
 

 

 
Final Report for Land and Water Australia Project CSE 9 

Testing Approaches to Landscape Design in Cropping Lands 
 

A Test of the Focal Species Approach 
 in Western Australia 

 

 
  

 

 
  

 
Jeff Short and Blair Parsons 

CSIRO Sustainable Ecosystems, Perth 
 



 

Final Report for Land and Water Australia Project CSE 9: 
Testing Approaches to Landscape Design in Cropping Lands: 
Component Three Report (Western Australia) 
 
A Test of the Focal Species Approach 
 in Western Australia 
 
 
 
 
 
 
Dr Jeff Short 
Blair Parsons 
 
CSIRO Sustainable Ecosystems 
Private Bag 5, PO 
Wembley WA 6913 
 
 
 
 
 
 
 
© CSIRO Sustainable Ecosystems, 2004 
 
Copyright protects this publication.  Except for purposes permitted by the Copyright Act, 
reproduction by whatever means is prohibited without the prior written knowledge of CSIRO 
Sustainable Ecosystems.  Inquiries should be addressed to and copies are available from: CSIRO 
Sustainable Ecosystems, Private Bag 5, Wembley WA 6913. 
 
 
Cover photos (clockwise from top left):  
Red-tailed Phascogale (Phascogale calura) – a nationally listed threatened species found in wandoo/rock 
oak vegetation in the Dongolocking area. 
Thorny Devil (Moloch horridus) – a lizard found largely on sandplains in the central and northern 
Western Australian wheatbelt. 
An aerial photograph of the Dongolocking area in the southern wheatbelt of Western Australia. 
Southern Scrub-robin (Drymodes brunneopygia) – a declining species that prefers large areas of 
shrubland that are well connected. 
Western Spotted Frog (Heleioporus albopunctatus) – a common burrowing frog found in the Western 
Australian wheatbelt. 
Photographs courtesy of CSIRO Sustainable Ecosystems and Department of Land Information. 



Component 3 Report: A test of the focal species approach in Western Australia 

EXECUTIVE SUMMARY 
 

The focal species approach (Lambeck 1997) has been used extensively in 

agricultural landscapes in Australia to design revegetation for nature conservation.  

The approach was initiated within CSIRO and continues to be developed and used 

by scientists from this organisation.  A large number of landscape plans have been 

produced, both in Western Australia and in eastern Australia.  However, the 

approach has been strongly criticised by some (Lindenmayer et al. 2002, 

Lindenmayer and Fischer 2003).  This criticism has been strident and broad-based 

with perhaps the most stinging criticism reflected in the title of one publication: 

“sound science or social hook”? 

 

This report Testing Approaches to Landscape Design in Cropping Lands: A Test of 

the Focal Species Approach in Western Australia is specifically concerned with 

Component 3 of the Land and Water Australia’s Project CSE9.  Components 1 and 

2 have been reported separately (Huggett et al. 2004, Brooker and Lefroy 2004).  

We summarise Western Australian studies and a key eastern Australian study to 

develop an overview of the approach and its application.  We review the key 

criticisms and the response to these criticisms of practitioners.  We then employ 

three tests of the validity of key assumptions.  Firstly, we seek to evaluate whether a 

focal species methodology based on birds provides a landscape design that meets 

the needs of other taxa.  We specifically sought to establish whether area thresholds 

derived from a study of birds, and subsequently used as the basis of landscape 

plans, would translate effectively to mammals and reptiles.  We used a combination 

of field survey of mammals, reptiles and birds at two locations used previously in 

focal species work (Dongolocking Nature Reserve and surrounding areas, and 

Buntine-Marchagee Recovery Catchment) in conjunction with a compilation of 

field surveys of isolated reserves and remnants in the wheatbelt of Western 

Australia as data for input into a standard focal species analysis.  We then compared 

the results obtained for mammals and reptiles with those obtained for birds. 

 

Secondly, we examined a key tenet of the focal species approach.  The approach 

requires the practitioner to rank species on the basis of their sensitivity to a 

particular threat and from this to identify the most sensitive species from the many 
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species within a taxon.  We examine whether the methodology employed in recent 

applications of the approach in Western Australia (Brooker 2002) can reasonably be 

expected to have identified the most threatened species and, if not, whether this 

failure is likely to unduly influence any subsequent landscape design.  We used 

resident landbirds in the Western Australian wheatbelt and their perceived threat 

from fragmentation of former habitat (specifically a lack of habitat area) for this 

test. 

 

Finally, we examined the “nestedness” of occurrence of birds in wheatbelt remnants 

of increasing sizes.  Nestedness describes the tendency for the species complement 

of small remnants to be nested within that of larger remnants, rather than species 

undergoing replacement along a continuum of increasing size.  While there is 

dispute about the requirement for nestedness for the focal species approach to be 

valid (Lindenmayer et al. 2002; Lambeck 2002), the analysis of a dataset displaying 

nestedness using the focal species approach is more likely to be acceptable to a 

broader range of practitioners. 

 

Our results indicate that there are a range of mammals and reptiles whose 

probability of occurrence in remnants is influenced significantly by remnant area.  

Many have area requirements that are more demanding than that those established 

in recent studies using birds (e.g. Lambeck 1998, 1999; Brooker 2002).  For 

example, hopping mice in the genus Notomys had a 10% probability of occurrence 

of c. 320 ha and the pygopod Delma australis had a 10% probability of occurrence 

of c. 140 ha.  These 10% probabilities of occurrence are 8 times and 3½ times that 

identified by Brooker (2002) for the generalist bird species most sensitive to area 

(the Jacky Winter with a 10% threshold of 40 ha).  Many species of both mammal 

and reptile were not detected at all in smaller remnants (25-60 ha) of the size 

typically recommended as building blocks for landscape design following a focal 

species analysis based on birds alone. 

 

Lindenmayer et al. (2002) have emphasised the practical difficulty in detecting the 

most vulnerable species to any particular threat.  Our analysis for birds confirms 

that focal birds nominated in past analyses are unlikely to be true focal species.  

Typically, rarer bird species, eliminated from past analyses for want of data, have 
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greater area requirements than any bird within the subset analysed.  The attempt by 

Brooker (2002) to overcome this problem by amalgamating data from a number of 

sub-catchments provides only a partial solution.  

 

Our examination of the occurrence of bird species with increasing size of remnants 

within the Western Australian wheatbelt indicates nestedness.  Small remnants have 

a predictable range of “farmyard” birds – generalist species occupying open habitat.  

As remnants increase in size, additional species are added to their species 

complement, many being species that are habitat specialists or that require 

undisturbed habitats.  These larger remnants typically retain the “farmyard” species 

in addition to the new species, presumably because of the availability of open 

habitats such as woodland within larger reserves and because of the availability of 

open habitat on the margins of reserves. 

 

Because small remnants typically have a small nested subset of the total avifauna of 

the sub-catchment, the recommendation common to many designs emanating from 

focal species plans, to increase all small remnants up to some minimum size (e.g. 10 

ha: Freudenberger 1999 and 23 - 25 ha: Lambeck 1999) are unlikely to generate 

maximum conservation gains for a given increase in area.  Rather, they will result 

in common species becoming more common.  Maximum gains in terms of species 

number are likely to derive from focusing conservation effort on increasing the size 

of the larger remnants within the catchment.  There may be strong social and 

economic reasons for choosing a dispersed solution of expanding small remnants 

(the need or desire to involve the maximum number of landholders in 

reconstruction by suggesting solutions that are within their capacity to implement) 

but this driver needs to be explicitly separated from the biological evaluation. 

 

The importance of improvements in quality of existing habitat has often been 

greatly underestimated in landscape plans generated from focal species studies.  

Habitat quality of remnant vegetation has been quantified in studies by 

Freudenberger (1999) and Brooker (2002).  Both indicate a substantial increase in 

probability of occurrence of particular bird species and/or species richness with 

increasing habitat quality.  For example, data from the ACT/NSW study of 

Freudenberger (1999) suggested an increase in habitat complexity score from 2 to 
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16 would give a six-fold increase in species number from 5 to 30 species.  To 

increase species number to 30 species using an increase in area alone required an 

increase from 2 to c. 700 ha, a 350-fold increase in area.  Clearly, the most cost-

effective and practical strategy is to focus maximum effort on habitat restoration 

rather than habitat reconstruction.  Yet, particularly in early landscape plans in 

Western Australia, the restoration of existing remnants was the Cinderella option to 

habitat expansion and reconnection. 

 

We suggest that the conceptual framework of the focal species approach is flawed 

(the belief that you can select one species that is more threatened by a particular 

threatening process than any other), that the initial application to landscape designs 

at Wallatin and Dongolocking used a flawed methodology (by using one definition 

of “patch” for analysis and another for prescription), and that more recent 

applications, while introducing new and more rigorous methodologies for data 

analysis have retained the flawed conceptual framework.  Further, the theory of 

“nestedness” suggests the focus on expanding small remnants, common to most 

applications of the approach, is unlikely to produce the best biological outcome for 

a given area of reconstruction.  Such a strategy is more likely to benefit common 

species rather than declining species. 

 

We suggest also that the focal species approach has no particular merit as a ‘social 

hook’ – successes in adoption have been poor in the two catchments we have 

examined.  The level of adoption is likely to depend on the level of social 

engagement, the scale and type of restoration suggested, and the availability of 

funds for intervention, rather than the method used to assess the requirements of 

biodiversity. 

 

The key perceived advantages of the focal species approach have been the 

quantitative recommendations (for example, how much revegetation is required?) 

and spatially explicit guidelines for revegetation and restoration (where should 

revegetation best go?) that have been produced.  These contrast with general 

principles and guidelines (“bigger is better than smaller”) that are perceived to be 

the alternative.  These perceived advantages have led practitioners to respond to 
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criticisms of the focal species approach by improving the methodology but retaining 

the conceptual framework and increasingly adding caveats to the results. 

 

The focal species approach provides a quantitative result because it employs logistic 

regression of presence/absence data from remnants to calculate “threshold values” 

of area and isolation.  These values can be input into Geographic Information 

Systems (GIS) to generate maps of modified landscapes and spatially explicit 

advice on placement of new habitat and corridors.   

 

We believe that many of the methods employed in the focal species approach can 

usefully be retained but that the conceptual framework should be jettisoned.  Key 

conceptual elements that should be discarded include the requirement to find the 

most vulnerable species to a particular threatening process and the claim that the 

methodology delivers a solution adequate for all species subject to the particular 

threat. 

 

We present an alternative framework to landscape reconstruction in fragmented 

systems that incorporates many of the methodological improvements commonly 

used in designs emanating from a focal species analysis.  Many of these actions are 

not new, but they are more comprehensive and have been given different emphases 

to past landscape plans based on focal species work.  Importantly, they build on the 

analytical techniques developed in the focal species approach while avoiding the 

conceptual flaws identified above.  The hierarchy of actions are:  

 

1. Identify conservation issues, key threats to biodiversity, and the goals of 

intervention. 

2. Engage landholders and other interested parties and source funding to 

support intervention. 

3. Conduct comprehensive landscape audit of catchment 

4. Collate existing and/or collect new biological data to evaluate the response 

of fauna and flora to threats.  Choose taxa on the basis of perceived 

vulnerability or perceived importance at local, regional or national level.  

Encourage on-ground action in the following priority order to deal with the 

threat posed by fragmentation.   
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i. No further land clearing; 

ii. Fencing and exclusion of stock from ALL remnants, giving priority to 

those of greatest size and those with priority species or communities.  

Start with the largest remnants as they are most likely to provide habitat 

for the largest number of species and the most threatened species.  This 

priority applies equally at sub-catchment and farm scale; 

iii. Assessment of the quality of connection between remnants with the aim 

to preserve, enhance or restore connections where possible.  Prioritise 

based on establishing inter-connected networks expanding out from the 

largest remnants.  Make use of existing connections, particularly along 

fencelines and roads, and opportunities provided by unproductive land 

associated with breakaways or watercourses where possible.  Employ 

existing tools such as the dispersal model of Brooker (1999) to assess 

linkages between remnants and develop new spatial and statistical tools 

to assess clusters or groupings of remnants; 

iv. Expand existing remnants where possible with the aim of increasing 

overall size.  Make use of species-area relationships and multivariate 

logistic regressions of probability of occurrence of key taxa (e.g. 

Freudenburger 1999, Brooker 2001a, b) to quantify the benefits of any 

given habitat expansion.  Retiring unproductive agricultural land may 

provide special opportunities; 

v. Establish new remnants of native vegetation where possible.  Use the 

methods of iv above to provide an assessment of benefit for any given 

action.  Again, unproductive agricultural land may provide 

opportunities; 

vi. If the planting of native vegetation is not an option, then consider the use 

of perennial tree crops to expand or connect remnants or bridge gaps in 

existing corridors of native vegetation. 

5. Determine the capital and opportunity cost of alternative courses of action 

and use this information to review priorities given above with respect to 

available funds. 

6. Commence on-ground works suggested by plan. 
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KEY RECOMMENDATIONS 
 

1. Develop and test a new conceptual framework for landscape design (to 

replace the focal species approach), incorporating many of the techniques 

pioneered as part of landscape design projects in Western and eastern 

Australia.  These techniques include species presence/absence data matrices, 

logistic regression, dispersal simulators, and estimates of gap-crossing 

ability of key taxa. 

2. Explore costs and benefits of various reconstruction and restoration options 

in fragmented wheatbelt systems, incorporating biological, economic and 

social assessment.  The rich resource of presence/absence data for birds 

(700+ remnants) we now have for the central and northern wheatbelt in 

Western Australia provides an obvious entry point for evaluating the 

biodiversity gains from alternative actions. 

3. Expand information on other taxa (plants, mammals, reptiles and 

invertebrates) to complement the existing bird data for fragmented 

landscapes.  Attention should be paid to species less mobile than birds for 

which corridors may provide a vital role in persistence. 

4. Develop new criteria and techniques for prioritising placement of corridors 

at sub-catchment and regional levels to form networks of inter-connected 

remnants centred on key remnants. 

5. Develop more objective measures of habitat preference of birds (and hence 

threat, via lack of particular habitat), if birds continue to be a key taxa used 

for landscape design. 

6. Conduct research to establish under what conditions two small remnants 

connected by a corridor act as a single remnant.  This is critical information 

to assess the relative benefits of expanding the area of available habitat to a 

species by connecting two isolated remnants as compared with adding new 

habitat to one of them to attain the same overall area. 

7. Conduct strategic autoecological studies to improve our understanding of 

how key threatening processes operate on the fauna within fragmented 

ecosystems.  One possibility might be the Yellow-plumed Honeyeater, a 

species long associated with the impact of fragmentation on the avifauna, 
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but whose distribution shows no apparent relationship to remnant area, 

isolation or condition (Brooker 2002).  Others might be the nationally-listed 

Red-tailed Phascogale that appear to persist in networks of small remnants 

connected by corridors, and the Brush-tailed Possum that persists only as 

small, isolated populations in the wheatbelt. 

8. Ensure catchment-scale landscape plans link to regional analyses of 

biodiversity such as Beecham (2003) and Brooker and Lefroy (2004). 
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1. INTRODUCTION 

1.1. The focal species approach 

The focal species approach (Lambeck 1997) is a method for defining the habitat 

attributes of ‘focal species’ that encapsulate the needs of other species within the 

landscape.  All species within a landscape are grouped according to perceived threat 

and then ranked in order of vulnerability to that threat.  Threats might include habitat 

loss and fragmentation, fire, or predation by exotic species.  The needs of the species 

most susceptible to any particular threat are used “to define the minimum acceptable 

level at which that threat can occur” within the landscape and provide the basis for 

management recommendations to ameliorate that threat.  For example, the species 

with the greatest requirement for area of a particular habitat will become the focal 

species for that threat (lack of this particular habitat) and provide explicit guidelines 

for increasing remnant habitat to that size or greater. 

 

The focal species approach has five steps (Frost et al. 1999): 

1) Identify the threatening processes; 

2) Identify species that are at risk due to each threat; 

3) Rank species according to their sensitivity to each threat; 

4) Determine the requirements of the most sensitive species; and 

5) Determine the level at which each threat must be managed in order to protect 

the most sensitive species. 

 

The theoretical end result is a suite of species made up of those most vulnerable to 

each of a number of threatening processes operating within a landscape.  The needs of 

these focal species are then used to define the explicit requirements for landscape 

reconstruction or habitat management of all other species within the landscape subject 

to the same threats.  The approach assumes that if the needs of the focal species are 

met, then so will the needs of all other species subject to the same threats. 

 

The focal species approach has been applied to nine sub-catchments in Western 

Australia including Dongolocking (Lambeck 1998), Wallatin Creek (Lambeck 1999; 

Parsons et al. 2003), South Tammin (Frost et al. 1999), Tin Dog Creek/Dowerin 
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Lakes (Frost et al. 1999), Wyalkatchem (Brooker et al. 2001a), Morbinning (Brooker 

et al. 2001b), Gabbi Quoi Quoi (Brooker et al. 2001a), Latham (Brooker et al. 2002), 

and Buntine-Marchagee (Huggett et al. 2004). 

 

The method was originally conceived as applying to all native taxa within a landscape 

and all identified threats within that landscape, but in practice Lambeck (1997) only 

dealt with issues of declining bird species and fragmentation (a reduction in local bird 

species richness resulting from the small size and isolation of remaining habitat).  The 

method of Lambeck has been modified and refined by subsequent workers in field 

applications in the agricultural landscapes on the tablelands of the Australian Capital 

Territory and New South Wales (Freudenberger 1999; Watson et al. 2001) and in 

further catchments in the central wheatbelt of Western Australia (Gabbi Quoi Quoi 

and Morbinning: Brooker et al. 2001a, b; Brooker 2002).  These subsequent 

applications have continued to focus on birds for a range of practical reasons but have 

expanded their scope to include issues of habitat quality as well as fragmentation. 

 

The idea that landscape solutions based on birds would provide solutions for a wide 

range of other taxa is one that has often been acknowledged as needing closer 

examination: 

“The requirements of birds were considered most suited for specifying the 

minimum acceptable area for each patch (habitat) type .... The assumption 

that landscape designs based on the needs of birds will also protect other 

species is one that clearly needs to be tested.” (Lambeck 1998: 61-2). 

 

Subsequent use of the focal species approach and popular accounts of the method 

have tended to gloss over this key assumption.  For example, a recent popular account 

suggests that:  

“.... remnants that are large enough for the most habitat-demanding 

bird species should be large enough for all other species, providing 

other threats in the landscape are also managed.” (Lambeck et al. 

2001). 
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Similar quotes can be found in most publications employing the focal species method.  

Additional examples include:  

“.... previous work in the wheatbelt suggests that some bird species are 

particularly sensitive to habitat loss and have greater requirement for 

habitat area than do other organisms (Lambeck 1999). 

 

“Mammals, for example, are mostly threatened by predation, while 

reptiles, invertebrates and plants are most vulnerable to degradation of 

habitat by stock, weeds, enhanced nutrient levels and chemical drifts from 

adjoining farmland.  This suggests that patches of habitat that are large 

enough for the most area-limited birds are likely to be large enough for all 

other species that persist in the landscape. [Thus] these recommendations 

also encompass the broad habitat needs of other species.” (Frost et al. 

1999). 

This broad and untested extrapolation from birds to other taxa has been one basis for 

recent strong criticism from other scientists (Lindenmayer et al. 2002). 

1.2. The south-west agricultural landscape 

South-west Western Australia is regarded as one of 25 global hotspots of biodiversity 

(Myers et al. 2000) – the area has exceptional endemic plant diversity, which is under 

imminent threat from extensive land clearing for agriculture and the resultant dryland 

salinity that now threatens up to one third of the landscape.  Replacement of the 

original perennial cover of native vegetation with annual crops of wheat, oats, barley 

and canola has put at risk an estimated 450 species of native plant due to rising saline 

water tables (Keighery 2000/01).  Increasing salinisation of watercourses and 

freshwater lakes has resulted in a major loss of fauna from these systems (Keighery et 

al. 2002).  In addition, the agricultural areas of the south-west have lost 43% of the 

complement of native mammals (Kitchener et al. 1980b, Short 1994) due to a 

combination of predation by exotic feral cats and foxes, land clearing, and possibly 

disease (Shortridge 1909, Glauert 1933, Kitchener et al. 1980b, Saunders et al 1991; 

Saunders 1994, Short and Smith 1994). 
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There is widespread acknowledgement of the need to limit further land clearing, 

protect remaining native vegetation, and encourage the replanting of native vegetation 

to reduce salinisation and to benefit of the remaining biota by increasing the 

availability and connectivity of native habitat (Environmental Protection Authority 

1999, State Salinity Council 2000, Yencken and Wilkinson 2000, Australian State of 

the Environment Committee 2001, Department of Environment 2004).  The extent of 

replanting of native vegetation appears to be in part a function of the profitability of 

farming enterprises (which influences the ability to take land out of production), the 

attitudes and values of the farming community (particularly the way they value 

nature), and the alternative land uses or management practices available to them to 

manage threats to on-going production. There are estimates of the need to return a 

large proportion (up to 40%) of the landscape to perennial vegetation to manage 

burgeoning salinity problems (Government of Western Australia 2000, Short and 

McConnell 2001, Department of Environment 2003), offering an opportunity to 

restore substantial areas of native vegetation.  However, this option competes with 

new perennial farming systems (the planting of tree crops such as oil mallee (e.g. 

Eucalyptus loxophleba) or Tagasaste (Chamaecytisus proliferus) or the planting of 

lucerne (Medicago sativa) at low densities under wheat or other crops to lower water 

tables) as well as engineering solutions such as deep channel drainage.  In addition, 

farm profitability is affected by long-term declining terms of trade for agricultural 

products (Mullen 2002, NHT and NLWRA 2002), leaving little discretionary income 

for activities not directly linked to maintaining or enhancing production. 

1.3. Key questions 

This report seeks to test whether the landscape solutions derived from the pattern of 

distribution of birds (and, in particular, the bird or birds most sensitive to habitat area) 

will meet the spatial needs of other taxa.  Our work has focused on mammals 

(particularly species that fall outside the critical weight range of Burbidge and 

McKenzies 1989) and reptiles. 

 

Key questions include: 

• Are there vertebrates persisting in the Western Australian wheatbelt, other 

than birds, that are area limited? 
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• If so, are their needs for area encapsulated within that of the most area-limited 

birds persisting in the landscape? 

• Does managing the landscape for a focal bird or a suite of focal birds generate 

a solution applicable to other vertebrates? 

• How feasible is it to determine the most threatened species to a particular 

threat within the avifauna? 

• Does the avifauna display “nestedness” across a gradient of increasing threat? 

 

This report is divided into four discrete sections: 

• The first section describes the focal species approach, the environment of 

south-west Western Australia in which it was developed, and defines the scope 

of this report; 

• The second section reviews the Australian focal species literature to establish 

the broad conceptual framework developed by Lambeck (1997), his field 

applications of the method (Lambeck 1998, 1999, Frost et al. 1999), 

refinements by subsequent workers (Brooker (2001a, b, 2002) in Western 

Australia and Freudenberger (1999) and Watson et al. (2000) in eastern 

Australia), and their field application.  It also considers the critiques of the 

method and its applications by Lindenmayer et al. (2002) and Lindenmayer 

and Fischer (2003) and the responses of practitioners. 

• The third section looks at three tests of the methodology. 

• The fourth section reviews the issues in the light of current findings and 

examines alternative approaches to landscape design in the Western Australian 

wheatbelt. 

 

This study is Component 3 in a series of three reports prepared under Project CSE9 – 

Testing approaches to landscape design in cropping lands.  Components 1 (Huggett 

et al. 2004: Landscape design for bird conservation in the Buntine-Marchagee 

Catchment, Western Australia) and 2 (Brooker and Lefroy 2004: Habitat 

neighbourhoods for conserving viable populations of birds) are reported separately. 
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2. APPLICATION OF THE FOCAL SPECIES 
METHODOLOGY 

 

The Australian literature on the focal species approach can be broadly categorised 

according to the schema of Figure 1.  The conceptual or philosophical framework of 

the approach was defined in an essay in Conservation Biology (Lambeck 1997) and 

initial applications of the approach were to landscape designs in several sub-

catchments in the Western Australian wheatbelt (Lambeck 1998, Lambeck 1999, 

Frost et al. 1999).  The approach was criticised strongly on a range of grounds by 

Lindenmayer et al. (2002), and Lambeck (2002) responded to those criticisms. 

 

Figure 1: A schematic history of the focal species approach 

 
 

Freudenberger (1999: see also Watson et al. 2001) applied the method to the 

variegated landscapes of eastern Australia, while Brooker (2001a, b and 2002) applied 

the method to two further sub-catchments in the wheatbelt of Western Australia.  Both 

groups introduced a range of methodological changes but retained the core conceptual 

framework of the approach. 

 

Their use of the method was strongly criticised by Lindenmayer and Fischer (2003) in 

a second critique.  Their title posed the question: is the focal species approach “sound 

science or [a] social hook”?  They concluded that it may indeed be an effective 

“hook” to capture the interest of the farming community.  The lingering implication, 

however, was that this was not sound science.  Freudenberger and Brooker (2004) 
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responded, summarising the history of application, and a wide range of changes in 

methodology.  They concluded that the focal species approach was a useful starting 

point for nature conservation and should be one of many tools needed to prioritise and 

guide conservation efforts at a range of scales. 

 

The focal species approach has the dubious scientific distinction of having more 

review papers, summary papers and critiques than primary data papers.  Much of the 

field application (the data) is in the grey literature and has not been subject to peer 

review.  This section of the report attempts to summarise the field applications of the 

focal species approach.  It also summarises the key arguments of the chief critics of 

the approach. 

2.1. Application of the concept in Western Australia 

2.1.1. Wallatin Creek sub-catchment (Lambeck 1999) 

The focal species approach was first applied in Wallatin Creek sub-catchment, 190 

km east of Perth.  This sub-catchment is c. 26,000 ha with 7.4% retained vegetation 

and contains 19 farming properties.  The analysis used bird presence/absence data 

from all bushland remnants existing in the catchment.  Experts classified species from 

a range of taxa as “at risk”.  This included 19 bird species, two mammal species, five 

reptile species, 12 invertebrate species, and 11 plant species.   

 

These species were partitioned by perceived threat with only species requiring habitat 

reconstruction included in subsequent landscape analyses.  Mammals were excluded 

from analysis as they were considered to be limited by fox predation, and reptiles by 

habitat loss, degradation and by predation.  Rare plants were managed by the 

Department of Conservation and Land Management (CALM), and habitat was not 

perceived to be an immediate issue.  Therefore, birds and invertebrates were the only 

taxa to be considered further.  

 

Invertebrates (although considered to be area limited) were excluded from analysis 

due to the perception that they were limited by a shortage of microhabitat 

requirements within broad habitat categories, which were therefore a subset of the 

requirements of birds.  Farm birds, migratory species, nocturnal species, vagrants and 
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species at the margins of their distribution were not considered.  Perceived threats to 

avifauna addressed by subsequent analyses were as follows: 

1. Insufficient habitat (area limited); 

2. Habitat isolation (dispersal limited); and 

3. Resource limitation. 

Eleven bird species were considered area-limited, five species potentially dispersal-

limited, and three species predation-limited (Lambeck 1999: 82).  Three of the eleven 

species (Southern Scrub-robin, Rufous Fieldwren, and Shy Heathwren) were regarded 

as vulnerable to all three threats. 

 

To address the first threat of insufficient habitat, expansion of all patches to a 

minimum size varying from 23 ha for woodland patches to 25 ha for heath, shrub and 

mallee patches was recommended.  These sizes were based on the minimum area of 

remnant vegetation in which the species were observed (Table 1).  The configuration 

of habitat expansion was determined using GIS routines whereby all patches that were 

below minimum size (61 of 113) were enlarged up to the threshold with the area of 

expanded vegetation placed on appropriate soil types.  The implementation of this 

recommendation would have resulted in an expansion in the amount of native habitat 

in the catchment from 1,925 ha (7.4% of the catchment) to 3,047 ha (11.7%). 

 

Table 1: Identified focal species for patch area at Wallatin Creek. 

Species Threat Recommended 
minimum area 

Jacky Winter Insufficient woodland habitat 23 ha 
Varied Sittella Insufficient woodland habitat 23 ha 
Shy Heathwren Insufficient shrubland/mallee 

habitat 
25 ha 

Rufous Fieldwren Insufficient shrubland/heathland 
habitat 

25 ha 

 

Habitat isolation was calculated as distance to the nearest patch greater than 20 ha 

(Cale 1994).  Several species were considered sensitive to this threat (e.g. Western 

Yellow Robin).  However, others were unable to be modelled due to a lack of data 

(e.g. Shy Heathwren).  No specific corridor recommendations were made in this 

application as they were “unlikely…to be feasible in the short term”.  General 
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guidelines for corridor width were included (> 50 m width for heath, > 60 m width for 

woodland) and these were seemingly determined by expert opinion. 

 

The threat of resource limitation was addressed by recommending that patches of 

mallee eucalypt, Banksia, and Astroloma be planted.  This recommendation did not 

specify a minimum size and no analyses were conducted to quantify species 

sensitivity to this threat. 

 

2.1.2. Dongolocking (Beecham et al. 1998 and Lambeck 1998). 

The second application of the focal species approach was conducted in the 

Dongolocking study area in the southern wheatbelt, 200 km south-east of Perth.  This 

sub-catchment is c. 29,000 ha with 18% retained vegetation and contains 21 

landholders.  The analysis used bird presence/absence data from 70 “selected” 

remnants within the study area.  Work throughout the wheatbelt prior to this study 

suggested that at least 30 bird species were decreasing in number (Saunders and 

Ingram 1995). 

 

As in the previous application at Wallatin Creek, only environmental threats relevant 

to avifauna were addressed at Dongolocking.  More specifically, only two threats 

were considered: insufficient habitat was assessed by focal species analysis and 

habitat isolation was addressed via general principles. 

 

A list of thirty five “potential focal species” (those species detected in less than 20% 

of remnants) was reduced to 14 species.   Species sensitive to predation by feral 

animals (e.g. Bush Stone-curlew), birds with large territories (raptors), regional 

nomads, and rare species were excluded.  Remaining species were assigned habitat 

preferences using expert opinion.  Their requirements were quantified using 

histograms (by calculating the number of occupied remnants in area class x, dividing 

by the total number of remnants in area class x and converting to a percentage by 

multiplying by 100). Area classes were chosen arbitrarily and sample size was 

limiting.  Threshold values were set at 60% occupancy.  From Figure 2 it can be seen 

that using this method, the minimum patch size required for a White-eared 

Honeyeater or Jacky Winter would be 50 ha. 
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Table 2: Identified focal species for patch area at Dongolocking 

 

Woodland 
(area required > 50 ha) 

Shrubland 
(area required > 15 ha)

Heathland 
(area required > 15 ha) 

White-eared Honeyeater Western Thornbill White-browed Scrubwren 
Restless Flycatcher Southern Scrub-robin White-cheeked Honeyeater 
Jacky Winter  Tawny-crowned Honeyeater 
Golden Whistler  Shy Heathwren 
  Western Thornbill 

Figure 2: The pattern of patch occupancy by two woodland focal species at 
Dongolocking: White-eared Honeyeater and Jacky Winter (data from Lambeck 
1998). 
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A recommendation was made to expand all patches > 2 ha to greater than the 

recommended size of 15 ha if shrubland or heathland, and 50 ha if woodland.  This 

wou   

pat s

revegetation was perceived to be “excessive and unlikely to be implemented”, hence a 

econd recommendation was offered that required less revegetation.  This required 

ld create an additional 186 patches of woodland, 13 patches of shrubland, and 21

che  of heathland – 7,509 ha of additional habitat.  However, this scale of 

s

expanding only those patches currently > 5 ha.  This “solution” gave 86 additional 

patches for a total additional area of 3,026 ha. 
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The Dongolocking study utilised birds as its taxa of choice for connectivity analysis 

recommendations were made.  In the absence of empirical data, general 

uidelines were given such as: 

n. 

erin Lakes/Tin Dog Creek and 

outh Tammin catchments largely follows that of the previous two (Wallatin Creek 

 
The isolation of habitat was not analysed in this application of the focal species 

approach as “work at Kellerberrin indicated that isolation was not the primary 

problem for birds in that landscape”.  However, in the production of landscape 

designs, extensive linkages between remnants were included.  The same general 

guidelines given for Dongolocking were offered in this study also.  Remnants, 

because “although birds are not necessarily the most dispersal-limited group, they are 

the most cost-effective group to use”.  However, upon conducting the analysis, it was 

found that birds did not have a significant relationship with patch isolation and so no 

specific 

g

• Joining up remnants, particularly major reserves, with high quality corridors. 

• Constructing corridors with a width of greater than 40 m and preferably 

greater than 100 m. 

 

Decisions regarding how large patches should be, how wide corridors should be, and 

which animal is sensitive to which threat were all answered using expert opinio

 

2.1.3. Dowerin Lakes/Tin Dog Creek and South Tammin (Frost et al. 1999). 

The Dowerin Lakes/Tin Dog Creek sub-catchments cover 25,400 ha and have an area 

of approximately 1,717 ha of native vegetation (6.8% of the sub-catchments).  The 

South Tammin sub-catchment is 29,000 ha and has 2,364 ha of native vegetation 

(8.2%). 

 

The application of the focal species approach in Dow

S

and Dongolocking).  One key difference between this application and its predecessors 

is that it included generalist species and therefore made recommendations for 

minimum remnant sizes in addition to patch sizes.  This application also used a 

different threshold when setting its minimum sizes (namely 50% occurrence). 
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particularly major reserves, should be joined with high quality corridors with widths 

being at least 40 m and preferably greater than 100 m. 

 

Plate 1: (clockwise from top left):  Southern Scrub-robin, a focal species for 
shrubland habitat in Dowerin Lakes/Tin Dog Creek catchment; Redthroat, a 
focal species for heathland habitat in Dowerin Lakes/Tin Dog Creek catchment 
(photo courtesy Bert and Babs Wells, CALM); and Varied Sittella, a focal 
species for woodland habitat in Dowerin Lakes/Tin Dog Creek catchment. 
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Table 3: Selected “species that are potentially at risk” at South Tammin and 
Dowerin/Tin Dog Creek for each habitat type and the area of habitat required if 
they are to have a 50% probability of occurrence (adapted from Frost et al. 
1999). Note that they are identified via the “focal species planning procedure”. 

Woodland 
species 

Area 
(ha) 

Shrubland species Area 
(ha) 

Heathland 
species 

Area 
(ha) 

Varied Sittella > 50 Southern Scrub-
robin 

> 50 Redthroat > 100 

White-eared 
Honeyeater 

> 20 Western Yellow 
Robin 

> 50 Shy Heathwren > 50 

Rufous Whistler > 20 Spiny-cheeked 
Honeyeater 

> 50 Rufous 
Fieldwren 

> 50 

 

2.1.4. Gabbi Quoi Quoi and Morbinning (Brooker et al. 2001a and b, 2002) 

Brooker et al. (2001a, b; 2002) applied the focal species methodology in two sub-

catchments in the central wheatbelt of Western Australian.  Gabbi Quoi Quoi has 

about 14% retained natural vegetation and Morbinning has 16%. 

 

They retained the conceptual framework of the methodology but made substantial 

changes to the implementation and analysis.  The major attributes retained were: 

• The conceptual framework of ranking species by vulnerability to particular 

threats; 

• Use of expert opinion to determine the pool of species likely to subject to a 

particular threat; 

• Focus on similar threats: insufficient habitat size (remnant area, habitat area) 

and isolation of habitat, lack of habitat connectivity and degradation of habitat 

(remnant condition); 

• Survey of birds only, citing their large home ranges relative to other taxa such 

as reptiles, frogs, and invertebrates, their charismatic nature, as well as the 

reasons of Freudenberger (1999): they were abundant, relatively easy to 

survey, mobile, and were at the top of the food chain; and 

• Calculated “threshold” values for habitat and remnant area for use in 

subsequent landscape designs. 

 

Major modifications to Lambeck’s (1998, 1999) methods for determining the focal 

species for a particular threat as well as subsequent application to landscape design 

included: 
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• The aggregation of results from seven catchments to address the issue of data 

paucity to some degree, however many species were still excluded from 

analysis for this reason; 

• Use of logistic regressions to establish probability of occurrence rather than 

histograms;  

• Use of a 10% “threshold” rather than the 40-60% values used by Lambeck to 

establish minimum patch sizes and isolation distances; 

• The use of a different mix of habitats as limiting areas (woodland and 

heath/shrub/mallee as well as overall remnant area for habitat generalists); 

• Use of a slightly different pool of birds (“resident land birds”) and a different 

method of choosing them (i.e. species identified as decliners by Saunders and 

Ingram (1995), omitting farmland birds, strict water birds, exotic species and 

most nocturnal birds); 

• Use of a different measure of isolation (distance to nearest occupied remnant); 

• A different definition of focal species (ALL species showing a significant 

relationship to the threatening process rather than the most threatened).  This 

gave a “focal community” rather than a focal species; 

• Abandoning the procedure of expanding every patch to the nominated 

threshold.  Patches greater than the threshold became core habitat to build 

upon; 

• Abandoning the prescriptive approach to how much habitat expansion was 

required and focusing on the location of potential replanting (“most beneficial 

areas”); 

• Placing a greater emphasis on corridors rather than habitat expansion; 

• Provision of a method of prioritising corridors within habitat 

“neighbourhoods” using a spatially explicit dispersal model; and 

• The use of habitat quality as another threatening process to prioritise remnants 

for protection is used for the first time in a Western Australian study. 

 

Species identified as focal species for area and isolation are given in Table 4. 
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Table 4: Species identified as focal species at Gabbi Quoi Quoi, the threatening 
process and the 10% probability of occurrence in 458 remnants over seven 
catchments (Brooker et al. 2001a, b, Brooker 2002).  “Critical focal species” 
identified by Brooker are shown in bold. 
 

Threat Focal Species 

Woodland area Varied Sittella (30 ha) 

 Grey Currawong (20 ha) 

 Brown-headed Honeyeater (10 ha) 

 Red-capped Robin (10 ha) 

 Weebill (10 ha) 

 Red Wattlebird (10 ha) 

Woodland isolation Varied Sittella (4 km) 
 Red-capped Robin (5.3 km) 

Heath/shrub/mallee area Redthroat (10 ha) 
 Crested Bellbird (10 ha) 
 Inland Thornbill (10 ha) 

 White-browed Babbler (10 ha) 

 Blue-breasted Fairy-wren (10 ha) 

Heath/shrub/mallee isolation Redthroat (3 km) 
 Blue-breasted Fairy-wren (3.3 km) 

Remnant area White-eared Honeyeater (20 ha) 
 Red-capped Robin (10 ha) 

 Chestnut-rumped Thornbill (1 ha) 

 Grey Butcherbird (1 ha) 

 Grey Shrike-thrush (1 ha) 

 Rufous Whistler (1 ha) 

 Brown Honeyeater (1 ha) 

 Common Bronzewing (1 ha) 
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Plate 2: White-eared Honeyeater (left) and Jacky Winter (right) were both 
habitat generalists listed as focal species for remnant area in Gabbi Quoi Quoi 
and Morbinning sub-catchments respectively (Brooker 2001a, b).  Photos 
courtesy Bert and Babs Wells, CALM. 
 

  
 

 

2.1.5. Methodological issues – Western Australia 

The application of the focal species approach has altered dramatically since first use 

(Table 5) and this has been driven largely by internal development by practitioners.  

These changes have focused largely on methodology rather than the conceptual 

framework of the approach.  These changes are summarised here as they are distinct 

from the perceived conceptual shortcomings documented by external reviewers and 

summarised in Section 2.3. 

 

The study at Wallatin Creek was the first time the focal species approach had been 

applied to a landscape and therefore the methodology had a number of areas that 

required further refinement.  First, a lack of data for many bird species seemed to 

hinder the ability of researchers to develop robust estimates of minimum patch size 

and isolation distances.  Sample sizes for many birds were as small as two presence 

points and therefore a meaningful relationship was virtually impossible to detect.  

Thresholds were also inaccurate because patch area was analysed as a categorical 

variable (i.e. remnants were assigned to arbitrary size classes) rather than as a 

continuous variable. 

 

In addition, key details of methodology were lacking in the report making 

interpretation and evaluation difficult.  For example, no information is provided on: 

what constituted a “patch”, despite this being the fundamental unit of measurement; 
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how many remnants were surveyed; when and how remnants were surveyed; 

occurrence of birds by remnants; or the method of apportioning birds to patches from 

a survey of remnants. 

 

A “patch” could be either an aggregation of all areas of one vegetation association 

within a remnant or, alternatively, each discrete area of a particular vegetation 

association.  The latter is suggested by the map of habitat expansion (Lambeck 1999: 

Figure 11) where as many as 15 patch expansions of three vegetation associations are 

added to a single remnant.  However, this interpretation suggests that a single species 

list for this remnant has been used to provide as many as 15 data points for subsequent 

analysis. 

 

An issue with Wallatin Creek that re-surfaced in the Dongolocking application was 

that no bird species were analysed as generalists.  All species were deemed to favour 

one of three particular habitats (woodland, shrubland or heathland) and only patch 

size was used in analysis as opposed to patch and remnant size.  In reality, many birds 

are remnant-dependant generalist species and therefore remnant size would be the 

most important factor. 

 

The Dongolocking study has similar ambiguity over the definition of patch size and 

whether the definition of patch changes from the analysis stage (combined area of all 

discrete areas of one habitat type within a patch) and the landscape design stage (any 

discrete area of one habitat type).   

 

The application of the focal species approach in Dowerin Lakes/Tin Dog Creek and 

South Tammin catchments largely follows that of the previous two (Wallatin Creek 

and Dongolocking).  However, a different threshold of habitat area was used (namely 

50% occurrence of species in remnants).  No justification was given for the change in 

threshold value from previous studies. 

 

However, the question of “which bird is sensitive to which threat?” was still not 

adequately addressed as some bird species were presented as both generalists and 

habitat specialists.  In the case of the Spiny-cheeked Honeyeater, this bird was 
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analysed as a generalist, a shrubland specialist and a heathland specialist.  No explicit 

method is given for assigning species to habitat type. 

 

The landscape design resulting from the focal species analysis at South Tammin and 

Dowerin/Tin Dog Creek, while retaining essentially the same methodology, advocated 

a substantially different landscape design.  The design included extensive linkages 

between remnants.  This appears to be largely due to the greater involvement of local 

landholders in the design process, rather than the design being driven largely by the 

focal species methodology and the researchers (Dilworth et al. 2000).  “The ideal 

biodiversity scenario needed to be modified by the pragmatic needs of farm 

management and resource constraints ….. landholders recognised that the resources 

are simply not available to achieve the ideal outcomes in the medium term.” 

(Dilworth et al. 2000: 173). 

 

Brooker (Brooker et al. 2001a, b; Brooker 2002) initiated major changes to the focal 

species methodology in her work at Gabbi Quoi Quoi and Morbinning.  Although 

significant improvements were made to the focal species methodology, several 

problems still persisted.  Insufficient data was still a factor, with many bird species 

being excluded from use in the generalised linear models as at least ten presences 

were deemed necessary to derive a meaningful relationship between parameters.  

Even utilising a combined dataset from seven catchments, 15 out of 42 focal species 

candidates were excluded due to lack of data. 

 

The arbitrary nature of thresholds of habitat requirement observed in previous 

applications was still evident in this study.  The justification for the change in 

threshold from 40-50% to 10% appeared weak.  This was explained at a later date by 

Freudenberger and Brooker (2004: 261): “The rationale for using this low 10% 

probability level was to enable the identification of all vegetation with potential value, 

even if that value is at present small”.  Logistic regressions gave a curvilinear 

relationship with no clear thresholds further emphasising the arbitrary nature of the 

choice. 

 

The classification of bird species by habitat and the consequent assignment of threat 

(lack of a particular habitat) remained a persistent problem.  For example, in the 
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Gabbi Quoi Quoi and Morbinning analyses, the Red-capped Robin was analysed as 

both a woodland specialist and a generalist.  In the application at Dowerin/Tin Dog 

Creek and South Tammin, species were also analysed for multiple habitats. 

 

In addition to analysing bird species for multiple habitat types or threats within 

studies, the classification of bird species seemed to vary between studies, indicating 

that the authors were not sure which bird was susceptible to what threat.  Examples 

include the Western Yellow Robin and White-eared Honeyeater (classified as 

generalists and shrubland specialists), and the Rufous Whistler (classified as a 

shrubland specialist and a generalist). 

 

The application of the focal species approach in Gabbi Quoi Quoi and Morbinning 

focused exclusively on a select subset of avifauna, in a similar manner to earlier 

studies, but Brooker did identify the need for this method to be tested on other taxa.  

Birds were used because “they were abundant, relatively easy to survey, mobile, and 

were at the top of the food chain”, but in contrast to previous studies, Brooker (2002) 

stated that “we assume only that the habitat requirements of the focal bird community 

will meed the needs of the entire bird community”.  Previous applications have 

claimed that ALL species sensitive to a given threat regardless of taxa will be catered 

for by actions devised for the most sensitive bird species sensitive to that threat. 

 

All of the focal species studies conducted in Western Australia shared a common 

problem in that all bird data was collected for each remnant but analyses were 

conducted at a patch scale.  This means that birds were assumed to have occurred in 

habitat patches as opposed to actually being recorded in them.  These assumptions 

were based on species’ habitat preferences as defined by expert opinion at the 

beginning of each study.  Adding to the uncertainty, the assignment of birds to 

specific categories was not constant among all studies, highlighting the shortcomings 

of this approach. 
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2.2. First application of the concept in eastern Australia 

2.2.1. ACT/NSW  (Freudenburger 1999, Watson et al. 2001). 

The usefulness of the focal species approach was tested also in eastern Australia.  A 

project was conducted in the variegated landscapes of the ACT/NSW region with bird 

survey data from 72 woodland remnants of varying age, condition and isolation.  Data 

(species-remnant matrix) was a compilation of results of autumn observations of birds 

from six different sources and from different years and time periods. 

 

In this project, only woodland vegetation was considered so there was no need to 

allocate habitat preferences to specific bird species.  Three threats were assessed: 

• Insufficient habitat (habitat area); 

• Habitat modification (habitat complexity); and 

• Habitat isolation. 

 

In contrast to the projects conducted in Gabbi Quoi Quoi and Morbinning, isolation 

was not a species-specific measure.  It was calculated as the average distance to the 

nearest five remnants that were greater than 0.5 hectares in size. 

 

This study did not acknowledge that other taxa may need to be analysed separately to 

gain an appreciation of the landscape requirements.  Freudenberger (1999: 4) stated 

that “It is assumed that because the most demanding species are selected, a landscape 

designed and managed to meet their needs will encompass the requirements of all 

other species.”  This statement is restated with slight variations on p 6 (“it is assumed 

that the habitat requirements of focal birds will encompass the needs of a wide range 

of other biota”) and on p 12 (“the assumption is that the needs of the focal species will 

encompass the landscape and habitat requirements of all other species”).  There is no 

mention of the possibility that other taxa such as mammals and reptiles may be more 

sensitive to the threats mentioned. 

 

One strength of this project is that it analysed threats using multiple regression models 

to determine the response of bird species to threats.  Another was the incorporation of 

habitat quality into the analysis for the first time.  This method investigated also 
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whether there was any significant interaction between parameters (area, isolation and 

habitat quality); an element that was absent from all of the focal species studies from 

Western Australia. 

 

Area and structural complexity had strong influence on species numbers in remnants.  

Isolation had no significant impact.  From analysis, it was determined that the Hooded 

Robin required woodland remnants to be at least 100 ha in size and with high habitat 

quality.  However, this was not deemed achievable in the landscape so a less sensitive 

threshold of 10 ha was chosen, this being the area able to support a suite of 

“moderately sensitive” birds.  The minimum size of 10 ha was considered more 

appropriate and achievable goal for revegetation actions over a three-year time frame.  

The Rufous Whistler was chosen as an “intermediate focal species” with an area 

requirement of about 10 ha and only moderate habitat complexity. 

 

No specific or objective reason is given for the choice of the Rufous Whistler as the 

intermediate focal species.  It occupied three remnants below 10 ha, the smallest being 

c. 9 ha.  A number of other species appeared to have similar or more demanding 

requirements for area as assessed by the minimum size of remnant occupied  These 

species included the Noisy Miner (only one occupied remnant below c. 20 ha at c. 7 

ha), Eastern Yellow Robin (two occupied remnants below 200 ha; however both these 

at c. 6 ha), Jacky Winter (one occupied remnant below 10 ha at c. 9 ha), Yellow 

Thornbill (no occupied remnants below c. 15 ha), Speckled Warbler (two occupied 

remnants at c. 10 ha), Varied Sittella (one occupied remnant at c. 10 ha), Brown 

Treecreeper (one occupied remnant below 10 ha at c. 9 ha), and Double-barred Finch 

(no occupied remnants below c. 15 ha). 
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Plate 3: The habitat requirements of the Rufous Whistler (pictured below) were 
used to provide an “intermediate threshold” for the reconstruction of woodland 
habitat (Freudenberger 1999).  Photo courtesy Bert and Babs Wells, CALM. 

 
 

This application of the focal species approach chose to use birds as they were seen to 

be relatively abundant, easy to survey and occurred at a scale that was appropriate for 

landscape planning.  Avifauna were chosen also as many birds sit towards the top of 

the food chain.  However, of six threatened bird species that occur in the ACT (Brown 

Treecreeper, Hooded Robin, Painted Honeyeater, Regent Honeyeater, Swift Parrot, 

and Superb Parrot), only three are insectivorous or substantially so.  Both the Swift 

Parrot and the Painted Honeyeater are primarily nectarivores (Swift Parrot Recovery 

Team 2000, Oliver et al. 2003), while the Superb Parrot feeds on seed and eucalypt 

blossom (Frith 1976).  Hence they sit relatively low on the food chain. 

 

Of the six threatened species mentioned above, only two were actually recorded 

within the study area.  This may, in part, be because the survey data was only from a 

single non-breeding season, and in part due to the fact that the Swift Parrot is 

migratory and both the Regent and Painted Honeyeaters are resource-tracking 

nomads. 
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 Table 5: Summary of key methodologies and recommendations from key focal species studies. 

Study area Author/date Patch subdivision Threshold patch 
size 

Pool of bird species Measure of 
isolation 

Recommendations for 
corridors 

Wallatin 
Creek 

Lambeck (1999) • woodland 
• shrubland / mallee 
• scrub/heath 

smallest patch 
occupied 

Species considered at risk by 
experts (19); more liberal than 
Brooker (2001a, b) as includes 
those not strictly resident 

Distance to nearest 
occupied habitat 
patch > 20 ha 

Width of 30 m if heath; 60 m if 
woodland to act as habitat 

Dongolocking  Lambeck (1998) • woodland 
• shrubland 
• heathland 

60% probability of 
occupancy in a pre-
determined size class 
using histograms 

Species in < 20% of remnants with 
suitable habitat; excluded 
nocturnal, ground-nesting, large 
territories, birds not sighted, and 
regional nomads 

Mean distance to 
nearest five 
woodland patches 
> 5 ha 

Should exceed 40 m in width 
between remnants, 100 m 
between larger remnants or 
patches with vulnerable species 

Dowerin, Tin 
Dog Creek, 
South 
Tammin 

Frost et al. (1999) • woodland 
• shrubland 
• heathland 
• remnant area 

50% probability of 
occurrence in a pre-
determined size class 
using histograms 

Priority species (those likely to be 
lost from catchment if no action), 
excluded remnant dependent 
species, farmland species, raptors, 
water birds and vagrants 

Distance to nearest 
habitat patch > 20 
ha (set by species 
from size 
threshold?) 

Ideally > 100 m wide for 
woodland species; more than 60 
m wide for shrub and heath 
species 

ACT/NSW Freudenberger (1999) • woodland smallest patch size 
typically occupied by 
a suite of moderately 
sensitive bird species, 
particularly Rufous 
Whistler 

All “woodland birds” Average distance 
to the nearest 5 
patches of 
woodland > 0.5 ha 

> 25 m wide 

Gabbi Quoi 
Quoi, 
Morbinning 

Brooker (2001a and 
b) 

• woodland 
• heath/shrub/mallee 
• remnant area 

10% probability of 
occurrence using 
logistic regressions 

Strictly resident species identified 
as decliners; excludes farmland 
and nocturnal species and species 
with insufficient data  

Distance to nearest 
occupied remnant 

Priority locations specified, 
rather than width 
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2.3. Critiques of the focal species approach 

2.3.1. Key criticisms of the focal species approach 

There has been much debate about the usefulness and validity of the focal species 

approach as a conservation tool since its initial application in Wallatin Creek 

(Lambeck 1999).  These criticisms focus on a range of issues including its inability to 

cater for multiple taxa, multiple scales, and multiple threats.  Many key criticisms 

have been raised by Lindenmayer et al. (2002) and Lindenmayer and Fischer (2003).  

This section attempts to summarise those criticisms and outline the responses of 

practitioners to them. 

 

Lindenmayer et al. (2002) raised several concerns about using the focal species 

approach to guide landscape restoration efforts.  These are summarised below: 

1) The failure of taxon based surrogate schemes 

Lindenmayer argues that one or several key species within a community cannot be 

used to represent the needs of the rest of the community as the effects of landscape 

change and fragmentation can vary among species.  Even when closely related, 

species have been shown to respond differently to the same threats (or the abatement 

thereof).  This problem has been avoided in applications of the focal species approach 

as they focus on avifauna only.  This taxon may not be a good surrogate for other 

vertebrates such as mammals, reptiles and amphibians.  Birds were perceived to be 

different because of their high mobility and because they were endotherms (and 

therefore likely to have very specific microhabitat requirements).  They concluded 

“there is no sound ecological theory which reasonably leads us to expect that all taxa 

occurring in a given region would respond in the same way to environmental 

conditions, including … landscape restoration” 

2) Problems in identifying the species most affected by threatening processes and 

their interactions 

Identifying the species that is most sensitive to a particular threat is an extremely 

complex task in that it requires the identification of all threats operating in the 

landscape.  Application of the focal species approach typically focuses on one or two 
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threats only, and so does not satisfy this requirement.  The focal species concept also 

requires that researchers have an understanding of the ecology of all organisms 

present within the study area.  Taxonomic bias and an incomplete knowledge of 

species ecology suggest that only well-studied, relatively abundant species would ever 

be suitable for this kind of analysis.  Many taxa may not lend themselves to study and 

therefore their sensitivity to threats may be difficult to ascertain.  In practice, the 

application of the focal species concept is data-hungry, which is perhaps the reason 

for Caro’s (2002) view of the Lambeck’s “focal species” as an “onerous concept”. 

3) The implicit assumption of nestedness 

It was recognised also that the focal species concept contained within it, the implicit 

assumption that species responses to a particular threat would be nested.  For 

example, “species-poor small fragments should support assemblages of species that 

are subsets of larger species-rich fragments” (Doak and Mills 1994).  This assumption 

is not necessarily satisfied in reality and had not been addressed in any of the focal 

species applications mentioned in section 2.1 or 2.2. 

 

Lindenmayer et al. (2002) discussed several other issues related to the focal species 

approach including: 

• The difficulty in dealing with interactions between threatening processes; 

• The failure to account for spatial scale, temporal scale, and population 

viability (this is the subject of Component 2 of this study); 

• The problem of falsification of the underlying theory of focal species; 

• The failure to address the social, economic, and political trade-offs required; 

• The potential to underestimate the conservation value of small remnants; and 

• The use of the method in variegated landscapes where remnants are poorly 

defined and the matrix between remaining remnants is relatively amenable to 

movements of fauna (such as the study of Watson et al. 2001). 

 

Lindenmayer et al. (2002) expressed concern regarding the “uncritical adoption” of 

the focal species approach to restore landscapes as it may “lead land managers to 
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assume incorrectly that all other elements of the biota have been conserved” 

(Lindenmayer et al. 2002: 339).  One recommendation was to “test the theory that 

underpins the focal-species approach by determining if strategies to restore landscapes 

for a selected set of taxa are also effective for conserving the rest of the biota” 

(Lindenmayer et al. 2002: 343). 

 

2.3.2. Lambeck’s response to the critiques 

Lambeck (2002) responded to the critique of Lindenmayer et al. (2002) by making the 

following points: 

• The failure of one or several taxon-based surrogate schemes does not mean all 

will fail.  Lindenmayer et al.’s (2002) examples were largely based on single 

species being used to account for the needs of all other species without regard 

for threatening processes; 

• The focal species approach does not rely on the nested occurrence of species; 

• The focal species approach does not require that threatening processes operate 

independently; 

• Population viability was an acknowledged limitation of the approach and is 

common to other approaches to landscape restoration such as those proposed 

by Lindenmayer et al. (2002); 

• All methods suffer from inadequate data and the only alternative is to retreat to 

general principles.  We need to “do the best we can with incomplete data”; 

• Issues of trade-offs with other objectives are not relevant. 

 

2.3.3. Freudenberger and Brooker’s response to the critiques 

Freudenberger and Brooker (2004) claimed the focal species approach, while 

requiring “an exhaustive analysis of all threatening processes within a given 

landscape” as well as “knowledge of how a wide range of taxa (e.g. plants, 

invertebrates, and vertebrates) respond to each of these threatening processes”, could 

avoid such onerous demands by focusing on a “partial application” (typically birds 

and fragmentation) supplemented by expert opinion on other threatening processes.  

They believed that the data requirements of the focal species approach were not 

different in kind to that of any other methodology and could largely be met by 

aggregating data (pooling across catchments: the approach of Brooker 2002). 
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They appeared to acknowledge shortcomings in conceptual framework and 

methodology by emphasising the immediacy of demand for landscape solutions that 

required a quick answer “rather than final delivery of a detailed and rigorous design” 

(Freudenberger and Brooker 2004: 265).  They emphasise that this approach is “better 

than general principles” (p 270), providing “locally relevant landscape thresholds or 

design parameters”. 

 

They acknowledged that their recommendations for revegetation and management 

could only be claimed to benefit their target group, even though other groups may 

potentially benefit.  Presumably, this refers to sedentary woodland and shrubland 

birds subject to the threat of fragmentation and declining habitat quality.  Hence, they 

have substantially moderated past claims of the broad applicability of landscape 

designs based on birds to meeting the needs of all other taxa threatened by the same 

process. 

 

They advocate the expansion of the focal species approach “to other threatening 

processes such as predation by exotic animals (e.g. foxes and cats), rising water tables 

due to altered hydrology, changes in fire frequency, weed invasion, or agri-chemical 

drift into remnant patches”.  They appeared to miss the irony that researchers and 

managers working on predation as a threatening processes have achieved substantial 

on-ground benefits that are far in excess of anything currently achieved through 

landscape design without the need for focal species analysis. Indeed, one of the 

pivotal studies in managing predation as a threatening process (Kinnear et al. 1988) 

was conducted within a couple of kilometres of Lambeck’s (1999) Wallatin study 

area. 

 

Freudenberger and Brooker (2004) are largely dismissive of criticisms of lack of 

independence of threatening processes.  They believe that this perceived problem is 

recognised and dealt with in analyses by Watson et al. (2001) and Brooker (2002).  

However, this ignores the fact that “thresholds” in all the Western Australian studies 

have been set by univariate analysis. 
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There remains doubt about the need for “nestedness’ in species responses to a 

particular threat.  Freudenberger and Brooker (2004) emphasise that only species 

vulnerable to a particular threat should form a nested hierarchy with respect to that 

threat.  This is because the focal species is not an umbrella for all other species - only 

for species similarly threatened. 

 

They claim that the focal species “thresholds have been developed in a transparent 

fashion” (p 270); although acknowledging that perhaps too much emphasis has been 

placed on defining thresholds such as minimum patch size, given that these are 

continuous rather than stepped functions. 

 

Freudenberger and Brooker (2004) conclude that focal species designs are “a useful 

starting point for nature conservation”.  However, while we accept the pragmatic 

element of this view, we are bemused that they appear to miss the fact that this 

contravenes the logic and rationale of the focal species methodology.  The 

implementation of a focal species design, by definition, should meet the needs of all 

species subject to the particular threat, not simply be a “starting point”. 

 

Both Lindenmayer and Fischer (2003) and Freudenberger and Brooker (2004) appear 

to agree on at least one aspect of the focal species methodology.  It is a ‘social hook’, 

providing a method for engaging with farmers.  Freudenberger and Brooker (2004) 

see the method as a useful tool “for communicating the unlikely effectiveness of small 

revegetation efforts.” 
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3. TESTING THE FOCAL SPECIES METHODOLOGY 

3.1. Could the focal species for area be a mammal or reptile? 

3.1.1. Introduction 

The focal species approach was originally a concept whereby one species (the most 

sensitive) could be chosen in order to cater for the needs of all less sensitive species.  

However, in the practical application of this concept, only declining bird species have 

been dealt with in detail.  The possibility that other taxa may be equally or more 

sensitive to the threats applicable to birds has not been explored, although 

acknowledged as needing closer examination (Lambeck 1998; Brooker 2001a, b). 

 

There is evidence that measures required to conserve birds may not be congruent with 

those required to conserve other taxa.  For example, in the Wallatin Creek catchment, 

Brooker and Margules (1996) ranked native vegetation remnants in terms of their 

relative importance for representing plant diversity at both local and regional scales.  

The same procedure was carried out for birds and yielded a different set of remnants 

(Lambeck 1999).  Of the top ten remnants representing plant diversity, only four were 

considered a priority for bird species.  This suggested that conservation 

recommendations for avifauna would not significantly benefit native flora. 

 

Mammals and reptiles were typically excluded from focal species analyses as it was 

assumed that mammals were mostly threatened by predation, and reptiles were most 

vulnerable to degradation of habitat (Lambeck 1998, Frost et al. 1999, Lambeck 

1999).  Therefore, we sought to answer the following questions: 

• Are there vertebrates persisting in the Western Australian wheatbelt, other 

than birds, that are limited by the area of remaining vegetation remnants? 

• If so, are their needs for area encapsulated within that of the most area-limited 

birds persisting in the landscape? 

 

3.1.2. Methodology 

We examined the relationship between occurrence of mammal and reptile taxa and 

remnant area using two complementary datasets: existing survey data and data 

collected by us in the Dongolocking and Buntine-Marchagee areas of Western 
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Australia.  In the case of mammals we focused on those that fell outside the critical 

weight range described by Burbidge and McKenzie (1989) to minimise the potential 

effect of predation on our results.  We compiled existing survey literature from the 

Western Australian wheatbelt to find examples where vertebrate surveys had been 

conducted in isolated reserves or remnants.  In particular, we aimed to make use of 

surveys that used a standardised survey methodology and included reserves of a wide 

range of areas including a reasonable number of small reserves (< 100 ha) to be able 

to make comparisons with earlier focal species work. All of this information was then 

collated into a single database for analysis. 

 

We supplemented the existing survey literature using field surveys conducted in six 

small (< 270 ha), isolated remnants in both the Dongolocking and Buntine-Marchagee 

areas.  These surveys were conducted to verify the patterns that emerged from the 

broad-scale analysis of the survey literature.  The surveys used a standardised 

methodology based on earlier work by Kitchener (1976) and Muir (1977).  

Vegetation, mammals, amphibians, reptiles, and birds were assessed in field surveys 

in spring and autumn.  Data collected from field surveys was combined with data 

from the survey literature.  Landscape attributes were assessed from field survey and 

remotely sensed data. 

 

3.1.3. Review of survey literature in the Western Australian wheatbelt 

The literature contained a considerable amount of data on the vertebrate fauna of the 

Western Australian wheatbelt.  Sources that included species lists for specific nature 

reserves included data from the Western Australian Museum surveys in the mid-

1970s; surveys of a number of discrete small reserves at Dongolocking and 

Katanning; CSIRO surveys of 6-7 small reserves at Kellerberrin and surrounds in the 

1980s and 1990s; and assorted surveys by CALM of other reserves in the western 

wheatbelt (including CALM surveys of approximately 20 small reserves for the Red-

tailed Phascogale Phascogale calura that recorded by-catch).  From the existing 

survey literature, data for 54 isolated reserves were available for analysis.  These 

survey data and our surveys of reserves at Dongolocking and Buntine-Marchagee 

were collated and compiled in a database in a form suitable for analysis.  The sources 

of this data are summarized in Table 6, with a more detailed description of each data 
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source appearing in Appendix 1. The methodology and trapping effort for each data 

source varied considerably (different mixes of pitfall, Elliott and cage trapping, 

observation and collection).  This information is presented in detail in Appendix 2. 

 

Table 6: Sampling techniques for WA wheatbelt surveys used in the landscape 
analysis. 

Data Source Comment 
WA Museum Sampled all vertebrate taxa 
CSIRO Surveys Sampled all vertebrate taxa 
Unpublished CALM surveys Sampled all vertebrate taxa 
Ninox Wildlife Consulting Sampled all vertebrate taxa 
CALM Surveys (Phascogale calura) Sampled mammals, some reptile 

observations noted 
CALM Surveys (Pseudomys occidentalis) Sampled mammals only 
CALM Management Plans Described all taxa, no trap night information
 

Reserves were not included in the landscape analysis if: 

• They were not isolated from surrounding remnant vegetation (e.g. Clackline 

Nature Reserve). 

• They had not been surveyed in sufficient detail (e.g. nature reserves of 

Wyalkatchem Shire). 

• They were too large (i.e. > 15,000 ha, e.g. Lake Magenta Nature Reserve, 

Fitzgerald River National Park). 

 

Sixty reserves were included in the landscape analysis for mammals.  These reserves 

varied in size from 17 to 12,700 hectares.  A frequency histogram of reserves by size 

class is given in Figure 3.  Their location is given in Figure 4.  Within these reserves, 

vegetation patch sizes varied from < 25 hectares to > 500 hectares.  The reptile dataset 

consisted of 40 reserves from various sources.  CALM surveys that targeted Red-

tailed Phascogale and Western Mouse Pseudomys occidentalis were excluded as were 

reserves contained in CALM management plans.  This is because the surveys did not 

include pit trapping and therefore had a greatly reduced chance of encountering 

reptiles. 

 

Reserves were also excluded from analysis for particular species if they fell outside 

the known range of that species.  For mammal species, this was determined by 
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digitizing range maps from Strahan (1995) and the Western Australian Museum’s 

FaunaBase (http://www.museum.wa.gov.au/faunabase/prod/index.htm), and plotting 

them using the GIS software ArcView.  Only the reserves that intersected the range of 

the animal (or were within 100 km) were used in analysis.  For reptiles, this was 

determined by digitizing range maps from Storr et al. (1999, 2002) and FaunaBase 

and then following the procedure outlined above. 

 

Figure 3: Size distribution of reserves used in landscape analysis for mammals. 

Reserve Size Class (ha)

0-5
0

51
-10

0

10
1-2

00

20
1-5

00

50
1-1

00
0

10
01

-10
00

0

>10
00

0

Fr
eq

ue
nc

y

0

3

6

9

12

15

 
 

Individual species were used in analyses where possible (when the number of 

presence records exceeded 10).  Some species with less than 10 presence records were 

grouped with other species within the same genus for analysis.  This occurred 

particularly when there appeared to be geographic replacement (e.g. species with 

similar ecologies where one species range encompassed much of the southern 

wheatbelt and another species range encompassed much of the northern wheatbelt).  

Species analysed at a genus level were hopping mice Notomys spp. (N. alexis and N. 

mitchelli), native mice Pseudomys spp. (P. occidentalis, P. albocinereus, and P. 

hermannsburgensis), dunnarts Sminthopsis spp. (S. gilberti, S. dolichura, S. 

granulipes, and S. crassicaudata), skinks Egernia spp. (E. depressa, E. inornata, E. 
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multiscutata, E. napoleonis, and E. stokesii) and blind snakes Ramphotyphlops spp. 

(R. australis, R. pinguis, and R. waitii). 

 

Figure 4: Location of fauna surveys compiled in this study.  Numbers correspond 
to reserve names given in Appendix 2. 
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3.1.4. Field survey 

Surveys for small mammals, reptiles, amphibians, birds, and vegetation were 

onducted in six reserves - three at Dongolocking, and three at Buntine-Marchagee.  

eserves sizes were 65, 115, and 271 hectares at Buntine-Marchagee and 106, 117 

meth f the W s seum f wh  the 

mid-1970s (Kitchener 1976).  Pit traps followed a design used by CALM in recent 

wheatbelt surveys (N. McKenzie pers. comm.).  CSIRO animal ethics approval and 

CALM permits were obtained for all trapping. 

 

rap ns were conducted during spring 2003 and summer/autumn 2004, with 

each session.  Each reserve contained ten trap lines that 

ere placed strategically to sample all 

ifferent habitat types (e.g. woodland, shrubland, heathland, and mallee).  Cage and 

et for four nights per season and pit traps for eight nights (Table 7).  

c

R

and 127 hectares at Dongolocking.  The sampling procedure broadly followed the 

odology o estern Au tralian Mu  surveys o eatbelt reserves in

T  sessio  

each reserve trapped once in 

were made up of four pit traps, 12 Elliott traps, and 5 cages (see diagram below).  

Each trap line was approximately 200 m in length. 

 

 

Trap lines were placed at least 100 m apart and w

d

cage Elliott 2 pits + fence

Elliott traps were s

In addition to trapping, direct observation of animals or their sign contributed to 

presence/absence data for each reserve.  Bird presence was scored opportunistically. 
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Table 7: Trapping program for field survey of small mammals, reptiles and 
amphibians in each of six reserves.  

Trap type Number 
of traps 

Nights of 
trapping 

per season 

Trapping 
sessions 

Total trap nights 

Cage 50 4 2 400 
Pits 40 8 2 640 
Elliotts 120 4 2 960 
Total 210   2000 

 

3.1.5. Habitat preference 

We established habitat preference (whether the species (or genus) was a habitat 

eneralist or was tied to one or a few habitats) of each species by examining the range 

mland as habitat or to freely cross farmland to 

ove between patches of remnant bushland. 

ced a significant relationship (P < 0.05), the regression models for each species 

g

of habitats in which the species was caught and comparing it to the range of habitats 

trapped.  Mammals and reptiles were assessed as habitat specialists if there was a 

greater than five-fold difference in presence in one habitat when compared with the 

other.  The two habitats considered were woodland and heath/shrub/mallee.  Other 

habitats (salt complex, lithic, grassland) were excluded from analysis to remain 

consistent with the methodology of Brooker (2002).  If there was less than a five fold 

difference the species was considered a habitat generalist.  We confirmed diagnosis of 

habitat preference by perusal of the literature (Kitchener et al. 1980a and b, Burbidge 

and McKenzie 1989, Strahan 1995, Storr et al. 1999, 2002, and Cogger 2000).  We 

also considered their tendency to use far

m

 

3.1.6. Analysis 

The area of each nature reserve was calculated using the GIS software package 

Arcview.  Area was taken as the amount of contiguous vegetation associated with the 

nature reserve rather than the area of the reserve itself.  This was done to ensure that 

privately owned vegetation abutting reserves was included in calculations.  The 

relationship between species presence/absence and area (of reserve and habitat type) 

were analysed using generalised linear models in GenStat (Lawes Agricultural Trust 

2002).  The presence/absence of each species was modelled using logistic regression 

(logit link function), assuming binomially distributed errors.  If the regression 

produ
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were then used to generate probability of occurrence curves.  From these curves it was 

ds were excluded from 

nalysis.  The introduced mammals Black Rat Rattus rattus, European Rabbit 

 showed a response to 

mnant area.  Reptile species with fewer than ten presence records were excluded 

he case of ecological 

icar species (Baynes 1990)), where there appeared to be a north-south replacement of 

one species with another. 

 

3.1.7. Results of field surveys 

Presence/absence data was available for all six reserves sampled during 2003/2004.  

Eight species of mammal, twenty three species of reptile and four species of 

amphibian were recorded during the surveys (see Table 8).  The Buntine-Marchagee 

reserves largely consisted of shrubland habitat and had a rich reptile fauna of 20 

species that included skinks, dragons, geckoes, monitors, legless lizards, and snakes.  

In addition they had 1-3 species of small to medium-sized native mammals that 

included Echidna Tachyglossus aculeatus, Sandy Inland Mouse Pseudomys 

hermannsburgensis, and the Little Long-tailed Dunnart Sminthopsis dolichura.  The 

House Mouse was recorded in all three reserves and the Black Rat was recorded in 

ne. 

 

The Dongolocking reserves consisted largely of woodland habitat, often with a sparse 

understorey.  They contained a rich arboreal mammal fauna that included Red-tailed 

Phascogale Phascogale calura, Honey Possum Tarsipes rostratus, and Brush-tailed 

possible to identify the most sensitive species and the remnant area or area of habitat 

required for various probabilities of occurrence.  To remain consistent with the work 

of Brooker (2002), a 10% probability of occurrence was used as the threshold.  We 

then compared our results for mammals and reptiles with the results of Brooker 

(2002) for birds to determine whether birds represented the other taxa adequately. 

 

Native mammal species with fewer than eight presence recor

a

Oryctolagus cuniculus, Feral Cat Felis catus, and European Red Fox Vulpes vulpes 

were excluded from analysis also.  The introduced House Mouse Mus musculus was 

included in analysis to determine whether a ubiquitous species

re

from analysis.  As mentioned above, not all analyses were conducted at a species 

level.  Some models were run using genus presence/absence (in t

v

o
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Possum Trichosurus vulpecula.  There was a notable absence of small terrestrial 

mammals, other than sparse populations of House Mouse.  Collectively, they had nine 

reptile species, less than half the species count of the northern Buntine-Marchagee 

reserves.  This included skinks, geckoes, dragons and snakes. 

 

Four species of frog were detected, two at Buntine-Marchagee and two at 

Dongolocking.  Captures coincided with overnight rainfall.  Surveys were conducted 

at tim when few amphibians would be expected to be active. 

 

Plate 4: Honey possums Tarsipes rostratus, captured in Dryandra shrubland in 
Concarring Nature Reserve during surveys in autumn 2004. 

 

es 
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Table 8: Reptile, mammal and amphibian fauna captured during surveys conducted in spring 2003 and summer/autumn 2004 in the 
Buntine-Marchagee (BM118, BM433, and Bryant’s Park) and Dongolocking (Buchanan, Concarring and Shire) Nature Reserves. 
 

Species B  B  B  Buchanan Concarring M118 M433 ryant's Park Shire 
Reptiles       
Crenadactylus ocellatus     *  

ulatus  *     
* *     
  *    

* *     
*      

i *  *    
 *     

ttatus *  *    
s *    *  
   *    

* * *    
 * *    
  *    
  *  *  

*      
      

Oedura reticulata     * * 

Pseudonaja nuchalis     *  
Ramphotyphlops australis  * *    
Tiliqua rugosa * * * * * * 
Varanus gouldii  * *    

Ctenophorus mac
Ctenophorus scutulatus 

llens Ctenotus fa
Ctenotus mimetes 
Ctenotus pantherinus 

urgkiCtenotus schomb
Delma fraseri 

alboguDiplodactylus 
Diplodactylus granariensi
Diplodactylus michaelseni
Diplodactylus pulcher 
Gehyra variegata 
Lerista elegans 
Menetia greyii 
Moloch horridus 
Morethia obscura * * * *

Pogona minor * * *  *  
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red during surveys conducted in spring 2003 and summer/autumn 2004 
gee and Dongolocking Nature Reserves. 

M433Species BM118 B  Bryant's Park Buchanan Concarring Shire 
Mammals       
Mus musculus * 
Phascogale calura  
Pseudomys hermannsburgensis  
Rattus rattus  
Sminthopsis dolichura * 
Tachyglossus aculeatus  
Tarsipes rostratus  
Trichosurus vulpecula  
Amphibians  
Heleioporus albopunctatus  
Neobatrachus pelobatoides  
Heleioporus psammophilus  
Pseudophryne guentheri  
Number of Species 12 

*

*

*

*
*

15

 * * * * 
  * * * 
     

 *    
 *    

* * * *  
   *  
  * * * 
     
   *  
    * 
     
     
 18 6 14 7 

Area of Reserve (ha) 115 
Predominant Habitat Shrubland Sh

66
rubland

 220 127 117 117 
 Shrubland Woodland Woodland Woodland 

 

NB liginosus), sults.: Large mammals (e.g. Western Grey Kangaroo Macropus fu  and feral pests (fox, cat and rabbit) were excluded from survey re

Component 3 R

Table 8 continued: Reptile, mammal and amphibian fauna captu
in the Buntine-Marcha
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3.1.8. Landscape Analysis 

Twenty three species of mammal were recorded in surveys of the Western Australian 

wheatbelt (Appendix 3).  Most widespread was House Mouse (48 reserves), Echidna 

ist).  We used remnant area as the independent variable in 

gistic regressions for all mammal taxa, but also used habitat patch area for the three 

 

Ninety one species of reptile were recorde Most widespread were the 

skinks B  rugosa (33 reserves a (27 reserves), Fence 

Skink Cryptoblepharus plagiocephalus ( Menetia greyii (24 

reserves), and the geckoes W Stone granariensis (28 

reserves)  variegata (23 cko Crenadactylus 

ocellatus iplodactylus s).  The Dwarf Bearded 

Dragon P orded in 20 o  contrast, 48 species 

were represented by less than five records; 27 by a single record.  Hence, over half of 

the herpetofauna could not be effectively assessed for minimum area requirements.  

Twenty o e species wer reserves and 

therefore included in the landscape analysis. In addition, the genera Ramphotyphlops 

and Eger uded in analysis.  Of axa analysed, only two 

were confined to a single habitat type.  The Reticulated Velvet Gecko Oedura 

reticulata d only (18 records) and the Spotted Dragon 

(31 reserves), Red-tailed Phascogale (18 reserves), Dunnart Sminthopsis murina (16 

reserves) and Brush Wallaby Macropus irma (16 reserves).  Five species (Brush-

tailed Bettong Bettongia penicillata, Chuditch Dasyurus geoffroii, Tammar Wallaby 

Macropus eugenii, Numbat Myrmecobius fasciatus, and Gilbert’s Dunnart 

Sminthopsis gilberti) were represented by one record only.  Fifteen of 23 mammal 

species were found in five or more reserves and were therefore included in landscape 

analyses (see Table 9).  Species belonging to the genera Notomys, Pseudomys and 

Sminthopsis were combined for analyses, resulting in ten taxa for analysis.  Of these 

ten taxa, seven were recorded in both heath/shrub/mallee and woodland (generalists), 

both Western Pygmy Possum Cercartetus concinnus and Brush-tailed Possum 

Trichosurus vulpecula were recorded primarily in woodland habitat (woodland 

specialists), and Honey Possum primarily in heath/shrub/mallee habitat 

(heath/shrub/mallee special

lo

habitat specialist species mentioned above. 

d in surveys.  

obtail Tiliqua ), Morethia obscur

25 reserves), and 

estern  Gecko Diplodactylus 

, Tree Dtella Gehyra  reserves), Clawless ge

 (20 reserves), and D maini (19 reserve

ogona minor was rec f the 40 reserves.  In

ne of the 91 reptil e recorded in ten or more 

nia were incl  the twenty three t

 was found in woodlan
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Ctenophorus maculatus was found in heath/shrub/mallee only (17 records).  We used 

ming Frog N. 

elobatoides, N. sp., Gunther’s Toadlet Pseudophryne guentheri, Banjo Frog 

 occupying more 

mesic and coastal ranges (e.g. Sand Frog eleioporus psammophilus and Moaning 

Table 9: Mammal and reptile taxa included in landscape analysis 

Mammals - Monotremes

remnant area as the independent variable in logistic regressions for all reptile taxa, but 

also used habitat patch area for the two specialists mentioned above. 

Thirteen species of frog were recorded in surveys.  Presence/absence data for eight 

species showed no obvious relationship to area (Western Spotted Frog Heleioporus 

albopunctatus, H. sp. Trilling Frog Neobatrachus centralis, Hum

p

Limnodynastes dorsalis, and Turtle Frog Myobatrachus gouldi).  Other species 

appeared highly localized in the agricultural landscape, typically

H

Frog H. eyrei) or a more arid distribution (e.g. Wilsmore’s Frog Neobatrachus 

wilsmorei).  Two species that may show a relationship to area were Bleating Froglet 

Crinia pseudinsignifera and Shoemaker Frog Neobatrachus sutor, but a lack of data 

prevented further investigation.  The smallest reserves in which these species were 

recorded were 158 and 400 hectares respectively.  Frogs were excluded from analysis 

due to small sample sizes. 

 

Reptiles - Geckos
Echidna Christinus marmoratus 
Mammals - Mice, Marsupial Mice Clawless Gecko 
House Mouse Western Stone Gecko 
Pseudomys spp. Diplodactylus maini 
Notomys spp. Diplodactylus pulcher 
Sminthopsis spp. Western Spiny-tailed Gecko 
Mammals - Possums, Dasyurids Tree Dtella 
Red-tailed Phascogale Reticulated Velvet Gecko 
Brush-tailed Phascogale Reptiles – Dragons
Honey Possum Spotted Dragon 
Western Pygmy Possum Dwarf Bearded Dragon 
Mammals - Wallabies Reptiles – Pygopods
Brush Wallaby Southern Legless Lizard 
Reptiles – Skinks Delma fraseri 
Fence Skink Reptiles – Monitors
Ctenotus schomburgkii Gould’s Monitor Varanus gouldii 
Lerista distinguenda Reptiles – Blind snakes
Egernia spp. Ramphotyphlops spp. 
Menetia greyii Reptiles – Snakes
Morethia obscura Gould’s Hooded Snake 
Bobtail  
Western Blue-tongued Lizard  
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Reserve Size (area) 

ammal, only five showed a significant relationship between 

ence and remnant area.  These were Notomys spp., Pseudomys spp., 

sum, Brush Wallaby, and House Mouse.  Five species showed no 

re the Red-tailed Phascog es  

um, Brush-tailed Possum, Echidna and Sminthopsis spp. 

es in the Western Australian wheatbelt. 

Of the ten taxa of m

presence/abs

Hon

significant relationship to area.  These we

Pygm
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Table 10: Results of logistic regression models relating presence-absence of mammal, reptile and bird species* to log of remnant area for 
data from the WA wheatbelt.  Included also are the species’ habitat preference, the remnant area (ha) for each species with a 10% probability of occupancy derived 
from the regression and the size of the smallest remnant in which the species was recorded.  Species listed in Table 9 but not in this table showed no significant relationship to 

or th ppendix 4.  HSM = heath, shrub or mallee, dev. ratio = deviance ratio, a m gni

Habitat 
preference

a b Dev. 
ratio

d.f. P 10
occu

Sm
re

log of remnant area.  Results f ese species are given in A

Species 

easure of si

% 
pancy 

ficance of regression. 

allest 
mnant

Mammals – mice and marsupial mice
House Mous
Pseudomys 
Notomys spp

e Generalist -1.46 1.179 3.85 1, 58 0.050 <
spp. Generalist -7.00 2.059 12.04 1, 58 <0.001 21  
. HSM -7.82 2.243 12.20 1, 58 <0.001 32

 poss

 1  
5
1 

40 
66 

136 

Mammals – ums and dasyurids
Honey Possum HSM -6.67 2.107 10.78 1, 44 0.001 13

 wall

3 117 

Mammals – abies
Brush Wallaby Generalist -6.81 2.402 14.28 1, 46 <0.001 8

kinks

4 119 

Reptiles – s
Fence Skink
Egernia spp.
Western Blu

 Generalist -3.01 1.393 5.25 1, 39 0.022 
 Generalist -5.12 1.537 5.75 1, 39 0.017 8
e-ton Generalist -5.2 1.769 8.35 1, 39 0.004 5

eckos

4 
0 
0 

70 
70 
79 gued Lizard 

Reptiles – g
Western Spiny-ta Generalist -4.47 1.365 4.87 1, 35 0.027 4

rago

iled Gecko 

ns

6 198 

Reptiles – d
Spotted Dra
Dwarf Bear

gon HSM -3.63 1.287 4.08 1, 25 0.043 1
ded D Generalist -2.89 1.220 4.38 1, 35 0.036 

ygop

3 
4 

66 
66 ragon 

odsReptiles – p
Southern Legless Generalist -7.14 2.295 10.81 1, 33 0.001 143

nakes

 Lizard  288 

Reptiles – s
Gould’s Hooded Generalist -4.46 1.400 5.32 1, 39 0.021 41Snake  70 

Birds       
 Honeyeat Generalist -5.93 2.592 10.62 1, 28 <0.001 28

 
 

 
81 White-eared er 

 

*Only the focal bird spe  as selected by Brooker (2001a, b) is shown here.  Further analysis is detailed ction 3.2. cies for remnant area in Se
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Of the 23 taxa of reptile, only eight showed a significant relationship.  These were 

Western Blue-tongued Lizard Tiliqua occipitalis, Gould’s Hooded Snake Parasuta 

gouldii, Dwarf Bearded Dragon, Western Spiny-tailed Gecko Diplodactylus 

spinigerus, Southern Legless Lizard Delma australis, Spotted Dragon, Fence Skink 

Figure 6: The predicted probability of occurrence of reptiles in isolated reserves 
of different sizes in the Western Australian wheatbelt. 

and the genus Egernia.  The regression equations are illustrated in Figure 6. 
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Southern Legless Lizard was the most sensitive of all reptile taxa analysed to remnant 

area (Figure 6), requiring approximately 143 ha of remnant to have a 10% probability 

of occurrence. Egernia spp. was the next most sensitive taxa to remnant area, 

requiring about 80 ha of remnant.  The results of logistic regression models for other 

reptile taxa significantly sensitive to reserve size are detailed in Table 10. 

 

Figure 7 compares the sensitivity of mammals to reptiles with respect to the threat of 

insufficient area (reserve size).  The most sensitive mammal species require more 

remnant vegetation than the reptile species.  The most sensitive mammal taxa, 

Notomys spp., requires 321 ha for a predicted probability of occurrence of 10% 

whereas the most sensitive reptile species, Southern Legless Lizard, only requires an 

area of 143 ha or greater. 

44 



Component 3 Report: A test of the focal species approach in Western Australia 

Figure 7: The predicted probability of occurrence of mammal and reptile fauna 
versus remnant area for the Western Australian wheatbelt.  Shown below are the most 
sensitive taxa with respect to remnant area. 
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Figure 8: The predicted probability of occurrence of mammal Notomys spp. and 
reptile Southern Legless Lizard as a function of remnant area compared with a 
focal bird species from Brooker (2002). 
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lds for the most sensitive species of mammal and reptile were 

pared to thresholds derived for bird species using data from 30 reserves surveyed 

 the Western Australian Museum or CSIRO.  Figure 8 compares the most 

 mammal and reptile species with the most sensitive focal bird species 

cted by Brooker (2001a, b).  Both Notomys spp. and 

es of greater size than the White-eared 

ey r to return a predicted probability of occurrence of 10%.  The White-eared 

nant area of greater than 28 ha to give a predicted 

 ha less than the threshold for the most 

Notomys spp. (321 ha) and over 100 ha less than the threshold 

ost sensitive reptile species, Southern Legless Lizard (143 ha).  The 10% 

ved from this study for the White-eared 

eater (28 ha) is comparable to 20 ha, the figure determined by Brooker (2001b). 
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esults of logistic regression models relating presence-absence of mammal and reptile species to log of habitat area (woodland 
r da Included also are the species’ habitat preference, the habitat patch are pecie

10 cy derived  of the smallest patch in which the species was recorded. 

a b Dev. 
ratio 

d.f. χ2 10% 
occupancy 

Sm
p

r heath/shrub/mallee
% probability of occupan

) fo ta from t
 from the re

he WA wheatbel
gression and the size

Species Habitat 
preference

t.  a (ha) for ea

allest 
atch 

ch s s with a 

Mammals - possums
Brus
Hone

h-tailed Po -13.05 6.89 13.30 1, 16 <0.001 
y Possum -4.40 1.567 5.29 1, 18 0.021 

iles – dra

ssum 
 

gons

Woodland 
HSM 

37 57 
25 33 

Rept  

HSM 

     

ed Dragon -4.2 1.704 6.85 1, 23 0.009 

les – geck

  

15 66 Spott  

osRepti  

Woodland 

     

ulated Vel -1.21 0.953 8.18 1, 25 0.004 N/A 1 

  

Retic vet Gecko 

Birds  
Woodland 

HSM 

     
y Woodsw -3.54 1.411 10.62 1, 28 <0.001 10 

Heathwren -10.46 3.41 14.76 1, 28 <0.001 265 10
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Plate 5: Reticulated Velvet Gecko, a reptile species sensitive to the area of 
woodland habitat. 

 
 

Figure 9: The predicted probability of occurrence of woodland specialists Brush-
tailed Possum and Reticulated Velvet Gecko as a function of woodland patch size 
in the Western Australian wheatbelt. 
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Of the heath/shrub/mallee specialists, Honey Possum required heath/shrub/mallee 

patches of greater than 25 ha to have a 10% predicted probability of occurrence.  The 

Spotted Dragon required patches of greater than 15 ha to have a 10% predicted 

probability of occurrence. 
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Figure 10: The predicted probability of occurrence of heath/shrub/mallee 
specialists Honey Possum and Spotted Dragon as a function of 
heath/shrub/mallee patch size in the Western Australian wheatbelt. 
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Habitat (patch) area thresholds for the most sensitive mammal and reptile species 

were compared to thresholds derived for bird species using data from the 30 reserves 

eshold for the Brush-tailed Possum (37 ha).  

However, the Dusky Woodswallow was more sensitive than the most sensitive reptile 

species, the Reticulated Velvet Gecko. 

surveyed for birds by the Western Australian Museum or CSIRO.  Figure 11 

compares the most sensitive mammal and reptile species with the bird species selected 

by Brooker (2001a, b) as a woodland focal species (Dusky Woodswallow).  The 

Brush-tailed Possum required reserves of greater size than the Dusky Woodswallow 

to return a predicted probability of occurrence of 10%.  The Dusky Woodswallow 

required a remnant area of greater than 10 ha to give a predicted probability of 10% 

(Table 11), which is 27 ha less than the thr
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Figure 11: The predicted probability of occurrence of mammal Brush-tailed 
Possum and reptile Reticulated Velvet Gecko as a function of woodland area 
compared with a woodland focal bird species from Brooker (2002). 
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Figure 12 compares the most sensitive m mmal and reptile species with the most 

sensitive heath/shrub/mallee focal bird species (Shy Heathwren) used by Brooker 

(2001a, b).  The Shy Heathwren was more sensitive to the size of heath/shrub/mallee 

patches than both Honey Possum and Spotted Dragon.  The Shy Heathwren required 

reserves of 265 ha (Table 11), which is over 250 ha larger than the threshold for the 

dragon Spotted Dragon (15 ha) and considerably greater than the threshold for Honey 

Possum (25 ha). 

a
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Figure 12: The predicted probability of occurrence of mammal Honey Possum 
and reptile Spotted Dragon as a function of heath/shrub/mallee area compared 
with a heath/shrub/mallee focal bird species from Brooker (2002). 
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Plate 6: Spotted Dragon Ctenophorus maculatus, a reptile species sensitive to the 
area of heath/shrub/mallee habitat. 
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3.1.9. Discussion 

In this study we have combined data on the presence/absence of mammals, reptiles 

and birds from past faunal surveys in wheatbelt reserves with current surveys of 

reserves at Dongolocking and Buntine-Marchagee.  This has provided us with 

sufficient data to allow us to compute logistic regressions of probability of occurrence 

against remnant and habitat area for three taxa using comparable datasets.  This 

enabled us to compare the relative response curves of mammals and reptiles with 

ose of birds to assess whether the area requirements of the former were 

imitations of our study include the combining of data from a range of species within 

reserves with a median size much greater than that typically used in past s of 

s.  The impact of the latter factor on ov ults is ed e 

. 

y half th d abou  reptile a for w here 

was sufficient data for analysis showed a significant response to area of remnant or 

rea of habitat patch.  Their probability of occurrence decreased substantially as 

r reptiles, the predicted 10% level of occupancy 

aried from 4 ha for the Dwarf Bearded Dragon to 80 ha for the skink genus Egernia. 

All mammals showing a significant relationship for area had 10% values substantially 

g that of the White-eared Honeyeate general al s 

 Brooker (20 This sp alu 28 ha  our 

= ue at Brook 01a, 

 

 comparison of mammals, reptiles and birds that were largely confined to a single 

th

encompassed within those of birds. 

 

L

a genus to ensure a large enough data set for analysis and the use of data from 

analyse

further in thfocal bird erall res explor

next chapter

 

Approximatel e mammal taxa an t a third of  tax hich t

a

reserve or habitat area decreased.  For mammals, the predicted 10% level of 

occupancy occurred at areas ranging from 84 ha for the Brush Wallaby to 321 ha for 

the hopping mice Notomys spp.  Fo

v

 

exceedin r – the ist foc bird specie

identified by 01a, b).  ecies had a 10% v e of  using

limited data set (n 29) and a 10% val  of 20 ha using the d a of er (20

b). 

A

habitat type gave more ambiguous results.  A mammal, the Brush-tailed Possum, was 

the most sensitive to area of woodland habitat, requiring at least 37 ha to have a 10% 
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probability of occurrence, some three to four times the requirement of the most 

sensitive bird species identified by Brooker (2001a, b), which was the Dusky 

Woodswallow, returning a 10% probability of occurrence of 10 ha.  In contrast, a bird 

– the Shy Heathwren – was the species identified as most sensitive to area of 

heath/shrub/mallee habitat.  This species was substantially more sensitive (with a 10% 

occurrence requiring 265 ha) than the most sensitive reptile Spotted Dragon (requiring 

15 ha); or the most sensitive mammal Honey Possum (requiring 25 ha). 

 

The species most sensitive to area as determined by this study are listed in Table 12.  

hey include two mammal and one bird species. T

 

Table 12: The species most sensitive to area as determined by landscape analysis 
of remnants in the Western Australian wheatbelt. 

Species Habitat Threat Sample 
Size 

10%  
threshold 

Notomys spp. Generalist Insufficient remnant 
vegetation 

60 321 ha 

Brush-tailed Possum Woodland specialist Insufficient woodland 30 37 ha 

Shy Heathwren Heath/shrub/m
habitat 

allee 
specialist 

Insufficient 
heath/shrub/mallee 

habitat 

30 266 ha 

 

Typically the area requirements of the most sensitive taxa (whether mammal or bird) 

were substantially higher than values given by Brooker (2001a, b; 2002) or other 

studies of focal species (Table 13). 

 

Table 13: Focal species as determined by landscape analysis of 458 remnants in 
seven sub-catchments in the Western Australian wheatbelt (Brooker 2002). 

Species Habitat Threat Sample 
Size 

10%  
threshold 

Jacky Winter Generalist Insufficient remnant 
vegetation 

458 40 ha 

Dusky Woodswallow Woodland specialist Insufficient woodland 
habitat 

458 30 ha 

Shy Heathwren Heath/shrub/mallee 
specialist 

Insufficient 
heath/shrub/mallee 

habitat 

458 40 ha 

 

Advocates of the focal species approach often imply that taxa other than birds can not 

e used as focal species because their primary threat is something other than area.  b
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This is implicit in the schematic diagram of Lambeck (1997) where species limited by 

area of habitat, dispersal opportunity or lack of resources are fed down a different path 

(requiring landscape reconstruction) to species limited by fire, predators, weeds or 

stock (remnant or landscape management).  Lambeck (1999: 20-21) used expert 

opinion to place various taxa from the central wheatbelt on these two pathways.  He 

then focused his attention only on that group (birds) that were perceived to require 

ndscape reconstruction.  Mammals were perceived to be limited by predation and 

atin catchment as 

 “appears most obviously at risk” (Lambeck 1999: 27).  The Shy Heathwren was 

expert panel. 

la

reptiles by “habitat loss and degradation, but are also affected by predation” 

(Lambeck 1998: 61). 

 

The Shy Heathwren, Rufous Fieldwren, Bush Stone-curlew and Southern Scrub-robin 

“were considered potentially vulnerable to predation by foxes and cats” along with 

Brush Wallabies and Ash-grey Mice (Lambeck 1999: 26 and Appendix 3).  The Brush 

Wallaby was designated the focal species for fox control in the Wall

it

deemed the focal species for shrubland/mallee area, despite being listed as vulnerable 

to predation (Lambeck 1999: 79). 

 

In the Dongolocking study, Lambeck (1998: 61) identified five species of mammals 

“potentially at risk” but considered that “the predation pressure [from cats and foxes] 

is so high that until it is eased the threat to mammals of inadequate habitat cannot be 

assessed.”  They were therefore not considered further in the focal species approach.  

It appears that this judgement was an extrapolation from the expert opinion given on 

threatening processes for taxa in the central wheatbelt.  No account appears to have 

been made of site differences between Wallatin and Dongolocking or the different 

species involved.  For example, three species of mammals were aboreal or semi-

aboreal and perhaps derived at least some protection from this use of habitat in 

contrast to the Brush Wallaby and Ash-grey Mouse considered by the expert panel at 

Wallatin.  Another species at Dongolocking was the Southern Brown Bandicoot or 

Quenda Isoodon obesulus that was reintroduced to the site accompanied by a program 

of intensive fox control (Lloyd 1998).  No such predation management occurred at the 

Wallatin site under consideration by the 
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The Bush Stone-curlew was considered as a candidate for focal species for area in 

South Tammin and Dowerin/Tin Dog Creek (Frost et al. 1999: 89 and 91) but not at 

Dongolocking.  The Shy Heathwren and Southern Scrub-robin were considered at 

South Tammin, despite the former being deemed potentially limited by predation as 

well as area; and the latter being deemed potentially limited by habitat area, by limited 

dispersal ability, by grazing, and potentially by predation (Lambeck 1999: 79). 

 

Malleefowl were listed as a focal species candidate for area in the study by Brooker 

(2002), despite the species being widely acknowledged as limited by sheep grazing, 

fire history, and fox predation, in addition to fragmentation (Benshemesh 2000).  

ther bird species likely or possibly limited by predation but considered as focal 

estern 

Spiny-tailed Gecko, Spotted Dragon, Dwarf Bearded Dragon and the Southern 

Legless Lizard all occur on the south coast mainland but not on the adjacent islands.  

Other large-bodied species such as Rosenberg’s Monitor Varanus rosenbergi occur 

only on the largest of islands (Middle Island (1080 ha)), while the Carpet Python 

Morelia spilota imbricata only occurs on the islands > 300 ha.  The conspicuous 

exceptions are the skinks of the genus Egernia, which occur on islands of a wide 

range of sizes, including islands < 5 ha. 

 

O

species candidates for area and isolation were the Bush Stone-curlew (Marchant and 

Higgins 1993), Painted Button-quail (Hindwood 1937), and Brush Bronzewing (eggs 

and young eaten by feral cats and foxes: Higgins and Davies 1996). 

 

Kitchener et al. (1980b, 1982) established the relationship between species richness of 

mammals and birds and reserve area in the Western Australian wheatbelt.  Both taxa 

showed similar responses, with species richness of mammals falling away strongly as 

reserve size decreased in a similar fashion to birds.  This suggests species of both 

mammal and bird will show similar responses to declining remnant area.  In contrast, 

the number of lizard species in wheatbelt reserves was most highly correlated with 

number of plant associations rather than reserve area (Kichener et al. 1980a).  Despite 

this, all the reptile species we have identified as showing a significant response to area 

that occur on the southern coast of Western Australia have apparently been lost over 

time from 47 adjacent offshore islands (Smith and Johnstone 1996).  The W
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In this chapter we have made no assumptions about the relative importance of the 

various threatening processes to particular species, but rather sought to establish 

whether there was an empirical relationship between probability of occurrence and 

remnant or habitat area.  This contrasts with relying on the expert opinion of Lambeck 

r the Wallatin su

catchments for which focal species analyses were conducted.  The empirical approach 

ssen

determine if a species was sensitive to area. They contrasted the responses of 

nc ated Miner (no obvious 

response) and Weebill (d ccupied remnants with area classes). 

 derive for the ubiquitous House 

Mouse, albeit with a 10  similar to the significant 

ionships der and Morbinning (Brooker 

0% id  with a remnant area of 1 

a for six species (Chestnut-rumped Thornbill, Rufous Whistler, Grey Butcherbird, 

Grey Shrike-thrush, Brown Honeyeater and Common Bronzewing).  Brooker (2002) 

redefined focal species to include all species demonstrating a significant relationship 

to area, in contrast to the earlier definition of the species most threatened by a 

particular threatening process (Lambeck 1997).  It is hard to see the value in such a 

redefinition or the biological significance of such a threshold.  It appears particularly 

problematic as few if any remnants less than 1 ha appear to have been surveyed (“all 

large- and medium-size remnants were surveyed, as were most small remnants greater 

than 1 ha.  Other remnant vegetation (some patches < 1 ha and vegetation in linear 

strips along fence lines, roads, etc.) was not surveyed.” (Brooker 2002: 187)). 

(1999) fo b-catchment, which was subsequently generalised to all sub-

we have taken is e tially the approach adopted by Frost et al. (1999: 38) to 

probability of occurre e to remnant area of Yellow-th

eclining percentage of o

ro

 

We were able to  a significant logistic regression

% threshold of < 1 ha.  This is

 

logistic relat ived for birds at Gabbi Quoi Quoi 

2001a, b) where the 1  probability of occurrence coinc ed

h
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Table 14: Bird species identified as potentially vulnerable to predation 
(Marchant and Higgins 1993, Higgins and Davies 1996, Lambeck 1999; 

nt focal species analyses (as either 
species candidates) within the habitat reconstruction stream 

Benshemesh 2000) and their use in subseque
focal species or focal 
of Lambeck’s (1997) decision tree. 

Species Catchments in which species 
considered 

Catchments in which 
species specifically 
omitted 

Bush Stone-curlew South Tammin, Dowerin/Tin 
Dog Creek, Gabbi Quoi Quoi, 
Morbinning 

Dongolocking (sensitive to 
predation) 

Southern Scrub-robin Wallatin, Dongolocking, South 
Tammin, Gabbi Quoi Quoi, 
Morbinning, Latham 

 

Field Wren Wallatin, South Tammin, 
Gabbi Quoi Quoi, Morbinning 

 

Shy Heath-wren Wallatin, Dongolocking, South 
Tammin, Gabbi Quoi Quoi, 
Morbinning 

 

Malleefowl Dongolocking, Gabbi Quoi 
Quoi, Morbinning, Latham 

 

ainted Button-quail Gabbi Quoi Quoi, Morbinning  P
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3.2. I

.2.1. Introduction 

b) and Brooker (2002) described the application of the focal 

lia – 

Gab

require

explici

commu

central ence-absence data for birds from 458 remnants and 

sele

native  decliners by Saunders and Ingram 1995).  However, 

the

had ins

 

While such a procedure was unavoidable in their analysis it appears to directly 

onflict with a basic assumption of the focal species approach.  What if one, several, 

esigns that were derived from their calculated 

thresholds. 

 

By combining existing data used by Brooker et al. (2001a, b) with additional data, we 

have the opportunity to explore the sensitivities of these “data-poor” bird species in 

more detail.  We sought to answer the following questions: 

• Is the occurrence of those bird species excluded by Brooker et al. (2001a, b) 

from their analyses significantly related to the size of native vegetation 

remnants in which they occur in the Western Australian wheatbelt? 

s the nominated species actually the focal species? 

3

Brooker et al. (2001a, 

species method to two sub-catchments in the central wheatbelt of Western Austra

bi Quoi Quoi and Morbinning.  They derived a ‘focal community’ of birds, whose 

ments for habitat area, condition, and connectivity were used to develop 

t guidelines for revegetation to meet the needs of the entire local resident bird 

nity.  They used a combined data set from seven sub-catchments from the 

 wheatbelt made up of pres

cted focal species from a list of 42 focal species candidates (resident species of 

land birds identified as

y were forced to eliminate 15 of the 42 candidates from their analysis because they 

ufficient records to model. 

c

or all of the species eliminated for want of data had area requirements greater than 

that of the species chosen as the most area sensitive from the remaining pool of 

species?  Such a possibility is not merely plausible but highly likely given that their 

rarity in the seven sub-catchments may well be linked to their susceptibility to the 

various threatening processes operating in the sub-catchments.  In fact, this is 

explicitly acknowledged by Brooker (2002: 189).  If the species excluded from 

analysis happened to be the most sensitive species, this would have far-reaching 

consequences for the landscape d
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• If so, are their needs for native vegetation encapsulated within that of the focal 

species as derived by Brooker et al. (2001a, b)? 

3.2.2. Methodology 

This analysis utilised presence/absence data for bird species from four data sets: 

1. Data from 458 remnants in the central wheatbelt collected by CSIRO Wildlife 

and Ecology in seven sub-catchments in the Western Australian wheatbelt 

including Wallatin Creek, Dongolocking, Gabbi Quoi Quoi, Morbinning, Tin 

Dog Creek, South Tammin and Wyalkatchem.  This is the dataset used by 

Brooker et al. (2001a, b); 

2. Data from 316 remnants within the Buntine-Marchagee recovery catchment 

(Huggett et al. 2004); 

3. Data from 17 wheatbelt reserves collected by the Western Australian Museum 

in the mid-1970s (summarised in Kitchener et al. 1982); and  

4. Data from six reserves at Dongolocking and Buntine-Marchagee that were 

surveyed for this study. 

 

Five reserves surveyed by the Western Australian Museum were resurveyed as part of 

CSIRO survey so these earlier species lists were omitted (Durokoppin, Kodj Kodjin, 

the main Dongolocking reserve, and Buntine and Marchagee Nature Reserves).  The 

overall dataset consisted of 796 discrete remnants of native vegetation distributed 

from East Yuna Nature Reserve in the north to the Dongolocking study area in the 

south (Figure 13). The remnants varied in size from 0.3 to 5,119 hectares.  A 

frequency histogram of reserve by size class is given in Figure 14.  The vast majority 

(79%) were less than 50 ha in area. 
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Figure 13: Location of avifauna surveys compiled in this study. 
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Figure 14: Size distribution of native vegetation remnants used in focal bird 
analysis. 
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The relationship between species presence/absence and area (of reserve and habitat 

type) were analysed using generalised linear models using GenStat (Lawes 

Agricultural Trust 2002).  The presence/absence of each bird species was modelled 

using logistic regression (logit link function), assuming binomially distributed errors.  

If the regression produced a significant relationship for a given species, then its 

regression model was used to generate a probability of occurrence curve.  By 

overlaying these curves it was possible to identify the species most sensitive to area 

and the remnant area or area of habitat required for various probabilities of 

occurrence.  To remain consistent with the work of Brooker et al. (2001a, b) and 

Brooker (2002), a 10% probability of occurrence was used as the threshold. 

 

We then compared results for species considered by Brooker et al. (2001a, b) and 

Brooker (2002) with species that they were unable to model for lack of data.  Habitat 

preference was determined by the most significant relationship.  If more than one 

regression was significant (p < 0.05) then preference was determined by greatest 

deviance ratio.  If no regressions were significant, then the bird was considered to 

have no habitat preference. 
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3.2.3. Results 

d in Table 15.  Of the 34 species of bird 

wed a significant relationship to either remnant area or habitat 

ed as heath/shrub/mallee specialists, seven 

xhibit a significant relationship. 

w

ea t or had insufficient data: Southern Emu-wren (out of range, Figure 15), 

rple-gaped Honeyeater (out of range), Gilbert’s Whistler (out of range), Scarlet 

id Fairy-wre

sufficient data), Brush Bronzewing (insufficient data), and Crested Shrike-tit 
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f logistic regression models relating species presence-absence of bird species to log of remnant/habitat area for data 
estern Australian wheatbelt.  Included also are the species’ habitat preference, the remnant/patch area (ha) for each species 

ith a 10% probability of occupancy derived from regression and size of the smallest remnant in which the species was recorded. 

Species 
t 
ce 

10
ccup

Habita
Preferen

Deviance 
ratio d.f. χ2

% 
ancy 

Smallest 
remnant o

Species considered by Brooker (2002)      
Blue-breasted Fairy-wren 
Brown Honeyeater < 
Chestnut-rumped Thornbill < 
Crested Bellbird 
Golden Whistler 
Grey Shrike-thrush < 
Inland Thornbill < 
Red-capped Robin < 1 

  
Rufous Whistler < 1 
Shy Heathwren 
Southern Scrub-robin 
Spiny-cheeked Honeyeater < 1 
Western Yellow Robin 
White-eared Honeyeater 
Dusky Woodswallow d 144.5
Grey Butcherbird d < 1 
Jacky Winter d 
Red Wattlebird d < 1 
Rufous Treecreeper d 
Varied Sittella d 
Yellow-plumed Honeyeat 107.1
Brown-headed Honeyeater t 
Common Bronzewing t 
Grey Currawong t 87
Weebill   < 1 
White-browed Babbler t < 1 

Species omitted from analysis by Brooker (2002)*  
Bush Stone-curlew No sig - 
Rufous Fieldwren 269.1
Hooded Robin 
Malleefowl   112.2
Painted Button-quail 
Variegated Fairy-wren < 1 
White-browed Scrub-wren 286.4

HSM 
HSM 
HSM 
HSM 
HSM 
HSM 
HSM 
HSM 

Redthroat HSM 
HSM 
HSM 
HSM 
HSM 
HSM 
HSM 

Woodlan
Woodlan
Woodlan
Woodlan
Woodlan
Woodlan

er Woodland 
Generalis
Generalis
Generalis
Generali
Generalis

HSM 
HSM 
HSM
HSM 
HSM 
HSM 

62.63 1, 795 < 0.001 
138.61 1, 795 < 0.001 
78.42 1, 795 < 0.001 

171.71 1, 795 < 0.001 
98.03 1, 795 < 0.001 

163.76 1, 795 < 0.001 
163.29 1, 795 < 0.001 
158.7 1, 795 < 0.001 

157.07 1, 795 < 0.001 
105.58 1, 795 < 0.001 
84.48 1, 795 < 0.001 

200.41 1, 795 < 0.001 
94.21 1, 795 < 0.001 

155.20 1, 795 < 0.001 
79.75 1, 795 < 0.001 
27.22 1, 795 < 0.001 
86.50 1, 795 < 0.001 
55.36 1, 795 < 0.001 
83.47 1, 795 < 0.001 
38.29 1, 795 < 0.001 
96.05 1, 795 < 0.001 
22.88 1, 795 < 0.001 

210.02 1, 795 < 0.001 
163.82 1, 795 < 0.001 
87.42 1, 795 < 0.001 

st 154.76 1, 795 < 0.001 
153.10 1, 795 < 0.001 

 
nificant result 
60.65 1, 795 < 0.001 
34.21 1, 795 < 0.001 

 97.59 1, 795 < 0.001 
57.89 1, 795 < 0.001 
166.08 1, 795 < 0.001 
25.65 1, 795 < 0.001 

9.3 4.3 
1 0.7 
1 2.2 

7.9 2.2 
47.9 9.5 

1 0.7 
1 2.2 

1.9 
14.8 6.3 

2.2 
100 22.9 
25.1 4.3 

2.2 
10.0 2.5 
1.5 2.2 

 6.4 
2.4 

46.2 8.7 
1.4 

67.6 2.9 
24.5 6.4 

 1.4 
6.2 1.5 
2.1 1.9 

 2.9 
0.7 
1.2 

 
5.8 

 48 
551 217.6 

 31.5 
133 8.7 

1.1 
 22.6 

Component 3 R
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The six species omitted from analysis by Brooker et al. (2001a, b) and Brooker (2002) 

had typically larger threshold values than did those species considered by them.  A 

one factor ANOVA suggested the difference was significant (F1, 32 = 26.7; P < 0.001).  

 the 33 species were ranked by decreasing area of 10% threshold then the species not 

et of species 

 considered in the analysis using the expanded dataset of 796 remnants then the 

order of sensitivity remains largely unchanged: Shy Heathwren, Golden Whistler, 

Southern Scrub-robin, and Redthroat, followed by the Western Yellow Robin.  Data 

are plotted in Figure 16. 

 

Figure 16: The predicted probability of occurrence of the four most sensitive 
heath/shrub/mallee specialists from Brooker et al. (2001) as a function of 
heath/shrub/mallee area for 796 remnants from the WA wheatbelt. 

If

considered were placed 1, 2, 3, 5, 6 and equal last.  The Hooded Robin, White-browed 

Scrub-wren, Rufous Fieldwren, Painted Button-quail, and Malleefowl were highly 

sensitive to habitat area, having 10% thresholds of > 100 hectares.  The exception was 

the Variegated Fairy-wren. 

 

Brooker et al. (2001 a, b) and Brooker (2002) considered the Shy Heathwren, Golden 

Whistler, Western Yellow Robin and Redthroat to be most sensitive to 

heath/shrub/mallee area.  The Shy Heathwren was considered the least tolerant 

requiring about 40 ha to have a 10% chance of occurrence.  If the same s
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Plate 7: A Redthroat, one of the species sensitive to the area of 
heath/shrub/mallee habitat.  Photo courtesy Bert and Babs Wells, CALM. 

 
 

Brooker (2001 a, b) and Brooker (2002) considered the Dusky Woodswallow and the 

Varied Sittella as having the greatest requirements for woodland area requiring about 

30 ha of habitat to have a 10% chance of occurrence.  The next most demanding 

species was the Grey Currawong, requiring 20 ha.  If the same set of species is 

considered in the analysis using the expanded dataset of 796 remnants then the order 

of sensitivity is Dusky Woodswallow (145 ha to have a 10% chance of occurrence), 

Yellow-plumed Honeyeater (107 ha), Rufous Treecreeper (68 ha), and Jacky Winter 

(46 ha).  The 10% threshold for the Varied Sittella was 25 ha and for the Grey 

Currawong was 35 ha.  The logistic regressions are plotted in Figure 17. 
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Figure 17: The predicted probability of occurrence of the four most sensitive 
woodland specialists as a function of woodland area for 796 remnants from the 
WA wheatbelt. 
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Brooker et al. (2001 a, b) and Brooker (2002) considered the Jacky Winter (requiring 

0 ha at 10% probability of occurrence), White-eared Honeyeater, (20 ha), and a 

rther seven species requiring c. 10 ha (Red-capped Robin, Chestnut-rumped 

f 

ecies were regarded as specifi wo

: Jacky Winter and Grey Butcherbird to woodland, and Red-capped 

rumped Thornbill, Rufous Whist  Grey Shrike-thrush, and Brown 

to heath/shrub/m .  Four of the fiv pecies considered as generalists 

lysis of the exp set of 796 re nts (Brown-headed H eater, 

Bronzewing, and White-br d Babbler) all ha inimal 

 (< 1  Grey Currawong was the exception, requiring 87 

cted pro f occurrence (Figure 18). 

4

fu

Thornbill, Rufous Whistler, Grey Butcherbird, Grey Shrike-thrush, Brown 

Honeyeater, and Common Bronzewing) to be focal species for remnant area.  Many o

these sp c to one of the t  major vegetation 

associations

Robin, Chestnut- ler,

Honeyeater allee e s

in the ana anded data mna oney

Common Weebill, owe d m

requirements for area 0 ha).  The

ha for a 10% predi bability o
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Figure 18: The predicted probability of occurrence of the five most sensitive 
habitat generalists as a function of remnant area for 796 remnants from the WA 
wheatbelt. 
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Figure 19 compares the logistic regressions of the two most sensitive of the species 

omitted from the analysis of Brooker et al. (2001a, b) and Brooker (2002) but 

considered in this study (the White-browed Scrub-wren and the Hooded Robin) with 

the two most sensitive species identified by Brooker (Shy Heathwren and Golden 

Whistler).  The White-browed Scrub-wren and the Hooded Robin had substantially 

greater area requirements as assessed by their 10% threshold.  In fact, five of the 

seven species considered had area requirements substantially in excess of the species 

considered by Brooker (all have 10% thresholds of > 100 ha: Figure 20). 

 

Table 16 provides a comparison of the area in hectares suggested as required for a 

10% probability of occurrence.  Results from the expanded analysis suggest 

substantially larger 10% thresholds for some species (a 2½ times increase in the 

estimated 10% probability for Shy Heathwren, a 4½ times increase for the Dusky 

Woodswallow, and a six-fold increase for the Rufous Treecreeper). 
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Table 16: A comparison of 10% threshold values for bird species utilised by 
Brooker et al. (2001a, b, 2002).  Included also is the species’ habitat preference. 

pecies 
Habitat 10% occupancy 10% occupancy  

S Preference (from Brooker 2002) (expanded dataset) 
Shy Heathwren HSM 40 100 
G HSM 30 47.9 
So HSM 20 25.1 
Redthroat HSM 10 14.8 
C
Jack

olden Whistler 
uthern Scrub-robin 

rested Bellbird HSM 10 7.9 
y Winter Woodland 40A 46.2 

D
V
R
B

usky Woodswallow Woodland 30 144.5 
aried Sittella Woodland 30 24.5 
ufous Treecreeper Woodland 10 67.6 
rown-headed Honeyeater Generalist 10B 6.2 

W
W
Co

eebill Generalist 10B < 1 
hite-browed Babbler Generalist 10C < 1 
mmon Bronzewing Generalist 1 2.1 
A – analysed as a remnant generalist by Brooker et al. (2001a, b); B – analysed as a woodland 
specialist by Brooker et al. (2001a, b); C – analysed as a heath/shrub/mallee specialist by Brooker et al. 
(2001a, b). 
 

Figure 19: The predicted probability of occurrence of the two most sensitive 
heath/shrub/mallee specialists from Brooker et al. (2001a, b) and the two most 
sensitive heath/shrub/mallee specialists omitted from Brooker et al. (2001a, b) as 
a function of heath/shrub/mallee area for 796 remnants from the Western 
Australian wheatbelt. 
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Figure 20: The predicted probability of occurrence of the heath/shrub/mallee 
specialists omitted from Brooker et al. (2001a, b) due to lack of data as a function 
of heath/shrub/mallee area for 796 remnants from the Western Australian 
wheatbelt. 
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3.2.4. Discussion 

Some species of bird eliminated from focal species analyses because of lack of data 

(Brooker et al. 2001a and b, Brooker 2002) appear to have higher area requirements 

than the thresholds suggested by the analysis.  Typically, rarer birds with fewer 

records appear to have high area requirements.  Examples include the Hooded Robin, 

White-browed Scrub-wren, Rufous Fieldwren, Painted Button-quail, and Malleefowl.  

Area requirements for the species most sensitive to the area of heath/shrub/mallee 

patches appear to be in the order of 500-600 ha.  Seven species had habitat area 

requirements (as assessed by their 10% probability of occurrence) of greater than 100 

ha.  Only one additional species had a 10% threshold above 50 ha (Rufous 

Treecreeper).  Hence, 8 of 34 species (24%) had area requirements greater than the 

ommonly recommended thresholds used for landscape design in sub-catchments in 

the Western Australian wheatbelt (Lambeck 1998, 1999, Frost et al. 1999, Brooker et 

al. 2001a, b, Brooker 2002).  

 

This suggests that a key assumption of the focal species method (that the bird 

identified as the most vulnerable to the threat of remnant area will adequately 

c
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e

robust  taxa will be greater that that of a focal species 

selected from a small sub-set of species from the overall species complement of the 

t is chosen for their perceived vulnerability to the threat. 

 the species most sensitive 

 area (Hooded Robin) was too high.  However, this begs the question if a value is 

eatened of those species 

r which we have sufficient data to set a particular threshold may be a useful and 

ut this approach clearly does not employ the focal species and 

pecies not measured and not included in analysis.   

Under this approach the subsequent landscape design can only be seen to meet the 

nee

 

One su

species

modifie

the Wa

support naturally uncommon species in their own right, and therefore amelioration of 

thre

Hooded

action 

analysis.  However, our data suggests these species require large areas of 

ncapsulate the needs of all other birds and, indeed, all other taxa) is unlikely to be 

.  The requirements of many

site, even if this sub-se

 

This problem goes to the heart of criticisms of the focal species approach.  The 

species MOST threatened by a particular threat is the focal species for that threat.  A 

species less threatened can not reasonably be expected to be an umbrella for all taxa 

sensitive to that threat. 

 

Freudenberger (1999) took the pragmatic approach of adopting a lesser focal species 

(Rufous Whistler) because the threshold value derived from

to

being picked for convenience, practicality or other non-biological reasons why go 

through the focal species exercise in the first place? 

 

An alternative pragmatic approach of adopting the most thr

fo

convenient way to go, b

is not an outcome of the focal species approach.  Modification of the landscape based 

on this threshold may meet the needs of the species studied but cannot be reasonably 

expected to meet the needs of other s

ds of the “commoner” declining species. 

ggestion is that farmers can only reasonably be expected to husband bird 

 that are still relatively common, albeit declining, because of the highly 

d nature of their environment.  For example, Lambeck (1999) suggested that 

llatin Creek sub-catchment, and indeed all sub-catchments, were too small to 

ats would require action in adjacent catchments.  Hence, rarer species, such as 

 Robin, Rufous Fieldwren, and Malleefowl, may require a different range of 

across a broader area and therefore should be excluded from the focal species 

70 



Component 3 Report: A test of the focal species approach in Western Australia 

heath/s

as high

probab

nature 

to the c

a focus

 

hrub/mallee as a single patch (Table 15).  Such discrete areas may need to be 

 as 112 ha for Malleefowl and 550 ha for the Hooded Robin to achieve a 10% 

ility of occurrence.  These species will necessarily rely heavily on existing 

reserves, perhaps abetted by a surrounding network of remnants linked closely 

ore reserve or an expansion of the core reserve to a larger area.  This involves 

ed rather than dispersed geographic solution to adding new habitat. 
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3.3. Do birds form a nested series with area in the Western 

Australian wheatbelt? 

3.3.1. Introduction 

kely to be acceptable to a broader range of practitioners. 

1. The first method employed all bird data from the three sub-catchments.  Data 

were combined and then condensed into species occurrence by size classes.  

The size classes were 1 to < 5 ha, 5 to < 10 ha, 10 to < 20 ha, 20 to < 50 ha, 50 

to < 100 ha, and > 100 ha.  A presence/absence matrix was then constructed 

where rows of the matrix were species and columns were area size classes.  

Species that occurred in > 10% of remnants of each size class were 

determined. 

2. A second analysis of the nestedness of data used for focal species candidates 

(the list of Brooker 2002) was conducted using a nestedness temperature 

calculator (Atmar and Patterson 1993).  Due to technical limitations, only 

In this chapter we examine the “nestedness” of occurrence of bird species in remnants 

of increasing sizes in the Western Australian wheatbelt.  Nestedness describes the 

tendency for the species complement of small remnants to be nested within that of 

larger remnants, rather than species undergoing replacement along a continuum of 

increasing size.  While there is dispute about the requirement for nestedness for the 

focal species approach to be valid (Lindenmayer et al. 2002; Lambeck 2002), the 

analysis of a dataset displaying nestedness using the focal species approach is more 

li

 

Formally, the nested subset hypothesis (Patterson 1984, Patterson and Atmar 1986: 

65) suggests that “the species comprising a depauperate fauna should constitute a 

proper subset of those in richer faunas, and that an archipelago of such faunas 

arranged by species richness should present a nested series.” 

 

3.3.2. Methodology 

Bird survey data (presence/absence) from Gabbi Quoi Quoi, Morbinning and Buntine-

Marchagee sub-catchments (Brooker et al. 2001a, b, Huggett et al. 2004) was used in 

analysis.  We used two approaches. 
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focal species candidates were included in this analysis.  The presence/absence 

matrix was analysed using the calculator to investigate the “temperature”, with 

0° being perfectly nested and 100° being not nested at all.  A presence/absence 

matrix that contains both a degree of nestedness order (signal) and randomness 

(noise) will regist n inte te “ ure en o e

In a “cold system, species go extinctio n an ord ed way a

iously continuo  habitat fragmented into smaller and sm er island

inction rder is re icated across islands (Attmar and Patterso

 predis ition to inction f any spec  is typica  linked t

um sustainable population size. hen extinctions are increasingly 

ined by random processes acting on individual islands the 

perature” is raised.  A 10 temperat  represen  a completely random

tion order and o nestedn s will be sent. 

3. Results 

onsisted  138 spe s recorded in the three catchments from 48

 eight of the 138 species (c. 50%) occurred in 10% of r nants in 

e class.  The occurrence of these species is given in Table .  Twent

ccurred in ≥ 10% of remnants in all size categ es, inclu g the siz

5 ha.  These s ecies wer typically generalist species that have likely 

ance d range ith increasing clearing of the wheatbelt. 

lude the Australian Magpie, Australian Magpie-lark Australia

igeon, Galah, Singing Hone ter, Will Wagtail, and Yellow

ner. 

increased in size, then so did the species comple nt of bird Table 18

ional 10 species were present in remnants in the 5 - < 10 ha ategory, 

ies added for remnants in the 10 - < 20 ha category, 10 spec  added fo

10 species added for the 50 - < 100 ha 

rther 16 species ad ed in the > 100 ha category.  The species 

 occup ncy for re nants greater than 100 ha was typically 67 

5 more than remn nts < 5 ha.

er a rmedia temperat ” betwe  these tw nd-

points.  ” to n i er s 

prev us is all s, 

and that ext  o pl n 

1993).  The pos ext or ies lly o 

its minim  W

determ

“tem 0o ure ts  

extinc  n es pre

 

3.3.

The data matrix c of cie 7 

remnants.  Sixty ≥ em at 

least one siz  17 y 

two species o ori din e 

class of < p e 

increased in abund an w  

Examples inc , n 

Ringneck, Crested P yea y -

throated Mi

 

As remnants me s ( ).  

An addit  c a 

further 3 spec ies r 

remnants in the 20 - < 50 ha category, 

category, and a fu  d

complement at 10% a m

species; 4 a  
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Importantly in terms of nestedness, species were onsistentl added wi increasin

ze, but few we  lost (Tab e 18).  Species that occurred in very small 

resented also in remnants > 100 ha and all size classes in between. 

species candidate dataset us  in the se ond analy s containe 30 specie

87 remnants.  Twelve focal species candidates were absent from the thre

 analysed.  The most abundant species were the W bill (present in 323 o

d the Red apped Ro in (270 of 87 remna s).  Nine ecies wer

s remnants with the Painted Button-quail, Rufous Fi dwren an

ry-wren occur ng in one emnant only.  Analysis using the nestedness 

perature calculator returned a value of 7.64°, which was considered highly nested. 

 frequency of > 10%.  This suggests 

ubstantial geographical variation in presence/absence by location, with these species 

ome bird species. 

c y th g 

remnant si re l

remnants were rep

 

The focal  ed c si d s 

from 4 e 

catchments ee f 

487 remnants) an -c b  4 nt sp e 

present in ten or les el d 

Splendid Fai ri  r

tem

 

An important additional insight from Table 17 is that a number of species identified as 

focal species candidates by Brooker (2002) were actually well represented in the 

smallest of remnants.  The Brown Honeyeater, Common Bronzewing, Grey Shrike-

thrush, Red-capped Robin, Variegated Fairy-wren, Weebill, and White-browed 

Babbler occurred in the < 5 ha remnants at a

s

being more abundant in small remnants in Buntine-Marchagee (the additional data 

used over and above Brooker’s (2002) analysis) as compared to sub-catchments in the 

central wheatbelt.  It might be that small remnants are in better condition or better 

connected in Buntine-Marchagee or it may simply represent a north-south cline in 

abundance of s
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Table 17: The bird species present in vegetation remnants of various sizes in the 
north-central wheatbelt of Western Australian.  An asterisk indicates that ≥ 10% 
of remnants within this size class were occupied by the bird species.  Focal species 
candidates (Brooker 2002) are shown in bold. 
 

 Remnant Area (ha) 
Spe  
Aust

cies < 5 5 - <10 10 - <20 20 - <50 50 - <100 >100
ralian Magpie * * * * * * 

Australian Magpie-lark * * * * * * 
ralian Raven Aust * * * * * * 
ralian Ringneck Aust * * * * * * 
k-faced Cuckoo-shrike Blac * * * * * * 
k-faced Woodswallow Blac * * * * * * 
wn Honeyeater Bro * * * * * * 
mon Bronzewing Com * * * * * * 
ted Pigeon Cres * * * * * * 
h Gala * * * * * * 
y Shrike-thrush Gre * * * * * * 
 Butcherbird Pied * * * * * * 

ped Robin Red-cap * * * * * * 
ing Honeyeater Sing * * * * * * 

Striated Pardalote * * * * * * 
Tree Martin * * * * * * 
Variegated Fairy-wren * * * * * * 

bill Wee * * * * * * 
te-browed Babbler Whi * * * * * * 
y Wagtail Will * * * * * * 
ow-rumped Thornbill Yell * * * * * * 

w-throated Miner Yello * * * * * * 
stnut-rumped Thornbill  Che * * * * * 

Grey Butcherbird  * * * * * 
 Fantail  Grey * * * * * 

g-billed Corella  Lon * * * * * 
ga Parrot  Mul * * * * * 
ous Whistler  Ruf * * * * * 
y-cheeked Honeyeater  Spin * * * * * 
ern Gerygone  West * * * * * 

ed Triller  White-wing * * * * * 
come Swallow  Wel *   * * 
wn-headed Honeyeater   Bro * * * * 

Inland Thornbill   * * * * 
 Wattlebird   Red * * * * 
sted Bellbird    Cre * * * 

Nan   keen Kestrel  * * * 
Rain   bow Bee-eater  * * * 
Redthroat    * * * 
Richard's Pipit    * * * 

ge-tailed Eagle    Wed * * * 
te-fronted Chat    Whi * * * 
a Finch    Zebr * * * 

ereye    Silv *  * 
te-winged Fairy-wren    Whi *  * 
d-tailed Thornbill     Broa * * 

Horsfield's Bronze-cuckoo     * * 
e Crow     Littl * * 

 Cuckoo     Pallid * * 
thern Scrub-robin     Sou * * 

Western Yellow Robin     * * 
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White-eared Honeyeater     * * 
    White-fronted Honeyeater * * 

n Songlark     Brow *  
ant Parrot      Eleg * 

Emu      * 
k-eared Cuckoo Blac      * 

Blue-breasted n      Fairy-wre * 
Brow      n Falcon * 
Brow shawk      n Go * 
Little Eagle      * 

wl      Malleefo * 
 Heathwren      Shy * 
us Songlark      Rufo * 
ing Bronze Cuckoo      Shin * 
katiel      Coc * 
ny-crowned Honeyeater      Taw * 
te-faced Heron      Whi * 
 

3.3.4. Discussion 

Bird species in isolated remnants of a range of sizes resulting from land clearing over 

e past 100 years in the Western Australian wheatbelt appear to be arranged in nested 

 remnants get progressively smaller. 

esult is typical of island faunas and the faunas of archipelagos that are 

ragmentation.  Exam s 

ammal faunas of south-western USA, of large islands off the coast of Maine 

and andbridge islands off oast of Baja Californi atterson

). 

 

echanism that creates this pattern of ordered extinctions appears to result from 

the differing minimum sustainable habitat area requirements of the various species 

that populate an archipelago of islands or remnants (Patterson and Atmar 1986).  As 

island or remnant area decreases the species with the greatest area requirement will 

disappear first, followed in a predictable sequence by other species in order of greatest 

to least area requirements.  This results in a pattern of nested subsets of species 

occupation by island or remnant. 

 

th

subsets.  Species complements of small remnants are a subset of species complements 

of large remnants.  This suggests a pattern of selective and highly predictable loss of 

species as

 

Such a r

undergoing faunal “relaxation” 

include m

following isolation and/or f ple

in the USA, of l  the c a (P  and 

Atmar 1986

The m
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In the Australian situation, temporal variability in population size (cf. total 

tributing to extinction rates.  High climatic 

entation. 

couc  as SLOSS (“single large or 

ended the expansion of small remnants to a 

inimum size of typically 10 – 25 ha (Lambeck 1998, 1999, Freudenberger 1999, 

populations size) may also be a factor con

variability may rapidly drive species relaxation following fragm

 

Patterson and Atmar (1986) demonstrated that mammal faunas in south-western USA 

formed a nested subset, showed a significant regression of species richness versus 

area of montane habitat, and showed a predictable pattern of species loss as montane 

area decreased.  Susceptibility to extinction increased with body size so smaller 

species typically occurred on a greater number of mountain ranges.  This is consistent 

with population density being related to body size.  The patterns of species occurrence 

“was thought to be attributable to selective, apparently deterministic, extinction, 

culling ‘vulnerable’ species form a fauna while passing over other species” (Patterson 

and Atmar 1986: 75) 

 

The implications for landscape design in the Western Australian wheatbelt can be 

hed in terms of the historical argument referred to

several small”).  Large areas support more species than smaller species but the 

reduction in number of species with decreasing area is not proportional (i.e. a halving 

of area produces a less than halving of species complement).  Hence, a number of 

smaller areas might be expected to contain more species than a larger area of the same 

total size.  However, this argument is erroneous if the fauna is nested (i.e. if each of 

the smaller areas supports the same subset of species).  In this case a single large area 

is likely to contain more species than several small areas of similar total size.  Several 

small fragments of a single biota are likely to support nested subsets of the species 

originally present or that could potentially be conserved in a single large reserve 

(Patterson and Atmar 1986). 

 

Focal species studies have recomm

m

Brooker 2002).  While such action may readily fall within the capacity of landholders 

it may not be the most efficient way of adding a fixed area of land to the catchment.  

A perusal of Tables 17 and 18 indicates that remnants of < 10 ha typically hold 32 

species, and remnants of < 20 ha about 35 species.  This represents only 30% of those 
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species occurring in the sub-catchment at a frequency of > 10% in at least one size 

class of remnants.  Expanding remnants to 20 ha is only likely to cater for 51% of 

such species.  Presumably these values will fall even further if rarer species of bird are 

considered also. 

 

A more effective response would be to add the same area of land in a more 

concentrated way to existing larger remnants within the catchment.  This would 

guarantee a more potent biological outcome, at least for bird species.  The exception 

 this might be if a particular habitat with its own suite of birds was not well 

S  

to

represented in the large reserves and their areal expansion.  However, even in this 

case there is the suggestion that the faunas of remnants of different habitat type within 

the same biome might be expected to converge through a process of selective 

extinction (Patterson and Atmar 1986). 

 

Table 18: Summary table of the 10% occurrence of species from Gabbi Quoi 
Quoi, Morbinning and Buntine-Marchagee for six size classes of remnant.  As 
remnants get larger, species typically are added at a much greater rate than they 
are lost. 

ize class 1 - < 5ha 5 - < 10 ha 10 - < 20 ha 20 - < 50 ha 50 - < 100 ha > 100 ha
N
rem

umber of 
nants (n) 68 109 103 107 58 42 

≥
o

(

Speci

S

 10 % 
ccurrence 

no. of species) 22 32 34 44 52 67 

es added - 10 3 10 10 16 

pecies lost - 0 1 0 2 1 
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4. G

enmayer and Fischer (2003) have challenged the 

onceptual framework of the approach, posing the question “sound science or social 

threat? 

A g

Caughl

Austral

McKen

process

that of enshemesh 2000, Short 

200  

threate

categor

advoca

the deg

use of t

 

Fre

knowle

princip to reduce those threatening processes, 

such as predation by feral animals …”, presumably in the Wallatin sub-catchment.  

ENERAL DISCUSSION 

4.1. Focal species approach – sound science? 

The focal species approach (Lambeck 1997), presumably incorporating the 

methodological modifications of Freudenberger (1999) and Brooker (2002), are 

described as a “scientifically based approach to re-designing agricultural landscapes 

for the conservation of biodiversity” (Freudenberger and Brooker 2004: 255).  

Lindenmayer et al. (2002) and Lind

c

hook?”  Here we discuss various aspects of whether the approach is indeed “sound 

science”.  Section 4.2 discusses whether the methodology provides an effective 

“social hook” to encourage conservation actions.  

 

4.1.1. How do you determine what threatening processes are operating and 

which species are affected by which 

reat deal has been written about the process of diagnosing threats to species (e.g. 

ey and Gunn 1996).  The key threatening processes resulting in the loss of 

ian mammals has been subject to debate for decades (e.g. Burbidge and 

zie 1989, Short and Smith 1994).  The importance of various threatening 

es for birds is often subject to uncertainty and disagreement.  An example is 

Malleefowl (Frith 1962, Priddel and Wheeler 1999, B

4).  The key point is that there is significant uncertainty about the role of various 

ning processes in the past and ongoing decline of species.  The forced 

isation of a key threat to a particular species via “expert knowledge” (as 

ted in the focal species approach) provides a very imperfect shortcut and often, 

ree of uncertainty associated with the original decision is lost in the subsequent 

his categorisation. 

udenberger and Brooker (2004: 265) recommend “expert opinion and local 

dge” and claimed that Lambeck (1999) “used expert opinion and general 

les … to make …. recommendations 
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Ho v

risk in at this advice has 

ecome an integral component of focal species analysis.  The “expert opinion 

 of birds for 

onsideration as focal species based on their perceived vulnerability to fragmentation 

rmined the x-axis for 

ubsequent display or analysis (i.e. the use of patch area or remnant area).  A problem 

ch in Western Australia is that 

e perceived threat) 

nderlines the uncertainty about apportioning a species to a threatening process. 

we er, the expert on predation actually consulted by Lambeck (1999) on species at 

 the Wallatin catchment (Jeff Short) finds it surprising th

b

workshop” reported in Lambeck (1999) does not appear to have been repeated 

elsewhere – rather the results of this original workshop, focusing on the Kellerberrin 

study area and surrounds, have been used uncritically elsewhere in the Western 

Australian wheatbelt as a justification for utilizing a restricted set of species believed 

susceptible to loss of habitat area and increased isolation – namely resident birds. 

 

Focal species studies in Western Australia have selected a sub-set

c

(via either expert opinion or those classed as decliner species by Saunders and Ingram 

(1995)) and by life history attributes (typically resident sedentary).  Candidate species 

were then classified as generalist species or species limited to one or several habitat 

types (patches). Effectively the threat of “fragmentation” is sub-divided into a number 

of sub-threats: lack of particular habitat types such as heath/shrub/mallee and 

woodland; or lack of area.  This latter classification has dete

s

with applications of the focal species approa

practitioners assess species presence in entire remnants across all patch types and then 

assign presence/absence to patches on the basis of expert opinion of habitat 

preference.  There is no direct measure of habitat preference and thus threat (= lack of 

particular habitat) to which the species is assigned must be based on expert opinion. 

 

Some species are identified as vulnerable to several threats (lack of shrubland and 

lack of heath; lack of area and too much isolation).  Specific examples are discussed 

in Section 2.1.5.  The lack of agreement or certainty on whether a particular species is 

a generalist or is a habitat specialist (which then links directly to th

u
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4.1.2. How do you determine which is the most sensitive species of the 

myriad of taxa in a catchment to a particular threat?  

Our work in earlier chapters has demonstrated the difficulties of identifying the 

MOST threatened species for any particular threat.  Practitioners of the focal species 

method have tended to deal with this by excluding all taxa within the catchment from 

con

threaten

fragmen

be chie

 

For exa 61) identified five species of mammals “potentially at 

risk

foxes] 

cannot 

assess t

number

• 

y 

• berrin to other sites may not be 

t 

Dongolocking, but none were believed to persist at Kellerberrin) and the 

sideration other than a restricted set of birds based on the perception that they are 

ed by factors other than the one of interest (typically some aspect of 

tation).  A case in point is the exclusion of mammals as they are believed to 

fly threatened by predation. 

mple, Lambeck (1998: 

” at Dongolocking but considered that “the predation pressure [from cats and 

is so high that until it is eased the threat to mammals of inadequate habitat 

be assessed.”  He cited expert opinion, presumably the workshop carried out to 

he Kellerberrin fauna (Lambeck 1999), to justify this decision.  We suggest a 

 of reasons why this is inappropriate: 

The established relationship between species richness of mammals and reserve 

area in the Western Australian wheatbelt (Kitchener et al. 1980b) parallels that 

for birds (Kitchener et al. 1982).  Species richness of mammals falls awa

strongly as reserve size decreases in the same way as for birds.  In contrast, the 

number of lizard species in wheatbelt reserves was most highly correlated with 

number of plant associations (Kichener et al. 1980a). 

The extrapolation of expert opinion from Keller

valid.  For example, the Dongolocking fauna is very different to that 

considered at Kellerberrin (a number of arboreal or semi-arboreal species a

management of exotic predators differed greatly between sites, being actively 

managed at Dongolocking for the reintroduction of the Southern Brown 

Bandicoot but not managed at all at Kellerberrin. 

• The frequent inclusion of ground-nesting birds, typically believed to be 

impacted by predation, in focal species analyses suggests that mammals 

should be included also; and 
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• The demonstrated empirical relationships of probability of occurrence versus 

iven that our 

xpanded range of species is only a tiny fraction of the species complement of the site 

argules (1996) ranked remnants of vegetation at Wallatin in terms of 

eir relative importance for representing plant diversity at the local scales.  They 

ourse, it could be that plants are not limited by fragmentation in the central wheatbelt 

remnant area for a range of mammal species (Chapter 3.1). 

 

Chapter 3.1 has demonstrated that species from major taxonomic groups typically 

excluded from focal species analysis such as mammals and reptiles may have greater 

area requirements than birds.  In Chapter 3.2 we have shown that excluding some bird 

species (i.e. species within the same taxonomic group) also has a major impact on 

computed thresholds.  We used an expanded data set of bird presence/absence in 

wheatbelt remnants to allow the consideration of more focal species candidates and 

the consequence was the derivation of very different area “thresholds”. 

 

Our data suggests that the inclusion of an expanded range of species in a focal species 

analysis inevitably unearth species with greater area requirements.  G

e

it seems inevitable that adding even more species will further raise threshold values 

and throw up a different focal species.  The task of assessing the true focal species for 

any threat is likely to be a technical and practical impossibility. 

 

4.1.3. The umbrella function of the focal bird 

Brooker and M

th

identified “the top ten” remnants ranked on their contribution to representing plant 

species diversity.  Lambeck (1999) conducted a similar analysis for birds and came up 

with a different set of remnants – only 4 of ten were common.  This suggests that a 

landscape plan based on focal birds is unlikely to produce a result that is effective for 

plants and that a focal bird is unlikely to represent the needs of very different taxa.  Of 

c

in the same way that birds are but are subject to a different threat.   

 

4.1.4. Objectivity of method 

Focal species analyses typically calculate a “threshold” value for area and isolation 

for input into subsequent landscape plans.  A significant problem is that a threshold 
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that is too large produces a plan that is likely to be unacceptable to landholders 

because of the scale of revegetation required.  There is substantial variation from 

study to study in how thresholds are determined that suggests a manipulation of 

threshold values for area to ensure they fall within a practicable range for landscape 

esign (typically in the range 20-60 ha).  Examples include: 

requirements were too demanding (> 100 ha), instead accepting “an arbitrary 

‘intermediate’ focal species” [Rufous Whistler] with lesser area requirements 

(> 10 ha) and more suited to requirements for subsequent landscape planning 

and farmer “capacity”. 

2) The Rufous Fieldwren at Durokoppin Nature Reserve in the Wallatin sub-

catchment was detected in a 25 ha sub-patch of heath (Lambeck 1999: 22).  

This species was given as the focal species for heath occupying a minimum 

patch size of 25 ha.  However, there is 184 ha of heath in Durokoppin (Muir et 

al. 1978) so minimum patch size should be 184 ha, not 25 ha, assuming all 

discrete areas (sub-patches) of the same habitat type are aggregated into a 

single “patch”.  Perhaps, 25 ha was adopted as the minimum because a 184 ha 

threshold would have made the subsequent landscape design impracticable. 

3) The shift from smallest patch occupied (Lambeck (1999) to threshold 

probability of occurrence of 60% at Dongolocking (Lambeck 1998) to 50% 

probability of occurrence at Dowerin, Tin Dog Creek, and South Tammin 

(Frost et al. 1999) as the “threshold” criterion. 

 from use of histograms to logistic regression (Brooker 2001a, b, 2002). 

d

1) The Hooded Robin was the focal species for area in a study in NSW/ACT 

(Freudenburg 1999).  This was “put aside” as the focal species because area 

4) The shift of threshold from 50 - 60% probability to 10% probability in the 

shift

 

Freudenberger (1999) made this process explicit by linking the choice of threshold to 

the capacity of farmers to deliver an on-ground outcome.  Hence he chose “an 

achievable goal” of expanding remnants to 10 ha, this goal to be represented by the 

Rufous Whistler as focal species.  This species represented “the large number of 

moderately sensitive [to area] birds in the region”, although it was not the most 

sensitive to area even among this subset (Freudenberger 1999, Appendix 4). 
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4.1.5. Justification for focusing on smaller remnants for restoration 

ch small remnants but they make up a 

mall proportion of the total area of remnant vegetation remaining.  This is illustrated 

estern Australia. 50 ha is 9,157 ha (16% of 

 area) ma of tota  

8 nants

re extr remnants < 5 ha (136 remn l 

 0.76% et mpared with remnants > 5 ha 

ng up 5 ,332 ha or 99.2 nt vege

 focal s ecies doctrine,  foca  

84% of these eight catchments would be suitable for the 

cal bird and all other species limited by remnant area (at least at the chosen 

gthening the larger remnants within a sub-

atchment.  This includes the CALM estate in WA, but also big remnants in private 

grazing by stock.  Their protection was not a priority under the focal species plan for 

A common starting point for authors working on wheatbelt birds is that so much has 

been cleared (< 10% remaining) and “much of what remains is found in small patches 

(< 2 ha)” (Freudenberger and Brooker 2004: 253).  This latter clearly misrepresents 

the true situation as typically there are many su

s

in Figure 21 for the eight catchments in which focal species analyses have been 

conducted in W   The area of remnants < 

the total remnant de up of 633 remnants (79% l number).  The area of

remnants > 50 ha is 47,68  ha (84%) made up of 171 rem  (21% of total).  These 

figures are even mo eme if ants making up a tota

area of 433.5 ha or of remnant veg ation), are co

(661 remnants maki 6 3% of remna tation). 

 

If one accepts the p  and given a l species threshold for

remnant area of 50 ha then 

fo

threshold level).  But, if 84% of habitat is in remnants > 50 ha then it is unclear why 

so much focus is being placed on bolstering the multitude of small remnants within 

the landscape. 

 

Freudenberger (1999: 14) made explicit the reason for focusing on these small patches 

(in his case < 10 ha).  It allows many landholders to be involved in revegetation action 

as small patches are very common in his region of study.  Presumably, it also sets a 

modest and achievable task for landholders.  This suggests a socio-economic bias that 

is intertwined into the focal species approach that is rarely made explicit. 

 

However, the focal species approach, by focusing on small remnants, undervalues the 

opportunities for focusing on and stren

c

ownership.  This issue was highlighted by the NRM manager at Dongolocking where 

there were several large remnants > 100 ha on private property that were subject to 

84 



Component 3 Report: A test of the focal species approach in Western Australia 

the area (Lambeck 1998).  The focus on larger remnants is consistent with the work of 

Kitchener in the WA wheatbelt.  Kitchener et al. (1982) advocated “sub-regional 

ature reserves” of about 1500 ha, noting that such reserves were inadequately n

represented in the central and northern wheatbelt. 

 

Figure 21: The cumulative area of remnants surveyed for birds in various size 
categories in the eight catchments studied by CSIRO in the WA wheatbelt (n = 
the number of remnants in each size class). 
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4.1.6. Apparent failure to provide solutions for threatened birds

(n = 215) (n = 114)
3)

(n = 42)
(n = 7)

 cf. declining 

birds 

ed at State, National and International levels (Table 19) are 

(n = 7

(n = 30)

(n = 10)

Birds listed as threaten

typically not considered in focal species analyses.  National Recovery Plans or other 

summary documents for these species often indicate multiple causes of decline 

(Malleefowl: Benshemesh (2000); Carnaby’s (Short-billed) and Baudin’s (Long-

billed) Black-cockatoo: (Higgins 1999); Noisy Scrub Bird: (Danks et al. 1996); 

Western Whipbird and Western Bristlebird: (Cale and Burbidge 1993); and Bush 

Stone-curlew: (NSW National Parks and Wildlife Service 2003), one of which is 

habitat fragmentation. 
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The autumn survey by Freudenberger (1999) in ACT/NSW recorded only two species 

of six declared threatened species in the ACT (Hooded Robin and Brown 

reecreeper).  However, all six were considered “threatened by the clearance of once-T

widespread native open forest and woodland”. 

 

Table 19: Birds listed as threatened in Western Australia and occurring in or 
adjacent to the highly fragmented landscapes of the wheatbelt 

Common Name Redlist 2003 National State 
Noisy Scrub-bird VU D2 Vulnerable Rare/likely extinction
Baudin's Black-cockatoo LR/nt Vulnerable Rare/likely extinction
Carnaby's Black-cockatoo EN A1abc+2bc Endangered Rare/likely extinction
Western Bristlebird VU D2) Vulnerable Rare/likely extinction
Malleefowl VU A1ce+2bce Vulnerable Rare/likely extinction
Bush Stone-curlew LR/nt   
Long-billed Corella  Vulnerable Rare/likely extinction
Thick-billed Grasswren  Vulnerable  
Western Ground Parrot  Endangered Rare/likely extinction
Western Whipbird  Endangered Rare/likely extinction
Major Mitchell’s Cockatoo   Specially protected 
Peregrine Falcon   Specially protected 
 

Saunders and Ingram (1995) identified ninety five declining bird species in the 

Western Australian wheatbelt from a species complement (excluding vagrants) of 195 

pecies.  The focal species analyses typically consider a limited subset of such 

ecies and utilized 27 

r than 

agmentation.  Either way, this suggests that, at best, implementation of landscape 

s

species.  Brooker (2001a, b, 2002), for example, considered 42 sp

species from this pool of 95.  Hence, half to two-thirds of declining species are not 

considered.  It is unclear whether these species are excluded only for reasons of 

practicality (such as not sampling at night so not including nocturnal birds or are 

simply too rare to provide adequate data: Brooker 2002) or whether the primary 

threatening processes for these species is perceived to be some factor othe

fr

plans emanating from the focal species work can only be a partial conservation 

solution even for declining bird species. 

 

Species considered “vulnerable” in the wheatbelt by Kitchener et al. (1982), but not 

typically considered in focal species analyses include: Red-tailed Black Cockatoo, 
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Western Rosella, White-winged Fairy Wren, Western Thornbill, Spotted Nightjar and 

Chestnut Quail-thrush. 

 

Only two of 27 species considered by Brooker (2002: 189) did not return a positive 

a (Leake 1962) in 

ast times, but was reduced to a small population in wandoo woodland on Kodj 

Kodjin Nature Reserve in the Wallatin study area at the time of the Museum surveys, 

.  It has often been cited as a 

d and Water 

ustralia and the Western Australian Department of Conservation and Land 

relationship to area or habitat quality.  These were the Yellow-plumed Honeyeater and 

the Spiny-cheeked Honeyeater.  Intriguingly, the Yellow-plumed Honeyeater was 

identified as the most common honeyeater in the Kellerberrin are

p

and now is apparently absent (Saunders and Ingram 1995)

key example of the dire impact of fragmentation on the birds of the central wheatbelt 

(Saunders 1989).  The Spiny-cheeked Honeyeater is an uncommon resident of 

woodland, mallee, and shrubland that has probably declined in abundance as a result 

of loss of suitable habitat (Saunders and Ingram 1995).   Hence, it is difficult to 

understand why such species should show no relationship to remnant area, habitat 

area, or isolation.  Clearly, there remains much to be learned and it may take 

autoecological studies to produce answers. 

 

The focal species approach, by requiring an exhaustive knowledge of threatening 

processes and their impact on particular species, generates unnecessary conflict about 

what species can and what species cannot be legitimately used in deriving thresholds.  

For birds, this is exemplified by the Bush Stone-curlew and the Malleefowl.  Are they 

primarily threatened by fragmentation or by predation – and if the latter, should they 

be included in analyses to determine the focal species for habitat area? 

 

4.1.7. Client-driven 

All focal species studies post-Lambeck were conducted by CSIRO, but commissioned 

specifically as focal species studies by Greening Australia (Freudenberger 1999, 

Brooker 2001a, b), WWF Australia (Brooker et al. 2002), and Lan

A

Management (Huggett et al. 2004).  In each case, the client was given what they 

asked for – a focal species analysis.  Often, however, there were major changes in 

methodology and, in at least one latter case, significant doubts about the product.  
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Concern has also been expressed about the effective partitioning of the planning 

process (the responsibility of CSIRO) from community engagement (the 

responsibility of the client) and the impact of this on later implementation. 

 

4.1.8. Cost-benefit analysis of conservation actions 

hey prefer 

nd this often derives from a subjective but integrated assessment of the perceived 

ot the focal species approach 

 and is not a core part of 

 focal species ering spe nse 

lar threat, and then managing for the most vulnerable to t reat in the 

 that all other species similarly threa ed will be adequately cater or. 

ocal species analyses and subsequent landscape designs include many 

re.  All such eleme s can be used in landscape sign with or 

t a focal species analysis.  These in de assessment of threat and vulnerability 

 threat; studies of habitat requirements (= area and isolation requirements); the use 

One of the putative benefits of the focal species approach is that it provides 

information on “… where to revegetate for the best wildlife outcomes at the least cost 

to farm production” (Freudenberger and Brooker 2004: 254).  To our knowledge, this 

economic analysis has not occurred in Western Australian studies and possibly not in 

eastern Australian studies.  An analysis of the relative costs and benefits of corridor 

construction, creation of new habitat, and restoration of existing habitat is long 

overdue and may be possible with minimal field effort from existing data sets. 

 

Farmers often have strong views on what type of habitat reconstruction t

a

benefits to biodiversity, water use, and farm management of particular actions.  The 

chief limitation to a more formal assessment of this is the assessment of biodiversity 

benefit.  The accumulated data set on bird presence/absence in the Western Australian 

wheatbelt provides a major potential resource for this. 

 

4.1.9. What is and what is n

If a decision about whether to persist with the use of the focal species approach is to 

be made it is important to be clear about the limits of what is

this approach.  The  approach is about ord cies by their respo

to a particu hat th

belief ten ed f

 

Typical f

elements that are not co nt  de

withou clu

to

of a species presence by remnant matrix; logistic regression of presence/absence 

against environmental variables; models to assess landscape connectivity (Brooker et 
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al. 1999); and gap tolerances of heath/shrub/mallee birds (Brooker et al. 1999) and 

woodland birds (a “best estimate” based on doubling the heath/shrub/mallee value and 

informed by the work of Lynch et al. 1995). 

 

The other major component to landscape design and conservation action is social 

engagement with landholders (e.g. Dilworth et al. 2000).  Clearly, this is generic and 

not linked to the technical process of the focal species assessment. 

cial hook? 

and Fischer (20 ggested  of the stre the focal 

 approach may have been its usefulness in engaging landholders regarding 

rooker (2004), in their 

a ethod was an effective “social 

his m an made ings of the methods in 

ontrast to these authors, we would argue that the focal species 

tin sub-catchment, 

but to date little revegetation has taken place due to lack of resources, although 

he story is very similar in the Dongolocking study area of Lambeck (1998).  

 

4.2. Focal species approach – so

Lindenmayer 03) su that one ngths of 

species

revegetation for nature conservation.  Freudenberger and B

defence of the approach, argued strongly th t the m

hook” and implied that t

other areas.  In c

ore th up for shortcom

approach has no particular resonance with landholders. 

 

The first application of the focal species approach was in the Walla

“

farmer support is high.” (R. Lambeck, personal communication in Freudenberger and 

Brooker 2004).  We quantified and classified recent (post-1999) revegetation efforts 

in the Wallatin catchment in 2004 according to whether they conformed to the focal 

species plan of Lambeck (1999: 38).  Ninety seven discrete patches of revegetation 

were detected of which only three (3.1%) conformed to the plan.  The majority of 

revegetation efforts in the catchment were planted in an attempt to achieve multiple 

benefits (including biodiversity), but seldom followed recommendations provided by 

the focal species analysis.  It is unclear what information was being used to guide 

decisions regarding the configuration and extent of revegetation efforts. 

 

T

Lambeck suggested some 70 patches for reconstruction.  After three years of NHT 

funding to implement the plan, just one patch has been created that conforms to the 
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plan (Table 20).  Forty seven discrete patches of revegetation were identified in the 

catchment totalling c. 300 ha in area.  The focal species planting constituted < 5 ha, 

which was c. 1% of plantings and c. 0.2% of the more conservative recommendation 

r habitat expansion in the plan. 

 

an u laim for nature 

conservation based on farmers having little choice but to extensively revegetate to 

e five years since presentation of the focal species plan. 

fo

The scale of revegetation suggested in early focal species plans appears to have been 

nrealistic ask for farmers.  They appear to be largely an ambit c

ameliorate salinity.  They flow from recommendations by hydrologists that up to 70-

80% of some catchments would need to be replanted to “deep rooted, summer –active 

perennial vegetation” to significantly reduce water tables (Davidson 2002).  The 

average cost to landholders, assuming revegetation is spread evenly across all 

properties in the study area, is a one-off cost of $181,000 as well as a recurring 

opportunity cost of production foregone of $67,000 per annum (Table 21). 

 

Despite these potential costs, landscape plans derived from the focal species approach 

are not typically integrated with salinity abatement or soil conservation, another 

potential major expense for farmers.  Farmers are increasingly looking to solutions 

other that revegetation with native vegetation, such as the planting of perennial tree 

crops, salt-tolerant pastures, and corridor plantings, and construction of drains, rather 

than large-scale revegetation. 

 

Table 20: Re-plantings in the Dongolocking study area of Lambeck (1998) over 
th

Type of planting Number of patches Area of patches 
Tagasaste 14 150 
Oil mallee 16 89 
Pine 2 8 
Breakaway 6 26 
Drainage line 1 1 
Corridor 6 19 
Established planting 1 1 
Focal species planting 
Total 

1 4 
47 298 

 

The large estimates for revegetation at Wallatin (1,121 ha or 4.3% of the sub-

catchment) and at Dongolocking (3,026 – 7,509 ha or 10.4 – 25.9% of the study area) 
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appear to be a result of flawed methodology, using one definition of patch for analysis 

of data and another for prescription of revegetation.  An apparent lack of 

communication with farmers during the planning phase may have contributed also. 

 

Table 21:  An estimate of the cost of reconstruction work in the Dongolocking 
study area for the amount proposed under the “modest” recommendation 
(10.4% of the study area) by the focal species approach of Lambeck (1998). 
 
 Cost per ha ($)* Cost ($) Cost per landholder ($) 

Option 1 – purchase land and revegetate 

Land value 1,600 4.84M 242,000 

Revegetation 1,200 3.63M 181,600 

8.47M 423,600 

1.33M 66,600 

Total 2,800 

Option 2 – farmer retain and revegetate 

Revegetation 1,200 3.63M 181,600 

Recurring annual cost 440#

of lost production 

* All values are in 2004 dollars.  # Yield per hectare is assumed to be 2 tonnes per 

areas of 

vegetation.  There was also a focus on revegetation of unproductive areas rather 

uded also the employment of a full-time co-ordinator. 

Subsequent focal species plans in Western Australia (Brooker 2001a, b) showed a 

major switch in emphasis from habitat expansion to connection of existing remnant 

annum with wheat valued at $220 per tonne.  There are c. 20 landholders in the study 
area.  These costs do not include the cost of expansion of the existing corridor system, 
as recommended by Lambeck (1998) based on general principles.  
 

In a subsequent study, the focal species work was much more strongly linked into a 

social process of engagement with landholders (Dilworth et al. 2000).  This led to 

extensive modification of the focal species plan at South Tammin to take into account 

the aspirations of landholders.  In particular, this plan emphasised the planting of 

corridors to link existing vegetation rather than promoting extensive 

re

than areas suggested using the focal species methodology.  Revegetation was 

facilitated by sponsorship and support by Alcoa World Alumina and Greening 

Australia over a proposed five years from landscape design (Dilworth et al. 2000).  

This support incl
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vegetation.  This may in part be because they were driven by a different researcher 

with different views on the importance of a connected landscape and partly a belated 

recognition of the viewpoints of landholders. 

 

tives metho s to the focal species approach to 

g landscape plans for habitat reconstruction 

argued that the co tual framew of the focal ies approac  is 

(the belief that you select one species that is mo threatened a 

cess ny other), e initial application to landscape 

Wallatin and Don cking used a flawed methodology (by using one 

atch” for anal and another for prescription), and that more recent 

hile introduc new and m rigorous methodologies for data 

retained the flawed conceptual framework.  Fu r, the theory of 

ess” suggests the f on expandi mall remnants, common to most 

 the approach, likely to pr  the best biological outcome for a 

struction ch a strate  more likely to benefit common 

ther than declining species.  Recent ocates of the m  

rtcomings in methodology may be forgiven due to the effectiveness of the 

generating conservation action and its widespread acceptance by farm   

e have demonstrated that uptake has been poor and conservation actions 

ot conform to landscape plans generated by the metho

s approach has been perceived by practitioners as broadly applicable 

eats and to all organi Their response to criticisms of the method has been 

ul in the extent of extrapolation of the method.  They have argued that 

 (on-ground action gely outwei e disadvantages and limitations of 

h and can be addr  simply by g caveats to c lusions.  Pe s 

nable approach if there are no practicable alternatives to the current 

er et al. (2002) su ed a range of additional (or alternative) approaches 

l species approach t could be im ented without the claim that “by 

4.3. Alterna d

derivin

We have ncep ork spec h

flawed  can re by 

particular threatening pro  than a that th

designs at golo

definition of “p ysis 

applications, w ing ore 

analysis, have rthe

“nestedn ocus ng s

applications of is un oduce

given area of recon .  Su gy is

species ar  adv ethod have argued

that sho

method in ers.

However, w

largely do n d. 

 

The focal specie

to all thr sms.  

to be more caref

the benefits ) lar gh th

the approac essed addin onc rhap

this is a reaso

method. 

 

Lindenmay ggest

to the foca  tha plem

92 



Component 3 Report: A test of the focal species approach in Western Australia 

restoring the landscape for a selected subset taxa, the rema ng biota wil be 

  These included ch approaches as restoration of watercourses and 

itat, restoration of a nominated proportion of the la e to create a 

tches, restoration d expansion of roadside vegetation, restoration of 

mnant vegetation improve hab quality, and plementation of 

tches of vegetation hey were concerned that it was “risky to adopt a 

i.e. the foca species approach] to a complex problem such as 

storation.”  How at least som these options ( plement existing 

nd roadside tation, improving habitat quality) have been 

d as part of landscape plans in W ern and easter ustralia, der ed 

he focal species a sis or from expert opinion. 

sider a range of options that might be available in the central wheatbelt of 

stralia and in sub uent sections  try to draw these together as an 

lternative to the focal species approach. 

 of ini l 

conserved ”.  su

riparian hab ndscap

mosaic of pa  an

existing re to itat sup

existing pa .  T

single approach [ l 

landscape re ever  , e o  f sup

patches, expa vege

recommende est n A iv

either from t naly

 

Here we con

Western Au seq  we

a

 

Invest more in on-reserve conservation 

Table 22 indicates that substantial, albeit, variable parts of the remaining remnant 

vegetation within a catchment often lie within the reserve network.  Values range 

from a high of 71% at Dongolocking to a low of 2.6% at Wyalkatchem.  These sites 

are often the largest remnants remaining in the catchment, form the core of the local 

conservation network, and most focal species candidates within the catchment occur 

within them.  However, many large blocks fall outside the conservation estate and 

ese may be candidates for inclusion in the public estate.  For example, in the th

Wallatin study area, there are five blocks > 100 ha, including one of 318 ha. 

 

Conservation priorities should be to strengthen this network by the reservation of 

additional large blocks within the catchment and utilise these large blocks to form the 

hub of any off-reserve conservation program in the catchment, funded or part-funded 

by government. 
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Table 22: The contribution of the reserve network to the total remaining 
remnant vegetation within study catchments and number of focal species 
candidates in reserves and in the catchment. 

Sub-catchment 
Area of 
reserves 

Proportion of 
remaining vegetation 

in study area 

Focal species 
candidates in 

reserves 

Focal species 
candidates in

catchment 
 

Wallatin Creek     
Durokoppin 1207 18.1 24  
Burges Spring 267 4.0 10  
Unnamed 245 3.7 0  
Kodjkodjin 225 3.4 16  
Mooranoppin 72 1.1 0  

 2016 30.3 24 24 
ongolocking     

23 0.4 1  
1237 23.4 16 23 

abbi Quoi Quoi     

unnamed - a 106 4.3 13  
unnamed - c 66 2.7 8  

TOTAL
D
Dongolocking - main reserve 1350 33.1 23  
Mallee Plain 401 9.8 18  
Dongolocking - b 296 7.3 18  
Dongolocking - a 293 7.2 23  
Dongolocking - d 224 5.5 20  
Dongolocking - c 196 4.8 20  
Dongolocking - e 136 3.3 20  
TOTAL 2896 71.1 28 29 
South Tammin     
Charles Gardner 897 28.1 19  
Tammin Railway Dam 436 13.6 16  
Mooraning 52 1.6 8  
Unnamed 48 1.5 8  
TOTAL 1433 44.8 20 23 
Morbinning     
unnamed - a 656 12.4 16  
unnamed - b 374 7.1 10  
Dulbelling - b 72 1.4 12  
unnamed - d 42 0.8 10  
Dulbelling - a 38 0.7 9  
Quairading Spring 32 0.6 2  
unnamed - c 
TOTAL 
G
Gathercole 164 3.2 14  
unnamed - b 233 4.6 14  
unnamed - c 162 3.2 15  
TOTAL 559 11.1 17 19 
Tin Dog Creek     
Minnivale 315 12.7 16  
Namelcatchem 216 8.7 14  
Amery 203 8.2 17  
unnamed - b 177 7.1 6  
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unnamed - e 64 2.6 8  
unnamed - d 
unnamed - f 

59 2.4 13  
40 1.6 10  

OTAL 1246 50.2 18 19 

66 0.3 14  
6246 28.0 24 25 

T
Wyalkatchem     
unnamed - a 30 1.6 8  
unnamed - b 11 0.6 8  
unnamed - c 9 0.5 11  
TOTAL 50 2.6 16 25 
Buntine-Marchagee     
Buntine 3808 17.0 24  
Unnamed - d 590 2.6 16  
Wubin Townsite 417 1.9 17  
Unnamed - a 327 1.5 16  
Wubin Rocks 300 1.3 17  
Bryant's Park 293 1.3 13  
Unnamed - e 189 0.8 5  
Nugadong 141 0.6 13  
Unnamed - b 115 0.5 15  
Unnamed - c 

 TOTAL

 

Focus on improving habitat quality 

The quality of habitat within remnants has been consistently shown to have a major 

impact on species richness of birds and yet this is typically given lowest priority in 

focal species plans.  The figures in Freudenberger (1999) suggest that an increase in 

habitat complexity score from two to 16 gives a six-fold increase in species number, 

the species complement increasing from 5 to 30 species.  To generate the same 

increase in species number using increase in area alone requires an increase from 2 to 

c. 900 ha, a 450-fold increase in area. 

 

Similarly, there was a very strong increase in probability of occurrence of some 

species with improvement in habitat condition (2- or 3-fold) in four sub-catchments 

examined by Brooker (2003).  For example, she found that it was possible to increase 

average probability of occupancy for four generalist species by c. 30% by improving 

quality of habitat from ‘fair’ to ‘good’ with no overall increase in area.  This would 

appear to be a much more cost-effective solution to obtaining biodiversity gains.  

However, no equations or graphs were given to permit a comparison of relative 

benefits. 
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There is typically a strong correlation between remnant area and habitat quality.  

Freudenberger (1999) found a significant correlation between habitat complexity 

score and area.  There were no small patches (< 10 ha) with a habitat complexity score 

f > 11.5 and no large patches (> 100 ha) with a complexity score of < 5 (habitat 

e > 10 describes a structurally 

 remnants 

at were important in the Wallatin sub-catchment.  Remnants were typically widely 

mmendation that flows from this work is to fence all priority 

mnants.  It is unclear whether this has happened in the intervening years.  Certainly, 

k of exclusion of stock, because fencing of 

uch remnants were not identified as a priority in the focal species analysis and 

sign (G. Mullan, pers. comm.).  A focus on their protection 

o

complexity score has potential values of 0 - 18; a scor

complex woodland).  This suggests the need to focus initial efforts on the few large 

remnants of poor quality, and that substantial gains might be made by protecting 

existing small remnants from grazing.  This approach to prioritising remnants for 

protection and management is employed by Huggett et al. (2004). 

 

Brooker and Margules (1996) ranked remnants of vegetation at Kellerberrin in terms 

of their relative importance for representing plant diversity at both local and regional 

scales.  They identified “the top ten” remnants ranked on their contribution to 

representing plant species diversity of the region and identified another ten

th

dispersed across the respective study areas.  For example, at Wallatin, one cluster was 

in the north and included Durokoppin and Kodj Kodjin Nature Reserves and nearby 

remnants while another cluster of remnants formed a band across the lower part of the 

catchment.  Three remnants in the Wallatin catchment were given particular priority 

because they were the only examples of Salmon Gum woodland remaining in this 

sub-catchment.  No management prescriptions were given in this paper but 

presumably a reco

re

such a recommendation was not an explicit action in the subsequent focal species plan 

(Lambeck 1999). 

 

At Dongolocking there were a number of large (> 100 ha) remnants on private land 

that have continued to degrade through lac

s

subsequent landscape de

may have given a better conservation outcome than that generated by a focus on 

habitat expansion (Table 20).  Similarly, there are a number of large remnants at 
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Wallatin (detailed on p 93), but no information on how they are managed or if they 

are fenced to exclude stock. 

 

An improvement of habitat quality is likely to bring benefits to a suite of other 

pecies.  Abensperg-Traun et al. (1999) showed that grazed woodlands of Gimlet 

 to be threatened (Main 1987).  Similarly, grazing by stock and 

eir impact on habitat quality was perceived to be the major factor threatening the 

dd habitat in a concentrated rather than dispersed pattern

s

(Eucalyptus salubris) had fewer species of scorpion, termite, and native annual and 

perennial plant species, while grazed woodlands of Wandoo (E. capillosa) had fewer 

species of native perennial plants.  Grazed Gimlet sites had very high cover of weed 

species (78% cover), far higher than in Wandoo (25% cover).  Grazing of remnants 

and trampling by stock have an adverse affect on trapdoor spiders and all but the most 

common were likely

th

viability of the Rufous Treecreeper in fragmented landscape in the Western Australian 

wheatbelt (Luck 2003). 

 

A  

e area of native vegetation in the sub-catchment was 

.4%).  This recommendation represents one extreme pattern of revegetation.  The 

he largest individual remnant) is too small for 

eir long-term persistence. 

 

The early focal species work of Lambeck recommended the creation of new habitat in 

a highly dispersed pattern.  For example, in the Wallatin catchment Lambeck 

recommended the expansion of 61 individual patches to a minimum of 23-25 ha each 

(map on p. 39 of Lambeck 1999).  This represented an expansion of about half 

(61/113) of all patches identified.  Such an expansion required revegetation of 1121 

ha or 4.3% of the catchment (th

7

opposite extreme would be to add the entire 1121 hectares in a single patch.  For 

example, purchase and revegetation of such an area (perhaps an entire property) 

between Durokoppin (1030 ha) and Kodj Kodjin (204 ha) would effectively link these 

reserves to create a single reserve of c. 2300 ha.  Such an expanded reserve might 

provide sufficient habitat to ensure the survival of species such as the Brush Wallaby, 

Brush-tailed Possum, Purple-gaped Honeyeater, Hooded Robin, Shy Heathwren, and 

Rufous Fieldwren that might not persist otherwise in the catchment because the 

current Durokoppin Nature Reserve (t

th
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There may be a range of social and financial reasons for preferring one proposed 

solution over another, but it is hard to imagine the dispersed solution to be superior on 

biodiversity grounds alone. 

 

Maximise the number of remnants above a certain size 

Another possible goal could be to maximise the number of remnants greater than 100 

a, given the established biodiversity value of remnants of this size.  At the time of 

uld be expanded to 100 ha, 

aking them suitable for c. 67 species, rather than focusing on expanding very small 

bles 17 and 18). 

reater probability of persistence to avoid this 

otential problem. 

Lindenmayer et al. 

002: 344); rather that they should not be a priority for expansion in area relative to 

larger patches.  Small patches, and even paddock trees, may have habitat value in their 

“stepping stones” between larger patches. 

h

Lambeck’s surveys there were c. 9 remnants with an area > 100 ha in the Wallatin 

sub-catchment.  If remnants are ranked in decreasing order and all remnants < 100 

hectares are increased in size starting with the largest then the addition of 1121 ha 

would result in the creation of an additional 20 remnants of 100 ha.  Effectively all 

remnants greater than 27 ha in the sub-catchment co

m

patches to 25 ha that are suitable for only c. 34 species (Ta

 

Another advantage of this approach is it avoids the potential problem that bird species 

are continuing to be lost from remnants (via species relaxation) and the current 

presence of a species in a remnant of a certain size will not guarantee future presence.  

Hence, setting minimum thresholds for patch size based on current species 

occurrences may be inappropriate (Lindenmayer et al. 2002).  It is better to aim for 

larger patches in which species have a g

p

 

This does NOT mean that small remnants are expendable (cf 

2

own right for some taxa (Majer et al. 2000, van der Rees 2003) and may also provide 

 

Emphasise connectivity 

The linking of remnants of native vegetation using linear strips of native vegetation 

along road verges and along fence lines appears to have high intuitive appeal to 

landholders.  A corridor project was initiated at Dongolocking prior to the 
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commencement of focal species work there (Lloyd 1998) and interest groups still 

monitor the movement of birds, mammals and reptiles through them.  Much of the 

cent revegetation efforts using native vegetation in this catchment have been the 

link f native vegetation (Table 20).  

 

We we  in the linking of 

isol y threatened Red-tailed 

Phasco itated by involving local 

childre

a local lan

encouragin

 

The la

appeal o facilitate the free movement of animals 

betwee

 

Perhaps, o courage every farmer to set their 

bounda

quality corridors.  An alternative way of adding the 1,121 ha of revegetation 

recomm t Wallatin might be to construct 224 km of 

additio ive linkages between all 

remnan

 

Bir

remnan mably because of their ability to fly.  Lambeck 

(1998: 

and be

absenc

22) believed Yellow Robin, Shy Heathwren and Rufous Fieldwren were the species 

most li ity as these were species that “appear to 

prefer t

 

re

ing of large isolated remnants by corridors o

re successful in engaging landowners as part of this project

ated remnants for the movement of the nationall

gale (see press release at Appendix 6).  This was facil

n and their parents as well as school groups in trapping for fauna, working with 

dcare group to obtain funds for fencing materials, and facilitating and 

g action. 

ndscape design for South Tammin (Frost et al. 1999) reflects this intuitive 

to farmers of creating linkages t

n remnants. 

ne example of this approach might be to en

ry fence back 50 m on every property boundary to allow creation of high 

ended by Lambeck (1999) a

nal corridor 50 m wide potentially creating effect

ts across the catchment. 

ds have typically been found to be not particularly sensitive to isolation of 

ts (Kitchener et al. 1982), presu

69) suggested that “birds are not necessarily the most dispersal-limited group” 

lieved that isolation was not the major factor determining the presence or 

e of birds in remnants within the Dongolocking landscape.  Lambeck (1999: 

kely to be limited by dispersal abil

he interior of habitat patches”. 
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In the 

examined 

heath/shrub

with 25 sp

eight to ar

to habitat c

 

Hence, bir

remnant ar

other taxa.

taxa and 

projects to

 

Encourage

analysis of Brooker (2002), six species of birds (22%) from the pool of 27 

showed a significant relationship to isolation (three to isolation of 

/mallee habitat and three to isolation of woodland habitat).  This compared 

ecies that were sensitive to area (nine to area of heath/shrub/mallee habitat, 

ea of woodland habitat, and eight to remnant size).  Six species responded 

ondition. 

ds appear to be less sensitive to connectivity than to habitat quality and 

ea and are likely to have less demanding requirements for connectivity than 

  However, clearly landscape connectivity may be critical for less mobile 

its importance appears intuitive to landholders who will often support 

 link remnants over other restoration efforts. 

 retirement of non-productive agricultural land 

One av

farmers is 

contributes  Farmers at Wallatin have returned 

oorly performing land to native vegetation and farmers at Dongolocking are planting 

large b

high hy

along b

 

One po

within 

 

4.4. H

ag

In this se

agricultu

actions are not new, but they are more co

emphases to past landscape plans based on the focal species approach.  Im

enue for increasing the amount of land under perennial vegetation favoured by 

to retire agricultural land that typically has poor production or land that 

 significantly to hydrological problems. 

p

locks of the tree crop Tagasaste and/or pines on deep sands, which are areas of 

drological recharge (Table 20).  They are also planting other recharge zones 

reakaways to native vegetation. 

ssible strategy is to systematically identify such opportunities for revegetation 

a catchment and assess their value to nature conservation. 

ierarchy of actions to restore biodiversity in fragmented 

ricultural landscapes 

ction we identify a hierarchy of actions to restore biodiversity in fragmented 

ral landscapes such as the Western Australian wheatbelt.  Many of these 

mprehensive and have been given different 

portantly, 
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they of

of actio

Conduct a co ent and its “health”, 

includ

2. Engage

a. Look for linkages t as; 

b. Make use tify values to drive 

landscap us or charismatic 

species or might include local endemic species. 

quired to 

e. Where are the clusters of remaining vegetation? 

h other key threats such as 

4. llect new biological data to evaluate the response 

of fauna and flora to threats 

he basis of perceived vulnerability or perceived importance at 

fer an alternative to continued use of the focal species approach.  The hierarchy 

ns are: 

 

1. Identify the problem and key threats 

mprehensive desktop audit of the catchm

ing its biodiversity and the threats to that biodiversity. 

 landholders and other interested parties. 

o social and economic aren

of education and interpretation to iden

e change.  These might be iconic, conspicuo

3. Conduct comprehensive landscape audit of catchment 

Collect and organise the basic information on landscape attributes re

assist decision making including: 

a. What remnants are fenced?  Which have stock excluded? 

b. What is the condition of remnants (condition of vegetation strata) and what 

are the localised threats to that condition? 

c. What is the quality of connection between remnants (width, presence of 

gaps?) 

d. What is size of remnants? 

Display using GIS technology.  Link explicitly wit

salinity. 

Collate existing and/or co

Choose taxa on t

local, regional or national level.  Encourage on ground action for nature 

conservation in the following priority order based on maximising conservation 

benefit. 

a. Ensure no further land clearing; 

b. Encourage the fencing and exclusion of stock from ALL remnants, giving 

priority to those of greatest size and those with priority species or 

communities; 
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c. Assess the quality of connection between remnants and aim to preserve, 

enhance or restore connections where possible.  Prioritise based on 

establishing inter-connected networks expanding out from the largest 

remnants.  Make use of existing connections, particularly along fence lines 

and roads, and opportunities provided by unproductive land associated 

with breakaways or watercourses where possible; 

unproductive agricultural land may provide special opportunities; 

e. Establish new remnants of native vegetation where possible.  Again, 

quantified by use of many of the tools 

currently used in landscape design.  These include the use of logistic 

the other requiring areas > 10 ha.  Such information can guide 

reconstruction without declaring any particular species a focal species.  Iconic 

d. Expand existing remnants where possible with the aim of increasing 

overall size.  Use established and quantified link between probability of 

occurrence of many species and remnant area to inform landholders of the 

likely benefits of any given expansion in remnant area.  If available, use 

species-specific measures for iconic species to quantify benefits.  Retiring 

unproductive agricultural land may provide opportunities; 

f. If the planting of native vegetation is not feasible, then consider the use of 

perennial tree crops to expand or connect remnants or bridge gaps in 

existing corridors of native vegetation. 

 

These priority actions for nature conservation are summarised in Table 23.  

These recommendations can be 

regression to establish the relative importance of remnant size, isolation and 

quality (as in Freudenberger 1999) and the use of vegetation masks and 

dispersal models to establish priorities for corridors (as in Brooker 1999, 

2002).  Curves of declining species versus area curves or equivalent tables 

(Table 17) provide another useful tool for providing quantitative 

recommendations.  The difference from existing studies is the conceptual 

framework.  For example, Freudenberger (1999) characterised two broad 

groups of birds with different area requirements: one group requiring areas > 

100 ha; 

species can be used to represent the actions required for each, if this is 
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considered a desirable social motivator and can be used to assess the 

effectiveness of reconstruction. 

 

Table 23: Hierarchy of on-ground actions to restore biodiversity 

Protect native vegetation from clearing 

Restore habitat quality of remnants by excluding stock 

Connect remaining remnants with native vegetation 

Expand small remnants 

Retire unproductive agricultural land 

Connect remnants with tree crops or similar 

 

5. Provide an environmental, economic and social assessment of alternative 

actions and use this information to review priorities given above 

Conservation actions need to be linked to an environmental, economic and 

social assessment of their relative costs and benefits.  This is often a difficult 

task, but the rich data set on the presence/absence of birds in > 700 remnants 

in the Western Australian wheatbelt provide a rich resource for evaluating the 

relative costs and benefits of alternative actions and mixes of actions proposed 

to benefit biodiversity.  Proposed actions need to be more closely evaluated 

against production and social goals. 

 

6. Commence on-ground works suggested by plan 

This sequence of actions is compared with recommendations of past focal 

species plans in Table 24. 

4.5. Conclusions 

Catchment planning documents such as those for Dongolocking (Wallace 1998), 

Wallatin (Lambeck 1999), and South Tammin (Frost et al. 1999), which included 

focal species analysis of bird distribution, were pioneering attempts to take a holistic 

approach to managing a landscape and dealing with the key threats to biodiversity.  

The focal species methodology was one input to these broader documents, which 

often included local history, an analysis of the physical environment, demographics 

and attitudes of local landholders, analysis of threats, and a synthesis of available 
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knowledge of biodiversity.  Focal species analysis became a standard approach to 
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e et al. 2004). 
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We have suggested such an alternative approach above that incorporates many of the 

urrent aspects of landscape design but excludes the restrictive focal species 

odiversity solutions with other land 

management objectives such as water and farm management.

c

framework.  The penalty for dropping this approach is the lack of ability to claim that 

implementation of the design will provide sufficient benefit to carry all biodiversity 

similarly threatened.  However, while oft repeated, this was never a plausible claim of 

the approach. 

 

There is scope for further research to trial the application of these methods to a 

catchment and to develop and trial novel approaches to incorporating spatially explicit 

recommendations into landscape plans.  There is a need to cost the relative 

biodiversity benefits of the different actions mentioned above - protect, restore, 

connect, expand, or retire - to enable an objective appraisal of relative costs and 

benefits of action by the landholder and to allow sensible and defensible resource 

allocation by government and regional NRM groups.  Hopefully, this will assist the 

process of better integrating proposed bi
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mmended actions to implement a landscape plan for biodiversity as recommended in this report and in 
 with those of the focal neighbourhood plan of Brooker (2002) and the focal species plans of Lambeck (1998, 1999). 
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Appendix 1

Western Austr

In order to exam

r  cond

wheatbelt.  Details

 

Crook and 
Burbidge 
(1982) 

• 

culus. 

:  Literature review for vertebrate surveys in the 

alian wheatbelt. 

ine the spatial requirements of mammal and reptiles, a literature 

ucted to gather data from existing field surveys within the WA 

 from each data source are summarised briefly in the table below: 

eview was

Described the flora and fauna of Lake Magenta NR. 

• Mammal fauna included Macropus irma, Tarsipes rostratus, Notomys mitchellii, 
and Mus mus

• Lake Magenta was not considered further because of its large size (94,170 ha), 
and lack of comprehensive fauna surveys. 

Moore et al. • ation and fauna of seven reserves in the Shire of Toodyay 

• 

d Wongamine); and Echidna (Wongamine).  No Pseudomys or Notomys 

(1985) 
Described the veget
(Morangup NR 931 ha incorporating the former Beelaring and Goonaring NRs, 
Rugged Hills NR 252 ha, Poison Gully NR 87 ha, Flat Rock Gully NR 386 ha, 
Bewmalling NR 39 ha, Wattening NR 40 ha, Wongamine NR 213 ha, and 
Moondyne NR 1991 ha). 

• Moondyne NR was not isolated from surrounding bushland so was not 
considered further. 

• No formal comprehensive surveys of fauna have been undertaken 

Presence records for mammals, birds, amphibians and reptiles exist e.g. 
Sminthopsis murina (Flat Rock Gully); Tarsipes (Morangup); Cercartetus 
(Rugged Hills, Poison Gully, and Flat Rock Gully); Mus (Morangup, Rugged 
Hills, an
have been recorded for any of the reserves. 

Ninox Wildlife 
Consulting 
(1985) 

• 

• Conducted vegetation and vertebrate surveys of five nature reserves in the Shire 
of Kojonup in March 1985 (Narlingup 185 ha, Mettabinup NR 507 ha, South 
Jingalup 545 ha, Jingalup 657 ha 

Mininup NR was not isolated from surrounding bushland so was not considered 
further. 

• Vertebrates were sampled using pitfall traps, Elliott traps, large Elliott traps, and 
cage traps. 

Wallace and 
Moore (1985) 

•  the forest and adjoining farmland is used for cereal 

• 

• 
 

irds (56 spp) are listed. 

• Described the vegetation and fauna of the Mooradung NR (632 ha), about 12 km 
SE of Boddington. 

The reserve is 11 km from
cropping and as pasture for stock. 

Vegetation included jarrah (E. marginata) woodland with wandoo (E. wandoo) 
woodland along the drainage system and with marri (E. calophylla) throughout. 

One species of note was the crested shrike-tit, gazetted as rare and endangered.  
Some was conducted within the reserve (pit fall and Elliott traps).  Fauna
included Tachyglossus aculeatus, Macropus irma, Sminthopsis sp., and Mus 
musculus.  B

Moore and 
Williams 
(1986a) 

• 

• Described the history, soils, vegetation, and fauna of seven reserves in the 
Wyalkatchem Shire. 

Reserve sizes were as follows: 14 ha (Nembudding NR), 22 ha (Carribin NR), 
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122 ha (Wallambin NR), 133 ha (Derdibin NR), 233 ha (Wyalkatchem NR plus 
abutting water reserve), 259 ha (Korrelocking NR), and 259 ha (Elashgin NR). 

No for• mal surveys were undertaken.  Echidnas or their droppings/scratchings 
were sighted on Wallambin, Nembudding, Wyalkatchem, and Elashgin. 

• Bird sightings were listed. 

Moore and 
Williams 
(1986b)  18 ha, and Meenaar NR 72 ha). 

• Described the vegetation and fauna of six reserves in the York and Northam 
Shires (Clackline NR 459 ha, St Ronan’s NR 118 ha, Wambyn NR 215 ha, 
Mokine NR 289 ha, Throssell NR

• Only St Ronan’s NR, Wambyn NR, and Mokine NR were intensively surveyed 
for fauna. 

• Chestnut-rumped Thornbill and echidna were reported on Meenaar NR. 

• Clackline NR was not isolated from surrounding bushland so was not considered 
further. 

Arnold et al. 
(1987) 

ngth, in the Kellerberrin 

ted in the wide roadside verge connecting Durokoppin and Kodj Kodjin 

• ommon, as was the frog Pseudophryne 

• luded Rhinoplocephalus gouldii, Tiliqua occipitalis and 
Diplodactylus maini. 

• Surveyed 22 sections of road verge, each 1 km in le
district. 

• Surveys included Elliott and cage traps. 

• They found evidence of echidnas and kangaroos using the verges, as well as 41 
species of birds. 

• 88% of trapping captures were of Mus musculus.  Sminthopsis dolichura were 
collec
NRs. 

Tiliqua rugosa and Menetia greyii were c
guentheri. 

Other species inc

Ninox Wildlife 
Consulting 
(1987) 

• Conducted vegetation and vertebrate surveys of four reserves (139 – 300 ha) at 
Dongolocking in March 1987. 

• Surveys used “plastic lined pit-traps (50 x 15 cm) bisected across the top with 
aluminium flywire drift-fence (30 m x 20 cm).  Shorter pits were used if the 
substrate didn’t allow the use of 50 cm pits. 

• Five to 20 medium Elliott traps and one wire cage trap were set at each location 
and checked for 4-6 days.  Sign of mammals (tracks, scats, and diggings) were 
recorded and active searching for reptiles was conducted. 

• Head-torching and spotlighting were also conducted.  Birds seen or heard were 
recorded while checking traps of searching for reptiles and amphibians.  
Reserves were sampled by 3-5 lines of traps (160 - 445 trap nights per reserve). 

• The reserves sampled were different to the major reserve sampled at 
Dongolocking by the WA Museum. 

Burbidge et al. 
(1989) 

• Surveyed an area 34,000 ha (vacant crown land) at White Wells, Shire of 
Dalwallinu. 

• The site included large areas of scrub heath and areas of Salmon Gum and York 
Gum. 

• The vertebrate fauna includes 15 native mammals, including two species of 
Sminthopsis (S. gilberti and S. granulipes), Pseudomys hermannsburgensis, 
Notomys mitchellii and Tachyglossus aculeatus. 

Moore et al. 
(1991) 

• Described the flora and fauna of Fitzgerald National Park, on the southern fringe 
of the cropping zone. 
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• 22 mammal species (seven declared rare) were recorded in the park: Bettongia 
penicillata, Phascogale calura, Pseudomys occidentalis, Pseudomys shortridgei, 
Isoodon obesulus, Parantechinus apicalis, and Macropus eugenii. 

• The reserve was not considered further because of its large size (329,000 ha). 

Ninox Wild
Consulting 
(1991) 

October 1990: brown mallet Eucalyptus astringens plantation, mixed mallet 
plantation of E. astringens and E. gardneri, wandoo E. wandoo woodland, 
powderbark wandoo E. accedens, tall heath, marri E. calophylla woodland, and a 
sheoak Allocasuarina huegeliana forest. 

• 90 trap nights (30 pits, 60 Elliotts and 10 cages) were completed at each of the 
first six sites with 125 trap nights of Elliotts in the sheoak. 

• 66 birds species were recorded, 14 native mammals and two introduced 
mammals. 

fasciatus, Trichosurus vulpecula, Bettongia penicillata, Macropus irma and 
Macropus fuliginosus (woodland) and Tarsipes rostratus and Trichosurus 
vulpecula in heath. 

life • Undertook a vertebrate fauna survey of seven sites at Dryandra State Forest in 

• Mammals included Tachyglossus aculeatus, Antechinus flavipes, Myremecobius 

Friend and 
Friend (199

• Trapped in a wi
southern wheatbelt for red-tailed phascogales Phascogale calura.  Phascogales 
were found in reserves down to 69 ha (mean of 251 ha). 

• Trapping utilised Elliott traps (trap lines of 20-25 medium-sized Elliott traps, 
generally open fo
per reserve. 

• Approximately half of their trapping effort was in Allocasuarina associations (if 
present) and half in other vegetation associations.  Species recorded included 
Mus musculus, Sminthopsis granulipes, Pseudomys albocinereus, Notomys 
mitchelli, Rattus ra
rugosa. 

3) 
de range of reserves and remnants (19 – 123,000 ha) in the 

r 3-4 nights); trapping effort varied from 25 to 1530 trap nights 

ttus, Rattus fuscipes, Trichosurus vulpecula, and Tiliqua 

Friend . 
(199

• Tested the impact of foxes on populations of red-tailed phascogales. 

• Phascogales wer
years (Dryandra main block, Tutanning, and Boyagin eastern block), three 
reserves in which baiting commenced in July 1994 (Pingeculling, Dongolocking, 
and Jaloran) after th
(East Yornaning, West Ashby, and Yilliminning). 

• Phascogales were assessed on 2-3 trapping sessions of three nights duration each 

u lis
should have trapping gr or the experiment: Dry ra, Boyagin and Tutanning 
plus eight other remnants. 

• Traplines of 10-25 medium Elliott traps were placed through stands of suitable 
vegetation.  Some pre-baiting occurred (baited traps left open for 3-4 nights 
using clothes pegs to lock them open). Data are given for Dryandra SF, 
Pingeculling NR, Jaloran ti e, Boyagin NR east block, Tutanning NR, 
Highbury SF, Yillim ing Ro R, and ng R

et al
4) 

e monitored in 9 reserves: 3 that had been baited for at least 5 

e first trapping period, and three reserves were left unbaited 
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• Specially protected species are the Peregrine falcon, Carnaby’s cockatoo and 
carpet python Morelia spilota. Malleefowl is present.  Five species of frog are 
listed. 

Smith et al. • Surveyed lizards in 26 remnants (0.5 – 174 ha) in the central wheatbelt. 

• There were two geckos only found in the two largest remnants (Diplodactylus 
granariensis and D. pulcher). 

• Other species included Morethia butleri, M. obscura, Ctenophorus cristatus, 
Pogona minor, Pygopus lepidopodus and Varanus tristis. 

• Varanus gouldii was found in a 174 ha remnant and an isolated eight hectare 
remnant. 

(1996) 
• Only three remnants were > 20 ha (25, 138, and 174 ha). 

Smith et al. 

• Seven of these remnants were less than 200 ha in area. 

• Data was not supplied in a species x remnant matrix. 

(1997) 
• 

m
Sur

am
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m
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als, rept
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bians

 1
. 
030 ha) in the central wheatbelt for small 

Harold (2000) • Recorded the fauna of five sites in the Marchagee catchment in the northern 
wheatbelt during 1999/2000. 

• Surveys used pitfall traps (10 x 10L buckets, 5 m apart), Elliott traps (30 x 10 x 9 
cm). 

ep  w sampled ak lifting rocks 
and fallen logs, and general observation. 

• Geckoes were spotlighted using a head-torch.  Birds were observed during 
morning trapping. 

• R tiles ere  by r ing through leaf litter and spoil heaps, 
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Appendix 2: Trapping methods and effort for wheatbelt surveys used in landscape analyses. 

NB: Those shown in bold are the six reserves surveyed by CSIRO as part of this study. 

No. Reserve Name Are (ha) Pits Elliottsa Cages Brea ackskb  Unk nnow Tot l Trap a O r Co ti  bse vation/ llec on?Nights 
19 Meenaar 140. 02 434  ? ? 
18 Throssell 16 3.6561  ? ? 
20 Mokine 410. 57 963  ? ? 
22 Wambyn 21 44 7  ?1. 8  ? 
21 St Ronan's 119. 337 96  ? ? 
42 Mooradung 628. 66 475  ? ? 
33 Hotham River 18 10 49. 5 0 40 0 0 0 40 No 
36 East Yornaning 255. 03 008 0 40 0 0 0 40 No 
55 Parkeyerring Lake 1 . 58 2005 8 1 0 40  0 40 0 0 No 
34 Pumphrey's Bridge 62.78106 0 51 0 0 0 51 No 
31 Noombling 7 37 31. 2 0 82 0 0 0 82 No 
38 Yarling 113. 34 611 0 120 0 0 0 120 No 
30 Pin  geculling 324. 71 987 0 140 0 0 0 140 No 
32 Landscape Hill 222.89107 0 140 0  00 140 No 
39 Ockley 168.75095 0 150 0 0 0 150 No 
41 Yilliminning 83 3.3921 0 150 0 0 0 150 No 
37 Dryandra 1 532727. 59 0 150 0 0 0 150 No 
48 Reserve 20069 196. 647 58 75 75 10 0 0 160 Yes 
57 Mettabinup 507. 70 883 60 150 5 0 0 215 Yes 
50 Reserve 19091 139. 31 777 75 150 15 0 0 240 Yes 
47 Hurdle Creek 288.48862 80 160 16 0 0 256 Yes 
23 Yoting Water 47.71304 0 140 28 140 0 308 Yes 
17 North Bungalla 94.4424 0 150 30 150 0 330 Yes 
14 East Yorkrakine 78.53497 0 150 30 150 0 330 Yes 
49 Reserve 19085 300.34729 120 200 20 0 0 340 Yes 
26 South Badjalling 40.45567 70 140 28 140 0 378 Yes 
56 Narlingup 185.19807 70 332 12 0 0 414 Yes 
13 Yorkrakine Rock 159.81766 0 200 40 200 0 440 Yes 

120 



Component 3 Report: A test of the focal species approach in Western Australia 

No. Reserve Name Area (ha) Pits Elliotts Cages Breakbacks Unknown Total Trap 
Nights Observation/Collection? 

59 South Jingalup 549.02681 150 395 45 0 0 590 Yes 
Jingalup 58 657.83953 140 408 48 0 0 596 Yes 

24 Yoting Town 70 6 0 280 56 280 0 6 6 .349 4 1 Yes 
43 Highbury (Borgey Block) 1043. 6800 2 0 672 0 0 6 2 0 7 No 
2 Bindoo Hill 40 320 60 320 0 7 0 4 Yes2024. 8637 5  
11 Nugadong Forest 793. 6831 4 70 450 60 450 0 1  030 Yes 
53 Tarin Rock 2762. 8685 6 50 692 12 700 0 1  8 570 Yes 
5 BM118 114. 9859 8 600 840 350 0 0 1  Y  790 es
25 Badjalling 325 71.97 5 140 700 280 700 0 1  Y  820 es
8 BM433 65 7.861 5 600 900 375 0 0 1  875 Yes 
9 Nugadong 136. 0829 9 22 905 16 805 0 1  1 893 Yes 
45 Concarring 116. 8680 8 600 960 400 0 0 1  960 Yes 
51 Shire 106 58.52 5 600 960 400 0 0 1  960 Yes 
7 Bryant's Park 27 441.4 7 600 960 40 0 0 1  0 960 Yes 
16 Kodj Kodjin 213. 34371 115 840 16 840 0 1  963 Yes8  
44 Buchanan 127.13444 620 960 400 0 0 1980 Yes 
15 Durokoppin 1057.35415 138 840 168 840 0 1986 Yes 
52 North Tarin Rock 2317.77309 65 998 188 868 0 2119 Yes 
1 East Yuna 3627.79455 142 960 156 915 0 2173 Yes 
12 Billycatting Hill 2396.84953 55 965 195 961 0 2176 Yes 
29 Bendering 5937.2875 118 966 195 998 0 2277 Yes 
6 Buntine 3862.81493 186 614 204 1308 0 2312 Yes 
28 West Bendering 1902.3731 256 1470 294 1470 0 3490 Yes 
35 Yornaning 69.92561 225 1370 556 1356 0 3507 Yes 
10 East Nugadong 830.36013 256 1500 288 1500 0 3544 Yes 
4 Marchagee 1299.42647 445 1500 300 1500 0 3745 Yes 
3 Wilroy 364.49893 361 1575 310 1575 0 3821 Yes 
46 Dongolocking 1321.95597 316 1766 401 1766 0 4249 Yes 
40 Birdwhistle 596.69275 2640 2600 131 0 0 5371 No 
60 Anderson Lake 480.09008 0 0 0 0 5752 5752 No 
27 Boolanelling 879.79965 2476 4784 1044 0 0 8304 Yes 
54 Rock View 1982.69072 0 0 0 0 17500 17500 No 
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Appendix 3: The occurrence of mammals in reserves in the Western Australian wheatbelt. 

NB: Reserve numbers correspond to reserve names in Appendix 2. Reserve locations are illustrated in Figure 4. 

 Reserve Number 
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Antechinus flavipes                                
Bettongia penicillata                                
Cercartetus concinnus                    * * *          
Dasyurus geoffroii                             *   
Macropus eugenii                                
Macropus irma               *     * * *      * *   
Mus musculus * * * * * * * * * * * * * * * * *   * * * * * * * * * * * * 
Myrmecobius fasciatus                                
Notomys alexis * * *                             
Notomys mitchelli      *   * * *                 * *   
Phascogale calura                            * * *  
Pseudomys albocinereus * *  *      *     *                 
Pseudomys hermannsburgensis   *     *                        
Pseudomys occidentalis                            * *   
Rattus rattus       *      *            *       
Sminthopsis crassicaudata    *                            
Sminthopsis dolichura     *  * *             * *     *     
Sminthopsis gilberti                                
Sminthopsis granulipes          *                  * *   
Sminthopsis murina   *   *   * * * * * * *        * * *   *    
Tachyglossus aculeatus * * * *  * * * * * *    *   * * * * *      *    
Tarsipes rostratus    *                        *    
Trichosurus vulpecula               *             * *   
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 Reserve Number 
Species 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
Antechinus flavipes      *                        
Bettongia penicillata      *                        
Cercartetus concinnus      *   *      * * *             
Dasyurus geoffroii                              
Macropus eugenii                     *         
Macropus irma      *     *    * * *    *  *  * * *   
Mus musculus *  * *  *   *   * * * *   *  * * * *  * * * * * 
Myrmecobius fasciatus      *                        
Notomys alexis                              
Notomys mitchelli                       *       
Phascogale calura * *  * * * * * * *  * * * *     *    *      
Pseudomys albocinereus                              
Pseudomys hermannsburgensis                              
Pseudomys occidentalis                      * *      * 
Rattus rattus    *     *                     
Sminthopsis crassicaudata         *            *        * 
Sminthopsis dolichura                              
Sminthopsis gilberti      *                        
Sminthopsis granulipes               *               
Sminthopsis murina    *       *          *         
Tachyglossus aculeatus    *  *   *  *  * *  * * * *      * * * *  
Tarsipes rostratus      *   *     * *  * *   * *       * 
Trichosurus vulpecula    *  *       * * * * * *  *  *       * 

NB: Reserve numbers correspond to reserve names in Appendix 2. Reserve locations are illustrated in Figure 4. 
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essions relating presence-absence of mammal species and reptile species to 

dels relating presence-absence of mammal species and reptile species to log of remnant area 
heatbelt.  Included also are the species’ habitat preference, the remnant area (ha) for each 

ith a 10% probability of occupancy derived from the regression and the size of the smallest remnant in which the species was 

Species Habitat 
preference

a b Dev. 
ratio

d.f. χ2 10% 
occupancy 

Smallest 
remnant

Mammals - monotremata
Tachyglossus aculeatus Generalist -1.31 0.516 1.39 1, 58 0.239  17 

Mammals – mice and marsupial mice
Mus musculus Generalist -1.46 1.179 3.85 1, 58 0.050 N/A 40 
Pseudomys spp Generalist -7.00 2.059 12.04 1, 58 <0.001 215 66 
Notomys spp. HSM -7.82 2.243 12.20 1, 58 <0.001 321 136 
Sminthopsis spp. Generalist -2.19 0.808 3.27 1, 58  0.070  48 
Mammals – possums and dasyurids
Phascogale calura Generalist -1.00 0.500 0.76 1, 30 0.384  70 
Trichosurus vulpecula Woodland -4.48 1.436 6.05 1, 45 0.014  70 
Tarsipes rostratus HSM -6.67 2.107 10.78 1,44 0.001 133 117 
Cercatetus concinnus Woodland -3.63 0.775 1.47 1, 47 0.225  119 
Mammals – wallabies
Macropus irma Generalist -6.81 2.402 14.28 1, 46 <0.001 84 119 
Reptiles – skinks
Cryptoblepharus 
plagiocephalus 

Generalist -3.01 1.393 5.25 1,39 0.022 4 70 

Ctenotus 
schomburgkii 

Generalist -2.58 0.862 2.35 1,35 0.125  115 

Lerista distinguenda Generalist -1.83 0.377 0.37 1,36 0.544  70 
Egernia spp. Generalist -5.12 1.537 5.75 1,39 0.017 80 70 
Menetia greyii Generalist 0.81 -0.157 0.08 1,39 0.775  40 
Morethia obscura Generalist 0.12 0.239 0.17 1,39 0.680  40 
Tiliqua rugosa Generalist 2.38 -0.316 0.20 1,39 0.654  17 
Tiliqua occipitalis Generalist -5.2 1.769 8.35 1,39 0.004 50 79 
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Species Habitat 
preference

a b Dev. 
ratio

d.f. χ2 10% 
occupancy 

Smallest 
remnant

 
Reptiles – geckos
Christinus marmoratus Generalist -0.74 0.490 0.19 1,15 0.661  119 
Crenadactylus ocellatus Generalist -2.20 0.975 2.89 1,34 0.890  48 
Diplodactylus 
granariensis 

Generalist -1.46 0.935 2.00 1,36 0.158  48 

Diplodactylus maini Generalist -0.77 0.540 0.65 1,22 0.421  48 
Diplodactylus pulcher Generalist -1.05 0.318 0.34 1,35 0.561  48 
Diplodactylus  
spinigerus 

Generalist -4.47 1.365 4.87 1,35 0.027 46 198 

Gehyra variegata Generalist -0.79 0.533 0.86 1,35 0.355  48 
Oedura reticulata Woodland -2.29 0.983 2.63 1,32 0.105  48 
Reptiles – dragons
Ctenophorus maculatus HSM -3.63 1.287 4.08 1,25 0.043 13 66 
Pogona minor Generalist -2.89 1.220 4.38 1,35 0.036 4 66 
Reptiles – pygopods
Delma australis Generalist -7.14 2.295 10.81 1,33 0.001 143 288 
Delma fraseri Generalist -2.02 0.447 0.58 1,39 0.447  66 
Reptiles – monitors
Varanus gouldii Generalist -2.83 0.796 1.87 1,39 0.172  66 
Reptiles – blind snakes
Ramphotyphlops spp. Generalist -2.22 0.427 0.48 1,39 0.491  66 
Reptiles – snakes
Suta gouldii Generalist -4.46 1.400 5.32 1,39 0.021 41 70 
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Appendix 5:  Communications and press release 

• Radio interview with Clare Valley on ABC South Coast by Sally Thompson (WWLZ) regarding 
the role that nature conservation plays in agricultural systems (23 July 2004). 

• Radio interview with Helena Webb on ABC SouthWest by Blair Parsons regarding the creation 
of corridors to conserve red-tailed phascogales (27 July 2004). 

• CSIRO media release “Farmers save endangered mammal” (22 July 2004). 
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