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ABSTRACT 
The malleefowl (Leipoa ocellata) is a large, ground-dwelling bird that is listed 

as threatened in all states of Australia in which it occurs.  Its range encompasses much 

of southern Australia; however, much of it has been cleared for agriculture.  Malleefowl 

are thought to have suffered substantial decline owing to multiple threats that include 

habitat loss, predation from exotic predators, grazing of habitat by introduced 

herbivores and fire - common threats in the decline of many Australian vertebrate 

species. 

The malleefowl has an unmistakeable appearance, unique biology, and 

widespread distribution across Australia.  Consequently, it has been the focus of much 

scientific and community interest.  In the Western Australian wheatbelt, community 

groups are working to conserve the species and have been actively collecting data on its 

distribution for over 15 years.  The vast majority of these data are presence-only and 

have been collected in an opportunistic manner but, combined with long-term data from 

government agencies and museums spanning over 150 years, they present a significant 

opportunity to inform ecological questions relevant to the conservation of the species. 

The purpose of this study was to answer key ecological questions regarding the 

distribution, status and habitat preferences of malleefowl using unstructured occurrence 

records supplemented by reliable absences derived from Bird Atlas data sets and 

targeted surveys.  Malleefowl in the Western Australian wheatbelt were used as a case 

study to illustrate: 1) how the decline of a species can be quantified and causes of that 

decline identified; and 2) how threats can be identified and responses to threats 

explored. 

I used bioclimatic modelling to define and explore variation within the climatic 

niche of the Malleefowl across Australia.  Major differences existed between eastern 

and western Australia suggesting that habitat structure and vulnerability of the species 

to threats were also likely to differ.  This analysis demonstrated that environmental 

envelope models are poorly suited to predicting the range of widespread species or 

those species whose range is incompletely known, because they require complete 

sampling of the climate envelope.  Further, such models (e.g. BIOCLIM) may 

overestimate the range in situations where a species’ range is not limited by climate. 

Changes in the range of malleefowl over time were examined using both 

presence-only and presence-absence data for Western Australia.  The range of 



ii 

malleefowl has contracted in the Western Australian wheatbelt, with generalised 

additive modelling showing an association with loss of habitat and reduction in habitat 

quality in remaining habitat.  A comparison of estimates of range contraction derived 

from presence-only and presence-absence datasets illustrated that a species’ status 

should not be assessed using presence-only data alone because they are vulnerable to 

false absence and variation in observer effort.  At a minimum, presence-absence data 

are required. 

The occurrence of malleefowl in the Western Australian wheatbelt was modelled 

both at broad and fine scales using various techniques including generalised additive 

models, generalised linear models and ordination.  These techniques used presence-

absence data.  The occurrence of malleefowl was associated with landscapes that had 

lower rainfall, greater amounts of mallee and shrubland that occur as large remnants, 

and lighter soil surface textures.  At a finer scale, the occurrence of the species was 

most closely linked to characteristics of the habitat (e.g. litter depth and abundance of 

food shrubs) rather than differences in current management (e.g. fire and grazing of 

habitat by stock). 

The threat of fire to malleefowl in the Western Australian wheatbelt was 

explored in a space-for-time analysis that used remotely-sensed data to detect fire 

history from 1983 to 2004.  The incidence of fire in the wheatbelt was landscape 

specific: it was uncommon in small remnants, more common in large reserves and most 

frequent in uncleared landscapes adjacent to the wheatbelt.  A field survey compared 

the post-fire response of two important malleefowl habitat types, mallee and Acacia 

shrublands.  Analysis indicated that mallee habitat developed favourable characteristics 

(e.g. understorey and litter layer) after about 20 years and maintained these beyond 45 

years.  In Acacia shrubland these characteristics began to diminish after about 25-30 

years suggesting a shorter period of suitability in the fire cycle. 

This thesis provides substantial additional knowledge about the ecology, 

distribution and status of malleefowl in Western Australia.  It also illustrates how 

opportunistic and unstructured data can be augmented to investigate key aspects of a 

species’ ecology.  Despite the limitations of these data, which primarily relate to 

variation in observer effort across time and space, they can provide important outcomes 

that may not be achieved using standard survey and data collection techniques.  The 

utility of opportunistic data is greatest in situations where the species: is recognisable 

and easily observed; is relatively sedentary; and occurs within a landscape containing 
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consistent land use and habitat types.  The approaches used in this study could be 

applied by researchers to situations where community interest exists for species with 

these attributes. 

At a national scale, the malleefowl is predicted to decline by at least 20% over 

the next three generations.  The findings of this thesis suggest that the future for the 

species in the Western Australian wheatbelt may not be as dire as predicted elsewhere 

within its range, owing largely to the easing and cessation of threatening processes (e.g. 

land clearing, grazing of habitat by livestock) and the ability of the species to occupy a 

variety of habitat types.  Despite this perceived security, some caution must be 

exercised until there is a more complete knowledge of the impact of fox predation and 

reduced rainfall due to climate change on malleefowl populations.  Furthermore, the 

status of the species beyond the agricultural landscapes in Western Australia requires 

closer examination. 
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1 CHAPTER ONE: GENERAL INTRODUCTION 

1.1 BIODIVERSITY DECLINE 

Biodiversity is declining worldwide, owing largely to human induced 

environmental changes (Eldredge, 2001).  The number of species identified as critically 

endangered, endangered or vulnerable has risen 59% from 10 099 in 1996 to 16 027 in 

2008 (IUCN, 2008).  With dramatic changes in land and resource use associated with 

the continuing increase in human population and the impending threat of climate 

change, these trends are likely to continue (United Nations Environment Programme, 

2005).  Consequently, there is an urgent need to understand responses of the biota to 

disturbances and threatening processes and formulate effective action for its long term 

conservation. 

Typically, the status of a species and its response to threats are found only after 

detailed experimentation and monitoring; an approach that is costly in terms of time, 

labour and resources (Caughley, 1994).  Given that many species are currently heading 

towards extinction, there is a need to make more efficient use of existing information 

and remotely-sensed data to provide timely and reliable estimates of current status, 

identification of past and current threatening processes, and quantification of a taxon’s 

response to these processes. 

1.2 THE USE OF SPATIAL MODELLING 

In recent years, practitioners have turned to spatial models in an effort to 

understand reasons for and ways to stem biodiversity decline (Rushton et al., 2004).  

Much effort is currently being invested in understanding patterns of biodiversity, 

including distribution of species, habitat use, and vulnerability to threats.  Numerous 

studies have applied spatial modelling techniques to ecological problems such as 

predicting species current and future distributions (Austin and Meyers, 1996; Austin, 

2002; Wintle et al., 2005; Elith et al., 2006), investigating relationships between species 

occurrence and threatening processes (Bennett and Ford, 1997; Brooker, 2002; 

Bradstock et al., 2005) and simulating dispersal of individuals (Schippers et al., 1996; 

Brooker, 2002).  Similar approaches have also been used in the study of invasive 

species (Honig et al., 1992; With, 2002; Urban et al., 2007). 
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Spatial modelling represents an effective way to analyse many aspects of a 

species’ ecology using existing species-specific data and readily available spatial 

information.  It is an approach that can complement rather than replace detailed 

biological or ecological studies, and represents an opportunity to gain further insight 

from existing knowledge.  One of the advantages is that it allows practitioners to 

analyse responses of whole populations to environmental variables and shows much 

promise for addressing gaps in current ecological knowledge (Guisan and Thuiller, 

2005; Guisan et al., 2006).  It also presents an opportunity to provide answers to 

important conservation questions in appropriate time frames and at reasonable cost. 

Despite advances in spatial modelling techniques, the primary limiting factor in 

analysis of a species is the lack of formal survey data, particularly for poorly known or 

cryptic species.  This lack of data is frequently identified as a major barrier preventing 

models from producing meaningful results (Guisan and Zimmermann, 2000; Zaniewski 

et al., 2002; Elith et al., 2006).  Recently, researchers have addressed a lack of species-

specific location data by utilising unstructured data often collected opportunistically 

over many years by organisations such as museums (Main, 1990; Shaffer et al., 1998; 

Reutter et al., 2003) or the wider community (e.g. Quinn 1995).  These sources are 

commonly criticised as being inadequate for answering research questions, due to their 

lack of a sampling design and variable collection effort (Shaffer et al., 1998).  Despite 

such criticism, the collection of these types of data (e.g. atlases) is increasing (Lunney 

et al., 2000) and so assessing the value of these data to ecological research represents a 

worthwhile pursuit (Szabo et al., 2007; Dunn and Weston, 2008). 

In contrast to species location data, the quality and availability of remotely-

sensed environmental data (e.g. vegetation cover, fire history, and land use) has 

increased dramatically (Engler et al., 2004), along with the advancement of geographic 

information systems (GIS) (Guisan and Zimmermann, 2000; Rushton et al., 2004).  

These data, although plentiful, are seldom collected specifically for use in research on 

threatened species and so extracting value and ecological insight from such datasets can 

be challenging (Austin, 2002).  Often, data are collected at broad scales and over limited 

time periods, preventing researchers from exploring trends over long time periods or 

investigating patterns at fine scales (Engler et al., 2004).  Furthermore, the data tend to 

be somewhat removed from the processes actually affecting a species’ response (i.e. 
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distal cf. proximal, sensu Austin, 2002) and so novel approaches are required to apply 

such data to ecological questions and generate useful outcomes. 

1.3 THE MALLEEFOWL 

In Australia, 51 bird species and sub-species occurring on the mainland were 

identified as threatened as at March 2008 (Department of Environment and Heritage, 

2008) with many of these occurring in agricultural landscapes (Woinarski and 

Braithwaite, 1990; Garnett and Crowley, 2000).  The malleefowl is one example.  It is a 

member of the family Megapodiidae, and uses a combination of fermentation and solar 

radiation to incubate its eggs (Frith, 1956).  The species is listed as “fauna that is rare or 

is likely to become extinct” in Western Australia under state legislation (Schedule 1 of 

the Wildlife Conservation (Specially Protected Fauna) Notice 2005), and “vulnerable” 

under the federal Environment Protection and Biodiversity Conservation Act 1999.  Its 

listing is based on the belief that the population has contracted in range by at least 20% 

over the last three generations and that this rate of decline is likely to continue (Garnett 

and Crowley, 2000).  It is also listed as vulnerable on the IUCN’s Red List of 

Threatened Species (IUCN, 2008, criteria A2bce+3ce+4bce). 

The historical range of malleefowl (Figure 1) encompassed much of southern 

Australia (Blakers et al., 1984), extending from north of Dubbo in New South Wales 

through north-western Victoria and the southern half of South Australia to Western 

Australia.  Its historical range in Western Australia consisted of a broad arc from north 

of Carnarvon south to Esperance with the species recorded over most of the southern 

half of the state (Benshemesh, 2000).  The species was relatively abundant across its 

range in Western Australia at the beginning of the twentieth century (Crossman, 1909; 

Carter, 1917; Ashby, 1921; Carter, 1923; Carnaby, 1933; Leake, 1962) but reduced 

significantly in number as land was developed for agriculture throughout the south-west 

(Benshemesh, 2000).  The range of the species in Western Australia is believed to have 

contracted by as much as 46% (Benshemesh, 2000), but the direct causes of decline 

remain poorly understood and the likelihood of this decline continuing is unknown. 



 

4 

 
Figure 1: The current (dark grey) and historical (light grey) range of malleefowl (re-

drawn from Benshemesh, 2000).  Black points indicate site locations for existing 

published malleefowl studies. 

Multiple causes have been suggested for the decline of the species with habitat 

loss due to land clearing known to be a major threat (Frith, 1962; Priddel, 1989).  

Substantial declines and local extinctions have been experienced within agricultural 

landscapes across Australia (Priddel and Wheeler, 1994; Cutten, 1998; Harold and 

Dennings, 1998) where land clearing has been severe, but this does not account for 

declines experienced in uncleared landscapes in arid and semi-arid areas.  Predation by 

foxes, inappropriate fire regimes and grazing by introduced herbivores have all been 

suggested in these and other areas, but there is uncertainty about the relative 

contributions of these threats (Priddel and Wheeler, 2003). 

The occurrence and intensity of the various threats mentioned above is likely to 

be related to land use, climate and the ecological attributes of the landscape in question.  

However, the range of the malleefowl is large, spanning nearly the entire longitudinal 

breadth of the Australian continent (Figure 1, Benshemesh, 2000) and therefore 

encompassing substantial climatic, habitat, and land use variation.  Much of the 

published knowledge regarding the ecology of malleefowl has been generated from 

localised studies in eastern Australia (Figure 1), with an emphasis on the reproductive 
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biology of the species (e.g. Frith, 1955, Frith, 1956, Frith, 1957; Booth, 1985) and the 

effects of foxes and fire on it (Benshemesh, 1992; Priddel and Wheeler, 1994, Priddel 

and Wheeler, 1996, Priddel and Wheeler, 1997; Priddel et al., 2007).  Given the 

restricted geographic extent of these studies, a complete appreciation of the variation 

within the range of malleefowl is lacking.  There is a need to expand knowledge of 

malleefowl to extend across the species’ range, including studies into how the 

occurrence, habitat preferences and vulnerability of malleefowl change across 

environmental and management gradients.  In particular, many of the conclusions about 

malleefowl decline are based on data from eastern Australia.  Western Australian 

populations are likely to experience different patterns of climate, habitat and land use 

patterns. 

1.4 MALLEEFOWL IN THE WESTERN AUSTRALIAN WHEATBELT: A CASE STUDY 

The malleefowl provides a unique opportunity to investigate how one might use 

spatial modelling and opportunistic data to assess the status of a declining species 

across a landscape and formulate strategies for its recovery.  I chose to focus on 

malleefowl in the Western Australian wheatbelt for several reasons. 

First, community groups (Malleefowl Preservation Group, North Central 

Malleefowl Preservation Group, Friends of North Eastern Malleefowl) have been 

actively recording sightings of malleefowl across south-west Western Australia for over 

15 years.  These data, combined with the steady collection of records from agencies 

(Western Australian Department of Environment and Conservation, Western Australian 

Museum) over the past 150 years have culminated in a substantial data resource that 

forms the basis of this thesis.  This dataset provides an opportunity to explore the 

potential of using unstructured, opportunistic datasets to inform ecological research.  

Furthermore, the malleefowl is iconic and has therefore been the subject of community 

conservation efforts for some time (Williams, 1995; Carter, 2004).  Hence, in addition 

to using opportunistic data, there is potential in utilising historical and anecdotal 

knowledge to provide ecological insight into the species. 

Second, a wealth of knowledge exists regarding the biology and ecology of 

malleefowl (see Frith, 1955, Frith, 1956, Frith, 1957, Frith, 1959, Frith, 1962; Booth, 

1985; Brickhill, 1987; Benshemesh, 1992; Priddel and Wheeler, 1994, Priddel and 

Wheeler, 1996, Priddel and Wheeler, 2003; Priddel et al., 2007) that can be used to 
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guide research questions.  These studies have been concentrated within a small part of 

the species’ range in south-eastern Australia, and it is critical to assess whether such 

knowledge (e.g. patterns of decline, habitat preferences, and vulnerability to threats) is 

readily transferable across the entire range of the species. 

Finally, the species occurs throughout the Western Australian wheatbelt (Figure 

2).  This region is well suited to this type of study as it spans many environmental 

gradients (e.g. rainfall, soil type, and clearing history) and spatial information related to 

these gradients is readily accessible (e.g. Landmonitor, 2004).  Multiple threats, 

including habitat loss, grazing of native vegetation by introduced herbivores, and fox 

predation, have brought about significant and continued decline in species richness and 

abundance in the wheatbelt (Burbidge and McKenzie, 1989; Woinarski and Braithwaite, 

1990; Short and Smith, 1994; Saunders and Ingram, 1995), with many of these 

identified as key threats to malleefowl (Benshemesh, 2000).  The species has suffered 

significant contractions and thinning within this region (Benshemesh, 2000; Barrett et 

al., 2003), but is still widespread and abundant enough to lend itself to study.  Study of 

the response of malleefowl to key threats operating in the Western Australian wheatbelt 

is likely to be of direct benefit to other species with similar ecological attributes 

exhibiting similar declines in range and/or abundance (e.g. resident ground nesting 

birds, Figure 3). 

 
Figure 2: The Western Australian wheatbelt.  Native vegetation cover within the study 

area is shown in black. 
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Figure 3: Nest types for 59 resident bird species identified as declining in range and/or 

abundance within the Western Australian wheatbelt by Saunders and Ingram (1995).  

Excludes aquatic species. 

1.5 THESIS APPROACH AND AIMS 

The approach of this thesis is two-fold.  First, it seeks to examine the ecology of 

the malleefowl and processes threatening its persistence in Australia, summarising the 

roles that these threatening processes have on the species in the fragmented Western 

Australian wheatbelt.  A primary objective of the thesis is to provide applied ecological 

information for the conservation of malleefowl in the Western Australian wheatbelt.  It 

aims to provide knowledge that can be used for broad and local scale planning, and in 

developing and implementing management of reserves, farmland and remnant 
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vegetation to protect and enhance the existence of malleefowl in agricultural 

landscapes. 

Second, this thesis seeks to demonstrate methods for the efficient and effective 

use of data to answer important ecological questions about the relationship between a 

species and its environment.  It seeks to investigate approaches for modelling 

populations of species using spatial data and further develop them for use with 

opportunistic and unstructured data.  The thesis uses malleefowl in the Western 

Australian wheatbelt as a case study to illustrate: 1) how the decline of a species can be 

quantified and causes identified; and 2) how threats can be identified and responses to 

threats explored. 

I used malleefowl in the Western Australian wheatbelt as a case study to 

examine five issues related to the assessment of a declining species and its vulnerability 

to threats, using a range of available data (e.g. presence-only and remote sensing).  I 

explored: 

• the effectiveness of bioclimatic modelling for determining the range, and 

defining climatic variation within the range, of malleefowl; 

• methods for quantifying changes in the malleefowl’s range and determining 

drivers of change; 

• methods for using presence-only and presence-absence location data and 

remotely-sensed environmental data to model the distribution of malleefowl, 

both at regional and local scales; 

• the occurrence of malleefowl at the scale of individual remnants, a scale that 

cannot be adequately addressed using remotely-sensed data; and 

• the influence of fire on malleefowl in south-west Western Australia, using an 

approach that combined the use of remote sensing analysis and field-based 

survey. 
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2 CHAPTER TWO: CLIMATIC VARIATION WITHIN THE RANGE OF 

A WIDESPREAD BUT DECLINING SPECIES: AN ANALYSIS OF THE 

DISTRIBUTION OF MALLEEFOWL (LEIPOA OCELLATA) IN 

AUSTRALIA USING BIOCLIMATIC MODELLING 

2.1 ABSTRACT 

We investigated the climatic variation within the range of the malleefowl 

(Leipoa ocellata), a widespread but declining species.  We collated a rich data set of 

presence-only records from across continental Australia, allowing us to assess the 

impact of variable sample sizes on predicted range.  We evaluated the impact of spatial 

variation in climate on range predictions using data from eastern and Western Australia 

separately to predict range extent.  We determined whether malleefowl occupied 

distinct climatic regions across their continental range and assessed the possible impact 

of climate change on the likely future range of the species.  When using as few as 200 

randomly chosen points (5% of available data), BIOCLIM range predictions 

encompassed over 90% of occurrence locations but to attain spatial consistency 

required close to 2000 points (≈50% of the available data).  Occurrence data from 

eastern and Western Australia produced substantially different predictions about range, 

with each predicting very limited occurrence in the alternate half of the continent.  

Malleefowl locations within the central and northern wheatbelt of Western Australia 

were grouped primarily with those of adjacent pastoral areas and central Australia, 

whereas locations from the southern wheatbelt of Western Australia were grouped with 

those of central New South Wales and the Murray Darling region of eastern Australia.  

Bioclimatic modelling of current climate change scenarios suggests that the malleefowl 

may experience a substantial reduction in its range over the next 20 to 60 years.  This 

study has demonstrated that, to reliably predict the range of a widespread species such 

as malleefowl, location data must adequately sample the entire climatic space occupied 

by the species.  BIOCLIM represents an effective interpolative tool for exploring the 

climatic attributes of a species’ range, rather than being an extrapolative tool for 

predicting the spatial occurrence of the range itself.  The study also illustrates that 

climate within the range of malleefowl is diverse, which is likely to translate to 

differences in habitat use and vulnerability to threats, including climate change. 
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2.2 INTRODUCTION 

Modelling based on climatic data is an approach often used to predict the range 

of a species on a broad geographic scale (Guisan and Zimmermann, 2000).  The range 

of a species may be affected by numerous environmental variables (e.g. habitat type, 

resources, and threats) and the relative influence of these may differ geographically.  

Examining a species’ range using bioclimatic modelling can provide useful insights into 

why it occurs where it does as many of the habitat qualities determining occurrence may 

ultimately be reliant on climate. 

The core function of climate envelope modelling is to spatially delineate the 

climatic distribution of a species based on available records.  If these records cover a 

representative sample of the whole of a species’ range, they may also provide a useful 

model of the geographic occurrence of a species (see Backhouse and Burgess, 2002; 

Caughley et al., 1987; Austin 1998; Law, 1994; Lindenmayer et al., 1997; Jackson and 

Claridge, 1999; Fischer et al., 2001).  The resultant climatic information can be applied 

to answer many key ecological questions.  BIOCLIM, a climatic envelope modelling 

program (Houlder et al., 2000), has been used to investigate climatic differences in the 

range occupied by related taxa (Wardell-Johnson and Roberts, 1993; Sumner and 

Dickman, 1998; Crowther et al., 2002; Penman et al., 2005), identify priority areas for 

future survey or conservation efforts (Lindenmayer et al., 1991; Pearce and 

Lindenmayer, 1998; Claridge, 2002), investigate the consequences of climate change 

(Lindenmayer et al., 1991; Brereton et al., 1995; Thomas et al., 2004; Beaumont et al., 

2005), investigate seasonal variation in the range of a species (Olsen and Doran, 2002), 

and assess the threat from invasive species (Panetta and Mitchell, 1991; Sindel and 

Michael, 1992; Honig et al., 1992; Martin, 1996). 

Climatic envelope models such as BIOCLIM may have a limited role in 

delineating the range of a species, as model outputs are heavily reliant on the 

representativeness of the location data entered into the models.  However, such models 

are likely to represent an effective means of quantifying and investigating climatic 

attributes within a species’ range.  They can provide significant insight into the nature 

of climatic variation within a species’ range when subsets of the data are compared with 

each other (e.g. Penman et al., 2005).  Potential also exists to use BIOCLIM to illustrate 

the relative impacts of various projections of climate change on a species. 
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A key advantage of BIOCLIM is that it only requires presence data as opposed 

to presence-absence data (Lindenmayer et al., 1991; Austin, 1998; Manning et al., 

2005).  Furthermore, BIOCLIM is not particularly sensitive to the inclusion of duplicate 

records because data are modelled as an environmental envelope (Beaumont et al., 

2005).  Often unstructured observation data are all that is available to practitioners 

(Lindenmayer et al., 1991, Austin, 1998; Brotons et al., 2004; Beaumont et al., 2005) 

preventing them from using more statistically rigorous methods such as generalised 

linear models (McCullagh and Nelder, 1983; Nicholls, 1989) and generalised additive 

models (Austin, 1998; Ferrier et al., 2002; Wintle et al., 2005).  Climatic envelope 

models such as BIOCLIM do not require a detailed statistical knowledge to employ or 

interpret and are not labour intensive but the assumptions of the methods are no less 

significant and researchers must be aware of these when using the models (see Austin, 

1998; Beaumont et al., 2005; Elith et al., 2006). 

The primary disadvantage in using BIOCLIM to model a species’ range is its 

lack of a statistical framework (Austin, 1998).  This limits the opportunity to evaluate or 

quantify outcomes of the model and map confidence limits for predictions.  

Furthermore, the influence of sample size and bias within datasets is often overlooked 

in analyses, potentially leading to unsound predictions that may be of limited use 

(Lindenmayer et al., 1991; Martin, 1996; Claridge, 2002; Beaumont et al., 2005).  The 

reliability of model outputs will be influenced by sample size (Lindenmayer et al., 

1991; McKenney et al., 2002; Hernandez et al., 2006), how much climatic variability is 

encompassed by the species’ range (Olsen and Doran, 2002; Garrison and Lupo, 2002; 

Kadmon et al., 2003), and various ecological characteristics such as detectability 

(Garrison and Lupo, 2002; Hernandez et al., 2006). 

The malleefowl is well suited to climatic modelling, as the extent of the range is 

well established but relatively little is known about why the species occurs where it 

does with respect to climate or specific habitat properties.  The species is something of a 

paradox in that it is widespread but is perceived to be declining and hence is listed as 

vulnerable nationally.  The species occupies approximately half of the Australian 

continent, its range spanning 37 degrees of longitude and 16 degrees of latitude.  Hence 

its range encompasses substantial variation in climate, land use, and biophysical 

characteristics. 
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The majority of data on malleefowl biology and ecology have originated from 

studies conducted in eastern Australia (e.g. Frith, 1955, 1956a, b, 1957, 1959, 1962; 

Booth, 1985; Brickhill, 1987a, b; Benshemesh, 1992, 2000; Priddel and Wheeler, 1994, 

1996, 1997, 2003) in the easternmost one third of its range.  The historical and current 

ranges of the species are well documented (Blakers et al., 1984; Benshemesh, 2000; 

Barrett et al., 2003), as the bird is conspicuous, easily recognisable, and many records 

of sightings have been collated (Benshemesh, 2000). 

We used presence-only records of malleefowl to answer the following questions 

using BIOCLIM: 

• How many data points may be considered sufficient to reliably model the range of 

a widespread species? 

• What is the extent of climatic variation within the known range of malleefowl in 

Australia, and what climatic factors are important in determining the occurrence of 

the species? 

• Are there climatically distinct groups of records of sightings within the known 

range of malleefowl in Australia? 

• What are the relative impacts of various climate change projections on the 

predicted range of malleefowl in Western Australia? 

2.3 STUDY SPECIES 

The malleefowl is a large (~2 kg), sedentary, ground-dwelling bird that uses a 

combination of fermentation and solar radiation to heat mounds where it incubates its 

eggs (Frith, 1956a, b), a trait that may suggest that the distribution of the species is 

constrained by climate.  Its historical range encompassed much of southern Australia 

(Blakers et al., 1984; Benshemesh, 2000; Barrett et al., 2003), from Narrabri in New 

South Wales to northern Victoria and the south eastern and western portions of South 

Australia to north of Carnarvon in Western Australia (Figure 1).  Over the last 150 

years, the range of malleefowl has contracted markedly, particularly in pastoral and arid 

areas of Western Australia, New South Wales, South Australia and the Northern 

Territory (Benshemesh, 2000).  Malleefowl are listed as “vulnerable” under the 

Environment Protection and Biodiversity Conservation Act 1999 based on the belief 

that the population has decreased in size by at least 20% over the last three generations 
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and that this rate of decline is likely to continue (Benshemesh, 2000; Garnett and 

Crowley, 2000). 

2.4 METHODS 

2.4.1 BIOCLIMATIC MODELLING 

Many bioclimatic analyses have used BIOCLIM, a model developed by Nix 

(1986) and made available by Busby (1986).  BIOCLIM uses four sets of climate 

surfaces (temperature, precipitation, radiation and evaporation) to create up to 35 

specific climatic variables, which are then used to define a climatic envelope for a set of 

points (e.g. occurrence records for a species of interest) (Houlder et al., 2000).  The 

climatic envelope created can be expressed in terms of percentiles with observations 

falling within the 100th percentile often termed the ‘range’ and observations falling 

within a smaller percentile range (e.g. 10th - 90th percentile) termed the ‘core range’ 

(Olsen and Doran, 2002; Manning et al., 2005).  The climate envelope can be mapped 

using BIOMAP (see Busby, 1991; Nix, 1986; Lindenmayer et al., 1991; and 

Lindenmayer et al., 1997 for further details). 

2.4.2 DATA SETS 

In this study, bioclimatic analyses were undertaken using presence-only data.  

These data (4129 location points) consisted of historical and recent records of 

malleefowl obtained from the national recovery plan for malleefowl (Benshemesh, 

2000), community organisations within Western Australia such as the Malleefowl 

Preservation Group, the Western Australian Department of Environment and 

Conservation, the Western Australian Museum, and Birds Australia (Blakers et al., 

1984; Barrett et al., 2003).  The dataset included sightings of individual birds, mounds 

(both active and inactive) and road kills.  All data were accurate to within 10 kilometres 

or less.  Because records came from many sources, the dataset contained some duplicate 

and triplicate records. 

2.4.3 PREDICTING A SPECIES’ RANGE USING PARTIAL DATASETS 

How many points are required to create a reasonable prediction of a widespread 

species’ range using BIOCLIM?  To answer this question, the relationship between the 

proportion of all points used to predict a species’ range and the proportion of all points 
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encompassed by the resultant prediction map was investigated.  We randomly selected 

0.5%, 1%, 2%, 5%, 10%, 20% and 50% of the total dataset and, at each sampling level, 

repeated the random selection five times.  Range predictions were calculated for the five 

replicate datasets within each size class using all 35 available variables in BIOCLIM 

Version 5.1 (Houlder et al., 2000), and a global 30 arc-second digital elevation model 

(available from U.S Geological Survey http://lpdaac.usgs.gov/gtopo30/gtopo30.asp).  

Range predictions were then mapped using Arcview 9.0 (ESRI Inc., 2004).  We 

quantified the mean proportion and standard deviation of malleefowl records 

encompassed by the range prediction maps (0 - 100th percentile) for each sampling 

level. 

The relationship between the proportion of points used to predict a species’ 

range and the mean proportion of predictions that overlapped was also quantified using 

the method described above to provide an estimate of the spatial agreement of 

predictions at varying sample sizes.  Quantification of areas of overlap used an Alber’s 

equal area conic projection within Arcview 9.0 (ESRI Inc., 2004). 

2.4.4 COMPARATIVE ANALYSIS OF MALLEEFOWL OCCURRENCE – EAST VERSUS WEST 

We produced three different range maps for malleefowl by entering three 

different datasets into BIOCLIM: all data points (n = 4129), western data (records from 

Western Australia only, n = 2072) and eastern data (records for all mainland states 

excluding Western Australia, n = 2057).  We quantified the overlap between the range 

maps created using eastern and western data in Arcview 9.0 (ESRI Inc., 2004) to 

determine how climatically similar the datasets were.  The degree of overlap was 

quantified for all five percentile groups (i.e. 0-100%, 2.5-97.5%, 5-95%, 10-90%, 25-

75%) created by BIOCLIM, as described above. 

2.4.5 IDENTIFICATION OF CLIMATIC GROUPINGS WITHIN THE RANGE OF MALLEEFOWL 

We assessed climatic variation within the range of malleefowl and determined 

whether distinct climatic groups of malleefowl records existed on a broad scale.  Each 

record of known occurrence of malleefowl was attributed a value for four basic climatic 

variables available within BIOCLIM: mean annual temperature, temperature 

seasonality, mean annual rainfall, and rainfall seasonality.  The analysis was limited to 

these variables to avoid data mining and problems with collinearity and to allow for an 

http://lpdaac.usgs.gov/gtopo30/gtopo30.asp�
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ecologically interpretable output.  Duplicate values were excluded from analysis by 

aggregating all locations of sightings into grid cells of size 30 arc-seconds. 

The four variables were used to perform an hierarchical cluster analysis 

(complete linkage) using Primer Version Six (Primer-E Ltd., 2006) after log 

transforming and normalising all variables.  The malleefowl locations (n = 2276) were 

divided into groups based on visual inspection of the resultant dendrogram.  The 

number of groups (k) was chosen by looking for the section of the dendrogram where 

the difference in resemblance (distance) between k and (k +1) was greatest.  A principal 

components analysis was conducted on the same data to identify which variables 

contributed to differences between each of the groups.  The geographic occurrence of 

the groups was plotted in Arcview 9.0 (ESRI Inc., 2004).  Differences in summary 

statistics for each of the climatic groupings were examined. 

2.4.6 CLIMATE CHANGE IMPACT ON MALLEEFOWL IN SOUTHERN WESTERN AUSTRALIA 

We used climate change projections for southern Western Australia published by 

CSIRO (2001) to illustrate the potential effect of predicted climate change on the 

distribution of malleefowl within this region.  To account for the large degree of 

uncertainty inherent in such projections, we used three scenarios (most extreme, least 

extreme, median) for changes in predicted temperature and rainfall for the years 2030 

and 2070.  These scenarios were entered into BIOCLIM and the spatial occurrence and 

extent of the predictions quantified.  The resultant predictions were compared with the 

original prediction of range based on current climatic conditions.  BIOCLIM does not 

allow for the inclusion of spatially explicit climate change scenarios into the modelling 

process and, as a consequence, this analysis was limited to southern Western Australia 

only. 

2.5 RESULTS 

2.5.1 PREDICTING A SPECIES’ RANGE USING PARTIAL DATASETS 

The relationship between the proportion of records used to predict the range of 

malleefowl and the proportion of points encompassed by the prediction map resembled 

an inverse exponential relationship (Figure 2a).  When 0.5% (20 records) of malleefowl 

occurrences were used to predict total range, only 40% of the known malleefowl 

occurrence locations were encompassed, increasing to 90% when five percent of all 
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occurrences (~200 records) were used but with only a very small improvement as 

sample sizes increased above five percent. 

Spatial agreement in the range predictions increased as sample sizes increased 

(Figure 2b).  Using a random selection of one percent of the points to create a range 

prediction resulted in an average of 43% agreement between that prediction and each 

other prediction using the same percentage of points.  Average agreement between 

predictions rose to 60% when using five percent of the data points and to 90% when 

using half of the points (n = ~2000). 

2.5.2 COMPARATIVE ANALYSIS OF MALLEEFOWL OCCURRENCE – EAST VERSUS WEST 

BIOCLIM predicted a potential total range of 3,542,900 km2 at the 0-100% 

percentile limit (Figure 3) using all records.  This is considerably larger than the 

historical range in the national recovery plan for malleefowl (Benshemesh, 2000) and 

included large areas of Queensland, north-western New South Wales, southern Victoria 

and the south-east of Western Australia where there are very few, or no, records of 

malleefowl.  The core range (10 – 90%) was predicted as 231,000 km2.  This area 

coincides with the wheatbelt and southern rangelands of Western Australia, and 

cropping lands in the south of South Australia, north-west Victoria and rangelands of 

south-west New South Wales (Figure 3).  The bioclimatic profile for malleefowl is 

presented in Table 1. 

BIOCLIM predicted a potential range of 2,752,500 km2 at the 0-100% percentile 

limit using the eastern data only (Figure 4a).  This is 22% smaller than the predicted 

range using data for all of Australia.  The potential range still included large areas of the 

Northern Territory, Queensland and southern Victoria but excluded the mid-west of 

Western Australia.  The core range (10-90%) was 83,600 km2 with the bulk of this area 

falling within the agricultural areas of north-west Victoria and the south-east of South 

Australia.  No core range was predicted in Western Australia, other than a 130 km2 area 

north-east of Esperance. 

The predicted range using the Western Australian dataset (1,090,000 km2) at the 

0-100% percentile limit was 69% smaller than the estimate calculated using the entire 

dataset, with much of eastern Australia not included.  The predicted range (Figure 4b) 

was centred on south-west Western Australia with only near-coastal South Australia, 

the north-east of Victoria and virtually none of New South Wales in the prediction.  The 
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core range (10 to 90%) of 78,200 km2 occurred largely over the eastern agricultural 

areas of Western Australia, with the only area outside of Western Australia occurring 

near Streaky Bay in South Australia. 

The predictions from eastern and western data sets are radically different.  The 

degree of overlap between the different predictions is summarised in Table 2. 

2.5.3 IDENTIFICATION OF CLIMATIC GROUPINGS WITHIN THE RANGE OF MALLEEFOWL 

Malleefowl locations for Australia were divided into three groups based on the 

results of a hierarchical cluster analysis (Figure 5).  The occurrence of these groups with 

respect to the four climatic variables was summarised using a principal components 

analysis (Table 3; Figure 6).  Group 1 was differentiated from the other two groups 

primarily on the basis of the two temperature variables (mean annual temperature and 

temperature seasonality).  Group 3 was differentiated from the other two groups largely 

on the basis of mean annual rainfall.  The geographic occurrence of these groups is 

plotted in Figure 7 with the means for the four climatic variables presented in Table 4.  

Climatic attributes of the three climatic groupings are described below. 

Group 1: This group contained records from the central and northern Western 

Australian wheatbelt, pastoral and desert areas in Western Australia, South Australia, 

and Northern Territory and pastoral areas in New South Wales.  These areas range from 

being warm to hot in summer (i.e. high temperature seasonality) and range from being 

dry in summer only to persistently dry throughout the year.   These areas generally 

receive less annual precipitation (286 mm) than areas occupied by the other two groups, 

and an intermediate seasonality of precipitation (Table 4). 

Group 2: This group contained records from the southern Western Australian 

wheatbelt, central New South Wales, north-west Victoria and south-eastern South 

Australia.  Many of these areas were the core areas defined in the Australia-wide 

analysis.  These areas have a temperate climate with levels of precipitation (mean 

annual rainfall 392 mm), mean annual temperature and seasonality of temperature 

intermediate between that of the other two groups (Table 4). 

Group 3: This group is more geographically restricted than the other two 

groups, occurring in near-coastal areas in the deep south-west of Western Australia and 

south-east South Australia only.  These areas are characterised by substantially higher 

rainfall than areas occupied by the other two groups (mean annual rainfall 722 mm) and 
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a cooler mean annual temperature.  This group possesses the highest degree of 

precipitation seasonality (rainfall mostly in winter) but the lowest temperature 

seasonality (reflecting the near-coastal locations). 

2.5.4 CLIMATE CHANGE IMPACT ON MALLEEFOWL 

Current climate change projections by CSIRO (2001) for southern Western 

Australia are given in Table 5. Using these predictions, BIOCLIM predicted a reduction 

in the range of malleefowl in southern Western Australia under all scenarios (Figure 8).  

The predicted reduction using the median climate change scenario was 22% by 2030 

and 62% by 2070.  The predicted reduction in range ranged from 1% to 53% by 2030 

and 18% to 95% by 2070 using the least and most extreme estimates. 

Under predicted scenarios for climate change, there is a clear trend that the range 

of malleefowl in Western Australia is likely to contract from the areas in the arid 

interior and shift towards more mesic areas in the south-west (Figure 9).  Under the 

median and most extreme scenarios, the range of malleefowl may also exhibit a 

latitudinal shift towards the south, with northern parts of the species’ current range 

becoming climatically unsuitable.  Under the median and most extreme scenarios, 

BIOCLIM predicted that no core range (10 – 90%) will be present in Western Australia 

by 2070. 

2.6 DISCUSSION 

This study used climatic modelling to explore climatic variation within the range 

of a widespread species, the malleefowl, and how that variation altered predicted range.  

The study also investigated the effectiveness of BIOCLIM for modelling the spatial 

occurrence of a widespread species. 

2.6.1 RANGE PREDICTIONS USING VARIED SAMPLES SIZES 

Several authors have argued that the accuracy of model outputs is reliant on the 

amount of occurrence data included in the models (Lindenmayer et al., 1991; Claridge, 

2002; McKenney et al., 2002; Hernandez et al., 2006).  Lindenmayer et al. (1997) 

suggested that as few as 50 locations of occurrence might be appropriate to create a 

prediction of a species’ range, but they also stated that this is unlikely to be reliable 

unless the entire known range of the species has been sampled.  In this study, we 

created range predictions for malleefowl using as few as 200 points but resultant 
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predictions were highly variable in their spatial occurrence and only encompassed a 

fraction of the known range of the species. 

For taxa with geographically limited or more climatically uniform ranges, such 

as the Eucalyptus tree species from south-eastern Australia studied by Lindenmayer et 

al. (1997), a small number of points may yield a reliable output as any random sample 

of occurrence points is likely to represent the climatic niche of the species.  Obtaining 

representative datasets for widespread species such as malleefowl presents a significant 

challenge.  Furthermore, predictions for widespread species are likely to contain 

considerable error due to geographical bias, particularly bias towards populated areas 

(Hernandez et al., 2006).  Of greater importance than the number of locations used to 

create a prediction is the issue of how adequately the dataset samples the climatic niche 

of the species (Claridge, 2002).  Unfortunately the adequacy of the sample is seldom 

known, particularly if the true extent of the range of the species in question has yet to be 

ascertained. 

2.6.2 CLIMATIC VARIATION WITHIN THE RANGE OF MALLEEFOWL 

Predictions created using BIOCLIM greatly overestimated the range of 

malleefowl using data for all of Australia.  The core range (10-90th percentile) more 

closely resembled the current range as reported by Benshemesh (2000).  BIOCLIM is 

known to overestimate the range of species considerably (Lindenmayer et al., 1991) as 

it describes the niche of a species as a rectilinear volume (Beaumont et al., 2005) so it is 

sensitive to outliers in a dataset. 

Despite the wealth of data for malleefowl (>4000 records), the predicted range 

of the species was inaccurate, incorporating large areas where malleefowl are highly 

unlikely to have ever occurred such as southern and central Queensland.  Although the 

climate has been identified as suitable for malleefowl in this area, it is possible that 

summer-dominant rainfall may be responsible for its absence.  Summer rainfall may 

directly interfere with the nesting success of the species (Brickhill, 1987b), or it may 

have an influence on vegetation characteristics of the area, which may in turn affect the 

ability of the species to persist.  Either of these explanations is equally plausible but 

investigating these influences is beyond the scope of this study.  This example 

illustrates how BIOCLIM can only provide a broad approximation of a species’ range 
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because it does not incorporate any other attributes of a species’ ecology (e.g. its 

requirement for a particular vegetation type) when creating predictions. 

The inclusion of areas unlikely to contain malleefowl (e.g. southern and central 

Queensland) and the dramatic differences between predictions using geographical 

subsets may be influenced by the nature of variables available within the BIOCLIM 

model.  Some variables do not necessarily refer to a defined period or time of year.  

Consequently, BIOCLIM is unable to investigate questions such as whether malleefowl 

need one season of the year with similar climatic conditions for breeding or not. 

A large dataset, such as the one used in this study is likely to contain outliers and 

these may contribute to the inclusion of large areas within the predicted range of a 

species.  However, the process of removing such outliers poses a challenge and involves 

considerable subjectivity, particularly when using 35 variables in the model.  Therefore, 

using the 10-90th percentile measure may be a more appropriate method of 

compensating for such outliers.  For a species that occupies such a diverse range of 

climatic conditions such as malleefowl, it is doubtful that climate is the only factor 

responsible for controlling its distribution.  Therefore, any prediction produced by 

BIOCLIM is likely to represent a coarse approximation and should be considered a 

“best guess” only in the absence of additional information. 

This study illustrated how incomplete datasets, representing a subset of a 

species’ range, can introduce bias into climatic models and result in the production of 

inaccurate range predictions for a species.  Range predictions for malleefowl varied 

dramatically between eastern and Western Australia reflecting the significant climatic 

differences between the two datasets.  Predictions using data from eastern Australia 

resulted in large areas of Queensland and the arid interior of Australia being identified 

as climatically suitable for malleefowl despite the scarcity of records in these areas.  

Much of the northern Western Australian wheatbelt, an area of known malleefowl 

abundance, was excluded, suggesting that this area is climatically distinct from areas of 

malleefowl occurrence in eastern Australia.  The inability of the Western Australian 

dataset to predict significant areas of malleefowl presence in Victoria and New South 

Wales also illustrates that there is significant climatic variation within the range of 

malleefowl in Australia.  If climatic constraints for the species were similar across the 

continent, predictions generated by BIOCLIM would have been similar, both in size and 

spatial position. 



 

29 

The method used here represents a parallel with that often used to investigate the 

potential range of an invasive species (e.g. Martin, 1996) where records from its native 

population are used to predict where the species may spread to in the future.  When 

examining the threat posed by an invasive species, knowledge of the species’ potential 

range in the area of interest is not known, therefore the results of this study provide 

valuable insight into the reliability of using BIOCLIM to conduct such an examination 

over wide a geographical area.  We suggest that practitioners need to exercise caution 

when using BIOCLIM as an extrapolative tool, particularly when assessing potential 

ranges for invading species. 

Claridge (2002) and others (Pearce and Lindenmayer, 1998; Manning et al., 

2005) have suggested that, if the input location data were from an incomplete part of a 

species range, then BIOCLIM may be of limited benefit in determining that species’ 

geographical range.  The reliability of range predictions may also be dependent on 

factors such as the prevalence of the species (Garrison and Lupo, 2002) and how 

variable the species’ climatic niche is (Olsen and Doran, 2002; Garrison and Lupo, 

2002; Kadmon et al., 2003).  The results of this study confirm these statements. 

2.6.3 THE SPATIAL OCCURRENCE OF CLIMATIC GROUPS OF MALLEEFOWL OBSERVATIONS 

Diversity in the climatic conditions experienced by malleefowl was illustrated 

by partitioning location records into groups based on their climatic attributes.  The 

climatic groups identified in this study were not necessarily geographically distinct and 

occurred broadly across the continent.  However, climatic conditions experienced by the 

species in northern and central wheatbelt of Western Australia and central Australia 

(Group 1) were distinct from those of the southern wheatbelt of Western Australia and 

much of the species’ range in eastern Australia.  This distinctness is reflected also in the 

presence of different habitat types and therefore different habitat use by malleefowl.  

Different small vertebrate faunas (frogs, reptiles, and small mammals) have also been 

observed for these areas (Burbidge et al., 2004).  Habitat within the central and northern 

wheatbelt typically consists of Allocasuarina thickets (Storr, 1991), a habitat type less 

apparent in the southern wheatbelt and other areas of Australia.  In the southern 

wheatbelt of Western Australia, malleefowl are found in mallee vegetation assemblages 

akin to those described by researchers in eastern Australia (see Frith, 1962; 



 

30 

Benshemesh, 2000; Priddel and Wheeler, 2003), although finer elements of these 

assemblages may differ (e.g. openness and understorey composition). 

Interestingly, the vast majority of published ecological work conducted on 

malleefowl to date has been carried out in eastern Australia within one of the three 

climatic zones identified in this study: Group 2.  This zone differs climatically from the 

remaining zones, particularly in terms of seasonality of rainfall, which is likely to 

translate into differences in habitat between them.  The implication is that these 

differences may ultimately result in differing vulnerability of malleefowl to various 

threats between these zones. 

For example, in Group 2, vegetation is dominated by mallee communities that 

recover slowly from fire (Bradstock and Cohn, 2002) and hence, broad-scale burning of 

vegetation is considered a significant threat to malleefowl persistence (Benshemesh, 

2000).  However, burning of vegetation may not represent as serious a threat in Group 

1, where vegetation is dominated by Acacia and Allocasuarina shrublands that recover 

from fire more rapidly (Woinarski, 1999).  There is a possibility that the extent of 

decline of malleefowl may vary from zone to zone.  Future research effort should be 

directed towards investigating how the ecology of malleefowl and, in particular, its 

vulnerability to threatening processes, may vary between climatic zones. 

2.6.4 CLIMATE CHANGE IMPACT ON MALLEEFOWL 

Despite the large degree of spatial and temporal uncertainty within climate 

predictions, results illustrated a clear trend towards a reduction in the amount of 

climatically suitable areas for malleefowl in southern Western Australia.  These 

findings are similar to those of Brereton et al. (1995) who predicted a substantial 

reduction in range for malleefowl in eastern Australia as a result of increased 

temperatures.  Both studies also predicted that the range of malleefowl will contract 

from drier areas and shift towards areas that are currently more mesic. 

One serious implication of such a range shift may be the difficulty malleefowl 

have in dispersing to climatically suitable areas over time.  The Western Australian 

wheatbelt, which forms a large part of the species’ range, is heavily fragmented with up 

to 95% of vegetation removed in some areas (Saunders et al., 1993).  This may act as a 

significant barrier to dispersal as malleefowl are thought to have poor dispersal ability 

across cleared lands (Frith, 1962; Priddel and Wheeler, 1994).  Therefore, long term 



 

31 

adaptation to a change in climate may not be achieved.  These predictions emphasize 

the importance of retaining existing and creating new native vegetation linkages to 

facilitate movement of malleefowl and other species as climate changes.  Furthermore, 

the extensive areas of uncleared land to the immediate east of the Western Australian 

wheatbelt may be particularly important in allowing unimpeded north-south movement 

of species. 

The above comments assume that habitat types within areas predicted to be 

climatically suitable in the future are suitable also.  However, whether a species can 

disperse effectively or not is a null issue if the habitat in the new area is unsuitable.  The 

nesting biology of the malleefowl is closely tied to soil and vegetation type, with the 

species requiring a sandy substrate and an abundance of leaf litter for breeding 

(Benshemesh, 2000).  Our study predicted a contraction within the existing range of 

malleefowl as opposed to a shift in range to new areas.  This gives some degree of 

certainty that the species will be able to persist within the predicted future range as 

ecological factors such as substrate must be suitable. 

It has been suggested that organisms with life-history traits tightly controlled by 

temperature might act as climatic indicator species and could therefore be monitored for 

impacts of climate change (McGeoch, 1998).  By incubating their eggs in mounds and 

having the ability to modify temperature by their mound tending, malleefowl may be 

able to buffer themselves from the effects of climatic variation.  This is likely to be one 

reason why the species can occupy a wide range of climatic conditions.  It is for this 

same reason that malleefowl are not seen to be particularly sensitive to climate change.  

Hence, the potential of using malleefowl as a bio-indicator for monitoring of climate 

change is limited. 

2.6.5 CONCLUSION 

BIOCLIM represents an effective means of quantifying and investigating the 

climatic attributes of a species’ range but, because BIOCLIM requires complete 

sampling of the climate envelope to model a species’ range, it is a poor tool for 

modelling the spatial occurrence of widespread species or a species whose range is 

incompletely known.  The malleefowl dataset provided the opportunity to illustrate such 

limitations, particularly when using BIOCLIM to project the range of an invasive 

species.  Great potential exists for BIOCLIM to provide climatic inputs to species 
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distribution models to complement ecological variables of relevance (e.g. Poon and 

Margules, 2004), including presence-only models such as Ecological Niche Factor 

Analysis (Hirzel et al., 2002) and statistical (presence-absence) models such as 

Generalised Linear Models (e.g. Austin and Meyers, 1996; Engler et al., 2004; Milne et 

al., 2006) and Generalised Additive Models (e.g. Cawsey et al., 2002; Ferrier et al., 

2002; Wintle et al., 2005). 

There are statistical limitations associated with the BIOCLIM model but its 

product represents a foundation for understanding why a species occurs where it does 

and how it may interact with its surroundings.  The findings of this study show that the 

malleefowl occupies a diverse range of climatic conditions and therefore it is likely that 

habitat use and susceptibility to threatening processes will vary within its range as a 

consequence.  Results also suggest that, despite its widespread distribution and 

perceived robustness towards climatic variation, the species is likely to suffer a 

substantial range reduction in Western Australia given worst case climate projections. 
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Table 1: The climatic profile of the malleefowl derived from BIOCLIM, using records 

of the species from all of Australia (n = 4129). 

 

Variable Mean SD Min 10% 90% Max 
Annual Mean Temperature 16.27 1.47 10.80 14.70 18.40 23.20 
Mean Diurnal Range 13.18 1.14 7.00 11.70 14.30 15.80 
Isothermality  0.50 0.03 0.43 0.46 0.53 0.58 
Temperature Seasonality (Coefficient 
of Variation) 1.62 0.28 0.82 1.24 2.00 2.25 
Max Temperature of Warmest Period 31.01 2.68 21.80 27.40 35.00 38.00 
Min Temperature of Coldest Period 4.52 1.41 0.10 3.08 6.10 10.50 
Temperature Annual Range 26.49 3.29 14.30 21.80 30.20 34.00 
Mean Temperature of Wettest Quarter 12.50 3.73 5.50 10.00 16.00 29.00 
Mean Temperature of Driest Quarter 20.00 2.90 8.60 18.70 22.50 24.50 
Mean Temperature of Warmest Quarter 22.30 2.21 16.20 19.90 25.60 29.30 
Mean Temperature of Coldest Quarter 10.45 1.26 5.40 9.00 11.80 17.70 
Annual Mean Precipitation 377.83 126.50 160.00 266.00 501.00 1274.00 
Precipitation of Wettest Period 12.58 6.25 4.00 8.00 17.00 59.00 
Precipitation of Driest Period 0.02 0.46 0.00 0.00 0.00 13.00 
Precipitation Seasonality (Coefficient 
of Variation) 37.11 18.73 7.00 16.00 63.00 99.00 
Precipitation of Wettest Quarter 142.30 68.90 48.00 86.00 192.00 678.00 
Precipitation of Driest Quarter 54.76 22.05 0.00 32.00 75.00 190.00 
Precipitation of Warmest Quarter 63.66 24.93 26.00 43.00 88.00 348.00 
Precipitation of Coldest Quarter 133.91 64.15 29.00 81.00 175.20 634.00 
Annual Mean Radiation 18.39 1.25 13.90 17.10 20.30 22.80 
Highest Period Radiation 28.09 0.93 24.10 27.10 29.40 31.60 
Lowest Period Radiation 8.54 1.31 4.80 7.20 10.50 16.30 
Radiation Seasonality (Coefficient of 
Variation) 37.42 3.48 18.00 33.00 42.00 50.00 
Radiation of Wettest Quarter 12.34 4.35 6.20 9.00 16.00 27.90 
Radiation of Driest Quarter 24.46 3.73 10.60 20.10 27.90 30.10 
Radiation of Warmest Quarter 25.67 0.95 20.60 24.30 26.90 28.60 
Radiation of Coldest Quarter 10.59 1.49 6.50 9.00 12.70 17.50 
Annual Mean Moisture Index 0.31 0.11 0.07 0.18 0.45 0.86 
Highest Period Moisture Index 0.68 0.17 0.12 0.43 0.91 1.00 
Lowest Period Moisture Index 0.06 0.03 0.00 0.03 0.10 0.41 
Moisture Index Seasonality (Coefficient 
of Variation) 75.59 15.50 22.00 60.00 99.00 124.00 
Mean Moisture Index of Highest 
Quarter MI 0.63 0.18 0.10 0.38 0.87 1.00 
Mean Moisture Index of Lowest 
Quarter MI 0.08 0.04 0.01 0.04 0.11 0.52 
Mean Moisture Index of Warmest 
Quarter 0.08 0.04 0.03 0.04 0.11 0.58 
Mean Moisture Index of Coldest 
Quarter 0.62 0.17 0.07 0.38 0.84 1.00 
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Table 2: The degree of overlap between predicted distributions created using datasets 

from eastern and Western Australia in BIOCLIM. 

 
Percentile 

limit 

East covered by 

western data 

(%) 

West covered 

by eastern data 

(%) 

0 – 100 20.44 51.43 

2.5 – 97.5 10.43 18.66 

5 – 95 7.24 9.47 

10 – 90 0 0 

25 - 75 0 0 
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Table 3: Summary statistics derived from a principal components analysis of 

malleefowl records based on four climatic variables. 

 

Principal 

component (PC) 

Eigenvalues % variation Cumulative 

% variation 

1 2.09 52.2 52.2 

2 1.18 29.4 81.7 

3 0.505 12.6 94.3 

Eigenvectors (Coefficients in the linear combinations of variables making up PCs) 

Variable PC1 PC2 PC3 

Mean annual temperature -0.590 0.359 -0.054 

Temperature seasonality -0.572 -0.197 -0.676 

Mean annual precipitation 0.569 0.142 -0.735 

Precipitation seasonality 0.020 0.901 -0.010 
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Table 4: Mean bioclimatic variable values for three groups of malleefowl occurrence 

records derived from BIOCLIM.  The groups were created by conducting a hierarchical 

cluster analysis on the data for all of Australia. 

 

Variable 

Group 1 

(n = 744) 

Group 2 

(n = 1358) 

Group 3 

(n = 174) 

Mean annual temperature (°C) 18.0 15.6 14.6 

Temperature seasonality (coefficient of 

variation) 1.82 1.56 1.24 

Mean annual precipitation (mm) 286 392 722 

Rainfall seasonality  

(coefficient of variation) 47.0 31.8 51.8 
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Table 5: Climate change projections (CSIRO 2001) used in bioclimatic analyses of 

malleefowl distribution in southern Western Australia.  Figures denote climate 

compared to 1990. 

 

Least Extreme 

Scenario 

Median 

Scenario 

Most Extreme 

Scenario 

 

Temp

°C 

Rainfall 

(%) 

Temp 

°C 

Rainfall 

(%) 

Temp 

°C 

Rainfall 

(%) 

Summer 0.3 15 1.0 0 1.7 -15 

Autumn 0.3 3 1.0 -8.5 1.7 -20 

Winter 0.3 3 0.85 -8.5 1.4 -20 
2030 

Spring 0.3 3 0.85 -8.5 1.4 -20 

Summer 0.8 35 2.9 0 5.1 -35 

Autumn 0.8 15 2.9 -22.5 5.1 -60 

Winter 0.8 15 2.6 -22.5 4.4 -60 
2070 

Spring 0.8 15 2.6 -22.5 4.4 -60 
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Figure 1: The current (dark grey) and historical (light grey) range of malleefowl in 

Australia as given by Benshemesh (2000). 

 



 

 

47 

Percentage of points used

1 10 100

Pe
rc

en
ta

ge
 o

f p
oi

nt
s e

nc
om

pa
ss

ed

0

20

40

60

80

100

0.5

 
Figure 2a: The mean proportion of points encompassed by range prediction maps 

created in BIOCLIM versus the proportion of malleefowl presence records used to 

predict the range.  Error bars show standard deviation (n = 5). 
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Figure 2b: The mean proportion of agreement between range prediction maps created 

in BIOCLIM versus the proportion of malleefowl presence records used to predict the 

range.  Error bars show standard deviation (n = 5). 
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Figure 3: The predicted range of malleefowl using data for all of Australia.  Black dots 

signify records of sightings of malleefowl, light grey areas signify the predicted range 

of malleefowl (0 – 100%), and dark grey signifies the predicted core range of 

malleefowl (10 – 90%). 
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a) 

 
 b) 

 
 

Figure 4: The predicted ranges of malleefowl using a) eastern and b) western 

malleefowl datasets.  Black dots signify records of sightings of malleefowl, light grey 

areas signify the predicted range of malleefowl (0 – 100%), and dark grey signifies the 

predicted core range of malleefowl (10 – 90%). 
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Figure 5: A dendrogram created by a hierarchical cluster analysis of malleefowl 

records based on four climatic variables. The horizontal line indicates the distance level 

used to assign records to groups. 
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Figure 6: Principal components analysis configuration plot of malleefowl records based 

on four climatic variables.  Main component loadings are included.  Group 1 = crosses, 

Group 2 = black circles, Group 3 = white circles. 
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Figure 7: The geographic occurrence of the three groups of records created using a 

hierarchical cluster analysis. Group 1 = crosses, Group 2 = black circles, Group 3 = 

white circles. 
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Figure 8: Response of malleefowl to predicted climate change scenarios for southern 

Western Australia. 
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a)  b)  
 

c)  d)  
 

e)  f)  
 
Figure 9: The predicted range of malleefowl in southern Western Australia using 

climate change scenarios supplied by CSIRO (2001).  Light grey = predicted range of 

malleefowl (0 – 100%), dark grey = predicted core range (10 – 90%).  a = least extreme 

scenario for 2030, b = least extreme scenario for 2070; c = median scenario for 2030, d 

= median scenario for 2070; e = most extreme scenario for 2030, f = most extreme 

scenario for 2070. 
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3 CHAPTER THREE: CONTRACTION IN RANGE OF MALLEEFOWL 

(LEIPOA OCELLATA) IN WESTERN AUSTRALIA: A COMPARATIVE 

ASSESSMENT USING PRESENCE-ONLY AND PRESENCE-ABSENCE 

DATASETS 

3.1 ABSTRACT 

As human impacts on habitat increase in their intensity and scale, it is 

increasingly important that we are able to characterise and monitor changes in the 

distribution of threatened species.  The malleefowl (Leipoa ocellata) is listed as 

vulnerable across Australia and the National Recovery Plan suggests that its range has 

contracted by 45% in Western Australia.  We quantified changes in the range of 

malleefowl in Western Australia and determined the relative influence that various 

threatening processes, such as land clearing and agricultural development, may have 

had on its range.  We also investigated whether presence-only data (from existing 

survey and reporting) could reliably assess the status of malleefowl by comparing 

presence-only data with presence-absence data.  To obtain a presence-absence dataset 

we interviewed long-term residents within our study area of 64 000 km2 about 

malleefowl occurrence.  The range of malleefowl has contracted in Western Australia 

but this contraction is less substantial than previously claimed.  The contraction in range 

within the agricultural landscapes of south-west Western Australia is associated with the 

extent of land clearing, the number of years since commencement of agricultural 

activity, and the number of sheep within a landscape.  To conserve malleefowl, we 

believe landscapes developed for agriculture in recent decades must be protected to 

ensure they do not develop attributes found in landscapes that have been heavily cleared 

and occupied since the early 1900s. 
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3.2 INTRODUCTION 

Many of Australia’s terrestrial fauna species have experienced contractions in 

range and decreases in abundance (Burbidge and McKenzie, 1989; Morton, 1990; 

Garnett and Crowley, 2000).  These have not occurred evenly across the continent, with 

agricultural landscapes and arid areas suffering a substantial loss of species (Burbidge 

and McKenzie, 1989; National Land and Water Resources Audit, 2001; McKenzie and 

May, 2003).  Both landscapes are important malleefowl habitat.  Species persisting in 

these landscapes are subject to a variety of threatening processes including competition 

with introduced herbivores (Hobbs et al., 1993), introduced predators (Short, 1998) and 

inappropriate fire regimes (Woinarski and Recher, 1997; Burbidge, 2003). Those 

occupying agricultural landscapes are subject to the additional stressor of destruction 

and fragmentation of their habitat (Saunders, 1989; Hobbs et al., 1993).  These 

threatening processes typically interact with each other (Caughley, 1994). 

The malleefowl (Leipoa ocellata) is a large (~2kg), sedentary, ground-dwelling 

bird that uses fermentation and solar radiation to incubate its eggs in mounds (Frith, 

1956).  The historical range of malleefowl in Western Australia consisted of a broad arc 

from north of Carnarvon to east of Esperance with the species recorded over most of the 

southern half of the state (Benshemesh, 2000; Barrett et al., 2003).  Nationally, the 

species is listed as ‘vulnerable’ under the Environment Protection and Biodiversity 

Conservation Act 1999 based on the belief that the range of the species has contracted 

by at least 20% over the last three generations (i.e. 20-30 years) and that this rate of 

contraction is likely to continue (Benshemesh, 2000; Garnett and Crowley, 2000).  In 

Western Australia, the malleefowl is listed as ‘fauna that is rare or is likely to become 

extinct’ under Schedule 1 of the Wildlife Conservation (Specially Protected Fauna) 

Notice 2005. 

Despite the wealth of research conducted on this species (e.g. Frith, 1962; 

Booth, 1985; Brickhill, 1987; Benshemesh, 1992; Priddel and Wheeler, 2003), there is 

uncertainty about the extent or even the reality of range contraction in the Western 

Australian wheatbelt with claims for both decreases (Benshemesh, 2000) and increases 

in range (Serventy and Whittell, 1976).  Like many bird species, the pattern of 

contraction for malleefowl has been more ambiguous than the clear and widespread 
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contractions exhibited by various mammal species (e.g. Short and Turner, 1993) so 

ascertaining its status is problematic, particularly on a regional scale. 

Early records suggest malleefowl were common across their range in Western 

Australia (Crossman, 1909; Carter, 1917; Ashby, 1921; Carnaby, 1933) but numbers 

reduced significantly as land was developed for agriculture in the twentieth century 

(Storr, 1991).  Soon after European settlement, malleefowl disappeared from the coastal 

heaths of the south-west (Carter, 1923) and areas of the central wheatbelt (Milligan, 

1904; Crossman, 1909; Ogilvie-Grant, 1910).  Land clearing (Frith, 1962), grazing 

(Frith, 1962), predation by foxes (Ashby, 1922; Priddel and Wheeler, 1996) and altered 

fire regimes (Benshemesh, 1992) are all cited as threatening processes.  But, there is 

also suggestion of population increases in some areas.  Serventy and Whittell (1976) 

stated that malleefowl numbers increased in the Western Australia wheatbelt from 

around 1945 to 1975 and that the species had recolonised areas where it had apparently 

disappeared.  They attributed this resurgence to the abundance of a novel food source: 

grain from farming operations. 

Ideally, long-term structured census data (Hone et al., 2005) would be used to 

quantify and determine causes for range contraction of malleefowl, but this information 

is not available over broad scales.  As a result, malleefowl researchers have been 

restricted to conducting detailed studies on individual populations (e.g. Frith, 1962; 

Benshemesh, 1992; Priddel and Wheeler, 2003) or providing broad-scale estimates at 

coarse geographic scales (e.g. Benshemesh, 2000).  A revised recovery plan for 

malleefowl (Benshemesh, unpublished) avoids making estimates of range contraction 

altogether and presents regional maps of occurrence instead.  It has been suggested that 

there is potential for using presence-only datasets such as museum collections, atlases 

(Dunn and Weston, 2008) and community databases (Shaffer et al., 1998; Reutter et al., 

2003) to understand spatial patterns of species occurrence (Graham et al., 2004; Elith et 

al., 2006).  The collection and use of these data is becoming increasingly common 

(Lunney et al., 2000) and global systems are being established for their storage (e.g. 

Roberts et al., 2005).  The shortcomings of these data (e.g. their spatial bias and false 

absence) are well established (Austin, 2002) but, if such shortcomings are addressed, 

these types of data are likely to provide valuable insight into the status of malleefowl. 

We assessed the conservation status of malleefowl in Western Australia by 

investigating the sensitivity of a presence-only data set to false absences and compared 
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outcomes from presence-only and presence-absence estimates.  We determined the 

relative influence that various threatening processes may have had on the distribution of 

malleefowl in the Western Australian wheatbelt.  We sought to answer the following 

questions: 

• Can we use presence-only data to reliably assess the status of a species? 

• Has the malleefowl undergone a range contraction in Western Australia, and 

more specifically, within the Western Australian wheatbelt? 

• Is there a relationship between changes in the range of malleefowl and 

landscape-scale environmental predictors within the Western Australian 

wheatbelt? 

Our approach is general and might be applied to any species where appropriate, 

comparable data with a current and historical component are available: e.g. species from 

bird atlas programs, museum collections or other distribution databases (as maintained 

by most state conservation agencies). 

3.3 METHODS 

3.3.1 PRESENCE-ONLY ANALYSIS OF MALLEEFOWL RANGE CONTRACTION 

Study area – Western Australia 

Land use in Western Australia (~ 2 600 000 km2) consists primarily of extensive 

grazing of natural vegetation in semi-arid/arid areas with intensive agriculture (e.g. 

dryland cropping, and grazing of modified pastures) largely confined to south-west 

areas where mean annual rainfall exceeds 300 mm (Figure 1, Bureau of Rural Sciences, 

2006).  Climatic conditions vary greatly from mean annual rainfall < 200 mm in the arid 

interior to > 1200 mm in the mesic south-west corner (Bureau of Meteorology, 2007).  

Excluding urban areas in the south-west of the state, human population densities are 

low, particularly to the north and east of the wheatbelt region (< 1 person per km2, 

Australian State of the Environment Committee, 2001), where extensive pastoralism is 

the dominant land use. 

Malleefowl occurrence data 

We supplemented a presence-only dataset of malleefowl occurrence in Western 

Australia from the National Recovery Plan for Malleefowl (NRP, Benshemesh, 2000) 
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with a new, large dataset of locations obtained from community organisations and 

government agencies: the Malleefowl Preservation Group and other community 

malleefowl groups, the Western Australian Department of Environment and 

Conservation, the Western Australian Museum and Birds Australia (Blakers et al., 

1984; Barrett et al., 2003).  Records included ad hoc sightings of individual birds, 

recently active mounds and road kills.  The combined dataset (n = 3466) contained 1172 

presence-only records of malleefowl occurrence from the NRP and 2294 from the 

supplementary dataset.  Data were biased towards recent times (range 1837 – 2006, 

mean = 1991, Figure 2) and were accurate to within 10 kilometres or less. 

Range contraction 

In the NRP, estimates of range contraction were determined by quantifying the 

number of one-degree grid cells (approximately 100 km x 100 km) in which malleefowl 

had been recorded prior to 1981 (the mean year for the dataset) but not recorded after 

this time.  We applied the same methodology to our combined dataset for Western 

Australia and compared the estimate to that determined using the NRP data only.  An 

analysis grid was created for Western Australia using a GIS with the origin of the grid 

(top left corner) situated at 14° 11’ 28” S, 112° 55’ 5” E, allowing for optimum 

coverage of the mainland.  All cells where the mainland occupied less than 25% were 

removed from analysis.  The approach of assessing the decline used in the NRP has 

been modified in a revised recovery plan (Benshemesh, unpublished).  The grid-based 

approach documented in this study has been removed and replaced with simple 

distribution maps.  Explicit estimates of range contraction are avoided in the revised 

plan. 

We plotted the data using a GIS and classified each cell within the grid into one 

of four categories: 1) malleefowl never recorded; 2) only recorded in or prior to 1981; 

3) only recorded after 1981; 4) recorded before and after 1981.  We quantified the 

number of cells within each category and compared our findings to those of the NRP. 

We investigated the certainty of cell classification by quantifying how many 

sighting points were used to classify each individual cell into each class.  If cells 

contained two sightings or fewer pre-or post-1981, they were identified as having low 

certainty.  We determined the number and distribution of low certainty cells to provide a 

measure of confidence in the analysis. 
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3.3.2 PRESENCE-ABSENCE ANALYSIS OF MALLEEFOWL RANGE CONTRACTION 

Study area – Western Australian wheatbelt 

The Western Australian wheatbelt extends from north of Geraldton to east of 

Esperance in south-west Western Australia.  Land use consists largely of cropping 

(wheat, barley) and grazing of sheep (Saunders and Ingram, 1995) (Figure 1).  Over 

93% of native vegetation has been removed in approximately 100 years (Saunders and 

Ingram, 1995) resulting in a highly fragmented landscape, consisting of small and 

isolated islands of native vegetation in a matrix of cropping and grazing lands.  These 

remnants are believed to be continuing to degrade due to a variety of processes 

associated with agricultural production including grazing by livestock (Hobbs et al., 

1993), weed invasion (Hobbs et al., 1993), and altered fire regimes (Bowman, 2003).  

These processes, combined with the influence of introduced predators, have led to most 

bushland remnants becoming unsuitable for many threatened species (Saunders et al., 

2003). 

Grid development and classification 

We assessed the status of malleefowl in the Western Australian wheatbelt using 

a grid-based approach similar to that described above.  The grid was centred on three 

areas that contained towns with community-based malleefowl interest groups: Ongerup 

(southern wheatbelt), Merredin (central wheatbelt) and Wubin (northern wheatbelt).  

We presumed this gave greater consistency of observer effort, reducing the likelihood of 

including false absences.  The grid was positioned to span a number of gradients 

including degree and history of clearing, and vegetation and land use type.  We used a 

grid with cells 25 km x 25 km giving 102 cells. 

An initial estimate of malleefowl status made use of presence-only data from the 

supplementary dataset described above.  Cells were classified into four categories based 

on the presence or apparent absence of malleefowl pre- and post-1989 (mean year of 

records intersecting the wheatbelt grid), as described above.  If malleefowl were not 

recorded in an area 1) they may have been truly absent; 2) the area may not have been 

searched for malleefowl; or 3) community knowledge of malleefowl occurrence for the 

area may not have been previously collated. 

We added reliable absence to the presence-only dataset by a targeted 

postal/phone survey of land managers, which was conducted from December 2005 to 
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April 2006.  This verification process queried all grid cells where there were no records 

of malleefowl either pre-or post-1989.  The survey asked whether respondents had seen 

evidence of malleefowl occurrence (birds, active and inactive mounds) within cells pre-

1989, post-1989 or both.  Respondents (primarily landholders and natural resource 

management officers) were selected for survey if they had a thorough knowledge of the 

grid cell in question, had greater than 20 years experience or residence of the area, and 

were able to reliably identify malleefowl.  A cell was only considered an absence after 

three absence records were obtained.  A single positive in recent or historical times was 

sufficient to confirm any cell as a presence in that time.  After completion of the survey, 

we used the information to reclassify all grid cells into one of the four categories 

described above. 

Regression analysis 

We developed seven landscape-scale variables for modelling malleefowl range 

contraction (Table 1).  We included variables that were potentially of importance to the 

contraction in range of malleefowl based on the literature and our knowledge of their 

ecology.  Threatening processes that were not readily quantifiable on a spatial basis 

(e.g. presence of the introduced red fox Vulpes vulpes) were excluded from analysis as 

were those acting at a smaller temporal or spatial scale than that of the grid (e.g. fire 

regimes). 

Variables 1 (ALIEN) and 2 (FARMING) were created by digitising maps from 

Jarvis (1986), which documented when land was alienated for agricultural purposes, and 

when different land use types (e.g. extensive pastoralism and extensive mixed farming) 

commenced within an area, respectively.  Each cell was assigned a date of alienation 

and a date of commencement of farming.  Where multiple dates existed for a cell, the 

modal date was used. 

Variables 3 and 4 (AVGSHPHA, AVGCRLHA) were developed using values 

for mean total number of sheep per statistical local area (SLA) and mean total hectares 

of land under cereal production, respectively (Australian Bureau of Statistics, 1998) for 

the years 1983 to 1997.  Variable 5 (POPSQKM01) quantified the density of human 

population (individuals per km2) for each cell based on population statistics for 2001 for 

each SLA (Australian Bureau of Statistics, 2006). 
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The vegetation variables (FRAG_INDEX, VEG_HA) were based on the extent 

of woody perennial vegetation at 2004 (Landmonitor, 2004).  They excluded areas of 

vegetation modelled as at risk of salinity (Evans and Cacetta, 2000), as much of the 

vegetation in these areas was unlikely to be suitable for malleefowl (e.g. saline flats). 

We used Generalised Additive Models (GAMs) to investigate the relationship 

between malleefowl range contraction and the various environmental predictors.  We 

considered GAM to be the most appropriate method for this analysis as it does not 

require an a priori knowledge of the shape of the response curves (Hastie and 

Tibshirani, 1990).  We examined the pattern of range contraction of malleefowl by 

contrasting cells within the grid where malleefowl were present before and after 1989 

with cells where malleefowl were present before 1989 only (i.e. binomial distribution).  

Cells where malleefowl never occurred were excluded from analysis. 

Prior to modelling, all variables that were highly correlated (r > 0.75) were 

identified and the variable least relevant to malleefowl (i.e. least direct; sensu Austin 

and Meyers, 1996) removed.  Vegetation variables were log transformed prior to 

modelling to reduce the relative influence of any outlying cells containing very large 

amounts of native vegetation. 

We produced the GAM model using GRASP (Lehmann et al., 2002) in the 

statistical package R (http://www.r-project.org/).  The model was fitted with a 

backwards stepwise selection method, using Bayesian Information Criterion (BIC).  We 

chose BIC as it is known to impose heavier penalties on including additional terms in a 

model than Akaike’s Information Criterion (Burnham and Anderson, 2002).  It was our 

intent to create a model with fewer terms to remove unnecessary complexity in 

interpretation. 

Finally, to assist in interpreting the outputs of the GAM, we plotted the 

distribution of malleefowl records with respect to environmental predictors as 

histograms.  We used the area under the curve (AUC) of a receiver operating 

characteristic (ROC) plot to measure the discriminatory ability of the model as 

described by Lehmann et al. (2002). 
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3.4 RESULTS 

3.4.1 STATUS OF MALLEEFOWL IN WESTERN AUSTRALIA 

Malleefowl were observed at least once in 91 of 244 (37%) one-degree cells 

within Western Australia, using all data.  Of those cells, only 64 contained malleefowl 

after 1981, representing a contraction in range of 29.7% (Table 2).  Using the NRP data 

only, an estimate of range reduction of 46% was obtained.  No range contraction was 

observed within the Western Australian wheatbelt when using all data, which is in 

contrast to 17%, as determined using NRP data only.  These findings are plotted 

spatially in Figure 3. 

Nine and four cells contained points from post-1981 only, using both the 

combined dataset and NRP dataset, respectively (Table 3).  These cells could represent 

an expansion of the malleefowl’s range or a false absence pre-1981.  In addition, the 

classification of 58% of cells from the ‘before 1981 only’ and ‘after 1981 only’ 

categories was identified as uncertain, as they contained two or fewer records pre- or 

post-1981.  All but one of these cells occurred in remote, uncleared areas to the north-

east of the Western Australian wheatbelt (Figure 4).  Eleven out of 37 one-degree cells 

(30%) that had been identified as range contractions using the NRP dataset were 

misdiagnosed, as determined using the combined dataset. 

3.4.2 STATUS OF MALLEEFOWL IN THE WESTERN AUSTRALIAN WHEATBELT 

Grid classification 

Initial classification of 102 grid cells in the Western Australian wheatbelt using 

presence-only data can be seen in Figure 5a.  The majority of grid cells contained 

malleefowl both before and after 1989.  Cells never containing malleefowl were largely 

confined to the western edge of the grid.  There were 22 cells (22%) containing 

malleefowl after 1989 only and 13 cells (13%) containing malleefowl before 1989 only. 

Comparison of presence-only and presence-absence datasets 

The landholder survey converted the presence-only dataset into a presence-

absence dataset.  The extent and pattern of range contraction for malleefowl within the 

Western Australian wheatbelt was very different when comparing estimates based on 

the two methods.  The classification of 38 of 102 grid cells changed (Figure 5b).  Thirty 

four of 44 cells (77%) containing apparent absences prior to 1989 were found to be false 
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absences.  Six of 35 cells (17%) containing apparent absences after 1989 were found to 

be false absences also.  Using the presence-only dataset, there was no clear pattern of 

range contraction or expansion across the grid (Figure 5a).  In contrast, when using the 

presence-absence dataset, the contraction in range of malleefowl was largely confined 

to the western margin of the grid, while malleefowl were still present in the east (Figure 

5b).  Findings from the landholder survey resulted in all cells containing records only 

after 1989 to be re-assigned as areas containing malleefowl both in recent and historical 

times suggesting no evidence for range expansion (Figure 5b). 

Regression modelling of malleefowl range contraction 

Variable 6 was removed due to correlation with variable 7 (r = 0.8).  Three 

variables were selected in the final model: ALIEN (date cell experienced agricultural 

alienation), VEG_HA (log of area of woody perennial vegetation within cell) and 

AVGSHPHA (average number of sheep per hectare). 

This model explained 82.2% of the variation associated with malleefowl 

presence or absence within cells in the Western Australian wheatbelt.  Of the three 

variables, VEG_HA accounted for the most deviance (75.9 based on a univariate 

GAM), followed by ALIEN (71.5) and AVGSHPHA (23.6).  A summary of the GAM 

model including the direction of effect for predictor variables is included in Table 4.  

“Drop” and “alone” contributions of predictors to the model are presented in Table 4 

also.  Histograms showing the distribution of the response variable with respect to each 

predictor are shown in Figure 6.  Malleefowl had contracted from the majority of cells 

that had three percent native vegetation cover or less (< log 3.35), and all cells with less 

than two percent vegetation cover (< log 3.18).  Malleefowl were present in all but one 

cell cleared after 1937 and present in the majority of cells with sheep density below 2 

ha-1. 

Validation of the model (i.e. plotting observed response values against predicted 

response values) resulted in an AUC value of 0.989, indicating that the model was able 

to effectively discriminate between areas of malleefowl range contraction and stability. 

3.5 DISCUSSION 

The purpose of this study was to determine the conservation status of malleefowl 

in Western Australia and in the wheatbelt in particular, given contradictory information 

on range contraction and expansion.  A critical step was to assess the reliability of 
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presence-only data previously used to justify claims about range contraction.  We also 

aimed to understand which processes or events have impacted on malleefowl 

occurrence in the Western Australian wheatbelt. 

3.5.1 AN ASSESSMENT OF MALLEEFOWL RANGE CONTRACTION 

Based on a coarse resolution analysis for all of Western Australia, we 

determined that malleefowl had experienced a range contraction of approximately 30%.  

Contraction occurred primarily within arid areas to the east of the wheatbelt (Figure 3a) 

with some contraction in the deep south-west of Western Australia and on the western 

margin of the wheatbelt.  However, there was a substantial degree of uncertainty as to 

the scale of decline in remote areas of the State because of the low observer densities 

(Figure 4).  Malleefowl still occur over most of the Western Australian wheatbelt, 

particularly towards the eastern margin. 

Malleefowl have persisted across much of the Western Australian wheatbelt but 

have suffered a range contraction in western and central portions.  The species still 

occurs in the eastern half of the wheatbelt.  The contraction in the range of malleefowl 

was best predicted by three variables: the amount of remaining vegetation; the length of 

time an area had been subject to agricultural land use; and sheep numbers. 

Malleefowl range contraction was most strongly associated with the amount of 

vegetation remaining within an area (i.e. habitat loss), with the length of agricultural 

development and sheep density contributing less to the model.  Malleefowl have been 

lost from most cells where little vegetation remains (i.e. less than three percent).  The 

negative effect of habitat loss on avifauna has been well established (e.g. Saunders and 

Ingram, 1995; Ford et al., 2001) and so it was not surprising to observe a negative 

relationship between the extent of clearing of native vegetation and malleefowl 

presence.  Furthermore, the same qualitative relationship has been observed for 

malleefowl elsewhere in Australia (Frith, 1962). 

The correlation between malleefowl range contraction and the length of time an 

area had been subject to agricultural land use provides evidence that actions associated 

with agricultural activity may be having a negative impact on malleefowl populations.  

Our analysis showed that malleefowl had not disappeared from any grid cells where 

agricultural development had commenced post-1930s.  This suggests a 70-year time lag 

before the effects of agricultural development result in the complete loss of malleefowl 
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from an area.  This may be explained by the impact that agricultural development has 

on malleefowl population size, where the effect is immediate, but it takes many 

generations for the population to decline to the point where it becomes locally extinct 

(Priddel and Wheeler, 2003; Priddel et al., 2007).  It may also be possible that remnants 

degrade as their agricultural age increases, rendering habitat less suitable for 

malleefowl, causing local extinctions.  However, it may also be possible that the nature 

and pattern of clearing changed in the 1940s and beyond in a manner that benefited 

malleefowl. 

The effects of agricultural land use on remnant vegetation are many and varied 

(see Hobbs and Hopkins, 1990).  These include the depletion of seed store and removal 

of above ground vegetative material by stock grazing, and alteration of vegetation 

community composition.  The longer an area has been used for agricultural operations, 

the poorer the condition of the remnant vegetation is likely to be (Saunders et al., 2003; 

Spooner and Lunt, 2004). Therefore it is reasonable to deduce that agriculture, via the 

processes mentioned above, has and will continue to have a negative impact on the 

persistence of malleefowl within the Western Australian wheatbelt compounding long 

after clearing has finished. 

Our analysis indicates a correlation between the contraction in range of 

malleefowl and the time since commencement of agriculture.  However, it is possible 

that this variable is acting as a surrogate for natural differences such as habitat or soil 

type.  Timbered areas with heavier soils were cleared earlier as they were the most 

productive, with mallee and areas on deep sand cleared several decades later (Burvill, 

1979).  These differences were not included in the model but may have contributed to 

the pattern of malleefowl range contraction. Similarly, at least some areas cleared in 

later years had more retained vegetation and more substantial corridors of native 

vegetation linking remaining natural vegetation. 

Malleefowl range contraction was associated with higher sheep densities, 

potentially reflecting the negative impact of sheep grazing on malleefowl habitat.  The 

impacts of grazing on malleefowl persistence have been noted in eastern Australia (e.g. 

Frith, 1962; Priddel et al., 2007) and recognised to have profound negative effects on 

remnant bushland within the Western Australian wheatbelt (Hobbs and Hopkins, 1990; 

Yates et al., 2000; Saunders et al., 2003).  The increased likelihood of malleefowl range 

contraction in areas with high sheep numbers suggests that grazing of remnant 
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vegetation is a threat to the species’ persistence in the Western Australian wheatbelt 

also. 

Generally, where sheep numbers are lower, wheat production is higher (r = -

0.66).  Therefore the correlation between malleefowl range contraction and the number 

of sheep in an area may, in part, also be a reflection of the malleefowl’s reliance on 

wheat as a food source, as suggested by several authors (Serventy and Whittell, 1976; 

Brickhill, 1987; Storr, 1991). 

We were limited to detecting large changes in the distribution of malleefowl and 

not changes in density.  Although we did find anecdotal evidence of a decrease in 

malleefowl density throughout the wheatbelt during the last century via our landholder 

survey and the literature (e.g. Saunders and Ingram, 1995), considerable uncertainty still 

remains regarding trends in malleefowl density.  We may speculate that there has been a 

decrease in the density of malleefowl in remaining habitat in addition to a contraction in 

its range, but adequate quantification of such a change would require temporally 

structured monitoring of multiple populations over the long term (Benshemesh, 2000). 

Two known threats to malleefowl (predation by foxes and too-frequent fire), 

were excluded from this analysis as they could not be adequately quantified across the 

study area.  There is a possibility that variables contained within our analysis are 

correlated with these threats.  For example, it may be possible that fox predation is more 

intense in areas with less vegetation or greater densities of sheep but it was outside the 

scope of this study to investigate such interactions.  We suggest that studying the role of 

such threats within context of this study would be a worthwhile pursuit. 

3.5.2 PRESENCE-ONLY VERSUS PRESENCE-ABSENCE DATA? 

The differences between the presence-only and presence-absence estimates of 

range contraction were substantial (Figure 5).  In the presence-only assessment, over 

one fifth of cells contained recent malleefowl records (post 1981) but no historical 

records (prior to or including 1981), apparently signifying a range expansion for the 

species; a pattern that would contradict claims that the species has contracted 

(Benshemesh, 2000).  However, subsequent to the survey, all of these cells were found 

to have been occupied by malleefowl both in recent and historical times, illustrating that 

the species had not undergone a range expansion.  In addition, the presence-only data 

showed the malleefowl population to apparently be contracting and expanding in many 
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areas, making it difficult to determine an overall trend.  Conversely, the presence-

absence analysis showed the species contracting in several areas, and expanding in 

none; an overall trend of contraction.  This comparison shows the vulnerability of 

presence-only data to false absence.  We suggest that presence-only data is not suitable 

to assess the status of a species at this scale and reliable presence-absence data are 

critical to making assessments of conservation status. 

Ideally, to confirm range contraction or assess species status, presence-absence 

surveys should be carried out over broad spatial scales at two or more time periods but 

this is typically not feasible (Araujo and Guisan, 2006).  Aerial surveys may be used to 

apply this approach for large, conspicuous species residing in open habitats (e.g. emu 

Dromaius novaehollandiae and Australian bustard Ardeotis australis, Grice et al., 1985, 

1986), but for the majority of species such approaches are not suitable.  We 

demonstrated a method of obtaining a presence-absence dataset that made best use of 

existing presence-only data: we verified all areas of apparent absence via our landholder 

survey.  This method was effective because it was quick, inexpensive and easy.  It did 

not require us to query areas of presence, and avoided the onerous task of surveying 

vast areas for malleefowl to obtain absence data.  Brickhill (1987) conducted a similar 

survey of local knowledge of malleefowl presence in New South Wales and found the 

reliability of some survey observations to be questionable.  That is, many areas claimed 

to contain malleefowl were found to contain inactive mounds only, as respondents had 

not visited the actual location (i.e. a farmland remnant) for many years.  Most of our 

survey responses were based on sightings of actual birds rather than solely on mounds 

and so the potential for bias of our estimate of range contraction due to this issue is 

limited.  Despite the assumption that a landholder’s knowledge of an area was correct, 

we believe this method would be appropriate for use in populated areas, particularly for 

those species such as malleefowl that are conspicuous and easy to identify. 

3.5.3 THE ROLE OF PRESENCE-ONLY DATA IN THE ASSESSMENT OF RANGE CONTRACTION 

The addition of new presence data (2294 records) to the NRP dataset (1172 

records) resulted in a substantial reduction in the estimate of malleefowl range 

contraction for Western Australia.  Many areas initially identified as areas of 

contraction using NRP data (11 out of 37 one-degree cells), particularly in the central 

wheatbelt, were proven to be incorrect, illustrating the vulnerability of a presence-only 
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analyses to variable observer effort.  In this study, malleefowl range contraction was 

limited to remote rangeland and desert areas of very low human population density (<< 

1 person per km2, Figure 3).  The likelihood of the species being present but undetected 

in these areas is high.  Furthermore, ‘uncertain’ cells were largely confined to sparsely 

populated areas (Figure 4).  Hence, the pattern of range contraction may be wholly, or 

in part, a function of the density of humans, and therefore observer effort. 

The dataset we collated in this study represents the best available dataset of 

malleefowl occurrence for Western Australia and expanded the NRP dataset by nearly 

2300 records but this additional effort largely acted to consolidate our knowledge in 

areas of known occurrence.  The new data provided little new information for sparsely 

populated areas such as the arid zone of Western Australia and, consequently, both the 

NRP estimate and ours were uncertain for these areas as they were informed by very 

few scattered records.  We suggest that supplementing a presence-only dataset with 

additional records is likely to provide only limited insight into a species’ distribution, 

particularly in remote areas. 

Presence-only assessments of status may be misleading due to the fact that they 

are highly sensitive to differences in observer effort; however over broad scales more 

detailed data are unlikely to be available.  Presence-only datasets are often 1) collected 

over long time periods, 2) collected by experts and enthusiasts, 3) collected at a fairly 

fine resolution.  Where time and/or resources available to researchers are limited, it is 

important to maximise the use of existing data to form useful management 

recommendations.  In this study, we illustrated how this may be achieved by verifying 

apparent absences.  The approach effectively incorporates presence-only datasets into a 

presence-absence analysis, thereby making a useful contribution to understanding 

patterns in species occurrence. 

3.5.4 SUMMARY AND CONSERVATION IMPLICATIONS 

We used the malleefowl to demonstrate methods for using presence-only 

datasets to assess range contraction and to illustrate several major issues associated with 

doing so.  Presence-only data are highly sensitive to false absence and bias in observer 

effort, both in time and space.  Consequently, conservation decisions and assessments 

of status based on presence-only data are potentially misleading.  Effort should be 

directed towards verifying such datasets before using them for such purposes.  We 
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suggest that, to adequately assess the status of a species, a presence-absence dataset 

represents the minimum required dataset.  This is a general issue affecting any analysis 

of decline based on presence only records (e.g. atlas data, museum collections, and 

distribution databases).  Inevitably the weaknesses of such data sets must be balanced 

against the fact that they often represent the only data available in most cases: there is 

no simple solution. 

The range of malleefowl in the Western Australian wheatbelt has contracted and 

it is possible that it will continue to do so.  The known threat of introduced predators 

(Priddel and Wheeler, 1996, Priddel et al., 2007) must be addressed to reduce the 

likelihood of such a contraction continuing.  Our study suggests that, to further reduce 

the likelihood of contraction, clearing of native vegetation should cease.  In areas where 

malleefowl have already been lost, re-establishment of native vegetation will be 

necessary to support the species.  In areas where sufficient native vegetation exists, 

active management to restore or retain habitat value will be required (Yates et al., 2000) 

as changes caused by agricultural practices (e.g. fragmentation and grazing) are likely to 

be long-term and persistent (Foster et al., 2003) and may not be fully evident yet.  

Future research should be directed towards investigating how landscapes change as they 

age following agricultural development and how this relates to the persistence of 

malleefowl. 
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Table 1: Variables included in the regression analysis of malleefowl range contraction within the Western Australian wheatbelt.  Data were for 

102 cells, each of 625 km2.  * denotes loge transformed prior to analysis 

 

# Name Description Mean ± s.d. Min-Max 

1 ALIEN Date when cell experienced agricultural alienation 1944 ± 21 1900 – 1984 

2 FARMING Date of commencement of agriculture, including pastoralism and cropping 1906 ± 18 1850 – 1939 

3 AVGSHPHA Average total number of sheep per hectare per cell (1983-1997) 1.29 ± 0.66 0.37 – 3.45 

4 AVGCRLHA Proportion of land under cereal production (1983-1997) 0.32 ± 0.08 0.11 – 0.45 

5 POPSQKM01* Human population density - individuals per square km (as at 2001) 0.32 ± 0.23 0.06 – 1.06 

6 FRAGINDEX Area of woody perennial vegetation (ha) divided by number of remnants within cell 54 ± 183 4 – 1395 

7 VEG_HA* Sum of area of woody perennial vegetation within grid cell (ha) 6817 ± 8386 817 – 50 712 
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Table 2: Change in occupancy of cells for malleefowl in Western Australia using a one-

degree cell size.  NRP = National Recovery Plan (Benshemesh 2000). 

 

 NRP 

dataset 

WA 

 

All data 

WA 

NRP 

dataset 

wheatbelt 

 

All data 

wheatbelt 

occupied pre-1981 87 91 30 30 

occupied post-1981 47 64 25 30 

% range contraction 46% 30% 17% 0% 
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Table 3: Cell classification and certainty based on malleefowl occurrence records 

within Western Australia.  All data and NRP dataset split pre- and post-1981. 

 

 

Category 

 

All data 

No. of 

certain cells (%) 

NRP 

dataset 

No. of 

certain cells (%) 

Never present 153 n/a 159 n/a 

Before 1981 only 27 11 (41) 37 17 (46) 

After 1981 only 9 4 (44) 4 1 (25) 

Before and after 1981 55 54 (98) 44 38 (86) 
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Table 4: Summary of the final GAM model for malleefowl range contraction within the 

Western Australian wheatbelt, selected by a backward stepwise procedure.  Drop 

contribution shows change in deviance when the variable was dropped from the final 

model, alone contribution shows change in deviance where new models are created with 

only one variable. 

 

Selected variable P-

value 

Direction of the 

effect 

Drop 

contribution 

Alone 

contribution 

VEG_HA < 0.001 - 64.8 75.9 

ALIEN < 0.001 - 43.3 71.5 

AVGSHPHA < 0.001 + 54.9 23.6 

Null deviance 202.4 Residual deviance 36.1 

Degree of freedom 90 Residual d.f.: all variables 78 
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Figure 1: Broad land use categories within southern Western Australia. 
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Figure 2: The distribution through time of records of sightings of malleefowl for 

Western Australia. 
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a)  

b)  

 

Figure 3: Malleefowl occurrence in Western Australia for a) combined dataset; b) NRP 

dataset.  Dark grey – present pre- and post-1981, light grey – present pre-1981, black – 

present post-1981.  Hatched area delineates the WA wheatbelt.
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Figure 4: Uncertainty in classification of grid cells based on estimates using the 

combined dataset.  Grey – areas considered certain (i.e. classification informed by two 

or more data points pre- or post-1981); black – areas considered uncertain (i.e. 

classification informed by fewer than two data points pre- or post-1981).  Cells where 

malleefowl were not recorded are excluded.  Hatched area delineates the WA wheatbelt. 
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a) 

 

b) 

 
 

Figure 5: The change in status within each 25 km x 25 km cell within the Western 

Australian wheatbelt due to verification via landholder survey.  a) Before survey; b) 

After survey.  White – malleefowl never present; dark grey – present pre- and post-

1989; light grey – present pre-1989 only; black – present post-1989 only.  Hatched area 

delineates the WA wheatbelt. 
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Figure 6: Histograms of the response variable with respect to each predictor variable.  Black = malleefowl absence, White = malleefowl 

presence. 
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4 CHAPTER FOUR: USING COMMUNITY OBSERVATIONS TO 

PREDICT THE OCCURRENCE OF MALLEEFOWL (LEIPOA 

OCELLATA) IN THE WESTERN AUSTRALIAN WHEATBELT 

4.1 ABSTRACT 

Malleefowl, like other ground dwelling birds in Australia, have suffered 

substantial declines over the past 150 years.  These declines have been exacerbated in 

the Western Australian wheatbelt by the extensive clearing of native vegetation for 

agricultural development.  We sought to establish the distribution of malleefowl within 

the wheatbelt (210,000 km2) and their choice of habitat within this broad region.  We 

supplemented a large presence-only dataset of malleefowl sightings with absence data 

derived from a bird atlas scheme and used these data to effectively predict the 

distribution of the species for the wheatbelt using a combined GAM/GLM approach.  

Both datasets were derived largely from community sightings.  We also developed a 

method for using presence-only data to investigate soil and vegetation preferences for 

the species at a finer scale.  The distribution of malleefowl within the Western 

Australian wheatbelt was associated with landscapes that had lower rainfall, greater 

amounts of mallee and shrubland that occur as large remnants, and lighter soil surface 

textures.  At a finer scale, malleefowl occurrence was associated with mallee/shrubland 

and thicket vegetation with woodland representing poor habitat for the species.  This 

study illustrates how community knowledge, coupled with a solid ecological 

understanding, can play a key role in developing the knowledge base to inform 

conservation and management of species in agricultural landscapes. 
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4.2 INTRODUCTION 

Malleefowl, like many bird species occurring in agricultural landscapes in 

Australia, have exhibited a decline in distribution and abundance since European 

settlement of Australia (Woinarski and Braithwaite, 1990; Benshemesh, 2000).  

Nationally, the species is listed as “vulnerable” under the Environment Protection and 

Biodiversity Conservation Act 1999 and, in Western Australia, it is listed as “fauna that 

is rare or is likely to become extinct”.  It is also listed as vulnerable on the IUCN’s Red 

List of Threatened Species (IUCN, 2008, criteria A2bce+3ce+4bce).  Substantial 

investment has been directed towards studying the biology of malleefowl, but 

knowledge of the distribution and habitat preferences of the species is patchy.  

Localised, long-term studies fall within five biogeographical regions, whereas the range 

of the species is known to extend across at least 32 biogeographical regions 

(Benshemesh, 2000), each with contrasting characteristics (Benshemesh, 2000; Garnett 

and Crowley, 2000). 

Spatial modelling techniques are known to perform well for species that are 

relatively abundant, have relatively large breeding ranges, are territorial and are 

associated with terrestrial habitats (Garrison and Lupo, 2002): all features of the 

malleefowl.  Spatial modelling of species distributions is typically conducted using 

presence-absence data but data availability often limits the extent to which such models 

can be created.  Further, it is typically difficult or impossible to collect new occurrence 

data for a species across broad areas (Araujo and Guisan, 2006).  To address a lack of 

species absence data, researchers have modelled distributions using environmental 

envelope or profile techniques (e.g. Busby, 1986; Hirzel et al., 2002; Phillips et al., 

2006); however, outcomes of these models are limited in their practical application 

(Austin, 2002), and can be inaccurate for species with broad ecological requirements 

(Brotons et al., 2004; Chapter Two).  The lack of absence data has sometimes been 

addressed by creating “pseudo-absences”, either randomly or based on the outcome of 

an environmental profiling technique such as ecological niche factor analysis 

(Zaniewski et al., 2002; Engler et al., 2004; Lütolf et al., 2006).  There is some concern 

that the use of such methods is potentially inaccurate, circular in nature, and merely 

acting to model the niche of presence data itself (Lütolf et al., 2006).  Novel techniques 

must be employed to obtain absence data to complement the presence data if we are to 
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extend our knowledge beyond that of describing environmental attributes of the 

occupied niche.  A more appropriate approach would be to create absences based on 

sites where collections or surveys have taken place but have not recorded the target 

species (Lütolf et al., 2006). 

The malleefowl has become an iconic species due to its unique biology (Frith, 

1956, 1962), and unmistakeable appearance.  It is commonly sighted feeding along 

roads and venturing into paddocks, generating much presence data for the Western 

Australian wheatbelt.  Because malleefowl are well known and relatively easy to detect, 

sites with extensive bird survey data can also generate reliable absence data thereby 

allowing presence-absence modelling of the species’ distribution. 

If a species distribution model is to be developed for conservation purposes, the 

distribution must be described and predicted in terms that can be applied to management 

practice (Lehmann et al., 2002; Pearce and Boyce, 2006).  Suggested conservation 

management practices for malleefowl include retaining and protecting habitat (Smith et 

al., 1994; Garnett and Crowley, 2000), fencing to exclude stock, and revegetating and 

creating habitat corridors (Benshemesh, 2000).  Models built at regional scales (sensu 

Heglund, 2002) may have limited applicability in terms of management but models 

created at local scales (sensu Heglund, 2002) are unlikely to be transferable outside the 

area in which they were developed (Murphy and Lovett-Doust, 2007).  To resolve the 

tension between generality and precision of outcomes and to effectively inform 

management decisions, a multi-scale approach is required (Johnson et al., 2002; Denoel 

and Lehmann, 2006). 

The purpose of this study was to model the contemporary distribution and 

habitat preferences of malleefowl within the Western Australian wheatbelt.  A primary 

motivation was to provide useful information on malleefowl occurrence to inform 

conservation action for the species within the Western Australian wheatbelt and across 

other similar bioregions.  We sought to predict the occurrence of the species across the 

region using broad-scale environmental variables, including climate, soil and vegetation 

extent using data at a 1 km2 unit of resolution.  We also sought to describe the specific 

habitat preferences of malleefowl at a local scale within sub-catchments (there are some 

700 sub-catchments with the Western Australian wheatbelt). 



 

 

92 

4.3 METHODS 

4.3.1 MALLEEFOWL – BIOLOGY AND CURRENT STATUS 

The malleefowl (Leipoa ocellata) is a large (~2kg), sedentary, ground-dwelling 

bird that uses a combination of fermentation and solar radiation to incubate its eggs in 

mounds (Frith, 1956).  Detailed accounts of breeding, incubation, mound construction, 

and temperature regulation are provided by Frith (1959). 

The range of malleefowl spans most of the southern half of Western Australia 

including much of the wheatbelt (Benshemesh, 2000; Barrett et al., 2003).  The western 

margin of its range contracted during the mid-twentieth century because of habitat loss 

and degradation (Chapter Three) but malleefowl are still widespread throughout the 

wheatbelt region.  Historically, they were found in most vegetation communities within 

the Western Australian wheatbelt, but are most commonly observed in mallee, Acacia 

shrublands, and scrub thickets (Storr, 1991).  The species was known to occasionally 

occur in open woodlands (e.g. York gum Eucalyptus loxophleba and gimlet E. salubris) 

in Western Australia (Crossman, 1909; Leake, 1962), but their occurrence in these 

vegetation types is uncommon today. 

4.3.2 STUDY AREA 

The Western Australian wheatbelt extends from north of Geraldton to east of 

Esperance in south-west Western Australia (20 618 000 ha study area, Figure 1).  It is 

bounded by the 300 mm and 600 mm annual rainfall isohyets to the east and west 

respectively and land use consists largely of cropping (wheat, barley and canola) and 

the grazing of sheep (Saunders et al., 1993).  Over 93% of the native vegetation has 

been removed in less than 100 years (Saunders et al., 1993) resulting in a highly 

fragmented landscape, consisting of small and isolated islands of native vegetation in a 

matrix of cropping and grazing lands.  Woodlands on heavy soil were cleared first and 

most extensively, followed by areas dominated by mallee (Burvill, 1979).  The “light 

lands”, sandy or gravelly soils often supporting shrub-thickets, were the last to be 

cleared, typically after the 1950s.  The Western Australian wheatbelt represents a high 

contrast landscape (Fischer and Lindenmayer, 2006) with habitat within the matrix 

remaining as discrete, relatively intact, remnants as opposed to scattered vegetation.  

The intensity of clearing has resulted in it becoming one of Australia’s most stressed 

landscapes (National Land and Water Resource Audit, 2001).  The soil and 
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corresponding vegetation patterns of the region are complex and patchy (Burvill, 1979; 

Dirnbock et al., 2002) with patterns considered “strikingly unpredictable” at a local 

scale (Dirnbock et al., 2002). 

4.3.3 MALLEEFOWL DATASET 

This study made use of a comprehensive presence-only dataset of sightings of 

malleefowl obtained from community organisations and government agencies in 

Western Australia.  These organisations included the Malleefowl Preservation Group 

and other regional community groups dedicated to malleefowl conservation, the 

Western Australian Department of Environment and Conservation, the Western 

Australian Museum and Birds Australia (Blakers et al., 1984; Barrett et al., 2003).  Data 

were accurate to within one kilometre or less and included recent sightings of individual 

birds, mounds (both active and inactive) and road kills (post 1990).  All locations of 

sightings within the bounds of the Western Australian wheatbelt were aggregated into 

one square kilometre grid cells to remove duplicate records. 

The presence-only dataset was supplemented with absence data obtained from 

the New Atlas of Australian Birds (Barrett et al., 2003).  We extracted all records within 

the bounds of the study area that were accurate to within one kilometre, excluding 

nocturnal birds, waterbirds, and birds of prey (i.e. species not likely to be reliably 

detected in surveys).  Absences were generated from these records by selecting survey 

sites that met the following criteria: any cell greater than or equal to two kilometres 

from any malleefowl presence location where 25 or more bird atlas records existed (but 

no malleefowl records). 

We selected an arbitrary record limit (25 bird records) as there was no clear 

threshold for the number of records above which malleefowl were more likely to be 

recorded.  We randomly selected locations from this sample (i.e. to equal the number of 

presences) for use in modelling.  This method of selecting locations where malleefowl 

were considered to be absent was similar to a method recommended by Graham et al. 

(2004); that is, sampling locations for which surveys had been made, but the species 

was not recorded.  The method was considered by Lütolf et al. (2006) to result in better 

model performance than selecting pseudo-absences randomly from background values 

(e.g. Milne et al., 2006).  We also consider this to be an improvement over the 

seemingly circular technique of ENFA-weighted pseudo-absence (Zaniewski et al., 
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2002; Engler et al., 2004).  We excluded 65 locations where environmental data were 

missing, resulting in a final dataset of 869 presences and 876 absences for use in 

modelling. 

4.3.4 ENVIRONMENTAL VARIABLES 

It has been suggested that greater focus be given to the ecological basis for 

choosing candidate variables for species distribution models (Lehmann et al., 2002; 

Araujo and Guisan, 2006).  We selected 19 variables that we believed were relevant to 

the ecology of malleefowl for inclusion in an exploratory GAM modelling phase (Table 

1).  Relevant variables that were uniform across the study area (e.g. presence of the 

introduced red fox Vulpes vulpes) or highly variable over time (e.g. the presence of fire) 

were excluded from analysis. 

Soil quality variables (Variables 1 – 8, Table 1) were derived from proportional 

mapping of soil-landscape subsystems (Western Australian Department of Agriculture 

and Food, 2004).  Proportional mapping has unmapped components which are 

described as a percentage of the map unit.  Using the soil quality GRAVEL as an 

example, a cell may have a 10% probability of having very few gravel fragments in the 

profile, 15% probability of few, 20% of common, 25% of many, 30% of abundant and a 

0% probability of having none.  To assign proportional soil quality information to each 

cell, these categories are assigned a value (e.g. very few = 1, few = 2, common = 3, 

many = 4, abundant = 5), and their contribution assigned to the cell proportionally.  The 

index for GRAVEL for the hypothetical cell is calculated below: 

GRAVEL = 0.1 x 1 + 0.15 x 2 + 0.2 x 3 + 0.25 x4 + 0.3 x 5 = 3.5 

Mean annual temperature and mean annual rainfall (Variables 9 and 10) were estimated 

using the BIOCLIM module within ANUCLIM 5.1 (Houlder et al., 2000). 

All vegetation variables (Variables 11 to 18) were based on mapped vegetation 

extent data for 2004 (Commonwealth of Australia, 2004), excluding areas modelled as 

at risk of salinity (Evans and Cacetta, 2000), as much of the vegetation in these areas 

was unlikely to be suitable for malleefowl (e.g. saline flats).  Individual vegetation 

associations were simplified into four broad categories: 1) mallee; 2) shrubland/thicket; 

3) woodland; and 4) scrub/heath.  Inspection of the mallee and shrub/thicket extent 

variables showed the two habitats to be complementary: mallee existed primarily in the 

southern half of the study area, shrub/thicket primarily in the north.  Malleefowl are 
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known to inhabit both mallee and shrub-thicket vegetation (Storr, 1991; Benshemesh, 

2000), so it was decided to combine these two categories into one variable (Variables 16 

to 18 in Table 1).  We excluded woodland and scrub-heath extent variables because a) 

woodland extent showed a negative relationship with malleefowl occurrence and would 

not result in predictions that could be easily applied to management and b) scrub-heath 

extent did not span the study area adequately.  Variables developed for modelling fell 

into two classes: 1) vegetation isolation (i.e. distance to the nearest remnant of 50, 75, 

100, 200, or 500 ha) and 2) mallee/shrubland extent (i.e. amount of vegetation in the 

surrounding circle of radius 1, 2, or 5 km2). 

There is likely to be a significant bias towards malleefowl along roads given the 

opportunistic method of data collection.  As such, distance to road (Variable 19) was 

estimated from a 1:1 000 000 scale map (Geoscience Australia, 2005), and included in 

the modelling to eliminate this source of bias. 

4.3.5 EXPLORATORY GAM ANALYSIS 

We modelled the occurrence of malleefowl in the Western Australian wheatbelt 

using a combination of generalised additive models (GAM, Hastie and Tibshirani, 

1990) and generalised linear models (GLM, McCullagh and Nelder, 1983).  GAM was 

used in an exploratory sense: 1) to select variables that explained the greatest amount of 

total variation; and 2) to examine the shape of the response curves for variables prior to 

input into a GLM.  The benefit of using GAM was that it did not require an a priori 

knowledge of the shape of the response curves (Hastie and Tibshirani, 1990).  Rather, 

the shape of the response is guided by the data themselves (Ferrier et al., 2002; Denoel 

and Lehmann, 2006). 

Prior to modelling, correlated variables (r > 0.70) were identified and the 

variable least relevant to malleefowl (i.e. least direct; sensu Austin and Meyers, 1996) 

removed.  Absorption and Permeability were correlated but, as the former was a 

derivative of the latter, it was removed (Table 1).  Gravels and Surface Stones and 

Gravels were also correlated but the latter variable included rocks and large boulders as 

part of the measure, an element not considered relevant to malleefowl habitat 

preferences (Benshemesh, 2000), and so was discarded. 

GAM models were produced using GRASP (Lehmann et al., 2002) in the 

statistical package R (http://www.r-project.org/).  Models were fitted using a binomial 

http://www.r-project.org/�
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distribution with a backwards stepwise selection method employing Bayesian 

Information Criterion (BIC).  BIC was chosen as it is known to impose heavier 

penalties on including additional terms in a model than Akaike’s Information Criterion 

(Burnham and Anderson, 2002).  It was our intent to create a model with fewer terms to 

remove unnecessary complexity. 

We created fifteen GAM models by entering all soil, road and climate variables 

with all combinations of one habitat proximity variable and one habitat extent variable.  

The habitat variables were added singularly as they were not strictly independent.  The 

combination that showed the lowest amount of residual deviance and lowest BIC value 

was selected as the final model.  This selection process represented a method of “fine-

tuning” the habitat extent and proximity variables to the scale most appropriate for 

malleefowl. 

A known weakness of GAM is that of over-fitting the data (Guisan et al., 2002).  

We addressed this problem by reducing the degrees of freedom (i.e. increasing the 

smoothness of response curves) used in the modelling process where possible.  All 

variables selected in the final model were entered into GRASP using two, three and four 

degrees of freedom.  If explanatory power was maintained despite a reduction in 

degrees of freedom, the model with lower degrees of freedom was used. 

Model validation was conducted by measuring the area under the curve (AUC) 

of a receiver operating characteristic (ROC) plot (Fielding & Bell, 1997), thus 

quantifying the ability of the GAM model to describe the training data, as recommended 

by Lehmann et al. (2002). 

4.3.6 PREDICTIVE GLM ANALYSIS 

After exploring the data using GAMs, we predicted the occurrence of 

malleefowl in the Western Australian wheatbelt using GLM.  We used GLM because of 

its simplicity, the ease with which outcomes could be applied within a geographical 

framework, and the ready availability of prediction confidence intervals (Wintle et al., 

2005).  These confidence intervals can be plotted spatially to provide a better idea of 

how uncertain a model is on the ground, which is important when model outcomes are 

to be applied for management (Guisan et al., 2006). 

We inspected predictor response curves in the final GAM to identify which 

functional forms may be most appropriate for the GLM (Wintle et al., 2005).  Where 
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several candidate functional forms existed for a variable (e.g. linear, log, and 

reciprocal), all were tested and the form that explained the greatest amount of deviance 

retained.  Model validation was conducted using ROC plots, as described above for the 

GAM.  Model evaluation employed bootstrapping as detailed by Wintle et al. (2005).  

Response plots for each of the variables were examined to determine whether they 

reflected an ecologically plausible relationship.  The model residuals were also tested 

for spatial autocorrelation by calculating Global Moran’s I (Fortin and Dale 2005) on 

the points in a GIS.  A Moran’s I value of 1 indicates strong positive autocorrelation 

and a value of −1 strong negative autocorrelation (Fortin and Dale, 2005).  Finally, we 

created spatial predictions of malleefowl occurrence by plotting the final GLM equation 

(with upper and lower 95% confidence intervals) using a GIS. 

4.3.7 HABITAT PREFERENCES AT A LOCAL SCALE 

We sought to describe the habitat preferences of malleefowl within the Western 

Australian wheatbelt at a scale relevant to local conservation management.  A lack of 

absence data at the local scale prevented us from using presence-absence modelling 

techniques.  In addition, environmental variables were categorical in nature, preventing 

us from using presence-only profile techniques such as environmental envelope models 

(e.g. Busby, 1986; Hirzel et al., 2002).  As a consequence, we were limited to 

conducting a descriptive analysis using presence-only malleefowl locations (Section 

2.3) and categorical soil and vegetation variables. 

We made use of four spatial datasets available across the entire Western 

Australian wheatbelt: 1) 1:250 000 vegetation type mapping (Commonwealth of 

Australia 2004); 2) 1:250 000 soil-landscape mapping (Western Australian Department 

of Agriculture and Food, 2004); 3) mapping of sub-catchments (Western Australian 

Department of Water, 2003); and 4) malleefowl presence records as described above in 

Section 4.3.3. 

Our method aimed to account for substantial bias in observer effort associated 

with a presence-only dataset.  We conducted a Chi Square Goodness of Fit test to 

determine whether malleefowl presences were distributed across various vegetation and 

soil types at random or not.  We compared the observed and expected number of sub-

catchments with malleefowl presences within a particular vegetation/soil type.  We 

investigated the marginal contributions of each vegetation/soil category to the overall 
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Chi Square statistic.  These measures provided us with a descriptive summary of which 

habitat types were more closely associated with malleefowl occurrence at scales 

relevant to local management. 

4.4 RESULTS 

4.4.1 EXPLORATORY GAM ANALYSIS 

Of the 11 soil, climate and road variables initially developed for inclusion in the 

candidate model, all but two soil variables remained after removing correlated variables.  

These and all combinations of one habitat proximity and one habitat extent variable 

were entered into GRASP, resulting in the selection of four variables: 1) mallee/shrub 

within surrounding circle of radius 5 km, 2) mean annual rainfall, 3) distance to nearest 

500 ha remnant and 4) surface texture (Table 2).  All other variables were dropped from 

the model, including distance to road.  For the habitat proximity variables, distance to 

the nearest 500 ha remnant explained the most variation, with the other variables (i.e. 

distance to the nearest 200, 100, 75 and 50 ha remnant) showing higher levels of 

residual deviance (Figure 2).  Similarly, mallee/shrubland within the surrounding circle 

of radius 5 km explained more variation than the two and one kilometre variables. 

Our GAM model explained 51% of the variation associated with malleefowl 

presence-absence within the Western Australian wheatbelt using four degrees of 

freedom for all variables.  After reducing the number of degrees of freedom for each 

variable to two, the final GAM explained 49% of the variation.  Partial response curves 

for the GAM are shown in Figure 3.  Cross-validation of the model resulted in an area 

under the ROC curve of 0.920, indicating that the model was able to effectively 

discriminate between areas of malleefowl presence and absence. 

4.4.2 PREDICTIVE GLM ANALYSIS 

The model with the lowest residual deviance (Table 3) took the following form: 

Malleefowl presence-absence ~ log(a) + b + c + d + d2. 

where a = mallee/shrub within surrounding circle of radius 5 km, b = mean annual 

rainfall, c = distance to nearest 500 ha remnant, and d = surface texture. 

Validation of the model resulted in an AUC value of 0.920, indicating good 

discriminatory ability between malleefowl presence and absence.  Cross-validation 

using bootstrapping also indicated good discriminatory ability with an area under the 
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ROC curve of 0.93.  “Drop” and “alone” contributions of predictors to the model are 

presented in Table 4.  Figure 4 displays plots of the predicted probability of occurrence 

of malleefowl against each variable (with all other variables held at their mean value).  

These plots show a positive relationship between malleefowl occurrence and the amount 

of mallee/shrubland in the surrounding five kilometres with a negative relationship 

observed for both mean annual rainfall and the distance to the nearest 500 ha remnant.  

The relationship with soil surface texture was less obvious, with malleefowl occurrence 

predicted to decrease as the soil index (i.e. amount of clay in the soil) increased.  The 

95% confidence intervals illustrate that there is uncertainty associated with surface 

texture within the model.  The residuals of the model were not spatially autocorrelated 

(Moran's I = 3.25 x 10-2). 

We created a spatial plot of the model and 95% confidence intervals for the 

entire study area (Figure 5).  Our model identified 8 689 500 ha of the study area as 

having a 50% or greater chance of containing a malleefowl presence.  At the upper and 

lower 95% confidence limits, this area could be as large as 15 605 200 ha or small as 

577 700 ha, respectively.  If we restrict the above calculations to areas of remnant 

vegetation only and exclude farmland, we find that the model predicts 2 016 000 ha of 

remnant vegetation as having a 50% or greater chance of containing malleefowl, with   

2 752 600 ha and 370 600 ha representing upper and lower 95% confidence intervals, 

respectively.  Of the 2 016 000 ha identified above, approximately 55% is part of the 

public estate (e.g. reserves, unallocated crown land, unmanaged reserves) with 

approximately 45% on private lands.  Remnant vegetation formally reserved as part of 

the conservation estate (i.e. managed by the Western Australian Department of 

Environment and Conservation) makes up approximately 36% of the area predicted. 

4.4.3 REGIONAL HABITAT PREFERENCES 

One hundred and seventy seven of the 788 sub-catchments within our study area 

contained one or more malleefowl presences, with the total number of presences 

ranging from one to nineteen.  Malleefowl presence records were distributed non-

randomly across different vegetation associations (χ2
21 = 208.35, p = <0.001), with a 

higher than expected number occurring in “mallee” and “shrubland, mallee” 

associations in particular (Table 5).  Conversely, there were fewer than expected 

malleefowl presences in several vegetation associations including “woodland, Jarrah”, 
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“scrub” and “woodland, wheatbelt”.  Malleefowl presence records were also distributed 

non-randomly with respect to soil type (χ2
12 = 92.19, p = <0.001).  There were more 

presences than expected in “sandy duplex” and “sandy earth” soils and fewer than 

expected in several soil types including “rocky or stony soil”, “deep sand” and 

“cracking clay” (Table 6). 

4.5 DISCUSSION 

The malleefowl is a threatened species that has persisted within the Western 

Australian wheatbelt, despite intense loss and fragmentation of its habitat over the past 

century.  Significant effort is currently being invested in the conservation of the species 

within the region but ecological knowledge for planning and design of management has 

been lacking.  For management action to be effective, practitioners require information 

on where malleefowl are most likely to occur and what governs their distribution. 

4.5.1 MALLEEFOWL DISTRIBUTION 

Our analyses showed that malleefowl are widespread throughout the Western 

Australian wheatbelt and are most closely associated with mallee and shrubland 

vegetation assemblages.  The species has managed to persist despite extensive clearing 

of its habitat perhaps due to the selective nature of clearing.  Comparatively less mallee, 

shrubland and thicket associations were cleared in the wheatbelt compared with 

woodlands (Burvill, 1979; National Land and Water Resources Audit, 2001).  Much of 

the vegetation remaining, particularly in the eastern wheatbelt, contains habitat 

identified as suitable for malleefowl. 

Malleefowl are considered a sedentary species (Frith, 1962) and at risk from 

habitat loss and fragmentation (Benshemesh, 2000) but the scale at which these 

processes become significant has not been previously studied.  The outcomes of this 

study suggest that mallee/shrubland cover in the surrounding five kilometres should 

remain above 30% and patches of 500 hectares or greater are required to increase the 

probability of the species occurring.  These findings are not unexpected as previous 

studies have established that malleefowl may have home ranges up to four square 

kilometres in size (Booth, 1985) and so are quite likely to respond at this scale.  Also, 

individuals are known to move distances of 15 km or greater over a matter of weeks 

(Frith, 1959; Sims, 2000). 
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Given the uncertainty surrounding predictions of minimum patch size 

(Lindenmayer and Luck, 2005), the pursuit of an area threshold above which the species 

can persist may not be ecologically informative (sensu Brooker, 2002; Radford and 

Bennett, 2004). Our analysis illustrated that the relationship between malleefowl 

occurrence and the loss and fragmentation of vegetation does not lend itself to a specific 

threshold.  Further, the association between presence of malleefowl and distance to the 

nearest remnant of 500 ha (as opposed to remnants of 200, 100, 75 or 50 ha) suggests 

that the species simply requires large areas of habitat in the surrounding landscape in 

order to persist.  Therefore, rather than aiming to reach a minimum threshold value for 

habitat cover (e.g. minimum patch size), management should seek to increase habitat 

cover in the context of the broader landscape (Westphal et al., 2003; Bennett et al., 

2006). 

Of various soil predictors, surface texture was the only one retained in the GLM 

model.  We found that the probability of malleefowl occurrence was greater in lighter 

soils (i.e. those with less clay content), which is consistent with work conducted in 

eastern Australia (Frith, 1959).  This is likely to be related to mound drainage, which 

may be important in maintaining adequate temperatures for egg incubation via 

fermentation.  Heavier soils also tend to be very hard when dry and it is unlikely that a 

malleefowl would be capable of working such a soil in order to create a mound.  

Furthermore, heavier soils tend to support open woodlands (Burvill, 1979), a habitat 

type which may render the species vulnerable to aerial predation.  However, surface 

texture contributed little to the model (Table 4) and displayed substantial uncertainty 

(Figure 4); hence it is possible that its selection in the model is a result of statistical 

chance rather than being a true representation of ecological processes. 

Our descriptive analysis confirms the view that malleefowl favour mallee and 

shrubland habitat and areas possessing sandier soil textures (e.g. sandy duplexes and 

sandy earths) over woodlands and areas with heavy or clayey soils.  An exception was 

deep sands, which were identified as a soil type less preferred by the species.  We 

suspect deep sand is not favoured by malleefowl as it typically supports scrub-heath and 

Banksia woodland vegetation, which lack a productive litter layer and a near-complete 

canopy. 

We identified which broad vegetation associations and soil groups contained 

more malleefowl presences, and our findings were in general agreement with studies 
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from eastern Australia (Frith, 1962; Brickhill, 1987; Benshemesh, 1992).  The analysis 

generally supported the findings of our predictive model also and aided in its 

interpretation.  This suggests that, for instances where absence data is unavailable, our 

approach could be used to provide insight into a species’ habitat preferences. 

Our model identified a strong negative correlation between the occurrence of 

malleefowl and mean annual rainfall.  Whilst not unexpected, explaining the processes 

underpinning such a relationship is difficult.  Vegetation associations are broadly 

correlated with rainfall in the Western Australian wheatbelt (Burvill, 1979) with greater 

amounts of non-favoured habitat (e.g. jarrah and wheatbelt woodlands) occurring in 

higher rainfall areas.  Therefore the rainfall variable may be acting as a surrogate for 

vegetation type.  Also, higher rainfall areas of the wheatbelt were also cleared for 

agriculture earlier than drier areas (Jarvis, 1986), so mean annual rainfall may also be 

acting as a surrogate for land use history.  Higher amounts of rainfall may also have a 

direct influence on the nesting ability of the species, with mound temperature perhaps 

becoming compromised after receiving greater amounts of rainfall, particularly in 

spring and summer when mounds are active.  The correlative nature of this and other 

modelling studies is a shortcoming, particularly when dealing with broad climatic 

variables (Westphal et al., 2003; Austin, 2007).  We suggest that hypotheses generated 

by our model be further investigated by, for example, monitoring of individual 

populations. 

4.5.2 USE OF UNSTRUCTURED DATA IN SPATIAL ANALYSES 

The primary advantage of the approach employed in this study is in the use of 

existing data without the need to conduct further survey effort.  Unstructured datasets 

can be problematic when originating from remote or unevenly populated areas, as this 

usually results in heavily biased observer effort across the study area (Araujo and 

Guisan, 2006; Barry and Elith, 2006).  Our data originated from a well-settled area with 

consistent land use and a comprehensive road network, resulting in the environmental 

space of the study area being sampled representatively.  The fact that our “distance to 

road” variable was dropped from the model is evidence that bias in observer effort was 

not an overwhelming feature of the dataset. 

The malleefowl is a species for which the collection of sightings data is 

appropriate as it is taxonomically stable and easily identifiable, so error associated with 
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misidentification is negligible.  Our approach is not novel and is suitable for other 

conspicuous taxa with detailed presence data (e.g. butterflies – Lütolf et al., 2006; 

plants – Engler et al., 2004; mammals – Ward and Close, 2004) and shows potential for 

making use of the abundance of Atlas data that currently exists (Dunn and Weston, 

2008). However, the reliability of absence data represents a major limitation for using 

the approach with less conspicuous taxa. 

We illustrated that the amount of suitable habitat varied markedly between the 

upper and lower confidence limits of our model.  An appreciation of such uncertainty is 

important when making decisions regarding management of malleefowl habitat. 

4.5.3 CONCLUSION 

This study has demonstrated a method for using presence-only species data (e.g. 

records of sightings) to investigate the ecology of a species by combining it with 

absences derived from an Atlas program.  Our statistical modelling approach was 

effective at broad scales and was further supported by descriptive analysis at finer 

scales, where data were limiting.  This approach may have generality to any 

conspicuous and accessible species where there is strong community interest and an 

established Atlas scheme. 

Our spatial modelling identified more than two million hectares of remnant 

vegetation within the wheatbelt as having a > 50% probability of containing 

malleefowl.  Nearly half of the vegetation identified as malleefowl habitat within the 

Western Australian wheatbelt exists on private land.  Consequently, there is a need to 

incorporate the wider farming community in malleefowl related actions for 

conservation.  This study, which used community-sourced data, provides key 

stakeholders (i.e. community groups and State agencies) with relevant knowledge for 

use in on-ground management of the species.  The successful conservation and 

management of this species in this agricultural landscape will require concerted action 

across both the public and private estate. 
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Table 1: Environmental predictor variables used in exploratory GAM analysis. * denotes correlated variables removed prior to modelling. 

Soil variables Range (units) 
1 Flood risk An index of the temporary covering of land by flood waters.  Higher number indicates higher 

flood hazard. 
0 – 300 (index) 

2 Gravels An index of the abundance of gravel present in the soil profile.  Higher number indicates 
greater abundance of gravels. 

0 – 454 (index) 

3* Surface stones/gravels An index of the abundance of gravel and coarse fragments (>20mm) present in the soil profile. 
Higher number indicates a greater abundance. 

0 – 490 (index) 

4 Permeability An index of the capacity of a material to transmit a fluid such as water.  Higher number 
indicates greater degree of permeability. 

100 - 600 (index) 

5* Absorption An index of absorption ability of the soil.  Higher number indicates greater absorption ability. 87 - 400 (index) 
6 Rooting depth An index of depth to which plant roots can penetrate.  Higher number indicates shallower 

rooting depth. 
100 - 514 (index) 

7 Surface salinity An index intended to reflect current salinity status.  Higher number indicates greater degree of 
salinity. 

0 – 375 (index) 

8 Surface texture An index reflecting the amount of sand, silt and clay in the top 10 cm of the soil profile.  
Higher number indicates a greater degree of clay in the soil. 

0 - 800 (index) 

Climate variables Units 
9 Mean annual rainfall Mean annual rainfall as derived by BIOCLIM 269 – 1016 (mm) 
10 Mean annual 

temperature 
Mean annual temperature as derived by BIOCLIM 13.9 – 19.9 (° C) 

Vegetation variables Units 
11 Distance 500 ha Distance to the nearest 500 ha patch of vegetation 0 – 34 800 (m) 
12 Distance 200 ha Distance to the nearest 200 ha patch of vegetation 0 – 19 800 (m) 
13 Distance 100 ha Distance to the nearest 100 ha patch of vegetation 0 – 15 800 (m) 
14 Distance 75 ha Distance to the nearest 75 ha patch of vegetation 0 – 10 400(m) 
15 Distance 50 ha Distance to the nearest 50 ha patch of vegetation 0 – 10 400(m) 
16 Mallee/shrub 5 km Proportion of the surrounding circle (radius 5 km) containing mallee or shrubland 0 – 100 (%) 
17 Mallee/shrub 2 km Proportion of the surrounding circle (radius 2 km) containing mallee or shrubland 0 – 100 (%) 
18 Mallee/shrub 1 km Proportion of the surrounding circle (radius 1 km) containing mallee or shrubland 0 – 100 (%) 
19 Distance to road Distance to the nearest road 0 – 15 000(m) 
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Table 2: Summary of the GAM model for malleefowl occurrence within the Western 

Australian wheatbelt, selected by a backward stepwise procedure. 

 

Selected variable d.f. P-value Functional form 

Mallee/shrub 5 km 2 < 0.001 + log 

Mean Annual rainfall 2 < 0.001 - linear 

Distance 500 ha 2 < 0.001 - linear 

Surface texture 2 < 0.001 - quadratic  

Null deviance 2412   

Degree of freedom 1742   

Residual deviance 1202   

Residual d.f.: all variables 1734   
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Table 3: GLM model of malleefowl occurrence (869 presences, 876 absences, deviance 

explained = 48.9%). 

 

Term Estimate Standard Error P 

Constant 2.53 x 100 5.03 x 10-1 < 0.001 

Mean Annual Rainfall -1.22 x 10-2 1.07 x 10-3 < 0.001 

Distance 500 ha  -1.43 x 10-4 1.49 x 10-5 < 0.001 

Mallee/shrub 5 km  2.39 x 100 1.45 x 10-1 < 0.001 

Surface texture 1.03 x 10-2 1.60 x 10-3 < 0.001 

Surface texture 2 -1.98 x 10-5 3.07 x 10-6 < 0.001 

    

Null deviance 2419   

Degree of freedom 1744   

Residual deviance 1183   

Residual d.f.: all variables 1739   
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Table 4: Contributions of selected variables in the GLM model of malleefowl 

occurrence in the Western Australian wheatbelt. 

 

 Percent change in deviance 

Variables Drop contribution Alone contribution 

Mallee/shrub 5 km 15.2 40.1 

Annual rainfall 7.6 16.1 

Distance 500 ha 4.6 10.5 

Surface texture 1.8 1.7 
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Table 5: The distribution of 22 vegetation types, and malleefowl presences within those vegetation types for 788 sub-catchments within the 
Western Australian wheatbelt. 

 Total no. Malleefowl (observed) Malleefowl (expected)  

Vegetation Supergroup  

sub-catchments 
containing 

vegetation type Present Non-present Present Non-present 

Chi Sq 
contribution 

(%) 
Mallee 171 57 114 17 154 33.3 
Shrubland, mallee 17 11 6 2 15 12.7 
Thicket 201 31 170 20 181 2.8 
Mallee-heath 86 15 71 8 78 2.6 
Heathland 25 4 21 2 23 0.8 
Medium Woodland, York gum 60 9 51 6 54 0.7 
Medium Woodland, shrubland 92 11 81 9 83 0.2 
Medium Woodland, succulent steppe 19 2 17 2 17 0.0 
Scrub-heath 194 19 175 19 175 0.0 
Shrubland, scrub-heath 47 5 42 5 42 0.0 
Other 101 5 96 10 91 1.6 
Sedgeland 24 0 24 2 22 2.0 
Forest 18 0 18 2 16 2.0 
Pindan 16 0 16 2 14 2.0 
Low Woodland 47 1 46 5 42 2.5 
Woodland, Mixed 215 11 204 21 194 3.0 
Low forest 62 1 61 6 56 3.3 
Woodland, wheatbelt 244 12 232 24 220 3.8 
Scrub 78 1 77 8 70 5.0 
Woodland, Jarrah 96 1 95 9 87 5.9 
Water 116 1 115 11 105 7.7 
Samphire 109 1 108 11 98 7.8 
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Table 6: The distribution of 13 soil types, and malleefowl presences within those soil types for 788 sub-catchments within the Western 

Australian wheatbelt. 

 Total no. Malleefowl (observed) Malleefowl (expected)  

Soil supergroup 

sub-catchments 

containing soil 

type Present Non-present Present Non-present 

Chi Sq 

contribution (%) 

sandy duplex 461 92 369 51 410 33.89 
sandy earth 160 30 130 18 142 8.99 
loamy duplex 234 30 204 26 208 0.81 
loamy earth 244 30 214 27 217 0.43 
ironstone gravelly soil 398 45 353 44 354 0.04 
shallow sand 91 9 82 10 81 0.13 
shallow loam 27 1 26 3 24 2.09 
non-cracking clay 43 2 41 5 38 2.40 
miscellaneous soil 26 0 26 3 23 6.58 
cracking clay 29 0 29 3 26 7.34 
deep sand 394 28 366 43 351 7.49 
rocky or stony soil 230 13 217 25 205 8.72 
wet or waterlogged 397 19 378 44 353 21.10 

 



 

 

118 

 

 

 

 

 

Figure 1: Map of south west Western Australia showing the study area (shaded area) 

and distribution of malleefowl presences (circles) and absences (crosses) used in this 

study. 
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Figure 2: Effect of using different combinations of vegetation variables on the residual 

deviance for GAM of malleefowl occurrence within the Western Australian wheatbelt.  

Solid, dotted and dashed lines = mallee/shrubland in surrounding circle of radius 1, 2 

and 5 km, respectively. 
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Figure 3: The response of malleefowl presence-absence to predictor variables in the 

GAM.  y-axis = partial effect of each variable on presence of malleefowl (given the 

effect of other variables, two degrees of freedom used in smoothing spline).  Solid black 

lines = response; dashed lines = 95% confidence intervals for the mean response.  Ticks 

along x-axis represent a rugplot of observed data points for that variable. 
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Figure 4: The response of malleefowl presence-absence to predictor variables in the 

GLM.  Solid black lines = response (all other variables held at mean value); dashed 

lines = 95% confidence intervals for the response. 
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a)  

b)  c)  

 

Figure 5: Spatial prediction plot of the final GLM and 95% confidence intervals a) 

prediction at mean values; b) upper 95% confidence interval; c) lower 95% confidence 

interval, darker indicates a higher probability of occurrence.
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5 CHAPTER FIVE: PERSISTENCE OF MALLEEFOWL (LEIPOA 

OCELLATA) IN SMALL REMNANTS WITHIN THE WESTERN 

AUSTRALIAN WHEATBELT 

5.1 ABSTRACT 

Understanding which habitat attributes govern the distribution of a threatened 

species is critical to our ability to undertake effective conservation action and, ideally, 

these attributes should be described in terms that can be identified, measured and 

interpreted by those implementing such action.  The malleefowl (Leipoa ocellata) is a 

vulnerable species that, although widespread across agricultural landscapes in Australia, 

is patchily distributed within such landscapes.  The species is the focus of much 

conservation attention in the Western Australian wheatbelt; however, effective action is 

limited by the lack of knowledge of preferred habitat and appropriate management 

regimes at a local scale.  Furthermore, it is not known why the species has managed to 

persist in this region whilst substantial declines have occurred elsewhere.  Fifty six 

small remnants (24 occupied, 32 unoccupied) in the Western Australian wheatbelt were 

surveyed to 1) investigate what factors governed the distribution of malleefowl at a 

local scale; and 2) provide insight into why the species has persisted within small 

remnants in the region.  Subtle differences in habitat, as opposed to management 

regimes (e.g. grazing or fire regimes and predator control), were most closely associated 

with whether individual remnants were occupied by malleefowl or not.  Occupied 

remnants typically possessed a greater amount of litter, greater cover of tall shrubs, 

greater abundance of food shrubs and a greater soil gravel content.  Very few remnants, 

occupied or not, had been burnt or grazed in recent decades.  Habitat characteristics 

described in this study can be used by practitioners to better prioritise remnants for 

conservation action to ensure the greatest benefit for malleefowl. 
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5.2 INTRODUCTION 

Understanding which habitat attributes govern the distribution of a threatened 

species is critical to our ability to undertake effective conservation action.  However, 

there is often a mismatch between the scale at which the distribution of the species can 

be easily determined and the scale at which management is to be implemented.  

Distribution models are often developed over broad scales (Bennett et al., 2006) and are 

typically successful at describing the distribution of a species as it relates to whole 

landscapes (i.e. in terms of generic landscape or climatic metrics); however they are 

unable to account for patchiness at finer scales. 

Ideally, the habitat preferences of a species should be predicted or described at a 

scale that is consistent with management action, and expressed using environmental 

attributes that can be identified, measured and interpreted by those implementing such 

actions.  In fragmented agricultural landscapes, on-ground management of threatened 

species is mostly conducted at a local scale (i.e. individual remnants or a small group, 

Hobbs et al., 1993).  Models of species occurrence are typically developed at the 

catchment or regional scale (e.g. Brooker, 2002; Radford and Bennett, 2004; Chapter 

Four) and while they can provide information required for broad-scale planning, they 

tend to have less utility at the scale at which management is to be conducted (i.e. local 

scale).  Conservation action may be guided by such broad scale knowledge, but if 

management capability is limited to a local scale then information on distribution and 

habitat must be relevant to this scale also. 

The malleefowl (Leipoa ocellata) is a vulnerable species (IUCN, 2008, criteria 

A2bce+3ce+4bce) that occurs widely throughout southern Australia.  However, it is 

patchily distributed within its range (Storr, 1991; Benshemesh, 2000; Barrett et al., 

2003).  It is a large (~2kg), sedentary, ground-dwelling bird that uses a combination of 

fermentation and solar radiation to incubate its eggs in mounds (Frith, 1955).  Detailed 

accounts of breeding, incubation, mound construction, and temperature regulation are 

provided by Frith (1959).  Much of the range of the species overlaps areas used for 

dryland agriculture (e.g. intensive cropping of wheat, grazing of sheep, Figure 1).  

These areas have largely been cleared and, consequently, the species has experienced 

substantial declines across its continental range (Benshemesh, 2000).  In broad terms, 
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the species is known to inhabit a variety of vegetation types including mallee 

Eucalyptus spp., Acacia shrublands, and mulga (Acacia aneura) (Benshemesh, 2000).  

Previous studies of individual populations in mallee vegetation from eastern Australia 

have found that malleefowl prefer habitat with lighter soil (Frith, 1959), a dense and 

varied understorey including an abundance of leguminous shrubs (e.g. Acacia spp., 

Frith, 1962; Brickhill, 1987; Benshemesh, 1992), and a substantial canopy cover 

(Benshemesh, 1992).  Equivalent detailed descriptions for habitat in Western Australia 

are lacking so it is unknown whether these findings are applicable across the range of 

the species as climate models indicate substantial differences between eastern and 

western parts of the range (Chapter Two). 

Historically, malleefowl were found in most vegetation communities within the 

Western Australian wheatbelt, but they have been most commonly observed in mallee, 

Acacia shrublands, and scrub thickets (Storr, 1991).  The species was known to 

occasionally occur in open woodlands (e.g. York gum Eucalyptus loxophleba and 

gimlet E. salubris) in Western Australia (Crossman, 1909; Leake, 1962), but their 

occurrence in these vegetation types is uncommon today. Chapter Three documented 

the occurrence of the species at a regional scale (25 km resolution) for the Western 

Australian wheatbelt, and found that malleefowl most commonly occurred in those 

regions that possessed greater areas of vegetation and had been developed for 

agriculture more recently.  However, these broad scale correlates fail to account for 

patchiness within the range of malleefowl at the local scale. 

Processes threatening the persistence of malleefowl include destruction and 

fragmentation of habitat, predation by introduced predators (Vulpes vulpes, Felis catus), 

altered fire regimes, and competition with introduced stock via grazing (Benshemesh, 

2000).  Local extinctions have been observed in small remnants in the wheatbelts of 

New South Wales (Priddel and Wheeler, 1994); South Australia (Cutten, 1998) and 

Western Australia (Harold and Dennings, 1998), with fox predation, degradation of 

habitat from grazing, and genetic deterioration implicated as likely causes (Priddel and 

Wheeler, 1994).  In Western Australia, malleefowl are still relatively common within 

the wheatbelt (Storr, 1991; Chapters Three and Four) although patchily distributed in 

small remnants.  It is unknown why such patchiness exists, and why the species has 

managed to persist in this region whilst substantial declines have occurred elsewhere 

over comparable time scales. 
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The malleefowl is fortunate to have a prominent public profile, owing to it being 

readily recognisable and having a unique mode of reproduction (i.e. being a mound 

builder), and consequently is the focus of much conservation action.  The species has its 

own recovery plan (Benshemesh, 2000), a national monitoring framework and 

numerous community groups are working to preserve it.  On ground management 

actions suggested for agricultural landscapes include 1) baiting of habitat for the 

introduced red fox (Vulpes vulpes), 2) planting of corridors of native vegetation to link 

habitat, and 3) excluding stock using fencing (Benshemesh, 2000).  To be able to 

undertake such actions in a strategic and effective fashion, an understanding of the 

relationship between malleefowl and its habitat at the local scale is required. 

Habitat features and management regimes for small (i.e. < 900 ha) remnants 

containing malleefowl were compared with those for unoccupied remnants in the 

Western Australian wheatbelt.  This study aimed to: 

• investigate what factors may be governing the distribution of malleefowl at a 

local scale; and 

• provide insight into why the species has persisted within small remnants in the 

Western Australian wheatbelt whilst it has suffered local extinctions elsewhere 

in areas of similar habitat / land use (e.g. in the New South Wales and South 

Australian wheatbelts). 

5.3 METHODS 

5.3.1 STUDY AREA 

The Western Australian wheatbelt extends from north of Geraldton to east of 

Esperance in south-west Western Australia (206 000 km2, Figure 2) and is bounded by 

the 300 mm and 600 mm annual rainfall isohyets to the east and west, respectively.  The 

region experiences a Mediterranean climate, characterised by cool, wet winters and hot, 

dry summers.  Over 93% of the native vegetation has been removed in less than 100 

years (Saunders et al., 1993), with the vast majority of this clearing taking place 

between 1910 and 1980 (Burvill, 1979; Jarvis, 1986).  The intensity of clearing has 

resulted in it becoming one of Australia’s most stressed landscapes (National Land and 

Water Resource Audit, 2001).  Most vegetation remaining consists of small remnants, 

set aside for purposes other than conservation (e.g. water catchment, town sites and road 
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reserves, Saunders and Curry, 1990).  Woodlands, considered prime agricultural land, 

were preferentially cleared, followed by areas of mallee (second class land), with 

shrublands (third class) typically cleared last (Burvill, 1979; Gibson et al., 2004).  

Consequently, the remnants of vegetation that remain in the wheatbelt typically are on 

soil types not favoured for agriculture. 

5.3.2 SURVEY DESIGN 

A previous study (Chapter Three) documented the occurrence of malleefowl in 

the Western Australian wheatbelt at a coarse resolution (25 km cell size).  The study 

found the species to be widespread throughout the region, particularly in the eastern half 

of the wheatbelt.  However, the sightings data and anecdotal evidence compiled in the 

study suggested that, within areas of known occurrence, the species was only patchily 

distributed.  To investigate correlates of malleefowl occurrence at a local scale (i.e. 

beyond those described in Chapters Three and Four), I limited the current study to 

occupied and unoccupied remnants within broad areas known to contain malleefowl.  

Twenty four small remnants, each less than 900 ha and known to be inhabited by 

malleefowl (within five years of the date of this study) from either local landholder 

knowledge or a database of sightings of malleefowl (n = 2294), were selected.  

Occupied remnants were compared with unoccupied remnants of equivalent size and 

matching vegetation type (predominantly mallee or Acacia shrubland, n = 32) and as 

close as possible to the occupied remnants.  The status of unoccupied remnants was 

verified using landholder knowledge.  These 56 remnants fell into three clusters situated 

in the northern (n = 24), central (n = 19) and southern wheatbelt (n = 13).  All remnant 

areas were derived from LANDSAT TM imagery for 2004.  Broad vegetation 

classifications (e.g. woodland, mallee, shrubland, heath, and lithic) were determined 

using LANDSAT imagery and subsequently ground-truthed to ensure that remnants 

were comparable.  Selecting remnants of comparable area and broad vegetation type 

enabled me to minimise the known effect of these variables (Chapter Four) whilst 

investigating other differences between occupied and unoccupied remnants. 

5.3.3 SITE CHARACTERISTICS 

Characteristics of apparent importance to malleefowl based on earlier studies 

(see Frith, 1959; Brickhill, 1987; Benshemesh, 1992) were recorded at each remnant 

(Table 1).  All soil and vegetation characteristics were measured at three point locations, 
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randomly placed at least 100 m inside the boundary of the remnant to minimise the 

influence of surrounding agricultural land. 

Soil characteristics measured included the clay content of the soil and 

percentage of gravel by weight.  Soil samples were taken from the top ten centimetres 

of the soil profile, excluding surface litter and stones, at each of the three point 

locations.  Clay content was determined by assigning soil samples to a soil type using a 

field texture guide (McDonald et al., 1990) and recording the clay content for that soil 

type.  Gravel content was determined by separating the gravel and non-gravel 

components of the soil using a 2 mm sieve, drying and weighing them. 

Vegetation characteristics were estimated for a circular area of radius 30 m 

surrounding point locations and included percentage cover measurements for small 

shrubs (0 to 0.5 m), medium shrubs (0.5 to 1.5 m) and tall shrubs (> 1.5 m).  The 

presence of understorey, sedge and grasses/herb cover, and abundance of food shrubs 

were estimated and indices created according to the scheme presented in Table 2.  For 

litter weight, all litter within a 0.25 m2 quadrat was collected at each of the three point 

locations, and its dry weight (g) measured. 

Management characteristics were recorded via semi-structured interviews of 

landholders responsible for the management of the remnant in question.  In cases where 

current managers were unable to provide long-term information (i.e. > 20 yrs), former 

managers were also contacted.  Recent patterns of clearing were determined by deriving 

remnant area for each remnant for each of five dates (1972, 1980, 1989, 2000 and 2004) 

from Landsat TM data (LandMonitor, 2004). 

5.3.4 EXPLORATORY ANALYSIS 

The dataset consisted of 56 remnants (Figure 2: 24 presences, 32 absences).  The 

small sample size of the dataset and large number of explanatory variables prevented 

the use of multiple regression to determine which variables best explained the variation 

between occupied and unoccupied remnants.  The statistical power of modelling the 

data in this manner would be too poor to justify using such an approach (Zar, 1999).  

Hence simple t-tests were used to determine whether there was a difference in mean 

value between occupied and unoccupied remnants.  Qualitative cover and abundance 

estimates were converted to indices to allow t-tests to be applied (Table 2). The degrees 

of freedom were corrected for heterogeneous variances where necessary.  Pearson’s chi 
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square statistic was used to assess categorical management variables (e.g. presence of 

fire, grazing or predator control). 

The non-parametric technique ANOSIM (analysis of similarity, PRIMER: 

Clarke and Gorley, 2001) was used to compare overall differences in remnants between 

occupied and unoccupied remnants after generating a similarity matrix using Euclidean 

distance for all remnants.  The similarity matrix was based on selected vegetation and 

soil variables (i.e. where p < 0.3 for tests of differences in means, Table 1) and the 

significance of the global R value was tested using 9999 permutations of the data.  A 

biplot of a principal components analysis (PCA) provided a visual summary of the 

variation between occupied and unoccupied remnants, using the variables selected 

above.  PCA was chosen over non-metric multidimensional scaling (NMDS) for 

visually representing the data because it was possible to superimpose each variable as a 

vector over the ordination plot of sites (Clarke and Gorley, 2001). 

5.4 RESULTS 

Table 1 gives descriptive statistics for vegetation, soil and management 

characteristics of the 56 remnants visited.  The remnants surveyed ranged from 30 to 

897 ha in area when assessed using 2004 imagery.  Remnant area did not differ 

significantly between occupied and unoccupied sites for any of the years measured: 

1972, 1980, 1989, and 2004.  The date of clearing of land surrounding the remnants 

ranged from 1908 to 1975 with most remnants becoming isolated around 1910 – 1920 

or 1950 – 1970 (Figure 3).  There was no significant difference between occupied and 

unoccupied remnants for clearing date. 

Occupied and unoccupied remnants were statistically equivalent in terms of the 

proportion that were burnt, grazed or baited for predators (see Table 1).  Over all, few 

remnants were grazed (12%). Eighteen of the 49 ungrazed remnants were reserves 

(nature reserves and shire water reserves) and were not grazed owing to their tenure.  

The primary reason given by private landholders for their decision to exclude stock was 

the presence of toxic Gastrolobium plant species within the remnant (16/31 privately 

owned, ungrazed remnants).  Furthermore, landholders commonly remarked that the 

shrubland and mallee habitats present within the remnants were difficult for livestock to 

traverse and had limited palatable vegetation. 
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Few remnants (14%) had recently experienced a fire, with all known fires 

recorded in this study occurring at least 30 years ago.  Seven of the eight fire events 

noted had been the result of intentional burns conducted during times of land clearing in 

the 1960s. 

Around half of the remnants (occupied and unoccupied) experienced some 

degree of predator control (56%).  Predator control was focused primarily on foxes and 

typically consisted of an annual baiting using 1080 dried meat baits.  In 59% of cases, 

baiting was conducted as part of a larger coordinated program.  Most landholders 

complemented their baiting programs with shooting of feral predators but this was not 

considered in the analysis as it was not possible to accurately gauge the effort invested 

in this activity. 

The remnants differed in the density of their tall shrub layer with occupied 

remnants possessing a significantly greater density than unoccupied remnants; however 

there was no significance in the density of small or medium shrub layers (Table 1, 

Figure 4).  Litter weight, food shrub abundance and soil gravel content were higher in 

occupied versus unoccupied remnants (Table 1) but sedge cover was typically lower in 

occupied remnants. 

The ANOSIM test detected a significant difference between occupied and 

unoccupied remnants (global R = 0.091, P = 0.009) based on selected vegetation and 

soil variables (Table 1).  Principal components analysis suggests that this difference 

may be associated with variation in the amount of litter, density of tall shrubs, and 

abundance of food shrubs within remnants (Figure 5).  Figure 5 also illustrates 

substantial variation within the sample of remnants that seems to be unrelated to 

malleefowl presence-absence (e.g. medium shrub density, grass/herb cover and soil clay 

content).  Eigenvalues for the first two component of the PCA are presented in Table 3, 

showing relative contributions of habitat variables. 

5.5 DISCUSSION 

Malleefowl are perceived to be in decline across Australia (Brickhill, 1987; 

Benshemesh, 2000; Priddel et al., 2007).  Despite this, the species occurs across much 

of its historical range in the Western Australian wheatbelt (Chapter Three).  Although a 

previous study found the species to be widespread when assessed at a coarse resolution 

(25 km, Chapter Three), it is possible that malleefowl may have suffered a substantial 
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thinning within this range, thus occupying a much reduced subset of vegetation 

remnants.  There is some anecdotal evidence for this hypothesis (Harold and Dennings, 

1998), with malleefowl occupying some remnants but remaining absent from nearby 

remnants of similar habitat.  This paper compares habitat and management attributes 

between occupied and nearby unoccupied remnants within broad areas of known 

malleefowl occurrence to determine what factors were responsible for governing the 

distribution of malleefowl at a local scale. 

5.5.1 HABITAT PREFERENCES 

Differences in habitat, as opposed to management regimes (clearing history, 

grazing or fire regimes, predator control), were more closely associated with whether 

individual remnants were occupied by malleefowl or not.  Malleefowl were associated 

with greater amounts of gravel in the soil profile, which typically consisted of sandy 

loams and loamy sands containing lateritic fragments.  The species was associated also 

with greater cover of tall shrubs and litter, less sedge cover, and a greater abundance of 

food shrubs (Acacia and Gastrolobium spp., Figure 4). 

These results are broadly consistent with findings showing that, in eastern 

Australia, malleefowl prefer habitat with a near complete canopy (i.e. mallee or tall 

shrubs) and ample litter (Benshemesh, 1992), and an abundance of leguminous food 

shrubs (Frith, 1962). 

In intensively cleared or fragmented landscapes, understanding a species’ habitat 

preferences can be difficult as the habitat that remains may not be representative of 

what was available prior to disturbance (Caughley and Gunn, 1996).  The preference of 

malleefowl for gravelly soils was reported by Crossman (1909) - “found mounds in 

ironstone gravel country” suggesting habitat loss has not led to malleefowl occupying 

unusual or marginal habitats.  While malleefowl may be associated with remnants 

possessing such soils, they are unlikely to be restricted to them as they are commonly 

found in different soil types elsewhere in Australia (Frith, 1959).  It is possible that the 

clearing pattern of the Western Australian wheatbelt has led to an overemphasis of this 

preference.  Gravelly soils are associated with unproductive lands (Burvill, 1979) and 

were often disproportionately spared from clearing, compared with more productive 

soils supporting woodlands and mallee.  Therefore the occurrence of malleefowl in 
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remnants with gravelly soils may be as much a reflection of the type of soil still under 

vegetation in the wheatbelt as it is a genuine preference for these soils. 

Previous studies have shown that malleefowl require a thick and diverse layer of 

understorey shrubs. This layer likely represents a food resource (Frith, 1962) and 

provides protection from predators (Priddel and Wheeler, 1996; Short, 2004).  However, 

in this study, measures of relative understorey density (small and medium shrub cover) 

were not related to malleefowl occurrence, whereas the specific measure of food 

abundance (presence of food shrubs, Acacia, Gastrolobium spp.) was (Table 1).  These 

observations are consistent with those of Priddel et al. (2007), who found no difference 

in survival rates of malleefowl chicks released in thick and open mallee habitats in 

South Australia.  Hence the primary value of a thick understorey to malleefowl appears 

to be the provision of food resources, as opposed to protection from predators.  Tall 

shrub cover was greater in remnants occupied by malleefowl so it is possible that they 

provide protection from predators, as malleefowl are known to be sensitive to aerial 

predation (Benshemesh, 1992; Priddel and Wheeler, 1994) and roost in tall shrubs at 

night. 

A limitation of this study is that is it correlative.  Differences in habitat were 

found when comparing remnants occupied by malleefowl with those unoccupied by 

them.  Further study should be directed towards establishing reasons behind such 

differences (i.e. the element of the habitat that is directly associated with benefit or 

problems for the species, Caughley and Gunn, 1996).  However, in the absence of such 

information, the differences in habitat found in this study area represent a useful first 

step towards inferring whether or not a specific location is likely to be suitable for 

malleefowl. 

5.5.2 CURRENT MANAGEMENT OF MALLEEFOWL HABITAT 

This study has shown that current management of small remnants is largely 

consistent with the requirements of malleefowl.  Neither grazing nor fire, both identified 

as major threats to the species (Benshemesh, 2000), represented an active or widespread 

threat to malleefowl in the Western Australian wheatbelt, with very few remnants being 

subject to either disturbance (Table 1).  Grazing is known to reduce malleefowl density 

by up to 90% (Frith, 1962) and so would likely result in the loss of malleefowl from 

small remnants.  However, few remnants were grazed, largely due to the presence of 
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poisonous plants of the genus Gastrolobium.  The effects of too frequent and 

widespread fire on malleefowl and their habitat are known to be severe and long lasting 

(Benshemesh, 2000).  Fire is known to expose birds to predators, reduce litter resources 

required for nesting (Priddel and Wheeler, 1997), and substantially alter the structure 

and composition of the habitat (Benshemesh, 1992).  The effects of fire and grazing can 

be observed for periods in excess of 30 years (Benshemesh, 1992; Woinarski, 1989); 

however, it appears that neither threat is affecting malleefowl under current 

management regimes. 

Predation may affect malleefowl populations in small remnants but baiting in 

such remnants is unlikely to have a lasting impact on predator abundance due to 

reinvasion from surrounding unbaited areas.  Around half the remnants surveyed were 

baited for foxes and half of these remnants were baited as part of coordinated, large-

scale programs to maximise baiting impact.  While this is positive for malleefowl, these 

control efforts typically occurred only once a year.  Priddel and Wheeler (1997) 

observed persistent high levels of bait uptake by foxes, even when habitat was baited at 

fortnightly intervals, suggesting that rates of reinfestation were high; so the 

effectiveness of the current baiting regime in the Western Australian wheatbelt appears 

questionable.  To maximise effectiveness, baiting must be frequent (at least twice a 

year, Saunders and McLeod, 2007) and conducted over wide areas.  While many of the 

remnants assessed as part of this study were baited, it is unlikely to reflect any 

substantial or sustained decrease in fox abundance.  Hence a positive response by 

malleefowl would not be expected to be evident. 

The primary threat to malleefowl populations in small remnants in the Western 

Australian wheatbelt may be the smallness of the populations themselves.  Brickhill 

(1987) found breeding densities in small remnants in New South Wales (100-560 ha) to 

be approximately two breeding pairs per square kilometre in old growth habitats 

(assuming one breeding pair per active mound), but some were lightly grazed.  If this 

density is applied to remnants sampled in this study, this equates to population sizes of 

fewer than ten individuals.  These populations are unlikely to be viable over the long 

term in the presence of multiple threats, particularly drought, unless they are connected 

in some way to a broader population beyond their immediate remnant.  Malleefowl are 

known to exhibit reduced breeding success in drought years due to limited food 

availability (Priddell and Wheeler, 1989).  Furthermore, winter rainfall has decreased by 
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15% in south-west Western Australia over the last 30 years (Environmental Protection 

Authority, 2007).  Therefore, local extinctions are possible in small remnants due to a 

climate-driven reduction in fecundity over the long term or local inbreeding effects if 

dispersal between remnants is limited (Caughley and Gunn, 1996). 

5.5.3 A THREATENED YET FORTUNATE SPECIES 

Local extinctions have occurred in small remnants in agricultural landscapes 

across Australia including the New South Wales wheatbelt (Priddel and Wheeler, 1994), 

Murray Mallee and South East regions of South Australia (Cutten, 1998) and the 

wheatbelt of Western Australia (Harold and Dennings, 1998; Chapter Three).  However, 

within my study area, malleefowl appeared to be relatively widespread.  The 

phenomenon of faunal relaxation (Bennett, 1999) has been suggested as a potential 

reason why malleefowl still persist in the Western Australian wheatbelt and not in the 

aforementioned agricultural landscapes (Chapter Three).  This suggestion is based on 

the perception that delayed clearing in Western Australia compared with areas of 

eastern Australia has resulted in an extinction lag for malleefowl.  Given that the 

malleefowl is a long-lived species, the decline of regional and local populations may be 

a protracted process.  There is potential for analyses based on presence/absence data to 

mask a long-term process of demographic decline that is not yet apparent due to time 

lags not being fully expressed. 

Most of the remnants observed within this study were located in landscapes 

cleared during two major periods of agricultural expansion: 1910-1930 and 1950-1970 

(Figure 3).  These two periods roughly coincide with periods of expansion and clearing 

in eastern Australia where local extinctions of malleefowl have occurred.  For example, 

extensive areas of mallee were cleared in New South Wales between 1900 and 1920 

(Griffiths, 1954), and habitat was being actively cleared around malleefowl populations 

studied by Frith in the 1950s (Frith, 1962).  The species is now largely absent from 

these areas (Priddel and Wheeler, 2003).  In South Australia, where the extent of 

malleefowl decline is believed to be similar to New South Wales (Priddel et al., 2007), 

the majority of development and clearing occurred after the First World War and 

between 1950 and 1960 (Harris, 1990).  It is possible that small remnants listed as 

having malleefowl 'present' in Western Australia may be represented by just a few pairs 

of birds or perhaps a non-breeding declining population but their continued persistence 
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within the study area suggests that the species has been better able to shield itself 

against decline compared to those in agricultural landscapes elsewhere in Australia. 

Malleefowl may have remained widespread throughout the Western Australian 

wheatbelt for several reasons.  First, two of the primary threats to malleefowl (grazing 

of native vegetation by livestock and too frequent fire) are not active within the region 

(this study, Chapter Six).  Second, selective clearing of the Western Australian 

wheatbelt favoured those habitat types least suitable for malleefowl.  Marginal habitat 

for malleefowl such as open woodlands were targeted as prime agricultural land, while 

denser habitat types (e.g. mallee, Acacia/Allocasuarina shrublands) were considered a 

reflection of poor quality land and often remained uncleared (Burvill, 1979).  In New 

South Wales and South Australia, where malleefowl extinctions have been more 

pronounced, habitat considered most suitable for the species has been most heavily 

cleared as it coincided with land considered to have the greatest agricultural potential 

(Priddell, 1989; Parkes and Cheal, 1990; Benshemesh, 2000).  Currently, there is very 

little mallee in New South Wales that remains outside of road verges and several major 

reserves (84 000 out of 45 million ha, Metcalfe et al., 2003).  In South Australia, lower 

productivity mallee (e.g. with Triodia understorey) remains best represented, with much 

of the high quality mallee preferred by malleefowl having being been cleared (Parkes 

and Cheal, 1990; Sparrow, 1990). 

A specific attribute of remaining habitat in the Western Australian wheatbelt has 

further served to favour the species, the presence of poisonous Gastrolobium species.  

The benefits are three-fold: 1) landholders often avoided clearing areas containing 

Gastrolobium as it regenerates persistently and rapidly (Burrows et al., 1987), thereby 

resulting in the selective retention of malleefowl habitat; 2) landholders excluded stock 

from grazing in remnants with Gastrolobium to avoid losses from poisoning, thereby 

preventing degradation of malleefowl habitat; and 3) predators (i.e. foxes) taking 

malleefowl as prey in habitat with abundant Gastrolobium species were likely to suffer 

secondary poisoning (see McIlroy and Gifford, 1992; Gillies and Pierce, 1999) as 

malleefowl are highly tolerant to the toxic effects of Gastrolobium (King et al., 1996) 

and are known to feed on the seed of Gastrolobium (van der Waag, pers. comm.), a part 

of the plant known to contain a high concentration of the toxin (Twigg and King, 1991).  

Further, this theory has been put forward to explain the persistence of several mammal 

species within areas containing an abundance of Gastrolobium in south-west Western 
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Australia (e.g. tammar wallaby Macropus eugenii (Christensen, 1980), and numbat 

Myrmecobius fasciatus (Main, 1990 but see Abbott, 2008).  This study detected that the 

presence of malleefowl was associated with the presence of higher amounts of food 

shrubs.  This measure comprised Acacia and Gastrolobium species, supporting the 

argument above. 

5.5.4 CONCLUSION 

This study has shown that various habitat characteristics of remnants are 

associated with the presence of malleefowl.  These characteristics can be used by land 

managers as a guide to better determine which remnants of vegetation may be most 

suitable as the focus of conservation action for the species. 

Revegetation and creation of corridors are measures recommended by 

Benshemesh (2000) to enhance the persistence of malleefowl.  Vesk and McNally 

(2006) have stated that, although revegetation is occurring in agricultural lands such as 

the Western Australian wheatbelt, it is often small and scattered, and of limited benefit 

to threatened species.  The outcomes of this study allow practitioners to use habitat 

preference information to prioritise sites for action, ensuring that revegetation generates 

the greatest benefit for malleefowl.  This assessment of threats to malleefowl will also 

allow scarce conservation dollars to be devoted to those threats currently most active 

within the wheatbelt region (i.e. predation) as opposed to those deemed most significant 

in other landscapes (e.g. grazing of habitat, too frequent fire). 

5.6 ACKNOWLEDGEMENTS 

I thank the Malleefowl Preservation Group and the North Central Malleefowl 

Preservation Group for providing access to their data and for their support during this 

study.  In particular, I thank Sally and Wally Cail for kindly providing accommodation.  

I also thank the many landholders who allowed access to their properties, contributed to 

surveys during this project and took the time to share their knowledge.  Their intimate 

knowledge of malleefowl, and the landscape in general, is irreplaceable and is critical to 

the successful management of the species into the future.  Dr Jeff Short and Professor 

Dale Roberts provided comments on an earlier draft of this manuscript.  This project 

was undertaken while BP was the recipient of an Australian Postgraduate Award.  

Financial support was provided by the Avon Catchment Council (via the Natural 

Heritage Trust) and CSIRO Sustainable Ecosystems. 



 

 

137 

5.7 REFERENCES 

Abbott, I. (2008).  Historical perspectives of the ecology of some conspicuous 

vertebrate species in south-west Western Australia.  Conservation Science 

Western Australia 6, 1-214. 

Barrett, G.W., Silcocks, A., Barry, S., Cunningham, R., and Poulter, R. (2003).  The 

New Atlas of Australian Birds. Birds Australia, Hawthorn East, Vic. 

Bennett, A.F. (1999).  Linkages in the Landscape. The Role of Corridors and 

Connectivity in Wildlife Conservation.  International Union for the 

Conservation of Nature, Gland. 

Bennett, A.F., Radford, J.Q., and Haslem, A.  (2006).  Properties of land mosaics: 

implications for nature conservation in agricultural environments.  Biological 

Conservation 133, 250-264. 

Benshemesh, J. (1992).  The Conservation Ecology of Malleefowl with Particular 

Regard to Fire. Ph.D thesis.  Monash University, Clayton, Vic. 

Benshemesh, J. (2000).  National Recovery Plan for Malleefowl. Department for 

Environment and Heritage, Adelaide, S.A. 

Brickhill, J. (1987).  The Conservation Status of Malleefowl in New South Wales. M. 

Nat. Res. Sci. thesis.  University of New England, Armidale, NSW. 

Brooker, L. (2002).  The application of focal species knowledge to landscape design in 

agricultural lands using the ecological neighbourhood as a template.  

Landscape and Urban Planning 60, 185-210. 

Burrows, N.D., McCaw, W.L., and Maisey, K.G. (1987).  Planning for fire management 

in Dryandra Forest.  In ‘Nature conservation: the role of remnants of native 

vegetation’. (ed. by D.A Saunders, G.W.Arnold, A.A. Burbidge, and A.J.M. 

Hopkins.) pp. 305-312. Surrey Beatty & Sons, Chipping Norton, NSW. 

Burvill, G.H. (1979).  Agriculture in Western Australia 1829 - 1979.  UWA Press, 

Nedlands, W.A. 



 

 

138 

Caughley, G. and Gunn, A. (1996).  Conservation Biology in Theory and Practice. 

Blackwell Science, Cambridge, Mass., USA. 

Christensen, P.E.S. (1980).  The biology of Bettongia penicillata (Gray 1837), and 

Macropus eugenii (Desmarest, 1817) in relation to fire.  Forest Department 

of Western Australia Bulletin 91, 1-90. 

Clarke, K.R. and Gorley, R.N. (2006).  Primer v6: User Manual/Tutorial.  PRIMER-E, 

Plymouth. 

Crossman, A.F. (1909).  Birds seen at Cumminin Station, Western Australia.  Emu 9, 

84-90. 

Cutten, J.L. (1998).  Distribution and Abundance of Malleefowl (Leipoa ocellata) in the 

Murray Mallee and South East Regions of South Australia. Nature 

Conservation Society of South Australia Inc., Wayville, South Australia. 

Environmental Protection Authority. (2007).  State of the Environment Report: Western 

Australia 2007.  Department of Environment and Conservation, Perth, 

Western Australia. 

Frith, H.J. (1955).  Incubation in the mallee-fowl (Leipoa ocellata Megapodiidae).  

Proceedings of the International Ornithological Congress 11, 570-574. 

Frith, H.J. (1959).  Breeding of the mallee-fowl, Leipoa ocellata Gould 

(Megapodiidae).  CSIRO Wildlife Research 4, 31-60. 

Frith, H.J. (1962).  Conservation of the mallee fowl, Leipoa ocellata Gould 

(Megapodiidae).  CSIRO Wildlife Research 7, 33-49. 

Gibson, N., Keighery, G.J., Lyons, M.N., and Webb, A. (2004).  Terrestrial flora and 

vegetation of the Western Australian wheatbelt.  Records of the Western 

Australian Museum Supplement 67, 139-189. 

Gillies, C.A. and Pierce, R.J. (1999).  Secondary poisoning of mammalian predators 

during possum and rodent control operations at Trounson Kauri Park, 

Northland, New Zealand.  New Zealand Journal of Ecology 23, 183-192. 



 

 

139 

Griffiths, F.J. (1954).  Survey of the lowan for mallee-fowl in New South Wales.  Emu 

54, 186-189. 

Harold, G. and Dennings, S. (1998).  The first five years.  Malleefowl Preservation 

Group, Ongerup. 

Harris, C.R. (1990).  The history of mallee land use: Aboriginal and European.  In ‘The 

mallee lands - a conservation perspective’. (ed. by J.C. Noble, P.J. Joss, and 

G.K. Jones.) pp. 147-151. CSIRO Publishing, Adelaide. 

Hobbs, R.J., Saunders, D.A., and Arnold, G.W. (1993).  Integrated landscape ecology: a 

Western Australian perspective.  Biological Conservation 64, 231-238. 

IUCN. (2008).  2008 IUCN Red List of Threatened Species [on-line]  Accessed January 

2009. www.iucnredlist.org. 

Jarvis, N. (1986).  Western Australia: An Atlas of Human Endeavour. Department of 

Lands and Surveys, Perth, W.A. 

King, D., Kirkpatrick, W., and Mcgrath, M. (1996).  The Tolerance of Malleefowl 

Leipoa ocellata to 1080.  Emu 96, 198-202. 

Landmonitor. (2004).  Landmonitor Products: Vegetation Extent and Change [on-line]  

Accessed January 2005. 

http://www.landmonitor.wa.gov.au/products/index.html#veg_extent. 

Leake, B.W. (1962).  Eastern Wheatbelt Wildlife.  B.W. Leake, Perth, W.A. 

Main, B.Y. (1990).  Restoration of biological scenarios: the role of museum collections.  

Proceedings of the Ecological Society of Australia 16, 397-409. 

McDonald, R.C., Isbell, R.F., Speight, J.G., Walker, J., and Hopkins, M.S. (1990).  

Australian Soil and Land Survey Field Handbook, 2nd edition.  Inkata Press, 

Melbourne, Vic. 



 

 

140 

McIlroy, J.C. and Gifford, E.J. (1992).  Secondary poisoning hazards associated with 

1080-treated carrot-baiting campaigns against rabbits, Oryctolagus cuniculus.  

Wildlife Research 19, 629-641. 

Metcalfe, L., Sivertsen, D.P., Tindall, D., and Ryan, K.P. (2003).  Natural Vegetation of 

the New South Wales Wheat-belt (Cobar–Nyngan–Gilgandra, Nymagee–

Narromine–Dubbo 1:250 000 vegetation sheets).  Cunninghamia 8, 253-284. 

National Land and Water Resources Audit (2001).  Australian Native Vegetation 

Assessment 2001.  National Land and Water Resources Audit, Turner, A.C.T. 

Parkes, D.M. and Cheal, D.C. (1990).  Perceptions of mallee vegetation.  In ‘The mallee 

lands - a conservation perspective’. (ed. by J.C. Noble, P.J. Joss, and G.K. 

Jones.) pp. 3-8. CSIRO Publishing, Adelaide. 

Priddel, D. (1989).  Conservation of rare fauna: the Regent Parrot and the Malleefowl.  

In ‘Mediterranean Landscapes in Australia:  Mallee Ecosystems and their 

Management’. (ed. by J.C. Noble and R.A. Bradstock.) pp. 243-249. CSIRO 

Australia, East Melbourne, Vic. 

Priddel, D. and Wheeler, R. (1989).  Survival of Malleefowl Leipoa ocellata chicks in 

the absence of ground dwelling predators.  Emu 90, 81-87. 

Priddel, D. and Wheeler, R. (1994).  Mortality of captive-raised malleefowl, Leipoa 

ocellata, released into a mallee remnant within the wheat-belt of New South 

Wales.  Wildlife Research 21, 543-552. 

Priddel, D. and Wheeler, R. (1996).  Effect of age at release on the susceptibility of 

captive-reared malleefowl Leipoa ocellata to predation by the introduced fox 

Vulpes vulpes.  Emu 96, 32-41. 

Priddel, D. and Wheeler, R. (1997).  Efficacy of fox control in reducing the mortality of 

released captive-reared Malleefowl, Leipoa ocellata.  Wildlife Research 24, 

469-482. 



 

 

141 

Priddel, D. and Wheeler, R. (2003).  Nesting activity and demography of an isolated 

population of Malleefowl (Leipoa ocellata).  Wildlife Research 30, 451-464. 

Priddel, D., Wheeler, R., and Copley, P. (2007).  Does the integrity or structure of 

mallee habitat influence the degree of Fox predation on Malleefowl (Leipoa 

ocellata)?  Emu 107, 100-107. 

Radford, J.Q. and Bennett, A.F. (2004).  Thresholds in landscape parameters: 

occurrence of the white-browed treecreeper Climacteris affinis in Victoria, 

Australia.  Biological Conservation 117, 375-391. 

Saunders, D.A. and Curry, P.J. (1990).  The impact of agricultural and pastoral 

industries on birds in the southern half of Western Australia: past, present and 

future.  Proceedings of the Ecological Society of Australia 16, 303-321. 

Saunders, D.A., Hobbs, R.J., and Arnold, G.W. (1993).  The Kellerberrin Project on 

fragmented landscapes: a review of current information.  Biological 

Conservation 64, 185-192. 

Saunders, G. and McLeod, L. (2007).  Improving Fox Management Strategies in 

Australia.  Bureau of Rural Sciences, Canberra. 

Short, J. (2004).  Conservation of the malleefowl: are there lessons from the successful 

conservation of native mammals by intensive fox control?  In ‘Proceedings of 

the National Malleefowl Forum 2004’. pp. 54-68. Victorian Malleefowl 

Recovery Group, Inc., Melbourne. 

Sparrow, A. (1990).  Mallee vegetation in South Australia.  In ‘The mallee lands - a 

conservation perspective’. (ed. by J.C. Noble, P.J. Joss, and G.K. Jones.) pp.  

109-124. CSIRO Publishing, Adelaide. 

Storr, G.M. (1991).  Birds of the South-west Division of Western Australia. Western 

Australian Museum, Perth, W.A. 

Twigg, L.E. and King, D.R. (1991).  The impact of fluoroacetate-bearing vegetation on 

native Australian fauna: a review.  Oikos 61, 412-430. 



 

 

142 

Vesk, P.A. and Mac Nally, R. (2006).  The clock is ticking - revegetation and habitat for 

birds and arboreal mammals in rural landscapes of southern Australia.  

Agriculture Ecosystems & Environment 112, 356-366. 

Woinarski, J.C.Z. (1989).  The vertebrate fauna of broombush Melaleuca uncinata 

vegetation in northwestern Victoria, with reference to effects of broombush 

harvesting.  Australian Wildlife Research 16, 217-238. 

Zar, J.H. (1999).  Biostatistical Analysis.  Prentice Hall, Upper Saddle River, N.J. 



 

 

143 

Table 1: Summary of attributes for occupied and unoccupied remnants for malleefowl 

in the Western Australian wheatbelt.  Table contains mean values except where stated.  

Two-sided unpaired T-tests were used as test of significance for difference between 

occupied and unoccupied remnants for continuous variables; chi square for categorical 

variables. 

 

Attribute Occupied 
remnants 
(n = 24) 

Unoccupied 
remnants  
(n = 32) 

Significance test 

Management 
Clearing Date 1943 1941 t53 = -0.52, p = 0.608 
Remnant area 1972 (ha) 418 294 t30 = -1.19, p = 0.245 
Remnant area 1980 (ha) 307 231 t54 = -1.26, p = 0.211 
Remnant area 1989 (ha) 273 175 t32 = -1.83, p = 0.076 
Remnant area 2000 (ha) 273 176 t32 = -1.83, p = 0.077 
Remnant area 2004 (ha) 273 176 t32 = -1.82, p = 0.078 
Fire (% of remnants) 17 12 χ2

1 = 0.19, p = 0.659 
Grazing (% of remnants) 8 16 χ2

1 = 0.67, p = 0.414 
Predator control  
(% of remnants) 

67 47 χ2
1 = 2.17, p = 0.140 

Vegetation    
Small shrub cover (%) 8 10 t54 = 0.63, p = 0.530 
Medium shrub cover (%)+ 17 12 t54 = -1.25, p = 0.216 
Tall shrub cover (%)+ 19 12 t54 = -2.17, p = 0.034* 
Understorey (index 0-5) 3.5 2.8 t54 = 1.36, p = 0.180 
Litter weight (g) + 183 124 t52 = -2.70, p = 0.009* 
Sedge cover (index 0-5)+ 1.2 1.6 t42 = 2.46, p = 0.018* 
Grass/herb cover (index 0-5)+ 1.3 1.7 t51 = 1.67, p = 0.102 
Food shrub abundance 
(index 0-5)+ 

3.5 2.8 t54 = -2.27, p = 0.027* 

Soil    
Clay content (%)+ 16 13 t54 = -1.67, p = 0.100 
Gravel (% by weight) + 24 17 t35 = -2.15, p = 0.039* 

+Variables used in ANOSIM and PCA ordination 

*Significant difference between occupied and unoccupied remnants 
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Table 2: Scheme for the creation of indices from categorical variables, for use in ANOSIM and PCA calculations. 

 

Understorey Sedge and 

grass/herb 

cover 

Food shrub abundance Index 

value 

intact < 2% no individuals 1 

relatively intact 2 – 10% 1 individual 2 

reduced 10 – 30% 2-5 individuals 3 

senescent 30 – 70% 6 – 20 individuals 4 

absent > 70% > 20 individuals 5 
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Table 3: A principal components analysis on vegetation and soil variables for remnants 

in the wheatbelt, showing the first two principal components. 

 

 PC1 PC2 

Eigenvalue 1.92 1.63 

Percent 24.0 20.4 

Eigenvectors   

Tall shrub cover -0.065 -0.518 

Medium shrub cover -0.321 0.433 

Sedge cover 0.441 0.221 

Grass/Herb cover 0.457 -0.147 

Food shrub abundance -0.160 -0.551 

Litter weight -0.245 -0.352 

Gravel fragments (% by weight) -0.549 0.062 

Clay content -0.320 0.206 
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Figure 1: Overlap between malleefowl occurrence (records of sightings shown as dots) 

and dryland agriculture (e.g. intensive cropping and grazing of livestock) shown as 

shading. 
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Figure 2: Location of 56 remnants sampled in this study: northern wheatbelt (n = 24), 

central wheatbelt (n = 19), southern wheatbelt (n = 13).  Occupied and un-occupied 

remnants are indicated as black and white circles, respectively.  Grid cells detail broad 

scale occurrence of malleefowl as determined in Chapter Three: red – malleefowl 

present pre-1989 only; blue – present pre- and post-1989; hollow – never present.  The 

hatched area in the top right map indicates the Western Australian wheatbelt. 
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Figure 3: Date of clearing for 56 remnants in the WA wheatbelt. 
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Figure 4: Comparison of site-specific vegetation and soil variables for occupied and 

unoccupied remnants using box plots.  The horizontal line within each box indicates the 

median; the bottom and top boundaries of the box indicate the 25th and 75th percentiles, 

respectively; whiskers above and below the box indicate the 90th and 10th percentiles. 
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Figure 5: Principal Components Analysis based on vegetation and soil characteristics 

measured at 56 remnants in the Western Australian wheatbelt.  Filled circles denote 

remnants occupied by malleefowl, unfilled circles denote unoccupied.  Directions of site 

characteristics are plotted as vectors.
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6 CHAPTER SIX: ARE CONTEMPORARY FIRE REGIMES A THREAT 

TO THE PERSISTENCE OF MALLEEFOWL (LEIPOA OCELLATA) IN 

THE WESTERN AUSTRALIAN WHEATBELT? 

6.1 ABSTRACT 

Malleefowl are listed in Australia as a vulnerable species, with fire considered a 

significant threat to their persistence.  There are no contemporary data documenting fire 

regimes and their effects on malleefowl habitat within the Western Australian 

wheatbelt.  Therefore it is not clear what the consequences are for habitat that is burnt or 

whether fire is occurring at a frequency that may threaten the species.  I used remote 

sensing to determine the spatial and temporal occurrence of fire events within 

malleefowl habitat in the Western Australian wheatbelt.  I also conducted a space-for-

time study to investigate changes in the structure and composition of malleefowl 

habitats with time since fire.  Fire was infrequent in small remnants, moderately 

frequent in large remnants, and common in uncleared areas adjacent to the wheatbelt.  A 

lower proportion of habitat was burnt in smaller remnants than in larger areas.  The 

response of malleefowl habitat to fire differed between mallee (Eucalyptus spp.) and 

Acacia shrubland habitat.  Mallee regained a varied understorey and substantial litter 

cover 20 years post-fire and developed further beyond 45 years.  The recovery of 

Acacia shrubland was similar but understorey and litter began to diminish after 25 to 30 

years. This study illustrates how fire management must be tailored to the specific 

habitat occupied by the species and must acknowledge the landscape context (e.g. 

remnant size and surrounding land use) of the site.  In small remnants, active 

management of fire may be required to maintain suitable malleefowl habitat.  In larger 

remnants and reserves, management actions should aim to prevent wildfires or reduce 

their scale. 
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6.2 INTRODUCTION 

Fragmentation and degradation of vegetation in agricultural landscapes has led 

to significant declines in vertebrate populations worldwide (Andrén, 1994; Fahrig 

2003). Typically, faunal decline has been related to loss of connectivity and viability of 

populations (Fahrig, 2003).  However, fragmentation also leads to secondary effects on 

ecological processes such as fire regime (Baker, 1992; Ford et al., 2001).  The 

implications of such secondary changes for populations of fauna have rarely been 

investigated. 

Fire is a natural disturbance that has shaped the Australian biota for millennia, 

both long prior and subsequent to the arrival of humans.  In agricultural landscapes, 

habitat fragmentation has altered the spatial and temporal context in which fire operates 

and, as a consequence, it no longer operates as a natural disturbance regime (Baker, 

1992; Woinarski and Recher, 1997).  In heavily fragmented landscapes, fire tends to be 

uncommon but a range of regimes may exist due to the presence of a variety of social 

and environmental contexts in which remnant vegetation exists (Gill and Williams 

1996).  Changes in fire regime have the potential to lead to a decline in health of 

remnants in agricultural landscapes and the organisms that persist within them (Ford et 

al., 2001; Seager et al., 2004). 

The malleefowl (Leipoa ocellata) is a large (~2kg), sedentary, ground-dwelling 

bird that uses fermentation and solar radiation to incubate its eggs in mounds (Frith, 

1956).  The species occurs primarily in mallee and semi-arid shrublands across southern 

Australia (Storr, 1991; Benshemesh, 2000), habitats that are considered highly prone to 

fire, and even fire-promoting (Noble et al., 1980; Hodgkinson, 2002).  As a 

consequence, the persistence of malleefowl is inextricably linked to fire. 

The species is listed nationally as ‘vulnerable’ and is considered threatened in all 

of the states in which it occurs, with inappropriate fire regimes among the primary 

threats to its existence (Benshemesh, 2000; Garnett and Crowley, 2000).  The creation 

of a mosaic of various fire-ages, including long unburnt areas, is commonly 

recommended for management of malleefowl (Priddel, 1989; Woinarski, 1999, 

Bradstock et al., 2005).  The species prefers long unburnt habitat (at least 40 to 60 

years) as it possesses a near continuous canopy and a plentiful leaf litter layer 

(Benshemesh, 1992).  The canopy layer is considered to provide shelter from aerial and 
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ground dwelling predators and weather, while leaf litter is used in mound construction 

and may represent a food resource (Benshemesh 1992).  In addition, a diverse and 

abundant shrub understorey is considered an important resource for malleefowl (Frith, 

1962), providing food at different times of the year including times of drought (Harlen 

and Priddel, 1996).  All of these habitat elements are substantially affected by fire 

(Benshemesh, 1992). 

Malleefowl and fire have been studied in eastern Australia (e.g. Benshemesh, 

1992; Woinarski, 1989) within a restricted geographic area (north-west Victoria). These 

studies have focused on open mallee in the drier interior of south-east Australia, a 

habitat type that contrasts with higher rainfall mallee and Acacia shrublands found 

within the Western Australian wheatbelt in terms of plant species diversity, habitat 

structure, underlying landforms (Noble et al., 1980; Beard, 1990; Bradstock and Cohn, 

2002) and climate (Chapter Two).  Therefore, it is possible that the prevalence of 

important habitat elements (e.g. canopy cover and litter) and their recovery from fire 

may also differ.  Consequently, it may not be valid to transfer findings from existing 

studies in eastern Australia (e.g. fire intervals) to habitat occurring elsewhere (e.g. the 

Western Australian wheatbelt).  Hence, there is a need to document fire regimes for 

different malleefowl habitats and to study the long-term effects of fire on these habitats 

(Benshemesh, 1992; Garnett and Crowley, 2000). 

Prior to agricultural development, firing by Aboriginal populations resulted in 

frequent, fine-scale, patchy fire regimes (Hallam, 1979; Abbott, 2003).  This is likely to 

have benefited malleefowl by providing improved access to food resources whilst 

retaining unburnt areas for shelter and breeding (Benshemesh 1992).  However, during 

the 20th century, the drivers of fire in landscapes occupied by malleefowl changed 

dramatically. Aboriginal burning ceased and Europeans used fire to “open up” the 

country for agricultural development, with large destructive fires becoming a feature of 

the landscape until as late as the 1980s (Bowman, 2003; McCaw and Hanstrum, 2003; 

Cowling, 1993).  Large-scale wildfires are known to have a severe and long lasting 

negative effect on malleefowl populations (Priddel, 1989; Benshemesh, 1990; Smith et 

al., 1994).  Subsequent to the period of land clearing, the incidence of fire in 

agricultural landscapes in southern Australia decreased substantially (Gill and Williams 

1996); however, recent fire regimes for malleefowl habitat in agricultural landscapes are 

poorly documented, particularly for the Western Australian wheatbelt. 
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Earlier studies of the threat of fire to malleefowl have been based on the effects 

of fire on individual populations (Benshemesh 1992).  Recent developments in remote 

sensing using satellite imagery now allow for the assessment of changes in vegetation 

over time and over broad areas (Caccetta, 2000; Wallace et al., 2004, 2006).  For 

example, sequences of Landsat TM images can be used to discriminate between areas of 

vegetation that are stable, declining or improving over time (Caccetta, 2000).  This 

methodology can be adapted to determine spatial and temporal patterns of fire 

occurrence at a regional scale (Wallace et al., 2004).  In south-west Western Australia, 

almost 20 years of high-quality imagery exists (Wallace et al., 2004), providing an 

opportunity to examine contemporary fire regimes within the Western Australian 

wheatbelt. 

This study aimed to: 1) determine the spatial and temporal occurrence of fire 

events in malleefowl habitat in the Western Australian wheatbelt using remote sensing; 

and 2) use a space-for-time approach to investigate how vegetation density and structure 

of two major malleefowl habitats, mallee and Acacia shrublands, related to time since 

fire. 

6.3 METHODS 

6.3.1 ANALYSIS OF RECENT FIRE REGIMES IN THE WESTERN AUSTRALIAN WHEATBELT 

Study area 

I analysed recent fire regimes in the Western Australian wheatbelt and uncleared 

areas up to 100 km to the east (Figure 1).  Land use in the Western Australian wheatbelt 

consists largely of cereal cropping and sheep grazing (Saunders et al., 1993).  The 

intensity of land use has led to its ranking as one of the most stressed landscapes in 

Australia (National Land and Water Resources Audit, 2001).  Over 93% of native 

vegetation has been removed in approximately 100 years (Saunders et al., 1993) 

resulting in a highly fragmented landscape.  For example, within the Avon bioregion 

(43% of the study area), only 10% of mallee and 20-30% of Acacia shrublands remain 

uncleared (National Land and Water Resources Audit, 2001). 

The uncleared lands on the eastern edge of the wheatbelt are relatively 

undisturbed.  These areas contain vast tracts of intact vegetation communities similar to, 

but now poorly represented within, the wheatbelt (e.g. woodlands, mallee; National 
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Land and Water Resources Audit, 2001).  Land uses are primarily extensive 

pastoralism, mining and nature conservation, and extensive areas are vacant crown land. 

Analysis of satellite imagery 

To quantify the spatial extent and frequency of fire in malleefowl habitat in the 

Western Australian wheatbelt, I made use of a temporal sequence of satellite images 

(Landsat TM) calibrated as part of the LandMonitor project (Caccetta, 2000) and 

initially collected to monitor changes in perennial vegetation.  The sequence consisted 

of summer images for every two years spanning the period 1988 to 2004 (for technical 

details see Caccetta, 2000).  For each time step within the sequence, I identified fire 

events by examining the change in reflectance between successive images.  Areas that 

experienced fire events showed clear increases in reflectance. 

To identify all fire events between 1988 and 2004 within sampled malleefowl 

habitat, I used a supervised classification in a GIS (Spatial Analyst, Arcview 9.1, ESRI, 

2004) using a 100 m cell resolution.  Burns prior to 1988 were assessed by the 

difference in reflectance between satellite images for the first time step in the sequence, 

1988 to 1990.  Areas that showed a conspicuous decrease in reflectance (i.e. vegetation 

recovery) were deemed to have experienced one or more fires in the five years 

preceding 1988.  Limited ground truthing, prior on-ground experience of some burnt 

areas and visual interpretation ensured that areas selected by the classification consisted 

of fire events only, as opposed to other types of vegetation disturbance or change in 

reflectance such as clearing or intermittent waterbodies. 

I compared the frequency and spatial extent of fire events between 1988 and 

2004, and for the five years preceding 1988, for three groups of samples within the 

study area: small remnants (100 – 500 ha); large remnants (> 500 ha); and continuous 

vegetation adjacent to the wheatbelt in the extensive land use zone (Figure 1).  Samples 

for the small and large remnant groups were selected based on the following rules: 1) 

malleefowl had been sighted within 1 km of the remnant post-1988; 2) remnant was not 

contiguous with the extensive land use zone; and 3) remnant did not include saltland 

vegetation (unsuitable for malleefowl and non-flammable).  For small remnants, the 

entire remnant was examined for evidence of fire.  For large remnants (500 – 10 000 

ha), one randomly placed, circular 500 ha sample was examined.  For large remnants 

(>10 000 ha), five randomly placed 500 ha circular samples were examined.  For 
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remnants where the circular sample did not fit completely within the remnant (e.g. 

linear remnants), the 500 ha nearest the sample centroid was used.  For continuous 

vegetation adjacent to the wheatbelt (within 100 km), it was not possible to follow the 

sampling rules described above because accurate locations for recent sightings of 

malleefowl were scarce owing to the remoteness of the area.  However approximate 

malleefowl sightings and anecdotal evidence suggested that the species was widespread 

throughout the area.  Therefore, 500 ha circular samples were placed at random within 

100 km of the boundary with the wheatbelt, excluding saltland vegetation.  The 

following measures were summarised for each of the three classes of vegetation (i.e. 

small, large and continuous vegetation): 

• Evidence of recent fire prior to 1988; 

• Number of fire events that had occurred between 1988 and 2004; 

• The cumulative proportion of the sample burnt between 1988 and 2004; 

• Evidence of clearing. 

For the purposes of comparison, I calculated an average fire interval for any 

sample within each of the three groups.  This calculation was an extrapolation based on 

the probability of any sample being burnt within the 16 year time period (1988 to 2004).  

Additionally, the calculation described above was performed for a 21 year time period 

(i.e. 1983 to 2004), incorporating fire events detected prior to 1988, to provide an 

indication of the error inherent in the approach.  The equation for calculating the 

average fire interval (in years) for any sample within each group is presented below: 

average fire interval = 
znyx /))*/((

1  

where x is the number of fire events within the time period; y is the number of 

observations within the time period; z is the number of years covered by each 

observation (in this study z = 2); and n is the number of samples.   
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The calculation is given below using the ‘small remnant’ group as a worked 

example: 

The data measured fires at two-year intervals, so multiple fires that occurred in the same 

sample within each two-year period were treated as one.  The calculation also assumed 

that each sample had an equal chance of being burnt.  It should be noted that this 

estimate of fire frequency does not allow for decadal-scale climate variation and is 

estimated from a relatively short time-window. 

6.3.2 RECOVERY OF MALLEEFOWL HABITAT AFTER FIRE 

Study areas 

I examined how malleefowl habitat recovered from fire by conducting a space-

for-time study within two areas in the Western Australian wheatbelt.  The two areas 

were selected because they contained a range of fire-age classes within the two main 

malleefowl habitat types that occur within the region.  The southern area included Lake 

Magenta, Dunn Rock, and Lake Bryde Nature Reserves in the south-eastern wheatbelt 

(Figure 1).  Typical vegetation within the area consisted of closed mallee (e.g. 

Eucalyptus phaenophylla and E. scyphocalyx) communities with understoreys of 

various Melaleuca shrubs interspersed with proteaceous heath (C. Gosper, pers comm.).  

The northern site was situated at Charles Darwin Reserve and Mt Gibson Sanctuary, 

located adjacent to the northern wheatbelt (Figure 1).  The vegetation of the northern 

site consisted largely of mixed shrublands (Acacia coolgardiensis, A. stereophylla,  

Allocasuarina acutivalvus, A. campestris, Melaleuca uncinata, s. lat.; Craven et al., 

2004) interspersed with open woodlands of Eucalyptus loxophleba and E. 

salmonophloia (Beard, 1990).  Grazing was a minor feature of the landscape at the 

northern site until de-stocking in 2003 (Nicholson, 2007).  Grazing of stock may have 

 8 observations * 127 remnants (samples) = 1016 fire opportunities 
 I observed 6 fires in 1016 opportunities ∴ 6/1016 = 5.905 x 10-3 

probability of a fire in any remnant in a two year period 
 5.905 x 10-3/2 = 2.9527 x 10-3 = probability of a fire in a remnant in any 

one year period 
 Interval for which a probability of a remnant burning is 1 = 1/2.9527 x 10-3 

= 339 years. 
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altered the composition and resilience of the vegetation (Yates et al., 2000), although it 

is thought to have had a lesser effect in shrubland compared with adjacent woodland 

vegetation (Nicholson, 2007). 

Site selection 

I used fire history mapping (Department of Environment and Conservation, ICS 

Group, unpublished data) to summarise fire regimes for the two sites and identify areas 

of varying fire-age within each study site.  At the southern study site, five vegetation 

transects were placed in each of the following fire-age classes : 3-4 yrs, 6 yrs, 18-20 yrs, 

25 yrs, 30 yrs, 35 yrs, 39 yrs, and > 40 yrs.  At the northern study site, five vegetation 

transects were placed in each of the following fire-age classes except the > 40 yr class 

(six transects): 5 yrs, 7 yrs, 12 yrs, 15 yrs, and 38 yrs.  Three transects were placed in 

each of the following fire-age classes due to lack of available habitat: 22 yrs, 27yrs, and 

30 yrs.  Transects were confined to mallee at the southern site (i.e. heath was excluded) 

and Acacia shrubland vegetation at the northern site (i.e. woodland was excluded).  

With space-for-time studies, random error and pseudo-replication are important issues 

as 1) it may be difficult to locate sample sites that are truly comparable with one another 

(Oksanen, 2001); and 2) sample sites (replicates) may fall within one instance of a 

treatment and so may not be truly independent (e.g. sample sites within the one fire 

scar) (Hurlbert, 1984).  To minimise such bias within this study, transects were located 

in separate fire scars within the same fire-age class where possible.  In addition, 

transects were limited to locations with comparable species composition.  Mallee 

transects were limited to locations with a prominent Melaleuca uncinata (s. lat.; Craven 

et al., 2004) component and Acacia shrubland transects limited to locations without 

emergent Eucalyptus species.  Data on factors such as season of burn, long-term fire 

history, fire intensity and post-fire conditions were not available and so could not be 

incorporated into the study. 

Field measurements 

Transects 100 m long were placed within each selected replicate of vegetation x 

fire-age combination and were positioned a minimum of 200 m apart.  At each transect, 

vegetation complexity and cover were measured using a four metre pole divided into 

intervals (0-12 cm; 12-25 cm; 25-50 cm; 50 cm-1 m; 1-2 m; 2-4 m; >4 m) 

(Benshemesh, 1992).  Fifty systematic placements of the pole were made at two metre 
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intervals along each transect.  At each interval the presence or absence, and type of 

vegetation intercepting the pole (e.g. Acacia, Melaleuca, Eucalyptus, Leguminaceae) 

was recorded.  Litter cover was quantified by making point observations one metre to 

either side of the 50 pole placements (i.e. a total of 100 litter measurements) with 

observations falling into one of four categories: 1) litter > 1 cm depth, 2) litter < 1 cm 

depth, 3) bare ground, 4) shrub/herb (i.e. obstructed by low shrubs and/or ground 

cover).  Field measurements were designed to quantify the change in habitat elements 

considered important to malleefowl (i.e. canopy, understorey shrubs and litter cover) 

with respect to time since fire.  All measurements were taken during winter (June – 

August) 2007. 

Statistical analysis 

For each height class, a variety of non-linear regression models were created to test the 

relationship between vegetation cover (the number of intercepts per transect) and the 

number of years since last burn, using Genstat Tenth Edition (Lawes Agricultural Trust, 

2007).  Models were created using a range of functional forms included linear, 

polynomial (e.g. quadratic and cubic) and selected forms available within the “standard 

curves” regression module of Genstat (e.g. logistic and exponential).  The exact year of 

burn for areas burnt prior to 1968 (southern sites) and 1969 (northern sites) was not 

known and so was estimated to be 1962 (i.e. 45 years post-fire) for the purposes of 

regression.  For each height class, the most parsimonious model was selected using 

Akaike’s Information Criterion.  The same process was employed for litter cover 

(number of intercepts for litter > 1 cm in depth) versus the number of years since last 

burn. 

6.4 RESULTS 

6.4.1 ANALYSIS OF RECENT FIRE REGIMES IN THE WESTERN AUSTRALIAN WHEATBELT 

Fire regimes in small remnants (100 – 500 ha) within the Western Australian 

wheatbelt were considerably different from those found in large remnants (> 500 ha) 

and uncleared areas to the east (Table 1).  Of the 127 small remnants sampled, only six 

(4.8%) were burnt in the period 1988 to 2004.  None of these remnants were burnt more 

than once during that time.  Of nine small remnants that experienced a fire between c. 

1983 and 1988, only one experienced a second fire between 1988 and 2004.  I detected 
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19 small remnants that had been significantly disturbed by either clearing (12) or 

residential/recreational development (7). 

In larger remnants (> 500 ha), 25 of 156 samples (16%) had been burnt during 

the study period (Table 1).  Of these, one 500 ha sample had experienced four fires, one 

had experienced three, seven had experienced two fires, and the remaining 16 had 

experienced one: fires were more common in larger remnants (> 500 ha) compared to 

smaller remnants (100 – 500 ha).  One third of the 36 samples that had been burnt prior 

to 1988 experienced one or more burns between 1988 and 2004, further confirming this 

observation.  Often the fire events observed in samples in large remnants and 

continuous vegetation were part of much larger fires (mean area = 26 900 ha, range = 7 

– 393 000 ha), whereas those for small remnants were all minor fires (mean area = 80 

ha, range = 10 – 264 ha). 

Of the 30 samples in continuous vegetation adjacent to the wheatbelt, 10 (33%) 

experienced a fire between 1988 and 2004 (Table 1).  Only one of these samples was 

burnt more than once during the time period (three times).  Of the 12 samples that were 

burnt prior to 1988 in the continuous vegetation, five experienced a second fire after 

1988. 

Based on the frequency of fire for 1988-2004, the average fire interval for my 

sample of small remnants in the Western Australian wheatbelt was approximately 339 

years (Table 1).  The average interval for my sample of large remnants and continuous 

vegetation were 67 years and 40 years, respectively (Table 1).  The trends described 

above remained consistent when incorporating data from pre 1988 also (Table 1); 

however estimates of fire intervals decreased, suggesting that the incidence of fire has 

decreased in the sample subsequent to 1988. 

6.4.2 RECOVERY OF MALLEEFOWL HABITAT AFTER FIRE 

Data indicated that fire regimes (1968 – 2004) for the two study sites were 

broadly comparable (Figure 2).  They were both characterised by large (> 10 000 ha) 

infrequent fires interspersed with smaller (< 5 000 ha) regular fires.  More specifically, 

fire regimes illustrated the contrasting vulnerability of different vegetation types within 

the two sites.  At the southern site, the two primary vegetation types were mallee and 

heath.  In all instances where a fire occurred, similar proportions of mallee and heath 

were burnt (Figure 2a), suggesting that the two communities have similar fire 
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susceptibility.  At the northern site, the proportion of Acacia shrubland burnt was 

substantially greater than woodland (Figure 2b), suggesting shrublands were more 

flammable or carried greater fuel loads. 

Vegetation structure and composition 

Development and maintenance of vegetation structure after fire differed between 

mallee and Acacia shrublands (Table 2).  Regression models illustrated that vegetation 

cover at ground level (0 – 12 cm) showed a general declining trend in both habitats 

(Figure 3).  In recently burnt areas, this height class consisted of a variety of taxa 

including sedges, rushes, grasses and post-fire ephemerals (Figure 7, 8).  In areas not 

burnt for 30 years or more, sedges and rushes tended to form the majority of the 0 – 12 

cm layer (Figure 7, 8), particularly in mallee habitat.  The abundance of vegetation 

within this height class was substantially greater within the southern (mallee) sites 

compared to the northern (Acacia shrubland) sites (Figure 3). 

The relationship between time since fire and vegetation cover for the 1 – 2 metre 

height class (Figure 4) was less distinct than that for the 2 – 4 metre class (Figure 5), as 

indicated by the lower amount of deviance explained (Table 2), particularly for southern 

(mallee) sites.  The model for mallee habitat suggests that there is only a weak 

relationship but indicates that a shrub layer established after about ten years and 

remained through until the 45-year limit of the dataset.  This shrub layer contained 

Eucalyptus and Melaleuca species and a variety of leguminous and myrtaceous shrubs 

(Figure 7), some of which grew through to higher classes.  In contrast, the shrub layer 

for the northern (Acacia shrubland) sites increased in density until approximately 25-30 

years post-fire, but declined considerably thereafter.  Acacia shrubs represented much of 

the decline post 30 years within this height class, with a variety of taxa (e.g. Melaleuca 

and Myrtaceae) remaining relatively stable (Figure 8).  An increase in Acacia in the 2 – 

4 m height class was not evident during the same time period, illustrating a genuine 

decline in density post 30 years rather than growth of individuals through to a higher 

class. 

Mallee vegetation developed a substantial canopy (2 – 4 m height class) after 

approximately 25 years, with this canopy remaining intact up to 45 years, the time limit 

of the study (Figure 5).  Acacia shrubland vegetation followed a similar trend, although 

the establishment of the 2 – 4 metre layer appeared to occur primarily after 20 years 
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post-fire, whereas this layer began to establish in mallee vegetation after less than 15 

years.  The canopy (2 – 4 m height class) consisted almost exclusively of Eucalyptus 

species in the southern sites (Figure 7); however a range of taxa (Acacia, Allocasuarina 

and Melaleuca) made up the canopy layer in the northern sites (Figure 8).  The slight 

downward trend in mallee density at 2 – 4 m beyond 30 years post-fire was due to the 

movement of trees through to the higher class (>4m, Figure 7). 

Litter cover 

In mallee habitat the amount of deep litter cover (> 1 cm) increased until 

approximately 25 years post-fire, where it then appeared to asymptote through until the 

limit of the 45 year dataset (Figure 6).  The accumulation of litter in Acacia shrubland 

was similar to that of mallee habitat until approximately 30 years post-fire.  However, 

after this time, litter cover decreased considerably, a trend not evident in mallee habitat. 

6.5 DISCUSSION 

6.5.1 CONTEMPORARY FIRE REGIMES IN THE WESTERN AUSTRALIAN WHEATBELT 

Analysis of satellite imagery indicated that the frequency of fire in the WA 

wheatbelt since 1988 declined with increasing fragmentation.  Small remnants were 

burnt less often than larger remnants which, in turn, were burnt less often than 

uncleared land (Table 1).  Small remnants in the Western Australian wheatbelt now 

seldom experience fire events and, in the case of shrubland remnants, are aging to a 

point that their productivity is decreasing because of senescence of fire dependent taxa 

(Yates and Broadhurst, 2002).  In this heavily cleared landscape, fire no longer operates 

as a natural and functional disturbance (Baker, 1992; Bradstock and Cohn, 2002; 

McCaw and Hanstrum, 2003).  Further, total fire exclusion is often a policy for farming 

landscapes because of the potential harm to people and infrastructure.  This policy 

extends to remnant vegetation because of the ease with which fire can spread from the 

remnant to the farmland. 

Interestingly, I showed that fires in small remnants tended to burn only a small 

proportion of the remnant (Table 1).  This is in contrast to the view held by several 

authors (Priddel, 1990; Hobbs, 2003) that small remnants, although infrequently burnt, 

were more likely to burn in their entirety.  Remnants and therefore fires are more 

accessible in fragmented landscapes and can be effectively controlled before they 
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establish.  In large remnants and remote areas adjacent to the wheatbelt, large, 

widespread fires were common.  In such areas, fires are known to burn unattended for 

weeks or months and exceed areas of 100 000 ha (McCaw and Hanstrum, 2003), owing 

to difficulties with access, low population densities, and lack of infrastructure in areas at 

risk. 

The results of this study provide evidence that the incidence of fire has declined 

substantially over the last 20-30 years within the Western Australian wheatbelt.  Whilst 

I have illustrated that fire is moderately uncommon in wheatbelt vegetation (Table 1), 

large and widespread fires were common during the early to mid 1900s associated with 

agricultural development (Burrows et al., 1987; Cowling, 1993; McCaw and Hanstrum, 

2003).  Further, several references in the historical literature suggest that widespread 

and too frequent fire was responsible for the disappearance of malleefowl.  Milligan 

(1904) speculated that malleefowl had vanished from the Wongan Hills area in the 

central wheatbelt during the late 1800s because of fires associated with agricultural 

development.  Similarly, Carter (1923) argued that frequent firing of coastal shrubs to 

improve herbage for grazing purposes caused the disappearance of malleefowl from 

Cape Leeuwin and surrounds in south-west Western Australia. 

The average fire intervals calculated in this study suggest that it is unlikely that 

malleefowl within the WA wheatbelt are being threatened by too frequent fire.  

Intervals for small and large remnants of 339 and 67 years, respectively, exceed 

intervals suggested by Benshemesh (1992) as appropriate for malleefowl.  These are 

also likely to be underestimates of interval length for any particular location as they do 

not take the size or patchiness of fires within a sample into account.  Conversely, 

continuous vegetation adjacent to the wheatbelt showed an average fire interval of 40 

years, which is marginally less than the 60-year minimum interval given by 

Benshemesh (1992) as appropriate for malleefowl, and the 45-year minimum interval 

recommended in this study.  Further, in this uncleared landscape, fires were very large 

as well as relatively frequent.  This may mean that, in addition to habitat being unable to 

fully recover from fire, malleefowl may not be able to fully recolonise post-burn areas 

due to their vast size. 

Fire interval estimates incorporating data from pre-1988 were substantially less 

than those for 1988-2004 only, suggesting that the incidence of fire was more common 

prior to 1988.  However, the estimates determined in this study were based on data 
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spanning a short time period, which was less than the estimated intervals for all three 

landscapes.  The two different estimates of fire interval demonstrate the vulnerability of 

the method to sampling effort and should be considered as approximations; however, as 

fire scar imagery continues to be collected and the time spanned by these data increases, 

more accurate estimates of fire interval can be determined. 

6.5.2 RECOVERY OF MALLEEFOWL HABITAT FROM FIRE 

Malleefowl occur broadly across Australia in a range of different habitats.  I 

measured the post-fire response of two habitats commonly occupied in the Western 

Australian wheatbelt: mallee and Acacia shrublands.  The results highlighted several 

differences between these two habitats, which I interpret as reflecting the higher 

productivity of mallee vegetation.  While the initial accumulation of litter cover 

occurred at similar rates in both habitats, litter amounts declined substantially in Acacia 

shrubland at around 30 years post-fire and beyond (Figure 6).  Furthermore, the 

abundance of vegetation at ground level (0 – 12 cm) was greater in mallee habitat 

compared with Acacia shrubland habitat (Figure 3).  Additionally, mallee habitat 

established a shrub layer (1 – 2 metre height class) five to ten years post-fire (Figure 4), 

a feature that persisted over the 45 year span of the dataset.  In contrast, the Acacia 

shrubland developed an understorey within the first five to ten years but it thinned 

considerably 25 to 30 years post-fire (Figure 4).  The majority of the shrubs lost from 

this height class were Acacia (Figure 8).  It is most likely that these individuals were 

lost to competition or thinning rather than simply increasing in height as no increase in 

vegetation cover was evident during this time for the 2 – 4 m height class (Figure 5).  

These results suggest that the life-history strategies of the dominant species within 

Acacia shrubland habitat render it less productive than mallee habitat in the long term 

absence of fire.  Based on vegetation and litter cover, mallee showed no clear peak in 

productivity between zero and 45 years post-fire whereas Acacia shrublands appeared to 

begin senescence about 30 years after fire. 

Gardner (1957) described an area of shrubland vegetation that had not been 

burnt for over 50 years in the central Western Australian wheatbelt.  The vegetation, 

which contained species similar to those in the Acacia transects (e.g. Acacia 

neurophylla, Allocasuarina acutivalvus and Hakea multilineata) was described as 

“dead” in appearance with very little foliage remaining.  His observations allude to 
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senescence in Acacia/Allocasuarina shrubland, which is consistent with the findings of 

this study. 

The differences in habitat response to fire between mallee and Acacia shrubland 

suggest that they have differing periods of suitability in the fire cycle.  An important 

element of malleefowl habitat is a varied understorey, which can provide food at 

different times of the year including times of drought (Harlen and Priddel, 1996), and 

abundant litter cover for mound construction.  Mallee vegetation tends to attain a stable 

litter cover and understorey structure and retain these features up to 45 years and 

beyond, suggesting that it is likely to remain suitable as malleefowl habitat for long 

periods of time in the absence of fire.  Conversely, Acacia shrublands attain some 

understorey and litter cover after about 15 years but these features decline after 25 to 30 

years.  Therefore, it is possible that as time goes on, these shrublands would become 

less suitable for malleefowl unless some form of disturbance was introduced into the 

system to stimulate regeneration.  However, quantitative research establishing a link 

between understorey/litter abundance and malleefowl abundance in Acacia shrublands 

is required before recommendations regarding optimal fire intervals could be 

determined and applied to such habitat. 

6.5.3 A COMPARISON WITH EASTERN AUSTRALIA 

Mallee assemblages vary considerably between east and west Australia, 

particularly with respect to understorey composition (Noble et al., 1980; Beard, 1990; 

Bradstock and Cohn, 2002).  In eastern Australia, malleefowl habitat is dominated by 

mallee communities that recover slowly from fire (Bradstock and Cohn, 2002).  These 

communities have relatively low productivity and are characterised by a Triodia or 

chenopod understorey.  Higher quality mallee in areas with higher rainfall and more 

productive soils has largely been cleared (Fox, 1990).  Mallee in the Western Australian 

wheatbelt consists primarily of assemblages with a diverse sclerophyllous understorey 

(Hopper, 1990), which are comparable to the heavily cleared, high productivity mallee 

of eastern Australia.  These assemblages can regenerate rapidly from fire (Beard, 1990). 

The difference in post-fire recovery between east and west is reflected in the 

accumulation of litter.  In this study, I found that litter cover reached an asymptote after 

approximately 25 years in mallee habitat (Figure 6) but, in eastern Australia, Specht 

(1966) found litter did not asymptote until 50 years post-fire.  Variation in structure, 
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species composition and productivity of malleefowl habitat results in a difference in its 

ability to recover from fire, with high productivity mallee in Western Australia able to 

recover faster.  Therefore, the threat of fire is likely to be less in mallee assemblages in 

Western Australia.  However, where vegetation is dominated by Acacia and 

Allocasuarina shrublands, a lack of fire may be detrimental as senescence may reduce 

resources available to malleefowl. 

Despite apparent differences in productivity in malleefowl habitat between east 

and west, fire regimes experienced in large reserves and uncleared landscapes are 

similar.  In the Big Desert Wilderness in north-western Victoria (142 000 ha), one of the 

largest remaining areas of mallee in eastern Australia, extensive wildfires have occurred 

approximately every 20 years and almost all of the park has been burnt in the previous 

30 years (Benshemesh, 1990; Wouters, 2004).  Similarly, Yathong Nature Reserve in 

New South Wales (107 000 ha) has experienced infrequent, albeit very large, wildfires 

(New South Wales NPWS, 2003).  Fire regimes for the last 40 years in large tracts of 

continuous vegetation in Western Australia (this study) were broadly comparable to 

those in eastern mallee stands; characterised by large fires every 20 – 30 years, 

interspersed with smaller fires on a more frequent basis (Figure 2). 

6.5.4 CONSERVATION IMPLICATIONS 

To benefit malleefowl, specific fire intervals should be applied to different 

habitat types.  The data from this study illustrate that, to maintain understorey 

complexity and abundant resources in Acacia shrublands, fire intervals may need to be 

in the order of 25 to 30 years.  In the Western Australian wheatbelt, a continuation of 

the current management strategy of fire suppression (Burrows et al., 1987; Burrows and 

Abbott, 2003; Hopper, 2003) may result in diminishing habitat complexity (e.g. 

presence of understorey, litter layer) and productivity within shrubland remnants.  This 

may result in a lack of food resources and organic material for construction and 

maintenance of malleefowl nests.  It may be necessary to promote fire or some 

equivalent disturbance in such habitat to stimulate recruitment and rejuvenation of 

senescent vegetation. 

To benefit malleefowl in mallee habitat, fire intervals should be in excess of 45 

years to allow for the ongoing development of understorey and ground layer 

complexity.  These habitat elements are of known importance to malleefowl (Frith, 
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1962; Benshemesh, 2000; Priddel et al., 2007).  The time needed for mallee habitat to 

recover is likely to be shorter than that observed in eastern Australia where lower 

productivity leads to longer post-fire recovery periods.  Therefore, fire management 

activities developed for mallee in eastern Australian may encompass requirements 

necessary to maintain mallee habitat in the Western Australian wheatbelt. 

Conclusion 

It is unlikely that fire represents a primary threat to the persistence of malleefowl 

in small remnants within the Western Australian wheatbelt.  Fire has become 

substantially less frequent in recent decades and a lack of fire may now represent a 

long-term threat to the species in shrubland remnants where fire is required to stimulate 

regeneration.  Quantitative research examining the effect of senescing vegetation on 

malleefowl abundance/density would be useful in assessing whether an absence of fire 

poses a genuine threat to the species in such habitats. 

With respect to large areas of malleefowl habitat in reserves and uncleared areas, 

fire is moderately frequent and widespread.  Management should aim to prevent large 

fires and seek to retain smaller burns that create heterogeneity and patchiness.  The role 

that fire has in maintaining different habitats varies considerably and, as a consequence, 

active fire management will be required to manage remnant malleefowl habitat over the 

long term.  To properly inform management decisions regarding malleefowl and fire, I 

suggest that an experimental approach be considered, where long-term monitoring of 

malleefowl populations is conducted within a variety of habitats possessing a variety of 

fire regimes.  There is a need for further study that examines more closely the 

relationship between fire history and local occurrence, population abundance and 

breeding success of malleefowl. 
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Table 1: Fire regimes for three different landscape types within or adjacent to the Western Australian wheatbelt. 

 

Size class Sample 

size 

% burnt 

pre-1988 

(number) 

% burnt 

1988-2004 

(number) 

Mean proportion 

of sample burnt 

(range) 

% of sites burnt more 

than once (1983 – 2004) 

(number) 

Estimated fire 

interval 1988 – 

2004 (years) 

Estimated fire 

interval 1983 – 

2004 (years) 

100 – 500 ha 127 4.7 (6) 7.1 (9) 0.26 (0.01-0.53) 0 (0) 339 178 

> 500 ha 156 23 (36) 16 (25) 0.48 (0.01-1.0) 9.0 (14) 67 45 

Unfragmented 30 40 (12) 33 (10) 0.69 (0.04-1.0) 17 (5) 40 26 
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Table 2: Summary of non-linear regression models for vegetation cover and litter depth versus time since fire for southern (mallee) and northern 

(Acacia shrubland) sites.  Sample size for each regression was 40. 

Study site class Model form % variance Standard error AIC p 

Vegetation cover by height class 

Southern 2 – 4 m quadratic 78.3 5.21 282 < 0.001 

Northern 2 – 4 m logistic 90.3 4.52 272 < 0.001 

Southern 1 – 2 m cubic 31.0 5.56 289 < 0.001 

Northern 1 – 2 m quadratic 49.6 8.11 318 < 0.001 

Southern 0 – 12 cm linear 45.4 6.56 300 < 0.001 

Northern 0 – 12 cm linear 23.6 4.79 275 < 0.001 

Litter Cover 

Southern > 1 cm depth logistic 73.8 8.14 319 < 0.001 

Northern > 1 cm depth cubic 52.2 9.37 330 < 0.001 
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Figure 1: Study area.  Shaded area illustrates Western Australian wheatbelt, white 

circles = small remnant samples, crosses = large remnant samples, triangles = 

continuous vegetation samples, bold rectangles denote study areas for habitat analysis 

(Section 6.3.2). 
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Figure 2: Frequency and size of fire events in different major habitats within a) 

southern study area; b) northern study area. 



 

 

179 

 

 

Time since fire (years)

10 20 30 40

M
ea

n 
pr

ed
ic

te
d 

in
te

rc
ep

ts
 p

er
 tr

an
se

ct

0

10

20

30

40 Acacia - 24 % deviance explained, AIC = 275
Mallee - 45 % deviance explained, AIC = 300

 

Figure 3: Linear models describing the relationship between vegetation cover (0 – 12 

cm height class) and time since fire for both southern (mallee) sites (dashed line, y = 

33.83 - 0.4272x) and northern (Acacia shrubland) sites (solid line, y = 12.53 - 0.1931x).  

Filled circles and crosses denote raw data for southern (mallee) sites and northern 

(Acacia shrubland) sites, respectively.  Sample size for each regression was 40. 
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Figure 4: Polynomial models describing the relationship between vegetation cover (1 – 

2 metre height class) and time since fire for both southern (mallee) sites (dashed line, y 

= -2.22 + 2.63x - 0.1158 x2 + 0.001516 x3) and northern (Acacia shrubland) sites (solid 

line, y = -6.6 + 2.757x - 0.05205 x2).  Filled circles and crosses denote raw data for 

southern (mallee) sites and northern (Acacia shrubland) sites, respectively.  Sample size 

for each regression was 40. 
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Figure 5: Non-linear models describing the relationship between vegetation cover (2 – 

4 metre height class) and time since fire for both southern (mallee) sites (dashed line, y 

= -7.32 + 1.847x - 0.0262x2) and northern (Acacia shrubland) sites (solid line, y = 

0.1697 + 31.18/(1 + e-3471(x-25.54))).  Filled circles and crosses denote raw data for 

southern (mallee) sites and northern (Acacia shrubland) sites, respectively.  Sample size 

for each regression was 40. 
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Figure 6: Non-linear models describing the relationship between litter cover (> 1cm 

depth) and time since fire for both southern (mallee) sites (dashed line, y = 0.2179 + 

36.57/(1 + e-0.2252(x-15.27))) and northern (Acacia shrubland) sites (solid line, y = 7.32 - 

1.49x + 0.1582x2 - 0.002762x3).  Filled circles and crosses denote raw data for southern 

and northern sites, respectively.  Sample size for each regression was 40. 
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Figure 7: Height distribution of major vegetation groups within mallee habitat of 

differing post-fire age. 
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Figure 8: Height distribution of major vegetation groups within Acacia shrubland 

habitat of differing post-fire age.
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7 CHAPTER SEVEN: SYNTHESIS 
This study was designed to investigate approaches to modelling populations of 

species using spatial data and, particularly, to develop them for use with opportunistic 

and unstructured data.  Using these modelling approaches, I examined the ecology of 

malleefowl and summarised the role of threatening processes on the species in the 

fragmented Western Australian wheatbelt.  The five studies that make up this thesis 

refer to several important ecological and methodological themes: the role of presence-

only data in species-environment modelling; the issue of scale; the role of community in 

ecological research; and the status of malleefowl in the Western Australian wheatbelt. 

Here, I attempt to draw together the results of this study in regard to these general 

themes. 

7.1 THE ROLE OF PRESENCE-ONLY DATA IN SPECIES-ENVIRONMENT MODELLING 

Presence-only data, and more specifically community sightings data, have been 

used to examine the spatial distribution of a wide range of conspicuous and identifiable 

species including birds (e.g. Szabo et al., 2007), mammals (e.g. cetaceans - Tregenza, 

1992; koalas - Lunney and Matthews, 2001; coyotes - Quinn, 1995; jaguars - Hatten et 

al., 2005) and invertebrates (e.g. moths - Mattila et al., 2006; butterflies - Kotiaho et al., 

2005).  The collection and use of community sightings and survey data are becoming 

increasingly common (Lunney et al., 2000) and global systems are being established for 

their storage (e.g. Roberts et al., 2005).  This thesis has demonstrated the value and 

limitations of these data in the study of threatened species. 

A major advantage of presence-only datasets (e.g. sightings databases) is that 

they can be collected across vast areas by non-specialist participants (Goffredo et al., 

2004; Lunney and Matthews, 2001) over considerable periods of time (i.e. decades).  

The malleefowl sightings database used in this study contained in excess of 2000 

records covering most of the southern half of Western Australia and spanning over 150 

years.  The cost of collecting a comparable dataset using formal survey methods would 

be prohibitive in terms of both funds and labour. 

Another advantage of sightings datasets is that they tend to contain presence 

records across a wider range of environmental conditions and land tenures compared 

with formal survey data, as they include sightings on private lands (Lunney and 

Matthews, 2001), and rare and opportunistic sightings in marginal or peripheral habitat 
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(e.g. malleefowl sightings in jarrah forest in southwest Western Australia).  The low 

likelihood of detecting a species in these marginal areas renders formal survey 

techniques impractical (Priddel and Wheeler, 1999).  However, these atypical or 

unusual records are important in terms of a species’ ecology as they assist in describing 

the periphery of a species’ range and can be contrasted against locations from the within 

the core of the range. 

Presence-only datasets provide important baseline information about a species 

and can be used to describe a species’ ecological niche (Chapter Two) and also as 

starting points for targeted surveys (Chapters Five and Six).  However, the lack of 

accompanying absence data represents a significant weakness (Austin, 1998) in that it 

precludes them from being used in statistical models (e.g. generalised linear models).  

This weakness can be overcome by combining presence-only data with supplementary 

data to convert datasets to presence-absence. 

In Chapter Three, I conducted targeted landholder surveys in areas for which no 

records existed, converting the data from presence-only to presence-absence, thereby 

providing the opportunity to examine changes in the range of the species over time.  In 

Chapter Four, malleefowl presence-only sightings data were supplemented with a rich 

source of absence data from a national bird atlas program (Barrett et al., 2003) to allow 

for predictive modelling of occurrence at a regional scale (Chapter Four).  These 

approaches built on the strengths of existing presence-only data (i.e. wide geographical 

and temporal coverage) while addressing the issue of absences and extending the 

capability of the datasets.  The techniques used allowed for statistical analysis to be 

undertaken, providing answers to ecological questions that could not be answered using 

presence-only modelling approaches (e.g. Ecological Niche Factor Analysis, Hirzel et 

al., 2002).  A further benefit of these techniques is that they can be applied to any 

species where appropriate, comparable data are available (e.g. conspicuous species from 

bird atlas programs, museum collections or other distribution databases).  For example, 

in south west Western Australia, such approaches would be well suited to high-profile, 

data rich species such as the endangered Carnaby’s black cockatoo (Calyptorhynchus 

latirostris) and the increasing pest species, the rainbow lorikeet (Trichoglossus 

haematodus). 

This study demonstrates approaches for conducting rigorous analyses that make 

use of presence-only data and provide useful outcomes that would otherwise remain 
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unachievable.  Although difficulties exist in retaining consistent observer effort over 

time, and collecting adequate data for lesser-known or cryptic species, the study has 

demonstrated that presence-only data can make a valuable contribution to ecological 

knowledge of a species. 

7.2 THE ISSUE OF SCALE 

Spatial models created to explore patterns of species occurrence at broad scales 

(e.g. regional scale sensu Heglund, 2002) may have limited applicability in terms of 

management but models created at local scales (sensu Heglund, 2002) are unlikely to be 

transferable outside the area in which they were developed (Murphy and Lovett-Doust, 

2007; McAlpine et al., 2008).  To resolve this tension between generality and precision 

of outcomes, a multi-scale approach has been recommended by several authors 

including Johnson et al., 2002), Denoël and Lehmann, 2006) and Finlayson et al., 

2008).  I used a multi-scale approach to model the occurrence and persistence of 

malleefowl at continental, regional, and individual remnant scales. 

A bioclimatic study (Chapter Two) conducted at a continental scale, documented 

substantial climatic variation within the range of the malleefowl.  This variation in 

climatic conditions translated to differences in habitat type and intensity of threatening 

processes, justifying the need to model the occurrence of the species at finer scales.  A 

regional scale model predicted the occurrence of malleefowl across the entire Western 

Australian wheatbelt (Chapter Four).  Examination of habitat within this region 

confirmed that latitudinal differences in climate (detailed in Chapter Two) translated 

into differences in habitat type.  In northern parts of the region, habitat was dominated 

by mixed shrublands of Acacia, Allocasuarina and Melaleuca species, whereas southern 

parts were dominated by Eucalyptus mallee (Commonwealth of Australia, 2004).  

Although malleefowl occurred in both of these habitat types, the impact of threatening 

processes or disturbances occurring within them differed.  For example, both habitats 

regenerated relatively rapidly from fire (Chapter Six); however mallee possesses a 

greater period of suitability in the fire cycle compared to Acacia shrublands which 

senesced sooner. 

The regional occurrence model (Chapter Four) determined that malleefowl were 

most likely to occur in areas with greater amounts of habitat within the surrounding five 

kilometres, a scale far beyond that of the individual remnant.  Therefore, to conserve 
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malleefowl in an agricultural landscape, a wider landscape context must be incorporated 

into planning exercises.  The species was also associated with individual remnants 

greater than 500 ha in size, a scale beyond typical revegetation efforts within the region 

(e.g. Smith, 2008).  This suggests that current revegetation efforts, although admirable, 

may be too small and scattered to be of benefit to threatened species (Vesk and Mac 

Nally, 2006) such as the malleefowl. 

Although the regional model was able to broadly predict the occurrence of 

malleefowl across the wheatbelt, it failed to account for fine scale patchiness in patterns 

of malleefowl occurrence (i.e. between individual remnants).  However, a local scale 

model for individual remnants within the Western Australian wheatbelt (Chapter Five) 

determined that the occurrence of malleefowl was most closely related to distinct 

habitat features including litter cover, shrub density and the abundance of food shrubs.  

Whilst the regional model suggested that remnants must be managed as part of a 

network to benefit malleefowl, the outcomes of the local model provided important 

information required to assist in the prioritisation of individual remnants for protection, 

vegetation enhancement (e.g. revegetation) and reintroduction.  These findings are 

complementary and demonstrate the value of a multi-scale approach to spatial 

modelling. 

7.3 THE ROLE OF COMMUNITY IN ECOLOGICAL RESEARCH 

Whilst much of this thesis was concerned with quantitative ecology, it must be 

acknowledged that this work, and management of natural resources in general, 

possesses a social dimension (Kiss, 2005).  The outcomes were based on a solid 

foundation of community-sourced observational and survey data and historical 

knowledge; information sometimes considered unreliable (Goffredo et al., 2004).  Often 

this information is overlooked as a source of ecological insight (Lunney and Matthews, 

2001; Abbott, 2008).  Common potential problems include species misidentification, 

observer bias and inaccuracies in recording (e.g. location) but this thesis demonstrated 

methods for addressing these weaknesses and adding value to community data.  A 

modest investment of effort (e.g. supplementing presence-only data with targeted 

presence-absence surveys) resulted in greatly improved datasets.  Furthermore, effective 

use of the data circumvented the enormous commitment in time, effort and cost that 

would have been required to collect new presence-absence datasets. 
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The wealth of community-sourced data used in this thesis allowed for the 

progression of knowledge regarding the ecology and conservation of malleefowl, 

benefitting end-users (i.e. community groups and State agencies) involved in the on-

ground management of malleefowl.  Furthermore, these end-users were involved in 

formulating research questions and ensuring that outcomes remained relevant to the 

management of malleefowl, highlighting the value of a participatory approach.  This 

study has confirmed the vital role that the community plays in ecological research 

(Pearson, 1992; Lunney and Matthews, 2001; Goffredo et al., 2004) and land 

management in agricultural landscapes. 

7.4 MALLEEFOWL IN THE WESTERN AUSTRALIAN WHEATBELT 

Nationally, malleefowl have experienced substantial declines both in distribution 

and abundance (Benshemesh, 2000) and these declines are expected to continue 

(Priddel et al., 2007).  Past declines have been most evident in New South Wales 

(Priddel and Wheeler, 1999) and South Australia (Benshemesh, 2000), where 

development for agriculture has resulted in the loss, fragmentation and degradation of 

much of the species’ core habitat.  The wheatbelt of Western Australia has experienced 

landscape change similar to these agricultural landscapes so there is an implicit 

assumption that, within this region, the malleefowl has also suffered similar declines.  

However, this thesis demonstrates that the status of malleefowl in the Western 

Australian wheatbelt may be relatively positive compared to other areas within its range 

in south and eastern Australia. 

Chapter Two demonstrated that estimates of malleefowl status could not be 

applied unilaterally across its range, on the basis that it contained considerable variation 

in climate, which was likely to lead to differences in habitat and vulnerability to threats.  

A closer examination of past decline of the species within Western Australia showed 

that it was less than previously documented (Chapter Three).  Within the Western 

Australian wheatbelt, past decline was largely associated with land clearing, a threat 

that had all but ceased several decades ago, suggesting that declines as severe as those 

observed previously were unlikely to occur in the future.  Furthermore, predictive 

models using malleefowl sightings data showed that much of the region was likely to 

contain the species (Chapter Four) and suggested that the species was capable of 

moving through the landscape, including both native vegetation and agricultural land. 
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The occurrence of malleefowl in individual remnants within the Western 

Australian wheatbelt was largely associated with differences in habitat rather than 

management regime, implying that current management practices are not negatively 

affecting the species.  Grazing of native vegetation by livestock and too frequent fire, 

two known threats to malleefowl, were found not to be important within the region 

(Chapter Five, Six), which contrasts with other areas within the species’ range (Priddel 

and Wheeler, 1999).  Furthermore, malleefowl habitat was shown to recover from fire 

relatively rapidly (Chapter Six), suggesting fire may represent a lesser threat to 

malleefowl in the Western Australian wheatbelt compared with elsewhere. 

The malleefowl appears to be relatively stable within the wheatbelt region owing 

to the easing and cessation of major threatening processes.  However, a more complete 

knowledge of the status of the species is required elsewhere within its range, such as the 

pastoral zone and in the extensive woodland areas to the east of the wheatbelt.  The 

greatest potential for decline in Western Australia appears to be in the vast semi-arid 

and arid landscapes where trends in malleefowl density are unknown, landscape 

productivity is lower and threatening processes (i.e. fire, grazing by livestock and fox 

predation) are potentially more widespread. 

7.5 FUTURE RESEARCH 

This study focused primarily on answering questions about the distribution and 

status of malleefowl using readily available data, particularly those that could be 

summarised spatially over broad areas (e.g. native vegetation cover and land use).  A 

major limitation of this study was the inability to incorporate the known threat of fox 

predation into analyses.  Spatial data for intensity of fox control were available for areas 

baited under the DEC Western Shield program (Armstrong, 2003) but this program only 

covered a small portion of the study area.  Furthermore, there is currently no 

information being collected on the intensity or effectiveness of fox baiting by private 

landholders, despite its widespread application throughout the Western Australian 

wheatbelt and elsewhere.  Effort should be invested in 1) spatially documenting the 

application of fox baits across agricultural landscapes, 2) quantifying the effectiveness 

of fox control on fox populations in agricultural landscapes, and 3) quantifying the 

effect on malleefowl populations.  In addition, investigating the differing response of 

malleefowl to fox predation across a variety of different habitats across the range of the 
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species (i.e. extending on the work of Priddel et al., 2007) would provide substantial 

insight into the likelihood of future malleefowl decline. 

Many of the questions addressed in this thesis were answered in part using 

sightings data only, which must be considered a “snapshot” of malleefowl occurrence as 

they lacked a reliable temporal component.  Spatial approaches used in this thesis 

should be combined with temporally structured monitoring of multiple populations over 

the long term.  In addition to detecting contractions in range, this would allow for 

declines in abundance and thinning within the species’ range to be detected and 

diagnosed.  Monitoring appears to be underway at various sites across Australia (J. 

Benshemesh pers. comm.) but the rationale for selecting sites for monitoring is unclear.  

The benefit and power of such an approach would be maximised if monitoring sites 

were stratified across relevant environmental and land use gradients.  For example, in 

Western Australia, monitoring sites should span gradients of rainfall, extent of clearing, 

and agricultural intensity. 

This study has demonstrated that the removal and fragmentation of habitat 

within the Western Australian wheatbelt has resulted in the disappearance or decline of 

malleefowl in some areas.  To reverse declines, revegetation would be necessary.  A 

solution often suggested is the planting of corridors to connect remnant areas of habitat, 

which ideally would act to increase effective population size and reduce the risk of local 

extinction.  However, at present there is almost no evidence that corridors accomplish 

these objectives (Davies and Pullin, 2007; Falcy and Estades, 2007; but see Haas, 

1995).  Long-term studies should be established to determine whether corridors can 

deliver conservation benefit to small populations in agricultural landscapes. 

This thesis has contributed to the wealth of knowledge that already exists for 

malleefowl.  To further consolidate on this body of research and clarify prospects for 

the future of the species, the following specific questions may warrant further attention: 

• Based on bioclimatic predictions (Chapter Two), the range of malleefowl is 

predicted to reduce in size under worst-case climate projections.  Furthermore, 

malleefowl are known to abstain from breeding during times of drought.  How 

will a predicted decline in rainfall in south-west Western Australia affect the 

breeding success of malleefowl? 

• Malleefowl decline is correlated with the agricultural age of remnants; however, 

there is little understanding of the processes driving this correlation.  How do 
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remnants change as their agricultural age increases and how does this relate to 

the persistence of malleefowl? 

• Wheat is a known food source for malleefowl (Ross, 1919; Serventy and 

Whittell, 1976).  What is the contribution of wheat and other grain crops to the 

persistence of malleefowl in agricultural landscapes?  How important is wheat as 

a food resource during times of drought?  Can fragmentation for agriculture 

(growing of wheat) positively affect malleefowl? 

• The relationship between malleefowl and fire was only partially investigated 

using a space-for-time study.  Exploring which fire regimes favour the 

persistence of malleefowl warrants further attention.  How does habitat use by 

malleefowl differ in areas of differing fire history?  Understanding the effect of 

fire on malleefowl is a long-term issue that demands experimental field sites and 

adaptive management. 

• To enhance the applicability of the spatial model of malleefowl occurrence 

(Chapter Four) to landscape planning exercises, a study of malleefowl dispersal 

and movement capability should be conducted to gain a deeper understanding of 

how the species disperses in a fragmented landscape and what influences their 

decision to settle within a particular location.  Methods may include genetics 

and/or radio telemetry. 

The malleefowl is an iconic and readily identified bird species, but in many 

ways typifies species loss and decline in the extensively cleared landscapes of southern 

Australia.  The status of the species is in the balance:  mismanagement may result in 

further declines, which could take the species past the point of easy recovery; however, 

directed, active management has the potential to ensure their long term persistence.  

This thesis offers some important insights that can contribute to the latter outcome. 
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