian elements Terminalia cf. ferdinandiana and Vitex cf. 

glabrata, during a time when one might expect significant reorganisation of diet and 

subsistence as a result of increased aridity. These findings indicate shared traditional 

ecological knowledge across a large geographical space and suggest human agency 

played an important role in the continued use and management of monsoon rainforest 

taxa in the region through a period of rapid climatic and environmental changes.  

The body of this thesis by series of papers is these seven manuscripts. In the final 

chapter, Chapter 10, the major findings of this research are presented and future 

directions for macrobotanical research in Australia are suggested. 

An additional element of this research, not included in the main thesis, covers modified 

botanical materials used for plant-based technologies recovered from some of the 

archaeological sites analysed for this research. These co-authored publications can 

be found in Appendix B (see Langley et al. 2016, 2019; Whitau et al. 2016).  
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Chapter 2. Methods 

Finer details on the methods used by this research could not always be 

accommodated within the papers that form the body of this thesis. This chapter 

provides details about the macrobotanical remains analysed for this research, the 

development of the comparative reference collection, the taxonomic identification of 

macrobotanical remains, and quantitative and qualitative methods.  

2.1 Macrobotanical remains 

Macrobotanical assemblages recovered from stratified cave and rockshelter 

sequences from across the Kimberley were analysed for this research. The majority 

of the project was conducted as part of the Australian Research Council Linkage 

Project (LP100200415): Lifeways of the First Australians, led by Chief Investigators 

Jane Balme (University of Western Australia) and Sue O’Connor (Australian National 

University), in partnership with the Kimberley Foundation, the Western Australian 

Museum, the Department of Sustainability, Water, Populations, and Communities, and 

the Bunuba and Gooniyandi Aboriginal communities. The Lifeways Project excavated 

archaeological sites located in the northwest to southeast running Devonian reef 

complexes (Figure 1.4), four of these limestone cave and rockshelter sites preserve 

macrobotanical sequences and are included in this research. These are Djuru, 

Moonggaroonggoo, Mt Behn, and Riwi (Figure 2.1). Other macrobotanical 

assemblages analysed came from Wandjina rockshelter excavated by Cathy Stokes 

in 1990, and four sites excavated by Sue O’Connor during the 1980s and 1990s: 

Brooking Gorge 1, Carpenter’s Gap 1 (Square A2), and Widgingarri Shelters 1 and 2 

(Figure 2.1). Brooking Gorge 1 and Carpenter’s Gap 1 are also situated within the 

Devonian reef complexes while Wandjina rockshelter and Widgingarri Shelters 1 and 

2 are further north located within the Kimberley Block (Figure 1.4 and 2.1).  

The archaeological sites are distributed from the north east Kimberley coast to the 

south central interior, their locations positioning them across four Native Title 

determined lands: Dambimangari (encompassing Worrora language group), Wilinggin 

(encompassing Ngarinyin language group), Bunuba, and the southernmost 

Gooniyandi (Figure 2.1). In total, macrobotanical materials recovered from nine 

archaeological sites were analysed for this research. Site descriptions, local 

vegetation, and excavation procedures for each archaeological site are contained in 
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the following chapters so will not be replicated here. Key site requirements for 

macrobotanical analysis included the preservation of macrobotanical material, 

accompanying systematic documentation on excavation/recovery/sampling methods 

and stratigraphic provenance, and dated stratigraphic sequences. Sampling methods 

are outlined for each site in proceeding chapters although a note on recovery 

techniques is given here. 

Figure 2.1 Map of the Kimberley showing locations of the archaeological sites with 

well-preserved macrobotanical sequences analysed for this research. Native Title 

determined lands after Kimberley Land Council (2019) 
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Macrobotanical material is often recovered by flotation which separates charred 

botanical material from sediment and recovers small botanical remains (Fairbairn 

2005; Pearsall 2010). For this research, working with previously excavated materials, 

difficulties accessing water during fieldwork in remote semi-arid/arid areas, and the 

fact that most macrobotanical materials are preserved by desiccation and so would be 

harmed by water exposure (Pearsall 2010:80–81), meant flotation was not carried out 

for the majority of sites. All analysed material derives from dry sieving, except in the 

case of Mt Behn where flotation was used in conjunction with dry sieving (see Whitau 

et al. 2018, Appendix B). Each chapter (3–9) details recovery techniques for 

macrobotanical materials recovered from each archaeological site investigated. 

2.2 Development of comparative reference collection 

Taxonomic identification of macrobotanical remains is based on morphological criteria 

and stable diagnostic characteristics that are likewise observed in modern plant 

populations (Fritz and Nesbitt 2014). The initial step in creating a local comparative 

reference collection is to compile a comprehensive list of priority target taxa. To do this 

economic plants were identified using previous archaeobotanical studies (Atchison 

2000; Clarke 1987; McConnell 1997), botanical literature (Low 1991; Petheram and 

Kok 1983; Wheeler 1992), ethnographic/ethnobotanical resources (Crawford 1982; 

Davis et al. 2011; Smith and Kalotas 1985; Wiynjorrotj et al. 2005), online vegetation 

databases (e.g. Atlas of Living Australia and Florabase), and collaboration with 

Gooniyandi Traditional Owners as part of this PhD research project.  

Prior to this research, Dilkes-Hall (2014) initiated the development of a comparative 

reference collection from modern plant specimens collected around Carpenter’s Gap 

1 and the surrounding environs of Windjana Gorge National Park (Whitau 2018). In 

addition, Tom Harley, CEO at PlantBroome, generously offered numerous seeds from 

a variety of known species to help further develop the comparative reference 

collection. Two vouchered botanical collections, Bardi (Smith and Kalotas 1985) and 

Kalumburu (Crawford 1982), housed at the Western Australian Museum Welshpool 

warehouse, were made available for inspection by the Curator of Anthropology, Moya 

Smith, and, where botanical specimens contained multiple seeds, samples were 

permitted to be taken for inclusion in the physical reference collection housed in the 

archaeology laboratory at UWA (Figure 2.2).   
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Figure 2.2 Kimberley comparative reference collection housed in the archaeology 

laboratory at the University of Western Australia  

Permission was granted by the Western Australian (WA) Herbarium to access the 

Research Collection housed there and the month of April 2016 was spent working 

through the collection identifying representative specimens of priority taxa. Each 

specimen was photographed using a Dino-Lite Edge digital microscope and a digital 

database compiled (Appendix D). While a good deal of taxa are housed in the WA 

Herbarium Research Collection, herbarium specimens lack plant parts crucial to 

archaeobotanical research, such as seeds, because the vouchering process 

necessarily requires flowering specimens for positive identification to species level.  

To fill remaining gaps in the comparative collection, further botanical collection in the 

Kimberley was undertaken over three years (Appendix D). All botanical collection was 

conducted using appropriate scientific or other prescribed purposes licenses and, 

where applicable, Regulation 4 Authority-8 permits for collection of flora in National 

Parks. Plant specimens collected during these excursions were collected following 

standard herbarium collection procedures and specimens identified by experienced 

Kimberley botanists Matthew David Barrett (WA Department of Biodiversity, 

Conservation, and Attractions), Russell Lindsey Barrett (Commonwealth Scientific and 

Industrial Research Organisation), and Kevin Kenneally (UWA School of Agriculture 

and Environment).  

Following guidelines outlined by Nesbitt et al. (2003) the physical reference collection 

is arranged by taxonomic sequence and stored in a combination of plastic vials and 

airtight bags making the specimens easily visible and protected from insect damage 

(Figure 2.2). 
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2.3 Taxonomic identification of macrobotanical remains 

Taxonomic identification of macrobotanical remains from the archaeological sites first 

required grouping remains into analytical units based on morphological similarities. 

Morphologically similar groups were identified by traits, such as shape, dimension, 

length, width, surface, and texture, outlined in the University of Queensland’s 

Archaeobotany Seed Description Guide (https://uqarchaeologyreference.metadata.n

et/archaeobotany/contribute) (also see Figure 2.4 and Appendix E). Other attributes, 

such as dispersal mechanisms and rodent gnaw marks, recorded to help determine 

non-anthropogenic taxa are outlined in Chapters 3, 4, and 9. Once macrobotanical 

remains were grouped according to morphological attributes, taxonomic identification 

of the remains was done by referring to the comparative reference collection. Assigned 

taxonomic identifications were then checked by Matthew David Barrett and Russell 

Lindsey Barrett. 

Hather (1994:2) notes that archaeobotanists need to be realistic with identification and 

aware that pressure to assign Linnaean binomials to the same taxonomic levels that 

are expected with modern plant specimens is unnecessary. Fragmentary 

macrobotanical remains may not have all the characteristics necessary for accurate 

identification and we may encounter species that no longer exist for which modern 

comparisons are not possible. Inaccurate identification can lead to false interpretation 

and assigning higher taxonomic level identifications risks over interpretation. For 

discussion on the complexities in assigning taxonomic identifications to 

macrobotanical remains see Chapter 3 (see also Fritz and Nesbitt 2014; Hather 1994). 

To discern morphological detail of testa (seed surface) imaging of representative 

taxonomically identified macrobotanical samples was done using a JEOL JCM-6000 

Neoscope Scanning Electron Microscope (SEM) (Figure 2.3). Images and 

morphological descriptions of each taxon, which were collated and entered into a 

Filemaker database alongside botanical information and examples of modern 

specimens, when possible, are presented in Appendix C alongside SEM images.  
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Figure 2.3 JEOL JCM-6000 Neoscope Scanning Electron Microscope housed at the 

Archaeology and Natural History department of the Australian National University 

For the nine archaeological sites examined for this research a total of 57 plant taxa 

were identified to varying taxonomic levels. Unidentified types were also recorded and, 

although combined and assigned indeterminate status for the publications that make 

up the proceeding chapters, they are available for each site in Appendix E. Fragments 

of parenchymous tissue were not identified to any taxonomic level due to a lack to 

comparative reference material. 

2.4 Establishing the source of macrobotanical remains 

Establishing the source of macrobotanical material in archaeological contexts is 

difficult because botanical material can enter archaeological archives through means 

other than intentional human introduction (Bush 2004; Clarke 1987; Dennell 1976; 

Dietsch 1996; Ford 1979; Gallagher 2014; Miksicek 1987; Minnis 1981). Non-

anthropogenic modes of entry include the introduction of seeds and fruits by animals 

(e.g. coprolites and caches) and natural processes such as water, wind, and modern 

and prehistoric seed rain (Gallagher 2014:32). Determining anthropogenic and non-

anthropogenic sources of macrobotanical materials is a common theme discussed in 

Chapters 3, 4, 7, and 9. 

Since plants can enter archaeological sites naturally, there is one main criteria that 

indicates cultural use of plants, the presence of carbonised seeds (Dietsch 1996; 

Minnis 1981). It is for this reason that, until recently, macrobotanical analyses have 

focused solely on charred/carbonised macrobotanical material, discarding the 

uncharred/desiccated component as modern non-cultural inclusions (Keepax 1977; 

Minnis 1981). Recent research, including chapters presented in this thesis, has shown 
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that not only can desiccated material survive deposition but that analysis of desiccated 

assemblages can drastically improve our understanding of plant use in the past 

because under desiccating conditions all plant parts can become preserved 

(Capparelli and Lema 2011; Ernst and Jacomet 2005; van der Veen 2007), unlike 

carbonisation where only robust plant parts survive (Märkle and Rösch 2008; Wright 

2003). 

Challenging the underlying assumption that carbonisation and, by virtue, the presence 

of seeds in archaeological features (i.e. hearths) is a direct signal of cultural use of a 

plant van der Veen (2007:971) notes that plant products may be intentionally or 

unintentionally subjected to fire (e.g. recycled as fuel, to discourage rodent activity, 

hearths lit on top of sediments containing plants, and casual discard) or not subject to 

fire at all (e.g. certain processing techniques and for socio-cultural reasons). The often-

evoked correlation of charring as a definitive signifier for anthropogenic origin is 

investigated by this research in Chapters 3, 4, 5, 7, and 9 which examine carbonised 

and desiccated macrobotanical remains recovered from Australian archaeological 

contexts. 

2.5 Quantification 

Quantifying taxa in such a way as to be able to consider quantitative differences 

between taxa is a central tenet of archaeobotanical enquiry. For this research two data 

sets were created, one quantitative and the other qualitative (see below, 2.6 

Ethnobotany), to ensure a full picture of plant use was developed by integrating 

Aboriginal narratives with the numerical dataset to strengthen interpretations.  

Popper (1988:53–71) outlines a number of quantitative methods for macrobotanical 

remains and commonly absolute counts and/or weights are employed. Quantifying 

macrobotanical data by absolute counts gives a raw number for each taxon. The 

problem with absolute counts and/or weight becomes obvious when comparing taxa, 

for example, a tomato with a mango, a tomato containing many small light seeds and 

a mango one large dense seed. Further complications arise when samples sizes are 

not standardised and in order to compare different contexts macrobotanical remains 

can be volumetrically adjusted relative to excavated sediment volume (seeds per litre) 

(Popper 1988) as demonstrated in Chapters 3 and 4. 
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Presence/absence analysis (also known as ubiquity) scores each taxon as present or 

absent in a sample and provides a frequency score of the number of samples in which 

the taxon appears (Popper 1988). The continuous presence of a plant species through 

time is indicative of anthropogenic origin (Dietsch 1996). Similarly, if a taxon is present 

in particular parts of an archaeological site, while not in others, it may indicate spatially 

delineated activities which may signal specialised, age-based, and/or gendered 

divisions of economic use and/or labour (Beck 2006). Furthermore, a taxon’s recovery 

from a number of archaeological sites that are geographically distant supports an 

argument for cultural use as highlighted in Chapter 9. 

For this research, macrobotanical remains, both taxonomically identified and 

unidentified, were quantified by calculating absolute counts (e.g. NISP) and mass 

(Figure 2.4 and Table 2.1). NISP was calculated by counting whole and fragmented 

specimens. For the nine archaeological sites examined for this research a total of 

21,833 macrobotanical remains were analysed (Table 2.1).  

Table 2.1 Total NISP and mass of macrobotanical remains recovered from 

archaeological sites investigated by this research 

Archaeological site NISP Mass (g) 
Widgingarri Shelter 1 739 74.79 
Widgingarri Shelter 2 111 14.34 
Wandjina rockshelter 487 5.82 
Djuru 96 8.08 
Carpenter’s Gap 1 7,846 185.56 
Mt Behn 203 6.67 
Brooking Gorge 1 4,138 151.39 
Moonggaroonggoo 604 22.14 
Riwi 7,609 61.18 
Total 21,833 592.97 

To account for degrees of fragmentation that are disregarded by NISP, Minimum 

Number of Individuals (MNI) was calculated by determining a single common 

characteristic distinct to each taxon (Figure 2.4). For instance, to determine the MNI 

for Ficus sp. the most distinguishing element of the fruit, the ostiole, was counted. In 

the case of Terminalia cf. ferdinandiana the endocarp can break into two robust pieces 

thus NISP was effectively halved to produce an MNI estimate. As a final example Vitex 

cf. glabrata fruits produce one calyx per fruit and because calyces often outnumbered 

endocarp fragments this plant part was used to generate MNI (see Chapter 5). 

Disadvantages of calculating macrobotanical remains by MNI include 
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underrepresentation and overlooking patterns of fragmentation that may be a result of 

plant processing. MNI data produced from macrobotanical analysis for archaeological 

sites is available in Appendix E.     

Figure 2.4 Recording forms used for analysis of macrobotanical remains 
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Although carbonisation as a way to securely separate anthropogenic from non-

anthropogenic macrobotanical remains is complicated (see above 2.4 Establishing the 

source of macrobotanical remains) carbonised and desiccated specimens were 

quantified separately to establish patterns of association that suggest macrobotanical 

correlation with hearth features as an inference for cultural association (Diestch 1996; 

Minnis 1981; Figure 2.4 and Chapters 4, 5, and 9). 

Taxon ubiquity, the number of samples in which a given taxon occurs compared to 

the total number of samples analysed (Hastorf and Popper 1988:61), provided insight 

into the frequency of use of a plant resource in the past. For example see 

Chapters 3, 4 and Appendix E. 

High diversity/species richness of plant taxa signifies culturally deposited plants 

(Harstorf and Popper 1988:66). This type of analysis aims to test the hypothesis that 

high frequency and diversity signals cultural plant use. High diversity/species richness 

is evidenced in Chapters 3 and 4. 

It should be noted that no one quantitative method is adequate for every analysis 

(Popper 1988:60) and it is for this reason that a combination was used for this research 

to lessen biases inherent in any one method. It has also been important for this 

research that factors such as the context of the samples and any cultural, natural, 

and/or analytical biases were adequately addressed (Hubbard and Clapman 1992), 

see Chapter 9 for example. 

2.6 Ethnobotany 

The role of plants in Aboriginal society is not purely a dietary one. Plant-based 

technologies, including string production and other fibre crafts, tools, weapons, 

watercraft, resin, shelter, and other artefacts made from plant materials form a central 

component to Aboriginal socio-economic systems (Balme 2013; Clarke 2012; 

Kamminga 1988). Ideologically, plants play an important role in maintaining Aboriginal 

connections to identity, language, and Country (Blythe and Wightman 2003:76). In 

Aboriginal societies plants act as totems and Dreamtime figures, and scarred trees 

and plant depictions in rock art located across the Australian landscape provide 

important tangible links to land and identity (Hercus 2012:40; Ouzman et al. 2019; 

Rhoads 1992; Veth et al. 2018; Welch 2003).  
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There is a great deal of ethnographic literature available on Aboriginal use/s of 

economic plants across the Kimberley region (e.g. Blythe and Wightman 2013; 

Blundell 1975; Crawford 1982; Karadada et al. 2011; Paddy et al. 1993; Rose 1984; 

Scarlett 1985; Smith and Kalotas 1985; Vigilante et al. 2013, 2017) although the 

amount of literature is disproportionate across Aboriginal groups. Prior to this 

research, only one piece of botanical literature existed for the Gooniyandi 

language group (Davis et al. 2011). Thus, an important aspect of this study 

was to create a qualitative dataset by collaborating with Gooniyandi Traditional 

Owners to document traditional ecological knowledge in order to gain a 

deeper understanding of contemporary botanical resources and practices. 

To record traditional ecological knowledge in a way that assists in the interpretation of 

macrobotanical remains a worksheet developed by Berihuete-Azorín (2016) was 

adapted for use in the Australian context with Aboriginal Traditional Owners (Figure 

2.5). The six major criteria recorded for each taxon are extraction, processing, 

conservation, storage, final processing, and consumption, and detailed subheadings 

are listed for each (Berihuete-Azorín 2016:7). The worksheet was used to record 

traditional ecological knowledge in conjunction with botanical collection so that 

ethnobotanical data is managed and corresponded to botanical samples collected.  
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Figure 2.5 Ethnobotanical worksheet used to collect traditional ecological knowledge 

with Traditional Owners (modified from Berihuete-Azorín 2016)  
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To record traditional ecological knowledge and oral histories with Aboriginal Traditional 

Owners, ethics approval was granted by the Humans Ethics Office (RA/4/1/8255) at 

the University of Western Australia (Appendix F). Moonggaroonggoo, the final site 

excavated under the Lifeways Project by Tim Ryan Maloney and India Ella Dilkes-Hall 

in 2016, coupled archaeological excavations with detailed ethnobotanical survey and 

the traditional ecological knowledge documented with Gooniyandi Traditional Owners 

forms a core element of this research (Chapter 6). Collaboration with Traditional 

Owners helped identify which macrobotanical remains may be cultural, produced 

details on Aboriginal lifeways, from plant collection, land management practices, and 

custodianship/ownership of resources, to ideology and symbolic practices, and 

provided insightful interpretations and narratives often neglected in archaeobotanical 

and archaeological literature. Coupling the documentation of local traditional 

ecological knowledge with archaeobotanical research helped to form interpretations 

of, and narratives for, macrobotanical remains that are published in full collaboration 

and co-authorship with Traditional Owners (for example, see Chapters 5, 6, and 8). 

Furthermore, the documentation of local traditional ecological knowledge with 

Gooniyandi Traditional Owners has culminated in an important dual language booklet 

on economic plants and plant use that is in its final drafting stages and will be self-

published (see Dilkes-Hall et al. in prep, Appendix F). These chapters and the booklet 

reflect ongoing efforts to develop research questions with local Aboriginal groups that 

are of interest to these communities not just the archaeological community and to 

return knowledge to community in such a way so as to be a useful resource for future 

generations. 

2.7 Summary  

The development of a physical comparative reference collection has been crucial for 

the assignment of taxonomic identifications to macrobotanical remains. It represents 

an important resource for future archaeobotanical development in the northwest of 

Australia and, more generally, for northern Australia given the shared flora across this 

region. As highlighted in Chapter 3, taxonomic misidentification on macrobotanical 

material has occurred in the past when comparative reference material is not available. 

Images of modern and archaeological examples alongside morphological descriptions 

of the 57 identified plant taxa are compiled into a Filemaker database which can be 

utilised and further developed by other researchers (Appendix C).  
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As demonstrated in Chapter 1, Clarke (1987, 1989) pioneered the adoption of 

quantification techniques developed internationally to Australian contexts where 

previously amounts of macrobotanical remains had been crudely estimated rather than 

systematically quantified. For this research, quantification of macrobotanical remains 

by NISP, mass, presence/absence, and relative frequencies has been an important 

continuation of Clarke’s work helping to standardise analysis of macrobotanical 

remains in Australia. This research also quantified MNI which, although not generally 

accepted for publication, should be considered when working with macrobotanical 

assemblages if only as an exercise to highlight variable patterns of fragmentation 

within taxon and across taxa. The creation of recording forms for the quantification of 

macrobotanical remains analysed for this research may assist with the standardisation 

of macrobotanical analyses in the future. 

The benefits of integrating traditional ecological knowledge with macrobotanical 

analyses is highlighted by this research and this project addresses some current topics 

of interest such as the roles of traditional ecological knowledge and western science 

and their compatibility (see Chapter 8 for detailed discussion). Collaboration and co-

authorship with local Aboriginal Traditional Owners (Chapters 5, 6, and 8) has been 

an important part of this research and has helped to establish balanced interpretations 

of macrobotanical remains that are inclusive of Aboriginal narratives at a time when 

decolonising archaeological practice is a major theme in Australian archaeology. 

 

 

 

44



Chapter 3. People-plant interaction and economic botany over 
47,000 years of occupation at Carpenter’s Gap 1, south central 
Kimberley 

Authors: India Ella Dilkes-Hall, Sue O’Connor, and Jane Balme 

Publication: Australian Archaeology  

Current status: Published 

Citation: Dilkes-Hall, I.E., S. O'Connor and J. Balme 2019a People-plant interaction 

and economic botany over 47,000 years of occupation at Carpenter's Gap 1, south 

central Kimberley. Australian Archaeology 85(1):30–47. 

45



ARTICLE

People-plant interaction and economic botany over 47,000 years of
occupation at Carpenter’s Gap 1, south central Kimberley

India Ella Dilkes-Halla , Sue O’Connorb,c and Jane Balmea

aArchaeology, School of Social Sciences, University of Western Australia, Crawley, Australia; bArchaeology and Natural History,
School of Culture, History, and Language, College of Asia and the Pacific, Australian National University, Canberra, Australia;
cARC Centre of Excellence for Australian Biodiversity and Heritage, Australian National University, Canberra, Australia

ABSTRACT
Systematic archaeobotanical analysis, conducted in conjunction with archaeological enquiry
at Australian archaeological sites, is still rare despite recent developments. It is still rarer that
previously analysed macrobotanical assemblages are revisited over time. Extending on mac-
robotanical research conducted by McConnell in 1997, this paper presents the results of a
recent analysis of Carpenter’s Gap 1 non-woody macrobotanical remains (seeds, fruits, nuts,
and other floristic elements) from the deepest square with the longest chronology, Square
A2. Over 47,000 years of time is represented in the sequence, and excellent chronological
control, coupled with preservation of carbonised and desiccated macrobotanical remains in
the earliest cultural units, allows an examination of plant exploitation over time and human
responses/adaptations to periods of documented climatic instability. Carpenter’s Gap 1 mac-
robotanical remains show that diet, subsistence, and site occupation were intimately associ-
ated with botanical resources derived from ecologically productive monsoon rainforest
environments.
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Introduction

Macrobotanical remains (here referring to seeds,
nuts, fruits, and other floristic elements but exclud-
ing wood charcoal) are often collected from surface
and/or Holocene deposits at Australian archaeo-
logical sites (e.g. Atchison 2009; Atchison et al. 2005;
Beaton 1982; Beck 1989, 1992; Clarke 1985, 1989;
Cosgrove et al. 2007; O’Connor 1999; Schrire 1982;
Smith 1982). To date, analyses of macrobotanical
remains recovered from Pleistocene deposits are
restricted to three archaeological sites across
Australia’s tropical north (Figure 1): Carpenter’s Gap
1 (hereafter CG1) (McConnell 1997), Madjedbebe
(Florin 2013), and Riwi (Dilkes-Hall 2014).

While the study of wood charcoal macroremains
can provide information on fuel use and palaeo-
environment (e.g. Dotte-Sarout et al. 2015; Whitau
et al. 2017), non-woody remains are the most direct
link to subsistence. This paper presents results from
recent analysis of macrobotanical remains from the
CG1 rockshelter where occupation began between
51,000 and 45,000 cal BP (Maloney et al. 2018). Here
we identify economic botanical remains and present
an investigation of the history of plant use at CG1.
The macrobotanical record is examined in relation
to changes in other archaeological evidence and
environmental change, including the Last Glacial

Maximum (LGM), to determine how food plant
selection was influenced over time.

Carpenter’s Gap 1 rockshelter

CG1 is a large north-facing limestone rockshelter on
Bunuba country in the Napier Range, a 350 million-
year-old remnant Devonian limestone reef complex
(Playford et al. 2009), in south central Kimberley,
northwest Western Australia (Figure 1). The site has
continuing significance for Bunuba people. The
rockshelter is positioned �25m above the savannah
plain and is roughly 4 km from a permanent water
pool formed by the Lennard River at Windjana
Gorge to the west (Figure 1). CG1 contains a variety
of archaeological evidence spanning a period of
around 50,000 years (Maloney et al. 2018). Alkaline
sediments and the protection of the deposit by large
limestone boulders create excellent preservation con-
ditions for organic remains (O’Connor 1995).

Contemporary climate and vegetation

The area receives 85% or more of its rainfall
between November and April (600–800mm per
annum), creating distinct wet and dry seasons
(Bureau of Meteorology 1996). The tropical, semi-
arid, monsoonal climate of the Northern Botanical
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Province (Beard 1979; Gardner 1944), where the
Napier Range is situated, affects vegetation diversity,
with CG1 located along the border of two major
botanical districts: Dampier and Fitzgerald.
Extensive botanical survey and collection has helped
to build a picture of modern vegetation surrounding
CG1 and develop specific archaeobotanical reference
collections (Dilkes-Hall 2014; Frawley 2010;
McConnell 1997; Wallis 2000; Whitau et al. 2017).
The surrounding vegetation can be divided into
three broad vegetation groups: monsoon rainforest,
savannah, and riparian vegetation (Figure 2).

The rockshelter itself is devoid of vegetation, a
result of limited sunlight and water. A distinct
pocket of monsoon rainforest (also known as dry
rainforest or monsoon vine thicket [Gillison 1987])
is present in a fire shadow less than 50m west of
the rockshelter. This vegetation group includes
Celtis sp. (hackberry), Diospyros sp. (ebony), Grewia
spp. (currant fruit), Ficus spp. (fig), Melia azedarach
(white cedar), Flueggea virosa (white currant),
Terminalia spp., and Vitex spp. (black plum). The
savannah plain that extends northwards towards the
King Leopold Ranges is dominated by annual and
ephemeral tussock grass species (primarily
Enneapogon spp. [nine awn grass] and Sorghum spp.
[sorghum]). Also included in the savannah group
are plants that grow on the gravelly skeletal soils of
the talus slope below CG1: Adansonia gregorii
(boab), Cochlospermum fraseri (kapok), and
Triodia spp. (spinifex). The riparian group consists

of scattered trees (Corymbia spp. [bloodwood] and
Eucalyptus spp. [Eucalyptus]), Cyperaceae (sedges),
Oryza australiensis (native rice), and Phragmites
karka (tropical reed), plants that predominantly
grow in association with waterways and floodplains.
Many of these plants are important to Aborginal
people and used for food, fuel, medicine, and plant-
based technologies (e.g. Crawford 1982; Davis et al.
2011; Karadada et al. 2011; Paddy et al. 1993;
Scarlett 1985; Smith and Kalotas 1985;
Wightman 2003).

Materials

Excavation

O’Connor and colleagues (O’Connor 1995) exca-
vated five 1m2 squares of archaeological deposit at
the site (Figure 3) over two field seasons in 1993
and 1994. In 1993 excavation of squares A and B
followed arbitrary excavation units (XUs) approxi-
mately 2 cm thick. In 1994 squares AA, A1, and A2
were excavated following XUs within stratigraphic
units (SUs) with hearths excavated separately
(Maloney et al. 2018). All sediments were sieved
through 6mm and 3mm nested screens.

Stratigraphy and chronology

Eight stratigraphic units (SUs) were identified in
Square A1 with SUs 8-4 representing the Pleistocene
and SUs 3-1, the Holocene (Vannieuwenhuyse et al.

Figure 1. The Kimberley region of northwest Australia, showing the position of Carpenter’s Gap 1 and other places mentioned
in text, with present day rainfall isohyets (in mm).
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2017). Over 100 radiocarbon dates were obtained
for CG1 and a Bayesian model was constructed to
produce the six chronological phases (Maloney et al.
2018:216) summarised in Table 1.

Previous macrobotanical research at Carpenter’s
Gap 1

The year 2017 marked 20 years since research was
undertaken on macrobotanical materials at CG1 by
McConnell (1997) who analysed some �2,500 mac-
robotanical remains from Square A. Changes in taxa

over the 40,000 years of time represented were used
to construct a vegetation history for the surrounding
area (McConnell and O’Connor 1997:25).
McConnell (1997) interpreted changes in taxa over
time as a proxy for vegetation change and, by infer-
ence, climate change. Shifts from monsoon rainfor-
est to arid-adapted taxa were interpreted in terms of
water availability, thus a drier environment was
inferred for units where arid taxa are recovered
(McConnell and O’Connor 1997:29).

Subsequent phytolith (Wallis 2000) and charcoal
(Frawley 2010) analyses at CG1 highlighted the issue
of drawing largely palaeoenvironmental conclusions
from a culturally biased sequence in which human
agency also influences the presence or absence of
plant remains in archaeological sites. Not only are
people highly selective in their choices of economic
plants brought to a site, but they may also transport
plants between different ecological zones. For example,
there are records of Kimberley Aboriginal groups
trading botanical resources over long distances for a
variety of economic, social, ceremonial, and medicinal
reasons (Blythe and Wightman 2003; Crawford 1982;
Davis et al. 2011; Edgar et al. 1997; Ens et al. 2017;
Karadada et al. 2011; Paddy et al. 1993; Scarlett 1985;
Smith and Kalotas 1985; Wightman 2003).

McConnell’s (1997:69) taxonomic identification
of macrobotanical remains was aided by a compara-
tive collection compiled from botanical collection
field trips around CG1 and vouchered comparative
material housed at multiple herbaria across
Australia. However, in the course of more recent
work taxonomic misidentification of some CG1
macrobotanical remains identified by McConnell
(1997) has been found (Dilkes-Hall 2014). Access to
and development of comparative reference collec-
tions have improved over the past 20 years and ref-
erence material collected in recent years (Dilkes-
Hall 2014) has allowed for corrections of some of
McConnell’s (1997) identifications.

Square A2 has the deepest deposit and most
complete chronostratigraphic sequence at CG1
(Maloney et al. 2018) providing a larger sample of
macrobotanical remains and an additional
10,000 years of depositional sequence to Square A.
Using a more complete reference collection than
was previously available, more precise levels of taxo-
nomic assignment and identification have been
achieved for a larger sample.

Methods

Square A2 plant macroremains from the 6mm and
3mm screens were sorted to genus level at the
Australian National University (ANU) during
1998–1999, with assignment of taxonomic

Figure 2. Major vegetation units at Carpenter’s Gap 1 A)
monsoon rainforest B) savannah C) riparian (photographs by
Dilkes-Hall).
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identifications based on McConnell’s (1997) research
(Lynley Wallis pers. comm. 2017). In 2017 these iden-
tifications were verified and, where possible, refined to
higher level taxonomic identifications by Dilkes-Hall.

Following guidelines outlined by Cappers and
Bekker (2013), Clarke (1989), and Fritz and Nesbitt
(2014) further sorting was carried out using a low
powered (x10) dissecting microscope. Taxonomic
identifications were based on morphological charac-
teristics using comparative material from vouchered
botanical collections housed at the Western
Australian Herbarium, Western Australian Museum
(Crawford 1982; Smith and Kalotas 1985), ANU

(McConnell 1997), University of Western Australia
(Dilkes-Hall 2014), and the Australian National
Herbarium-Commonwealth Scientific and Industrial
Research Organisation (CSIRO). Photographs of rep-
resentative/paradigm/type examples (of) macrobo-
tanical materials were taken using a JEOL JCM-6000
Neoscope Scanning Electron Microscope (SEM).

Taxonomically identified and unidentified macro-
botanical material was quantified using number of
identified specimens (NISP) to measure taxonomic
abundance (Grayson 1984:90–92), and weight (Beck
2006; Clarke 1989; Fritz and Nesbitt 2014). The
fragmentary and fragile nature of cf. Triodia culms
cause them to break during sorting and, to reduce
damage from over-handling, were weighed only.
Unidentified materials, assigned numerical codes
and descriptive names in the laboratory, were
grouped and are presented as indeterminate.

Results

Twenty-three taxa from 13 families were identified
to varying taxonomic levels. Table 2 presents the

Figure 3. Carpenter’s Gap 1 site plan and profile showing square locations and topography (modified from Vannieuwenhuyse
et al. 2017:174).

Table 1. Chronostratigraphic phases used to describe the
macrobotanical assemblage through time (Maloney
et al. 2018:216).
Phase SUs XUs Bayesian chronology

1 8 61 to 56 51,000–43,800 to 44,400–38,800 cal BP
2 7 55 to 35 41,400–36,600 to 30,300–27,100 cal BP
3 6 34 to 13 29,000–26,700 to 22,500–21,800 cal BP
4 5 12 to 6b 22,400–21,800 to 19,200–17,100 cal BP
5 4 7 to 5a 18,600–8,900 to 16,200–6,500 cal BP
6 3, 2, 1 5 to the

surface
7,600–4,900 to 700–300 cal BP
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identified taxa, separated into desiccated and
carbonised material, expressed by absolute count
(NISP), weight, and relative frequency. In some
cases, identification beyond genus was not possible.
Recovered fragments of parenchyma tissue were not
identified to any taxonomic level. Less than 1% of
macrobotanical remains were assigned indeterminate
status.

Desiccated and carbonised macrobotanical
remains relative to sediment volume (Figure 4(A))
and volumetrically adjusted quantities of macrobo-
tanical remains are presented (Figure 4(B)) for each
XU. Culms of cf. Triodia are presented by weight in
(Figure 4(C)). The primary mode of preservation for
macrobotanical material is carbonisation (52.9%)
represented across 14 taxa (Table 2). The greatest
number of carbonised remains is attributed to Vitex
cf. glabrata (black plum). Overall, the three major
contributors to the macrobotanical assemblage cal-
culated by NISP are V. cf. glabrata (n¼ 4,536,
57.8%), cf. Grewia breviflora (currant bush)
(n¼ 1,081, 13.8%), and Terminalia spp.
(n¼ 1,010, 12.9%).

Figures 5 and 6 present taxonomically identified
macrobotanical remains across the six chronological
phases expressed by absolute count and relative per-
centages (%). The most abundant identified taxa are
monsoon rainforest (Figures 5 and 6). Identified
taxa listed in order of decreasing relative abundance
for each phase are provided in Table 3.

In Phase 1 Terminalia spp. (n¼ 36) and V. cf.
glabrata (n¼ 5) are recovered and over half (59%)
of these remains are carbonised. Low quantities of
cf. Triodia culms are present.

In Phase 2 there is a substantially greater number
of macrobotanical remains (n¼ 655) and a compara-
tively higher botanical diversity than Phase 1.
Terminalia spp. dominate decreasingly after XU42
when cf. G. breviflora enters the record. V. cf. glab-
rata is present in low numbers. Cyperaceae (stems),
Cyperus bulbosus (tunic) (bush onion), Mallotus neso-
philus (yellow ball flower), Melia azedarach, Premna
acuminata (fire stick tree), and parenchyma enter the
record in low proportions. Carbonised remains make
up 67.32% for this phase excluding cf. Triodia culms.

In Phase 3 the highest number of macrobotanical
remains (n¼ 2,102) from all phases was recovered.
A large proportion (86%) are carbonised and taxon
richness increases. V. cf. glabrata is recovered in
greater proportions and is present across 20 of the
21 XUs (Figures 5 and 6). Recovered in abundance
throughout cf. G. breviflora peaks in XU17.
Terminalia spp. are fewer and Persoonia falcata
(wild pear), Cyperaceae (stems), and parenchyma
are present in low densities. cf. Triodia culms peak
dramatically in XUs 25 and 15 in quantities not
observed in any other XUs.

Macrobotanical remains recovered from Phase 4
total 1,171 and 85.91% are carbonised. A greater
proportion of V. cf. glabrata is recovered,

Table 2. Desiccated and carbonised taxa, grouped by family association, and expressed in absolute counts
(n), weights (g), and frequencies (F%).

Desiccated Carbonised Weight

Family Taxon n F% n F% g F%

Anacardiaceae cf. Buchanania obovata 1 <0.1 <0.1 <0.1
Apocynaceae Cynanchum sp. 7 0.2 <0.1 <0.1
Cannabaceae Celtis spp. 34 0.9 51 1.2 3.6 2.0
Combretaceae Terminalia spp. 330 8.9 680 16.4 42.6 22.9
Cyperaceae Cyperaceae (stems) 65 1.8 0.9 0.5

Cyperus bulbosus (tunic) 27 0.7 <0.1 <0.1
Euphorbiaceae Mallotus nesophilus 1 <0.1 1 <0.1 <0.1 <0.1
Lamiaceae Premna acuminata 5 0.1 5 0.1 0.1 <0.1

Vitex cf. glabrata 2,234 60.4 2,302 55.5 69.9 37.7
Malvaceae Adansonia gregorii (nutshell) 553 15.0 79 1.9 49.1 26.5

Adansonia gregorii (seed) 2 0.1 3 0.1 0.5 0.3
cf. Grewia breviflora 181 4.9 900 21.7 11.3 6.1
Triumfetta sp. 2 0.1 2 0.1 0.1 0.1

Meliaceae Melia azedarach 6 0.1 0.3 0.2
Myrtaceae Eucalyptus-Corymbia 4 0.1 0.1 <0.1
Poaceae cf. Heteropogon contortus (awns) 1 <0.1 <0.1 <0.1

Oryza australiensis 3 0.1 <0.1 <0.1
cf. Phragmites karka 2 0.1 0.1 0.1
Poaceae (stems) 6 0.2 <0.1 <0.1
cf. Sorghum plumosum 61 1.7 3 0.1 0.1 0.1
Triodia cf. pungens (spikelets) 33 0.9 <0.1 <0.1

Phyllanthaceae Flueggea virosa 60 1.6 51 1.2 1.4 0.7
Proteaceae Persoonia falcata 2 0.1 44 1.1 1.2 0.7
Parenchyma Parenchyma 27 0.7 1.3 0.7

Ni 3,640 98.5 4,128 99.5 183.0 98.6
Indeterminate 56 1.5 22 0.5 2.6 1.4
Total 3,696 100.0 4,150 100.0 185.6 100.0
Grand total (desiccated 1carbonised) 7,846
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considerably so when compared to other taxa recov-
ered from this phase (Figures 5 and 6). Terminalia
spp. decreases markedly with the largest amount
recovered from the boundary of Phase 3/4 decreas-
ing towards the Phase 4/5 boundary (Figures 5 and
6). In contrast, V. cf. glabrata was recovered in low

densities at the Phase 3/4 boundary and increases
towards the top of Phase 4. Celtis spp. appears in
the assemblage and other taxa that make up minor
inclusions are shown in Table 3. cf. Triodia culms
are present in lower proportions than preced-
ing phases.

Figure 4. Carpenter’s Gap 1 macrobotanical remains shown across excavation units and phases A) Number of individual speci-
mens (NISP), desiccated and carbonised, and excavated sediment volume B) NISP adjusted per litre of excavated sediment C)
Weights of cf. Triodia culms.
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The disproportionate quantity of carbonised
remains in Phase 4 relates to two LGM hearths: XU6b
dated to 21,261–17,812 cal BP and XU6c dated to
21,560–19,840 cal BP (95.4% probability range)
(Maloney et al. 2018:213). Looking at these hearths

in isolation, carbonised remains contribute 50.80%
and 98.59%, respectively, and the proportion of
V. cf. glabrata in these features is high contributing
82.26% (n¼ 102) and 88.77% (n¼ 253), respectively.
The earliest observation of Adansonia gregorii

Figure 5. Taxonomically identified macrobotanical remains (NISP) displayed across excavation units. Shading indicates chrono-
logical units. Where quantities are low presence is marked ‘x’.

Figure 6. Taxonomically identified macrobotanical remains expressed as relative percentages (%) of the total number of iden-
tified specimens recovered for each chronological unit. Where quantities are low presence is marked ‘x’.
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(nutshell) occurs in these features (Figure 5). In
addition, Celtis spp., Terminalia spp., and cf.
G. breviflora are present in both hearths in low
quantities (n¼<20), with P. falcata (n¼ 11) present
in only one feature.

Following the LGM, 1,806 macrobotanical remains
were recovered from Phase 5. The proportion of
carbonised remains is 27.18% in this phase. V. cf.
glabrata is the most abundant taxon recovered.
Taxon richness increases although no other taxa are
recovered in proportions similar to V. cf. glabrata. A
small amount of cf. Triodia culms were recovered
and all other taxa occur in low densities (n ¼ <9).

Phase 6 is marked by the highest diversity (Table
3) and the lowest proportion of carbonised remains
(18.68%). Of the 23 taxa identified in this study,
only five are not recovered from this phase: M.
nesophilus, M. azedarach, Poaceae (stems), cf.
Buchanania obovata (wild mango), and cf.
Heteropogon contortus (speargrass). V. cf. glabrata,
though decreasing slightly in relation to preceding
phases, continues to dominate the assemblage.
Greater proportions of A. gregorii (nutshell),
Terminalia spp., and Flueggea virosa are observed.
Culms of cf. Triodia were recovered in the lowest
proportion of all six phases.

Establishing the source of the
macrobotanical remains

Rodent gnaw marks were identified, as they were in
the previous analysis (McConnell and O’Connor
1999:30–32). Of the 7,846 macrobotanical remains
analysed for this research 114 have observable gnaw
marks. Almost all of these (n¼ 111) are on
Terminalia spp. drupes with the remaining three

being on P. falcata (n¼ 2) and V. cf. glabrata
(n¼ 1) endocarps. Due to the size of these marks,
they are attributed to rock rat species (Zyzomys spp.)
(Begg and Dunlop 1980:65). It is difficult to discern
whether the gnawed remains had been brought into
the site by rodents or whether remains discarded by
humans were subsequently gnawed by rodents. Given
the restricted range of taxa affected, we argue that
the potential introduction of macrobotanical remains
to CG1 by rodents has a negligible effect on the
assemblages’ botanical diversity and an inconsequen-
tial effect on abundances over time.

A variety of evidence suggests that the macrobo-
tanical remains are a result of cultural activity. First,
the distribution of the remains correlates well with
lithic, faunal, and charcoal records (Figure 7).
Second, a high percentage of carbonised macrobotan-
ical remains are consistently present through time
(Figure 4(A)). Third, the protective rockshelter struc-
ture, slope, and the protected location of Square A2,
behind fallen boulders (Figure 3), makes it unlikely
that macrobotanical material entered the site inde-
pendently. Fourth, lack of water and little access to
sunlight within the rockshelter has inhibited plant
growth and no root structures were encountered dur-
ing excavation suggesting that modern and prehis-
toric seed rain (cf. Minnis 1981) from plants growing
within the rockshelter is not a contributing factor to
the formation of the macrobotanical assemblage.

Discussion

Taxonomic identification

Vitex cf. glabrata is the most abundant taxon repre-
sented in the assemblage followed by cf. Grewia

Table 3. Taxa represented in each chronological unit listed in decreasing relative abundance.
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6

Terminalia spp.
Vitex cf. glabrata

Terminalia spp.
cf. Grewia breviflora
Vitex cf. glabrata
Premna acuminata
Cyperaceae (stems)
Cyperus bulbosus (tunic)
Parenchyma
Mallotus nesophilus
Melia azedarach

Vitex cf. glabrata
cf. Grewia breviflora
Terminalia spp.
Persoonia falcata
Cyperaceae (stems)
Parenchyma
Poaceae (stems)
Triumfetta sp.
Cyperus bulbosus (tunic)
Eucalyptus-Corymbia
Melia azedarach
Premna acuminata
cf. Buchanania obovata

Vitex cf. glabrata
Terminalia spp.
Celtis spp.
Persoonia falcata
cf. Grewia breviflora
Adansonia gregorii (nut-

shell)
Melia azedarach
cf. Heteropogon contor-

tus (awns)
Parenchyma

Vitex cf. glabrata
cf. Grewia breviflora
Cyperaceae (stems)
Celtis spp.
Terminalia spp.
Adansonia gregorii

(nutshell)
Persoonia falcata
Flueggea virosa
Parenchyma
cf. Sorghum plumosum
Adansonia gregorii

(seed)
Cynanchum sp.
Mallotus nesophilus

Vitex cf. glabrata
Adansonia gregorii (nut-

shell)
Terminalia spp.
Flueggea virosa
cf. Sorghum plumosum
cf. Grewia breviflora
Celtis spp.
Triodia cf. pungens

(spikelets)
Cyperus bulbosus (tunic)
Cyperaceae (stems)
Parenchyma
Cynanchum sp.
Adansonia gregorii

(seed)
Eucalyptus-Corymbia
Oryza australiensis
Persoonia falcata
cf. Phragmites karka
Premna acuminata
Triumfetta sp.
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breviflora. These results differ from those of
McConnell’s (1997) analysis of Square A in which
she identified Terminalia species and Ampelocissus
acetosa (native grape) as the largest contributors to
the assemblage. The reason for this difference lies in
McConnell’s lack of reference material leading to

the taxonomic misassignment of V. glabrata to
A. acetosa (McConnell 1997:71). A. acetosa and V.
glabrata, belonging to Vitaceae and Lamiaceae
respectively, are distinctly different types of plant,
the former a climbing vine and the latter a
medium-sized spreading tree (Wheeler 1992:634,

Figure 7. Distribution of archaeological materials displayed across excavation units A) stone artefacts B) faunal remains C)
charcoal D) macrobotanical remains.
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793). A. acetosa fruits produce 2–4 boat shaped
albuminous seeds per fruit (Jackes 1984:82); pericha-
laza on the dorsal and raphe on the ventral surfaces
of the seed are defining characteristics of genera
belonging to the Vitaceae family (Chen and
Manchester 2007:1535; Jackes 1984:86) (Figure
8(B,D,F)). V. glabrata is a drupe fruit that produces
one ovoid to subglobose drupe per fruit (Munir
1987). Drupes display rugose longitudinally fur-
rowed surface patterning with four ovary chambers
that divide the stone internally protecting one exal-
buminous seed encased in each chamber (Munir
1987:34) (Figure 8(A,C,E)).

A. acetosa is entirely absent from CG1’s macrobo-
tanical sequence. The absence of a plant species well
documented as an important botanical resource to

Aboriginal groups (e.g. Crawford 1982; McArthur
et al. 2000; Scott-Virtue et al. 2011; Smith 1991;
Specht 2006; Wiynjorrotj et al. 2005) is curious but
explicable by taphonomic and cultural factors.
Preservation of macrobotanical material in CG1
deposits is extraordinary and fragile culms of Triodia
present in the lowest occupation units suggest little
preservational bias across plant species. An explan-
ation for the absence of A. acetosa seeds from the
macrobotanical record may lie in the phytochemistry
of Vitaceae seeds which are oily-albuminous and rich
in flavonoids, including gallic acid, ellargic acid, cat-
echin, and ogliomeric proanthocyanidin, a powerful
antioxidant (Wang et al. 2007:544; Wen
2007:469–470). The soft, oily, nutritious, and digest-
ible nature of Vitaceae seeds means they are

Figure 8. A) Ampelocissus acetosa, CG1 (identified by McConnell 1997:Figure 17) B) A. acetosa, Riwi (identified by Dilkes-Hall)
C) Vitex glabrata, CG1 (identified by McConnell 1997) D) A. acetosa, Riwi (identified by Dilkes-Hall) E) Botanical illustration of V.
glabrata (modified from Munir 1987:45) F) Botanical illustration of A. acetosa (modified from Jackes 1984:86). (Photograph a
by McConnell using JEOL 6400 Scanning Electron Microscope, b by Dilkes-Hall using JEOL JCM-6000 Neoscope Scanning
Electron Microscope, c & d photographed by Dilkes-Hall using a high resolution AxioCam MRc5).
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commonly chewed and ingested. In comparison, the
presence of V. cf. glabrata is probably owing to its
robust endocarp that is unlikely to be ingested whole.

This example of taxonomic misidentification
highlights the need for further development of,

and accessibility to, comparative botanical reference
collections and the value in publishing images of
macrobotanical specimens (Figure 9).

Plants identified by this research are commonly
recognised in historical ethnobotanical literature as

Figure 9. Carbonised and desiccated archaeological examples of some identified taxa, CG1, Square A2. A) Terminalia spp. B)
Terminalia spp. embryo cavity C) Vitex cf. glabrata D) V. cf. glabrata testa E) cf. Grewia breviflora F) cf. G. breviflora G)
Adansonia gregorii nutshell and seeds H) A. gregorii nutshell cross section. (JEOL JCM-6000 Neoscope Scanning Electron
Microscope photographs by Dilkes-Hall).
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economically important to Aboriginal groups across
the Kimberley region (e.g. Blythe and Wightman
2003; Crawford 1982; Davis et al. 2011; Kaberry
1935; Karadada et al. 2011; Love 1936; Paddy et al.
1993; Rose 1984; Scarlett 1985; Smith and Kalotas
1985; Wightman 2003). Although it is possible that
the roles and uses of plants may have been different
in the past, Aboriginal knowledge of these plants
should be considered as an important primary
source for ecological information.

Plant use over time

Phase 1 (51,000 to 38,800 cal BP)

Favourable climatic conditions for the Kimberley
region around the time of first occupation at CG1
are suggested by terrestrial and marine archives
(Saltr�e et al. 2016; Van der Kaars et al. 2006), and
the CG1 phytolith record (Wallis 2001) indicates
that vegetation communities were comprised of a
variety of grasses from moist and arid habitats.
Abundance of palm phytoliths indicates readily
available water in the area (Wallis 2001:111–113).
Low numbers of macrobotanical remains coincident
with low numbers of stone tools, faunal remains
(Maloney et al. 2018), and charcoal (Frawley and
O’Connor 2010), indicate low-intensity site use at
CG1. Faunal remains, predominantly comprised of
reptile bones, suggest hunting and foraging of ter-
restrial fauna from the arid savannah plains and the
presence of fish and freshwater turtle indicate that
riparian environments were also exploited (Maloney
et al. 2018:221)

Phase 1 macrobotanical remains represent the
earliest subsistence activities at the site and show
monsoon rainforest taxa were important food plants
to Aboriginal groups settling the region. It is
unlikely cf. Triodia culms represent food waste and
these remains have been suggested by McConnell
and O’Connor (1997:24–27) as evidence for resin
production. Although no traces of resin were found
on stone artefacts during this phase (Maloney et al.
2018:218), flakes from polished axes suggest hafting
in combination with binding. Triodia can be used
for a multitude of tasks including fibre technology
(Reynen and Morse 2016:100), a potential aid to
both composite tool production and early fish-
ing activities.

Phase 2 (41,400 to 27,100 cal BP)

Peaks in fluvial activity, observed in palaeohydrolog-
ical records from the large Gregory Lakes system,
located in the southeast Kimberley, suggest a drier
and cooler climate (Reeves et al. 2013; Veth et al.
2009), but vine thicket and palm phytoliths at CG1

suggest wetter local conditions (Wallis 2001).
Quantities and diversity of macrobotanical remains
increase during this phase. Broader botanical diver-
sity is observed with the addition of riparian taxa
and the monsoon rainforest category expands with
cf. Grewia breviflora and Mallotus nesophilus enter-
ing the repertoire. Parenchyma remains suggest the
use of roots and tubers (cf. Hather 2000) and mac-
robotanical remains demonstrate that people were
targeting a variety of ecological zones (monsoon
rainforest, savannah, and riparian) to procure botan-
ical resources.

Stone artefacts are made from a higher diversity of
exploited raw materials but low artefact discard rates
suggest infrequent visitation to CG1 (Maloney et al.
2018:218). Reduction in fish remains, and increasing
frequency of reptile bones and mammal remains rep-
resenting small arid-adapted mammal species, sug-
gests exploitation of the open plains away from the
limestone range (Maloney et al. 2018:225). An
increase in cf. Triodia culms and the addition of
riparian taxa to the macrobotanical sequence support
lithic and faunal evidence demonstrating that people
were adjusting their subsistence strategies to target
the open plains and distant riparian zones.

Phase 3 (29,000 to 21,800 cal BP)

Pre-LGM is characterised by increasing aridity and
cooler conditions (Fitzsimmons et al. 2013; Reeves
et al. 2013; Turney et al. 2006; Van der Kaars et al.
2006). A marked increase in spinifex phytoliths
from CG1 in this phase is argued by Wallis
(2001:112) to be an environmental response to
decreasing temperatures and water availability.
Coincident peaks of cf. Triodia culms during this
period support a general trend towards aridity but
monsoon rainforest taxa continue to dominate the
assemblage. Higher botanical diversity, with
increases within monsoon rainforest, riparian, and
savannah categories, suggests climatic variability
leading into the LGM did not detrimentally affect
the availability of local botanical resources which
might be observed in the macrobotanical record as a
shift from monsoon rainforest to savannah taxa.

An increase in mammal and reptile remains sug-
gests an enlarged diet breadth (Maloney et al.
2018:225) also indicated by the macrobotanical
record (Table 3). A significant restructuring within
the monsoon rainforest category is indicated where
V cf. glabrata becomes proportionately higher than
Terminalia spp. in terms of abundance. Broadening
of the plant diet and diet alteration may reflect
increased collection of V cf. glabrata for nutritional
benefits. On average, Vitex glabrata has 27.9 g of
carbohydrate when compared to 17.2 g for
Terminalia (T. ferdinandiana used for comparison)
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(Miller et al. 1993:188–191). Thus, the increasing
presence of V cf. glabrata may indicate a need by
Aboriginal populations to increase carbohy-
drate intake.

Phase 4 (22,400 to 17,100 cal BP)

It is generally accepted that cooler and more arid
conditions prevailed during the LGM when exten-
sive glaciation lowered sea levels by 120m
(Fitzsimmons et al. 2013; Reeves et al. 2013; Visser
et al. 2003). Phytoliths from species belonging to the
Cannabaceae family, Celtis sp. and Trema tomentosa
(native peach), that have high water requirements,
are absent from CG1 deposits during this period
suggesting decreased water availability (Wallis
2001:114). Chenopodiaceae/Amaranthaceae macro-
botanical remains, recovered by flotation from large
bulk sediment samples, in Square A (McConnell
and O’Connor 1997:29) coupled with charcoal ana-
lysis that shows an increase in Myrtaceae and
Proteaceae taxa in Square A2 (Frawley and
O’Connor 2010) suggests expansion of dry wood-
lands and grasslands surrounding CG1. However,
the macrobotanical remains show that monsoon
rainforest habitats were available for exploitation
during the LGM and that rainforest taxa were con-
sistently collected throughout this time. In fact,
there is no discernible change from monsoon rain-
forest to savannah taxa, which would indicate a shift
in subsistence activities corresponding with unstable
climatic conditions and environmental change asso-
ciated with the LGM. It should be noted however
that no flotation has been conducted on the sedi-
ment samples from Square A2 and macrobotanical
remains used in this analysis were recovered solely
from the sieve fractions which no doubt accounts
for the lack of small-sized seeds represented in the
present study and the differences in species repre-
sentation between the two studies.

Resilience, tolerance, and flexibility are often
cited in reference to subsistence change and techno-
logical reorganisation by Aboriginal people in the
face of changing climatic and environmental condi-
tions (e.g. Beaton 1982; Lourandos 1983; Veth et al.
2011; Williams et al. 2008, 2013). Less mentioned is
the resilience, tolerance, and flexibility of plant pop-
ulations displayed not only through expansion and
retreat but also though adaptability of plant forms
and ecological behaviours (Sievers 2006:217)
depending on the severity of climate circumstances.
The dominance of monsoon rainforest fruits during
the LGM suggests local water availability and active
periods of rainfall to sustain pockets of monsoon
rainforest targeted by CG1 occupants for fruit col-
lection. This record is supported by the Ball Gown
Cave stalagmite time series data that suggests an

active monsoon system between 24 and 20 kya
(Denniston et al. 2013).

Increases in small freshwater fish and mussel
shell in the faunal record are interpreted as people
accessing Windjana Gorge, roughly 4 km from CG1,
for reliable aquatic resources (Maloney et al. 2018).
Macrobotanical remains demonstrate the practice of
fruit collection continued during this time. The co-
occurrence of monsoon rainforest taxa with fish
bones indicates that people were probably collecting
food plants from the gorge while engaged in other
daily economic activities, especially if the monsoon
rainforest patch close to the site was reduced.

The LGM macrobotanical remains have less over-
all botanical diversity than the preceding phase but
the monsoon rainforest and savannah categories
continue to expand with Adansonia gregorii and
Celtis spp. both entering the CG1 sequence during
the LGM. The earliest occurrence of A. gregorii in
securely dated LGM hearths provides a terminus
ante quem for the arrival of the plant to the region,
its geographical distribution across the Kimberley
recently linked to human migrations (Bell et al.
2014; Rangan et al. 2015).

Phase 5 (18,600 to 6,500 cal BP)

In the early deglacial period (18–12 ka) evidence for
enhanced monsoonal activity at the late Pleistocene-
early Holocene boundary are found in terrestrial
(Denniston et al. 2013; Field et al. 2017; Wyrwoll
and Miller 2001) and marine (Kuhnt et al. 2015;
Van der Kaars et al. 2006; Van der Kaars and
Deckker 2002) palaeoenvironmental records that
demonstrate an active monsoonal climate with
increased precipitation in the northwest of Australia
from �14,000 cal ka BP.

The very high number of macrobotanical remains
almost exclusively dominated by V. cf. glabrata
(Figures 5 and 6) could indicate increase in site use
or larger Aboriginal groups returning to the region
after climate amelioration. This evidence together
with the lower numbers of savannah species and
higher numbers of riparian species than in the pre-
vious phase suggests wetter conditions and this
matches other terrestrial records that indicate wetter
conditions post-LGM (Denniston et al. 2013; Field
et al. 2017; Wyrwoll and Miller 2001).

Phase 6 (�7,600 cal BP to 300 cal BP)

During the mid-Holocene, prior to 6,300 cal BP, a
tropical humid climate with an intense and predict-
able summer monsoon has been suggested by
McGowan et al. (2012). After 3,700 cal BP, increased
climatic variability, decreased effective precipitation
and prolonged drying are linked to the initiation of
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the current cycle of El Ni~no–Southern Oscillation
(ENSO) (Shulmeister 1999; Williams et al. 2010)
with a phase of extreme aridity between 2,400 and
1,300 cal BP, before modern summer monsoon sys-
tems were established (Field et al. 2017).

Phase 6 macrobotanical remains have the highest
botanical diversity of all phases. Large quantities of
charcoal (Frawley and O’Connor 2010) and macro-
botanical remains suggest increased site use and
wood shavings suggest manufacture of plant-based
technologies at CG1 (Maloney et al. 2018:224).
Resin adhesive recorded on stone tools during this
phase is suggested by Maloney et al. (2018:226) as
evidence for the development of new stone technol-
ogies, such as hafted points, and an increase in large
macropods in the faunal record supports this view.
The cf. Triodia culms recovered in this phase could
be related to the production of resin adhesive.

Phase 6 is also dominated by seasonally available
monsoon rainforest taxa although to a lesser degree
than in preceding phases. Upper XUs indicate a
reorganisation of diet with focus shifting from V. cf.
glabrata to include other monsoon rainforest taxa.
Substantial increases in A. gregorii nutshell in the
late part of Phase 6 do not necessarily reflect preser-
vational bias in the macrobotanical assemblage
because the nutshell is robust. Instead, we suggest
change in subsistence strategies to manage inferred
foraging risk associated with ENSO, which is often
related to technological adaptation, risk minimisa-
tion, and changes in social and economic strategies
(Beaton 1982:56; Veth et al. 2011:7; Williams
et al. 2008:256).

Monsoon rainforest

Of the three broad vegetation groups defined for the
area surrounding CG1 (monsoon rainforest, savan-
nah, and riparian), monsoon rainforest taxa contrib-
ute the highest proportions of plant macroremains
to the CG1 Square A2 assemblage in all six phases.
The three most common taxa recovered, Vitex cf.
glabrata, cf. Grewia breviflora, and Terminalia spp.
are fruit-bearing trees that rely on monsoonal rains
for fruit development, restricting fruit production
and availability of these taxa to wet months
(Nov–April) (Kenneally et al. 1996:88; Wheeler
1992:167, 794). It is likely that occupation of CG1
followed the pattern identified in more recent his-
toric sources that relate the spatial location of
Aboriginal camps in the Kimberley to yearly cli-
matic cycles (wet season camps located in caves and
rockshelters/dry season camps situated in the open
at locations with permanent water [Scarlett 1985:5]).

Patches of monsoon rainforest are often associ-
ated with important Aboriginal cultural sites and

rock art (Karadada et al. 2011; Pickerd 2014;
Wunambal Gaambera Aboriginal Corporation 2010)
and, being recognised as primary resources for food
gathering, are protected by Aboriginal groups who
fire surrounding grassland to protect patches from
catastrophic fire (Mangglamarra et al. 1991:413).
Monsoon rainforest ecological zones are shown here
to be comparatively important to Aboriginal groups
in the past. At CG1 the macrobotanical assemblage
demonstrates diet, subsistence strategies, and site
occupation were scheduled around the availability of
monsoon rainforest taxa. Depletion of important
botanical resources was avoided by seasonal sched-
uling and, perhaps, similar practices used by
Aboriginal groups today were employed to ensure
future availability of these seasonal resources.

Conclusion

Greater chronological resolution, a longer time span
represented, a larger analysed sample, and a better
understanding of site formation processes have
greatly improved macrobotanical research at CG1,
providing a deeper understanding of Aboriginal plant
use. The vast majority of CG1 Square A2 macrobo-
tanical remains are taxonomically identifiable and
attributable to human food gathering activities.
Identified plant species establish a pattern of resource
procurement where Aboriginal groups occupying
CG1 heavily targeted monsoon rainforest ecological
zones for food plants, particularly Vitex cf. glabrata,
cf. Grewia breviflora, and Terminalia species.

Decreased water availability during arid phases
suggests that monsoon rainforest probably retreated,
but the presence of monsoon rainforest taxa
throughout the deposit indicates that pockets per-
sisted even during periods of major climatic change,
which are associated with changes in the distribu-
tion of vegetation communities. Continued visitation
to CG1 during arid phases indicates that the area
was a refugium containing patches of monsoon
rainforest and staple faunal resources from
Windjana Gorge (Maloney et al. 2018) providing
food security during periods of climatic instability.
This study shows that ecologically productive mon-
soon rainforest environments were sustained
throughout the LGM and that subsistence practices
were resilient, as indicated by the continued use of
monsoon rainforest taxa from the time the rockshel-
ter was first occupied, some 47,000 years ago.
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Abstract
Riwi, a limestone cave located in the south central Kimberley, northwest Western Australia, has one of the most accu-
rately dated archaeological sequences in Australia, with human occupation beginning between 46,400 and 44,600 cal bp. 
Macrobotanical remains are well preserved at the site, particularly in upper stratigraphic units 1 and 2 dated to the late and 
mid-Holocene, respectively. Macrobotanical materials (excluding wood charcoal) are uncommon in Pleistocene contexts, 
and direct dating of some of the macrobotanical remains recovered from Pleistocene hearths suggest that they derive from 
the directly superposed Holocene layers. Analysis of the macrobotanical remains from the Holocene layers reveals a pat-
tern where Aboriginal groups occupying Riwi intermittently between 7,000 years ago and the present principally exploited 
monsoon rainforest ecosystems for food plants, especially Vitex cf. glabrata. Fruiting times of dominant monsoon rainforest 
taxa indicate that the site was occupied seasonally, corresponding with periods of rainfall when people were able to move 
away from rivers and other permanent water sources. Results demonstrate a strong cultural preference for fruits associated 
with monsoon rainforest—a vegetation type restricted in distribution—highlighting the importance of moisture retaining 
limestone outcrops in foragers’ subsistence organisation in the south central Kimberley.

Keywords Australian archaeology · Macrobotanical remains · Economic plants · Monsoon rainforest · Holocene

Introduction

Plants play a crucial role in human lifeways and, as in most 
parts of the world, they make up a major component of Aus-
tralian Aboriginal diet, as well as providing raw material for 
fuel and plant-based technologies, including tools, weapons, 
watercraft, clothing, bedding, medicine, dyes, fibre crafts, 
and shelter (Kamminga 1988; Denham et al. 2009; Clarke 
2012; Balme 2013; Gallagher 2014). Earlier studies of Abo-
riginal foraging (McArthur 1960; Meehan 1989) and dietary 
macronutrient intake (Cordain et al. 2000) suggest that Abo-
riginal groups living in tropical regions between 11 and 20 
degrees latitude most likely obtain between 45 and 55% of 
their nutritional requirements from gathered plant food—
though this varies depending on local ecology. However, in 
Australia, archaeobotany remains an underdeveloped field 
of research (Denham et al. 2009; Dotte-Sarout et al. 2015). 
In particular, there have been few studies dedicated to the 
systematic analysis of non-woody macrobotanical remains 
(i.e. carpological remains as from seeds, nuts, fruits, and 
other floristic elements) from archaeological sites (Beaton 
1982; Beck 1982; Smith 1982; Clarke 1987; McConnell 
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1997; Atchison 2000; Asmussen 2005; Cosgrove et al. 2007; 
Fairbairn 2007; Ferrier and Cosgrove 2012; Florin 2013; 
Dilkes-Hall et al. 2019).

This study provides results from an analysis of macrobo-
tanical remains (excluding charcoal—the analysis of which 
has been carried out separately; see Whitau et al. 2017, 
2018) recovered from Riwi, a cave site located on the edge 
of the Great Sandy Desert in the south central Kimberley 
region of northwest Western Australia (Fig. 1). The Kimber-
ley is in the Australian Monsoonal Tropics and receives 85% 
or more of its rainfall between the months of November and 
April, creating a distinct seasonal oscillation between the 
tropical wet and dry (Bowman et al. 2010). Riwi’s position 
in the southern part of the Kimberley is today influenced by 
the moist monsoon belt to a lesser degree than the north-
ern Kimberley and receives only 350–500 mm rainfall per 
annum (Bureau of Meteorology 1996). As a result, the veg-
etation, in comparison to the tropical north, is less diverse 
(Beard 1979).

The purpose of this research is to identify the botanical 
resources introduced to the site by people and determine 
those that most likely represent food remains. This is of par-
ticular interest because of the low vegetation diversity that 
characterises the area and the fact that there is no permanent 
water in the immediate vicinity of the site. Riwi’s history 
of nearly 50,000 years of human occupation (Wood et al. 
2016) has seen episodic environmental changes (see Balme 
et al. 2019). Analysis of the macrobotanical assemblage 
was therefore concerned with how people exploited such a 
seemingly harsh landscape and how people reorganised their 
foraging practices to adapt to changes in the environment.

The site and its environmental context

Riwi is a southwest facing limestone cave on Gooniyandi 
traditional land situated at the base of the Lawford Range, 

a remnant Devonian limestone reef (Playford et al. 2009). 
The main chamber of the cave is approximately 13 m deep 
and 7 m wide providing ample room for human occupa-
tion and affords shade and protection from the elements. 
An ephemeral creek, located 50 m from the mouth of the 
cave seasonally fills with water. Dry alkaline sediments and 
the protective cave structure created excellent preservation 
conditions resulting in a rich archaeological assemblage with 
well-preserved organic remains, particularly in Holocene 
deposits (Balme et al. 2019).

The environment immediately surrounding Riwi is typical 
of the southern Kimberley. The soils are skeletal, strongly 
leached, shallow, and immature and, consequently, greatly 
influence local vegetation (Beard 1979). The majority of 
plant species are physiologically specialised to tolerate semi-
arid conditions, and sparse dry sclerophyll tree steppe domi-
nated by short grass savannah and Triodia spp. (spinifex) 
hummock grasslands is characteristic of the Hall Botanical 
District (Beard 1979). Niches in limestone ranges and rocky 
limestone outcrops support occasional monsoon rainforest 
taxa. Modern day vegetation in the immediate vicinity of 
the cave can be divided into three broad vegetation groups, 
savannah, riparian, and monsoon rainforest (Fig. 2).

Materials and methods

Excavation

Information on site excavation, stratigraphy, and chro-
nology is reported in detail elsewhere (Wood et al. 2016; 
Balme et al. 2019) and is therefore summarised here. The 
1999 excavation of Riwi opened a 1 m2 test pit (square 1) 
(Balme 2000) and excavations, carried out in 2013, opened 
an additional three 1 m2 test pits (squares 3–5), which 
are the focus of this study (Fig. 3). Excavation employed 

Fig. 1  The Kimberley region 
showing the position of Riwi 
and other places mentioned in 
text (after Dilkes-Hall et al. 
2019). Native title determined 
lands after Kimberley Land 
Council (2019)
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arbitrary excavation units (XUs) 2 cm thick and bulk sedi-
ment samples were taken for each XU. Hearths identified 
during excavation were removed separately. XUs were exca-
vated in 50 cm2 quadrants (a–d) within the 1 m2 test pit and 
all squares were taken to bedrock approximately ~ 115 cm 
below surface. Excavated material was dry sieved in the field 
through nested 5 mm and 1.5 mm meshes. No locally avail-
able water and desiccation of macrobotanical remains meant 
that flotation, which would rehydrate and potentially damage 
fragile macrobotanical remains (Pearsall 2010, p 118), was 
not conducted. The soft, silty/sandy nature of the sediment 
ensured that delicate macrobotanical specimens were not 
damaged by the process of dry sieving. All 5 and 1.5 mm 
material was returned to the archaeological laboratory at 
the University of Western Australia (UWA) and hand sorted 
under a × 10 magnification lamp (as per Pearsall 2010, p 
108).

Difficulty in identifying stratigraphic changes during 
excavation and the employment of horizontal XUs has 
resulted in some XUs cross-cutting stratigraphic units (SUs) 
that were identified through subsequent microstratigraphic 
and excavation profile analysis. Three discontinuities occur 
between about c. 30–21 ka cal bp, c. 21–7 ka cal bp, and c. 
7–1 ka cal bp (Vannieuwenhuyse 2016, p 114; Wood et al. 
2016, p 20). All potentially mixed XUs were disregarded by 
the current analysis.

The macrobotanical assemblage

During initial sorting it was clear that there were far more 
macrobotanical remains in the two Holocene units than the 
Pleistocene contexts. Overall, 583 macrobotanical remains 
were recovered from four Pleistocene hearths (ESM 1) and 
none recovered from the surrounding soft, fine-grained sedi-
ments. The discontinuity at the Holocene/Pleistocene junc-
tion, led us to question the origin of these remains. Four 
macrobotanical samples were submitted for AMS dating. 
Three of these were on Vitex cf. glabrata endocarps and 
one was a fragment of Acacia sp. Type A pod, all recov-
ered from hearths positioned at the Holocene/Pleistocene 
boundary. The results in Table 1 show that these macrobo-
tanical remains are not in stratigraphic context. However, 
the result for the Acacia sp. Type A pod is consistent with 
radiocarbon dates for SU2 (Tables 1 and 2). It is therefore 
likely that macrobotanical remains have not survived in the 
Pleistocene deposits and those recovered have transgressed 
the Holocene/Pleistocene boundary. The recovery of mac-
robotanical remains only from hearths is difficult to explain. 
Hearths provide comparatively compact hard surfaces and 
macrobotanical material, either moving through the deposit 
as a result of trampling or falling from walls of the exca-
vation, may have caught on these surfaces. As we cannot 
be certain if any of the macrobotanical remains recovered 

Fig. 2  Vegetation groups at Riwi a savannah valley floor, b riparian 
taxa fringing ephemeral creek line, and c scattered monsoon rainfor-
est taxa in niches of the limestone range
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from Pleistocene hearths are in situ, we have restricted our 
analysis here to SUs 1 and 2 in squares 3 and 4 (Fig. 4a, b), 
respectively dated to the late Holocene (915 to 668 cal bp to 
present) and mid-Holocene (7,421 to 5,905 cal bp) (Table 2).

As macrobotanical remains were extremely abundant 
in SUs 1 and 2, samples were restricted to XU/quadrants 
that were clearly within defined stratigraphic boundaries of 
SU1 and 2 (Table 2). All 5 mm and 1.5 mm macrobotanical 
remains of chosen samples were analysed. Bulk sediment 
samples were not analysed for this study. Leaves, shown 
as ‘leaf litter’ at the top of stratigraphic profiles (Fig. 4a, 
b) represent vegetation growing outside the cave, namely 
whole and fragmented Eucalyptus leaves, which, likely to 

have accumulated in the cave through wind action, were 
excluded from analysis.

Methods of analysis

Sorting and identification of all macrobotanical material 
followed Fritz and Nesbitt (2014), Pearsall (2010), and 
Marinval (1999). All macrobotanical remains were sorted in 
the UWA laboratory under × 10 magnification into quantifia-
ble categories in accordance to observed morphological sim-
ilarities. Morphological characteristics—shape, dimension, 
length, width, surface, and texture—were recorded follow-
ing guidelines provided by the University of Queensland’s 

Fig. 3  Riwi site plan and profile 
showing square locations and 
topography (after Vannieuwen-
huyse 2016)
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Archaeobotany Reference Collection database (http://uqarc 
haeol ogyre feren ce.metad ata.net/archa eobot any/contr ibute ). 
Other attributes, such as rodent gnaw marks, adherence of 
coprolitic material, and dispersal mechanisms were recorded 
to help determine non-anthropogenic taxa.

Taxonomic identifications were based on qualitative 
criteria using comparative material in vouchered botanical 
collections housed at the Western Australian Herbarium 
(Crawford 1982; Smith and Kalotas 1985), the Australian 
National University (McConnell 1997), and the Austral-
ian National Herbarium-Commonwealth Scientific and 
Industrial Research Organisation (CSIRO). To fill gaps in 
these sources a botanical collection was undertaken during 

fieldwork in 2014 in Windjana Gorge National Park, about 
185 km to the northwest of Riwi. Vouchers were collected 
and sent to the Australian National Herbarium-CSIRO in 
Canberra for identification. Seeds and fruits corresponding 
to the vouchers were returned to UWA, dried, labelled, pho-
tographed, placed in plastic vials, and arranged in taxonomic 
sequence (Nesbitt et al. 2003). Where taxonomic identifica-
tion could not be positively assigned, macrobotanical mate-
rial was attributed a numerical code and descriptive name. 
Photographs of identified macrobotanical remains were 
taken using a high resolution AxioCam MRc5 and testa 
(seed coat) images taken with a JEOL JCM-6000 Neoscope 
Scanning Electron Microscope (SEM).

Fig. 4  Riwi stratigraphic profiles a square 3, b square 4 (CAD: D. Vannieuwenhuyse)
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Results

A total of 7,609 macrobotanical remains were recovered 
from SUs 1 and 2 and 45 types based on morphological 
similarity were identified. Thirty-two taxa from 17 fami-
lies were identified to varying taxonomic levels (Table 3). 
In some cases, identification beyond genus level was not 
possible. Unidentified materials, assigned numerical codes 
and descriptive names in the laboratory, are presented as 
indeterminate (n = 124, 1.63%). The primary mode of 
preservation for macrobotanical material is desiccation 
(Fig. 5). Carbonised macrobotanical material is repre-
sented across nine taxa. The greatest number of carbonised 
remains are attributed to Vitex cf. glabrata (black plum) 
[whole fruits, whole endocarps, and fragmented endo-
carps (n = 43, 51.19%)] of the Lamiaceae family (Table 3). 
Generally, densities of macrobotanical remains are high. 
Volumetrically adjusted, relative to sediment volume, the 
density of macrobotanical remains is slightly higher in the 
mid-Holocene (101.9 seeds per litre) than the late Holo-
cene (95.87 seeds/l) (Tables 2 and 3).

It is important to note that, as there are several different 
kinds of plant parts representing each taxon in Table 3, direct 
frequency comparisons are not always appropriate. Absolute 
counts for Abutilon cf. hannii (lantern flower), Poaceae, and 
Triodia cf. pungens (spikelets) (spinifex) are relatively high 
because they reflect high rates of schizocarp and spikelet 
fragmentation, respectively. Relative abundances for these 
savannah taxa are lower when measured as mass (Table 3). 
For example, the most numerous taxon by absolute count, T. 
cf. pungens (spikelets) (n = 2,264), accounts for only 2.87% 
of the total mass of the macrobotanical assemblage. The fol-
lowing quantitative presentation of the results consider the 
SU1 and 2 macrobotanical assemblages without these taxa.

Figure 6 shows the relative percentages of macrobotani-
cal remains [excluding A. cf. hannii, Poaceae, and T. cf. 
pungens (spikelets)] for SUs 1 and 2, with taxa grouped 
into three broad ecological associations, monsoon rainfor-
est, savannah, and riparian.

The most obvious feature of Fig. 6 is that, overall, macro-
botanical remains representative of monsoon rainforest envi-
ronments are the most abundant in both the late and mid-
Holocene units. There is little difference in the percentages 
of monsoon rainforest remains within each SU, each unit 
comprised of 83% monsoon rainforest. However, there are 
some differences in the proportions of species represented 
within this group, in particular the high number of Mallotus 
cf. dispersus in SU1 (Table 3). As these are fragile flower 
remains their recovery from only late Holocene deposits 
likely reflects differences in preservation between SUs.

The second notable observation from Fig. 6 is that Vitex 
cf. glabrata (different plant parts combined) is the most 

abundant monsoon rainforest taxon in both SUs, making 
up 28.3% of the monsoon rainforest category for SU1 and 
50.11% in SU2. The distribution of different V. cf. glabrata 
plant parts shows calyces are particularly abundant in the 
mid-Holocene and are markedly less in the late Holocene 
(Fig. 6). Notably, Acacia sp. (pod) Type A and Cynanchum 
sp. (bush banana) also follow this pattern.

The final main observation from Fig. 6 is that species 
richness is greater in SU1 (30 taxa) than SU2 (21 taxa). 
However, the additional species within each vegetation cat-
egory in SU1 all occur in low numbers (Table 3).

Discussion

Determining the source of the macrobotanical 
remains

Plant material can enter archaeological archives through 
means other than intentional human introduction (Den-
nell 1976; Ford 1979; Minnis 1981; Clarke 1987; Miksicek 
1987; Dietsch 1996; Bush 2004; Gallagher 2014). Non-
anthropogenic modes of entry include the introduction of 
seeds and fruits by animals (e.g. coprolites and caches) and 
natural processes such as water, wind, and seed rain (Gal-
lagher 2014, p 32).

At Riwi, the main possible non-anthropogenic source of 
plant remains that was identified was the macropod copro-
lites that occur on the surface of the cave and to some extent 
within SU1. To identify and characterise the possible con-
tribution to the macrobotanical assemblage six samples of 
coprolites were examined and found to be principally com-
posed of grass fragments. However, 28 Celtis strychnoides 
endocarp fragments, 3 cf. Cucumis (cucumber) seeds, and 
25 Ficus spp. achenes were recovered separately from three 
individual coprolites (XU1). Macrobotanical material recov-
ered from these coprolites is far more heavily fragmented 
than that observed throughout the assemblage and adherence 
of coprolitic material to the fragments retrieved is noticeable 
(ESM 2). Ficus spp. achenes are rarely recovered at Riwi and 
the vast majority of Ficus spp. are represented by whole and 
fragmented fruits (Table 3). The findings suggest that in situ 
decay of macropod coprolites is unlikely to have contributed 
seeds and fruits to the macrobotanical record.

Rock rats (Zyzomys spp.), members of the Muridae family 
that occur in the Kimberley, cache seeds along caves ledges 
and crevices and leave distinct ‘drill-hole’ like gnawing pat-
terns on seeds (Begg and Dunlop 1980). No seed caches 
were observed at Riwi during fieldwork and the macrobo-
tanical remains show no evidence of gnawing, contrary to 
observations made by Dilkes-Hall et al. (2019) on the Square 
A2 macrobotanical assemblage recovered from Carpenter’s 
Gap 1, a limestone cave ~ 180 km northwest of Riwi (Fig. 1). 
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Table 3  Identified taxa grouped by family association. Carbonised 
(c), desiccated (d), number of individual specimens (n), and rela-
tive percentages (n %) in relation to category totals are presented for 

each taxon across stratigraphic units 1 and 2. Mass (g) included with 
assemblage totals. Note: Poaceae primarily Enneapogon spp.
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These findings suggest that the introduction of seeds and 
fruits to the cave by rock rats is unlikely.

Surface water channelling at Riwi is confined to the 
northwestern wall of the cave and so has negligible effect 
on the macrobotanical assemblage (Fig. 3). Within the exca-
vations, water channels are only visible at the bottom of the 
sequence, SU12 (Vannieuwenhuyse 2016, p. 164). The lack 
of visible water channelling in SUs 1 and 2, coupled with the 

presence of desiccated cultural materials, suggests little wet-
ting and drying of these deposits (Vannieuwenhuyse 2016) 
and that water deposition did not contribute macrobotanical 
remains to the site.

Poaceae are primarily represented by Enneapogon spp. 
(nine-awn pappus grass) florets, which are small, light, 
and aerodynamic with plumose awns to aid wind dispersal 
(Kakudidi et al. 1988). The primary function of this type of 

Fig. 5  Examples of desiccated 
macrobotanical remains recov-
ered from SU2 a Abutilon cf. 
hannii, b Acacia sp. (pod) Type 
A, c Celtis strychnoides, d Cyn-
anchum sp., e Cyperus bulbosus 
(tunic), f Ficus sp., g Mallotus 
nesophilus, h Terminalia sp. 
Type A. Images produced using 
a high resolution AxioCam 
MRc5 microscope camera
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floret shape is to assist seed dispersal by wind. Likewise, 
seeds of Cynanchum sp., albeit documented as a food plant 
(Table 4), are also dispersed by the wind with each seed 
bearing tufts of hair (coma) (Forster 1991). Thus, based on 
morphological characteristics, Poaceae and Cynanchum sp. 
macroremains were probably introduced to the cave by wind.

At present one Mallotus nesophilus tree grows against 
the northern wall of the cave (Fig. 3). The highest quanti-
ties of M. nesophilus seeds are present in SU1 and this may 
reflect modern seed rain assimilation into the archaeologi-
cal deposit in the recent past. However, several factors sug-
gest incorporation of M. nesophilus into the assemblage is 
unlikely to be a result of modern seed rain. First, the M. 
nesophilus plant borders the northern wall of the cave and 
does not overhang the archaeological excavation squares. 
Second, surface water channelling at the location of the plant 
is likely to have removed fallen seeds and fruits in such a 
way that they would have relocated towards the front of the 
cave (Fig. 3). Third, the fruits of M. nesophilus are edible 
and, at least in the recent past, were eaten by Aboriginal 
people (Scarlett 1985; Smith and Kalotas 1985; Wightman 
2003; Wiynjorrotj 2005). In addition an increase in Mal-
lotus sp. charcoal in SU1 (Whitau et al. 2017) suggests that 
people visiting the site used the plant for fuel. Finally, no 
other M. nesophilus were identified during vegetation sur-
veying and the M. nesophilus tree at Riwi is 75 km outside 
the species’ recorded current distribution (Atlas of Living 
Australia 2018). Whitau et al. (2017) suggest that the iso-
lated occurrence of a M. nesophilus tree in the cave may 
have been a consequence of human behaviours, intentional 
or incidental. Aboriginal agency in the dissemination of 
trees in Australia has been suggested for Adansonia gregorii 
(boab) (Rangan et al. 2015) and Castanospermum australe 
(black bean) (Rossetto et al. 2017) supporting the argument 
of anthropogenic origin for the M. nesophilus at Riwi. It is 
possible that other plants may have grown in the cave in the 
past; however, no root structures were encountered during 

excavation and the structure of the cave, diminishing sun-
light, and water availability suggest that incorporation of 
modern and prehistoric seed rain into the macrobotanical 
assemblage is improbable.

Evaluation of these alternative sources for macrobotani-
cal remains at Riwi demonstrates that disentangling natural 
from culturally deposited taxa is complicated. Carbonisa-
tion, as a foolproof way of separating naturally deposited 
taxa from those introduced anthropogenically (e.g. Dietsch 
1996; Atchison et al. 2005), is questionable because plant 
remains can become carbonised when a fire is lit on depos-
its containing macrobotanical remains, and many plants are 
either used for economic purposes or disposed of in ways 
that do not cause carbonisation (e.g. van der Veen 2007). 
Additionally, when not distributed further afield by animals, 
fruits that contain large and/or dense seeds (e.g. Grewia and 
Vitex species) remain close to where they drop below the 
parent tree (Atchison et al. 2005, p 174) and the abundance 
and dominance of these edible fruit bearing plants at Riwi 
that recur over time suggests their important role in peoples’ 
gathering, foraging, and subsistence activities in the past.

Economic plants

We have concluded that the macrobotanical remains recov-
ered from the Holocene stratigraphic units at Riwi are prin-
cipally the result of human activities. Apart from food these 
may represent several different kinds of activities including 
plants collected for fuel, for the manufacture of important 
plant-based technologies (such as string making or wooden 
tools), and for medicines.

Although plant uses undoubtedly transform over time, 
it is interesting that many of the taxonomically identified 
macrobotanical remains from Riwi continue to be economi-
cally important to Aboriginal people today. Overall, 23 of 
the 32 identified taxa from Riwi are presently recognised by 
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Fig. 6  Distribution of relative percentages of macrobotanical remains 
in stratigraphic units 1 and 2. Taxa grouped by monsoon rainforest, 
savannah, and riparian ecological associations. Where taxa are pre-

sent in low proportions (< 1%) presence is marked ‘x’. Excludes Abu-
tilon cf. hannii, Poaceae, and Triodia cf. pungens (spikelets)
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Table 4  Potential economic uses of taxonomically identified macrobotanical taxa recovered from Riwi based on ethnographic and ethnobotani-
cal references from Aboriginal groups in the Kimberley
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Australian Aboriginal groups as traditional economic botani-
cal resources (Table 4) and we have used this traditional 
ecological knowledge as a basis for suggesting possible uses 
of plants represented in the site.

Whitau et al. (2017, p. 150) identified Eucalyptus and 
Corymbia species as being commonly used for fuel at Riwi. 
These species are not documented as food plants (Table 4) 
and it is likely that the Eucalyptus-Corymbia remains (cap-
sule no operculum, operculum, and whole capsule) identified 
in the macrobotanical assemblage analysed here were prob-
ably introduced into the site attached to larger Eucalyptus-
Corymbia wood pieces collected for fuel.

Another taxon that has no documented use as a food 
in the Kimberley is Abutilon cf. hannii. Its abundance in 
the Riwi deposits makes it worth mentioning that Abutilon 
otocarpum is documented by Roth (1901) as being used to 
manufacture nets by Kalkatungu (also Kalkadoon) Aborigi-
nal people in Queensland. Abutilon processing would strip 
schizocarps away to access the long fibres within the stem 
bark that are used to manufacture string. Seven pieces of 
string were recovered from Riwi’s Holocene units (Balme 
et al. 2019) and the large number of A. cf. hanni schizocarps 
at Riwi may be by-products introduced to the site during 
plant fibre processing activities.

The large quantity of Triodia cf. pungens spikelets cou-
pled with the occurrence of different plant parts of Triodia 
spp. (e.g. rootlets/leaves) suggest human introduction to the 
site. Aboriginal groups across Australia use Triodia in a 
variety of ways; grinding its seeds for food, extracting resin 
for the creation of composite tools and medicinal purposes, 
processing fibres for string production, as a wrapping, and 
for kindling to light fires (Latz 1982, 1995; Pittman 2010; 
Gamage et al. 2012; Pittman and Wallis 2012). No Triodia 
seeds were recovered and the spikelets and rootlets/leaves 
are not food so their presence probably relates to food waste 
and/or by-products from the manufacture of plant-based 
technologies. One identified use of Triodia at Riwi was as 
a protective wrapping for freshwater mussels (Balme et al. 
2019). Evidence of burning on both spikelets and roots may 
be a result of the dehiscing of grass seeds by passing over 
fire to separate seeds for grinding (Latz 1995) or to extract 
resin (Pittman 2010; Pittman and Wallis 2012) or they 
may represent the remains from incompletely combusted 
kindling.

Selective exploitation

The taxa most likely to represent food remains in Riwi’s 
macrobotanical record are Ficus spp. and Vitex cf. glabrata 
and these plants suggest selective exploitation of the sur-
rounding vegetation. A survey of the modern vegeta-
tion surrounding Riwi conducted by Whitau et al. (2017) 
recorded the valley floor directly in front of the site as being 

typified by low tree steppe dominated by Triodia pungens 
(soft spinifex), with scattered Eucalyptus-Corymbia, and 
frequent Cochlospermum fraseri (kapok) and Gyrocarpus 
americanus (helicopter tree) (Fig. 2a). Pockets of riparian 
taxa occur along the dry watercourse (Fig. 2b) including 
Myrtaceae species trees [Eucalyptus camaldulensis (river 
red gum), Eucalyptus pruinosa subsp. pruinosa (silver box), 
and Melaleuca lasiandra (paperbark)] and mixed Cyper-
aceae sedges.

Despite the semi-arid modern local ecology around Riwi, 
and the presence of two grindstone fragments in Holocene 
deposits (Dilkes-Hall et al. in press), we found little evi-
dence of seed exploitation [aside from the suggestion that 
Acacia seeds may have been ground given the large propor-
tion of Acacia pods compared to seeds (Table 3)]. Instead, 
food plants are dominated by monsoon rainforest species, 
especially V. cf. glabrata. No discrete patches of monsoon 
rainforest were encountered during the vegetation survey 
around Riwi (Whitau et al. 2017), however, vestigial traces 
of monsoon rainforest taxa are present in niches along the 
limestone range (Fig. 2c) where fire protection and water 
seepage maintain isolated plants (McKenzie et al. 1991).

Monsoon rainforest, also known as dry rainforest, mon-
soon vine-thicket, and tropical deciduous vine thicket, 
remains the most poorly understood type of rainforest 
(McDonald 1998; Bowman and Cook 2002). It is ‘rain 
green’, tolerating thermal extremes and decreased pre-
cipitation; plant species can quickly recolonise suggesting 
resilience during times of climatic stress (Kenneally and 
Beard 1987). The contemporary geographic range of mon-
soon rainforest in the Kimberley is generally restricted to 
coastal areas and further inland confined to patches along 
river systems or protected areas of plateau/range (McKen-
zie et al. 1991). Monsoon rainforest in northern Australia 
is most likely to have been more widely distributed during 
the mid-Holocene than present-day remnant patches indi-
cate (expanding during humid periods and retreating during 
times of aridity) (Russell-Smith 1985).

Terrestrial palaeoenvironmental archives indicate broad 
scale warming, wetter climatic conditions and climatic 
stabilisation during the mid-Holocene (Hesse et al. 2004; 
Fitzsimmons et al. 2013). Monsoon rainforest taxa, whose 
periods of flowering and fruiting are seasonally specific and 
defined by rainfall, are abundant in Riwi’s mid-Holocene 
macrobotanical assemblage and suggest the presence of 
monsoon rainforest in the region. Climatic stabilisation 
increases the reliability and predictability of plant resources, 
and availability of monsoon rainforest taxa may have been 
a driving factor for people visiting Riwi during periods of 
relative humidity, times when monsoon rainforest fruits are 
available in abundance.

Over the past 1,000 years, pockets of monsoon rainforest 
may have reduced in number and size because of decreased 
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water availability connected to the current phase of El Niño-
Southern Oscillation (Field et al. 2017). However, the late 
Holocene macrobotanical evidence shows that monsoon 
rainforest remained the primary ecological zone for the col-
lection of food plants by Aboriginal groups visiting Riwi. 
During this time expansion of the number of taxa repre-
sented within each vegetation category (Fig. 6) may indicate 
broadening of diet in response to a reduction of monsoon 
rainforest patches in the area. Although monsoon rainfor-
est may have reduced, abundant monsoon rainforest taxa in 
Riwi’s SU1 sequence suggests patches of sufficient size must 
have persisted to sustain late Holocene occupations.

Since European colonisation and the introduction of pas-
toralism, increased fire frequency and deregulated fire man-
agement has had a profoundly detrimental effect on mon-
soon rainforest and on the distributions of these important 
ecological communities (Clayton-Greene and Beard 1985; 
Russell-Smith and Bowman 1992; Bowman and Panton 
1993; Price and Bowman 1994; Russell-Smith et al. 1998; 
Russell-Smith 2001; Bowman 2005).

Monsoon rainforest and people in the Kimberley

Although today’s distribution of monsoon rainforest across 
northern Australia is highly fragmented, isolated patches 
are documented as primary food gathering areas for Abo-
riginal people and locations of monsoon rainforest are often 
connected to important cultural sites (Mangglamarra et al. 
1991; Karadada 2011). Aboriginal groups in the Kimberley 
employ traditional land management practices to protect 
these ecological zones by burning the surrounding vegeta-
tion to mitigate destruction by wildfires (Mangglamarra 
et al. 1991). The significance of the role of monsoon rain-
forest in Aboriginal lifeways in the past has been suggested 
elsewhere (Beck and Balme 2003; Dilkes-Hall et al. 2019) 
and indeed the composition and diversity of the gathered diet 
at Riwi, as indicated by the macrobotanical record, demon-
strates that Aboriginal groups occupying semi-arid southern 
Kimberley environments relied heavily on monsoon rainfor-
est ecological zones and their vegetal taxa for food plants.

The most abundant monsoon rainforest taxon across 
Riwi’s macrobotanical record is Vitex cf. glabrata. The 
species is endemic to northern Australian tropical regions 
and bears edible fruits that turn dark purple–black when 
ripe (Fig. 7a) (Kenneally et al. 1991, 1996; Wheeler 1992). 
Fruit production is highly seasonal and occurs during the last 
months of the wet season (December–February) (Wheeler 
1992). V. cf. glabrata is represented throughout Riwi’s Hol-
ocene macrobotanical sequence by whole or fragmented 
endocarps, calyces, and the occasional preservation of whole 
fruits with exocarp and calyx intact (Fig. 7b–e).

Vitex fruits are recorded as an important food to many 
Aboriginal groups across the Kimberley (Table 4). Historic 

records document that during the wet season Vitex fruits 
were available in such abundance that to prevent spoilage 
surplus fruits were processed, dried by a camp fire or in 
the sun, and pounded into cakes (Crawford 1982; Scarlett 
1985). Plants that are dried and stored are far more likely 
to preserve in the archaeobotanical record (Dennell 1976) 
and desiccation, as a means of deliberate preservation of 
plant resources, is a known practice amongst Australian 
Aboriginal groups (e.g. Gould 1969, p. 261; Crawford 
1982, p. 9; Head et al. 2002, p. 183) and still practiced by 
Gooniyandi traditional owners (June Davis pers. comm. 
2018, Dilkes-Hall et al. in press).

At Riwi, whole desiccated Vitex fruits (Fig. 7b) indi-
cate that fruit bearing Vitex trees were present in sufficient 
numbers close enough to Riwi to facilitate fruit collection, 
on a scale large enough for people to return to the cave 
site with surplus fruits. Whole Vitex endocarps suggest 
fruit consumption and carbonisation of remains indicates 
fruits may have been dried in the cave with the aid of fire, 
possibly burnt during fruit processing/preparation (van der 
Veen 2007; Dilkes-Hall et al. in press). It is also possible 
that refuse was disposed of directly into a fire, thus being 
of benefit as ‘casual’ fuel (van der Veen 2007, p. 979). 
Results from recent ethnoarchaeological experiments—to 
determine what types of by-products are produced during 
Vitex fruit processing—show different Vitex plant parts 
(specifically, fragmented endocarps and calyces) represent 
specific stages of fruit processing (Dilkes-Hall et al. in 
press).

Undoubtedly, food collection was an important part of 
the daily gathering activities at Riwi and the abundance of 
monsoon rainforest taxa, used as a seasonal indicator, indi-
cates that people were visiting the site in wet/humid periods 
related to the tempo of monsoon dominated climatic cycles. 
A lack of permanent water sources in the immediate vicin-
ity of the cave makes more sense with occupations during 
wetter months allowing for water collection from seasonal 
creek-lines close by to the cave. Inside, the cave provides 
protection from elements such as rain and wind and, cou-
pled with its capacious structure, is assumed to have been 
attractive to people as a shelter during wetter months. Out-
side of the cave, the moisture retaining limestone range sup-
ports monsoon rainforest taxa, a crucial element of foragers’ 
subsistence.

People’s movements in the landscape surrounding Riwi 
were very likely shaped through hunting-gathering-fishing 
activities, with different ecological zones targeted to access a 
range of economic resources. As shown in the macrobotani-
cal (food plants) and anthracological (fuel) archives at Riwi 
(Whitau et al. 2017, 2018) monsoon rainforest fulfilled mul-
tiple economic roles in the daily lives of Aboriginal groups 
occupying Riwi and probably encompassed other intangi-
ble aspects such as places for water collection and social 
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learning where ecological knowledge was passed from one 
generation to the next.

Conclusions

Located on the edge of a major arid zone, Riwi reveals 
through its mid- and late Holocene macrobotanical assem-
blages that monsoon rainforest ecological zones were pri-
marily exploited for food plants. This is despite the scattered 
distribution of this vegetation type, which today is largely 
restricted to the coastal regions of the northern Kimberley 
and only occurs in small pockets along limestone ranges 
in inland regions of the southern Kimberley. While mon-
soon rainforest may have occurred more abundantly in the 
mid-Holocene near Riwi, it would still have been restricted 
to limestone ranges. A pattern of exploitation is suggested 
where these monsoon rainforest ecological zones, rich 
in fruit bearing plant species, were visited by Aboriginal 

groups engaged in subsistence activities in the landscape 
surrounding Riwi.

This research highlights the importance of sometimes 
apparently minor environmental zones, in this case niches 
in limestone outcrops, for people’s landscape movements. 
No permanent water in the immediate vicinity of Riwi cou-
pled with the fruiting times of monsoon rainforest taxa, inti-
mately linked to rainfall, suggests that wet season resource 
availability shaped Aboriginal decision-making and mobile 
spatial occupation patterns. Economic resource patterning is 
interpreted here as a result of mobility directly linked to the 
seasonal availability of such resources. Specifically, Vitex cf. 
glabrata, the main species represented in the Riwi assem-
blage, is available in such abundance during the wet season 
that in recent times it is still processed and stored for later 
consumption. Thus, the fruiting times of monsoon rainfor-
est taxa influenced Aboriginal lifeways and mobile spatial 
occupation patterns, over at least the last 7,000 years.

Fig. 7  Modern (a) and archaeo-
logical examples (b–f) of Vitex 
cf. glabrata: a Vitex glabrata 
plant with ripe (purple) and 
unripe (green) fruits, b whole 
desiccated fruit, c whole ovoid 
to subglobose endocarp with 
rugose longitudinally furrowed 
surface patterning with four 
ovary chambers that divide the 
stone internally, d endocarp 
fragments, e calyces, f testa. 
Image a produced using Canon 
IXUS 180. Images b–e pro-
duced using a high resolution 
AxioCam MRc5 microscope 
camera. Image f produced with 
the JEOL JCM-6000 Neoscope 
Scanning Electron Microscope 
(SEM)

78



323Vegetation History and Archaeobotany (2020) 29:309–325 

1 3

Acknowledgements The authors would like to thank the Mimbi com-
munity, especially Rosemary Nuggett, for sharing their traditional 
ecological knowledge and for their assistance with field work. Gooni-
yandi Traditional Owners, June Davis and Helen Malo, were especially 
generous in sharing their traditional ecological knowledge. This study 
has benefited from the botanical expertise of Russell Lindsay Barrett, 
Matthew David Barrett, and Kevin Kenneally whom we thank for shar-
ing their knowledge on Kimberley flora and assistance with taxonomic 
identifications. Thank you to Dorcas Vannieuwenhuyse, who produced 
Figs. 3 and 4a, b. This research was funded by the Australian Research 
Council Linkage Grant LP100200415 ‘Lifeways of the First Austral-
ians’ with contributions from the Kimberley Foundation Australia and 
the Department of Sustainability, Water, Populations, and Communi-
ties, awarded to O’Connor and Balme. Flora were collected in Wind-
jana Gorge National Park with appropriate Regulation 4 Authority-8 
and Scientific or Other Prescribed Purposes Licenses. We thank two 
anonymous reviewers for their insightful comments.

References

Asmussen B (2005) Dangerous harvest revisited: taphonomy, method-
ology and intensification in the Central Queensland Highlands, 
Australia. PhD, Australian National University, Canberra

Atchison J (2000) Continuity and change: a late Holocene and post 
contact history of Aboriginal environmental interaction and veg-
etation process from the Keep River region, Northern Territory. 
PhD, University of Wollongong, Wollongong

Atchison J, Head L, Fullagar R (2005) Archaeobotany of fruit seed 
processing in a monsoon savanna environment: evidence from 
the Keep River region, Northern Territory. Aust J Archaeol Sci 
32:167–181

Atlas of Living Australia (2018) Atlas of Living Australia. http://www.
ala.org.au. Accessed Feb 2018

Balme J (2000) Excavations revealing 40,000 years of occupation at 
Mimbi Caves, south central Kimberley, Western Australia. Aust 
Archaeol 51:1–5

Balme J (2013) Of boats and string: the maritime colonisation of Aus-
tralia. Quat Int 285:68–75

Balme J, O’Connor S, Maloney T, Vannieuwenhuyse D, Aplin K, 
Dilkes-Hall IE (2019) Long-term occupation on the edge of the 
desert: Riwi Cave in the southern Kimberley, Western Australia. 
Archaeol Oceania 54:35–52. https ://doi.org/10.1002/arco.5166

Beard JS (1979) The vegetation of the Kimberley area: explanatory 
notes to sheet 1. University of Western Australia Press, Perth

Beaton JM (1982) Fire and water: aspects of Australian Aboriginal 
management of cycads. Archaeol Oceania 17:51–58

Beck W (1982) Aboriginal preparation of Cycas seeds in Australia. 
Econ Bot 46:133–147

Beck W, Balme J (2003) Dry rainforests: a productive habitat for Aus-
tralian hunter-gatherers. Aust Aborig Stud 2:4–20

Begg RJ, Dunlop CR (1980) Security eating, and diet in the large 
rock-rat, Zyzomys woodwardi (Rodentia:Muridae). Aust Wildl 
Res 7:63–70

Bowman DMJS (2005) Grass, fire and ecological engineering. Aus-
tralas Sci 26:20–22

Bowman DMJS, Cook GD (2002) Can stable carbon isotopes (∂13C) 
in soil carbon be used to describe the dynamics of Eucalyptus 
savanna–rainforest boundaries in the Australian monsoon trop-
ics? Aust Ecol 27:94–102

Bowman DMJS, Panton WJ (1993) Decline of Callitris intratropica R. 
T. Baker & H. G. Smith in the Northern Territory: implications
for pre- and post-European colonization fire regimes. J Biogeogr 
20:373–381

Bowman DMJS et al (2010) Biogeography in the Australian Monsoon 
Tropics. J Biogeogr 37:201–216

Bronk Ramsey C (2009) Bayesian analysis of radiocarbon dates. Radio-
carbon 51:337–360

Bureau of Meteorology (1996) Kimberley, Western Australia: climatic 
survey. Australian Government Publishing Service, Canberra

Bush LL (2004) Boundary conditions: macrobotanical remains and 
the Oliver Phase of central Indiana, AD 1200-1450. University 
of Alabama Press, Tuscaloosa

Cane S (1987) Australian Aboriginal subsistence in the Western Desert. 
Hum Ecol 15:391–434

Clarke A (1987) An analysis of archaeobotanical data from two Sites 
in Kakadu National Park, Northern Territory. MA, University of 
Western Australia, Crawley

Clarke PA (2012) Australian plants as Aboriginal tools. Rosenberg 
Publishing, Kenthurst

Clayton-Greene KA, Beard JS (1985) The fire factor in vine thicket and 
woodland vegetation of the Admiralty Gulf Region, northwest 
Kimberley, Western Australia. Proc Ecol Soc Aust 13:225–230

Cordain L, Miller JB, Eaton SB, Mann N, Holt SHA, Speth JD (2000) 
Plant-animal subsistence ratios and macronutrient energy esti-
mations in worldwide hunter-gatherer diets. Am J Clin Nutr 
71:682–692

Cosgrove R, Field J, Ferrier A (2007) The archaeology of Australia’s 
tropical rainforests. Palaeogeogr Palaeoclimatol Palaeoecol 
251:150–173

Crawford IM (1982) Traditional Aboriginal plant resources in the 
Kalumburu area: aspects in ethno-economics. Records of the 
Western Australian Museum 15. Western Australian Museum, 
Perth

Davis J, Street M, Malo H, Cherel I, Woodward E (2011) Mingayoo-
roo—Manyi Waranggiri Yarrangi. Gooniyandi seasons (calen-
dar) Margaret River, Fitzroy Valley, Western Australia. CSIRO 
Ecosystem Sciences, Darwin

Denham T et al (2009) Archaeobotany in Australia and New Guinea: 
practice, potential and prospects. Aust Archaeol 68:1–10

Dennell R (1976) The economic importance of plant resources repre-
sented on archaeological sites. J Archaeol Sci 3:229–247

Dietsch M-F (1996) Gathered fruits and cultivated plants at Bercy 
(Paris), a Neolithic village in a fluvial context. Veget Hist 
Archaeobot 5:89–97

Dilkes-Hall IE, O’Connor S, Balme J (2019) People-plant interaction 
and economic botany over 47,000 years of occupation at Carpen-
ter’s Gap 1, south central Kimberley. Aust Archaeol 85:30–47

Dilkes-Hall IE, Davis J, Malo H (in press) “Doog girndi”. Using exper-
imental archaeology to understand the archaeobotanical record: 
an investigation of mid-Holocene Vitex glabrata fruit process-
ing in Gooniyandi Country, northwest Australia. The Artefact. 
Accepted for publication 2 July 2019

Doonday B et al (2013) Walmajarri plant & animals: Aboriginal bio-
cultural knowledge from the Paruku Indigenous Protected Area, 
southern Kimberley, Australia. Northern Territory Botanical Bul-
letin 42. Paruku IPA, Mulan Aboriginal Community, Halls Creek

Dotte-Sarout E, Carah X, Byrne C (2015) Not just carbon: assessment 
and prospects for the application of anthracology in Oceania. 
Archaeol Oceania 50:1–22

Edgar J et al (1997) Mayi: some bush fruits of the west Kimberley. 
Magabala Books Aboriginal Corporation, Broome

Fairbairn A (2007) Seeds from the slums: archaeobotanical investiga-
tions at Mountain street, Ultimo, Sydney, New South Wales. Aust 
Archaeol 64:1–8

Ferrier A, Cosgrove R (2012) Aboriginal exploitation of toxic nuts 
as a late-Holocene subsistence strategy in Australia’s tropical 
rainforests. Terra Australis 34:103–120

79

http://www.ala.org.au
http://www.ala.org.au
https://doi.org/10.1002/arco.5166


324 Vegetation History and Archaeobotany (2020) 29:309–325

1 3

Field E, McGowan H, Mos PT, Marx SK (2017) A late quaternary 
record of monsoon variability in the northwest Kimberley, Aus-
tralia. Quat Int 449:119–135

Fitzsimmons KE et al (2013) Late quaternary palaeoenvironmental 
change in the Australian drylands. Quat Sci Rev 74:78–96

Florin SA (2013) Archaeobotanical investigations into plant food use 
at Madjedbebe (Malakunanja II). Unpublished honours disserta-
tion, University of Queensland, St. Lucia Queensland

Ford RI (1979) Paleoethnobotany in American archaeology. In: Schiffer 
MB (ed) Advances in archaeological method and theory, vol 2. 
Academic Press, New York, pp 285–336

Forster PI (1991) A taxonomic revision of Cynanchum L. (Asclepia-
daceae: Asclepiadoideae) in Australia. Austrobaileya 3:443–466

Fritz G, Nesbitt M (2014) Laboratory analysis and identification of 
plant macroremains. In: Marston JM, D’alpoim Guedes J, Warin-
ner C (eds) Method and theory in paleoethnobotany. University 
Press of Colorado, Boulder, pp 115–145

Gallagher DE (2014) Formation processes of the macrobotanical 
record. In: Marston JM, D’alpoim Guedes J, Warinner C (eds) 
Method and Theory in Paleoethnobotany. University Press of 
Colorado, Boulder, pp 19–34

Gamage HK, Mondal S, Wallis LA, Memmott P, Martin D, Wright 
BR, Schmidt S (2012) Indigenous and modern biomaterials 
derived from Triodia (‘spinifex’) grasslands in Australia. Aust 
J Bot 60:114–127

Gorst JR (2002) Indigenous fruits of Australia. Acta Hortic 
575:555–561

Gould RA (1969) Subsistence behaviour among the Western Desert 
Aborigines of Australia. Oceania 39:253–274

Head L, Atchison J, Fullagar R (2002) Country and garden: ethno-
botany, archaeobotany and Aboriginal landscapes near the Keep 
River, northwestern Australia. J Soc Archaeol 2:173–196

Hesse PP, Magee JW, van der Kaars S (2004) Late quaternary climates 
of the Australian arid zone: a review. Quat Int 118–119:87–102

Hogg AG et al (2013) SHCal13 southern hemisphere calibration, 
0-50,000 years cal B.P. Radiocarbon 55:1889–1903

Kakudidi EKZ, Lazarides M, Carnahan JA (1988) A revision of Enne-
apogon (Poaceae, Pappophoreae) in Australia. Aust Syst Bot 
1:325–353

Kamminga J (1988) Wood artefacts: a checklist of plants utilised by 
Australian Aborigines. Aust Aborig Stud 2:26–56

Karadada J et al (2011) Uunguu plants and animals: Aboriginal bio-
logical knowledge from Wunambal Gaambera Country in the 
north-west Kimberley, Australia. Northern Territory Botani-
cal Bulletin 35. Wunambal Gaambera Aboriginal Corporation, 
Wyndham, W.A.

Kenneally KF, Beard JS (1987) Rain forests of Western Australia. The 
rainforest legacy: Australian National Rainforests Study, vol 1—
the nature, distribution and status of rainforest types. Australian 
Government Publishing Service, Canberra, pp 289–304

Kenneally KF, Keighery GJ, Hyland BPM (1991) Floristics and phy-
togeography of Kimberley rainforests, Western Australia. In: 
McKenzie NL, Johnston RB, Kendrick PG (eds) Kimberley 
rainforests Australia. Surrey Beatty & Sons, Chipping Norton, 
pp 93–132

Kenneally KF, Edinger DC, Willing T (1996) Broome and beyond: 
plants and people of the Dampier Peninsula, Kimberley, Western 
Australia. Department of Conservation and Land Management, 
Broome Botanical Society, Western Australia, Western Australia

Kimberley Land Council (2019) Native title map. https ://www.klc.org.
au/nativ e-title -map. Accessed 13 May 2019

Latz PK (1982) Bushfires and bushtucker: Aborigines and plants in 
central Australia. MA, University of New England, Armidale, 
New South Wales

Latz PK (1995) Bushfires and bushtucker: Aboriginal plant use in cen-
tral Australia. IAD Press, Alice Springs

Lowe T (1991) Wild plant foods of Australia. Australian nature field-
guide, Revised edn. HarperCollins Publishers, Sydney

Mangglamarra G, Burbridge AA, Fuller PJ (1991) Wunambal words for 
rainforest and other Kimberley plants and animals. In: McKenzie 
NL, Johnston RB, Kendrick PG (eds) Kimberley rainforests of 
Australia. Surrey Beatty & Sons, Chipping Norton, pp 413–421

Marinval P (1999) Les fruits et leurs usages au travers des restes 
archéologiques: en France, de la Préhistoire á l’Antiquité. 
In: Chauvet M (ed) Le patrimoine fruitier. Hier aujourd’hui, 
demain. Actes du colloque de La Ferté Bernard (Sarthe), 16-17 
octobre 1998. AFCEV, Paris, pp 53-64

Martin S (2014) Bush Tukka guide: identify Australian plants and 
animals, and learn how to cook. Explore Australia Publishing, 
Richmond

McArthur M (1960) Food consumption and dietary levels of groups 
of Aborigines living on naturally occuring foods. In: Mount-
ford CP (ed) Record of the American-Australian expedition in 
Arnhem Land, vol II. Anthropology and Nutrition. Melbourne 
University Press, Melbourne, pp 90–135

McConnell K (1997) Palaeoethnobotanical remains of Carpenter’s 
Gap Site 1, the Kimberleys, Western Australia. MSc, Austral-
ian National University, Canberra

McDonald WJF (1998) Spatial and temporal patterns in the dry sea-
sonal subtropical rainforests of eastern Australia, with par-
ticular reference to the vine thickets of central and southern 
Queensland. PhD, University of New England, Armidale, New 
South Wales

McKenzie NL, Belbin L, Keighery GJ, Kenneally KF (1991) Kim-
berley rainforest communities: patterns of species composition 
and Holocene biogeography. In: McKenzie NL, Johnston RB, 
Kendrick PG (eds) Kimberley rainforests of Australia. Surrey 
Beatty & Sons, Chipping Norton, pp 423–451

Meehan B (1989) Plant use in a contemporary Aboriginal community 
and prehistoric implications. In: Beck W, Clarke A, Head L (eds) 
Plants in Australian archaeology. Tempus: archaeology and mate-
rial culture studies in anthropology 1. Anthropology Museum, 
St. Lucia Queensland, pp 14–30

Miksicek CH (1987) Formation processes of the archaeobotanical 
record. Adv Archaeol Method Theory 10:211–247

Minnis PE (1981) Seeds in archaeological sites: sources and some 
interpretive problems. Am Antiqu 46:143–152

Nesbitt M, Colledge S, Murray MA (2003) Organisation and manage-
ment of seed reference collections. Environ Archaeol 8:77–84

Nuggett J, Nuggett A, Bangu N, Hand M, Kogolo A, Woodward E 
(2011) Walmajarrijarti Wangki Martuwarra Kadaji. Walmajarri 
words from the riverside, Fitzroy Valley, Western Australia. 
CSIRO Ecosystem Sciences, Darwin

O’Connell JF, Latz PK, Barnett P (1983) Traditional and modern 
plant use among the Alyawara of Central Australia. Econ Bot 
37:80–109

Paddy E, Paddy S, Smith M (1993) Boonyja Bardag Gorna: all trees are 
good for something, 2nd edn. Western Australian Museum, Perth

Pearsall DM (2010) Paleoethnobotany: a handbook of procedures, 2nd 
edn. Left Coast Press, Walnut Creek

Pittman HT (2010) Pointless spinifex? An investigation of Indigenous 
use of spinifex throughout Australia. Honours Thesis, Flinders 
University of South Australia, Adelaide

Pittman HT, Wallis LA (2012) The point of spinifex: Aboriginal uses 
of spinifex grasses in Australia. Ethnobot Res Appl 10:109–131

Playford G, Hocking RM, Cockbain AE (2009) Devonian reef com-
plexes of the Canning Basin, Western Australia. Geological Sur-
vey of Western Australia Bulletin 145. Government of Western 
Australia, Perth

Price O, Bowman DMJS (1994) Fire-stick forestry: a matrix model in 
support of skilful fire management of Callitris intratropica R. T. 
Baker by north Australian Aborigines. J Biogeogr 21:573–580

80

https://www.klc.org.au/native-title-map
https://www.klc.org.au/native-title-map


325Vegetation History and Archaeobotany (2020) 29:309–325 

1 3

Rangan H et al (2015) New genetic and linguistic analyses show 
ancient human influence on baobab evolution and distribution 
in Australia. PLoS ONE 10:e0119758. https ://doi.org/10.1371/
journ al.pone.01197 58

Rossetto M et  al (2017) From songlines to genomes: prehistoric 
assisted migration of a rain forest tree by Australian Aboriginal 
people. PLoS ONE 12:e0186663. https ://doi.org/10.1371/journ 
al.pone.01866 63

Roth WE (1901) String, and other forms of strand: basketry-, woven 
bag-, and net-work. North Queensland Ethnography Bulletin 1. 
Government Printer, Brisbane

Russell-Smith J (1985) A record of change: studies of Holocene veg-
etation history in the south Alligator Region, Northern Territory. 
Proc Ecol Soc Aust 13:191–202

Russell-Smith J (2001) Pre-contact Aboriginal, and contemporary fire 
regimes of the savanna landscapes of northern Australia: pat-
terns, changes and ecological responses. Ngoonjook 20:6–32

Russell-Smith J, Bowman DMJS (1992) Conservation of monsoon 
rainforest isolates in the Northern Territory, Australia. Biol 
Conserv 59:51–63

Russell-Smith J, Ryan PG, Klessa D, Waight G, Harwood R (1998) 
Fire regimes, fire-sensitive vegetation and fire management of 
the sandstone Arnhem Plateau, monsoonal northern Australia. 
J Appl Ecol 35:829–846

Scarlett NH (1985) A preliminary account of the ethnobotany of the 
Kija people of Bungle Bungle outcamp. East Kimberley Work-
ing Paper 6. Center for Resource and Environmental Studies, 
Canberra

Smith M (1982) Late Pleistocene zamia exploitation in southern West-
ern Australia. Archaeol Oceania 17:117–121

Smith M, Kalotas AC (1985) Bardi plants: an annotated list of plants 
and their use by the Bardi Aborigines of Dampierland, north-
western Australia. Rec West Aust Mus 12:317–359

Specht RL (1958) An introduction to the ethnobotany of Arnhem Land. 
In: Specht RL, Mountford CP (eds) Records of the American-
Australian Scientific expedition to Arnhem Land, vol 3. Mel-
bourne University Press, Melbourne, pp 479–503

Van der Veen M (2007) Formation processes of desiccated and car-
bonized plant remains—the identification of routine practice. J 
Archaeol Sci 34:968–990

Vannieuwenhuyse D (2016) Mind the gap: geoarchaeology and micro-
morphology of cave and rockshelter sequences from the Kimber-
ley, north-west Australia. PhD, University of Western Australia, 
Crawley

Webb LJ (1959) The use of plant medicines and poisons by Australian 
Aborigines. Mankind 7:137–146

Wheeler JR (ed) (1992) Flora of the Kimberley region. Department of 
Conservation and Land Management, Perth

Whitau R, Balme J, O’Connor S, Wood R (2017) Wood charcoal analy-
sis at Riwi cave, Gooniyandi country, Western Australia. Quat 
Int 457:140–154

Whitau R, Vannieuwenhuyse D, Dotte-Sarout E, Balme J, O’Connor S 
(2018) Home is where the hearth is: anthracological and micro-
stratigraphic analyses of Pleistocene and Holocene combustion 
features, Riwi Cave (Kimberley, Western Australia). J Archaeol 
Method Theory 25:739–776

Wightman G (2003) Plants and animals of Kija and Jaru Country: 
Aboriginal knowledge conservation and ethnobiological research 
in the Upper Ord Catchment, Western Australia. Australian Gov-
ernment Land & Water Australia, Canberra

Williams CJ (2013) Medicinal plants in Australia. Volume 4, an antipo-
dean apothecary. Rosenberg Publishing, Dural

Wiynjorrotj P et al (2005) Jawoyn plants and animals: Aboriginal flora 
and fauna knowledge from Nitmiluk National Park and the Kath-
erine area, Northern Australia. Northern Territory Botanical Bul-
letin 29. Jawoyn Association, Katherine

Wood R, Jacobs Z, Vannieuwenhuyse D, Balme J, O’Connor S, Whitau 
R (2016) Towards an accurate and precise chronology for the 
colonization of Australia: the example of Riwi, Kimberley, West-
ern Australia. PLoS ONE 11:e0160123. https ://doi.org/10.1371/
journ al.pone.01601 23

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

81

https://doi.org/10.1371/journal.pone.0119758
https://doi.org/10.1371/journal.pone.0119758
https://doi.org/10.1371/journal.pone.0186663
https://doi.org/10.1371/journal.pone.0186663
https://doi.org/10.1371/journal.pone.0160123
https://doi.org/10.1371/journal.pone.0160123


Chapter 5. ‘Doog girndi'. Using experimental archaeology to 
understand the archaeobotanical record: an investigation of mid-
Holocene Vitex glabrata fruit processing in Gooniyandi Country, 
northwest Australia 

Authors: India Ella Dilkes-Hall, June Davis, and Helen Malo 

Publication: The Artefact  

Current status: Published 

Citation: Dilkes-Hall, I.E., J. Davis and H. Malo 2019b 'Doog girndi'. Using 

experimental archaeology to understand the archaeobotanical record: an 

investigation of mid-Holocene Vitex glabrata fruit processing in Gooniyandi 

Country, northwest Australia. The Artefact 42:3–16.  

82



3The Artefact 2019 - Volume 42, pp. 3 - 16   IE DILKES-HALL, J DAVIS & H MALO

archaeobotany — fruit processing — girndi — macrobotanical remains — Vitex glabrata

‘Doog girndi’. Using experimental archaeology 
to understand the archaeobotanical record: 

an investigation of mid-Holocene 
Vitex glabrata fruit processing in 

Gooniyandi Country, northwest Australia

India E Dilkes-Hall, June Davis and Helen Malo

Abstract: The most common macrobotanical type recovered from archaeological sites in the southern 
Kimberley of northwestern Australia are remains of Vitex glabrata R. Br. (Lamiaceae). Vitex glabrata is 
a large woody fruiting tree endemic to Australia’s tropical north that produces sweet, fl eshy drupaceous 
fruits. Fruit production of this species is restricted to wet season months (December–February) when 
fruits are produced in great abundance. Ethnobotanical records for the region document processing 
of surplus fruits by Aboriginal people but these records lack details of the steps involved in the post-
harvest processing sequence and its by-products. To gain a deeper understanding of the economic 
use of V. glabrata and to help interpret fruit processing in archaeobotanical archives, ethnobotanical 
survey and experimental studies were conducted with Gooniyandi traditional owners. Experimental 
materials were compared with archaeological specimens recovered from Riwi, an archaeological 
site located on Gooniyandi ancestral lands. We conclude that fruit processing using techniques 
similar to those used today is clearly discernible in Riwi’s Holocene record documenting a 7,000 year 
old tradition of fruit processing.

Introduction

The genus Vitex L. (Lamiaceae) consists of over 270 species 
and is widely distributed in tropical and subtropical regions 
across Asia, Africa, South America, and Australia (Munir 
1987, p. 34). The large, woody, fruit bearing shrub or tree 
commonly produces small succulent drupe fruits (Wheeler 
1992). Vitex species are recognised as economically 
important to Indigenous groups across the world for food 
(N’Danikou, Achigan-Dako & Wong 2011), medicine 
(Collins et al. 2006; Shah and Joshi 1971), fuel (Whitau 
et al. 2017), fermentation (Okigbo 2003), plant based 
technologies (Friede 1978), and extraction of compounds 
to produce dyes (Doğan and Mert 1998; Doğan et al. 2003).
Macrobotanical research in the wet–dry tropics of the 
southern Kimberley region in Australia’s northwest 
(Figure 1) has demonstrated that patterns in site use are 
intimately linked to the availability of local economic 
resources, specifically, monsoon rainforest taxa that produce 
edible fruits (Dilkes-Hall, O’Connor & Balme 2019). 
In particular, Vitex cf. glabrata is by far the most common of 

the macrobotanical remains present in the sites (Balme et al.
2019; Dilkes-Hall, O’Connor & Balme 2019; Maloney et al.
2018; McConnell and O’Connor 1997; O’Connor 1999; 
Whitau et al. 2018) and has been recovered from the oldest 
cultural phase at Carpenter’s Gap 1, dated from 51,000 to 
38,800 cal BP (Dilkes-Hall, O’Connor & Balme 2019). 
The vast majority of V. cf. glabrata remains are whole 
and fragmented endocarps, calyces, and occasional whole 
fruits (Figure 2).  
Four species of Vitex (V. acuminata, V. glabrata, V. 
rotundifolia, and V. velutinifolia) are found in monsoon 
rainforests in the Kimberley (Florabase 2018; Munir 1987, 
p. 36). The most common species, V. glabrata (vernacular
name: black plum), produces purple/black sweet edible
fruits during the last months of the wet season, December to
February (Wheeler 1992). Each fruit contains a single stony,
ovoid to subglobose endocarp (e.g. internal stone, as in a
peach) with four internal ovary chambers that each contain
one seed (Munir 1987, p. 34). Owing to their robusticity
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Figure 1: The Kimberley region showing the location of sites mentioned in text (modified from Dilkes-Hall, O’Connor & Balme 2019). Native title determined 
lands after Kimberley Land Council (2019).

very little is known about endocarp fragmentation, however, 
seed chambers are guarded by small oval doors, not 
externally visible, through which successfully germinated 
seeds can escape (Godley 1971, p. 564). 

The fruit of V. glabrata has a high nutritional value (Miller, 
James & Maggiore 1993, p. 190–191) and it is a food 
resource prized by Aboriginal groups across northern 
Australia (Bindon 1996; Blake, Wightman & Williams 
1998; Clarke 2007; Crawford 1982; Davis et al. 2011; 
Edgar et al. 1997; Karadada et al. 2011; Raymond and 
Wightman 1999; Scarlett 1985; Smith and Kalotas 1985; 
Wightman 2003; Wightman, Roberts & Williams 1992; 
Wightman et al. 1994; Wilinggin Aboriginal Corporation 
2012). In recent times, Aboriginal people in north and south 
east Kimberley took advantage of the seasonal abundance 
of this fruit by preserving surplus through drying and 
pounding whole fruits into cakes for storage and transport 
(Crawford 1982, p. 71; Scarlett 1985, p. 7; Wightman 
2003, p. 72). However, research by Crawford (1982), 
Scarlett (1985), and Wightman (2003) lacks fine details of 
the technique/s used, the steps involved in the processing 
sequence, and the types of by-products produced that can 
help identify that fruit processing activities took place in 
archaeological sites. 

The abundant V. cf. glabrata remains recovered from 
archaeological sites in the Kimberley have been interpreted 
as cultural refuse and this taxon, used as a seasonal indicator, 
demonstrates that rockshelters/caves in the region were 
occupied during wet periods. However, it is not possible to 
interpret processing activities and, in particular, indications 
of storage of the fruit in the past without knowledge of the 
by-products created by processing methods (Berihuete-
Azorín 2016; Wollstonecroft 2011).
To investigate whether the processing of Vitex fruits can be 
identified in archaeobotanical archives this paper reports 
on ethnobotanical and experimental research designed 
to document V. glabrata processing and the types of by-
products resulting from that processing. Using Riwi, an 
archaeological site located in the south central Kimberley 
as a case study, we compare experimental remains with 
archaeological materials to identify whether signatures of 
fruit processing can be distinguished from the different plant 
parts of V. cf. glabrata present in the archaeological record.

Study area and archaeological site
The south central Kimberley region of northwest, Western 
Australia is bounded to the south by the Great Sandy Desert 
(Figure 1). The area receives 350 – 500 mm rainfall per 
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Figure 2 (left): Archaeological examples of Vitex cf. glabrata a) whole 
fruit b) whole endocarps c) fragmented endocarps d) calyces. 
Images produced by Dilkes-Hall using high resolution Lieca M205C 
microscope camera.

annum, which is restricted to the wet season months (Nov 
– April) (Bureau of Meteorology 1996). Seasonal rainfall
is a controlling factor for vegetative diversity and semi-
arid to arid floristic communities dominate the study area
(Beard 1979). No distinct patches of monsoon rainforest are
known in the area and distribution of monsoon rainforest
taxa (e.g. V. glabrata) is largely vestigial, restricted to
limestone ranges and outcrops that maintain water seepage
and provide protection from fire (McKenzie et al. 1991).
Flowering and fruiting times of monsoon rainforest taxa
are seasonally defined by rainfall.

Riwi is a large southwest facing limestone cave located 
at the base of the Lawford Range on Gooniyandi Country 
(Figure 1) (Balme 2000). Details of excavation methods, 
stratigraphy, and chronology are published elsewhere 
(Balme et al. 2019; Wood et al. 2016). The site has 
extraordinary preservation of organic materials (Balme 
et al. 2019) including wooden artefacts, string, wood 
shavings, and macrobotanical remains (Dilkes-Hall 2014; 
Langley et al. 2016; Whitau et al. 2016). 

Macrobotanical remains from Riwi

Riwi’s macrobotanical materials were recovered by hand 
sorting five millimetres and one point five millimetres sieve 
fractions under a 10 x magnification lamp in the University 
of Western Australia (UWA) archaeology laboratory. 
V. cf. glabrata macrobotanical remains were identified by
comparison with vouchered material from the Western
Australian Herbarium (Vitex glabrata PERTH #07861044).
V. cf. glabrata is represented throughout the archaeobotanical
sequence as whole fruits, whole and fragmented endocarps,
and calyces (Figure 2) and V. cf. glabrata remains are
separated into these four plant part categories.

Macrobotanical remains are abundant in stratigraphic units 
(SUs) 1 and 2, dated to the late Holocene (915 to 668 cal 
BP to present) and mid-Holocene (7,421 to 5,905 cal BP), 
respectively (Wood et al. 2016). Thirty-two taxa were 
identified to varying taxonomic levels in SUs 1 and 2, and, 
of these, 14 were identified as monsoon rainforest taxa, 
which, overall, make up 86.7 percent of the assemblage. 
V. cf. glabrata is by far the most abundant monsoon
rainforest taxon (n=1,207 and 49.5 percent) and in SUs
1 and 2 constitutes 34 and 60 percent, respectively, of the
monsoon rainforest category.

Ethnobotanical and experimental approach

June Davis (JD) and Helen Malo (HM) are senior female 
Gooniyandi traditional owners who have significant 
knowledge about traditional plant use passed down 
from their ancestors. V. glabrata is known as girndi by 
Gooniyandi people and this term will be used hereafter. 
Gooniyandi words are italicised in the following sections.
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In preparation for the fieldwork, a recording form 
was developed to systematically record ethnographic 
information. This sheet was based on a form developed 
by Berihuete-Azorín (2016) and adapted to suit Australian 
flora and this project’s purpose. Following the main stages 
outlined by Berihuete-Azorín (2016, p. 7-8) – extraction/
harvest, processing, conservation/preservation, storage, 
final processing, and consumption – photographs, video 
recordings, and field notes were used to document each 
stage. 
Fieldwork was initially planned for the 2018 wet season 
but was postponed due to strong cyclonic activity in 
northern Australia from December to March that cut off 
major roads. Fieldwork took place in early April 2018 but, 
having missed the fruiting window for girndi, collection 
of ripe fruits was not possible. Nevertheless, we visited 
girndi trees to record knowledge and collect dried fruits 
and voucher specimens. Fortuitously, HM received a bag 
of ripe girndi fruits from a family member during the last 
wet season that were used for the experimental studies. 
Fruits were processed using methods shown to JD and HM 
by their grandmother when they were children. During 
processing, a reference collection of girndi elements 
was created to determine which types of by-products ae 
produced at different processing stages.
In addition to the experiments conducted in the field, a 
controlled processing experiment took place at the UWA 
archaeology laboratory to assess which plant parts may be 
recovered in different sieve fractions during archaeological 
excavation. One processed girndi cake was collapsed using 
warm water and, after twenty minutes, the fruit flesh that 
came away from the endocarp fragments was removed and 
set aside to dry. The recovered endocarp fragments along 
with other girndi elements (whole fruits, whole endocarps, 
and calyces) were passed through five millimetres and 
one point five millimetres nested sieves to replicate the 
sieve sizes used during archaeological fieldwork and 
assess the recovery methods employed during excavation. 
Comparisons between macrobotanical remains and 
experimental remains were made using a Dino-Lite Edge 
digital microscope.

Results

Ethnobotany

Harvest 

‘The old ladies used to go first they find the biggest mob’ JD

As young girls Gooniyandi traditional owners JD and 
HM went out onto Country to learn about bushfoods with 
their grandmother. The locations we visited are known to 
the women as places where important girndi trees grow. 
Girndi collection takes place when fruits are ripe (fleshy 
and purple-black) and fall to the ground. The calyx remains 
attached on ripe girndi fruits. Ripe girndi can be consumed 
during harvest though no processing is undertaken at 
the harvesting location (off-site). In traditional times 
harvested girndi were transported back to a central base/
location using a warrgoorla. A warrgoorla is a middle 
sized carrying coolamon, a wooden vessel with curved 

sides and an average length of around 60 cm and width of 
20 cm. JD and HM say a coolamon of this size can carry 
approximately 500 girndi fruits. 
The first girndi trees we inspected grew from a limestone 
outcrop approximately 25 km northeast of Fitzroy 
Crossing (Figure 1). Evidence of recent fire activity was 
observed including scorched leaves and branches, and the 
surrounding blackened vegetation and soil. No fruits were 
present on these trees or around the base of the trunks. 
At this location other important bush food and medicine 
was collected.
The second location visited was approximately three 
kilometres west of Riwi. JD, HM, and India Ella Dilkes-
Hall (IEDH) were accompanied by Rosemary Nuggett 
(RN) and her three children who live at the nearby Mimbi 
community. RN directed us to a large girndi tree growing 
from a limestone outcrop (Figure 3a) with many fruits 
around the base of the tree. Having missed our opportunity 
to collect ripe fruits during the wet season, the fruits we 
collected from the base of the tree were very dry and of 
poor quality. However, the quantity of girndi collected 
gives some indication of abundance at source and potential 
fruit yield. The adults and children collected some 210 
individual fruits by hand from the ground in a little over 
two minutes and thousands more remained at the base of 
the tree. 
Processing 
‘Yeah people are taking them back to their camp’ JD
JD and HM chose a location on the dry river bed at the 
confluence of the Fitzroy and Margaret Rivers to process 
harvested girndi. They chose this place because it is a 
fishing spot and big trees provide good shade to carry out 
processing activities. Post-harvest processing usually takes 
place at a central base/location – somewhere protected from 
the wet season rains; today it takes place in communities 
(permanent family settlements), and in the past it took 
place at cave or rockshelter sites (on-site). 
Processing has two distinct stages. Stage one processing 
requires ripe girndi fruits to be dried/dehydrated. 
In preparation, a small fire was built and sheets of Melaleuca 
argentea (Gooniyandi name: barndirani, vernacular name: 
silver cadjeput) paperbark were stripped from the trees 
lining the river bank. Girndi was placed on paperbark 
sheets (Figure 3b) positioned next to the fire and regularly 
rotated to ensure even drying. To speed up the dehydration 
process, fruits can be wrapped in paperbark and covered in 
hot ashes, although our attempt at this method failed after 
IEDH placed them into the hottest part of the fire, ending 
in complete combustion of the fruits. 
‘It made the seeds brittle, that’s how they ate the whole 
lot’ JD
Stage one processing is beneficial in two key ways. First, 
dehydration detaches calyces, which having no further use 
were discarded in a pile next to the fire. Second, robust 
endocarps become brittle and easier to process after 
this stage. Additionally, dehydration reduces moisture, 
concentrates sugars, inhibits microorganism activity that 
would otherwise encourage mould growth (Boyer and Huff 
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Figure 3: Transformation of plant resource girndi in stages a) harvest b) drying c) pounding d) cake formation e) individual cakes wrapped in Melaleuca 
argentea paperbark f) cool recess in rockshelter wall. Images produced by Dilkes-Hall using a Canon IXUS 180 digital camera. 

87



8 The Artefact 2019 - Volume 42, pp. 3 - 16   IE DILKES-HALL, J DAVIS & H MALO

2008), and decrease weight. This stage is complete when 
fruit calyces detach and girndi fruit flesh is no longer juicy 
but springy like a sultana. 
‘Make a paste out of it yeah’ HM
Stage two processing requires a hammerstone (Gooniyandi 
name: goordoo) and base grindstone (Gooniyandi name: 
barlarli) to pound (Gooniyandi name: doog) girndi 
(Figure 3c). We restricted individual cakes to 10 fruits 
because of the limited number of fruits given to HM. 
Individual girndi cakes would normally have approximately 
20 fruits. The fruits received by Helen were ‘too dry’ so to 
plump them out a little they were soaked in warm water for 
five minutes and patted dry with paper towel. 
Using a pounding motion the goordoo is brought down to 
crush the fruits’ internal endocarp. A grinding motion is 
then used to further pulverise fragmented endocarps and 
incorporate them into the fruit flesh. In approximately 
five minutes a sticky fruit paste formed. Two factors 
account for possible spillage: being roughly spherical, 
dried fruits were difficult to keep together on the surface 
of the small grindstone used for our experiment and some 
fruits rolled away prior to the first blow with the goordoo. 
We also noted that small sections of fruit paste lodged on 
the goordoo can fall off accidentally during pounding/
grinding hand movement.
Preservation

‘Old people been using paperbark’ JD

Prepared girndi paste is gathered from the goordoo and 
barlarli using the fingers and rolled between the palms 
to form a ball that is then slightly squashed to create a 
‘cake’ (Figure 3d). Paperbark sheets left over from stage 
one processing were used to wrap individual girndi cakes 
(Figure 3e).

Storage

‘It lasted, lasted, ah years, you know for them, when they 
did it the right way’ JD

No specific structures are built for the storage of girndi 
cakes. Recesses in cave or rockshelter walls, which are 
naturally cool, were used for on-site storage (Figure 3f). 
When girndi is processed, preserved, and stored properly it 
can last many years without deteriorating, although cakes 
are commonly consumed en route, during travel between 
camps or at the next camp site.

Final processing

No final processing is necessary prior to consumption.

Consumption 

‘Yeah don’t gobble the whole cup’ JD

Girndi is a very sweet tasting fruit, much like a dried sultana, 
and is eaten in small quantities as a snack. Consumed in 
large quantities girndi can make you quite sick. Symptoms 
include vomiting, gastrointestinal disturbance, and nausea. 
Most often it is children who overindulge. When ripe or 
dried girndi are snacked on the robust endocarp is spat 
out, but when girndi cakes are consumed, incorporated 
endocarp fragments are masticated and ingested with the 
fruit flesh.

Waste disposal

‘They were just throwing it on one side [of the campfire]’ JD

When individual ripe fruits are consumed at the time they 
are gathered the hard endocarp is spat out off-site. When 
whole fruits are eaten after transport to a processing 
location, endocarps are spat out next to the campfire (on-
site). Calyces, detached during stage one processing, are 
likewise deposited next to the campfire. Consumption of 
girndi cakes sees the processed endocarp fragments that 
are incorporated with the fruit flesh ingested. 

Experimental archaeology

Remains produced at each stage of the ethnobotanical 
survey were collected and results show that most stages 
of girndi fruit processing are associated with on-site 
archaeobotanical signatures (Table 1 and Figure 4). 

Table 1: Actions with associated on-site archaeobotanical signatures and modes of preservation.

Action On-site archaeobotanical signatures Mode of preservation

Extraction No. Harvested off-site N/A

Stage one processing – drying Yes. Whole fruits may roll off paperbark mat - accidental 
discard
Yes. Desiccated calyces detach from fruit - intentional discard 

Desiccated

Stage two processing – 
pounding/grinding

Yes. Whole fruits might rolls off base grindstone - accidental 
discard
Yes. Fragmented endocarps may dislodge during pounding/
grinding motion - accidental discard

Desiccated occasionally 
carbonised

Consumption of fresh and dried whole 
fruits

Yes. Whole endocarps - intentional discard Desiccated occasionally 
carbonised

Consumption of girndi cakes No. Endocarps ingested and cakes consumed off-site N/A

Indirect evidence for stage one 
processing and storage

Yes. Melaleuca spp. paperbark sheets and fragments - 
intentional discard

Desiccated
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Figure 4: Girndi from harvest to storage. Results shown across the three lines of evidence documented for this research 1) ethnobotany 2) experimental 
archaeology 3) macrobotanical signature. Images produced by Dilkes-Hall using a Canon IXUS 180 digital camera and Dino-Lite Edge digital microscope.
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A persistent characteristic among experimental remains 
produced during stage two processing is consistently sized 
small fragments. Endocarp fragmentation is jagged, cuts 
across strongest part of the endocarp (width) and does not 
follow the natural suture that divides the endocarp along 
its bisymmetrical axis (length) (Figure 4, columns two and 
three – fragmented endocarps). 
Table 2 shows the results from an experiment designed to 
determine which girndi plant parts are likely to be recovered 
from different sieve fractions and to determine which plant 
parts might be lost by this recovery method. In total 251 
endocarp fragments were recovered from one disassembled 
girndi cake (consisting of 10 fruits) and these, along with 
other collected girndi elements (10 x whole fruits, 10 x 
whole endocarps, and 10 x calyces), were passed through 
five millimetres and one point five millimetres nested sieves 
(Table 2). Only girndi endocarp fragments smaller than 
one point five millimetres (n=104) were not retained in the 
sieves.

Archaeobotany

The second and third columns of Figure 4 show the 
striking similarities between girndi remains produced 
experimentally and those recovered from Riwi’s 
archaeological assemblage. Whole dried fruits are roughly 
spherical, 10 to 13 mm long, have intact flesh that is 
wrinkled in appearance, and occasionally retain the calyx. 
Fruiting calyces are seven to nine millimetres in diameter 
and have a distinct shape, with an undulating surface, 
and peduncles (stalks) as their defining characteristics. 
Whole endocarps, eight to ten millimetres long and six to 

1.5mm 5mm Processing stage

Whole fruits 10 Pre-processing

Whole endocarps 1 9 Pre-processing and Stage 2 

Fragmented endocarps - extracted from girndi cake 147 Stage 2  

Calyces 7 3 Stage 1 

Table 2: Different girndi plant parts produced by experiments separated by sieve fraction.

Table 3: Girndi macrobotanical remains. Total number of individual specimens (NISP) separated by sieve fraction and 
stratigraphic unit.

SU1 SU2

1.5mm 5mm Total 1.5mm 5mm Total Grand Total

Whole fruits 0 2 2 0 7 7 9

Whole endocarps 7 49 56 24 83 107 163

Fragmented endocarps 73 73 146 118 51 169 315

Calyces 70 66 136 467 117 584 720

Total 150 190 340 609 258 867 1207

eight millimetres wide, have a recognisable subglobose 
form and rugose (wrinkled) testa (seed coat). Endocarps, 
one to one point five millimetres thick and extremely 
robust, possess a high probability for preservation in 
both whole and fragmented states. Riwi’s fragmented 
endocarps exhibit rounded and dull fracture faces that 
suggest fragmentation occurred prior to deposition and 
is not a result of post-depositional breakage (Neef 1990; 
Simchoni and Kislev 2006), in contrast to the fracture faces 
of experimental samples that are quite sharp. Fragmented 
endocarps are small, two to five millimetres, and are 
fractured at random – not following the natural breakage 
pattern. Finally, Melaleuca spp. paperbark recovered from 
Riwi offers indirect evidence for stage one processing as 
well as storage.

A total of 1,207 girndi macrobotanical remains were 
recovered from SUs 1 and 2 at Riwi. The assemblage 
has been preserved by desiccation (96.5 percent) and 
carbonisation (three point five percent). Table 3 provides 
total counts of girndi macrobotanical remains divided 
by plant part and sieve fraction across SUs 1 and 2. 
Overall, the most common girndi plant part recovered are 
calyces (59.6 percent), followed by fragmented endocarps 
(26.1 percent) (Table 3). Importantly, both SUs 1 and 
2 are dominated by fragmented endocarps and calyces 
(Figure 5). A high incidence of calyces, 67.3 percent in 
SU2, coupled with lower proportions of the other types 
of girndi remains strongly suggests stage one processing 
(Figure 5). If girndi was being brought into the site purely 
for the consumption of whole fruits we would expect to see 
as many whole endocarps as calyces. 
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‘We just go. We know. The fruit will be there…we did just 
walk along, not just rushing to go to a certain place but 
looking around for bushtucker…It’s not that we was running 
to get there’ JD. 

Gooniyandi women JD and HM know where and when 
to look for bushfoods and they do so at a leisurely pace. 
Further, nothing is done in isolation and other bush foods 
are collected in conjunction with girndi, as well as water, 
wood, and they sometimes catch a goanna or other small 
game along the way. Two to three hours each way is how 
JD and HM describe walks for bush food when they were 
young girls. Even so, the starting point for these walks is 
Fossil Downs homestead (Figure 1) – where both women 
grew up – demonstrating the dramatic and fundamental 
ways in which Aboriginal lifeways, mobility, and 
landscape use changed after pastoralism was introduced to 
the Kimberley in the late nineteenth century (Smith 2000). 
For JD and HM an important part of archaeological inquiry 
is finding out what people were eating a long time ago 
and connecting these findings to contemporary practices. 
People’s daily activities in the past were very likely shaped 
by local knowledge and complex mapping of important 
raw materials and resources, including plant foods. Girndi 
fruit harvesting occurred in locations off-site, away from 
places such as caves and rockshelters that have been the 
main types of archaeological sites excavated in the area 
and, indeed, Australia. Thus, until further research is 
undertaken, there are no known off-site archaeological 
records with which to compare this investigation of on-site 
girndi fruit processing.
Riwi’s macrobotanical and anthracological archives 
suggest that the site was occupied seasonally, corresponding 
to periods of relative humidity/rainfall (Balme et al. 
2019; Whitau et al. 2017) in accordance with girndi fruit 
availability. Girndi’s seasonal predictability and abundant 
fruit yields suggest that it was an important food resource, 

Figure 5: Girndi macrobotanical remains. Relative percentages (%) displayed by plant part across stratigraphic units 1 and 2. 

Fragmented endocarps from Riwi show a breakage pattern 
similar to that observed on experimental remains (Figure 4) 
and are consistently small sized, mostly recovered from 
the one point five millimetres sieve fraction (Table 3), as 
were the experimental fragmented endocarps (Table 2). 
Unprocessed, one endocarp has the potential to naturally 
break down into five endocarp fragments >one point five 
millimetres (e.g. four oval doors and one internal structure 
[Godley 1971]). One calyx represents one girndi fruit. Take 
SU2, for example. Five endocarp fragments x total number 
of calyces (n=584) = 2,920. If whole girndi endocarps at 
Riwi were breaking down naturally we would expect the 
recovery of a far greater number of fragmented endocarps, 
over 2,500 at least, in SU2. In SU2, the small number 
of fragmented endocarps that exhibit the same breakage 
pattern recorded for stage two processing suggests the bulk 
of the 584 fruits (represented by calyces) were processed 
into girndi cakes.

Discussion
Girndi is identified in all published macrobotanical analyses 
of archaeological sites in the Kimberley region (Dilkes-
Hall, O’Connor & Balme 2019; Maloney et al. 2018; 
McConnell and O’Connor 1997; O’Connor 1999; Whitau 
et al. 2018). Spatial and temporal archaeological presence 
suggests that girndi was an important economic resource 
for Australian Aboriginal groups living in the region 
in the past and extensive ethnographic documentation 
demonstrates the fruit’s continued economic significance. 
The following discussion provides some interpretations of 
the results produced by this research. 
Evaluation of the time it takes to locate girndi is complicated 
by several factors. Today’s use of cars makes it difficult to 
assess the search time that occurred on foot in the past. JD 
suggests the term ‘search time’ is misleading as Aboriginal 
people were never ‘searching’ as such:
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and that use of the Riwi site was scheduled by economic 
resource patterns of availability. Quantities of girndi show 
that people were harvesting large amounts of fruit off-site 
and returning with them to the cave. It is reasonable to 
suggest that people returned to Riwi because the cave is 
large enough to protect medium sized groups (10 to 15 
people) and provides protection from the rain and wind 
during the wet season – the time of year when girndi fruits 
are harvested. 

Our experimental results show that distinct botanical 
signatures are left by post-harvest processing techniques 
and macrobotanical remains at Riwi and suggest that girndi 
post-harvest processing occurred on-site, with all waste 
producing stages represented in the archaeological record. 

Whole fruits

Transporting large quantities of harvested girndi fruits 
with calyces attached to Riwi, and preparation for stage 
one processing on paperbark mats, may have resulted 
in accidental spillage and/or stray fruits rolling off the 
mat becoming unintentionally incorporated into Riwi’s 
archaeological record (Table 3). Some examples of whole 
fruits from Riwi do not have the calyx attached and the fruit 
flesh is flattened (Figure 6a). A possible explanation for 
this is that, during stage two processing, initial pounding 
with the goordoo flattened fruit flesh but failed to crack 
the robust endocarp, instead propelling the fruit onto the 
ground. It has been documented that string can be used to 
enclose fruits/seeds on the surface of the grindstone to stop 
them from scattering (Crawford 1982, p. 9), however, we 
did not adopt this method for our experiments.  

Calyces 

Girndi calyces are a by-product of post-harvest stage one 
processing and leave the most visible archaeobotanical 
signature at Riwi (Figure 6b). In preparation for stage two 
processing, girndi fruits are separated by hand and residual 
calyces placed to one side of the campfire. In this instance 
it is likely that calyces in macrobotanical assemblages 
will be preserved by desiccation. Observations of waste 
disposal, where girndi waste products are commonly 
disposed of next to the campfire rather than into it, 
provides some explanation as to why the assemblage is 
primarily desiccated. As observed at Riwi, the abundance 
of girndi calyces in the assemblage demonstrate that stage 
one processing and fruit preparation occurred on-site. 

Whole endocarps

Ripe harvested fruits are delicious and some consumption 
of fruit most likely occurred on-site while processing took 
place. When whole girndi are consumed, the intact endocarp 
is spat out next to the fire. At Riwi, whole endocarps are 
primarily desiccated and only occasionally carbonised 
(Figure 6c) and this reflects the pattern documented with 
JD and HM where girndi waste products are not disposed 
of in the campfire. Carbonised girndi remains may have 
occurred by accident or when campfires are lit on top of 

Figure 6: Archaeological examples of girndi a) whole fruit, no calyx, 
and flesh flattened in appearance b) petri dish of calyces recovered from 
stratigraphic unit 2 c) whole endocarps desiccated (left) and carbonised 
(right). Images produced by Dilkes-Hall using a Canon IXUS 180 digital 
camera and Dino-Lite Edge digital microscope.
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girndi remains in subsequent visits to the site. At Riwi, the 
presence of whole girndi endocarps, both desiccated and 
carbonised, suggest that fruit consumption occurred during 
processing activities.

Fragmented endocarps 

As a final product, girndi cakes are produced for storage 
and transport. Pulverising girndi and incorporating the 
fragmented endocarps into cakes ensures that as little as 
possible is wasted. Pounding is distinguished from natural 
breakage by the consistent small size and irregular shape of 
endocarp fragments. Endocarp fragments recovered from 
Riwi suggest stage two processing also occurred on-site. 
Recovery of grinding tools from excavated deposits is rare 
at most Australian rockshelter/cave archaeological sites 
(Gorecki et al. 1997). These tools may have accompanied 
groups to their next location, although, being bulky and 
heavy pieces of equipment to transport, it is more likely 
they were hidden or pushed to the edge of sites for use 
by returning groups. Notably, at Riwi, excavation squares 
were located in the middle of the cave (Balme et al. 2019, 
p. 3) and while no hammerstones or base grindstones were
recovered, two grindstone fragments (SU1 n=1, SU2 n=1)
have been identified (Tim Maloney pers. comm. 2018).

Paperbark

The presence of paperbark (Melaleuca spp.) fragments and 
the recovery of an in situ sheet of paperbark from the central 
area of Riwi (Figure 4) could support the interpretation 
that stage one processing occurred at Riwi. In addition, 
paperbark sheets could represent indirect evidence that 
final products, girndi cakes, may have been wrapped 
and stored on-site prior to transport. However, paperbark 
has a wide range of recorded uses by Aboriginal people 
including as mats for food preparation and for sleeping 
on (Crawford 1982, p. 34; Isaacs 1987, p. 55; Kamminga 
1988, p. 26; Scarlett 1985, p. 23; Smith and Kalotas 1985, 
p. 338), so the interpretation that paperbark was used in
stage one processing and/or to wrap food for storage and
transport at Riwi is duly cautious.
‘They’d eat it…at the next dinner camp or something’ JD
The focus of this research has been on processing techniques 
that prevent loss of quantity and quality of seasonally 
harvested fruits. The very nature of surplus fruit processing 
indicates that the capability and capacity for long-term 
storage of food played a remarkable role in shaping human 
societies (e.g. Goland 1991; Rowley-Conwy and Zvelebil 
1989; Testart 1982; Whelan et al. 2013; Wollstonecroft 
2002, 2011). Stored in natural recesses, girndi cakes were 
most likely taken when groups moved to the next camp 
or eaten by returning groups. In the event of accidental 
abandonment, it seems very likely that girndi cakes 
stored in cave recesses would be preserved, but because 
archaeological excavations focus on the central living areas 
of caves/rockshelters no girndi cakes have been recovered 
from excavated deposits of archaeological sites.

Bioaccessibility 

Prior to European colonisation of Australia, the nutritional 
requirements of Aboriginal people were most likely met by 
maintaining a broad resource base. Girndi recovered from 
Riwi suggests a specialised procurement and a processing 
pattern that relied on seasonal abundance to produce 
surplus. Food processing has been shown to promote 
greater bioaccessibility of macronutrients (carbohydrates, 
lipids, proteins), micronutrients (minerals and vitamins), 
and phytochemicals (Stahl et al. 2002). 

Nutritionally, a whole girndi fruit (including endocarp) has 
more than double the energy and carbohydrates of fruit 
flesh alone, as well as increased calcium and magnesium 
content (Miller, James & Maggiore 1993, p. 190-191). 
Thus, processing girndi improves bioaccessibility by 
unlocking important macro- and micronutrients otherwise 
lost in consumption of girndi fruit flesh only.

Seasonal abundance and the knowledge that over 
consumption can cause illness are two leading factors for 
the development of post-harvest processing techniques. A 
seasonal fruit that can be collected in great quantities but will 
spoil and cannot be physically eaten all at once necessitates 
the development of a technique to preserve and conserve it 
in such a way that it can be kept over a long period of time, 
and consumed in amounts that won’t cause sickness. The 
development of a complex two stage processing technique 
– drying and pounding – is an essential method to prevent
spoilage and improve storability, effectively extending the
fruit’s shelf life.

The Riwi archaeobotanical sequence is unique and 
observations such as those offered here are possible owing 
to extraordinary site preservation, the employment of 
small sieve sizes during archaeological fieldwork to catch 
small macrobotanical materials, and the level of botanical 
knowledge of the person responsible for sorting the 
archaeological assemblage. Meticulous recovery of different 
girndi plant parts has helped to identify fruit processing 
in Riwi’s archaeological record and ethnoarchaeological 
experiments have untangled the specific elements produced 
during different processing stages. If, for example, only 
girndi endocarps were recovered, the same assemblage 
would tell a very different story. At Riwi, preservation 
through desiccation has meant that all girndi plant parts 
are evenly preserved. While recovery and identification of 
different plant parts has been important for this research 
it has been the close collaboration with Gooniyandi 
traditional owners, who have been willing to share their 
knowledge for ethnobotanical and experimental analyses, 
that has been essential to identifying fruit processing 
activities that likely took place in the past.

Conclusion

There is great anthropological potential for archaeobotany 
to gain a better understanding of the use of plants by past 
societies, including so-called ‘hunter-gatherer’ societies 
for which palaeoethnobotany remains an underdeveloped 
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field of study. This research has shown there is significant 
value in coupling ethnobotanical and experimental 
archaeological approaches to understand archaeobotanical 
records. The development of ethnoarchaeobotanical 
methods and conduct of collaborative research with 
local experts in traditional ecological knowledge is 
essential to avoid sociocultural disassociation between 
archaeobotanical remains and their interpretations. 

The information produced by the experimental studies 
carried out for the Girndi Project demonstrates several 
unique archaeobotanical signatures left by fruit processing 
activities that can be used as a tool for the interpretation of 
macrobotanical remains. Comparison of the experimental 
remains generated by this project with archaeological 
fragments recovered from Riwi shows specific girndi 
macrobotanical remains can be attributed to specific stages 
in the post-harvest processing sequence and that fruit 
processing occurred on-site. 

Specifically, quantities of calyces, a by-product of stage 
one processing, were recovered from Riwi and indicate 
that girndi processing occurred on a large scale within the 
cave probably with the aid of fire, dating the first evidence 
of girndi fruit processing in Australian archaeology to the 
mid-Holocene. 

As attested to by frequent archaeological presence and 
ethnographic documentation, girndi is an important 
seasonal economic resource in the diet of Aboriginal 
groups in the Kimberley region of northwestern Australia, 
past and present. Archaeobotanical research identified 
different types of girndi remains and ethnobotanical 
observations coupled with experimental archaeology 
have assisted in ascribing these residues to different fruit 
processing stages. Girndi has become incorporated into 
Riwi’s macrobotanical sequence as a product (whole 
fruits), a by-product (calyces), and as waste (whole and 
fragmented endocarps) and we conclude that in the case 
of Riwi all waste producing processing occurred on-site. 

This research demonstrates that girndi fruit processing 
was an important socioeconomic activity carried out 
by Gooniyandi ancestors at Riwi, a site which can now 
be understood as a post-harvest processing location. 
Results from the Girndi Project contribute to a deeper 
understanding of the patterning of girndi macrobotanical 
remains which can be applied to other archaeological 
assemblages. Combining ethnobotanical and experimental 
approaches with archaeological inquiry has contributed 
valuable knowledge on archaeobotanical signatures for 
post-harvest girndi processing and provided evidence that 
Gooniyandi ancestors managed their plant food resources 
with a two stage processing technique at least within the 
last 7,000 years.
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ABSTRACT
Excavations at the site of Moonggaroonggoo in the southern Kimberley were conducted at
the request of Gooniyandi elders from the nearby Muludja Community. The Gooniyandi peo-
ple were mainly interested in the age of the deposit, and in comparing the food remains
with their traditional knowledge. The site dates from the late Holocene to the present and
contains rich technological and faunal assemblages as well as macrobotanical records.
Analysis of these records will continue in collaboration with the Gooniyandi community.
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Introduction

In October 2016, the Muludja Gooniyandi commu-
nity, together with archaeologists from the ‘Lifeways
of the first Australians’ project, conducted archaeo-
logical excavations at the site of Moonggaroonggoo.
Located on Gooniyandi Native Title Land in the
southern Kimberley (Figure 1), the site is an import-
ant cultural, spiritual, and historic site to elders
from the nearby Muludja community.
Moonggaroonggoo is within the pastoral lease of
Fossil Downs Station, the earliest cattle station in
the Kimberley (est. 1886), which Muludja elders
worked on during the 1960s and 1970s. West
Australian Museum curator Ian Crawford visited the
site in 1961, taking a stone artefact surface
collection and making sketches of the shelters.1

Project development

Archaeologists from the ‘Lifeways of the first
Australians’ project first visited the site in 2011 to
record rock art with Muludja elders, and returned in
2013 and 2014 to record oral histories in the area.
Following excavations at the Gooniyandi site of
Riwi, to the south of Moonggaroonggoo (Figure 1)
in 2013, Muludja elders became increasingly inter-
ested in conducting archaeological excavations at
Moonggaroonggoo.

Elders were primarily interested in the age of the
site, what food remains could be recovered from

ancient times, evidence of art, and conducting a
training program in archaeological excavation for
Gooniyandi Rangers. Ethnobotany was also identi-
fied as a major focus, with the elders wanting to
combine their traditional ecological knowledge and
language, with scientific voucher specimens (i.e.
plant specimens identified by trained botanists).

Site description

Moonggaroonggoo is a site complex within an outly-
ing limestone formation. The site consists of three
separate rock shelters, each with archaeological
deposit and rock art panels (Figure 2). Shelter 1 is
formed by a boulder detached from the limestone
bluff, Shelter 2 is directly adjacent to this bluff face
and Shelter 3 is a karst formation. The closest major
water source is the Margaret River (Marrara), 1.8 km
south of the site, which holds a permanent water pool
(Mamandaya) during the peak of the dry season.

Archaeological excavation

Archaeologists and Traditional Owners determined
the locations of excavation squares within each shel-
ter. Each square was selected to enable collection of
archaeological samples close to art panels (Figure 2),
which could contain evidence of pigments associated
with artwork.

Prior to the excavation, an opening ceremony
was conducted, when the Muludja Traditional

CONTACT Tim Maloney tim.maloney@anu.edu.au Department of Archaeology and Natural History, College of Asia and the Pacific, The
Australian National University, Canberra, Australia; India Ella Dilkes-Hall indiaella@gmail.com Archaeology, School of Social Sciences, University
of Western Australia, Perth, WA, Australia
1Unpublished notes, restricted access, Department of Anthropology & Archaeology collections, Western Australian Museum.
� 2017 Australian Archaeological Association
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Owners addressed the ancestors and spirits of
Moonggaroonggoo, and expressed the positive out-
comes of this archaeological investigation. This cere-
mony was joined by the Gooniyandi Rangers and
several families from the Muludja community.

During the excavation, rock art panels were pro-
tected from dust and sediment accumulation, by
erecting a shade cloth structure in front of the art,
without touching it, as well as across the floor of
shelter to reduce dust emissions. Foot traffic ranged
from two to 42 persons per day participating in
archaeological activities in each shelter.

Excavation followed stratigraphic units (SUs)
when discernible, using colour, texture, and

Figure 2. Site plans of each shelter with corresponding profiles depicting slope of shelter floor.

Figure 1. North Western Australia showing site locations
and major aridity boundaries.
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compaction changes. Thus, hearths and sediments of
distinct colour and texture were excavated separately
from surrounding sediments (Figure 3). Additionally,
the excavation followed two cm excavation units
(XUs) across the square without cross-cutting strati-
graphic features. Bulk sediment samples were taken
from each unit, and well-defined hearths were
removed separately. Excavated material not recovered
in situ was screened through 1.5mm sieves. In situ
dating samples, predominantly charcoal pieces, were
plotted three dimensionally during excavation, and
additional samples taken from the profiles.

Results

The sampled deposit in each shelter was shallow,
varying in depth between 10 and 55 cm. The stratig-
raphy depicted in Figure 4 shows two major strati-
graphic units bearing cultural material in each
shelter with hearth units throughout, overlying
decomposing or solid bedrock. Charcoal collected
from the lowest features and culturally rich sedi-
ments of Shelters 1 and 2 returned calibrated ages of
2,844–2,737 cal. BP (SANU-52624) and
2,741–2,489 cal. BP (SANU-52627), respectively
(Table 1 and Figure 4). Features sampled closer to
the surface produced ages within the last 500 years,
probably covering the period immediately preceding
the establishment of the Fossil Downs Station (Table
1). The single dated sample from Shelter 3, which
reached bedrock at 14 cm, dated to 462–313 cal. BP
(SANU-52629). Shelter 3 also contains several small
breccia deposits above the current floor level, which
in addition to the obvious water channels, suggests
the removal of archaeological deposit across much
of the shelter floor (sensu O’Connor et al. 2016).

The recovered archaeological assemblage is sum-
marised in Tables 2–4. This includes an informative
technological record, indicating sustained efforts to
produce and maintain bifacial points from the earliest
units at the site, as well as the production of pressure
flaked Kimberley points within the last 500 years. An
example of the latter technology from Shelter 1 XU5,
retains hafting resin. Ground edge flakes indicate the
maintenance of axes within shelters, and the discard
of only heavily reduced tulas suggests woodworking.
Preliminary analysis of faunal remains indicates large
and small reptiles, many fish bones and crustacean
remains, as well as larger mammals including macro-
pods. Freshwater mussel shell was deposited through-
out the sequence of Shelters 1 and 2, concentrated
within hearths, suggesting cooking occurred within
these shelters, but rarely in Shelter 3. Hearths
removed separately and in entirety have not yet been
sorted. Several ochre or haematite pieces were recov-
ered from each shelter, including one yellow ochre
flake. Scaphopoda marine shell beads, ornamental
items traded over 500 km from the coast (Balme and
O’Connor 2017), were recovered in Shelter 2 XUs 2
and 5, and Shelter 1 XU 4. Other marine shell
included baler shell (Melo sp.) fragments recovered in
situ from Shelter 1 XUs 6 and 7. The recovered mar-
ine shell is here dated by association to within the last
500 years, although is known to have been traded
throughout the southern Kimberley from at least the
early Holocene (Balme and O’Connor 2017).

Conclusion

The archaeological excavations revealed occupation
of Moonggaroonggoo from the late Holocene to
modern times. Rich technological, and faunal,

Figure 3. The removal of SUs and units, showing (A) surface of hearth SU2a, visible in the south wall of Shelter 1 (B) and (C)
the emergence of SU3, in plan, in the south east wall.
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assemblages were recovered, and analysis will con-
tinue in collaboration with the Gooniyandi commu-
nity. Ethnobotanical knowledge and contemporary
vegetative communities recorded with elders can
now be compared with the archaeobotanical assemb-
lages, which will provide a rich comparative record
with a growing body of regional palaeobotanical and
palaeoenvironmental data from the Holocene period.
The presence of direct percussion points in earlier
units, which remain in the technological repertoire
of the last millennium, supports the temporal trend

in these bifacial point technologies identified by
Maloney et al. (2014). The point assemblage could
facilitate examination of both the risk reduction
model for the development of the earlier points
(Hiscock 1994; Maloney et al. 2017), and the later
development of socially exclusive prestige know-
ledge, associated with pressure flaked Kimberley
points (Moore 2015). The technological record also
captures the incorporation of glass as a raw material.
Other themes of Holocene archaeology, on which
these assemblages will shed light, include the trade
and exchange of marine beads into the inland

Table 1. Calibrated radiocarbon dates obtained from each shelter. Charcoal samples calibrated using OxCal v. 4.2
(Bronk Ramsey 2009), with the Southern Hemisphere Atmospheric curve [SHcal2013] (Hogg et al. 2013).
Code XU SU Context d13C ± 1 F14C± C14 Age cal.BP 95.4%

Shelter 1
SANU-52621 – 2a Collected in situ from

hearth in profile
�22.96 0.9434 ± 0.0024 468 ± 23 520–455

SANU-52630 – 2a Sample 2 duplicate �22.98 0.9444 ± 0.0023 460 ± 24 516–452 (92.6%)
352–342 (2.8%)

SANU-52623 – 3 Collected in situ from
ashy feature in profile

�16.42 0.7156 ± 0.0018 2688 ± 26 2,844–2,813 (7.6%)
2,808–2,736 (87.8%)

SANU-52624 – 3 Isolated charcoal piece
in situ from profile at
very base of SU 3

�21.59 0.7155 ± 0.0018 2690 ± 25 2,844–2,814 (7.7%)
2,807–2,737 (87.7%)

SANU-52625 14 3 In situ sample collected
during excavation
from lowest cultural
unit

�19.72 0.7092 ± 0.0019 2761 ± 26 2,876–2,756

Shelter 2

SANU-52626 10 2 Collected in situ from
profile

�20.25 0.9560 ± 0.0024 362 ± 25 464–313

SANU-52627 11 2 Collected in situ during
excavation from ashy
feature

�21.68 0.7274 ± 0.0019 2556 ± 25 2,741–2,489

Shelter 3

SANU-52629 6 2 Collected in situ from
profile

�20.95 0.9559 ± 0.0023 362 ± 24 462–313

Table 2. Summary data for Shelter 1.

XU SU Vol. (l)

Stone
Artefacts

(n)
Glass
(n)

Stone
Points
(n)

Point
Fragments

(n)
Kimberley
Points (n)

Tula
adze
(n)

Melo
sp.
(g)

Scaphopoda
bead (n)

Fauna
(g)

Charcoal
(g)

Mussel
shell
(g)

Ochre
(g)

Seeds
(g)

Botanics
(g)

1 1 23.5 57 4 1 1 3.31 13.46 0.09 0.965 13.94
2 1 24.5 59 4 25.31 20.11 0.76 0.902 12.84
3 1 27 69 1 2.47 48.94 0.42 0.88 5.077
4 1 25.5 104 1 1 1.91 111.48 0.82 0.61 2.005 10.335
4 2a 2.5 11 0.19 3.46 0.124 0
5 1 27.5 133 1 1 1 8.31 229.25 0.11 0.25 2.56 15.35
5 2a 9 5 0.73 42.05 0.088 1.777
6 1/2 22 252 3 2.07 4.89 40.43 0.07 0.02 0.248 1.447
6 2a 9
7 2 32 189 5.62 11.92 61.99 0.24 1.004 1.402
8 2 22.2 200 2 3.53 12.49 0.14 0.47 0.082
8 3 2 25 1.02 1.79
9 2 21 170 1 5.4 13.63 0.04 0.03 0.04 0.02
9 3 3 27 2.27 3.08 0.69 0.62
10 2 18.5 171 2 1.14 5.41 0.46 0.12
10 3 3 15 3.11 2.02 0.16 0.32
11 2 21 194 1 4.37 3.5 0.07 1.8
11 3 7 4 4.21 21.58 2.33
12 2 22.5 63 2.88 14.59 0.06 4.8 0.02 0.01
12 3 4 1 1.61 0.49 0.28
13 3a 13.5 115 1.8 2.96 0.02
13 3 17.5 2 1.38 13.03 1.388
14 2 2 11 0.61 0.46 0.02
14 3 34 4 6.77 0.02 0.3
15 3 34 1 3.26 0.28 5.11
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Kimberley, which on current evidence appears to be
a phenomenon restricted to the last 8,000 years
(Balme and O’Connor 2017). Fragments of ochre
and haematite were recovered, representing some
form of artistic practice during the mid to late
Holocene. The rock art and archaeological assemb-
lages of each shelter suggests differences in site func-
tion, with spiritual figures and ancestral beings
restricted to Shelter 3, while the lower two shelters
were hubs of occupation, cooking and technological
production. Shelter 3 lacked this rich technological
record, and also contained less faunal remains and
no hearth features. The evidence suggests this shelter
probably operated primarily as a spiritual and cere-
monial site, which is consistent with Traditional
Owner knowledge and memories of visiting the site.
On the overall research program, Traditional
Owners comment as follows:

We did enjoy it. I wanted that place to be excavated
to find out what the old people were using,
cooking, and eating, that’s what we wanted to
know. We didn’t excavate just anywhere, we
excavate where my people lived and cooked and
painted.

The excavation has been a successful Indigenous
driven research project, which will answer the
community’s archaeological questions on the site,
add to the site’s significance by adding an archaeo-
logical chronology of site use, and has provided the

Ranger group with training in archaeological excava-
tion techniques.
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Table 3. Summary data for Shelter 2.

XU SU Vol. (l)

Stone
Artefacts

(n)
Glass
(n)

Stone
Points
(n)

Point
Fragments

(n)
Tula
(n)

Scaphopoda
bead (n)

Fauna
(g)

Charcoal
(g)

Mussel
shell (g)

Ochre
(g)

Seeds
(g)

Botanics
(g)

1 1 35 276 4 2 1 1 8.9 6.5 1.52 5.504 98.7
2 1 26.5 219 2 1 1 1 6.44 3.5 1.6 2.673 8.38
3 1 23.5 155 1 4.72 2.7 0.4 2.585 4.4
4 1/2/2a 25 192 1 6.75 1.29 0.22 1.37 8.38
5 1/2/2a 27 200 2 1 1 11.68 1.02 0.19 0.753 5.23
6 1/2/2a 26.5 394 2 1 5.91 0.51 0.45 0.08 0.216 6.24
7 2/2a 25 249 9.04 1 0.166 26.09
8 2/2a 20.5 227 1 13.92 0.8 0.033 13.37
9 2 24 74 24.09 1.03 2.07 0.07 0.06 20.84
10 2 24 79 53.63 0.72 0.31 28.39
11 2 27.5 34 104.8 0.06 1.43
12 2/3 28 9 66 1.72
13 2/3 24.5 3 54.46 0.1 1.55
14 3 27.5 10 26.62 0.1
15 3 25 3 7.44 0.04 0.5
16 3 48.5 22 6.26 0.1 0.035
17 3 45.5 8 7.72 0.02 0.01

Table 4. Summary data for Shelter 3.

XU SU Vol. (l)
Stone

artefacts (n) Fauna (g) Egg shell (g) Charcoal (g) Mussel shell (g) Ochre (g) Seeds (g) Botanics (g)

1 1 5 16 2.01 0.74 0.15 0.127 0.59
2 1 5.5 7 0.47 0.04 3.39 0.18 0.038
3 1 7 22 2.57 0.05 1.28 0.14 0.075 0.895
4 1 4.5 1.89 0.04 0.85 0.02 0.023
5 1/2 5 25 1.08 0.87 0.16
6 1/2 5 26 2.02 0.56
7 2 5.5 52 6.65 0.58 0.03 0.114
8 2 4 28 4.63 0.82 0.05 0.027
9 2 4 17 6.13
10 2 8 7 3.54 0.33
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ABSTRACT
Archaeological excavation at Moonggaroonggoo, southern Kimberley, revealed preservation
of macrobotanical remains in deposits dating to the late Holocene. Analysis of those remains
shows limited species representation and biased preservation of plant remains, demonstrat-
ing that, with careful analysis, anthropogenic and non-anthropogenic remains can be differ-
entiated. In this instance, deposition of macrobotanical material cannot be directly linked to
cultural activities and instead the assemblage is best interpreted as one that reflects the
local vegetation surrounding the cultural site.
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Introduction

Moonggaroonggoo is a limestone outcrop located in
the southern Kimberley and is an important spirit-
ual, cultural, and historic site to Gooniyandi
Traditional Owners who hold Native Title over the
area (Figure 1). Three rockshelters situated on the
eastern face of the outcrop are of archaeological
interest. In October 2016 excavations revealed late
Holocene deposits with charcoal from the lowest
features in shelters 1 and 2 dating to 2,876–2,756 cal
BP and 2,741–2,489 cal BP, respectively (Maloney
et al. 2017:182).

Cultural materials recovered include stone and
glass artefacts, faunal remains, freshwater mussel
shells, baler shell fragments, scaphopod shell beads,
ochre, charcoal and non-woody macrobotanical
remains (i.e. seeds, seed pods, schizocarps)
(Maloney et al. 2017). Archaeological assemblages
for each shelter suggest differences in site use were
occurring, with shelters 1 and 2 being used as occu-
pation areas for stone artefact production and cook-
ing while shelter 3 functioned as a ceremonial and
spiritual space (Maloney et al. 2017). While
Maloney et al. (2017) reported dates and provided
general site information this paper presents detailed
results of the macrobotanical analysis undertaken to
find out about Aboriginal plant use at the site.

Methods and materials

As described in more detail in Maloney et al.
(2017), archaeological excavation followed

stratigraphic units (SUs) where discernible, and
employed 2 cm excavation units within SUs. Well-
defined hearths and dating samples were recorded
in situ and removed separately. All excavated mater-
ial was screened using 1.5mm sieves and bulk resi-
due bagged and returned to the Australian National
University laboratory where the material was sorted
into major categories of material culture under a
low powered magnifying lamp (10�) (Maloney
et al. 2017).

Macrobotanical elements, excluding charcoal,
were then sent to the University of Western
Australia and sorted in the laboratory under 10�
magnification into quantifiable categories according
to observed morphological characteristics, such as
shape, dimension, length, width and surface texture
(Fritz and Nesbitt 2014). A regionally, specific
botanical reference collection developed by Dilkes-
Hall was used to assign taxonomic identifications.
Representative photographs of each taxon recovered
archaeologically were taken using a Leica M205C
stereomicroscope with Leica Application Suite
Version 3.8.5.

Results

A total of 604 macrobotanical remains was recov-
ered from the excavations. Tables 1, 2, and 3 show
data for each shelter at Moonggaroonggoo.
Macrobotanical materials are attributable to six fam-
ilies. The assemblage is primarily desiccated (96.4%)
and carbonised remains were only recovered from
shelter 2 (Table 2). The most common taxon
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recovered across all three shelters is Celtis strych-
noides (endocarps) (Figure 2(A)) and frequencies
decrease with depth (Tables 1, 2, and 3). In consid-
eration of recent taxonomic revision (FloraBase
2019) a species-level identification of C. strychnoides
is made with confidence. Minor contributions
include: Abutilon cf. hannii (schizocarp), Atalaya
hemiglauca (samaras), Bauhinia cunninghamii (pod),
cf. Enneapogon sp. (seed), and Terminalia sp.

(drupes) (Figure 2(B–F)). No gnaw marks were
observed during analysis ruling out rodent activity
as a possible contributor of macrobotanical remains.

Discussion

The occurrence of Celtis endocarps in archaeobotan-
ical archives around the world is relatively common
(O’Connor et al. 2014, Sievers 2006) due to the

Figure 1. North Western Australia showing site location (modified from Dilkes-Hall et al. 2019). Native title determined lands
after Kimberley Land Council (2019).

Table 1. Shelter 1 macrobotanical remains expressed in total counts (n) and frequencies (%) per SU.
SU1 SU2 SU2a SU3a SU3

Family Taxon n % n % n % n % n %

Cannabaceae Celtis strychnoides 104 91.2 36 94.7 4 100.0 0 0.0 0 0.0
Malvaceae Abutilon cf. hannii 1 0.9 0 0.0 0 0.0 0 0.0 0 0.0
Sapindaceae Atalaya hemiglauca 9 7.9 0 0.0 0 0.0 0 0.0 0 0.0

Indeterminable 0 0.0 2 5.3 0 0.0 0 0.0 0 0.0
Total 114 100.0 38 100.0 4 100.0 0 0.0 0 0.0

Table 2. Shelter 2 macrobotanical remains expressed in total counts (n) and frequencies (%) per SU. Note (c) ¼carbonised.
SU1 SU1/2/2a SU2/2a SU2 SU2/3 SU3

Family Taxon n % n % n % n % n % n %

Cannabaceae Celtis strychnoides 323 (3 c) 98.2 86 (9 c) 100.0 24 (8 c) 100.0 1 100.0 0 0.0 1 100.0
Combretaceae Terminalia sp. 3 (2 c) 0.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Fabaceae Bauhinia cunninghamii 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Poaceae cf. Enneapogon 2 0.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Total 329 100.0 86 100.0 24 100.0 1 100.0 0 0.0 1 100.0

AUSTRALIAN ARCHAEOLOGY 211

107



biomineralisation process that replaces aragonite
with the stable carbonate calcite. This process results
in this type of macrobotanical remain becoming
preferentially preserved in archaeological sites
(Cowan et al. 1997; Green 1979; Jahren et al. 1998;
Messager et al. 2010; Simchoni and Kislev 2011;

Figure 2. (A) Celtis strychnoides endocarps (B) Abutilon cf. hannii schizocarp (C) Atalaya hemiglauca samaras (D) Bauhinia
cunninghamii pod (E) cf. Enneapogon sp. seed (F) Terminalia sp. drupe.

Figure 3. Trees growing in the immediate vicinity of Moonggaroonggoo rockshelters (A) Atalaya hemiglauca (B) Celtis
strychnoides.

Table 3. Shelter 3 macrobotanical remains expressed in
total counts (n) and frequencies (%) per SU.

SU1 SU2

Family Taxon n % n %

Cannabaceae Celtis strychnoides 7 100.0 0 0.0
Total 7 100.0 0 0.0
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Wang et al. 1997). It is, therefore, likely that the
abundance of Celtis endocarps recovered and the
fact they are the only taxon recovered below SU1 at
Moonggaroonggoo is a result of biomineralisation.
Poor preservation of other macrobotanical remains
is probably due to wetting and drying of the depos-
its indicated by obvious water channelling and
active wash lines in the shelters (Maloney et al.
2017:179, Figure 2).

Although consumption of Celtis fruits has been
recorded among the Bardi Aboriginal group in west
Kimberley (Smith and Kalotas 1985), according to
Gooniyandi Traditional Owner June Davis, only
birds and sometimes children eat Celtis fruits
(Gooniyandi name: minthiwili) (June Davis pers.
comm. 2016). The avoidance of minthiwili in
Gooniyandi Country might be accounted for in
terms of choice, taste, or nutritional value.

Of the six plant families represented in the
Moonggaroonggoo shelters only one, other than
Celtis, produces edible fruits – Combretaceae here
represented by Terminalia sp. drupes. The use of
Terminalia fruits for food is well documented
(Edgar et al. 1997; Scarlett 1985; Wightman 2003),
but the small quantity recovered (n¼ 3) and absence
of other edible fruit remains suggest these were not
introduced through anthropogenic means.

Atalaya hemiglauca and Celtis strychnoides trees
grow in the immediate vicinity of the rockshelters
(Figure 3) and for this reason, it is very likely that
macrobotanical remains were introduced to the shel-
ters via natural vectors, such as seed rain and wind.
Although carbonisation is an important criteria used
to distinguish cultural from non-cultural macrobo-
tanical remains (e.g. Minnis 1981),
Moonggaroonggoo’s carbonised remains are prob-
ably the result of fires being lit on sediments con-
taining non-cultural remains. Macrobotanical
remains recovered from Moonggaroonggoo cannot
be reliably linked to subsistence and instead are
interpreted as reflecting a natural accumulation of
the local vegetation.

Conclusion

Careful archaeobotanical analysis of
Moonggaroonggoo’s late Holocene deposits shows
that preservation of plant remains is biased towards
Celtis endocarps, which account for 97% of the mac-
robotanical assemblage. Overrepresentation of Celtis
endocarps is a result of diagenesis and biominerali-
sation processes that assist preservation of Celtis
over more fragile macrobotanical materials.
Moonggaroonggoo’s macrobotanical assemblages do
not reflect subsistence activities. Even though it can
be assumed that plant foods could have been

brought into, processed, and consumed in the shel-
ters as part of daily and ceremonial activities, in this
case, direct evidence of past plant use has been lost.

Macrobotanical assemblages dominated by Celtis
endocarps should be interpreted with caution. If
Celtis endocarps are to be interpreted as cultural
accumulations representing food plants, strong sup-
portive evidence in the form of other plant food
taxa needs to be present and non-anthropogenic fac-
tors such as seed rain, wind and water must be con-
sidered and ruled out.
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3	Gooniyandi	Traditional	Owner,	Muludja	Community,	PO	Box	322,	Fitzroy	
Crossing,	6765,	Western	Australia	

Abstract	
___________________________________________________________________________	
During	 archaeological	 excavation	 of	 Moonggaroonggoo,	 northwest	
Western	 Australia,	 ethnobotanical	 survey	 and	 botanical	 collection	
undertaken	in	collaboration	with	Traditional	Owners	helped	to	identify	
which	 plants	 were	 of	 economic	 importance,	 provided	 information	 on	
modern	 vegetative	 communities	 and	 documented	 narratives	 of	
contemporary	Gooniyandi	plant	use.	By	extending	the	project’s	focus	to	
include	traditional	ecological	knowledge	(TEK)	in	the	cultural	landscape	
beyond	excavations,	we	identified	distinct	ecological	areas	of	economic	
significance.	 Excavation	 in	 three	 rockshelters	 at	 Moonggaroonggoo	
revealed	 late	 Holocene	 deposits	 with	 limited	 preservation	 of	 plant	
remains.	Therefore,	the	TEK	was	applied	to	another	archaeological	site	
located	 on	 Gooniyandi	 ancestral	 lands:	 Riwi.	 Collaborating	 with	 local	
experts	to	document	local	botany	we	contribute	narratives	on	plant	use	
in	 the	 present	 which	 have	 important	 implications	 for	 archaeological	
interpretations	 of	 past	 plant	 use.	 By	 engaging	 with	 macrobotanical	
remains	 as	 a	 form	 of	 material	 culture,	 we	 encourage	 a	 deeper	
understanding	 of	 plants	 and	 their	 socio-economic	 role	 in	 Aboriginal	
lifeways.	

112



JOURNAL	OF	THE	ANTHROPOLOGICAL	SOCIETY	OF	SOUTH	AUSTRALIA	

Volume	43,	December	2019	

5	

Introduction	
___________________________________________________________________________	
Plants	have	played	a	fundamental	 role	 in	human	evolution	and	
dispersal	across	the	globe.	Botanical	knowledge	and	plant-based	
technologies	 are	 considered	 an	 integral	 part	 of	 the	 colonising	
repertoire	 required	 for	 the	 successful	 migration	 from	 Island	
Southeast	 Asia	 to	 Sahul	 (Australia,	 New	 Guinea	 and	 the	 Aru	
Islands)	 (e.g.,	 Balme	 2013).	 Aboriginal	 groups	 entering	 the	
tropical	 north	 at	 least	 65,000	 years	 ago	 (Clarkson	 et	 al.	 2017)	
encountered	some	familiar	Indo-Malaysian	plants	(Golson	1971)	
as	 well	 as	 unfamiliar	 Australian	 flora.	 In	 some	 instances	 new	
species	required	the	development	of	specific	knowledge	and/or	
skills	 to	 be	 able	 to	 successfully	 incorporate	 them	 into	 people’s	
diets	 and	 their	 plant-based	 technologies.	 Ecological	 knowledge	
undoubtedly	 aided	 the	 expeditious	 expansion	 of	 people	 across	
the	 Australian	 continent	 and	 played	 an	 important	 role	 in	 the	
colonisation	 of	 all	 major	 biomes	 by	 40,000	 years	 ago	 (Balme	
2013;	Florin	and	Carah	2018;	O’Connell	and	Allen	2004,	2015).		

Two	 archaeological	 sites	 located	 in	 the	 Kimberley	
region,	 northwest	Western	 Australia	 (WA)—Carpenter’s	 Gap	 1	
and	 Riwi	 (Figure	 1)—provide	 exceptionally	 well-preserved	
evidence	 for	 past	 plant	 use.	 Analyses	 of	 the	 macrobotanical	
assemblages	 recovered	 from	 these	 sites	 show	 strong	 cultural	
preferences	for	monsoon	rainforest	taxa	(Dilkes-Hall	et	al.	2019,	
in	press	[c]).	Selective	procurement	of	food	plants	from	monsoon	
rainforest	 ecozones—where	 many	 fruiting	 species	 cluster—
indicate	 that	 use	 of	 these	 sites	 occurred	 on	 a	 seasonal	 basis	
during	wet/humid	periods	(Dilkes-Hall	et	al.	2019,	in	press	[c]).	
Economic	 resource	 patterning	 plays	 an	 important	 role	 in	 the	
lifeways	 of	 Aboriginal	 groups	 and	 macrobotanical	 remains	
suggest	 subsistence	 strategies	 were	 developed	 to	 best	 engage	
with	and	exploit	known	and	predictable	plant	resources.	
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Figure	1	Location	of	the	archaeological	 sites	mentioned	in	 text	(modified	from	
Dilkes-Hall	 et	 al.	 2019).	 Native	 title	 determined	 lands	 after	 Kimberley	 Land	
Council	(2019).	

Today,	 despite	 negative	 impacts	 from	 European	
colonisation	 post-1788,	 Aboriginal	 people	 across	 northern	
Australia,	 as	elsewhere,	maintain	 links	and	 intimate	knowledge	
of	 Country	 and	 traditions	 associated	 with	 plant	 collection,	
processing,	use	and	management	(e.g.,	Crawford	1982;	Davis	et	
al.	2011;	Edgar	et	al.	1997;	Karadada	et	al.	2011;	Nuggett	et	al.	
2011;	 Paddy	 et	 al.	 1993;	 Smith	 and	 Kalotas	 1985;	 Wightman	
2003).	 However,	 ethnobotanical	 records	 are	 disproportionate	
and,	specifically,	in	the	south	central	Kimberley	little	information	
was	 available	 for	 the	 Gooniyandi	 language	 group,	 constraining	
interpretations	 of	 plant	 use	 in	 the	 past	 at	 Riwi	 (Dilkes-Hall	
2014).	
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Following	 the	 2013	 excavations	 of	 Riwi,	 Gooniyandi	
Traditional	 Owners	 expressed	 interest	 in	 excavating	
Moonggaroonggoo,	 a	 rockshelter	 located	 47	km	 north	 of	 Riwi	
(Figure	 1).	 During	 the	 early	 stages	 of	 the	 project	 Gooniyandi	
Traditional	Owners	identified	ethnobotany1	as	a	major	focus	of	
any	 future	 research	 (Maloney	 et	al.	 2017)	 presenting	 a	 unique	
opportunity	 to	document	 the	 local	knowledge	and	resources	 to	
aid	 in	 the	 interpretation	 of	 macrobotanical	 archives	 from	 the	
area.	

During	October	2016,	excavations	at	Moonggaroonggoo	
saw	 six	 Gooniyandi	 Traditional	 Owners	 come	 together	 on	
Country.	 An	 unplanned	 aspect	 of	 the	 project	 was	 that	 it	
coincided	with	school	holidays	and	several	families	from	nearby	
Muludja	 community	 joined	 us	 presenting	 a	 window	 of	
opportunity	 for	elders	 to	engage	with	and	 teach	children	while	
on	 Country.	 Consequently,	 the	 ethnobotanical	 aspect	 of	 the	
project	 became	 twofold:	 to	 gather	 information	 to	 aid	
macrobotanical	 research;	 and	 to	 document	 Gooniyandi	
traditional	ecological	knowledge	(TEK)	and	language.	

This	paper	highlights	 the	value	of	 combining	 local	TEK	
with	 archaeological	 investigations	 to	 help	 extract	
archaeobotanical	 information	 from	 its	 original	 intellectual	
framework,	otherwise	dominated	by	modern	Western	scientific	
traditions.	 We	 use	 the	 results	 to	 aid	 interpretation	 of	 Riwi’s	
macrobotanical	assemblage	and	discuss	 the	 implications	of	 this	
research	 for	 understanding	 plant	 use	 in	 the	 past	 in	 the	 south	
central	Kimberley.	Finally,	we	give	consideration	to	some	of	the	
differences	between	Aboriginal	and	Western	scientific	traditions	
that	 became	 apparent	 during	 this	 project	 in	 regards	 to	 the	
collection,	 storage,	 curation	 and	 dissemination	 of	 botanical	
knowledge.		

	
	 	

																																																								
1	 Defined	 here	 as	 the	 documentation	 of	 traditional	 ecological	 knowledge	 and	
language	coupled	with	the	collection	of	scientific	voucher	specimens.	
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Regional	Setting	
The	 unique	 Kimberley	 bioregion	 in	 the	 Australian	 Monsoon	
Tropics	 biome	 is	 one	 of	 the	 most	 stable	 and	 biodiverse	
landscapes	worldwide	(McKenzie	et	al.	1991;	Pepper	and	Keogh	
2014;	 Ward	 et	 al.	 2005).	 The	 climate	 is	 dominated	 by	 the	
summer	 monsoon	 with	 high	 seasonality	 and	 high	
evapotranspiration	rates	producing	distinct	wet	and	dry	seasons	
(Beard	1979;	Wheeler	and	McBride	2005,	2012).	Temperatures	
are	 high	 year	 round	 and	 70%	 of	 precipitation	 is	 experienced	
from	 January	 to	 March,	 with	 areas	 in	 the	 extreme	 north	
exceeding	 1300	mm	 per	 annum,	 though	 the	 south	 central	
Kimberley	study	area	receives	on	average	500–400	mm	of	 rain	
annually	(Bureau	of	Meteorology	1996).	Generally,	vegetation	in	
this	 intermediate	 rain	 fall	 zone	 is	 tolerant	 to	 semi-arid	
conditions	and	characterised	by	sparse	low	Eucalyptus-Corymbia	
woodlands	and	medium	height	Triodia	grasslands	(Beard	1979).		

The	Study	Area	
Moonggaroonggoo	 is	 an	 isolated	 limestone	 outcrop	
approximately	 65	km	 east	 of	 Fitzroy	 Crossing	 (Figure	 1).	
Gooniyandi	 people	 know	 the	 area	 surrounding	
Moonggaroonggoo	as	Larrmarloowa.	European	settlement	of	the	
Kimberley	 began	 in	 the	 1880s	 and	 today	 the	 site	 is	 situated	
within	the	pastoral	lease	of	Fossil	Downs	Station.	Larrmarloowa	
is	 a	 place	 of	 great	 cultural	 and	 spiritual	 significance	 and	many	
Dreaming	 narratives	 associated	with	 geological	 formations	 are	
embedded	within	the	surrounding	landscape.	Moonggaroonggoo	
is	described	by	Gooniyandi	Traditional	Owners	as	an	important	
camping	area	for	ancestors	who	would	always	return	to	the	site	
no	matter	how	far	they	travelled	for	ceremonies	and	trade.		

In	 the	1960s	 Ian	Crawford	 (1964)	visited	 the	site	with	
Gooniyandi	 people	 and	 described	 the	 rockshelters,	 rock	 art	
panels,	 ledge	 burials	 and	 collected	 surface	 stone	 artefacts.	
Moonggaroonggoo	has	multiple	rockshelters	around	the	base	of	
the	 outcrop	 (Figure	 2a).	 The	 three	 main	 rockshelters	 of	
archaeological	 interest	 are	 east	 facing	 and	 large	 enough	 to	
protect	 medium-sized	 groups	 of	 people	 from	 the	 elements.	
Shelters	 1	 and	 2	 are	 at	 ground	 level	 with	 rock	 fall	 forming	 a	
boundary	 between	 them	 (Figure	 2b).	 Shelter	 3	 is	 situated	
approximately	35	m	above	ground	level	and	overlooks	the	plains	
to	the	east	towards	the	Margaret	River	(Figure	2b).	Walls	in	each	
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rockshelter	display	paintings,	although	 the	most	elaborate	 rock	
art	decorates	Shelter	3	and	depicts	waterlilies	(Nymphaea	spp.)	
(Figure	 2c),	 suggesting	enduring	 people-plant	 relationships.	 An	
ephemeral	 creek	 that	 flows	 during	 the	 wet	 season	 is	 located	
approximately	100	m	east	of	the	site.	A	large	pool	formed	by	the	
Margaret	 River,	 Mamandaya,	 is	 the	 closest	 permanent	 water	
source	 during	 the	 dry	 season,	 situated	 1.8	km	 east	 of	
Moonggaroonggoo.		

Figure	2	(a)	Eastern	face	of	Moonggaroonggoo,	(b)	Shelters	1,	2	and	3	(modified	
from	Crawford	 1964)	and	 (c)	Shelter	3	 rock	 art	 showing	painted	 depictions	of	
waterlilies.	

Cultural	 materials	 recovered	 from	Moonggaroonggoo’s	
deposits	 include	 stone	 artefacts,	 vertebrate	 faunal	 remains,	
marine	and	freshwater	shell,	avian	eggshell,	ochre,	charcoal	and	
macrobotanical	 remains	 (Maloney	 et	 al.	 2017).	 Details	 on	 the	
Moonggaroonggoo	 excavation,	 stratigraphy	and	 chronology	 are	
provided	 in	Maloney	et	al.	 (2017).	The	site	dates	 from	the	 late	
Holocene	 (2844–2737	 cal	 BP)	 to	 the	 present	 (Maloney	 et	 al.	
2017).	 Macrobotanical	 analysis	 of	 the	 Moonggaroonggoo	
assemblages	revealed	that	only	a	small	number	of	species	were	
represented	 (n=6)	 and	 preferential	 preservation	 of	 Celtis	
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strychnoides	endocarps	(Dilkes-Hall	in	press	[a]).	These	remains	
cannot	 be	 reliably	 linked	 to	 cultural	 activities	 and	 instead	 the	
assemblage	 is	 interpreted	 as	 reflecting	 the	 local	 vegetation	
surrounding	Moonggaroonggoo	(Dilkes-Hall	in	press	[a]).	

In	contrast,	the	Riwi	site	has	extraordinary	preservation	
of	macrobotanical	remains,	particularly	in	deposits	dated	to	the	
mid-	(7421–5905	cal	BP)	and	late	Holocene	(915–668	cal	BP	to	
present)	(Balme	et	al.	2019;	Dilkes-Hall	2014;	Dilkes-Hall	et	al.	in	
press	 [c]),	meaning	 there	 is	 temporal	 overlap	 between	 the	 late	
Holocene	occupation	at	both	Riwi	and	Moonggaroonggoo.	Balme	
et	 al.	 (2019)	 provided	 details	 on	 the	 Riwi	 site,	 excavation,	
stratigraphy,	chronology	and	archaeological	remains.	Analysis	of	
Riwi’s	 macrobotanical	 assemblage	 demonstrates	 that	 specific	
types	 of	 remains	 are	 clearly	 associated	 with	 past	 human	
activities,	 in	particular	that	people	targeted	monsoon	rainforest	
ecozones	 to	 collect	 food	 plants	 (Dilkes-Hall	 et	 al.	 in	 press	 [c]).	
However,	 the	 limited	 ethnobotanical	 information	 for	 the	 area	
has	restricted	interpretations	to	date,	and	Gooniyandi	narratives	
are	absent.	

Methods		
___________________________________________________________________________	
Six	senior	Gooniyandi	Traditional	Owners,	June	Davis	(JD),	Helen	
Malo	 (HM),	 Edna	 Cherel	 (EC),	 Mervyn	 Street	 (MS),	 Willy	
Cherrabun	 (WC)	 and	 Bobby	 Cherel	 (BC),	 together	 with	
archaeologists	 Tim	Ryan	Maloney	 (TRM)	and	 India	 Ella	Dilkes-
Hall	 (IED-H),	 took	part	 in	botanical	 survey	and	plant	collection	
during	the	2016	excavations	at	Moonggaroonggoo.	TEK	of	plant	
use	 was	 predominately	 recorded	 with	 the	 Gooniyandi	 women	
although	 the	 men	 joined	 in	 some	 discussions	 intermittently		
when	relevant	to	their	activities.		

At	 the	beginning	of	 this	 research	 three	primary	 locales	
of	 economic	 plant	 foods	 were	 identified	 by	 elders:	 the	
rockshelters	 and	 base	 of	 Moonggaroonggoo;	 the	 surrounding	
open	plains	(Birndirri);	and	Mamandaya	waterhole	(Figure	3).	In	
the	case	of	Moonggaroonggoo,	each	rockshelter	and	the	base	of	
the	outcrop	was	surveyed	by	foot,	while	the	surrounding	plains	
were	 surveyed	 by	 a	 combination	 of	 foot	 and	 vehicle,	 and	
Mamandaya	 was	 surveyed	 on	 foot.	 A	 few	 hours	 per	 day	 over	
seven	days	of	fieldwork	were	dedicated	to	discussing	plants	and	
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recording	 plant	 use(s).	 Photographs,	 voice	 recordings,	 videos	
and	field	notes	were	collected	during	these	sessions.	

Figure	 3	 The	 three	 ecological	 zones	 identified	 by	 Gooniyandi	 elders:	 (a)	
Moonggaroonggoo,	(b)	Birndirri	and	(c)	Mamandaya.	

Fieldwork	in	the	Kimberley	is	seasonal	and	takes	place	
during	 the	 dry	 season	 (April	 to	 November)	 when	 the	 area	 is	
most	 accessible.	 However,	 the	 types	 of	 plants	 that	 can	 be	
collected	 at	 this	 time	 of	 year	 are	 restricted,	as	many	plants	 do	
not	 retain	 flowers	 (necessary	 for	 identification	 purposes,	 see	
later)	 during	 these	 drier	 months.	 Plants	 identified	 as	
economically	 important,	 but	 not	 known	 to	 Gooniyandi	 elders	
taxonomically,	 were	 recorded	 and	 photographed	 before	 a	
sample	 was	 returned	 to	 Perth	 for	 identification	 following	
collection	 procedures	 developed	 by	 the	 Department	 of	
Biodiversity,	 Conservation	 and	 Attractions	 (2016).	 Field	
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identifications	 were	 assigned	 from	 a	 target	 taxa	 list	 compiled	
from	 key	 botanical	 resources	 (Beard	 1979;	 FloraBase	 2016;	
Wheeler	1992).		

In	 the	 following	 sections	 taxonomic	 names	 are	 given	
with	 common	 names	 and	 Gooniyandi	 language	 names	 (when	
available)	 are	 provided	 in	 parentheses	 (but	 subsequently	
privileged)	 at	 first	 instance	 only	 at	 the	 request	 of	 Gooniyandi	
elders.	 All	 botanical	 information	 presented	 below	 has	 been	
provided	 by	 the	Gooniyandi	 female	co-authors	 and	 only	where	
information	has	been	provided	by	the	male	co-authors,	is	it	cited	
as	such.			

As	 mentioned	 above,	 owing	 to	 preservation	 bias	 in	
Moonggaroonggoo’s	 archaeological	 sites,	 plants	 documented	 as	
economically	 important	 were	 compared	 with	 taxonomically	
identified	 macrobotanical	 remains	 recovered	 from	 Riwi	 to	
determine	 which	 plants	 remain	 in	 use	 today,	 what	 their	
contemporary	uses	are	and	what	types	of	environments	they	are	
collected	from.	

Results	
___________________________________________________________________________	
Moonggaroonggoo		
The	Moonggaroonggoo	rockshelter	complex	is	described	by	JD	as	
a	night-time	camp.	Many	plants	growing	around	the	base	of	the	
limestone	 outcrop	 were	 identified	 as	 economically	 important	
species.	 Fruiting	 food	 plants	 such	 as	 Carissa	 lanceolata	
(conkerberry,	biriyali)	(Figure	4a),	Ficus	aculeata	(sandpaper	fig,	
yimarli),	F.	platypoda	(rock	fig,	banggirndi)	(Figure	4b),	Flueggea	
virosa	 (white	 current,	 garn.gi)	 (Figure	 4c)	 and	 Vitex	 glabrata	
(black	 plum,	 girndi)	 (Figure	 4d)	 were	 recorded	 in	 close	
proximity	to	all	three	rockshelters.	Each	of	these	plants	produce	
edible	 fruits.	 Young	 Cochlospermum	 fraseri	 (kapok,	 wanggoo)	
plants	 grow	 around	 the	 outcrop	 and	 produce	 roots	which	 are	
roasted,	 and	 eaten.	 Large	 Celtis	 strychnoides	 (celtis,	minthiwili)	
trees	 grow	 amongst	 extensive	 limestone	 boulders	 providing	
shade	 and	 fruits	 which	 are	 eaten	 by	 birds	 and	 sometimes	
children.		
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Figure	4	Examples	of	economic	plant	species	at	Moonggaroonggoo:	(a)	biriyali,	
(b) banggirndi,	 (c)	 young	 garn.gi	 plant	 with	 HM,	 (d)	 girndi,	 (e)	 jirndiwili,	 (f)
bambira	and	(g)	rain	stick	being	made	by	MS	from	the	white	wood	of	bambira.
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Species	 associated	with	 plant-based	 technologies	were	
also	 identified.	 The	 lightweight	 woods	 of	 Erythrina	 vespertilio	
(bat’s	 wing	 coral	 tree,	 jirndiwili)	 (Figure	 4e)	 and	 Gyrocarpus	
americanus	 (helicopter	 tree,	 jarlarloo),	 which	 grow	 out	 from	
cracks	in	large	rock	boulders	around	the	site,	are	used	to	make	
coolamons	(carrying	vessels),	and	the	leaves	of	both	plants	can	
be	burnt	to	repel	mosquitoes.	The	red	seeds	of	jirndiwili	are	also	
collected	and	threaded	onto	string	for	personal	ornaments.	Fire	
is	 created	using	 the	 traditional	 friction	method	with	 fire	 sticks	
made	 from	 Clerodendrum	 floribundum	 and/or	 Premna	

acuminata	 (fire	 stick	 tree,	 goonggala)	 plants	 that	 grow	 within	
Shelter	2.	Atalaya	hemiglauca	(whitewood,	bambira)	(Figure	4f)	
grows	 amongst	 the	 boulders	 between	 Shelters	 1	 and	2	 and	 its	
timber	 is	 used	 for	 digging	 sticks	 (gananyi),	 fighting	 sticks	
(moowoorroo)	and	ceremonial	objects	such	as	rain	sticks	(Figure	
4g)	created	by	MS	and	WC	for	rain	making	ceremonies.	

Birndirri	
At	 the	 time	 of	 botanical	 survey	Birndirri	 appeared	particularly	
barren,	 with	 a	 hot	 fire	 having	 recently	 been	 through	 the	 area	
(Figure	3b).	JD	spoke	of	this	late	dry	season	fire	as	being	‘wrong	
time’,	 ‘not	 good’	 and	 ‘too	 hot’.	 These	 types	 of	 fires	 have	
catastrophic	effects	on	undergrowth,	shrubs	and	trees,	which	in	
turn	affects	native	fauna	populations	(Preece	2002).		

The	 Birndirri	 vegetation	 comprises	 scattered	
Eucalyptus/Corymbia	 tree	 steppe	 dominated	 by	 Triodia	
grassland,	the	bright	green	hummocks	signifying	regrowth	after	
the	recent	fire	(Figure	5a).	Eucalyptus-Corymbia	species	growing	
on	the	plains	are	the	major	sources	of	fuel	for	campfires.	Also	on	
the	sparse	plains	Bauhinia	cunninghamii	(bauhinia,	joowoorljidi),	
a	 large	sprawling	 tree,	provides	pockets	of	 shade	and	 its	 seeds	
can	 also	 be	 threaded	 onto	 string	 for	 necklaces.	 Corymbia	
cadophora	subsp.	cadophora	(twin-leaf	bloodwood,	yilangi)	was	
identified	 as	 an	 important	 food	 resource	 providing	 sugarbag	
(honey,	ngalinya)	 and	 galls	 (bush	 coconut,	balabi)	 (Figure	 5b).	
Although	 yilangi	 does	 not	 produce	 edible	 fruit,	 balabi,	 induced	
by	 a	 female	 scale	 insect	 (genus	 Cystococcus),	 are	 edible,	
nutritious	and	highly	sought	after.		
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Figure	 5	 Examples	 of	 economic	 plant	 species	 from	 Birndirri:	 (a)	 Triodia	
grassland	with	a	stand	of	wiliriny,	(b)	balabi	and	(c)	lambilambi.	
	

An	important	medicinal	plant,	Senna	venusta	(cockroach	
bush,	 lambilambi)	 (Figure	 5c),	 grows	 on	 Birndirri.	 Lambilambi	
leaves	and	branches	are	boiled	 in	water	and	 the	 liquid	used	 to	
bathe	wounds	and	sores.	The	burnt	bark	of	Grevillea	pyramidalis	
(caustic	bush,	wiliriny)	(Figure	5a)	is	used	to	darken	the	skin	for	
ceremonies	 and	 the	 caustic	 sap	 is	 used	 in	 scarification	 rituals.	
Wooden	tools,	such	as	boomerangs	and	fighting	sticks,	are	made	
from	 Hakea	 arborescens	 (yellow	 hakea,	 booroowa)	 trees	 (MS	
pers.	comm.).	Soft	Triodia	species	are	important	sources	of	resin	
used	primarily	in	the	production	of	composite	tools.		

In	 stark	contrast	 to	 the	many	 fruiting	species	 recorded	
around	Moonggaroonggoo,	 not	 a	 single	 fruit	 bearing	 species	 of	
economic	 importance	 was	 recorded	 on	 our	 survey	 across	
Birndirri.	
	
Mamandaya	
On	the	high	river	banks	looking	down	at	Mamandaya	the	water	
is	so	clear	that	fish	are	visible	swimming	below.	Mamandaya	is	
described	as	a	dry	season	day	camp	by	 JD	with	people	walking	
the	1.8	km	from	Moonggaroonggoo	in	the	early	morning	to	avoid	
the	heat	and	spend	the	day	by	the	water	collecting	bush	tucker,	
catching	 and	 cooking	 up	 crocodiles,	 fish,	 mussels,	 cherrabun	
(freshwater	prawns)	and	 turtles	while	 relaxing	on	 the	 terraced	
river	 banks.	 The	 banks	 are	 lined	 with	 economic	 plant	 species	
(Figure	 6a).	 Botanical	 survey	 of	 this	 area	 was	 limited	 by	 the	
steepness	 of	 the	 riverbanks;	 however,	 riparian	 taxa	 that	 are	
economically	important	were	pointed	out	from	above.	

	

123



JOURNAL	OF	THE	ANTHROPOLOGICAL	SOCIETY	OF	SOUTH	AUSTRALIA	

Volume	43,	December	2019	

16	

Figure	6	Examples	of	economic	plant	 species	found	at	Mamandaya:	(a)	eastern	
side	of	river	bank,	(b)	garn.gi,	(c)	goorroomba	and	(d)	gooroo.	

Food	 plants	 growing	 around	 Mamandaya	 include	
biriyali,	 garn.gi	 (Figure	 6b),	 Ficus	 spp.	 and	 Nauclea	 orientalis	
(Leichardt	 pine,	 marroora).	 Plants	 used	 to	 manufacture	 tools	
include	 booroowa,	 marroora,	 Melaleuca	 spp.	 (paperbark,	
goorroomba)	 (Figure	 6c),	 Terminalia	 spp.	 and	 Tinospora	
smilacina	(snakevine,	jalaroo).	Goorroomba	is	used	primarily	for	
food	conservation/storage	and	cooking.	Barringtonia	acutangula	
(freshwater	mangrove,	gooroo)	(Figure	6d)	bark	is	used	as	a	fish	
poison	and	 in	small	doses	as	a	medicinal	 treatment	 for	 lesions.	
Other	 plant	 species	 important	 for	medicine,	 fuel	 and/or	 shade	
include	Acacia,	Corymbia	and	Eucalyptus	species.		
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Mamandaya	 also	 supplies	 aquatic	 plants	 of	 economic	
importance.	Two	species	of	waterlilies,	Nymphaea	macrosperma	
(thanggari)	and	N.	violacea	 (garringarri),	produce	edible	seeds,	
stems	 and	 roots,	 although	 these	 species	were	 not	 encountered	
during	fieldwork.	

Overall,	 33	 economically	 important	 plants	 across	 the	
three	ecological	 zones	were	 identified	during	survey	 (Table	1).	
Twelve	 taxa	 were	 recorded	 around	 Moonggaroonggoo,	 while	
Mamandaya	 recorded	 the	 highest	 number	 of	 economic	 plants	
(n=19).	 The	 lowest	 number	 of	 taxa,	 seven,	 was	 recorded	 for	
Birndirri.	Some	taxa	are	present	across	more	than	one	ecological	
zone.	

Comparing	Ethnobotany	and	Archaeobotany	
Comparison	 of	 the	 results	 from	 the	 modern	 botanical	 survey	
with	 Riwi’s	 archaeological	 macrobotanical	 remains	 shows	 that	
12	 of	 the	 33	 economically	 important	 plant	 taxa	 documented	
during	the	survey	are	identified	in	Riwi’s	archaeological	record.	
These	 represent	 species	 from	 each	 of	 the	 three	 contemporary	
ecological	zones	(Table	1;	Figure	7).		
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Table	1	Economic	plants	grouped	by	surveyed	ecological	zones	with	Gooniyandi	
language	 name,	 documented	 use/s,	 and	 presence/absence	 in	 Riwi’s	
macrobotanical	sequence	marked	X.	Key	for	documented	uses:	AS-Ashes	of	bark	
used	 for	 mixing	with	 chewing	 tobacco;	 F-Food;	 FC-Food	 conservation/storage;	
FN-Nectar;	FW-Witchetty	grub;	FU-Fuel;	IRP-Insect	repellent	plant;	M-Medicinal;	
R-Ritual/ceremonial;	 PO-Personal	 ornamentation;	 POI-Poison;	 PBT-Plant-based
technologies	(e.g.,	wooden	tools,	rope,	rafts,	shelter,	cooking,	bedding,	resin	etc.);
SI-Seasonal	indicator;	SH-Shade	tree;	SL-Sugar	leaf;	SU-Sugar	bag.

Ecological	zone	 Taxonomic	name		 Gooniyandi	name	 Uses	 Riwi	
Moonggaroonggoo	
(rockshelters	and	
base	of	outcrop)	

12	taxa		

Atalaya	hemiglauca		
Carissa	lanceolata	
Celtis	strychnoides	
Clerodendrum	floribundum		
Cochlospermum	fraseri		
Erythrina	vespertilio	
Ficus	aculeata	
Ficus	platypoda		
Flueggea	virosa		
Gyrocarpus	americanus	
Premna	acuminata	
Vitex	glabrata		

Bambira	
Biriyali	
Minthiwili	
Goonggala	
Wanggoo	
Jirndiwili	
Yimarli		
Banggirndi	
Garn.gi	
Jarlarloo	
Goonggala	
Girndi	

PBT,	R,	SI	
F,	R,	M	
SH	
PBT	
F	
PO,	PBT,	SI	
F	
F	
F	
IRP,	PBT,	T	
PBT	
F	

X	

X	
X	
X	

X	
X	

Birndirri		
(surrounding	open	
plains)	

7	taxa	

Bauhinia	cunninghamii		
Corymbia	cadophora	subsp.	
cadophora	
Eucalyptus-Corymbia	spp.	
Grevillia	pyramidalis		
Hakea	arborescens	
Senna	venusta	
Triodia	spp.		

Joowoorljidi		
Yilangi	
Balabi	(gall)	

Wiliriny	
Booroowa	
Lambilambi	
Ngirri,	warloowarloo,	
warrwa		

FN,	PO,	SH,	SU	
R,	SU	
F	
FU,	FW,	M,	R,	SU	
R	
FN,	M,	PBT	
M	
PBT	

X	
X	

X	
X	

Mamandaya		
(Margaret	River	
waterhole)	

19	taxa	

Acacia	spp.	
Barringtonia	acutangula	
Bauhinia	cunninghamii		
Carissa	lanceolata	
Eucalyptus	camaldulensis	
Eucalyptus	microtheca		
Eucalyptus-Corymbia	spp.	
Ficus	coronulata	
Ficus	virens	
Ficus	spp.	
Flueggea	virosa		
Hakea	arborescens	
Melaleuca	leucadendra	
Melaleuca	spp.	
Nauclea	orientalis		
Nymphaea	macrosperma	
Nymphaea	violacea	
Terminalia	spp.	
Tinospora	smilacina	

Gooroo	
Joowoorljidi		
Biriyali	
Bilirndi	
Goorlaalal	

Joorloowoo	

Garn.gi	
Booroowa	
Winthawoorroo	
Goorroomba	
Marroora	
Thanggari	
Garringarri	

Jalaroo	

F,	FW,	M	
M,	POI	
FN,	PO,	SH,	SU	
F,	R	,M	
M,	POI,	SU	
AS,	FU,	R,	SL,	SU	
FU,	FW,	M,	R,	SU	
F	
F	
F	
F	
FN,	M,	PBT	
FC,	PBT,	R,	SU	
FC,	PBT,	SU	
F,	PBT,	SH	
F	
F	
PBT	
PBT	

X	

X	

X	
X	

X	

X	
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Figure	7	Macrobotanical	remains	recovered	from	Riwi	documented	as	economic	
plants:	 (a)	 Acacia	 sp.	 Type	 A	 pod,	 (b)	 Celtis	 strychnoides	 endocarps,	 (c)	
Eucalyptus-Corymbia	gall,	 (d)	Eucalyptus-Corymbia	capsule,	 (e)	Ficus	spp.	 fruits,	
(f)	Flueggea	virosa	 seeds,	 (g)	Melaleuca	 spp.	 paperbark,	 (h)	Premna	 acuminata	

endocarp,	 (i)	Senna	sp.	 seed,	 (j)	Terminalia	 sp.	Type	A	endocarp,	 (k)	Triodia	 cf.	
pungens	spikelets	and	(l)	Vitex	cf.	glabrata	endocarps.	
	
	 	

127



JOURNAL	OF	THE	ANTHROPOLOGICAL	SOCIETY	OF	SOUTH	AUSTRALIA	

Volume	43,	December	2019	

20	

Discussion	
___________________________________________________________________________	
Archaeobotanical	Implications	
Gooniyandi	 knowledge	 (hereafter	 binarri)	 documented	 herein	
provides	valuable	narratives	on	past	diet,	subsistence	strategies,	
mobility	 and	 several	 archaeobotanical	 signatures	 of	 plant	
exploitation.	 Riwi’s	 macrobotanical	 assemblage	 offers	 an	
opportunity	to	compare	the	ethnobotanical	results	and	examine	
plant	use	in	the	past.	This	approach	is	not	an	attempt	to	ignore	
the	dynamic	aspects	of	socio-cultural	systems	that	stretch	deep	
into	 the	past	but	 rather	highlight	and	acknowledge	binarri	as	a	
primary	 source	 of	 information	 to	 aid	 in	 interpretations	 of	
archaeological	macrobotanical	materials.	

Plants	 observed	during	 botanical	 survey	and	 identified	
in	 Riwi’s	 macrobotanical	 remains	 serve	 a	 variety	 of	 purposes,	
including	primary	food	sources,	and	also	secondary	food	sources	
such	 as	 sugarbag	 and	 witchetty	 grubs,	 food	
conservation/storage,	 fuel,	 medicine,	 plant-based	 technologies	
and	shade,	as	well	as	fulfilling	certain	ceremonial	roles	(Table	1).	
Plants	from	each	ecological	zone	are	represented	at	Riwi	(Table	
1) suggesting	that	people	exploited	a	broad	resource	base.	Of	the
12	 taxa	 represented	 at	Riwi	 that	were	 documented	during	 the
survey,	 five	 are	 important	 food	 plants	 (Acacia	 spp.,	 balabi,
garn.gi,	girndi	and	figs	[Ficus	spp.]),	the	latter	three	of	which	are
monsoon	 rainforest	 food	 plants	 recorded	 growing	 in	 the
immediate	 vicinity	 of	 Moonggaroonggoo	 (Figure	 7f,	 l	 and	 e).
Similarly,	 garn.gi	 and	 figs	 were	 recorded	 growing	 across	 the
limestone	 range	 at	 Riwi	 (Whitau	 et	 al.	 2017).	 In	 the	 southern
Kimberley,	 monsoon	 rainforest	 plants	 have	 a	 very	 restricted	
distribution	 (McKenzie	et	al.	1991)	and	 their	direct	association	
with	 limestone	 ranges	 and	 outliers	 indicates	 these	 geological
formations	were	likely	important	in	patterns	of	subsistence	and
mobility.

Figs	 and	 girndi	 are	 abundant	 in	 the	 mid-	 and	 late	
Holocene	deposits	at	Riwi	suggesting	they	were	important	food	
plants,	 while	 garn.gi	was	 recovered	 only	 in	 small	 quantities	 in	
the	site’s	 late	Holocene	deposits	(Dilkes-Hall	et	al.	 in	press	[c]).	
Dilkes-Hall	 et	al.	 (in	 press	 [c])	 suggest	 use	 of	 the	 site	 occurred	
seasonally,	 as	 these	 species	 fruit	 during	 yidirla	 (wet	 season)	
(Davis	 et	 al.	 2011).	 To	 prevent	 spoilage,	 seasonally	 abundant	
fruits	 were	 collected	 and	 stored	 dry	 in	 paperbark	 (Melaleuca	
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spp.;	 JD	 pers.	 comm.);	 fragments	 of	 the	 latter	 were	 also	
recovered	 from	 Riwi	 (Figure	 7g).	 Different	 parts	 of	 girndi	 are	
represented	 (whole	 fruits,	 whole	 endocarps,	 fragmented	
endocarps	 and	 calyces),	 indicative	 of	 fruit	 processing	 activities	
(Dilkes-Hall	et	al.	in	press	[b]).		

Acacia	sp.	Type	A	pods	(Figure	7a)	were	recovered	from	
Riwi’s	 mid-	 and	 late	 Holocene	 deposits,	 although	 more	
numerously	 in	 the	 former	 (Dilkes-Hall	 et	 al.	 in	 press	 [c]).	 In	
comparison,	very	 few	Acacia	sp.	 seeds	were	recovered.	 JD	says	
people	would	gather	the	beans	(pods),	cook	them	in	the	hot	sand	
and	eat	 the	seeds.	A	cooking	and	consumption	practice	such	as	
this	 would	 leave	 only	 the	 pods	 as	 waste	 by-product	 to	 be	
incorporated	 in	 the	 archaeobotanical	 record,	 as	 observed	 at	
Riwi.	

Balabi	 is	an	insect-induced	gall	with	a	hard	outer	 layer	
and	 an	 edible	 coconut-like	 inner	 lining	 that	 is	 eaten	 with	 the	
grub	(Semple	et	al.	2015;	Yen	et	al.	2016).	Balabi	have	important	
nutritional	value	(Miller	et	al.	1993;	Semple	et	al.	2015;	Yen	et	al.	
2016)	 and	 JD	 recalled	 stockmen	 relying	 on	 balabi	when	water	
was	 not	 available	 on	 long	 droving	 trips.	 Preserved	 in	 the	 late	
Holocene	deposit	at	Riwi	is	one	hard,	woody	outer	layer	of	balabi	
with	the	distinct	small	apical	hole	(Figure	7c).	

The	 retention	 of	 ecological	 binarri	 to	 the	 present,	 and	
the	 archaeological	 evidence	 from	 Riwi,	 demonstrate	 continuity	
of	 Gooniyandi	 subsistence	 practices	 through	 time.	 Specifically,	
the	presence	and	quantities	of	girndi	and	 figs	 in	both	mid-	and	
late	 Holocene	 deposits	 show	 a	 strong	 cultural	 preference	 for	
these	 food	 plants	 stretching	 back	 around	 7000	 years.	 By	
comparing	ethnobotanical	 results	with	macrobotanical	 remains	
that	represent	food	plants	we	have	improved	interpretations	of	
which	plants	were	likely	used	in	the	past	for	food	and	provided	
Gooniyandi	narratives	for	these	macrobotanical	remains.		

The	medicinal	plant,	lambilambi	(Senna	sp.	[Figure	7i]),	
is	 represented	 at	 Riwi	 by	 seeds	 and	 papery	 pods.	 Lambilambi	
leaves	and	branches	are	boiled	to	make	medicine	from	this	plant.	
At	 Riwi,	 people	 may	 have	 discarded	 plant	 parts	 not	 used	
medicinally,	 leaving	 seeds	 and	 pods	 as	 archaeobotanical	
signatures.	
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Other	 types	 of	 macrobotanical	 remains	 from	 Riwi	
provide	 evidence	 of	 plant-based	 technologies.	 Triodia	 is	
represented	 in	 the	 site	 by	 spikelets,	 leaves	 and	 roots.	 Triodia	
species	provide	resin	and	the	important	role	of	resin	production	
is	 exemplified	 by	 three	Gooniyandi	words	 used	 to	 differentiate	
different	 types	 of	 Triodia	 used	 for	 resin;	 ngirri	 (small	 round	
spinifex),	warloowarloo	(soft	spinifex)	and	warrwa	(large	round	
spinifex).	To	extract	resin,	whole	clumps	of	Triodia	are	threshed	
and	resin	dust	is	separated	from	chaff	(e.g.,	large	and	small	plant	
fragments	such	as	spikelets,	leaves	and	roots)	by	winnowing	and	
yandying	 (Pitman	 and	Wallis	 2012:112).	At	 Riwi,	 the	 different	
plant	parts	of	Triodia	may	represent	waste	products	from	resin	
extraction	also	indicated	by	resin	adhering	to	a	tula	adze	(Balme	
et	 al.	 2019:44).	 Alternatively,	 Triodia	 is	 used	 at	 Riwi	 as	 a	
wrapping	 (Balme	 2000:4)	 and	 its	 presence	 may	 also	 indicate	
fibre	 manufacture	 to	 create	 string	 (Pitman	 and	 Wallis	 2012),	
seven	 pieces	 of	 which	 were	 recovered	 from	 Riwi’s	 Holocene	
deposits.	

Terminalia	species	produce	a	gum	that	does	not	require	
processing	but	is	used	in	similar	ways	to	Triodia	resin.	A	variety	
of	Terminalia	species	 are	 known	 to	 be	 economically	 important	
food	 plants	 to	 Aboriginal	 groups	 in	 the	 eastern	 (Bardi)	 and	
western	 (Kija	 and	 Jaru)	 Kimberley	 (Edgar	 et	 al.	 1997;	Scarlett	
1985;	 Smith	 and	 Kalotas	 1985;	 Wightman	 2003).	 Edible	
Terminalia	fruits	have	a	stony	drupe	which	are	the	only	types	of	
macrobotanical	 remains	 at	 Riwi	 identified	 from	 these	 plants	
(Figure	 7j).	 Although	 edible	 Terminalia	 fruits	 were	 not	
documented	with	Gooniyandi	elders	due	to	seasonal	availability	
Terminalia	 spp.	macrobotanical	 remains	are	 likely	 to	 represent	
the	discarded	inedible	portion	of	these	fruits.		

Another	important	technology	is	the	ignition	and	use	of	
fire.	A	common	method	used	to	create	fire	today	is	the	fire-drill,	
which	consists	of	two	separate	pieces	of	wood,	one	operating	as	
a	 hearth	 stick	 and	 the	 other,	 moving	 component,	 the	 drill	
(Akerman	1998;	Clarke	2012;	Davidson	1947).	A	hearth	stick	is	
most	often	made	from	a	soft	lightweight	wood,	while	the	twirling	
drill,	requiring	more	strength,	is	fashioned	from	a	harder	timber	
(Clarke	 2012).	 A	 fire	 drill	 recovered	 from	Riwi’s	 late	Holocene	
deposits	has	been	identified	as	Lamiaceae	(Whitau	et	al.	2016).	
Gooniyandi	elders	indicate	that	the	wood	species	is	 likely	to	be	
either	 Clerodendrum	 floribundum	 or	 Premna	 acuminata,	 both	
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soft	 lightweight	woods	 belonging	 to	 the	 Lamiaceae	 family	 and	
commonly	used	in	the	fire-drill	method.	

A	 fragment	 of	 a	 wooden	 artefact	 from	 Riwi,	 directly	
dated	to	651–557	cal	BP	(S-ANU	43337),	was	argued	by	Langley	
et	al.	(2016)	to	be	the	trailing	tip	of	a	hooked	boomerang.	Scarce	
literature	available	 on	Gooniyandi	 boomerang	manufacture	 led	
Langley	et	al.	(2016)	to	conclude,	perhaps	erroneously,	that	the	
artefact	was	probably	 traded	into	 the	region	 from	southeast	or	
northeast	Kimberley.	This	interpretation	was	discussed	with	MS	
who	 produced	 photographs	 of	 his	 birth	 place,	 a	 spot	 on	
Gooniyandi	 Country	 situated	 underneath	 a	 boomerang	 tree,	
booroowa	 (Hakea	 arborescens).	 The	 booroowa	 tree	 in	 the	
photograph	has	a	calloused	scar	which	MS	says	is	where	a	 limb	
was	removed	to	manufacture	a	boomerang.		

Identification	of	the	wood	taxa	used	to	manufacture	the	
wooden	 artefact	 by	 Whitau	 et	 al.	 (2016)	 was	 proposed	 to	 be	
Grevillea/Hakea	 sp.,	 corresponding	 with	 MS’	 TEK.	 Further	
investigation	has	brought	to	light	a	photograph	taken	in	1969	of	
senior	 Gooniyandi	 man,	 Jack	 Bohemia,	 making	 a	 hooked	
boomerang	 (Bohemia	 and	 McGregor	 1995:6).	 Five	 Gooniyandi	
words	 are	 recorded	 for	 the	 different	 types	 of	 boomerangs	 that	
are	manufactured,	 including	wirlgi,	a	word	used	exclusively	 for	
hooked	boomerangs.		

Wood	 shavings,	 interpreted	 as	 evidence	 for	 wood	
working,	 were	 also	 recovered	 from	 Riwi	 (Whitau	 et	 al.	
2016:540)	and	a	boomerang	is	stencilled	on	the	wall	of	the	cave.	
Coupled	 with	 MS’	 narrative	 suggesting	 that	 boomerangs	 were	
made	 on	 Gooniyandi	 Country,	 we	 propose	 that	 it	 is	 likely	 that	
boomerangs	were	made	in	the	southern	Kimberley	over	at	least	
the	last	600	years,	as	they	were	in	contemporary	times.		

Wood	shavings,	often	described	as	waste	products,	 are	
one	way	 to	observe	people’s	engagement	with	wooden	artefact	
manufacture	 in	 the	 past	 that	 would	 otherwise	 remain	 largely	
invisible	 archaeologically.	Unfortunately,	 it	was	 not	 possible	 to	
taxonomically	 identify	 the	wood	 shavings	 recovered	 from	Riwi	
but	 their	 presence	 may	 attest	 to	 wood	 working	 activities	
occurring	on	site.		
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Gooniyandi	elders	report	other	uses	for	these	so-called	
‘waste	products’.	For	example,	while	preparing	a	ceremonial	rain	
stick	made	 of	 bambira	 (Figure	 4g),	MS	 and	WC	discussed	how	
the	wood	 shavings	 being	 removed	were	 traditionally	 collected	
and	 stuck	 to	 the	 body	 and	 threaded	 into	 hair	 for	 ceremonies.	
Here,	 the	 use	 of	 wood	 shavings	 as	 body	 decoration	 plays	 an	
important	function	in	ceremonial	activities,	a	use	that	 is	almost	
impossible	 to	 determine	 without	 the	 knowledge	 of	 local	
Aboriginal	people.		

Activities	 documented	with	 Gooniyandi	 elders	 for	 this	
research	 are	 unlikely	 to	 be	 identical	 to	 those	 that	 occurred	 at	
Riwi	 in	 the	 past.	 Instead	 we	 suggest	 that	 binarri	 is	 a	 primary	
source	of	information	for	the	interpretation	of	archaeobotanical	
material	 and	 provides	 insights	 that	 should	 not	 be	 neglected.	
Here,	 collaboration	 with	 Gooniyandi	 elders	 has	 recorded	
narratives	which	 are	 often	 overlooked	 that	 aid	 and	 enrich	 the	
interpretations	 of	 archaeobotanical	 remains.	 Furthermore,	 we	
see	 great	 value	 in	 using	 ethnobotanical	 research	 as	 a	 platform	
for	 recording	 and	maintaining	 Gooniyandi	 language	 survival,	 a	
language	described	as	endangered	(McGregor	1990).	

Ethnobotanical	Implications	
The	 development	 of	 the	 ecological	 sciences,	 particularly	 in	
northern	 Australia,	 is	 considered	 relatively	 young	 (Horstman	
and	Wightman	 2001).	 Cultural	 activities	 and	 interactions	 with	
plants	 create	 dynamic	 relationships	 that	 take	 place	 in	 specific	
landscapes	and	environments	 (Hynes	 and	Chase	 1982:38).	 The	
biologically	 unique	 Australian	 flora	 is	 intimately	 linked	 to	
Aboriginal	worldviews	and	much	can	be	learned	from	engaging	
with	local	TEK.	The	importance	of	plants	in	Aboriginal	 lifeways	
is	demonstrated	by	their	incorporation	into	rock	art	(Veth	et	al.	
2018;	 Welch	 2003)	 and	 Dreaming	 narratives	 (Hercus	 2012).	
Modern	 Western	 philosophy	 that	 posits	 humans	 as	 having	
ownership	 and	 control	 over	 nature	 can	 be	 at	 direct	 odds	with	
Aboriginal	 worldviews	 that	 place	 custodianship	 above	
ownership	 and	 value	 interrelatedness	 (Pierotti	 and	 Wildcat	
2000).	 Here	we	 examine	 some	 important	 differences	 between	
binarri	 and	 modern	 Western	 botanical	 knowledge	 that	 were	
highlighted	by	this	research.	

To	 identify	 and	 classify	 angiosperms	 a	 flowering	
specimen	 is	 required	 to	 observe	 species’	 specific	 microscopic	
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morphological	characteristics	(Chong	1994),	and	thus	vouchered	
herbaria	 specimens	 rarely	 include	 fruits,	 seeds,	 woody	 plant	
parts	 or	 roots.	 These	 incomplete	 archives	 are	 at	 odds	 with	
binarri	 which	 places	 importance	 on	 the	 entire	 plant	 (flowers,	
fruits,	 leaves,	 bark,	wood	 and	 roots)	 and	 the	 different	ways	 in	
which	constituent	parts	of	one	plant	are	used.		

Knowledge	 of	 a	 plant	 derived	 from	 diagnostic	
characteristics	of	a	pressed	herbarium	sample	 is	very	different	
from	 knowledge	 of	 a	 plant	 in	 its	 natural	 environment.	 TEK	
encompasses	 the	 ability	 to	 identify	 a	 particular	 plant	 across	
different	stages	of	life,	across	seasons,	with	and	without	defining	
characteristics	 such	as	 flowers	and	 leaves.	 It	acknowledges	 the	
different	 properties	 that	 the	 specific	 parts	 of	a	 plant	may	have	
and	how	they	can	be	used	for	different	purposes.	

Herbaria	systematically	catalogue	plant	specimens,	and	
accompanying	 collection	 information,	 in	 large,	 closed	 access	
storage	facilities.	At	the	WA	Herbarium	a	small	proportion	of	the	
collection	 is	 open	 to	 the	 public,	 with	 access	 to	 the	 complete	
comprehensive	 collection	 restricted	 via	 access	 protocols	 aimed	
at	 preserving	 (e.g.,	 temperature	 control)	 and	 quarantining	 the	
large	 botanical	 collection	 from	 outside	 threats	 (e.g.,	 insect	
infestation,	 disease).	 In	 this	 way	 the	 herbarium	 acts	 as	
‘gatekeeper’	 reserving	exclusive	access	 for	 botanical	 specialists	
and	researchers.		

In	 contrast,	 this	 research	 demonstrates	 how	 inclusive	
and	how	a	part	of	everyday	life	binarri	is,	particularly	in	regards	
to	 food	gathering	practices	 that	are	deeply	embedded	 in	socio-
cultural	practices.	On	Gooniyandi	Country	the	‘herbarium’	is	the	
surrounding	 environment	 and	 binarri	 is	 freely	 accessed	 by	
spending	 time	 with	 knowledgeable	 elders	 who	 maintain,	 pass	
down,	and	share	binarri	as	part	of	their	cultural	obligations.	No	
one	is	excluded	and	children,	both	girls	and	boys,	are	essentially	
botanists	 in	 their	own	backyard.	Learning	about	 the	bush	 from	
her	grandmother	JD	recalled:	
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She	 [grandmother]	usually	picks	out	 the	 plants	even	when	we	

used	to	go	out	when	it’s	raining.	After	the	rain	we	used	to	walk	
behind	Fossil,	 go	and	 look	 for	bush,	 little	 tubers,	 and	 I	used	 to	
ask	them	what	this	plant?	And	they	used	to	give	us	the	names.	

Gooniyandi	 people	 do	 not	 learn	 about	 the	 bush	 from	Western	
text	 books	 and	 botanical	 literature,	 they	 learn	 by	 being	 on	
Country	 with	 their	 elders	 and	 experiencing	 the	 surrounding	
environment	to	learn	the	names	and	uses	of	economic	plants	and	
understand	 how	 plants	 change	 through	 each	 season.	 Some	
plants	 have	 important	 socio-symbolic	 roles,	 such	 as	 the	
waterlilies	depicted	in	the	rock	art	 in	Shelter	3	(Figure	2c)	that	
act	as	visual	representations	of	TEK.		

Access	 to	 information	 provides	 knowledge	 and,	 as	
mentioned	above,	physical	access	to	plant	specimens	housed	in	
herbaria	 cannot	 be	 achieved	without	 permits	 and	permissions.	
Likewise,	botanical	literature	is	often	very	specific,	hard	to	locate	
and	 rarely	 open	 access.	 For	 Gooniyandi	 elders,	 who	 do	 not	
belong	to	educational	institutions,	journal	subscription	costs	can	
be	 prohibitive.	 Furthermore,	 access	 requires	 a	 computer,	
computer	 skills	 and	 internet	 access	 which,	 for	 Traditional	
Owners	living	in	remote	communities,	is	rare	and	typically	not	a	
viable	 option.	 Not	 only	 is	 gaining	 access	 to	 these	 resources	
challenging,	 understanding	 the	 botanical	 literature	 is	
complicated	 by	 the	 use	 of	 botanical	 Latin	 and	 scientific	 jargon	
making	the	knowledge	therein	cryptic.	Furthermore,	difficulties	
associated	 with	 changing	 botanical	 names,	 botanical	
misidentifications,	 misspellings,	 typographical	 errors,	 common	
names	 applying	 to	 multiple	 species,	 plant	 attributes	 changing	
over	 the	 course	 of	 a	 year	 and	 the	 application	 of	 DNA	 has	
complicated	the	field	of	botanical	classification	(Gott	1989)	and	
makes	 learning	 and	 access	 to	 this	 type	 of	 knowledge	 by	
Aboriginal	peoples	in	particular	incredibly	difficult.		

Knowledge	 is	 also	 subject	 to	 change.	 The	 arrival	 of	
Europeans	 to	 the	 Kimberley	 in	 the	 1880s	 led	 to	 rapid	 and	
thorough	Aboriginal	dispossession	as	 lands	were	quickly	 taken	
up	 for	 pastoral	 pursuits	 (Altman	 1980;	 Smith	 2000).	 Severing	
Aboriginal	 connections	 to	 Country	 by	 removing	 people	 from	
their	 lands	 brought	 about	 the	 end	 of	 traditional	 land	
management	practices,	which	has,	and	continues	to	have,	serious	
consequences	 for	 TEK,	 and	 disastrous	 consequences	 on	 native	
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flora	 and	 fauna.	 Impacts	 from	 uncontrolled	 fire,	 and	 the	
introduction	 of	 invasive	 plants	 and	 animals	 remain	 genuine	
concerns	 of	 the	 elders	 who	 worry	 about	 the	 continuation	 of	
binarri	 and	 the	 next	 generation.	 Invasive	 plants	 (e.g.,	Cenchrus	
ciliaris	[buffel	grass],	Ptilotus	nobilis	[mulla	mulla]	and	Vachellia	
farnesiana	[prickly	mimosa])	are	frequently	encountered	across	
Birndirri.	 These	 plants	 are	 constant	 reminders	 to	 Gooniyandi	
people	 of	 the	 detrimental	 changes	 pastoralism	 has	 had	 on	 the	
landscape	(Australian	Broadcasting	Corporation	2011).	

The	 implications	 for	 changes	 in	 land	use	 coupled	with	
climate	change	have,	and	will	have,	on	binarri	is	surely	profound,	
as	 the	 ability	 to	 predict	 resources	 becomes	 more	 uncertain	
(Leonard	 et	 al.	 2013).	 This	 is	 not	 considered	 a	 problem	of	 the	
future.	 Today,	 plants	 resonate	 the	 real-time	 consequences	 of	
climate	change	which	has	wide	ranging	effects	on	predictability	
and	the	ability	to	pass	on	accurate	knowledge:	

Food	was	plentiful	all	 the	time,	 in	those	days	but	now	it’s	hard	
to	look	for	anything,	you	say	oh	this	the	season	now,	you	go	and	
look	for	that	particular	fruit,	but	there’s	nothing	there.	And	even	
them	 bush	 orange,	 this	 is	 the	 season	 for	 it	 to,	 you	 know,	 be	
hanging	on	a	tree	and	ripening	but	there’s	nothing.	Had	a	look	
last	year	and	they	only	had	flowers	and	no	fruit	came	on.	[JD]	

Predictable	 and	 reliable	 plant	 resources	 are	 considered	 by	
Gooniyandi	 elders	 as	 important	 for	 future	 generations	 as	 they	
were	 for	 their	 ancestors	 who	 utilised	 plant	 availability	 and	
predictable	economic	resources	to	survive	harsh	landscapes	and	
to	 pattern	 their	 movements	 (Dilkes-Hall	 et	 al.	 in	 press	 [c]).	
Elders	worry	 that	 their	youth	 lack	engagement	with	bioculture	
as	they	rarely	get	to	spend	quality	time	with	elders	in	the	bush	
because	 of	 schooling	 arrangements	 and	 financial	 pressures,	
which	 affects	 access	 to	 Country	 due	 to	 lack	 of	 vehicles	 and	
transport	expenses.	We	recognise	how	fortunate	we	were	to	be	
able	 to	 engage	with	 younger	 people	 through	 this	 research,	 but	
this	is	not	often	the	case.	
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Conclusions	
___________________________________________________________________________	
This	 paper	 presented	 the	 results	 of	 documenting	 TEK	 with	
Gooniyandi	 Traditional	 Owners	 to	 help	 understand	
macrobotanical	 archives.	 By	 shifting	 the	 focus	 from	 the	
archaeological	 site	 to	 the	 wider	 cultural	 landscape,	 and	
conducting	 botanical	 survey	 and	 collection	 activities	 with	
Gooniyandi	 elders,	 we	 recorded	 plants	 of	 local	 economic	
importance	 and	 compared	 them	 with	 Riwi’s	 macrobotanical	
record.	 Specifically,	 we	 demonstrated	 the	 applicability	 of	
coupling	 local	 TEK	 with	 archaeobotanical	 research	 to	 deliver	
more	 meaningful	 interpretations	 formed	 using	 Gooniyandi	
narratives.		

This	research	shows	there	is	great	value	in	collaboration	
with	 local	 Aboriginal	 groups	 and	 we	 encourage	 similar	
collaborative	 interpretations	 of	 archaeological	 macrobotanical	
assemblages	 to	develop	an	 improved	understanding	of	the	 role	
of	 plants	 in	Aboriginal	 lifeways	 through	 time.	 Importantly,	 this	
research	acts	as	 a	 reservoir	 of	 binarri	 for	 younger	 generations	
engaged	 on	 Country	 who	 can	 continue	 to	 record/revisit/re-
record	Gooniyandi	narratives	to	identify	patterns	of	change	and	
gauge	resilience	and	flexibility	of	binarri	into	the	future.	
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