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PREFACE

John S. Pate

IT GIVES ME GREAT PLEASURE to introduce this beautifully presented and illustrated book to readers, 
whether professional biologists or laypersons with common interests in the amazing and diverse heritage 
of wildlife in the sandplains and related ecosystems of south-western Australia.

Plant Life on the Sandplains in Southwest Australia is an entirely new venture and is not an update of 
the earlier book on a similar topic edited and produced some thirty years ago by John Beard and myself. 
Firstly, it embraces a far broader range of topics, themes and conceptual issues, and features chapters on 
plant–animal interactions, conservation, phylogenetics and Aboriginal use of plants. Secondly, it employs 
almost three times the number of authors, including several new postgraduate and early-career scientists 
and, serendipitously, only a few of the old brigade commissioned for the earlier book! Thirdly, it covers a 
wide variety of approaches, methodologies and techniques, proving how well the contributors are using 
those state-of-the art tools which are so integral to current biological research. Finally, the standard of 
presentation of visual material and the ‘reader-friendly’ approach is exemplary. Without doubt, the authors 
and publishers have taken full advantage of the extraordinary escalation in publishing techniques over the 
past few decades.

The editor, Professor Hans Lambers, has impressively and intuitively developed his range of topics 
and selected for each a lead author and a team of specialists dealing with issues such as environment, 
biodiversity, speciation and phylogenetics, ecosystem composition and coevolution. He complements the 
above cohort by underpinning the book with chapters on topics such as geology, soils and climate, plant–
mineral nutrition – including anomalous types of nutrition – plant responses to fire, and how plants adapt 
their carbon and water relations to testing environments. Here we find pointers towards understanding 
the adaptive forces behind responses not only of single species, but also towards how ecosystems are 
constituted and interact competitively with one another. In addition, the lead authors have ably accepted 
the challenge to evaluate where the current state of the knowledge in their area stands, where gaps are 
evident, and where further research needs to be directed. It is an approach such as this which makes a 
venture challenging as well as authoritative.

I have every confidence that Plant Life on the Sandplains in Southwest Australia will inspire and enthuse 
present and future generations of researchers to set their research goalposts even higher, to discover more, 
and to make every attempt to conserve our ‘hotspot’ of diversity in the southwest. It will be interesting 
to see whether evaluations, decades from now, of accomplishments in research will indicate that such 
expectations have been fulfilled.
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PLANT LIFE ON THE SANDPLAINS IN SOUTHWEST AUSTRALIA,  
A GLOBAL BIODIVERSITY HOTSPOT – INTRODUCTION

Hans Lambers and Stephen D. Hopper

WHAT IS THIS BOOK ABOUT?

THIS BOOK HAS BEEN WRITTEN and edited to be of great interest to local readers as well as appealing to 
an international audience. Anyone working with or interested in the south-western Australian flora on 
the sandplains will benefit from having ready access to this book. It is also meant to be a valuable resource 
for university courses, especially at postgraduate level. It is an update of Pate and Beard’s Kwongan – Plant 
Life of the Sandplain (Pate & Beard, 1984), showing how much knowledge and understanding of kwongan 
has been gained over the past 30 years. Modern technology has allowed us to produce a book with far 
more colourful illustrations at a similar price as Pate and Beard’s Kwongan – Plant Life of the Sandplain, 
thanks to UWA Publishing, who also published the original book.

The aim and challenge of this book was to assemble current knowledge on particular topics, along 
with concepts and principles relating to them. The chapters aim to synthesise and be forward-looking 
by identifying where there are gaps or inadequacies in knowledge, and how future research needs to be 
directed. Lead authors have been encouraged to take such an approach; they were free to involve any 
authors they considered appropriate, and have done so.

WHY DO WE NEED THIS BOOK?

Aboriginal knowledge of plant life on the sandplains was and is profound, but has yet to be synthesised 
comprehensively. In contrast, since the early contribution of Diels (1906), European and scientific 
exploration of this striking flora has been reviewed (e.g., Hopper, 2003; 2004; George, 2009), but a 
modern biological compendium updating the work edited by Pate & Beard (1984) has been missing until 
now.

Most of the many 17th century Dutch navigators, who frequently encountered the south-western 
Australian coast, sometimes unintentionally, do not seem to have had any particular interest in what the 
land had to offer. A distinct exception was the innovative statesman, scholar and businessman Nicolaas 
Cornelisz Witsen, reporting the results of an expedition that discovered the Swan River in 1697, under 
the command of Willem de Vlamingh. Witsen’s letter to Martin Lister was published by the Royal 
Society of London in Philosophical Transactions (Witsen, 1698), and provided one of the earliest, widely 
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disseminated accounts of the collection of botanical and zoological specimens in Australia (Nelson, 1994). 
De Vlamingh probably made the first herbarium collections of the flora, one species each of Proteaceae 
and Mimosaceae, mistaken for ferns, supposedly from Java, but clearly of south-western Australian origin 
(George, 1971; Hopper, 2003).

The British Captain William Dampier brought back valuable information regarding the flora 
and made the first confirmed collection of Australian plants, from Shark Bay, in 1699. The specimens 
of this collection are still extant in the Fielding-Druce Herbarium at Oxford University (Diels, 1906; 
George, 1999). The first scientific collection of plants from the Southwest Australian Floristic Region 
(sensu Hopper & Gioia, 2004) was that by Archibald Menzies, also British and a naturalist and doctor on 
Vancouver’s 1791 expedition. Menzies collected a number of plants at King George Sound (now Albany), 
but all remained stored in Sir Joseph Banks’ herbarium in London, relatively unknown to the scientific 
world, as Menzies did not publish his discoveries, until they were mentioned in Robert Brown’s Prodromus 
(Brown, 1810; Hopper, 2003), the foundation of contemporary understanding of the taxonomy of the 
Australian flora (Diels, 1906). Dampier, Menzies and Brown are all celebrated in the names of some of 
Western Australia’s plant species, The Brown Honeyeater, which isn’t brown at all, may have been named 
to commemorate Robert Brown, who collected the type specimen (Stentoreus, 2004).

Early botanists were well aware of the richness of the south-western Australian flora following 
Menzies’ and Brown’s pioneering work. Jacques-Julien Houtou de Labillardière’s collections made at 
Esperance in December 1792 resulted in the first important published contribution to the literature on 
plants from south-western Australia (Labillardière, 1806); his publication is now available online, thanks 
to Google. Diels (1906), and more recently Hopper (2003) and Duyker (2003), give detailed accounts 
of Labillardière’s role as a naturalist in the expedition of d’Entrecasteaux, when the ships were forced to 
seek shelter in the lee of Observatory Island, west of Esperance. During Labillardière’s week on shore, he 
saw and reported numerous plant species that were new to science, including what is today regarded as a 
new monogeneric family of resurrection plants, the Boryaceae, as well as the first species of kangaroo paw 
(Anigozanthos), the genus containing Western Australia’s official floral emblem (Fig. 1). He also made 
the first collection of the hemiparasitic Western Australian Christmas tree, naming it as a Loranthus, but 
it was subsequently placed in its own genus Nuytsia by Robert Brown. Following this expedition, there 
were visits by other French naturalists, including Jean-Baptiste Leschenault de La Tour; they were all 
astounded by their observation of a high species diversity on nutrient-impoverished soils (Diels, 1906). 
Many other naturalists have visited since, and described the south-western flora in the 19th and early 20th 
century, but it wasn’t until southwest Australia was acknowledged as one of the world’s 25 threatened 
biodiversity hotspots (Myers et al., 2000) that significant international attention was drawn to this region. 
More recently, the list was expanded to 34 (Mittermeier et al., 2004). These hotspots are defined as places 
‘where exceptional concentrations of endemic species’ can be found, and where ‘species are undergoing 
exceptional loss of habitat’. As will be revealed in this book, the greatest richness is on the sandplain of 
south-western Australia, especially on the most nutrient-impoverished soils. That is also where most of 
the threatened plant species in the hotspot occur. To be in the best possible position to conserve these 
species, the animals that depend upon them, and the habitats they live in, we need to understand their 
functioning in the past and present, to protect them for the future. That’s why we need this book, which 
aims to improve our level of understanding.
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Figure 1. Labillardière was a French naturalist on the expedition of D’Entrecasteaux, who visited the south coast of south-western Australia near Esperance Bay 
in 1792. He recorded numerous plant species that were new to plant science in his Novae Hollandiae Plantarum Specimen (Labillardière, 1806). (a) Calothamnus 
sanguineus; (b) Melaleuca elliptica; (c) Phyllanthus calycinus; (d) Comesperma calymega; (e) Comesperma confertum; (f) Borya nitida (g) Anigozanthos rufus. 
Photos: a–e, Graham Zemunik; f–g, Stephen D. Hopper.
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The south-western Australian sandplains have been cleared on a large scale, to make place for agriculture, 
causing many of Western Australia’s largest environmental problems. Dryland salinity was recognised 
a century ago (Paterson, 1917; Wood, 1924), but the message was not welcomed by local politicians and 
others who did not want scientists to stand in the way of progress (Beresford, 2001). We now appreciate 
that, to deal with this major environmental problem, we need to understand how exactly it was brought 
about, and what we need to do to restore the hydrological balance. Other threatening processes include 
plant death on a massive scale due to dieback disease, invasion of weeds and feral animals, plant loss 
due to fragmentation and reproductive failure, and drought death, accentuated by global warming. 
Interactions of these threatening processes, and their direct link to clearing for agricultural and industrial 
development, pose challenging subjects for research. For example, the sandplains are also used for 
numerous mining activities. To restore mine-sites as near as possible to their former glory, we need to 
understand how the original system functions. This book provides significant insight into the functioning 
of kwongan vegetation.

OUTLINE OF THE BOOK

In a relatively flat landscape, soils likely play a more important role in providing different niches for plants 
to grow than altitude and aspect. That is why chapter 1 deals in detail with the origin of kwongan soils, in 
a broad context. The first part of this chapter (chapter 1A) provides a brief background of the geology of 
south-western Australia, focusing on the origin of the sandplains in this region (both inland and coastal) 
and explains the nutrient-impoverished status of these sandplains in terms of both parent material and 
their age. It covers the declining rainfall gradient from the far south-west towards the north-east. Whilst 
focusing on present rainfall patterns, it also deals with past patterns and those predicted for the next few 
decades.

Pate & Beard (1984) were keen to promote the term ‘kwongan’ ‘to describe collectively the heathland-
type vegetation occurring mostly within the sandplains’. This would make this term ‘equivalent to 
terms used overseas when defining shrubland vegetation of essentially similar physiognomy, e.g. fynbos 
… chaparral … maquis … and matorral’. They probably largely achieved their goal internationally, but 
locally, the term is not nearly as well embraced as ‘fynbos’ is in South Africa. That was one reason we 
chose not to use this exact term in the title of this book; however, the word features in the subtitle on 
one of the first pages and then throughout the book. Where and when the word was first used following 
European settlement is explored in detail in chapter 1B by Steve Hopper, as is its spelling. Time will tell, 
if the spelling he prefers is going to replace the current one.

Chapter 2 discusses the biogeography, palaeohistory, endemism, origins of the flora, and speciation 
in terms of occupation of niches and changing climatic histories, soil-forming processes, and breeding 
systems. Patterns of plant diversity (alpha and beta diversity) are covered as well.

Chapter 3 deals with phylogenetics: species and genetic relationships. It reports on evolutionary 
processes (speciation as well as extinction) in an old landscape that has been stable for a very long 
time, offering partial explanations for the richness of the biota in kwongan. The low productivity, in 
combination with regular disturbances, provides an additional and complementary explanation for why 
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so many species coexist. This is explored further in chapter 4, which focuses on plant mineral nutrition 
and chapter 5 on plant carbon and water relations. In the first of these two chapters, the emphasis is on 
adaptations to environmental extremes in terms of low nutrient availability, with a focus on phosphorus. 
It deals with the specialised nutrition-related adaptations of specific groups of plants. The second of these 
ecophysiological chapters stresses the importance of water as a limiting factor for productivity in the 
kwongan for most of the year, especially where the environment is saline. Strategies to acquire as well as 
save water are discussed. Responses and adaptations to drought are covered.

Chapter 6 discusses the many responses of kwongan plants to fire. In an environment inhabited by 
plants that produce litter that breaks down very slowly, fire is important to release nutrients. Chemicals in 
smoke provide cues for germination and flowering of some plant species. Different life and regeneration 
strategies (seeders versus resprouters) are also discussed.

Chapter 7 covers plant–animal interactions, first pollination, providing beautiful examples of 
pollination of orchids by associated thynnine wasps, as well as of a wide range of species by Honey 
possums. It explains the pivotal role the Honey possum plays in kwongan, living on just nectar and pollen 
produced by showy flowers visited mainly at night. It acknowledges that wind and other insects can 
also be important vectors for pollination. The second aspect of plant–animal interactions covered in this 
chapter is herbivory. This chapter also discusses specific defence mechanisms that have evolved in plants. 
These may be thorns and spines on one hand, but also poisonous phytochemicals, such as fluoroacetate 
in Gastrolobium species; the chapter develops a typical story about co-evolution of native animals with 
these poisonous plants, explaining why 1080, which is the commercial name for fluoroacetate that occurs 
in Gastrolobium, is now used to control feral animals. Kangaroos and bobtails are not the only animals 
that co-evolved with poisonous plants. As explained in this chapter, specific zigzagger moth species are 
closely associated with particular sedge species. This most likely involves highly specific chemical defence 
compounds in the different sedges; the moths have evolved so as to cope with these phytochemicals. This 
chapter provides just a few; there are numerous other intricate interactions, many of which have never 
been studied in any detail. The chapter finishes with an account of the ecosystem services provided by 
digging and barrowing animals in reducing soil water repellency, thus enhancing soil moisture content 
and promoting seedling recruitment.

Chapter 8 deals with the many threats and conservation challenges inherent in a biodiversity hotspot. 
It also deals with major issues related to conservation, maintenance and restoration of biodiversity, and the 
construction of sustainable ecosystems.

Chapter 9 is about human relationships with, and use of, kwongan plants and lands, covering both 
traditional, and colonial to contemporary relationships. It highlights the potential importance of kwongan 
plants for a wide range of human uses, such as medicines, food, feed and ornamentals. It explains how, if 
for no other reason, these potential uses should encourage us to conserve the remaining areas of kwongan.

Finally, an epilogue aims to pull together the many threads woven throughout the book. After 
highlighting significant progress made since Pate and Beard’s Kwongan – Plant Life of the Sandplain (Pate 
& Beard, 1984), it identifies gaps in our knowledge as well as major opportunities.
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CHAPTER 1: KWONGAN,  
FROM GEOLOGY TO LINGUISTICS

Hans Lambers

SOILS PLAY A PIVOTAL ROLE in understanding the hyperdiversity on the south-western Australian 
sandplain (chapter 4), where kwongan occurs on severely nutrient-impoverished soils (Fig. 1). Chapter 
1A discusses the origin of these soils, and why their nutrient status is so low. It focuses on the origin of 
kwongan, both inland and coastal, from a geological perspective. Chapter 1B then approaches kwongan 
from an entirely different angle, exploring the origin of this term. Kwongan, though spelled in different 
ways, is a Noongar Aboriginal term that was widely used in south-western Australia. Interestingly, those 
Aboriginal communities were well aware of the geological variation in the region, as evidenced by the 
various names that were used for various districts; these were not associated with territorial boundaries, 
but seem to be purely geological (Lyon, 1833).

Figure 1. The greatest plant diversity 
in south-western Australia occurs on 
the most nutrient-impoverished sandy 
soils, as illustrated here for a location 
in Lesueur National Park, one of the 
most diverse locations in the Southwest 
Australian Floristic Region (Hopper & 
Gioia, 2004). Much of the vegetation in this 
region has remained uncleared, because 
of the presence of poisonous shrubs 
(Gastrolobium sp.), but farmland does 
surround the park, as can be seen on the 
horizon. Photo: Marion L. Cambridge.
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CHAPTER 1A: ON THE ORIGINS, GEOMORPHOLOGY AND SOILS  
OF THE SANDPLAINS OF SOUTH-WESTERN AUSTRALIA

Karl-Heinz Wyrwoll, Benjamin L. Turner, Paul Findlater

INTRODUCTION

SANDPLAINS ARE PROMINENT ELEMENTS IN the surface geology and geomorphology of Western 
Australia, where they provide a distinctive substrate with characteristic soils and weathering profiles. 
They occur extensively throughout the northern and southern parts of Western Australia, appearing in 
the major sedimentary basins, the adjoining cratons, and along the coastal margins. In northern parts of 
Western Australia, sandplains have a striking expression in the extensive dune fields of the Carnarvon 
and Canning Basins. In south-western Australia their geomorphological expression is more localised and 
less dramatic, yet they remain prominent elements in the landscape (Beard & Sprenger, 1984) and support 
the distinctive kwongan vegetation (Pate & Beard, 1984; chapter 2).

The sandplains associated with kwongan vegetation can be grouped into inland sandplains and coastal 
heath sands (Bettenay, 1984). Early mapping by Prescott (1931) and Northcote (1960) identified the broad 
extent of the sandplains. The mapping of soils and landscapes in the rangelands began in 1953 by CSIRO 
(Speck et al., 1960). In 1982 the Western Australian Department of Agriculture began a regional-scale 
mapping program in agricultural areas, which was completed in digital form in 2003 (Schoknecht et al., 
2004). The land system mapping and attribution DAFWA Soil Landscape Database (2007) provides a 
comprehensive description of the sandplain soils and their distribution (Newsome, 2000).

Bettenay (1984) provided an overview of the relevant historical literature of the sandplains with a 
pedological emphasis and readers interested in the early literature are referred to his review. Bettenay 
(1984) did not include the important work of Carroll (1939) and Prider (1966), but attention is drawn 
to this here (see below). Since the review of Bettenay (1984), more recent work relevant to a discussion 
of inland sandplains has appeared (e.g., Glassford & Semeniuk, 1995; Ollier & Pain, 1996; Newsome, 
2000) which can now be placed into a more comprehensive understanding of regolith development 
generally (Anand & Paine, 2002; Scott & Pain, 2008). Similarly, a more complete understanding of 
the coastal successions (Hewgill et al., 1983; Murray-Wallace & Kimber, 1989; Kendrick et al., 1991; 
Bastian, 1996; Price et al., 2001; Hearty & O’Leary, 2008) allows a stratigraphy-based discussion of the 
coastal sandplains, and makes a chronostratigraphic approach to the associated soil development possible 
(Laliberté et al., 2012). A further useful addition to an understanding of the pedology of the sandplains 
is the field catalogue of soils (McArthur, 1991), which provides ‘type soils’ sites for sandplain locations in 
south-western Australia.
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This chapter discusses the origin and extent of the sandplains and their long-term stability in the 
context of the changing Late Cenozoic climate background. These are themes that have contributed to 
the Hopper’s OCBIL theory (Old, Climatically-Buffered, Infertile Landscapes) (Hopper, 2009). Recent 
advances towards a more comprehensive understanding of weathering events and palaeoclimate, coupled 
with the development of a variety of dating techniques, have made a fuller, albeit still tentative, discussion 
of inland sandplains possible. Similarly, changes in sea level in the Tertiary and Quaternary are now better 
known (e.g., Miller et al., 2011), and, with the numerical age controls now available, provide a better guide 
to the origin and history of the coastal sandplains.

For a complete list of terms used in this chapter, the reader is referred to the Glossary for this chapter.

INLAND AND COASTAL SANDPLAINS

The geomorphological significance of sandplains
Inland sandplains are widespread in south-western Australia and are found in a range of landscape 
settings. In general terms, the inland sandplains reflect the long-term denudational history of the region, 
specifically the transport-limited erosion regime (i.e. the rate of supply of material exceeds the capacity of 
transport processes to remove it (Carson & Kirkby, 1972; Stallard, 1995). This regime has prevailed over 
the Cenozoic (and most likely longer time scales). In the Northern Hemisphere, ice-sheets removed much 
of the pre-Quaternary regolith cover. In contrast, south-western Australia has not experienced glacial 
events since the Early Permian, ca. 260 million years ago (Geological Survey of Western Australia, 1990). 
This absence of late Cenozoic glaciation, coupled to the tectonic stability of south-western Australia, has 
allowed the weathering product to be retained in the landscape.

These ‘boundary’ restraints provide the link with the OCBIL theory (Hopper, 2009). It is thought 
that in these landscapes natural selection has favoured limited dispersability of sedentary organisms, 
resulting in an elevated persistence of lineages and long-lived individuals, high numbers of localised 
rare endemics and strongly differentiated population systems (Hopper, 2009; p. 60). However, these 
claims need to be placed into the context of a lack of firm evidence as to the age of the sandplains and 
the climatic changes they have experienced since their formation. Inland sandplains, while essentially 
source-located (see below), have not simply acted as passive elements in the landscape. Some have clearly 
been reworked, albeit to differing degrees, during the Late Cenozoic. This has pedological implications 
that need to be incorporated in any model of the long-term development of plant–soil interactions. Also, 
large parts of the Northern Hemisphere were not glaciated during the Late Cenozoic and possess suitable 
source-lithologies, yet still lack the regolith characteristics of sandplains. This highlights the importance 
of the low-erosion potential that characterises the relatively low relief expression of much of south-western 
Australia, although certainly not as much as envisaged in some earlier studies (e.g., Finkl & Fairbridge, 1979).

The occurrence of sandplains along the coastal margins of south-western Australia is the direct outcome 
of the global sea-level fluctuations of the last few million years. The sediment characteristics and response to 
weathering, coupled with relative tectonic stability, has allowed these sediment-associations to remain in their 
depositional settings. The coastal sandplains have a history that extends into the Pliocene, and there might be 
even older elements in these successions, perhaps extending to the Miocene (i.e. ca. 5.3 million years ago).
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For much of the Perth Basin, the Quaternary part of the coastal succession consists of a series of well-
defined coastal-barrier complexes associated with periods of high sea levels that extend into the middle 
Quaternary and provide an intriguing chronosequence of events, in which soil development, pedogenesis, 
and associated changes in nutrient status can, in theory, be traced through time.

The origin of inland sandplains
Bettenay (1984) termed the inland sandplains ‘Lateritic Sandplains’. However, the term ‘laterite’ carries 
specific genetic and profile connotations (see discussion in Anand & Paine, 2002). So although inland 
sandplains are associated with laterites, the term ‘lateritic sandplain’ is avoided here in favour of the 
more generic term ‘inland sandplain’. This also allows a distinction between sandplains in cratonic and 
sedimentary basins, emphasising the differences in the controlling geology.

Inland sandplains formed in cratonic and sedimentary basins share a common weathering regime and 
denudational history, both in their original formation, and also in the events that may have modified or 
reworked the deposits. However, given the more extensive sandplains over arenaceous lithology in, for 
instance, the northern part of the Perth Basin, the production rates of sand-dominant regolith are likely 
much greater on sedimentary lithologies (as noted by Beard & Sprenger, 1984).

The inland sandplains occur in a broad belt from Shark Bay to west of Esperance. The soils are 
typically yellow deep sands, pale deep sands (or Orthic Tenosols in the Australian system of soil 
classification), and yellow sandy earths (Orthic Tenosols, Yellow Kandosols). Soil depth can vary from 
a few decimetres to several metres. Profiles often contain ferricrete (a hard, erosion-resistant layer of soil 
cemented by iron oxides), or ferruginous or aluminous ‘gravels’. In many instances, clay content increases 
with profile depth. The profiles are infertile (Bettenay, 1984; McArthur, 1991; Rogers, 1996) and have a 
limited ability to hold water (Bouwer, 1978; Scott et al., 2012), both of which have important impacts on 
associated plant communities (Richards & Caldwell, 1987; Dawson & Pate, 1996; Lambers et al., 2010; 
chapters 4 and 5). The inland sandplain soils contrast with the deep sandy soils of the forest and woodland 
areas in the region, and the sandy surface soils over shallow clay B horizons (duplex, or texture-contrast 
soils) of the mallee (i.e. small multi-stemmed eucalypt) communities.

Ultimately, the inland sandplains originate through the development of a regolith environment that 
provides the necessary weathering product. In a geological sense, a sandplain represents a first-cycle 
quartz arenite (e.g., Johnsson et al., 1988). This is clearly reflected in the quartz-dominated mineralogy, 
with most labile weathering mineral components absent (Carroll, 1939), which accounts for the low 
nutrient status of sandplain soils (chapter 4). The dominance of quartz is not surprising, given that a 1 mm 
quartz crystal at 25˚C and associated with a weathering environment of pH 5, has a lifespan of 34 x 106 
years (Lasaga et al., 1994).

Carroll (1939) was able to show that sandplain source lithologies can be clearly identified. Granitic/
gneissic bedrock and associated sandplains are characterised by an assemblage of zircon, rutile, garnet, sphene, 
tourmaline, and monazite. In contrast, meta-sedimentary lithologies and associated sandplains are typed 
by andalusite, staurolite, sillimanite, kyanite and spinel. The clear correspondence of mineral assemblage to 
underlying bedrock points to an essentially in-situ origin of sandplains. Much of the later work supports this 
inference (e.g., Mulcahy, 1960; Prider, 1966; Brewer & Bettenay, 1973). Recent work by Newsome on the 
Victoria Plateau sandplain (Newsome & Ladd, 1999; Newsome, 2000; Newsome & Walden, 2000) reiterated 
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these conclusions and has lent support to the general claims that the sandplains have an essentially in-situ origin 
with a degree of local reworking. This large body of work makes it difficult to accommodate the view of an 
extensive aeolian origin for inland sandplains (Glassford & Semeniuk, 1995). However, an essentially in-situ 
origin of inland sandplains does not preclude local reworking of sandplains into colluvial and alluvial registers, 
or even the occurrence of some large dunes attesting to significant mobility (see below).

Origins of coastal sandplains
The origin of coastal sandplains is linked with sea-level fluctuations over Neogene and Quaternary time 
scales. During the Miocene and Pliocene (i.e. between ca. 23 and 2.6 million years ago) there was a 
progressive lowering of sea-level punctuated by global high-stands which became subsequently dominated 
by the Milankovitch cycles during the Quaternary (Zachos et al., 2001; Miller et al., 2011). The details of 
sea-level change over the last ca. 150,000 years (Lambeck & Chappell, 2001; Yokoyama & Esat, 2011), 
including the Holocene (i.e. the last 11,700 years) (Lewis et al., 2013), are now well established. These 
provide key stratigraphic anchors for understanding the chronology of coastal succession in south-western 
Australia.

Along the coast of south-western Australia, global sea-level changes are most clearly expressed in 
the Holocene succession, the Tamala Limestone and the Bassendean Sands, and with reference to the 
older Yoganup Formation (Kendrick et al., 1991; Bastian, 1996). The Holocene succession is displayed 
strikingly in a number of beach–ridge/dune associations. The barrier structure of the Tamala Limestone 
is especially well displayed in the central Perth Basin. The Bassendean Sands are geomorphologically 
more weakly defined, but are recognised as representing a siliciclastic coastal dune succession, associated 
with the underlying marine facies of the Ascot Formation. It is noteworthy, that Noongar people showed 
a clear awareness of the differences between the Tamala Limestone terrains – Booyeembara – and the 
Bassendean Sands – Gandoo (Lyon, 1833).

In the Perth Basin, where the succession is best known, the detailed (local) soil associations have been 
typed in association with the Quindalup, Spearwood and Bassendean dune systems (see McArthur, 1991). In 
this classification the Quindalup dunes correspond to the Holocene succession and the Spearwood dunes are 
equivalent to the Tamala Limestone.

Associated with the Spearwood dunes/Tamala Limestone are extensive siliceous ‘yellow sands’. There 
have been claims that these sands represent arid-zone aeolian sediment (Killigrew & Glassford, 1976), 
but this is inconsistent with other geological evidence (summarised in Tapsell et al., 2003). Following 
this, and placed into the wider context of limestone weathering and karst formation, the yellow sands 
associated with the Tamala Limestone succession are interpreted as a residual weathering product, with 
local-scale reworking.

A related issue is the low carbonate status of the Bassendean Sands association and its significance 
both in terms of primary depositional environments and subsequent soil formation. In the subsurface, 
the Bassendean Sands are clearly associated with the Ascot Formation, and the extensive sand terrains 
associated with the Bassendean Sands are thought to represent a regressive dune facies. The sediments 
have little carbonate which is interpreted as due to low carbonate productivity or dilution by terrestrial 
siliciclastic inputs (Kendrick et al., 1991).
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AGE STRUCTURE AND MOBILITY OF SANDPLAINS

Deep weathering history and the long-term origin of inland sandplains
Generally, a long weathering history is advocated for the formation of the sandplains, but often without 
any firm age control. Given the difficulty of dating regolith, the absence of a convincing age framework 
for regolith sequences is not surprising. Some age control is offered by general geological considerations; 
for example, the extent of the Eocene transgression provides a maximum age for sandplains in the wider 
Stirling Range region. Pillans (2008) provides a comprehensive review of attempts to ascertain the ages 
of Australian regoliths. For shorter time scales, the development and application of optically stimulated 
luminescence (OSL) has made it possible to obtain reasonably reliable dates from sediment and soil 
successions that could not previously be dated (see Rhodes, 2011). In principle, OSL dates can extend 
back hundreds of thousands of years. The challenge that remains is to date regolith events that might 
extend into the Neogene and even older.

The region between Mingenew and Mullewa provides an example of the antiquity and stability of the 
inland sandplains. These sandplains are located north of the Dandaragan sandplain (Churchward, 1970) 
and are part of the wider Victoria Plateau sandplain (Newsome, 2000). The region is associated with a 
series of Permian sediments and has a geomorphological expression in which isolated mesas capped by 
thick sand (above a largely ferricrete surface associated with a deeply weathered profile) are isolated from 
the plateau margin (Fig. 1). While present rates of retreat of the scarp by erosion are likely high, a very 
considerable time would be required to attain such a geomorphological expression. A Miocene–Pliocene 
age for the onset of the sandplain formation seems therefore likely.

figure 1. geomorphological expression of 
elevated, remnant sandplain on a mesa of 
permian sediments – irwin Valley, north of 
mingenew.

A more secure estimate for the formation of the sandplain on the wider Victoria Plateau is possible. On the 
basis of palaeomagnetic work, Schmidt & Embleton (1976) advocated a Late Oligocene to Early Miocene 
age (i.e. > 16 million years ago) for extensive ‘laterisation’ in this area, to which sandplain formation is 
clearly linked (Newsome, 2000). However, a revision of the Australian Apparent Polar Wandering Path 
is now thought to indicate a Late Miocene to Pliocene age, 6±4 Ma (Pillans, 2008), for such a deep 
weathering event. Pillans (2008) obtained a similar palaeomagnetic weathering age for mottled saprolite 
beneath bauxitic ferricrete at Jarrahdale, south of Perth. Other indications of a late Miocene age for deep 
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weathering events is provided by radiometric dating (uranium–thorium/helium, or U-Th/He) of ferricrete 
nodules from the Darling Range (Pidgeon et al., 2004). It seems likely that the necessary setting for 
sandplain development could well be linked to these Neogene events.

How stable are sandplains once formed? This answer is linked to estimates of long-term erosion 
rates. Much of the early discussion of this theme was highly speculative, with estimates of very limited 
erosion rates between 0.1 and 0.2 metres per million years (Fairbridge & Finkl, 1980). These claims were 
overturned by subsequent work, which advocated rates of 1.5–2 metres per million years during the Late 
Cretaceous and early Tertiary (Van de Graaff, 1981). More recent work using fission-track dating has 
pointed to low denudation rates of 1–2 metres per million years over the Late Tertiary (Kohn et al., 2002). 
For the Yilgarn Craton, over longer-term Tertiary to Cretaceous time scales, rates more likely amount 
to 10–15 metres per million years (Kohn et al., 2002). Such relatively high erosion rates would make it 
unlikely that sandplains have persisted over mid-early Tertiary to Cretaceous time scales. Given that semi-
arid climates in Western Australia appear to date back to the late Pliocene (see below), the low erosion 
rates that would accompany drier conditions make it likely that the sandplains are a feature that can certainly 
extend back into the Pliocene and possibly the late Miocene. Older ages of the sandplains seem unlikely.

The timing of the onset of present climate regimes over south-western Australia is generally poorly 
constrained. Martin (2006) points to the possible onset of drier conditions during the mid-Miocene, 
while an early Pliocene sequence from Lake Tay in south-western Australia (Bint, 1981) recognised minor 
rainforest elements in association with Casuarinaceae and Eucalyptus sclerophyll woodland association. 
Dodson & Macphail (2004) recognised a number of arid events increasing in frequency at around 2.5 
Ma in a Late Neogene lacustrine succession from the northern Perth Basin. Fujioka et al. (2005; 2009) 
provided further evidence for the onset of more arid conditions over central Australia between 2 and 4 
million years ago (Fujioka et al., 2005), with stronger arid conditions evident by about 1 Ma (Fujioka 
et al., 2009). Chen & Barton (1991) provided an age of 0.9 Ma for the onset of full aridity in the Lake 
Eyre region. Tasman Sea dust deposition, indicating arid conditions over south-eastern Australia, is not 
evident before 0.45 Ma (Hesse et al., 2004), which corresponds with lake-to-playa transitions in south-
eastern Australia between 0.4 and 0.7 Ma (An et al., 1986). For south-western Australia, Zheng et al. 
(1998) proposed the onset of full arid conditions in the Lake Lefroy region around 500,000 years ago; 
given the general view, this would appear to be too recent.

Given the requirements for sandplain formation, including weathering history, erosional regime (and 
rate), and general palaeoclimate context of the Late Cenozoic, we suggest that the sandplains of inland 
south-western Australia have a history that can be accommodated in a late Miocene to Pleistocene time 
scale. The sandplain terrains in their present expression – both in terms of geomorphology and arid climate 
– may be features that are no older than Pleistocene in age.

Numerical dating of sandplains and significance to sandplain stability over Quaternary time scales
Very little is known about the long-term stability of the Western Australian sandplains, or their responses 
to Late Cenozoic climate events. General geomorphological and sedimentological considerations 
demonstrate reworking, but when this occurred is rarely known. However, a cursory set of OSL dates 
from the wider Eneabba sandplain demonstrate that the upper 100 cm of the sandplain was remobilised 
between 19 ka and 31 ka (Krauss et al., 2006).
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To establish a more comprehensive indication of sandplain stability, a Victoria Plateau dune was dated 
using OSL. The Victoria Plateau dunes are partly degraded and stabilised by a heavy vegetation cover 
(where not disturbed by agricultural activity). These dunes are a striking element of the wider sandplain 
and provide clear evidence of a fundamentally different climate regime. In general, the dune fields are 
poorly organised; this is attributed partly to erosion, but it is also possible that the dune fields were never 
strongly organised. The dune was hand-augered to 8 m, revealing evidence for re-working of the upper  
2 m between 18.4 ± 2.1 ka and 23.5 ± 3.5 ka, essentially coincident with the Last Glacial Maximum 
(K.-H. Wyrwoll et al., unpubl.). Prior to this, dune instability occurred at different times extending back 
to 221 ± 25 ka.

Additional OSL dating was undertaken on low dune forms on sandplains associated with the Gordon 
River, approximately 100 km north of Albany. Here, a range of channel deflation–source bordering 
aeolian deposits occurs on the eastern margins of the river (Fig. 2). These are a major contributor to the 
sandplain that lies further to the east, and which extends beyond the dune terrains. Large sand mounds 
have accumulated at the margins of the river channel, with 10s-of-metre-scale elevations evident along 
the river margins for some 30 km. These hummocky sand mounds grade into well-defined bed-forms, 
initially taking the form of poorly-defined parabolic forms, which further to the east grade into well-
defined linear dune forms that constitute a large part of the sandplain. The OSL dates from these dunes 
range from 19.2 ± 0.9 ka to 25.8 ± 1.1 ka (K.-H. Wyrwoll et al., unpubl.). A date of 55.6 ± 2 ka from 
the base of the dune provides the age of the substrate sandplain on which the later dune sediments were 
deposited. From the veracity of the dates obtained, it can be claimed with confidence that dune formation 
was coincident with the Last Glacial Maximum.

figure 2. gordon river sandplain with 
associated linear dune forms and dune 
section.
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Both the Victoria Plateau and Gordon River dune dates attest to significant reworking and dune 
mobility, being especially emphasised by the Last Glacial Maximum dates. This was clearly a time of 
considerable hydrological stress for the inland regions, with the potential for significant reworking of 
the sandplains. Such reworking has clear pedological implications that need to be incorporated into any 
consideration of soil–vegetation associations.

DETAILS OF THE AGE STRUCTURE OF COASTAL SANDPLAINS

Overall considerations of the age of the coastal succession underpinning the vegetation can be placed in 
the context of global sea-level events over late Neogene to Quaternary time scales. The relevance of late 
Neogene events relates to the Yoganup Formation and the Bassendean Sands. The Yoganup Formation 
forms a relatively narrow rim at the foot of the Darling Escarpment, but further north and south it takes 
on more extensive dimensions in association with the Eneabba Scarp (north) and the Whicher Scarp 
(south). Unfortunately, the age of the Yoganup Formation is poorly constrained, but with the likelihood 
that it is older than Pliocene.

Two reliable chronological anchors are provided in the coastal sandplain succession: (i) the Holocene 
sequences, associated with the marine transgression at ca. 6–7 ka; and (ii) the Last Interglacial highstand 
(Marine Isotope Stage 5e, ca. 130 to 115 ka) that is pervasive throughout the coastal stratigraphy. There 
are no marine units between the Last Interglacial and the Holocene, but that is not to claim that some 
of the dune forms or substrates may not have been active during other times in the Late Pleistocene. 
The thermoluminescence dates of Price et al. (2001) suggest pervasive coastal dune activity in the wider 
Perth coastal region between 70–90 ka, but thermoluminescence dates are problematic and are difficult to 
evaluate without a clear understanding of their stratigraphic context.

While the age control on the Holocene transgression and the Last Interglacial succession is secure, 
the age control on the older Middle Pleistocene succession is problematic. In the Perth Basin these dunes 
form barrier complexes, often with a clear topographic succession. They have been separated convincingly 
on the basis of their heavy mineral assemblages (Bastian, 1996), yet various attempts at dating them have 
remained problematic (Hewgill et al., 1983; Murray-Wallace & Kimber, 1989; Price et al., 2001; Hearty 
& O’Leary, 2008). The succession requires a focused OSL dating campaign before any firm conclusion 
can be drawn as to the numerical age of these barrier complexes. On the basis of biostratigraphic evidence, 
a late Pliocene/early Pleistocene age has been proposed for the Bassendean Sands (Kendrick et al., 1991). Less 
recognised, and less extensive, is the Yoganup Formation that lies at the foot of the Darling Escarpment, to 
which it is very difficult to ascribe an age.

The Perth Basin coastal succession provides a useful guide to the likely stratigraphic architecture 
of other regions of south-western Australia. However, with the sedimentology showing significant 
differences, especially when compared with the south coast, pedological differences must be expected. A 
firm conclusion that can be drawn is that extensive coastal sandplains became possible with the deposition 
of the Bassendean Sands during the Pliocene; an age estimate based on the claim that the formation is 
interpreted as the dune facies of the underlying marine Ascot Formation (see Kendrick et al., 1991).
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SOIL CHARACTERISTICS AND STATUS OF THE SANDPLAINS

The common attribute that characterises inland sandplain soils is their nutrient-poor status, with low 
concentrations of N, P, sulfur, base cations (calcium, magnesium, potassium) and micronutrients (copper, 
molybdenum, zinc) (e.g., Bettenay, 1984; chapter 4). These infertile soils are associated with characteristic 
plant communities (Lambers et al., 2010; chapter 4). Given the origins of many of the inland sandplains 
as a direct by-product of deep weathering events, the strength of this weathering inevitably leads to a 
low soil nutrient status. Profile development on sandplains is variable (Bettenay, 1984; McArthur, 1991) 
and can be subdued and restricted to the upper few decimetres of a profile, marked by the accumulation 
of organic matter and limited leaching. While an impression of general uniformity of sandplain soils 
attributes is apparent, there is significant variability in soil characteristics and their landscape position 
when considered in more detail.

Case study: landscape characteristics and soils of the Victoria Plateau sandplain
The work of Newsome (2000) demonstrated an essentially in situ origin for the Victoria sandplain, with 
sand provenance linked directly to the regional bedrock geology. In more detail, the Victoria sandplains 
relate to a range of soil-landscape systems, defined in terms of geomorphological and soil attributes. The 
soils of the Victoria Plateau were first mapped at small scale in the Atlas of Australia Soils (Northcote, 
1960). Later, Beard (1976) based his vegetation map units in the region on soil catena relationships and 
McArthur (1991) provided detailed morphological descriptions and physical and chemical analyses of 
a number of reference soils at selected locations between Mingenew and Northampton. This work was 
followed by detailed mapping of the soil landscapes of the region (Rogers, 1996) which defined a number 
of systems and subsystems associated with the northern sandplain and the Victoria Plateau.

The systems identified all have occurrences of deep sand that are associated with kwongan vegetation. 
They overlie sedimentary lithologies associated with the Tumblagooda Sandstone at the northern extent of 
the sandplain, Permian sediments to the south and east, and Jurassic sediments in the west. The dominant 
systems typing the sandplain are Binnu North, Binnu East, Eradu and Casuarina.

(i) Victoria sandplain and associated land systems
a) Binnu (East and North) systems – east and northern Victoria Plateau: these systems have numerous 

dune ridges on alluvial valley slopes and are underlain by Permian sediments. The sands are up to 15 
m deep and overlie laterite gravel that is indurated at depth. On the northern margin of the Victoria 
Plateau and the Kalbarri sandplain, the sands are associated with the Tumblagooda Sandstone.

b) Eradu system – southern Victoria Plateau: generally, level to gently undulating sandplain 
developed on the sedimentary rocks of the Yarragadee Formation (Jurassic). The surface sands 
(deep, yellow siliceous clayey sands and sandy earths, and minor occurrences of pale sands) are of 
variable thickness from 80 to > 800 cm, but typically 250 to 550 cm. The sands may be underlain 
by ferruginous gravels between 50 and > 150 cm deep which become cemented and dense with 
depth. The gravels overlie mottled clay that becomes bleached or pallid with depth.
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c) Casuarina – southern Victoria Plateau: on the south-western margin of the Victoria Plateau the 
sandplain is dissected and consists predominantly of pale deep siliceous sand, which overlies a 
lateritic duricrust and gravels, which in turn are underlain by mottled and pallid clay.

(ii) Characteristics of the soils associated with the sandplain land systems
a) General soil characteristics:

Rogers (1996) identified six main soils series covering the inland sandplains: Eradu, Eurangoa, 
Indarra and Allanooka, Casuarina and Balline (e.g. Indarra Series; Fig. 5) These soils occur 
in areas described by Pate & Beard (1984) as being associated with a scrub-heath vegetation 
association. The Eradu, Eurangoa and Indarra series are yellow deep siliceous sands (Schoknecht 
& Pathan, 2013). Eradu is a loamy sand, transitioning to clayey sand that occurs extensively 
across the sandplain. The Eurangoa series, which occurs predominantly in the Binnu system 
in the north and east of the plateau, is lighter in texture than the Eradu series, with sands 
transitioning to clayey sand at depth. Colours of the Eurangoa series are usually paler than those 
of the Eradu series and are characterised by the presence of a conspicuously bleached A2 horizon, 
indicating that periodic waterlogging and lateral flow occurs in these soils (Northcote, 1983), 
despite the sandy textures. The Indarra series occurs on crests and rises of the Eradu system and 
the dunes of the Binnu systems. The Indarra is slightly lighter in texture (sand throughout) than 
either the Eradu or Eurangoa series.
The Allanooka, Balline and Casuarina soil series are all pale deep sands, most of which have 
a conspicuously bleached A2 horizon. The Allanooka series is characterised by a loam sand 
surface texture, pale yellow to yellow B2 horizon, and medium to coarse sands to 120 cm. They 
occur on long gentle slopes of undulating sandplain similar to the Eurangoa, but with less clay 
in the subsoil. The Balline series (loose grey coarse sand) occurs on the flat to gently undulating 
sandplain and as spillway sand below lateritic scarps, in the northwest of the plateau near the 
coast. This soil series is characterised by ~70% coarse sand (cf. 20% for Eurangoa and Casuarina 
series). The Casuarina series, which occurs in the southwest of the plateau is a loose sand over 
sandy gravel (30–70% laterite) at about 30 to 50 cm on to cemented laterite between 80 and  
~120 cm that forms in association with the Eradu series.

b) Detailed textural characteristics of sandplain soils:
The textural characteristics of the surface grain-size distribution (< 2 mm) are generally similar 
for the Eradu, Eurangoa, Indarra and Casuarina soil series. The textural characteristics are of 
well-defined, well-sorted unimodal distributions (Fig. 3). Sorting is better defined for the 
Indarra series than for either the Eradu or Eurangoa series which is expected given the strong 
aeolian imprint on these sands. The Casuarina series contains more coarse-grained material 
than either of the yellow sands. It is similarly noteworthy that the Balline series is dominated by 
coarse sand, although formed on the sandplain.
While the surface textures of the respective soils series are very similar, considerable differences 
in textural characteristics occur with depth. These profile differences are well highlighted in the 
differences in clay content (Fig. 4). Both the Casuarina and Indarra series have less clay in the 
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upper part of the profile compared with the Eradu and Eurangoa, but there is more clay at depth 
(about 120 cm), suggesting greater eluviation/illuviation in these profiles, and different soil water 
characteristics.

figure 3. Comparison of grain size distribution 
(< 2000 μm) of the surface for some 
sandplain soils on the Victoria plateau.

figure 4. Comparison of clay content with 
depth for the deep sands on the Victoria 
plateau (data mcarthur, 1991; rogers, 1996).

c) Chemical attributes of Victoria Plateau sandplain soils:
Rogers (1996) and McArthur (1991) provided detailed chemical analyses of the Eradu, Indarra, 
Eurangoa, Casuarina and Balline series. Soil pH (H₂O) in the profiles can range from 5.3 to 
6.8 or acidic to neutral (Hazelton & Murphy, 2007 ). The soils are low in salt (EC ranges of 1 
to 5 mS m-1) and aluminium (Al) (< 1 mg kg-1), and in plant-available K (< 10 mg kg-1), which 
may be limiting plant growth (chapter 4). Organic carbon concentrations are extremely low in 
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the surface horizon (0.39 to 0.67%). High plant-available P concentrations (up to 25 mg kg-1, 
extractable in bicarbonate) are associated with high organic carbon in the surface sands. One 
measure of the ability of a soil to retain P is the Phosphorus Retention Index or PRI (Allen & 
Jeffrey, 1990). This is a direct measure of P sorption and involves mixing a quantity of soil in 
solution with a single amount of P for a set period of time. Generally, minimum PRI values for 
the Victoria Plateau sandplain soils are in the range of 0.3 to 1.2 mL g-1 (very weakly absorbing 
or desorbing), except when clay content is high (and also likely associated with high sesquioxide 
levels) and PRI values can reach 33 mL g-1 (i.e. strongly absorbing). However, where the clay 
content is high in the profile (usually below 1 m) the plant-available P is < 2 mg kg-1.

d) Comparison with the sands of the Yilgarn Craton sandplain:
While generally not as well expressed as inland sandplains developed on sedimentary rocks, the 
sandplains are extensive on the metamorphic and igneous terrains of the Yilgarn Craton (e.g., 
Carroll, 1939). Details of the physical and chemical properties of the sandplain soils of the 
Yilgarn Craton are available in a number of publications (e.g., Bettenay, 1984; McArthur, 1991; 
profiles KER 1 and 2 and MER 1; Grealish & Wagnon, 1995).

Clay content in the Yilgarn Craton sandplain soils can differ markedly compared with the Victoria Plateau 
sandplain soils. The latter tend to have a lower clay content, at least in the upper profile, with lighter 
textures (sands and loamy sands) compared with the Yilgarn soils, which commonly have loamy sands 
and sandy loams or heavier textures. However, chemical fertility is generally poor, regardless of source, 
on both the Victoria Plateau and Yilgarn Craton. The soil pH of the Victoria Plateau sands is usually less 
acidic than that of the Yilgarn soils. As the pH of the Yilgarn sandplain soils can be very low throughout 
the profile, Al toxicity may influence the vegetation. Victoria Plateau pH levels tend to be moderately acid 
to neutral throughout. Regardless of provenance, cation-exchange capacities are in the order of 1 or 2 
cmolc kg-1. Exchangeable cations (aluminium, calcium, magnesium, manganese, potassium and sodium) 
are very low to low, in the order of < 0.01 to 2.5 cmolc

 kg-1. Organic carbon content (Walkley-Black) 
concentration in surface levels is typically < 0.5%, and likely to be 0.05% or less in the subsoil – these 
represent extremely low values by agricultural standards.

Sandplain soils are very low in the essential plant nutrients N, P and K (chapter 4). While total 
N varies seasonally, concentrations of about 0.3 mg N kg-1 soil have been measured in sandplain soils 
(McArthur, 1991; Lambers et al., 2010). These levels are extremely low, resulting in C/N ratios of about 
20. At this level, the organic matter breaks down less readily, and the small amount of N is far less 
accessible to plants. Levels of P and K are also low and, where the PRI is high (i.e. soils with high clay 
or sesquioxide concentration), plant-available P concentrations are still very low. Exchangeable K in the 
order 1 cmolc kg-1 or less have been measured in sandplain soils.
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figure 5. Changes in chemical properties with 
depth for indarra soil series: ph h₂O – soil ph 
in water; eC – electrical conductivity; OC w/B 
– organic carbon (walkey-Black method); pri 
– phosphorus-retention index (data rogers, 
1996).

SOIL EVOLUTION THROUGH TIME: A CHRONOSEQUENCE OF SOILS ON THE JURIEN BAY 
COASTAL SANDPLAINV

The sandplain succession of the Swan Coastal Plain extends back to at least the Pliocene and maybe even 
further (see above). The succession provides an important opportunity to study the development of soils 
and their associated plant communities over long time periods. Soils on the three dune systems form a 
chronosequence – a series of soils that differ in their formative properties only in the time since the onset 
of their development. This means that parent material, vegetation, climate and topography should all be 
constant (Jenny, 1941). Such long-term chronosequences are of scientific importance, because they provide 
a rare opportunity to understand ecosystem processes that cannot be addressed through conventional 
experimentation.

Detailed studies have been conducted in the vicinity of Jurien Bay, approximately 200 km north of 
Perth. The area has a Mediterranean climate, with cool moist winters and hot dry summers, and all three 
of the main dune systems (Quindalup, Spearwood, Bassendean) occur in this area, arranged as barrier 
complexes parallel to the coastline. This area is of particular interest given its status as a global biodiversity 
hotspot with particularly high levels of endemism (Hopper & Gioia, 2004). Examples of the three key 
stages in soil development are shown in Fig. 6. Similar soils are described from sites at Yalgorup National 
Park, near Waroona by McArthur (1991).

Soils on the youngest dune system (Quindalup dunes) consist of calcarenites (i.e. sand-sized 
carbonate grains), with carbonate contents of up to 80%. The carbonate weathers rapidly (in terms of soil 
development) and leaches from the profile, so that surface soil horizons on older Quindalup dunes (i.e. 
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after several thousand years of pedogenesis) can contain less than 20% carbonate. The Quindalup soils 
are light grey to greyish brown and exhibit a weakly developed surface horizon enriched with organic 
matter overlying several metres of unweathered calcareous sand (Fig. 6a). The young Quindalup soils are 
strongly alkaline (~ pH 9) and contain low concentrations of organic matter and N, but relatively high 
concentrations of P (> 300 mg P kg-1).

Soils developed on the Spearwood succession are easily identified by their bright yellow subsurface 
horizons (Fig. 6b). The soils contain > 95% quartz sand, with the original carbonate matrix having 
been removed completely by leaching during at least 100,000 years of pedogenesis. The yellow colour is 
derived from iron-oxide coatings on quartz grains. The young Spearwood soils are underlain by Tamala 
Limestone, often capped by a calcrete, at shallow depth (often < 1 m below the surface), whereas older 
Spearwood soils are many metres deep. In addition to the absence of carbonates, soils on the Spearwood 
dunes are characterised by a neutral to slightly alkaline pH and much lower concentrations of total P 
(typically 10–30 mg P kg-1) and base cations compared to the younger Quindalup soils. Older Spearwood 
soils (i.e. formed prior to the Last Interglacial Maximum) exhibit an incipient bleached light grey horizon 
near the surface, from which iron oxides have been leached – an indication that these older soils are 
transitioning towards the final stage of soil development along the chronosequence.

figure 6. soil profiles representing three of the major stages of soil development along the Jurien Bay chronosequence, western australia. (a) young soil (~1000 
years old) developed in carbonate-rich Quindalup dunes (~70% CaCO3), showing weak horizon development. the ph is alkaline and there is little organic matter, 
but relatively high concentrations of total phosphorus (p) (300–400 mg p kg-1 in surface horizons). the soil contains around 98% sand-sized material. the soil 
is a rudosol in the australian classification system and an entisol (typic Xeropsamments) in the us soil taxonomy system. (b) a soil profile (~100,000 years old) 
developed on spearwood sand. the profile has been leached of carbonates, leaving residual quartz sand stained yellow by iron oxides. the profile shows a shallow, 
organically-enriched a horizon at the surface, and a deep yellow B horizon containing > 96% quartz sand extending > 4 m to limestone. the ph is neutral, and total 
p concentrations are very low (~10 mg p kg-1 in surface horizon). despite its age, the soil is an entisol (Xeric Quartzipsamments) in the us soil taxonomy system. it 
qualifies as a podosol in the australian soil classification system. (c) a very old soil (~1,000,000 year old) developed on Bassendean sand. the iron oxides present 
in the spearwood sand profile have been leached from the profile as humus-iron complexes, leaving a deep bleached elluvial (e) horizon that contains virtually 
no nutrients. the leached iron-containing compounds form a deep ‘coffee rock’ horizon in some locations. the ph is slightly acidic, and total p concentrations are 
extremely low (< 10 mg p kg-1). the e horizon contains 99% quartz sand. despite its age, the soil is an entisol (Xeric Quartzipsamments) in the us soil taxonomy 
system. it qualifies as podosol in the australian soil classification system.

The final stage of the chronosequence is represented by soils developed on the Bassendean Sands (Fig. 
6c). This formation was deposited during the early Pleistocene–Late Pliocene, with the sediments having 
an initial lower carbonate status the Spearwood and Quindalup associations (discussed above). Despite 
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this, the soils of the Bassendean Sands are taken to represent the extremely infertile end-point of an 
exceptionally strong nutrient gradient (Laliberté et al., 2013a). The iron oxides that provide the yellow 
colours of the Spearwood sands have been completely leached from the profile, through the formation of 
complexes between iron and organic matter. This leaves clean quartz grains forming bleached white eluvial 
(E) horizons that can be more than 3 m thick. In some locations, the iron–organic matter complexes are 
deposited in spodic horizons in the deep subsoil, forming a brown (iron–humus) material known locally as 
coffee rock. Soils on the Bassendean Sands are slightly acidic and contain extremely low concentrations of 
total P (< 10 mg P kg-1). They therefore constitute some of the lowest-P soils known globally.

Only a few locations in the world contain long-term soil chronosequences. Well-known examples 
include the Hawaiian Islands chronosequence (Crews et al., 1995), the Franz Josef chronosequence in 
New Zealand (Walker & Syers, 1976), and the Cooloola chronosequence in eastern Australia (Thompson, 
1981). In all these sequences, soils show consistent patterns of nutrient dynamics over long time scales, as 
identified by Walker and Syers based on studies of a series of chronosequences in New Zealand (Walker 
& Syers, 1976). In the Walker and Syers model, young soils contain little N, because this element is absent 
in most parent materials, including the coastal sands in south-western Australia. However, N accumulates 
rapidly in the early stages of pedogenesis through biological nitrogen fixation (e.g., Menge & Hedin, 
2009). In contrast, P concentrations are relatively high in young soils, but decline over time as P is lost 
by leaching and erosion at a greater rate than it is replenished by bedrock weathering and atmospheric 
deposition.

These changes have profound ecological consequences, because the productivity of plant communities 
tends to be limited by the availability of N on young soils, but becomes increasingly limited by P availability 
as ecosystems age. This eventually leads to a decline in plant productivity and biomass on old, strongly-
weathered soils (Wardle et al., 2004). There are also marked changes in the composition of plant communities 
as ecosystems age, because increasing infertility favours slow-growing species with specialised mechanisms to 
acquire and retain P. Interestingly, vascular plant diversity also increases as soils age, exemplified by changes 
along the Jurien Bay chronosequence (Hayes et al., 2014; Laliberté et al., 2013a).

The Jurien Bay chronosequence shows patterns of soil nutrients that correspond to the Walker & 
Syers (1976) model of nutrient transformations during pedogenesis (Laliberté et al., 2013a; 2013b). In 
particular, soil phosphorus declines from the youngest to the oldest soils, leading to strong P limitation of 
plant growth on the oldest soils (Laliberté et al., 2012). In contrast, plant growth is likely limited by N, K 
or micronutrients on the youngest calcareous soils. Phosphate that is considered most readily available for 
biological uptake (‘plant-available phosphate’) ranges from 2–3 mg P kg-1 on the young calcareous dunes to 
< 0.5 mg P kg-1 on the older dunes (determined by extraction with anion-exchange membranes). Effective 
cation exchange capacity is also very low on older dunes – it is dominated by calcium in all dunes, with 
extremely low concentrations of K throughout (< 0.1 cmolc kg-1). Cation-exchange sites are predominantly on 
organic matter on the oldest soils.

At present, the numerical time estimates necessary to provide a secure time base for these pedological 
changes along the coastal sandplain chronosequences are not available. We know from the general 
stratigraphic expression of the Tamala Limestone succession that this involves the Last Interglacial and 
earlier Middle Pleistocene interglacial stages. The Bassendean Sands provide an early Pleistocene–late 
Pliocene estimate for the earliest events. The degree to which the age of soil profiles corresponds to these 
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major stratigraphic divisions remains to be established. An OSL dating program, presently underway, will 
provide at least part of the answer to this question.

CONCLUDING DISCUSSION

The association of inland sandplains with deep weathering, and the detailed geomorphological 
characteristics and palaeoclimate requirements, point to the possibility that the south-western Australian 
inland sandplains have a history that may only extend into the late Miocene–early Pliocene. It is clear 
that the inland sandplains have been extensively reworked, albeit at a local scale, during Pleistocene 
climate events. So, at least from a Quaternary perspective, the stratigraphy and age structure of inland 
sandplains indicates that they cannot be considered to have been climatically ‘buffered’, but have in fact 
been imprinted repeatedly by past climate events. Taken together, these inferences challenge elements of 
both the OCBIL theory and the more recent claims that species richness of the Southwest Australian 
Floristic Region is primarily the product of a relatively stable Pleistocene climate (Sniderman et al., 2013). 
However, while Pleistocene climates of the inland regions were far from stable, the same cannot be 
claimed for some of the coastal rim regions of the southwest.

The existence of the karri–tingle forest of the southwest is linked strongly to the high annual 
precipitation and edaphic controls specific to the region (e.g., Christensen, 1992). When these distinctive 
forest associations are considered in the context of their specific requirements and the more general 
geographical setting of the wider region, it is apparent that there were no opportunities for the vegetation 
association to migrate when hydrological requirements were not satisfied and the extreme southwest was 
essentially encased by more arid climates. Even the land extensions resulting from the lower sea level 
of glacial stages would have been insufficient to provide necessary refugia or migration opportunities, 
although this does not preclude restricted contractions and expansions of local ranges if moisture 
conditions changed.

Pickett (1997) showed from lake sediments and their associated pollen sequences from the Perth 
region that a reduction in precipitation took place at the Last Glacial Maximum, but found no indication 
of a significant collapse of the winter (westerly controlled) precipitation regime. This, despite the fact that 
some 130 km further east the Avon River presented a broad sand-based channel, without a significant 
riparian rim which was extensively deflated both during the summer and winter months (Wyrwoll, 
unpubl.). This is consistent with dry conditions prevailing for much of the year. Furthermore, in an early 
global circulation model experiment, storm tracks embedded in the westerly (winter) rainfall regime of 
south-western Australia essentially followed their present paths (Wyrwoll et al., 2000). This has been 
generally supported by more recent modelling results (Rojas et al., 2009; Sniderman et al., 2013), despite 
the complexity of responses across a range of global circulation models.

Overall, a model emerges whereby at glacial maxima, inland sandplain environments were strongly 
stressed with limited vegetation cover and general erosional instability, while coastal rim sandplains 
experienced a hydrological environment not that much different from that of today, with general 
geomorphological stability. The model points to a strong regional hydrological gradient at the Last Glacial 
Maximum, a claim supported clearly by the Gordon River succession (see earlier). For such extensive dune 
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migration to occur, the vegetation cover at the Last Glacial Maximum must have been impoverished. It 
is remarkable that karri forest may have prevailed at the same time some 150 to 200 km to the southwest 
(Wyrwoll et al., 2000).

A model in which inland sandplain regions experienced a significant change of climate to much 
drier conditions, with coastal margins retaining much of the present rainfall amounts and water-balance 
characteristics, may require modifications of the claims of Sniderman et al. (2013) and Hopper (2009). 
Instead of either (i) a general climatically-buffered sandplain setting, or (ii) Pleistocene climate stability, 
the revised model indicates that major climate shifts impacted the inland sandplains, while elements of 
the coastal rim remained buffered. This model of sandplain origin and stability is highly speculative, but 
the development of cosmogenic isotope and OSL dating techniques, linked to detailed sediment studies, 
would remove much of the uncertainty. Despite these uncertainties, it is clear that the inland sandplains 
are not simply stable, long-term remnants in the landscape – there has clearly been reworking and the 
refreshing of pedological imprints.

The inland sandplains, in their present expression, may be no older than late Miocene–early Pliocene, 
with the present-type inland sandplain environments not coming fully into existence until possibly 
the latest Pliocene–early Pleistocene. However, this does not preclude the existence of prior sandplain 
terrains. Given the stability and low relief characteristics of both cratons and sedimentary basins, 
weathering ‘residuals’ analogous to present-day sandplains, are likely to have been features of these regions 
throughout much of their geological history. Present-day sandplains are simply the expression of the most 
recent (Paleogene/Neogene) erosional cycle. In this way, the apparent contradiction between the plant–
fossil phylogenetic and geomorphological evidence can be reconciled.

The presently available stratigraphic evidence points to extensive reworking of inland sandplains 
during periods of extreme hydrological stress that occurred at various times in the Pleistocene, with 
glacial maxima being especially important. Using the Last Glacial Maximum as a guide, we propose 
a hydrological model in which the southwest climate was characterised by strong coastal to inland 
precipitation gradients, with extreme hydrological stress prevailing in inland areas. At the same time, 
much of the coastal rim of south-western Australia retained relatively benign hydrological states, hence 
experiencing a more stable long-term hydroclimate environment. This model recognises the potential 
long-term stability of coastal sandplains, compared with the extensive restructuring of the inland 
sandplains by erosional and transport processes.
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CHAPTER 1B. SANDPLAIN AND KWONGKAN :  
HISTORICAL SPELLINGS, MEANINGS, SYNONYMS,  

GEOGRAPHY AND DEFINITION
Stephen D. Hopper

INTRODUCTION

KWONGKAN IS A NOONGAR ABORIGINAL term of wide geographical use in the Southwest Australian 
Floristic Region (sensu Hopper & Gioia, 2004), hereafter SWAFR. Kwongkan (spelt as ‘kwongan’) was 
defined by Beard (1976) as a ‘type of country … [that is] sandy and is open without timber-sized trees 
but with a scrubby vegetation. It consists of plains in an Australian sense of open country rather than in a 
strict sense of flat country. … there are two principal plant formations in the kwongan, scrub heath and 
broombush thicket … both … are sclerophyll shrublands and possess a certain unity when contrasted 
with woodland and forest or steppe and succulent steppe communities.’

In contemporary vegetation studies, kwongkan has replaced other terms applied by European botanists 
such as sand-heide (Diels, 1906) or sand heath (Gardner, 1942), rightly in my view giving priority to the 
language of Aboriginal people who have lived continuously in the southwest for more than 50,000 years. 
Thus, kwongkan has come again into common usage for the SWAFR’s shrubland vegetation and associated 
countryside, equivalent to terms used in other regions of the world experiencing a Mediterranean climate 
– South Africa’s fynbos, California’s chapparal, France’s maquis and Chile’s matorral.

As yet, a detailed review of the historical use of the term kwongkan has not been published. Exactly 
where was the term used by Noongar people? What meaning(s) was/were intended? What synonyms were 
used? Who were the Noongar informants teaching colonial recorders the correct use of the term? Do 
contemporary definitions of kwongkan by botanists match Noongar conceptions of the term?

In this chapter, I discuss these questions, provide pertinent data and illustrate country considered by 
Noongars to be kwongkan (Table 1, Figs 1–3). I conclude with a brief mention of why kwongkan matters 
for cultural, botanical and vegetation studies. I also recommend a revised spelling of the term.
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Table 1. Historical words reported for kwongan: spellings (synonyms), meanings, locations, Aboriginal teacher(s) and references.

SPELLING MEANING LOCATION
ABORIGINAL  
TEACHER(S)

REFERENCES

GUANGAN sand, but I mean by it the open 
sandy desert … (see text for the 
rest of Drummond’s definition)

commences 80 miles E.N.E. 
of Fremantle and is known to 
continue in the same direction for 
200 miles

Cabbinger et al. Drummond 
(1839)

QUANGEN not recorded Victoria Province Swan River 
Colony Not identified Preiss (1844–47)

GUANGAN not recorded two miles east of Bejoording 
townsite, south of Bolgart

Not identified 
– 1839 map of 

Toodyay Valley 
Land Grants 

and Locations

Erickson (1969: 
p. 32)

GONGAN
a sandy district. The easiest road, 
or usual path, or mountain pass 
to a place

Not identified Not identified Moore (1842, 
reprinted 1884)

GWONGAN

open undulating patches of
scrubby country, varying in extent 
and increasing in extent to the 
eastward and northward, of a 
quartz formation

between Neergoning and 
Behanning Spring, a day’s hike 
south of Wongan Hills

Not identified

Ketoun (1849) 
reprinted in 

Hercock et al. 
2011: p. 337

QUONGAN

plains; the flowers on these 
wastes are frequently extremely 
beautiful; the dark cypress and 
occasional streaks of forest trees 
in the distance, is the only break 
in these immense wilds

Dandaragan, and a day’s drove 
south towards Toodyay Not identified Anonymous 

(1850)

BILUNDO sand Mouth of the Murchison River 
district

primarily 
‘Carotty’

Oldfield (1865, 
reprinted 2005)

JITTA a plain Champion Bay [Geraldton] 
district Not identified Foley (1865) 

QUANGANNA sandplains Hampton Plains, between 
Norseman and Kalgoorlie Not identified Roe (1866)

QWONKEN sandplain, plains Jerramongup Not identified Hassell (1975; 
nd)

QUONKIE not recorded Esperance to Israelite Bay Not identified Christie (1895) 

QUOWCKEN 

‘open plain without timber’, 
occasionally interspersed with 
small swamps dominated by trees 
of ‘yate’ (mauw (von Brandenstein 
1988), Eucalyptus occidentalis) and 
‘yauwl’ (yauwarl (ibid.), Melaleuca 
cuticularis). 

Israelite Bay-Cape Arid district Not identified Brooke (1896)

QWONKEN Not recorded Jerramungup Not identified
A.A. Hassell in 
Hassell (1975; 

nd)

QUELQUANG a big sandplain Northam district Not identified Anonymous 
(1903)

COOLUD-
DAHGADDEN place of white sand Murchison House/Kalbarri 

National Park district Not identified Anonymous 
(1904)
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SPELLING MEANING LOCATION
ABORIGINAL  
TEACHER(S)

REFERENCES

INL sandplain Nunginija, Nalbinya (Twilight 
Cove) etc

Ngoongulea 
et al.

Bates (nd–a) 
(Eucla District)

DABBARN sandplain Drollinya (Fraser Range near 
Balladonia) Jimmer Bates (nd–b) 

KWONKAN sandplain Esperance Deebungool Bates (nd–c)

KWONKAN sandplain
Mandoorboornup (Frenchman’s 
Peak), Kabbee kail (Esperance), 
and Banjelungup (Bremer Bay)

Indar, Joowel 
and Baiungan Bates (nd–d)

YAL (YALYAK) open sandy country, clay, sand Albany and Denmark Jakbam and 
Bumblefoot Bates (nd–e)

KWONGAN sandplain Boogerup (Kendenup) Woorgomirt Bates (nd–f)

YAALYER sandplain, sand Kaljingillup, Bridgetown 
Magisterial District Bardeet Bates (nd–g)

KWONGAN 
(KWONKAN) plain, sandplain Korrlup, 50 miles NW of 

Jerramungup Ngailbaitch Bates (nd–h)

BURNAITCH sandplain Karadup (Pinjarrah Magisterial 
District) Ngalyart Bates (nd–i)

GWONGAN sandplain Wergejan (Beverley) Kajaman Bates (nd–j)

KWONGAN 
(KWANGAN) sandplain Vasse Ngilgee Bates (nd–k)

GWEEYA (BUR-
NAIJA) sandplain Wonnerup (Vasse) and Capel Baaburgurt Bates (nd–l)

BOOJOOR 
GWONGAN desert country Guildford Joobaitch or 

Ngoorweel Bates (nd–m)

WORLA–YALYE 
(BURRAR) sandplain Guildford Joobaitch or 

Ngoorweel Bates (nd–m)

KWONGAN sandplain, sand Mekkering Ngwoonbib Bates (nd–n)

KOONGAN plain Wilgamia (Berkshire Valley, 
Victoria Plains) Kajjilgarra Bates (nd–o)

KWONGAN plain, sandplain
Nyarrgee (30 miles NE of 
Mogumber, ?Piawanning, 
Victoria Plains)

Monnop Bates (nd–p)

GORNDAN sandplain (sandhill = warndal) Koorrgordee or Koogurdain 
(Coolgardie)

Warndan or 
Kaddeea and 

Dharroon 
Bates (nd–w)

WARNDAL sandplain
Karratjibbin, between Southern 
Cross and Mt Jackson, and 
Booringoop (Burracoppin)

Beedee, 
Bailberrin and 

Gweea 
Bates (nd–x)

WOORARDOO sandplain Kunnalagunda and Northampton Mundhengo, 
Arranooba et al. Bates (nd–y)

QUANKON plain York district Not identified George Monger, 
per Bates (nd–s)
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SPELLING MEANING LOCATION
ABORIGINAL  
TEACHER(S)

REFERENCES

QUANGINE sandplain York district Not identified
W.M. Parker, 

per Bates (nd–t)
(nd = ?1904–0t) 

QUANGUN plain New Norcia district Not identified

Rev James 
Flood, per 
Bates (nd = 
?1904–06q) 

KUNKUN sandplain New Norcia district Not identified

Rev James 
Flood, per 
Bates (nd = 
?1904–06q) 

CUENCAN sandplain New Norcia district Not identified

Anon, New 
Norcia leaflet, 
per Bates (nd = 

?1904–06u) 

GWANGAN sandplain Northam district Not identified
J.H. Gregory, 
per Bates (nd = 

?1904–06r) 

GUANKINE sandplain Northam district Not identified

Anon, Eastern 
District leaflet, 
per Bates (nd = 

?1904–06) 

YALYER BER-
NAITCH sandplain Busselton district Not identified

James 
Whitworth, per 

Bates (nd–v)

KWONGAN not recorded not recorded Not identified 
Bates 1913, per 

Bindon and 
Chadwick (1992)

KWONGKAN not recorded not recorded Not identified Douglas (1976), 
Dench (1994)

KURNAN, 
(KURNDAN) plain, open, flat

Ngadjumaja people’s country of 
the Dundas district, 830 x 180 
km, from the Norseman area SE 
to Israelite Bay and E to Eucla

Richard 
Donaldson-

Ngurni, Gerdie 
Newman 

von 
Brandenstein 

(1980)

QUARNGQ-QA-
AN sandplain Esperance district

Charlie Dab 
(Taap), Gordon 

Harris

von 
Brandenstein 

(1988)

PAANN a plain, bald Esperance district
Charlie Dab 

(Taap), Gordon 
Harris

von 
Brandenstein 

(1988)

KWONGKAN 
(BOODJERA) sandplain not recorded Contemporary 

elders
Whitehurst 

(1992)

KWONKAN 
(KWANGAN) plains country Koorda district Not identified Milne (1992)

KURNAN 
(KURNDAN) plain, open (tarban = flat (land))

Ngajumaya people’s country of 
the Dundas district, 830 x 180 
km, from the Norseman area SE 
to Israelite Bay and E to Eucla

elders Hanson (2008)

KWONGKAN
sandplain, sand Avon Catchment Region Balardong elders Anonymous 

(2009)

*literally sand and light, where the light hits the sand, or where the spirits are in the sand
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figure 1. Kwongkan, looking south to 
yorlinning (mt Arid), east of esperance, 
featuring species of proteaceae 
(e.g., Banksia speciosa, Adenanthos 
cuneatus), ericaceae (e.g., lysinema 
pentapetalum) and many other genera of 
shrubs, graminoids and geophytes. This 
vegetation and landscape is what eyre 
(1845) described as ‘sandy downs, covered 
with low shrubs or bushes’, and Brooke, 
misspelt for Brooks (1896) spelt as the 
local Aboriginal name quowcken for ‘open 
plain without timber’. photo by the author.

figure 2. Kwongkan in Hindmarsh nature 
reserve, south-east of dowerin, with 
a small grove of mallee eucalypts in 
the distance. Conspicuous low shrubs 
are white-flowered and blue-flowered 
Conospermum (proteaceae). This was 
first recorded by drummond (1839) by the 
Aboriginal name he spelt as guangan, the 
‘open … desert, … generally extensive 
and sandy, covered thinly with small 
shrubs’. photo by the author.

figure 3. Beard’s map of general vegetation 
types in the Southwest Australian floristic 
region, modified by Hopper and gioia 
(2004), with red dots indicating the home 
country of noongars and adjacent people 
who used the term kwongkan for sandplain, 
and red circles indicating alternative 
synonyms (see Table 1).

PREFERRED SPELLING (KWONGKAN ) AND USE OF THE WORD  
‘TEACHER’ RATHER THAN ‘INFORMANT’
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To reflect contemporary orthographies, many Noongar elders (Whitehurst, 1992; Anonymous, 2009) and 
most linguists spell kwongan as ‘kwongkan’ (Douglas, 1976; Dench, 1994; Rooney, 2011). The deliberate 
insertion of ‘gk’ in the middle of the word is to indicate a pronunciation that matches neither that of 
‘g’ or ‘k’ in English, but something in between. To ensure this important difference in pronunciation is 
recognised, and as a sign of respect for Noongar and professional linguistic practice, consequently, I adopt 
the spelling – kwongkan – and urge biologists and other contemporary writers to do likewise. This may 
cause some minor confusion given the widespread adoption of Beard’s recommendation for Daisy Bates’ 
shorter spelling (kwongan), which is now entrenched in scientific literature. With time, however, the more 
respectful and linguistically apposite kwongkan will undoubtedly gain equal or more extensive currency.

I also use the word ‘teacher’ (babingur in Noongar language) rather than ‘informant’ for the Aboriginal 
people who conveyed their languages and meanings to white recorders. This more accurately conveys the 
dynamics of the exchange of knowledge, as a teacher–student relationship, and is less culturally loaded 
with paternalistic connotations than the term ‘informant’, often used by colonial recorders.

HISTORICAL SPELLINGS

Because Noongar language and dialects were orally transmitted, and agreement among elders and 
linguists about a standard orthography has only arrived over the past two decades, many spellings  
of the same spoken word are commonplace in the historical literature. Kwongkan is no exception  
(Table 1). Individual spellings were contingent upon many factors: how words were spoken, in 
what context, how they were heard and written down (e.g., by English, Scots, Welsh, Irish, or other 
Europeans), and the fluency and willingness of pupil recorders to check and double check pronunciations 
and meanings with their Noongar and other Aboriginal teachers. Cross-cultural communication was, 
and is, very much a two-way activity. Some interactions were paternalistic, or antagonistic, or genuinely 
respectful. Aboriginal teachers and colonial students of language responded accordingly. Thus, we see 
many orthographic variants of kwongkan in the historical literature (Table 1): cuencan, guangan, gongan, 
gwongan, gwangan, guankine, quangen, quelquang, quongan, quangine, quankon, quangun, kunkun, qwonken, 
quonkie, quowcken, kwongan, kwonkan, kwangan, kwangyn, kwankon, koongan, gorndan, kurnan, kurndan, 
quanganna and quarngq-qaan. To Noongars, this variation is of little consequence, as long as meaning and 
proper pronunciation are understood. However, for English speakers and writers, it is important to settle 
on an agreed orthographic variant for common usage. Hence, I opt for kwongkan, as discussed above.

MEANINGS

As with so many other aspects of the southwest flora, colonial botanist James Drummond was the first 
to record Noongar usage of the term in an 1839 letter to Kew’s Director Sir William Hooker, where 
‘guangan’ was described as the Noongar name for ‘sand, but I mean by it the open sandy desert which 
commences 80 miles E.N.E. of Fremantle and is known to continue in the same direction for 200 miles 
… Fresh water is scarce … even in our rainy season. It is undulating country, the hills generally small and 
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low, the soil on them is strong clay … the valleys between these hills are generally extensive and sandy, 
covered thinly with small shrubs.’ (Drummond, 1839). Thus Drummond distinguished between hills of 
clay soil and valleys of sandy ‘guangan’.

An 1839 map of Toodyay Valley Land Grants and Locations has on it the term ‘Guangan’ two miles 
east of Bejoording townsite, south of Bolgart (reprinted in Erickson (1969: p. 32)). Another collector, 
Ludwig Preiss (1844–47), spelt the term as quangen in the locality information for a collection of 
Eucalyptus macrocarpa made in March 1840 in the ‘Victoria Province’ northeast of Perth. (Beard, 1976). 
Moore (1842, reprinted 1884) gave the spelling ‘gongan’ for ‘a sandy district. The easiest road, or usual 
path, or mountain pass to a place’.

The town of Wongan Hills may derive its name from kwongkan (Maiden, 1903–33). Drummond 
(3 October 1842, republished in Erickson (1969: p. 165) and in Hercock et al. (2011; p. 213)) reported 
the native name of Guangan Catta, which means hills of, or above, the kwongkan, when he first saw the 
hills in the distance accompanied by Cabbinger and an unnamed Noongar guide. An article in the Perth 
Gazette (1 June 1847) by ‘Ketoun’ reported on ‘A trip to the Wong-an Hills’, where on 27 April 1844 his 
party ‘… crossed an immense ‘gwongan’, these gwongans are open undulating patches of scrubby country, 
… of a quartz formation.’ (reprinted in Hercock et al. (2011: p. 337).

Much further inland, Roe (1866), second in command of C.C. Hunt’s expedition to the Hampton 
Plains 80 km east of Kalgoorlie, recorded the word quanganna as meaning ‘sandplains’. This indicates that 
the Noongar word kwongkan was known to and in use by western desert ancestors of today’s Wangkathaa/
Ngajumaya/Malpa people.

Kwongkan with a different spelling was recorded by pastoralist J.P. Brooke, misspelt for Brooks (1896) 
for the Israelite Bay-Cape Arid district some 900 km SE of Wongan Hills. He described and defined 
quowcken as the Aboriginal word for sandplain or ‘open plain without timber’, occasionally interspersed 
with small swamps dominated by trees of ‘yate’ (mauw (von Brandenstein, 1988), Eucalyptus occidentalis) 
and ‘yauwl’ (yauwarl (ibid.), Melaleuca cuticularis). Approaching from the northeast after traversing the 
head of the Great Australian Bight, explorer E.J. Eyre in 1840 noted these same ‘sandy downs, covered 
with low shrubs or bushes’ (Eyre, 1845), (See fig. 1), but was unaware of the local Aboriginal name applied 
to them. 

Jerramungup settler A.A. Hassell, and his wife Ethel (Hassell, 1975) recorded the name used by 
Wilomen people for sandplain as qwonken, and journalist–anthropologist Daisy Bates in 1913 was the first 
published author to record the spelling as ‘kwongan’ (Bindon & Chadwick, 1992). Bates (probably 1904–
06a–y), in a series of manuscript vocabularies recorded in field work, provided the most extensive accounts 
of use of the term kwongkan, usually meaning sandplain (Table 1). Noongar and neighbouring people 
clearly used the term widely, across many dialects and substantial distances in semi-arid country north, 
northeast, east and southeast of Perth. Kaan (qaan, gaan, kan, gan) means light or spirit, so kwongkan 
literally may mean where the light hits the sand, or where spirits are in the sand (von Brandenstein 1988).

The first book devoted to kwongkan (Pate & Beard, 1984) divorced the application of the term to 
both sandy countryside and vegetation, as Noongars had used it. Beard & Pate (1984) preferred to apply 
kwongkan strictly to vegetation, defining it technically as: ‘… any community of sclerophyll shrubland in 
south-western Australia which has a stratum + 1 m tall or less of leptophyllous and nanophyllous shrubs. 
It may also contain either taller shrubs, which may be dominant – so long as the dominants are of genera 
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other than Eucalyptus – or scattered trees of any kind which are not dominant.’ Thus, they intended to 
extend use of the term kwongkan to shrublands beyond those on sandy soils, such as coastal heaths on 
limestone and granite, and hill thickets on various rock types. Conforming to Brooks’ (Brooke misspelt 
for Brooks, 1896) definition, scattered trees were also included as a component of kwongkan provided 
they did not dominate the heaths and thickets. The countryside on which kwongkan vegetation most 
commonly occurred was termed ‘sandplain’ by Beard & Pate (1984). This clarification, while helpful for 
strict vegetation science, was a modification of the use of kwongkan beyond its original Noongar meaning 
of sand or sandplain, easily traversed because of low scrubby vegetation, occasionally with scattered trees. 
Such scientific nomenclatural appropriation, although well-intended, is controversial today in cross-cultural 
dialogue. However, a focus on both vegetation and on sandy soils and sandplain undoubtedly will remain 
important components of kwongkan studies, whichever nuance of definition and meaning is favoured.

SYNONYMS AND GEOGRAPHY

Kwongkan was widely applied to sandplain in semi-arid country, its characteristic low shrubby vegetation 
interspersed in a mosaic of woodlands and mallee (Fig. 3). In contrast, sandplain was called by Noongars 
from Albany through forest and wet coastal country to Perth and Gingin yalyer bernaitch, yal, yalyak, 
yaalyer, gweeya, burnaija, burnaitch, worla-yalye, and burrar (Table 1). Burnaitch also means bald, or open/
desert country. Yal and its orthographic variants means ‘sand’. A couple of Daisy Bates’ teachers from 
Perth and the Vasse used the term kwongkan for sandplain, but they lived in Perth with people from semi-
arid country so may have picked up this term from their co-dwellers in fringe camps.

A gradual transition to other forms of the word kwongkan were applied for sandplain among people 
eastwards of Noongar territory towards Kalgoorlie and the Hampton Plains (kurnan, kurndan; gorndan; 
quanganna – Table 1). Kwongkan was not apparently used by the Mirning people of the southern 
Nullarbor and western desert people from Lake Barlee inland, who instead use synonyms for sandplain 
such as warndal, dabbarn and wini (Table 1). To the north, in the Northampton and Kalbarri districts, 
dramatically different words were/are applied to kwongkan and sand, e.g., woorardoo, jitta, bilundo and 
cooluddahgadden. Given the dominance of use of the term kwongkan over such a wide geographical area 
in the SWAFR and further eastwards, extending its use for scientific discourse to country to the north, 
down the Swan Coastal Plain and inland beyond the SWAFR is recommended for simplicity, although 
citation of local terms may be more apposite and respectful in detailed studies.

WHY KWONGKAN MATTERS

Kwongkan is extensive, occupying about a quarter of the SWAFR, and contains 70% of the 8000+ native 
plant species known from this global biodiversity hotspot (Beard & Pate, 1984; Hopper & Gioia, 2004). 
Half of these species are found nowhere else on Earth. This makes kwongkan vegetation one of the most 
significant natural heritage assets in a temperate climatic region, deserving the increasing national and 
international attention it so richly merits.



CHApTer 1B. SAndplAin And KwongKAn: HiSToriCAl SpellingS, meAningS, SynonymS, geogrApHy And definiTion  

3 1

Kwongkan contains an array of plants, animals, micro-organisms and life histories that are both 
poorly studied and exceptionally diverse, affording opportunities for novel biological discovery (Pate & 
Beard, 1984; other chapters in this book). Kwongkan also offers profound insights into evolution at its 
most prolonged and sophisticated, on old, climatically-buffered infertile landscapes that are rare on Earth 
today (Hopper, 2009).

Noongar people developed and have profound understanding of aspects of kwongkan useful to human 
lifeways (e.g., von Brandenstein, 1988; chapter 9) that will become increasingly important in a rapidly 
changing world. For example, developing new forms of agriculture in phosphorus-limited landscapes has 
much to learn from the study of kwongkan plants (Lambers et al., 2011), and inclusion of Noongar staples 
such as youck (Platysace tubers) in future agriculture is now under active experimentation (Woodall et al., 
2010).

We would all be diminished if we let kwongkan slip away through our fingers, losing one of the world’s 
biological treasure houses, containing many useful but largely unused plants (chapter 9). Kwongkan and 
its repair and restoration are vital responsibilities deserving increasing focus. The cultural, economic 
and biological value of kwongan is likely to increase as more is discovered about this globally important 
vegetation and associated landscapes.
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