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Abstract – We describe the origins, relevance, aims, specifications and 
sampling strategy of a six-year biodiversity survey of Western Australia’s 
Pilbara biogeographic region (179,000 km2). During the project, 422 terrestrial 
sites were sampled for perennial and annual vascular plants, of which 304 
were also sampled for small ground-dwelling mammals, birds, reptiles, frogs, 
ground-dwelling spiders, ants, beetles and scorpions. Ninety-eight sites on 
waterbodies were sampled for aquatic invertebrates, macro- and microphytes 
and the fringing riparian vegetation; 508 boreholes were sampled for 
stygofauna; 69 sites were sampled for microbats; and mammal bone material 
from 15 late Holocene deposits was identifi ed. An introduction to literature on 
the region’s physical environments and recent land-use history is provided, 
along with descriptions of the Pilbara’s four sub-regions in terms of their 
different landforms and vegetations.

BACKGROUND

The Pilbara Region of Western Australia (WA) 
is important to the economic development of 
Australia, particularly because of its internationally 
signifi cant reserves of iron ore and the rapidly 
expanding resources sector they support. The 
region comprises ancient and striking landscapes in 
an arid setting, and its biodiversity has elements of 
tropical, desert and semi-arid southern rangeland 
fl oras and faunas, as well as many local endemic 
species. It is the location of two major national 
parks and several other conservation reserves, 
but their effectiveness in conserving the region’s 
biodiversity has not been properly assessed.

The biota of the Pilbara is still poorly documented, 
despite a considerable amount of localised survey 
by government institutions, tertiary institutions, 
and mining companies or their environmental 
consultants. Examples include Burbidge (1959), 
Integrated Environmental Services (1980), Fox 
and Dunlop (1983), Muir (1983), Dunlop and 
Porter (1985), Anon. (1991), ecologia Environmental 
Consultants (1997), Eberhard and Humphreys 
(1999), Trudgen and Casson (1998), van Etten (2000) 
and Biota Environmental Sciences (2002). Although 
approximately 800 biological survey reports had 
been compiled for parts of the region prior to 
2005 (Higgs 2005; How and Cowan 2006), only 
two broad-scale biological studies are available: a 
vegetation map at 1:1,000,000 scale with explanatory 
notes (Beard 1975), and a land classification, 
mapping and pastoral resource evaluation of the 
region (van Vreeswyk et al. 2004). Both focus on 
patterns in vegetation and dominant fl ora, rather 

than fl oristic composition or fauna. This hampers 
assessments of the likely environmental impacts 
of many economically important development 
projects and pastoral diversification proposals, 
as well as the development of a comprehensive, 
adequate and representative reserve system. 
New species of terrestrial plants and vertebrates, 
as well as large numbers of terrestrial and 
aquatic invertebrates, are still being discovered 
in the Pilbara. For instance, 12 new taxa of wattle 
(Acacia) have recently been described from the 
Pilbara (Maslin and van Leeuwen 2008), six of 
which are endemic. Similarly, recent studies 
have revealed that the region has a rich fauna of 
subterranean invertebrates (Eberhard et al. 2005; 
Biota Environmental Sciences 2007; Harvey et al. 
2008), characterised by localised endemism.

Broad-scale exploitation of Australia’s natural 
habitats to meet the economic growth demanded 
by expanding human populations has resulted in 
widespread declines in biodiversity, including its 
composition, biomass and productivity (Woinarski 
et al. 2000). Pilbara landscapes have been modifi ed 
by pastoral use, mining activities and altered fi re 
regimes for more than a century. During this 
period, over-grazing and too-frequent wildfi res 
have changed vegetation cover and in many 
instances stripped the upper layers from soil 
profi les (Payne and Tille 1992), while a range of 
exotic animals and plants has been introduced, 
with detrimental effects on the region’s biodiversity. 
Desktop assessments of the region’s rangeland 
condition (Woinarski et al. 2000), environmental 
health (Morgan 2001) and conservation reserve 
system (McKenzie et al. 2003) have revealed 
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ongoing degrading processes at levels equivalent 
to the other arid pastoral regions of Australia. Of 
the original mammal fauna, 15% is now extinct 
in the region, and 42 of the region’s 88 vegetation-
types (mapped at 1:250 000 scale) do not occur 
in conservation estate. Indeed, only 0.8% of the 
region’s Fortescue sub-region is reserved for nature 
conservation.

Spatially explicit, regional-scale biodiversity 
models are essential to achieve sustainable 
development, in which the needs of biodiversity, 
economic development and human populations 
are met. Regional biodiversity survey data provide 
a framework for assessing the environmental 
impacts of development proposals by providing 
a quantitative basis for predicting species’ 
occurrences throughout a region. They provide a 
context for extrapolating the results of localised 
surveys and explicit inputs for land-use planning, 
including cost-effi cient gap-analysis of a region’s 
conservation reserve system. Without a regional 
context, intensive localised surveys may exaggerate 
the conservation importance of a site or of 
species found there. For example, borefi elds are 
being planned in many parts of the Pilbara to 
extract groundwater for economically important 
mining and downstream processing projects 
and to supplement town water supplies. Playford 
(2001) recommended that regional and site-
specific surveys of Pilbara stygofauna were 
essential to resolve difficulties in assessing, 
under State and Commonwealth environment 
legislation, the impact of mine de-watering and/or 
groundwater extraction on stygofauna. Reliable lists 
of threatened species and ecological communities 
compiled at a regional scale underpin cost-effective 
recovery programs.

The importance of a comprehensive regional 
biodiversity framework for impact assessment 
and sustainable natural resource development 
has been articulated in the advice provided 
to  gover n me nt s  by  t he  Env i ron me nt a l 
Protection Authority for a number of Pilbara 
development proposals. For example, in the 
assessment of the West Angelas Iron Ore Project, 
the Environmental Protection Authority noted: 
‘The assessment of developments in the Pilbara is 
hampered the absence of consolidated information 
on the regional distribution of terrestrial fauna, 
subterranean fauna and an adequate database of 
signifi cant vegetation associations in the region.’ The 
Authority subsequently recommended: ‘a project 
to consolidate vegetation and fauna data for the Pilbara 
to facilitate assessment of future proposals should be 
initiated …’ (Environmental Protection Authority 
1999).

Research has demonstrated that a range of plant 
and animal groups must be surveyed in order 

to reveal actual biodiversity patterns across the 
landscape (e.g. Ferrier and Watson 1997; Fleishman 
et al. 2002; McKenzie et al. 2004) and thus make 
conservation programs cost-effective. Regional 
biodiversity surveys document the distribution and 
conservation status of biotic components selected to 
represent diverse mobility, longevity, daily energy 
and moisture requirements, nutritional roles, 
biomasses and reproductive strategies.

The Western Austral ian Department of 
Environment and Conservation, with the assistance 
of the Western Australian Museum, has a long-
standing commitment to undertaking regional 
biogeographic surveys of Western Australia. Since 
the 1970s, there have been major regional surveys 
of the Eastern Goldfi elds, Nullarbor, Kimberley 
rainforests, southern Carnarvon Basin and the 
Wheatbelt (e.g. McKenzie et al. 1991a; Burbidge 
et al. 2000a; Keighery et al. 2004). Other major 
surveys cover parts of the Great Sandy Desert, 
Gibson Desert, Little Sandy Desert, Dampier 
Peninsula, southern forests and numerous existing 
and proposed conservation reserves (e.g. Miles 
and Burbidge 1975; Burbidge and McKenzie 1983; 
Keighery et al. 2007), though most of these had 
limited taxonomic scope compared to more recent 
surveys.

RATIONALE

By 2000,  the Pi lbara’s  substant ia l  and 
economically important mineral industries were 
expanding rapidly and the Western Australian 
Government was becoming concerned about 
environmental issues. The Pilbara Development 
Commission’s draft Regional Policy Statement 
reported: ‘Research and development is a key to 
a healthy and sustainable future. To maximise the 
resources available, partnerships will be sought with 
the private sector, universities and the Commonwealth 
Government to research regional … environmental 
issues and opportunities.’ The Premier’s Science 
Council recommended that Government ‘Increase 
the funding available to agencies for strategic biodiversity 
and taxonomic research ...’ and observed that ‘Although 
CALM … [Western Australian Department of 
Conservation and Land Management, now WA 
Department of Environment and Conservation, 
DEC] … is undertaking regional surveys, this 
effort is not keeping up with the requirements of 
the Environmental Protection Authority to assess 
development proposals or the needs of researchers and 
communities involved in environmental remediation … 
the high level of biodiversity in the State and the need 
for comprehensive surveys of biota will place increasing 
importance on the role of museum staff … [and] … 
funding is required…to enable these researchers … to 
participate in surveys and conduct taxonomic research.’

Similar policies were being drafted in a more 
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general context during that period. To ‘… Ensure the 
protection of biodiversity and ecological integrity on a 
regional scale…’ (Department of Local Government 
and Regional Development’s draft Regional Policy 
Statement for WA, November 2002); to ‘Complete the 
program of comprehensive bioregional surveys designed 
to establish an inventory of the State’s terrestrial and 
aquatic biodiversity and to identify areas of signifi cance 
for nature conservation, and incorporate a CAR 
[Comprehensive, Adequate and Representative] 
reserve system in … high priority bioregions …’ 
(Western Australian Government Environment 
Policy Paper, ‘New Directions’); ‘Government 
continues to expand the conservation estate to achieve 
a [CAR] reserve system …’ and will ‘Establish 
and maintain a whole-of-government environmental 
database that incorporates the results of the ongoing 
biological survey and monitoring program …’. (Western 
Australian Government 2002).

An explicit basis for minimising the impact of 
resource development and land use on Pilbara 
biodiversity would require a quantitative, region-
wide understanding of biodiversity patterns. To 
build this context, a program of fi eld sampling was 
designed for this survey, to:

• Provide systematic baseline data on the current 
distribution of biota across the region as a 
regional perspective on nature conservation 
prior it ies and a f ramework for future 
monitoring of regional-scale trends. To achieve 
this, the project had to include taxonomic 
studies of relevant plant and animal groups 
with poorly resolved phylogenies at the species-
level such as lizards and aquatic invertebrates, 
especially those describing species that defi ne 
groundwater communities.

• Provide a more detailed understanding of 
plant and animal distributions: an explicit 
context for assessing the conservation status 
and distribution of species and communities 
and the signifi cance of localised occurrences of 
species, on which to base management actions 
and determine the conservation implications of 
development proposals. 

• Include a quantitative assessment of the existing 
reserve system to identify gaps in its coverage 
of species and communities and identify areas 
that effi ciently improve its comprehensiveness, 
adequacy and representativeness. This reserve 
system is the primary nature conservation 
strategy, and a basis for promoting and 
attracting ecotourism to the spectacular and 
world-class scenery and wilderness values 
found throughout the Pilbara.

• Make the results of the survey available in 
a usable form to government, industry and 
the wider community.

The regional survey to provide these data 
was first proposed in September 1992 by the 
Environmental Protection Authority who, in their 
recommendations to government in the assessment 
of the Marandoo Mine and Central Pilbara Railway, 
stated: ‘… an integrated biological survey should be 
carried out to determine the distribution of signifi cant 
species of fl ora and fauna and geographically restricted 
vegetation communities … in the Central Pilbara 
Region’ and ‘Data collection should begin without delay’ 
(Environmental Protection Authority 1992).

The project’s eventual specifications involved 
surveying the vertebrates and an array of 
invertebrate groups at 304 terrestrial zoology 
sites, plants at 422 sites (304 of which were 
also terrestrial zoological sites), microbats at 69 
sites, and invertebrates and flora at 98 surface 
aquatic sites scattered across the region. It also 
included a survey of mammal bones from late 
Holocene deposits located within the region. A 
stygofauna component was not included in the 
plan until 2000, when an application to dewater 
the calcrete aquifer associated with BHP Billiton’s 
‘Ore Body 23’, near Newman, was presented to the 
Environmental Protection Authority. By early 2001, 
after including a stygofauna survey of 350 ground-
water access points in the specifi cation, CALM’s 
policy directorate had decided to proceed with the 
project, and collaborations with Western Australian 
Museum and the Commonwealth Government’s 
Natural Heritage Trust were being negotiated. 
Fieldwork on the stygofaunal component of the 
survey commenced in July 2002, while other 
components commenced in March 2003.

AIM

The overall aim was to carry out the first 
comprehensive biodiversity survey of the Pilbara 
region. Specifi c aims were to: 

• Provide systematic region-wide site-based 
survey data on the current distribution of the 
biota across the region, and a framework for 
future monitoring of regional-scale trends.

• Sample a range of organisms that,  in 
combination, is wide enough to provide a 
spatially explicit biodiversity model of the 
region.

• Analyse these data in relation to the region’s 
physical environments, and interpret them in 
terms of earlier species records.

• Identify gradients in community composition, 
and the environmental factors related to these 
gradients, to provide a better understanding of 
plant and animal distributions.

• Undertake taxonomic studies where necessary 
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to defi ne and describe key species that defi ne 

communities.

• Assess the adequacy of the existing reserve 

system and identify gaps in its coverage of 

species and communities.

• Publish the survey results in refereed scientifi c 

journals, make the data-bases freely available 

in convenient formats, and communicate the 

project’s progress, results and implications 

through relevant media to encourage imple-

mentation of the project’s recommendations.

THE STUDY AREA

The Pilbara biogeographic region corresponds 

closely to the Pilbara Craton, and encompasses an 

area of approximately 179,000 km2. The mainland 

component is 178,500 km2 with the residual area 

being represented by offshore islands, principally 

within the Dampier Archipelago. The region 

extends from 20º to 23º30´S latitude, and 115º to 

121º30´E longitude (Figure 1), and is bounded by 

the Indian Ocean to the north-west, sand deserts 

to north-east and east, and the Gascoyne and 

Carnarvon regions to the south and south-west, 

respectively. For the aquatic survey, the study was 
extended southwards from the southern boundary 
of the Hamersley subregion to the main channel of 
the Ashburton River, and eastwards to the Rudall 
River.

The Pilbara region as defi ned by Thackway and 
Cresswell (1994), and used in the study, is founded 
on the Fortescue Botanical District as described 
by Beard (1990). It therefore encompasses the eight 
physiographic units identified by Beard (1975): 
Abydos Plain, George Range, Oakover Valley, 
Chichester Plateau, Fortescue Valley, Hamersley 
Plateau, Stuart Hills and Onslow Coastal Plain. 
Within a national physiographic framework, 
the study area includes the De Grey Lowlands, 
Nullagine Hills, Chichester Range, Fortescue 
Valley, Hamersley Plateau and portions of the 
Onslow Plain and Carnarvon Dunefi eld sections of 
the Pilbara and Western Coastlands Provinces as 
defi ned by Jennings and Mabbutt (1977). In terms 
of the contemporary soil-landscape classifi cation 
for the rangelands and arid interior of Western 
Australia (Tille 2006), the study area includes all 10 
zones of the Fortescue Province and extends into 
two zones of the Exmouth Province (Cane River 
and Onslow Plain) and two zones of the Ashburton 

Figure 1  The Pilbara Biogeographic Region (Environment Australia 2000) showing towns, main rivers (blue lines), 
land tenure, sub-regions (green lines), and surrounding regions (black lines).
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Province (Stuart Plains and Hills, and Ashburton 
Valley). It also intrudes into the periphery of the 
Eighty Mile Coast, Nita Sandplain and Great Sandy 
Desert zones of the Canning Province, and the 
Waroo zone of the Patterson-Yeneena Province.

The region’s islands were not sampled during the 
survey because they are comparatively small and 
their fl oras and faunas are relatively well-known in 
the context of the region as a whole (e.g. WEL 2007).

CLIMATE

An overview of the region’s climate was provided 
by Leighton (2004). Briefl y, most rainfall occurs in 
summer, along with thunderstorms and occasional 
cyclonic activity. Average annual rainfall is 290 
mm, ranging from a monthly average of c. 2 mm 
in September to 66 mm in February. January, 
February and March are the wettest months while 
September and October are the driest (Figure 2). In 
some years there is rain in early winter. Leighton 
(2004) commented ‘… the slightly bimodal pattern of 
rain ensures, in good years, that the vegetation growing 
season is prolonged.’ There is substantial year-to-year 
variation in rainfall, both locally and regionally. At 
least one cyclone traverses the region in a normal 
summer and others pass close by along the coast. 
They supply half of the annual rainfall. Cyclonic 
rainfall has occasionally exceeded 700 mm in 
24 hours, and more than 1200 mm annually, at 
particular localities.

The thunderstorm and cyclonic nature of most 
rainfall events interacts with the rocky slopes 
of the upper- and mid-catchment topography 
to generate high run-off volumes and velocities. 
These events cause widespread sheet erosion 
in areas denuded by recent bushfires or over-
grazing, and the over-bank riverine fl oods strip 
riparian zones. The transported material is 
deposited as bed loads of sand in the river 
systems, and as clays and silts onto fl oodplains 
on the Fortescue and Roebourne Plains and on 
the seafloor at the mouths of the major rivers. 
Although there are few extended periods when 
the entire Pilbara is affected by drought, areas are 
regularly affected by defi ciencies, either serious 
(lowest 10% of rainfall values recorded for a 
three-month period) or severe (lowest 5%). On a 
drought-risk scale of zero to one, the Pilbara has an 
area-weighted average greater than 0.7 (Colls and 
Whitaker 1995).

Monthly maximum temperatures range from 
an average of 25ºC in July to 37ºC in January, and 
minimum temperatures from an average of 12ºC 
in July to 25ºC in January (Figure 2). The Pilbara 
straddles two bioclimatic regions (Beard, 1990). The 
higher rainfall areas inland (Hamersley Plateau) 
and the cooler areas near the coast have a semi-

desert tropical climate with nine to 11 months 
of dry weather. The rest has a desert climate 
characterised by up to 12 months of dry weather 
and generally higher temperatures. Beard defi ned 
dry weather as periods when precipitation is 
insuffi cient to sustain growth given the ambient 
temperatures. The region’s broad near-coastal 
band (Figure 3) has a hot, humid summer with a 
warm winter, while inland areas experience a hot 
dry summer and a mild winter. Evaporation is 
probably the most important factor in water loss 
in the region, infl uencing both plants and animals. 
Throughout the Pilbara, potential evaporation 
exceeds average annual rainfall by a factor of at 
least eight, and by up to 20 in its south-east.

Climate change will have a wide range of 
impacts on biodiversity within the Pilbara.  It may 
impact upon species distributions and abundance, 
ecosystem processes, the interaction between 
species and the various threats that currently 
impinge on biodiversity. Key amongst the emerging 
climate change threats to Pilbara biodiversity will 
be the arrival of species (native and exotic) new to 
the region, further alterations to fi re regimes, land 
use changes and alterations to hydrological regimes 
(Dunlop and Brown 2008). How Pilbara biodiversity 
responds to the climate change challenge will 
to some extent be moderated by a CAR reserves 
system, the generally good condition of many 
Pilbara ecosystems and the inherent refugial 
nature of some habitats (e.g. hill tops, mesic gorges, 
permanent spring fed pools) (Morton et al. 1995).

Current predictions of future climatic conditions 
across the Pilbara (CSIRO and Bureau of 
Meteorology 2007; Dunlop and Brown 2008) suggest 
that:

• the region will become warmer with more hot 
days and fewer cold nights;

• a small decline in annual rainfall is possible;

• the water deficit will increase as higher 
evaporation rates reduce runoff;

• droughts will be more frequent and severe;

• extreme storm events will become more 
common, particularly tropical cyclones;

• there will be greater inundation in coastal areas, 
associated with storm surge and sea level rises.

Using the agro-climatic zones of Hobbs and 
McIntyre (2005), Dunlop and Brown (2008) 
suggested that the key issues for biodiversity 
resulting from climate change are likely to be:

• changes in fi re regime but somewhat moderated 
by limited growth and grazing;

• arrival of further species from the tropics and 
additional pasture species as a result of wet season rain.
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Figure 2 Bioclimatic regions and monthly average rainfall (mm), maximum and minimum temperature (ºC) and 9 
am and 3 pm relative humidity values based on a selection of six Bureau of Meterology weather stations 
scattered throughout the Pilbara.
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• overgrazing from a reduction in productivity 
commensurate with an increase in moisture 
defi ciency.

SOILS

Soil development throughout the ranges is 
generally poor, especially toward the highest areas 
where slope and gravitational forces colluded to 
redistribute such material down slope. Typically, 
soils are skeletal, shallow and stony, having been 
derived in situ or deposited as colluvium and 
alluvium pediments on valley floors. Colours 
reflect the underlying parent material as does 
the preponderance of ferruginous pediments. 
Texturally the soils are stony loams, although clays 
and silts become prevalent towards the bottom of 
the catena (Bettenay et al. 1967). As a consequence 
of parent rock geology most soils are of low fertility 
and slightly acidic, although the clays associated 
with basalts and those of alluvial and colluvial 
valley fl oors tend towards alkaline and are more 
fertile (CALM 1999; van Etten 2000).

Hennig (2004) identifi ed 21 broad Soil Groups, 
and interpreted their occurrence according to 
the region’s geomorphology. This interpretation 
is summarised in the following paragraphs. 
Shallow stony soils on hills and ranges and sands 

on sandplains are the most extensive. The red/
brown soils of hills and ranges have stony profi les 
and very stony surfaces with rock outcrops. Red 
shallow loams/sands are most common on basalt 
hills, with shallow non-cracking clays in isolated 
pockets and valleys within these hill systems. 
Red loamy earths with deeper profi les and stony 
surfaces occur downslope, along with areas of deep 
non-cracking clays. Self-mulching cracking clays 
occur at the lowest landscape levels, with areas of 
deep non-cracking clays and deep loamy duplex 
soils.

Granitic landforms comprise red sands, shallow 
where granite hills outcrop but expressed as 
gently undulating plains with red sandy earths, 
deep sands and loamy earths elsewhere. Calcrete 
areas have shallow calcareous loams. Stony soils 
dominate hills and mesas on the region’s eastern 
periphery, with stony red loamy earths on plains 
below the hills and deep red/brown non-cracking 
clays at the lowest levels in this landscape. Further 
east is the Great Sandy Desert, characterised by 
deep red sand surfaces expressed as dunefi elds 
with areas of red sandy earth on sandplains 
and scattered hills with stony soils. The western 
periphery of the study area has extensive plains 
of deep red sand and red sandy earths, with stony 
soils adjacent to hills.

 Figure 3 Digital elevation model (from Geoscience Australia GEODATA 3 second DEM version 2), with IBRA ver-
sion 6 regional and subregional boundaries superimposed as black lines and as white lines, respectively. The 
boundary between coastal and desert climatic zones is marked as a dashed line.
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Alluvial plains of deep red sandy duplex soils 
and fl oodplains of red/brown non-cracking clays 
are associated with major rivers. Alluvial plains of 
the major rivers further east comprise self-mulching 
cracking clays, red/brown non-cracking clays and 
some deep red sandy duplex. These same three soil 
groups, but in reverse order of extensiveness, form 
the plains near the Pilbara’s north-west coast and 
the deltas of its rivers. Mostly dry, the river beds 
and levees have juvenile or poorly developed sandy 
soils that show sediment layers of coarse loose 
sand, clayey sand, silty sand and silty clay. The 
region’s coast comprises tidal soils (saline clays and 
sandy clay loams) with beaches of calcareous deep 
sands in some areas. Adjacent are plains of deep 

red or grey sandy or loamy duplex soils, saline red/

brown non-cracking clays and deep red sand.

LAND SYSTEMS

The Western Austral ian Department of 

Agriculture and Food, in collaboration with the 

Department of Land Information (now Landgate), 

have undertaken three rangeland surveys that, 

together, encompass the Pilbara bioregion. These 

describe and map the biophysical resources 

present, and evaluate the condition of the soils 

and vegetation. Commencing in 1976, the first 

focused on the Ashburton River catchment (Payne 

et al. 1988). It was followed by the Roebourne 

Figure 4 Simplifi ed geological map of the Pilbara.
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Plains survey of 1987 (Payne and Tille 1992), 
and culminated in the Pilbara Ranges survey 
(van Vreeswyk et al. 2004) which commenced in 
1995.

Within the bioregion there are 104 land systems 
(Payne 2004). The area occupied by these land 
systems varies from approximately 29,000 km2 for 
the Rocklea land system to 18 km2 for the Augustus 
land system. The fi ve most abundant land systems 
account for approximately 45% of the bioregion 
(Rocklea, Newman, Macroy, Uaroo and Capricorn). 
Forty-fi ve of the land systems are unique to the 
Pilbara. The largest Pilbara-unique land system is 
Macroy (13,360 km2), while the smallest is Tanpool 
(68 km2).

Land systems are grouped into land-types 
according to landforms, soils, drainage patterns 
and vegetation. Within the Pilbara there are 20 
land types with the dominant type, occupying 40% 
(71,680 km2) of the bioregion, being described as ‘… 
hills and ranges with spinifex grasslands’ (Payne 2004). 
The smallest land-type in the region is ‘… alluvial 
plains with halophytic shrublands’ at less than 0.1% of 
the bioregion. This land type is represented by only 
one land system (Talawana).

SUBREGIONAL DESCRIPTIONS

The Pilbara Craton is one of Australia’s major 
geological blocks (Trendall 1990). The Craton is 
characterised by hard rock landscapes that were 
laid down in Archaean times 2.5 to 3.5 billion 
years ago, making them some of the oldest rocks 
on the planet. A simplifi ed geology map is shown 
in Figure 4. The basement is exposed as granite 
(domes, nubbins, tors, inselbergs) and greenstone 
(basic and ultrabasic volcanic rocks) terraine 
(Thorne and Trendall 2001) in the north, but 
overlain by rugged sedimentary strata, volcanic 
fl ows and lateritised caps in the south. A product 
of their geoclimatic history, Pilbara landscapes 
comprise rough ranges, broad plateaux and stony 
ridges separated by rolling stony plains of alluvial 
clays, silts, sands and gravels. The uplands are 
defi ned by abrupt escarpments and steep scree 
slopes which are incompletely mantled by shallow 
skeletal soils. Gorges, picturesque rockholes and 
grassy fl oodplains occur along seasonally active, 
exoreic river systems that drain the uplands. 
Extensive quaternary alluvial and aeolian coastal 
fl ats and fl oodplains form the region’s mangrove-
fringed western margin. Because of this history, 
and its impact on the plants and animals that 
inhabit these landscapes, the Pilbara is considered 
to be a natural region both geologically and 
biologically (Beard 1975, 1990; Thackway and 
Cresswell 1995).

The region is divided into four geomorphically 

distinctive subregions (Environment Australia 
2008) (Figures 1 and 3).

Roebourne

Abutting the Indian Ocean along the Pilbara’s 
northern and north-western fringe is the Roebourne 
subregion (PIL4) which covers an area of 18,910 
km2 or approximately 10% of the study area. 
The subregion is divided into two sections by a 
coastal extension of the Chichester subregion near 
Cape Lambert, west of Roebourne. The southern 
portion of the subregion aligns with the Onslow 
Coastal Plain physiographic unit as demarcated 
by Beard (1975), whereas the northern portion of 
the subregion captures the coastal portion of the 
Abydos Plain physiographic unit described as 
‘The grass plains’ and ‘The coastal complex’ by 
Beard (1975). This subregion comprises mostly 
Quaternary (< 10 Mya) alluvial and aeolian coastal 
and sub-coastal plains. These plains, which are 
traversed by active floodplains adjacent to the 
larger rivers systems (De Grey, Fortescue, Yule) 
support sandy to heavy clay substrates and gilgais. 
They are mostly covered by grassland of mixed 
bunch grass (Aristida spp., Enneapogon spp.), tussock 
grass (Cenchrus spp., Eriachne spp., Eragrostis 
spp., Sorghum spp.) and hummock grass (Triodia 
spp.) and dwarf to open shrubland of snakewood 
(Acacia xiphophylla) and A. stellaticeps over soft 
spinifex, mostly Triodia pungens and T. epactia. 
Infrequent emergent Archaean granitic tors and 
domes, metamorphosed hills of sedimentary rock 
(banded iron formation) and low ranges of basalt 
metamorphosed siltstone and granophyre are all 
covered in dwarf to open shrubland dominated 
by Acacia arida and A. bivenosa over hard Triodia 
wiseana hummock grasslands. Ephemeral short 
drainage features (e.g. Nickol River, Du Boulay 
Creek), scattered claypans and other drainage 
foci support open woodlands of western coolibah 
(Eucalyptus victrix) with Pilbara jam (A. citrinoviridis) 
and, in localities with permanent water (e.g. 
Miaree Pool), forests and closed tall woodlands 
of silver cadjeput (Melaleuca argentea), river red 
gum (E. camaldulensis) and white dragon tree 
(Sesbania formosa). On the larger river deltas, open 
woodlands of western coolibah and Bauhinia 
cunninghamii are present over dense shrublands of 
Sesbania cannabina and budda pea (Aeschynomene 
indica), although mesquite (Prosopis spp.), a weed of 
national signifi cance, forms impenetrable thickets 
on the Fortescue River delta. Samphire (Tecticornia 
spp.) dwarf scrublands, Sporobolus grasslands, low 
coastal dunes covered with Spinifex longifolius, and 
low mangrove forests comprising Avicennia marina, 
Bruguiera exaristata, Rhizophora stylosa and Ceriops 
tagal occur on marine alluvial fl ats and the smaller 
river deltas.
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Chichester

The Chichester is the largest subregion (PIL1), 
covering over 47% of the Pilbara (83,700 km2). 
Its characteristic feature is the Chichester Range 
which extends for over 400 km, from west of the 
Millstream-Chichester National Park to Balfour 
Downs Station in the east. Other noteworthy 
ranges include the Gorge Range, Gregory Range, 
Panorama Ridge, Nimingarra Ridge, Black Range 
and the Ripon Hills. Northwards and eastwards, 
its topography becomes more subdued and 
its landscapes less rugged. The subregion is 
characterised by undulating Archaean (2500+ Mya) 
granite and greenstone terrain comprising granitic 
tors, domes, nubbins, stony granitic plains, some 
minor sandy plains and signifi cant areas of rugged 
basaltic and to a less extent sandstone ranges, 
ridges and dissected plateaux. Signifi cant areas of 
Archaean greywacke exist (e.g. Mosquito Creek 
Formation) along with Carboniferous-Permian 
sandstones in the subregion’s east and north-east. 
Its northern part is relatively fl at and undulating, 
being dominated by large alluvial floodplains 
associated with the De Grey River system and its 
tributaries (Oakover, Nullagine, Shaw, Yilgalong). 
This subregion encompasses all of the gorge ranges, 
almost all of the Chichester Plateau and Oakover 
Valley and the largest portion of the Abydos Plain 
physiographic units as delimited by Beard (1975).

Throughout this subregion, rolling plains and 
gently undulating hills support a shrubland 
characterised by wattles, in particular Acacia 
inaequilatera, A. ancistrocarpa, A. tumida var. 
pilbarensis and A. orthocarpa/arida, over hard 
spinifex (T. wiseana, T. lanigera, T. secunda) hummock 
grassland. Scattered snappy gums (Eucalyptus 
leucophloia) over open Acacia shrublands occur 
ubiquitously on uplands and ranges. Tablelands of 
decomposing basalt are a distinguishing feature of 
the Chichester Plateau along the southern margin 
of the subregion. These tablelands, described 
as the Wona Land System (Van Vreeswyk et al. 
2004), comprise gilgai plains or self-mulching 
cracking clays supporting tussock grasslands 
dominated by Mitchell grass (Astrebla spp.), 
sorghum (Sorghum spp.) and Roebourne Plain 
grass (Eragrostis xerophila) and/or herbfields of 
ephemeral Papilionaceae (Desmodium spp., Glycine 
spp., Rhynchosia spp.), Amaranthaceae (Ptilotus spp.) 
and Convolvulaceae (Ipomoea spp., Operculina spp.). 
In the subdued east of the subregion, open Mulga 
(Acacia aneura s.l.) woodlands and shrublands 
(with A. subcontorta) over tussock grasses and 
soft hummock grasslands (T. melvillei, T. pungens) 
are prevalent, especially on hardpans and rocky 
footslopes. Shrubland dominated by Acacia (A. 
ancistrocarpa, A. fecunda, A. synchronicia/robeorum) 
with Grevillea wickhamii and Hakea lorea over hard 

hummock grasslands (T. wiseana, T. lanigera) persists 
on some of the stony pediments. On scree slopes, 
amongst breakaways, on granitic domes and 
along many rocky riparian habitats throughout 
the subregion, fi gs (Ficus brachypoda), the Pilbara 
kurrajong (Brachychiton acuminatus) and wing-nut 
tree (Terminalia canescens) are conspicuous elements 
of the fl ora.

The region is drained to the north by numerous 
river systems including the Maitland, Harding, 
Sherlock, Yule, Turner, and tributaries of the De 
Grey. These rivers have a dendritic drainage pattern 
and most cross extensive fl at plains (especially as 
they traverse the Roebourne subregion). Like the 
Roebourne subregion, the Chichester’s riparian 
systems typically support a woodland or forest 
with silver cadjeput, river red gum, western 
coolibah and white dragon tree. Their understorey 
is dominated by introduced tussock grasses (e.g. 
Cenchrus spp., Echinochloa colona) in most localities. 
The alluvial plains fronting the De Grey River and 
its tributaries support soft hummock grasslands 
(Triodia pungens, T. epactia) or tussock grasslands 
(Eragrostis xerophila, Cenchrus ciliaris, Chrysopogon 
fallax), while gilgai plains support Mitchell grass 
(Astrebla spp.) and swamp grass (E. benthamii). 
Along the escarpment of the Chichester Range 
in the south of the subregion, drainage is short, 
parallel and empties onto the alluvial plains of 
the Fortescue Valley. Open mulga woodlands, 
snakewood shrublands and hard hummock 
grasslands with emergent Hamersley bloodwoods 
(Corymbia hamersleyana, C. semiclara) or snappy 
gums occupy these slopes.

The iconic Millstream wetland is located on 
the southern margin of the subregion, where the 
Fortescue River has bisected the Chichester Plateau 
and incised calcareous valley-fi ll deposits of the 
Fortescue subregion. A spring-fed riparian system 
on permanent river pools, Millstream supports a 
forest or tall closed woodlands of silver cadjeput, 
river red gum, western coolibah and white dragon 
tree over thickets of tea tree (Melaleuca glomerata, M. 
bracteata) and Hibiscus austrinus. It also has a large 
population of the Millstream fan-palm (Livistona 
alfredii), locally endemic invertebrates such as the 
damselfly Nososticta pilbara, and some unusual 
introduced plants such as Indian water fern 
(Ceratopteris thalictroides) and water lilies (Nymphaea 
spp.).

Fortescue

The Fortescue subregion (PIL2) corresponds 
closely to the Fortescue Valley physiographic 
units as delimited by Beard (1975) and occupies 
an area of 19 560 km2 or 11% of the bioregion. The 
Valley comprises mostly Quaternary alluviums, 
colluviums, aeolian sand plains and lacustrine 
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deposits overlying Tertiary valley-fi ll units of the 
Late Eocene (>41 Mya). These valley-fi ll deposits 
are expressed as pisolitic limonites (Robe Pisolite), 
calcretes and minor silcretes (Thorne and Tyler 
1997). The subregion is centred on the Fortescue 
River.

The northern margin of the Fortescue subregion 
follows the southern periphery of the Chichester 
and mostly comprises bajadas (alluvial fan) and 
outwash plains. The dominant vegetation on these 
bajadas is open mulga woodland and snakewood 
shrubland over tussock grasses (Themeda triandra, 
Chrysopogon fallax, Eragrostis spp.) or open 
hummock grasses (Triodia pungens, T. wiseana) 
although, towards the west, there are woodlands of 
snappy gum (E. leucophloia) and Pilbara bloodwood 
over Acacia and Senna shrublands and hummock 
grasslands (Triodia spp.). In some places, the 
Chichester Range protrudes southwards into 
the Fortescue valley (e.g. Goodiadarrie Hills, Mt 
Murray). These isolated hills and ridges comprising 
Marra Mamba Iron Formation, sandstone or 
conglomerate landforms and support Acacia low 
shrubland (A. trachycarpa, A. arrecta) over hummock 
grasses. The northern slopes of the subregion 
are drained by mostly short, parallel features, 
often supporting slightly denser fringing mulga 
woodland with the occasional western coolibah and 
whitewood (Atalaya hemiglauca).

The eastern portion of the subregion is very 
subdued and comprises mostly bajadas, hardpan 
plains and flood-out zones. The bajadas and 
hardpan plains are typically covered by low 
woodlands of mulga and mulga allies (e.g. Acacia 
paraneura, A. catenulata subsp. occidentalis, A. 
ayersiana) over open shrubs (Eremophila forrestii, 
E. cuneifolia, E. lanceolata) and scattered hummock 
grasses, although herbs (e.g. Ptilotus exaltatus, 
P. auriculifolius, P. helipteroides) are abundant 
in season. Extensive grove-intergrove mulga 
communities exist on very gentle bajadas. The 
fl ood-out zones, which are mostly restricted to 
the sluggish dendritic drainage lines and foci of 
the upper branches of the Fortescue River and its 
tributaries (e.g. Jigalong and Jimblebar Creeks), 
support woodlands of western coolibah, western 
ghost gum (Corymbia candida), whitewood, mulga, 
weeping wire wood (Acacia coriacea subsp. pendens) 
and A. distans over tussock grasses (Cenchrus 
ciliaris, Eragrostis benthamii, Eulalia aurea) and 
herbs (Calotis multicaulis, Ptilotus helipteroides, P. 
gomphrenoides). Some of these communities are 
signifi cantly degraded because of unsustainable 
pastoral activities, with the woody increaser bardi 
bush (Acacia synchronicia) dominating to form 
impenetrable spinescent thickets over large areas 
of many fl ood-out zones, especially at sites where 
intensive grazing and livestock activity (e.g. around 

water sources) have excluded all palatable species. 
Similarly, bardi bush also becomes dominant 
when the functionality of grove-intergrove and 
hardpan mulga woodlands on fl ood-out zones is 
compromised. Overgrazing and livestock activity 
promote this dysfunctionality by creating leaky 
systems (Tongway et al. 2001), which are the 
consequence of alterations to the fl ow and status 
of water, nutrients and organic matter in fertile 
mulga patches. Also, as a result of intensive land 
revegetation efforts, buffel grass dominates the 
understorey of some fl ood-out zones and hardpans, 
particularly on Ethel Creek station.

Sig ni f icant areas of  aeol ian sandplain, 
occasionally with small (<2 m) dunes, also exist in 
the east of this subregion as stranded enclaves of 
the nearby Little Sandy Desert. These sandplains 
support open mulga, Pilbara box (Eucalyptus 
xerothermica), northwest box (E. tephrodes) or desert 
bloodwood (Corymbia deserticola) woodlands with 
some blue-leafed mallee (E. gamophylla) over soft 
hummock grasses (Triodia pungens, T. melvillei). 
Low scrub and heath comprising conspicuous 
sandy desert fl oral elements (Grevillea juncifolia, G. 
eriostachya, Kennedia prorepens, Leptosema chambersii, 
Diplopeltis stuartii) persist in the dune areas.

The southern part of the Fortescue Subregion 
comprises short, parallel drainage features with 
bajadas abutting the Hamersley escarpment 
and floodout plains derived from drainage 
features with steep gradients that arise within the 
Hamersley Plateau (e.g. Weelumurra Creek, Weeli 
Wolli Creek, Dales Gorge and Munjina Gorge). Like 
those bajadas to the north, open mulga woodlands 
(Acacia aneura s.l., A. pruinocarpa) and snakewood 
shrublands over tussock grasses (Eragrostis spp.) 
or open hummock grasslands (Triodia wiseana, T. 
melvillei) predominate, particularly to the east of 
Wittenoom. West of Wittenoom the woodlands 
tend to be replaced by Acacia shrublands (A. 
ancistrocarpa, A. tumida var. pilbarensis, A. cowleana, 
A. atkinsiana) or open Hamersley bloodwood and 
Pilbara box woodlands, with some blue-leaved 
mallee shrublands over hummock grasses (T. 
wiseana, T. pungens, T. melvillei). The vegetation of 
drainage features tends to be similar to that on the 
north side of the valley, although river red gum and 
white dragon tree persist along the features with 
greater episodic fl ows.

The western end of the subregion is represented 
by the ancient Fortescue River bed and the drainage 
divide abutting the Robe River valley. This area is 
relatively fl at and mostly supports mixed Acacia 
shrublands (Acacia ancistrocarpa, A. tumida var. 
pilbarensis, A. cowleana, A. maitlandii, A. atkinsiana) 
over soft hummock grasses (Triodia pungens, T. 
melvillei). At the base of the catenary sequence the 
calcareous alluvial and gilgai plains support an 
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herbaceous tussock grassland of barley Mitchell 
grass (Astrebla pectinata), kangaroo grass (Themeda 
triandra) and ribbon grass (Chrysopogon fallax) with 
scattered western coolibahs and Pilbara ghost 
gums.

A significant and dominant feature of this 
subregion is the Fortescue Marsh. This drainage 
feature, 100 km long, is effectively the terminus 
of the upper Fortescue River; the lower Fortescue 
River arises from streams draining the Chichester 
and Hamersley Ranges below the Marsh and west 
of the Goodiadarrie Hills. The Quaternary alluvial 
and lacustrine deposits of the marsh are dominated 
by low mulga woodlands over bunch grass 
(Aristida spp., Enneapogon spp.) on the non-saline 
alluvial plains, fringing wattle (Acacia ampliceps, 
A. sclerosperma var. sclerosperma) shrublands on 
saline clay banks and calcareous rises, scattered 
samphire (Tecticornia spp.), saltbush (Atriplex spp.) 
and Eremophila spongiocarpa shrubs on saline 
cracking and non-cracking clay fl ats, and a shrubby 
grassland of salt water couch (Sporobolus virginicus) 
with false lignum (Muellerolimon salicorniaceum) and 
lignum (Muehlenbeckia fl orulenta) on fl ood plains. 
The lakebed and saline fl oodplains, which may 
extend for up to 10 km, are dominated by a dense 
low shrubland or heath of samphires and both 
lignum and false lignum.

West of the Goodiadarrie Hills, the Fortescue 
River traverses an extensive active alluvial fl ood 
plain where the drainage is meandering and 
anastomosing until a series of central channels 
becomes defined near Kanjenjie as the river 
becomes constrained by the Chichester Plateau and 
cuts deeply into the calcareous Millstream aquifer.

The vegetation fringing the ephemeral drainage 
channels along this part of the Fortescue River 
comprises mixed river red gum, western coolibah 
and Acacia woodlands (A. distans, A. catenulata 
subsp. occidentalis, A. aneura s.l., A. xiphophylla) and 
tall shrublands over tussock grasslands comprising 
Roebourne Plains grass, ribbon grass and swamp 
grass. Heavy cracking clay and gilgai plains are 
also common and support tussock grasslands 
dominated by Mitchell grasses, neverfail (Eragrostis 
setifolia), ribbon grass and swamp grass, often with 
an emergent ephemeral shrub layer of Sesbania 
cannabina and budda pea. Sporadic drainage foci 
and pools, usually in deep clays or alluvium, 
support woodlands of western coolibah, Acacia 
distans and A. aneura s.l. over lignum and tussock 
grasses (Astrebla spp., Eriachne spp., Themeda spp.).

Hamersley

The Hamersley subregion (PIL3) occupies 
the southern part of the Pilbara Craton and 
encompasses the Hamersley Range s.l., the most 
prominent mountainous area in Western Australia. 

The subregion occupies an area of 56,490 km2 
or 32% of the bioregion. The Hamersley Plateau 
and Stuart Hills (Beard 1975) are encompassed 
within this subregion. It is a mountainous area 
of Archaean-Palaeoproterozoic (545–2500 Mya) 
metamorphosed sedimentary and volcanic ranges 
and plateaux. The surface geology is dominated 
by banded ironstone formation sedimentary rocks 
interlaced to varying degrees with intrusions of 
chert, dolomite, siltstone and shales. The ancient 
Archaean granitic and greenstone basement 
outcrops sporadically throughout the range, 
predominantly in the south with some isolated 
exposures along well-eroded drainage lines 
towards the centre of the subregion (Figure 4). 
Cainozoic deposits of Robe Pisolite, alluvium and 
colluvial valley fi lls derived from sources further 
up the catena profi le form most valley fl oors (Beard 
1975; Tyler et al. 1990).

The Hamersley subregion is geomorphologically 
a series of topographical features (ranges, ridges, 
hills and plateaux) encompassing isolated and 
continuous chains of uplands that rise above a 
plateau surface from a basement of about 250 m 
above sea level in the west to over 1200 m on the 
highest peaks which occupy the central Hamersley 
Plateau. The highest peak, Mt Meharry, is 1245 
m above sea level. In the north the subregion is 
demarcated by an abrupt, precipitous escarpment 
that is broken in many places by entrenched, 
incised gorges such as Dales, Hancock, Bee 
and Yampire Gorge. To the east and south the 
escarpment is subdued as the topography of 
the Hamersley Plateau gives way to the broad 
Ashburton River valley and the low rocky hills of 
the Bangemall Basin and the Sylvania Inlier (Tyler 
et al. 1990). On the western fl ank the relief is also 
somewhat subdued after traversing the western 
escarpment and entering the raised plains of the 
Stuart Hills (Beard 1975), although the pisolitic 
mesas and breakaways of the Robe Valley and 
sandstones of the Parry Range do confer some 
relief. The Hamersley Range, which occurs entirely 
within the subregion, encompasses a number of 
constituent ranges and ridge massifs, such as the 
Eastern, Goondoowandoo, Gurinbiddy, Hancock, 
Jirrpalpur, Lawloit, Ophthalmia, Packsaddle, 
Werribee and Western Ranges.

Surface water drains into the Fortescue River on 
the northern and eastern fl anks of the subregion, 
into the Robe and Cane Rivers in the west and 
into the Ashburton River to the south. Typically, 
drainage along the northern escarpment is short 
and abrupt via deeply incised gorges, although 
some large channels such a Weeli Wolli, Marillana, 
Western and Weelumurra Creek exist. The small 
drainages are dominated by emergent Pilbara 
bloodwoods, Pilbara box, western coolibahs with 
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Acacia (A. maitlandii, A. monticola, A. tumida var. 
pilbarensis, A. ancistrocarpa) shrubland over hard 
and soft hummock grasses (Triodia wiseana, T. 
pungens) and occasional tussock grasses (Themeda 
spp.) depending on landscape position. The large 
channels contain extensive alluvium and fine 
depositional deposits and support a fringing 
riparian open tall woodland of river red gums 
and western coolibahs over woodlands or tall 
shrublands of Pilbara jam, slender petalostylis 
(Petalostylis labicheoides) and weeping wire wood 
over soft hummock grasses (T. pungens, T. epactia) 
and tussock grasses such as buffel grass, kangaroo 
grass and silky browntop (Eulalia aurea). In sites 
where the drainage is interrupted and the water 
table rises, extensive silver cadjeput forests with 
red river gums and western coolibah woodlands 
over native cotton (Gossypium spp.) and sedgelands 
of stiffleaf sedge (Cyperus vaginatus) may exist. 
Drainage into the Ashburton River is via a series 
of more elaborate dendritic channels such as Turee 
and Duck Creeks and the Beasley, Hardey and 
Angelo Rivers. The vegetation of these drainage 
lines is akin to that of drainage features elsewhere 
in the subregion, being dominated by eucalypt 
woodlands over wattle shrubs, although in the 
Cave Creek (and to a less extent Duck Creek) 
systems extensive fringing riparian woodlands 
support Millstream fan palms when calcareous 
valley-fi ll deposits are encountered.

Internal drainage basins are extensive on 
the Hamersley Plateau. Examples include Lake 
Robinson, Munjina Claypan and the Mt Bruce, 
Coondewanna and Wanna Munna Flats. These 
basins tend to fi ll following the passage of intense 
tropical cyclones. The basins are mostly on hardpan 
or alluvial plains and support extensive tall to low 
mulga woodland with scattered emergent Pilbara 
box over bunch grasses (Aristida spp., Eriachne 
spp.) on fi ne textured soils. On very fl at pediments, 
well-developed grove-intergrove mulga woodlands 
may exist with emergent western gidgee (Acacia 
pruinocarpa) and a suite of mulga allies (A. 
paraneura, A. ayersiana, A. aneura var. intermedia, 
A. aneura var. macrocarpa, A. aneura var. pilbarana). 
These are also termed banded mulga formations. 
In areas where the hardpan is close to the surface 
and soil depth is insuffi cient to support trees, an 
open scrub of Eremophila (E. caespitosa, E. lanceolata, 
E. lachnocalyx) and Senna (S. artemisioides subsp. 
helmsii, S. artemisioides subsp. × sturtii, S. sericea) 
species may persist with scattered stunted shrubs 
(A. subcontorta, Psydrax spp.). The basement sump of 
such internal drainage basins is usually dominated 
by a woodland of western coolibah over tussock 
grasses (Themeda triandra, Eulalia aurea, Eragrostis 
spp., Eriachne spp., Chrysopogon fallax) or lignum 
and swamp grass.

The permanent pools of the northern gorges 
support a typically riparian vegetation community 
dominated by silver cadjeput, river red gum, 
western coolibah and white dragon tree over 
sedgelands of stiffleaf sedge along with some 
relictual tropical elements such as Clerodendrum 
fl oribundum, Flueggea virosa subsp. melanthesoides, 
Plectranthus intraterraneus, Dolichandrone heterophylla 
and Pteris vittata. The gorges, which are incised 
through the banded ironstones, are inherently 
sheer, steep-sided and harbour signifi cant scree and 
boulder strewn slopes that also provide important 
fi re-avoiding habitats for many relictual fl oristic 
elements including fi gs (Ficus brachypoda, F. virens), 
kurrajongs (Brachychiton acuminata, B. gregorii), 
native cypress (Callitris columellaris) and the wonga 
wonga vine (Pandorea pandorana).

The rolling hills and stony plains of the Plateau 
support an open woodland of snappy gum over 
low shrubs (Acacia bivenosa, A. ancistrocarpa, A. 
maitlandii, Keraudrenia spp.) and hard spinifex 
(Triodia wiseana, T. basedowii, T. lanigera), with 
drainage features supporting slightly denser 
vegetation mostly comprising wattle shrubs with 
some Pilbara bloodwood. Shrub mallee (Eucalyptus 
gamophylla, E. trivalva, E. socialis subsp. eucentrica, E. 
striaticalyx) over tea tree (Melaleuca eleuterostachya) 
and hard hummock grasses (T. basedowii, T. 
longiceps, T. angusta) are also a common community 
on stony plains and rolling hills, particularly on 
calcareous pediments. Run-on, water-gaining 
slopes and bajadas above detrital banded ironstone 
deposits and valley-fi lls support a cover of Acacia 
woodland and shrubland dominated by mulga 
(A. aneura s.l., A. ayersiana, A. minyura) over an 
understorey of open shrubs (Ptilotus obovatus, 
Rhagodia eremaea, Senna glutinosa) and tussock 
grasses (Chrysopogon fallax, Eragrostis spp., Eriachne 
spp.). The composition of the shrub layer in such 
communities changes with progression south and 
away from the Hamersley escarpment as there 
tends to be a reduction in hummock grasses and 
a concordant increase in Eremophila species and 
other fire-sensitive shrubs. In some situations, 
particularly on very gentle slopes with a surface 
mantle of stones which are common in the central 
and eastern parts of the subregion, a juxtaposition 
exists where fi re-sensitive mulga woodlands and 
shrublands overlay hummock grasslands.

The ironstone and basalt ridges, ranges and hills 
of the subregion are dominated by snappy gum 
woodlands over shrubs (Acacia hilliana, A. adoxa, 
Gompholobium karijini, Mirbelia viminalis), tussock 
grasses (Amphipogon carinatus, Cymbopogon spp.) 
and hard spinifex (Triodia wiseana, T. basedowii). 
Blue-leaved mallee, Pilbara bloodwood, Victoria 
Spring mallee (Eucalyptus trivalva) and Pilbara 
mallee (E. pilbarensis) are also common on these 
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slopes. On mountain summits the vegetation is 
characteristically shrub mallee (E. kingsmillii, E. 
ewartiana, E. lucasii) with emergent snappy gum or 
iron bloodwood (Corymbia ferriticola) over shrubs 
(Acacia arida, Gastrolobium grandifl orum, Hibbertia 
glaberrima, Daviesia eremaea) and hard spinifex (T. 
brizoides), although on basaltic hilltops, compared to 
those on ironstone, Pilbara and desert kurrajongs, 
Pilbara box and blue-leaved mallee are dominant.

DRAINAGE AND HYDROLOGY

Rivers in the Pilbara consist of broad sandy to 
gravelly channels that are dry for most of their 
length soon after floods. They have numerous 
permanent pools maintained by subsurface infl ows 
and/or springs; there are often downstream 
bedrock structures. Lower-order creeks are ‘fl ash-
fl ooding’, retaining water mostly in rock pools or 
against cliffs in small gorges. Springs are common, 
but rivers generally have narrow, well-drained 
fl oodplains for most of their length with few off-
channel wetlands. Exceptions are the coastal plains, 
areas above and below Fortescue Marsh, the fringes 
of the marsh itself and several plains with internal 
or sluggish drainage on the Hamersley Range, 
where numerous claypans and clay fl ats exist.

Five Pilbara wetlands are recognised as being of 
national signifi cance (ANCA 1996; Environment 
Australia 2001). All meet several or all of the six 
criteria for determining important wetlands: (1) 
examples of wetland types in Australia, (2) having 
an important ecological or hydrological role in the 
functioning of a major wetland system/complex, 
(3) important as a habitat/refuge for animal taxa at 
a vulnerable stage in their life cycles, (4) supports 
>1% of the national population of a native plant or 
animal, (5) supports native species or communities 
listed as vulnerable or endangered and (6) an 
outstanding historical or cultural significance. 
The De Grey River (criteria 1, 2, 3 and 6) is a rep-
resentative example of a major river system in the 
region and includes the longest permanent river 
pools and largest shallow estuary in north-western 
Australia. The Fortescue Marshes (1, 2, 3 and 6) 
are a unique wetland landform, an example of an 
extensive inland fl oodplain system and have the 
second largest recorded populations of waterbirds 
(after Lake Gregory) in Western Australia. The 
Karijini (Hamersley) Gorges (1 and 6) include 
magnifi cent examples of gorge pools and streams. 
The Leslie (Port Hedland) Saltfi eld system (all 6 
criteria) is a good example of the coastal fl ats and 
associated tidal coast in north-western Australia. 
Millstream Pools (1, 2, 3 and 6) are an outstanding 
example of a system of permanent river pools and 
springs in the semi-arid tropics.

Hydrogeology is summarised by Johnson (2004). 
Briefl y, groundwater occurs throughout the region 

as a water table ‘forming a subdued refl ection of 
surface topography’ below which all pore spaces 
are saturated. The Western Australian Department 
of Water’s water information database (WIN) 
includes information on water levels, depths, 
yields and salinity for about 6000 bores and wells 
across the region. They are concentrated near 
the coast, along main drainage lines, along major 
roads, around mining operations and near towns. 
Groundwater is important for both the mining and 
pastoral industries, although most extraction is 
for dewatering iron-ore mines and for town water 
supplies. Generally ‘fresh’, it occurs in a range of 
hydrogeological environments. Four main types are 
recognised:

1. Surficial aquifers in coastal and valley-fill 
alluvium, including alluvial deposits of the 
coastal plains, coastal dunefi elds, and alluvial 
and colluvial deposits fringing main trunk 
drainages such as the Fortescue River and in the 
Hamersley Ranges. The valley-fi ll deposits often 
overlay calcrete and limonite.

2. Aquifers in calcrete and pisolitic limonite 
chemically deposited in Tertiary drainages 
incised into basement rocks. Both are usually 
associated with discharge zones such as 
river pools and springs and/or occur below 
contemporary drainage channels. Storage is in 
secondary porosity and karst features. Pisolites 
can be highly porous.

3. Sedimentary rock aquifers in the western and 
north-eastern parts of the Pilbara, with the 
primary porosity providing storage. They can 
occur in dolomites, banded iron and sandstone 
formations.

4. Fractured sedimentary and igneous rock aqui-
fers where secondary porosity has developed 
along bedding joints, and in fractured or 
weathered zones. These zones are present 
in mafic volcanic rocks and in granite and 
greenstone strata. Storage is generally small but 
may be large locally in solution voids.

Differences in the chemical composition of water 
samples from six Pilbara aquifers indicate that they 
represent distinct environments for organisms (see 
Table 2 in Johnson 2004).

LAND TENURE AND DEMOGRAPHICS

The Pilbara’s land area is approximately 60% 
pastoral lease, 10% conservation reserve, 5% 
Aboriginal Reserve and 25% unallocated Crown 
land (Figure 1). It has a resident population of 
about 40,000 people, mostly living in towns 
associated with ports along the coast (Dampier, 
Karratha, Roebourne, Port Hedland and South 
Hedland). There are six towns inland, all associated 
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with mines (Marble Bar, Nullagine, Newman, 
Paraburdoo, Tom Price and Pannawonica), the 
largest being Newman in the region’s south-
eastern corner, with a resident population of about 
5,200. Traditional owners comprise about 10% of 
the Pilbara population. The Region’s population 
is expected to reach 44,200 by 2010, 48,000 by 
2020, and 50,200 by 2031 (Anon. 2006). The Pilbara 
bioregion includes the Local Governments of the 
Town of Port Hedland, Shire of Roebourne and 
large parts of the Shire of Ashburton and Shire of 
East Pilbara.

The Pilbara is the leading resources sector 
region in Western Australia, accounting for 63% 
of the value of the State’s mineral and energy 
production in 2007 (Ruddock 2008). The value of 
mineral and petroleum sales exceeded $33 billion 
in 2007. In 2004/05 this fi gure was b$20.6 with b$8.6 
coming from mining alone (Anon. 2006). Tourism 
contributed b$0.2 to the Pilbara economy (Anon. 
2006).

PROCESSES OF LANDSCAPE CHANGE

Aboriginal peoples used and managed land 
in the Pilbara for thousands of years. While they 

must have infl uenced the biota, their affect has not 
been measured. The most widespread landscape 
processes modifying Pilbara biodiversity since 
European settlement are wildfi re and alteration 
of fi re regimes. In the 14 years between 1993 and 
2006, over 72% (129,000 km2) of the region was 
burnt (Figure 5), with upwards of 28% being burnt 
two or more times in this period. Consequently 
it took considerable time during 2003 and 2005 
to fi nd areas where sets of terrestrial sampling 
sites could be positioned in habitats that had not 
been burnt during the previous decade. Between 
2002 and 2006, the period of our fi eld sampling 
program, 39% of the region was burnt. The impacts 
of these processes on biodiversity have not been 
quantifi ed across the region, but evidence from the 
few studies undertaken here (Suijdendorp 1981; 
Start 1986; Casson and Fox 1987; Casson 1994; van 
Etten 1998, 2000), and elsewhere in the Australian 
arid zone (Griffi n and Friedel 1984, 1985; Rice and 
Westoby 1999; Williams 2002; Hodgkinson 2002; 
Nano and Clarke 2008), suggests that it can be 
profound. For example, research undertaken by 
van Leeuwen et al. (1995) indicates that the extent of 
mulga woodland in the Central Hamersley Range 
is decreasing as a consequence of too-frequent fi res. 

 Figure 5 The pattern of fi res over the last decade. From ‘Landgate (2007). Fire Scars: Department of Land Information, 
Floreat: Western Australia.’ http://www.rss.dola.wa.gov.au/newsite/apps/fi rescarmap.html (accessed 5 
September 2007).
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These woodlands support assemblages of species 
that do not persist in the spinifex scrublands that 
are replacing the mulga.

Other important processes modifying bio-
diversity relate to the region’s land-use history. 
In 1863, the fi rst pastoral leases were established 
on the Roebourne Plains, near the mouths of the 
Harding and De Grey Rivers. Within a few years, 
several other properties were established on these 
plains and, by 1868, 24,000 km2 of land supported 
38,000 sheep, and 300 bales of wool had been 
produced (Hennig 2004). Pastoral land-use rapidly 
spread eastwards and, by the end of the century, 
more than 50% of the region was under pastoral 
lease. Only the rugged range country was spared. 
The large properties carried up to 70,000 sheep. 
A series of droughts at the beginning of the 20th 
century reduced overall sheep and cattle numbers 
from 800,000 (in 1890) to 500,000 (offi cial fi gures, 
Australian Bureau of Statistics and the Pastoral 
Lease Information System) but, by 1935, numbers 
had increased to 1,300,000 (>98% sheep).

Livestock grazing had depleted the native 
grass cover along the main river channels by the 
1920s, resulting in increasingly occluded drainage 
systems with substantial bed loads. During the 
same period, an introduced perennial grass (buffel, 
Cenchrus ciliaris) was rapidly colonising alluvial 
surfaces throughout the region via these river 
systems. Allelopathic, it has displaced indigenous 
shrub and grass cover from the variety of Pilbara 
environments that it now pervades, including some 
scree slopes, but offers some protection from soil 
erosion. Sheep numbers have declined since 1930, 
sharply during long droughts in the 1930s and 
1970s. The development of oil-based synthetic fi bres 
during the 1960s reduced the market for wool, so 
the pastoral industry increased cattle numbers. 
Unfortunately, sheep numbers were maintained 
until the mid-1970s, effectively imposing a net 
grazing pressure equivalent to the 1930s peak (see 
fi gure 4 in Hennig 2004). After the mid-1970s, sheep 
grazing was effectively abandoned so that, by 2002, 
the region supported about 250,000 cattle but fewer 
than 20,000 sheep. Cattle have a severe impact 
on many river pools, especially late in the dry 
season; they trample and graze riparian zones and 
defecate in and around the pools with consequent 
eutrophication (the water essentially becomes a 
pool of cattle feces).

Degradation caused by increased fi re frequencies, 
buffel grass and/or overgrazing is overt throughout 
the region. Rangeland surveys of the Roebourne 
Plains and Pilbara Ranges identify 357 km2 as 
severely degraded and eroded land (Payne and 
Tille 1992; van Vreeswyk et al. 2004). The land 
systems that exhibit most of this degradation 
and erosion are ‘run-on alluvial’ or ‘river plains’ 

low in the landscape with soil surfaces protected 
by stony mantles and supporting preferentially 
grazed vegetation, typically tussock grasslands and 
chenopod shrublands.

Rich copper and lead deposits were found near 
Roebourne in the early 1870s and, by 1890, gold 
was being mined from the eastern Pilbara, near 
Marble Bar and Nullagine, and areas rich in iron 
ore were being reported. During the 1960s, massive 
tonnages of iron ore were being mined near 
Newman and Goldsworthy, and subsequently from 
other centres including Tom Price, Pannawonica 
and Paraburdoo. Extensive evaporative salt plants 
were also developed on the coastal fl ats near Port 
Hedland and Dampier, and gas-processing facilities 
have now been built on the Burrup Peninsula.

Introduced feral species are among the threats 
to biodiversity enumerated for the region in the 
National Land and Water Resources’ biodiversity 
audit (McKenzie et al. 2003). A great range of 
plants and animals has been introduced, including 
unmanaged livestock and invertebrates such as 
the feral bee. Particularly signifi cant among the 
introduced plants are three weeds of ‘National 
Signifi cance’: mesquite (Prosopis spp.), parkinsonia 
(Parkinsonia aculeata) and athel pine (Tamarix 
aphylla), as well as several ‘Environmental Weeds’ 
including calotropis (Calotropis procera), kapok 
(Ceiba pentandra), coffee bush (Leucaena leucocephala), 
ruby dock (Acetosa vesicaria), date palm (Phoenix 
dactylifera), Chinese apple (Ziziphus mauritiana), 
buffel grass (Cenchrus ciliaris), birdwood grass (C. 
setiger) and numerous other grasses. The effect of 
buffel was described in an earlier paragraph; most 
of the other species are similarly invasive, but form 
dense impenetrable thickets that shade out other 
plants.

Twelve introduced mammals occur in the Pilbara 
(McKenzie and Burbidge 2002). Besides cattle (Bos 
taurus) and sheep (Ovis aries) discussed earlier, 
house mice (Mus domesticus) are ubiquitous on fi ne-
textured soils across the region, black rats (Rattus 
rattus) are confined to mangrove communities 
and coastal towns, feral domestic dogs and dingo 
hybrids (Canis familiaris) are widespread but most 
common around towns, red fox (Vulpes vulpes) 
have been found on many pastoral leases, cats 
(Felis catus) are common throughout the region, 
European rabbits (Oryctolagus cuniculus) favour 
clayey soils low in the landscape and riparian 
zones, brumbies (Equus caballus) and feral donkeys 
(Equus asinus) are found on most pastoral leases, 
feral pigs (Sus scrofa) occur along the De Grey River 
from Warrawagine Station to the coast, and camels 
(Camelus dromedarius) are widespread but most 
common in eastern parts of the study area. All 
compete with and/or prey on indigenous species.

Hives of feral bees are common in tree hollows 
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along watercourses throughout the Pilbara, 
presumably displacing a range of hollow-dwelling 
vertebrates, and competing with indigenous 
pollination vectors (Paton 1996; Paini 2004).

In summary, European activities, including 
pastoralism, the introduction of exotic plants, 
and mining, have modified Pilbara vegetation 
and landscapes, although their effects have been 
mitigated by the large areas of rugged upland with 
low pastoral value. More than 100 years of over-
grazing and too-frequent bushfi res have reduced 
vegetation cover and stripped soils of their organic 
and mineral-A layers, thereby reducing their water-
holding capacities. The heavy bed loads of sand 
now carried by most of the region’s major river 
systems are a direct consequence of excessive run-
off volumes and velocities in substantial areas of 
catchments.

THREATENED COMMUNITIES

One threatened ecological community (TEC) 
and 16 priority ecological communities (PEC) 
are currently listed for the Pilbara (http://www.
dec.wa.gov.au/management-and-protect ion/
threatened-species/wa-s-threatened-ecological-
communities.html). The TEC comprises grasslands 
on cracking clay plains of the Hamersley pastoral 
lease, dominated by the perennial kangaroo grass 
(Themeda) and many annual herbs and grasses. 
The PECs comprise the West Angelas cracking 
clay community, Weeli Wolli Spring community, 
Burrup Peninsula rock pool communities, Burrup 
Peninsula rock pile communities, Roebourne 
Plains coastal grasslands, stony chenopod 
associations of the Roebourne Plains, subterranean 
invertebrate communities of pisolitic hills in 
the Robe Valley, Peedamulla Marsh vegetation 
complex, Astrebla lappacea grasslands, Robe 
Valley sandsheet vegetation, Mingah Springs 
calcrete groundwater invertebrate assemblage, 
Wona land system plant assemblages, Eucalyptus 
victrix over Muehlenbeckia florulenta community 
of clay fl ats, Erawallana Spring type invertebrate 
assemblages on Coolawanya Station, Nyeetbury 
Pool type invertebrate assemblages, and stygofauna 
communities of the Millstream freshwater aquifer.

SURVEY SAMPLING STRATEGY

Scale, complexity and patchiness must be taken 
into account in sampling the biota of a study area 
to describe the diversity of its patterns (Braithwaite 
1984; Bowers 1997). Various factors can distort the 
results, including:

• The sampling regime – land-class sampling 
regimes presume that species all respond to 
the same environmental factors in the same 
way, whereas site-based strategies allow the 

relationships to be investigated (Austin et al. 
1984; McKenzie et al. 1991b, 2000a; Margules and 
Austin 1994; Oliver et al. 2004).

• Geographical and seasonal sampling bias 
(Braithwaite 1984; Weins 1985; Rosenzweig and 
Abramski 1986).

• Historic extinctions and introductions (McKenzie 
et al. 2006), and storage effects that allow some 
organisms to persist through periods when 
conditions prevent recruitment (Warner and 
Chesson 1985).

• Limitations in scale (Dale 1983; Whitmore 1984; 
Bowers 1997; MacNally and Quinn 1997; Huston 
2002).

• Inefficient sampling methods (Hobbs et al. 
1984; Rolfe and McKenzie 2000), including the 
analytical implications of unreliable ‘absence’ 
data in the presence-absence matrix (Margules 
and Austin 1994).

• The assumption that guilds follow taxonomic 
boundaries (Adams 1985; McKenzie and Rolfe 
1986; Bowers 1997). In this context, we defi ne a 
guild as a community of species that partitions 
the same resource axis.

• Uneven taxonomic resolution (McKenzie et al. 
2000b; Bortolus 2008).

• Strongly localised patterns of endemism (Solem 
and McKenzie 1991).

• Patterns of land use. For example, almost 60% 
of the Pilbara study area is pastoral lease, with a 
strong bias towards productive soils.

Aspects of the survey’s design offset some of 
these problems, as follows:

• The study area was large enough to encompass 
signifi cant sections of both the geographical and 
environmental ranges of the species sampled 
(Austin and Heyligers 1989).

• Site-based sampling was applied, in which 
data were collected as biophysical attributes 
measured at the same place in the same 
time frame, so that co-occurrences between 
species and environmental parameters could be 
exposed through analysis. The climatic variables 
were based on long-term averages.

• The site-size (ca. 1 ha for most zoological groups, 
enclosing a 0.25 ha plant quadrat) was large 
enough to encompass the assemblages of the 
organisms being sampled (considering their 
mobility, longevity and bodysize in the context 
of their density, productivity and standing 
biomass in the study area). At the same time, 
the quadrats were small enough to allow the 
assumption that there was a reasonable level 
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of internal homogeneity, and that there was 
syntopy between all biophysical attributes 
recorded within each quadrat (McKenzie et al. 
1991b).

• The environmental attributes measured for each 
site were biologically relevant to the organisms 
being sampled and refl ected processes operating 
at both regional and local scales.

• To better represent ecosystem complexity, 
we sampled a range of organisms with very 
different life history strategies and ecological 
roles to achieve organism-based view of 
biodiversity patterns. Terrestrial sites were 
sampled for perennial and annual vascular 
plants, small ground-dwelling mammals, 
birds, reptiles, frogs, ground-dwelling spiders, 
ants, beetles and scorpions. Additional sites 
were sampled for microbats and others for 
mammal bones from late Holocene deposits. 
Sites on water bodies were sampled for aquatic 
invertebrates, macro- and microphytes and the 
fringing riparian vegetation. Boreholes were 
sampled for stygofauna.

• Tested sampling methods were applied by 

experienced fi eld survey ecologists, and species 
were included in the analysis only if they were 
reliably captured by the sampling methods (see 
Burbidge et al. 2000b; Rolfe and McKenzie 2000) 
and confi dently identifi ed, so that the problems 
of unreliable ‘absence’ data in the presence-
absence matrix were minimised.

• Undescr ibed spec ies  were st udied by 
taxonomists familiar with the relevant group in 
Western Australia (see also Oliver and Beattie 
1996).

• Sampling was carried out during an integrated 
program; all terrestrial and aquatic sites were 
sampled in two seasons, while subterranean 
water bores were sampled at least twice during 
the survey. In each case, sites were positioned 
across the geographical extent of the region, and 
selected to represent the diversity of the major 
physical environments in the Pilbara, as detailed 
below.

IMPLEMENTATION

The survey was divided into sub-projects 
that reflected the different sampling methods 

Figure 6  The 304 sites sampled for terrestrial biodiversity in the Pilbara. The stratifi cation framework comprised 
10 grid cells and 24 survey areas. For instance, the western-most of the three survey areas in the Dampier-
Roebourne (DR) cell was coded DRW. There was also a (C)entral and an (E)astern survey area in this cell. 
Sites in cells shaded grey were sampled in 2004–05, while those in the ‘white’ cells were sampled in 2005–06.
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and team expertise required: terrestrial fauna, 
terrestrial fl ora, surface aquatic fauna and fl ora, and 
stygofauna.

Terrestrial biota

The terrestrial sample sites were sited across 
the region in a stratified array to include the 
major geological formations, landform types, 
soils, climate and vegetation types. To achieve 
geographic coverage, the study area was divided 
into 10 grid cells based on 1:250,000 map sheet 
coverage of the Pilbara, for a total of 24 survey 
areas, arrayed in a roughly checker-board pattern. 
Two or three survey areas were selected in each 
cell, according to cell size, so that sampling was 
evenly dispersed across the study area’s spatial 
extent (Figure 6). Finally, 11, 12 or 13 sample sites 
were selected in each survey area to represent its 
geomorphic profi le (i.e. combination of geology and 
topographic position). Initial planning was based 

on maps of vegetation (Beard 1975), land surface 
(van Vreeswyk et al. 2004), geology (Hickman 
1983; Trendall 1990; Thorne and Trendall 2001) and 
surface lithology (e.g. Hickman 1978, 1983; Hickman 
et al. 1983). Actual sites on the ground were selected 
by N.L. McKenzie and S. van Leeuwen during fi eld 
traverses by vehicle, with assistance from A.H. 
Burbidge, L.A. Gibson or P.G. Kendrick in some 
areas.

As far as possible, sites were pseudo-replicated 
between survey areas and some sites were pseudo-
replicated in the more extensive geomorphic 
units of each survey area. The pseudo-replication 
was to allow for the internal heterogeneity of the 
stratifi cation units (hypothesised scalars) and to 
minimise any analytical circularity introduced by 
the stratifi cation (Taylor and Friend 1984; McKenzie 
et al. 1989, 1991b; Gaston and Blackburn 1999). The 
sites chosen were the least disturbed examples 
that could be found, to minimise the effect that 

Table 1 Terrestrial site environmental attribute codes.

Code Attribute Code Attribute

Tann Annual mean temperature (oC) EC Electrical conductivity (mS/m)

Tdir Temperature diurnal range (oC) pH pH

isoT Isothermality Sand Sand (%)

Tsea Temperature seasonality Silt Silt (%)

mxTwP Warmest period maximum temperature (oC) Clay Clay (%)

mnTcP Coldest period minimum temperature (oC) orgC Organic carbon (%)

Tar Temperature annual range (oC) totN Total nitrogen (%)

TweQ Wettest quarter mean temperature (oC) totP Total phosphorus (mg/kg)

TdrQ Wettest quarter mean temperature (oC) totK Total potassium (%)

TwmQ Warmest quarter mean temperature (oC) P Available (HCO3) phosphorus (mg/kg)

TcoQ Coldest quarter mean temperature (oC) exCa Exchangeable calcium (me%)

Pann Annual mean precipitation (mm) exMg Exchangeable magnesium (me%)

PweP Wettest period precipitation (mm) exNa Exchangeable sodium (me%)

Psea Precipitation seasonality exK Exchangeable potassium (me%)

PweQ Wettest quarter precipitation (mm) Subs Sandy, clayey or rocky substrate

PwmQ Warmest quarter precipitation (mm) soilD Soil depth (cm)

PcoQ Coldest quarter precipitation (mm) gm7 Geomorphic unit (in 7 categories)

Long Longitude (oE) gm10 Geomorphic unit (in 10 categories)

Lat Latitude (oS) gm13 Geomorphic unit (in 13 categories)

Elev Elevation (m) Fabu Surface fragment abundance

Sun Sun index Fmax Maximum surface rock size

Slp Slope Outcrp Outcrop extent

Asp Aspect Riv Distance to major drainage line (km)

Cst Distance to the coast (km) Gcov Total ground vegetation cover 

Rug500
Topographic ruggedness; standard deviation 
in elevation in a 500 m radius



22 N.L. McKenzie, S. van Leeuwen, A.M. Pinder

the uneven probability of disturbance among 

landform units would have on the survey design, 

an unavoidable source of variance. However, all 

possible sites on some landform and geological 

units were signifi cantly infested by buffel grass. 

In total, 304 sites were selected for soils, animals 

and plants. An additional 118 sites were added 

subsequently to provide additional resolution on 

fl oristic patterns.

The 304 terrestrial biodiversity sites were 

established and sampled in two phases. This 

reduced biases from year-to-year variations in 

climate, and loss of sites to wildfires. Sites in 

the first five grid cells (the grey rectangles in 

the conceptual ‘checker board’, Figure 6) were 

established in mid-2003, while those in the other 

fi ve cells (the clear rectangles) were established in 

mid-2005. Installation of two fenced pit trap lines 

(each with five pits), five invertebrate pits and 

the 50 m x 50 m fl ora quadrat at each sample site 

was undertaken by fi eld teams led by J.K. Rolfe 

that included R. Bromilow, P. Cullen, T. Farmer, 

D. Kamien, B. Muir, C. Parker and R. Whitelaw 

in 2003, and J. Dunlop, T. Farmer, A. Lang, W. 

Manson, J. Nolthenius and T. Smith in 2005. General 

logistical support to these teams was provided by 

S. van Leeuwen in 2003 and by R. Bromilow, M. 
Hughes, T. Smith and S. van Leeuwen in 2005.

Soil samples from the top 10 cm of the soil profi le 
taken at ten sampling points across the diagonal of 
each fl ora quadrat were obtained and bulked for 
later analysis by the Chemistry Centre of Western 
Australia. The soil samples were all obtained by R. 
Bromilow in April 2004 and May 2006. The analyses 
included electrical conductivity, pH, organic 
carbon, total nitrogen, total phosphorous, available 
phosphorus, total potassium and the concentrations 
of exchangeable cations, namely calcium (Ca), 
magnesium (Mg), potassium (K) and sodium (Na). 
The textural attributes assessed were the fractions 
of sand, silt and clay present.

Site latitude, longitude, geological unit and 
thumbnail descriptions of the 304 terrestrial 
biodiversity sites are provided in Appendix 
A. Latitude and longitude coordinates were 
determined using a hand-held GPS accurate to +/- 
10 m and with the datum set to WGS84. Forty-seven 
climate, soil, geomorphic and vegetation attributes 
were determined for each terrestrial site (Table 1). 
The 17 climatic attributes comprised annual and 
seasonal average and range values for temperature 
and precipitation (Appendix B), and were derived 

Figure 7 Surface water localities sampled. Drainage basins are bounded by heavy black lines and labelled as follows, 
ASH: Ashburton; DGO: De Grey Oakover; FOR: Fortescue; GSD: Great Sandy Desert; OC: Onslow Coast; 
PHC: Port Hedland Coast. IBRA subregions are shaded and labelled on the map.
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using the BIOCLIM module of ANUCLIM (Houlder 

et al. 2000). The 14 soil chemical and texture values 

obtained for each site are listed in Appendix C.

Sixteen geomorphological attributes of the 304 

sites are provided in Appendix D. They comprise 

soil depth, main substrate type (sand, clay or rock), 

geomorphic categorisation (into 7, 10 and 13 classes), 

distance to the coast (Cst) and to a river (Riv), extent 

of rock outcrop, surface stoniness (coarse fragment 

abundance and maximum size), topography (slope, 

elevation, sun index and landscape ruggedness) 

and vegetation cover (Gcov). The topographical 

variables (Slp, Asp, Elev and Rug500) were derived 

from a 90-m resolution digital elevation model. 

Aspect (Asp) was further transformed to give 

north-west and south-east as the extremes. Sun 

index was calculated as cos(aspect) × tan(slope) 

× 100. Distances to the coast (Cst) and to major 

drainage lines (Riv) were generated from digitised 

hydrology information available from DEC 

Corporate GIS dataset. Vegetation cover (Gcov) is 

an index of total ground cover (i.e. shrubs < 2 m, 

grasses and sedges) that was estimated visually. 

The variables maximum fragment size (Fmax), 

fragment abundance (Fabu) and extent of rock 

outcrop (Outcrp) were estimated visually and 

categorised following McDonald et al. (1984). 
Because surface geology (from 1:250,000 maps, see 
Appendix A) was used to position the quadrats 
in each survey area, it could not also be used as 
an attribute in modelling species assemblages. 
Equivalent and additional data for the 118 fl ora-
only sites are provided as an appendix to the 
relevant paper.

Surface aquatic biota

Ninety-eight wetlands were chosen by M.N. 
Lyons and A.M. Pinder (Figure 7). To assist with an 
even geographic spread of sites: 

• the coastal rivers near Port Hedland were 
divided into Roebourne Plain and Chichester 
sections, 

• the Ashburton and Fortescue Rivers were 
divided into upper, middle and lower sections, 
and 

• the De Grey River was divided into the 
Oakover/Nullagine and Coongan/Shaw 
subcatchments.

Within each catchment section, an attempt was 
made to select representatives of all the broad 
wetland types present (especially claypans, river 

Figure 8 Water bores sampled for stygofauna. Drainage basins are bounded by heavy black lines and labelled as fol-
lows, ASH: Ashburton; DGO: De Grey Oakover; FOR: Fortescue; GSD: Great Sandy Desert; OC: Onslow 
Coast; PHC: Port Hedland Coast. IBRA subregions are shaded and labelled on the map.
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pools within a variety of stream orders and 

springs). Generally one ‘site’ within each wetland 

was sampled, with the exception of Fortescue 

Marsh where the western and eastern ends were 

sampled separately. Wetlands were selected 

following consultation with local experts (including 

landholders and regional DEC staff), use of 

topographic maps, a reconnaissance trip and aerial 

surveys along the De Grey/Oakover, Fortescue and 

Ashburton Rivers. Eleven ephemeral sites were 

sampled only once (in spring, summer or autumn) 

but other wetlands were sampled in both spring 

and autumn (85 wetlands) or in spring and summer 

(3 wetlands). All riparian quadrats were sampled 

twice.

The locations of sampling sites were determined 

by GPS using the GDA94 datum. Aquatic 

invertebrates, aquatic vascular plants, benthic 

diatoms, charophytes, fi lamentous algae, planktonic 

algae and riparian plants were sampled at each site, 

and waterbirds were surveyed within a portion 

or all of the wetland. During the fi rst sampling 

trip (spring 2003), only 13 of the 29 wetlands were 

sampled for diatoms, and planktonic algae were 

not sampled at all. These 29 sites were sampled 

for all aquatic plant groups (and re-sampled for 

water chemistry) in spring 2006. On each sampling 

occasion:

• water chemistry variables were measured 

and water samples were taken for laboratory 

analysis,

• submerged macrophyte biomass and cover 
were estimated,

• emergent macrophyte cover was estimated,

• sediment particle size distribution was estimated 
for fractions greater than gravel and measured 
for fi ne sediments (as silt+clay, sand and gravel), 
and

• soil samples within riparian vegetation quadrats 
were taken for laboratory chemical and physical 
analyses during the fi rst wetland visit.

The following aquatic physico-chemistry 
variables were measured: maximum flow rate, 
water temperature, total dissolved solids, pH, 
turbidity, colour, total filterable nitrogen and 
phosphorus, iron, silica, alkalinity, hardness and 
composition of the major ions. Strahler stream 
order was calculated using 1:250,000 topographic 
maps, and distance to coast was measured as 
a straight line using ArcGIS and the Western 
Australian coastline in the DEC Corporate dataset 
2007. Because they are single-paper specifi c, these 
data will be provided as appendices to the relevant 
paper.

Stygofauna

Stygofauna were sampled in bores and wells, 
principally drilled for groundwater extraction 
or groundwater monitoring. The study area was 
divided into 12 sub-regions based on the major 
river catchments and distance from the coast 

Table 2 Personnel involved in sampling for terrestrial vertebrates.

Session Personnel

October 2004

Reptiles and Mammals: C. Baker-Sadlerd, P. Doughtyb, B.J. Durranta, L.A. Gibsona, N.A. Guthriea, 
P.G. Kendricka, N.L. McKenziea, K.D. Morrisa, D.J. Pearsona, M. Pepperd, D. Raboskyd, J.K. Rolfea, 
T.A. Smithd and N. Thomasa.

Birds: A.H. Burbidgea, N. Hamiltona, R.E. Johnstoneb, L.A. Smithb and P. Stoneb.

May 2005

Reptiles and Mammals: P. Doughty, K. Edwardsd, K. Georged, L.A. Gibson, K. Himbeck, M. 
Hughes, B. Johnson, P.G. Kendrick, N.L. McKenzie, P. Oliverd, M. Pepper and J.K. Rolfe.

Birds: A.H. Burbidge, R. Davis, N. Hamilton, D.J. Pearson, W. Rutherfordc and L.A. Smith

October 2005

Reptiles and Mammals: L. Beasleyd, P. Cullend, P. Doughty, L.A. Gibson, B. Johnson, P.G. Kendrick, 
K.D. Morris, J.K. Rolfe and N. Thomas.

Birds: A.H. Burbidge, N. Hamilton, R.E. Johnstone, B. Rutherford, C. Stevensonb and P. Stone.

May 2006

Reptiles and Mammals: P. Doughty, S. Fleischerd, K. George, L.A. Gibson, P.G. Kendrick, N.L. 
McKenzie, J.K. Rolfe and C. Sorokined.

Birds: A.H. Burbidge, R.E. Johnstone, D.J. Pearson, C. Stevenson and P. Stone

October 2006e
Reptiles and Mammals: J.K. Rolfe and T. Limantachaid.

Birds: A.H. Burbidge

a Department of Environment and Conservation
b Western Australian Museum
c Ornithological Technical Services
d Volunteer
e Selected sites at PHYC, PHYE and NE
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Table 3 Personnel involved in sampling for terrestrial fl ora.

Personnel
Agency 
Affi liation

Sampling Year

2004 2005 2006

Apr May
Aug-
Sep Jul Aug Feb

Apr-
May May

May 
-Jun Jun Jun Jun Aug Sep

Survey Team

Stephen van 
Leeuwen DEC √ √ √ √ √ √ √ √ √ √ √ √ √

Neil Gibson DEC √ √  √ √ √ √

Greg Keighery DEC √ √ √ √ √

Sue Patrick DEC √ √ √

Bob Bromilow DEC √ √ √ √ √ √ √ √

Margaret Langley DEC √ √ √ √ √

Bill Muir DEC √ √ √

Collaborators

Kate Brown Volunteer √

Margaret Byrne DEC √

David Coates DEC √

Doug Cook DEC √

Rowan Dawson DEC √

Daphne Edinger Volunteer √

Jodie Fraser Rio Tinto √

Regina Flugge Volunteer √ √ √ √

Gilbert Marsh Volunteer √

Julie Morthy DEC √

Yvonne Muller DEC √

Emil Thoma Rio Tinto √

Visiting Botanists

David Albrecht NT √

Bill Barker AD √

Tony Bean BRI √

Bob Chinnock AD √ √

Lyn Craven CANB √

Rob Davis PERTH √ √

Richard Fairman PERTH √

David Halford BRI √

Wayne Harris BRI √ √

Brendan Lepschi CANB √

David Mallinson CANB √

Bruce Maslin PERTH √

Frank Obbens PERTH √

Jo Palmer CANB √

Leigh Sage PERTH √ √

Neville Walsh MEL √

Carol Wilkins UWA √

Karen Wilson NSW √

Peter Wilson NSW √
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and, insofar as possible, all were sampled with 
similar effort. An attempt was made to sample all 
geologies of the Pilbara, although the reliance on 
existing bores meant that there was bias towards 
transmissive aquifers (e.g. alluvium, calcrete). A 
total of 508 bores was sampled (Figure 8), mostly 
twice, though with a few only sampled once 
and a small subset sampled up to seven times to 
investigate the importance of sampling effort for 
determining aquifer species richness. In all, 1084 
samples were collected.

Each time a bore was sampled, a range of 
water chemistry variables was recorded, water 
samples were collected for laboratory analyses 
and stygofaunal invertebrates were sampled using 
weighted conical nets. The following aquatic 
physico-chemistry variables were measured: 
water temperature, oxygen, redox, total dissolved 
solids, pH, total soluble nitrogen and phosphorus, 
iron, strontium, silica, alkalinity, hardness and 
concentrations of the major ions. Details of bore 
construction, dimensions and depth were collected 
in the fi eld and from various databases. In many 
cases little information was available. These data 
are provided as an appendix to the stygofauna 
paper.

Milestones

Terrestrial fauna

The fi rst 151 sampling sites were selected during 

July 2003, and trap systems for invertebrates 
and vertebrates installed between July and late-
September 2003. Invertebrate sampling commenced 
at these sites in November 2003 and was completed 
by June 2005, while vertebrates were sampled in 
October 2004 and re-sampled in May 2005 (Table 
2). The second set of sites (153) was selected by 
September 2005, and trap systems installed by 
late September 2005. They were sampled for 
invertebrates from September 2005 until June 2006, 
and for vertebrates during October 2005 with re-
sampling in May 2006. The invertebrate sampling 
was carried out by B.J. Durrant and N.A. Guthrie, 
with assistance from other team members.

Two or three sites in each of the 24 survey areas 
(Figure 6) were sampled for microbats (echolocation 
recordings) during the vertebrate trapping 
program. During separate fi eld trips in August 
2004, February 2006, May 2007 and November 
2007, the echolocation calls, fl ight capabilities and 
foraging niches of all microbat species represented 
in the Pilbara fauna were documented by N.L. 
McKenzie with assistance from T.A. Smith, R.D. 
Bullen, M.H. McKenzie and A.N. Start, respectively.

In August 2004, T.A. Smith, M.C. McDowell and 
A. Baynes searched rock shelters and overhangs 
across the Pilbara for mammal bones. These were 
cleaned, sorted and identified, along with all 
previously collected material from the region held 
by the Western Australian Museum, including 
material from a sinkhole in the Ripon Hills 

Table 4 Personnel involved in sampling for aquatic fl ora and fauna.

Session Personnel Sampling

August–September 2003
A.M. Pindera, J.M. McRaea, M.N. Lyonsa, S.D. 
Lyonsa

29 wetlands (only 13 for diatoms, no 
planktonic algae sampling)

May–June 2004
A.M. Pinder, H. Barrona, M.N. Lyons, D.A. 
Micklea 26 wetlands

August–September 2004
A.M. Pinder, L. Grantb, N. Gibsona, D.A. 
Mickle

29 wetlands

April–May 2005
A.M. Pinder, J.M. McRae, M.N. Lyons, D.A. 
Mickle

38 wetlands

August–September 2005
A.M. Pinder, J.M. McRae, M.N. Lyons, D.A. 
Mickle

28 wetlands

January–February 2006
A.M. Pinder, J.M. McRae, M.N. Lyons, S.D. 
Lyons

8 wetlands

April–May 2006
A.M. Pinder, J.M. McRae, D.A. Mickle, N.Y. 
Huanga and J.A. Dunlopa 26 wetlands

August–September 2006
S.A. Halsea, J. Powlingc, M.N. Lyons, M.T. 
Casanovad and D.A. Mickle

4 wetlands for all taxonomic groups 
(29 for all aquatic plant groups)

a Department of Environment and Conservation
b James Cook University
c The University of Melbourne
d Royal Botanic Gardens Melbourne
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collected by P.G. Kendrick and G.J. Angus.

By June 2008, all terrestrial fauna records were 
identified, the data compiled and analysis and 
written interpretation commenced for separate 
papers reporting the spider, scorpion, beetle, ant, 
reptile and frog, small ground-dwelling mammal, 
microbat, original mammal fauna and bird data-
sets.

Terrestrial fl ora

Flora sampling at the 304 terrestrial sites and an 
additional 118 fl ora-only sites commenced in April 
2004 (fi rst 151 terrestrial and 60 fl ora-only sites) and, 
for the second 153 terrestrial and 58 fl ora-only sites, 
in April 2006, with at least two visits to each site in 
different seasons, depending on rainfall patterns 
(Table 3). Two cyclones in early 2004, following an 
unusually dry year in 2003, delayed the program, 
but 2005 brought good dry-season then wet-
season rains that allowed the fl ora sampling to be 
completed at all sites by September 2006. Specimen 
curation, identifi cation and data-entry of the 80,000 
voucher specimens commenced in November 2004 
and are expected to be completed by December 
2009, when analysis and interpretation can begin.

In addition to the core survey team of seven 
personnel from the Department of Environment 
and Conservation, a further 31 people were 
involved in the fi eld program (Table 3). Most of 
these were botanists, ecologists and volunteers 
affi liated with the Western Australian Herbarium 
or herbaria in eastern and northern Australia. 
The three-year fi eld program involved 180 days of 
fi eldwork, a total of 1,260 person days of collecting 
and close to 128,000 km of vehicle travel.

Surface aquatic biota

Following a site selection trip in June/July 2003, 

sampling of the fi rst 29 wetlands commenced in 
August and September 2003 (Table 4). Between 26 
and 38 wetlands were sampled on each subsequent 
trip – at the beginning and end of the 2004 and 
2005 wet seasons, and at the end of the 2006 wet 
season. Eight ephemeral wetlands were sampled 
towards the end of the 2006 wet season, following 
cyclone Clare, and four wetlands were sampled 
towards the end of the 2006 dry season. All 
invertebrate specimens were identifi ed by April 
2007 and aquatic fl ora specimens by February 2008, 
with analysis and writing of separate papers on 
aquatic invertebrates and aquatic fl ora commencing 
thereafter.

Stygofauna

In the fi rst year of fi eldwork (2002), bores on mine 
leases were the focus of sampling. As the survey 
progressed, emphasis shifted to Western Australian 
Departments of Water and Main Roads bores and 
then pastoral-lease bores. Fieldwork was conducted 
during most dry season months between October 
2002 and August 2006 by M. Scanlon, J. Cocking 
and H. Barron, with assistance from S.A. Halse, J.M. 
McRae, S. Eberhard and A. MacIntosh. Sampling 
methods were refined during a preliminary 
fi eldtrip by S.A. Halse, M. Scanlon, J. Cocking, J. 
Bradbury and R. Shiel (Adelaide University) and 
R. Leijs (South Australian Museum). A review of 
sampling methods was undertaken with P. De 
Deckker (Australian National University).

Wet season months were spent sorting stygofauna 
samples and either undertaking identifications 
or processing specimens for identification by 
relevant morphological and molecular taxonomists. 
A considerable amount of taxonomic work was 
commissioned or facilitated, including work on 
ostracods (Ivana Karanovic, Western Australian 

Table 5  Year-to-year comparison of bi-monthly rainfall (mm), averaged across the Pilbara. Table values are from Bu-
reau of Meteorology weather stations as represented in Figure 2: Port Hedland (004032), Roebourne (004035), 
Marble Bar (004020), Wittenoom (005026) and Newman (007151). The period of the stygofauna survey is 
outlined; the period of the terrestrial zoology survey is shaded grey; the period of the botanical sampling is 
underlined; and the period of the surface aquatic survey is shown in bold.

Year

Bi-monthly rainfall (mm)

Annual (mm)Dec & Jan Feb & Mar Apr & May Jun & July Aug & Sep Oct & Nov

2001 164 13 12 19 1 0 418

2002 40 12 30 0 1 21 207

2003 112 48 15 4 0 3 319

2004 90 92 5 3 1 4 390

2005 10 5 18 44 0 33 222

2006 200 160 1 0 12 8 614

Long-term average 78 42 24 10 2 18 348
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Museum), copepods (Tom Karanovic, Western 
Australian Museum; Danny Tang, University 
of Western Australia), isopods (Buz Wilson and 
Stephen Keable, Australian Museum; Niel Bruce, 
Museum of Tropical Queensland) and water mites 
(Mark Harvey, Western Australian Museum). 
Identifi cations were completed by January 2007, 
except for some continuing taxonomic refi nements, 
and data analysis began in June 2008.

Integration of information

Papers  i nteg rat i ng t he  su r vey resu lt s 
(including manuscripts on species/community 
distributions, environmental patterns and reserve 
recommendations) will be prepared as soon as all 
datasets become available. As papers are completed, 
all records will be stored in accessible archives, 
and all specimens lodged in relevant State natural 
history collections along with relevant databases.

Conditions at the time of sampling

Rainfall averages across the Pilbara were 
unusually dry during 2002 and 2005, although there 
was above-average dry season rainfall in 2005 that 
resulted in minor fl ood events across most of the 
Pilbara (Table 5). Tropical cyclones Monty and Fay 
in early 2004 caused widespread inundation and 
severe fl oods in all major Pilbara river systems. 
Tropical cyclones Clare and Glenda in early 2006 
also caused widespread inundation, and resulted in 
severe fl oods in the Ashburton, Robe, Fortescue and 
Port Hedland coastal rivers but only minor fl ooding 
in the De Grey/Oakover system. No cyclones 
affected the Pilbara in the 2004/5 wet season.
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