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Abstract 

Habitat loss and degradation are leading drivers of biodiversity loss and species decline worldwide, 

with a large proportion of this loss due to land conversion for primary production. Revegetation and 

habitat restoration programs are therefore critical in agricultural regions to maintain, create and 

connect areas of high biodiversity value and prevent species extirpation. To be effective, such 

programs must look beyond re-establishing vegetation cover and towards restoring the full suite of 

ecological processes needed to maintain biodiversity. Often, maintaining or re-establishing fauna 

populations is critical in the restoration of these processes, and predators are particularly relevant as 

they regulate and promote biodiversity at lower trophic levels. Restoring predator guilds in modified 

ecosystems can therefore be an important conservation tool, however the traditional emphasis on 

vegetation has meant that the field of restoration ecology lacks a coherent framework for fauna 

restoration. While the restoration of suitable habitat is a clear prerequisite, habitat requirements 

may vary with species, sex, developmental stage, season and wider landscape context.  

The overarching goal of this thesis was to inform the restoration of a native mammalian carnivore 

guild as part of an ongoing habitat restoration program in the Tasmanian Midlands. Despite a long 

history of land clearing and modification, this region is one of Australia’s 15 biodiversity hotspots. 

The region still supports populations of three native marsupial carnivores which are extinct or 

endangered on the Australian mainland, the Tasmanian devil (Sarcophilus harrisii), spotted-tailed 

quoll (Dasyurus maculatus) and eastern quoll (Dasyurus viverrinus) although at least two of these 

species have declined in recent decades. Restoration of the region’s native carnivore guild would 

entail maintaining or restoring healthy populations of these species and controlling the introduced 

feral cat (Felis catus), which is widespread throughout the region and Tasmania. 

The first aim of the thesis, addressed in Chapter 1, was to assess the current status of these species 

within the region and to identify factors driving patterns of species occupancy and abundance. We 

surveyed 110 camera sites across the Midlands in summer and winter, and analysed the results using 
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hierarchical occupancy modelling to account for imperfect detection. We compared the ability of 

three of the most commonly applied theoretical landscape ecology frameworks to explain patterns 

of occupancy and abundance for each species. No single framework was consistently superior, but 

the continuum framework showed the highest and most consistent predictive power. We suggest 

that this is because species responses are directly related to continuous patterns of underlying 

environmental variation rather than to a binary perception of habitat/non-habitat, as assumed by 

the island biogeography and habitat amount frameworks. The feral cat, Tasmanian devil and 

spotted-tailed quoll were found throughout the region, whereas the eastern quoll was almost 

exclusively confined to the rugged and less disturbed edges of the region. Factors such as vegetation 

structure, topographic complexity and the density of linear edge habitats were most important in 

explaining patterns of species persistence, highlighting the importance of variation in habitat quality 

and suggesting that restoration practitioners should place more emphasis on habitat structure, 

complexity and location than on habitat area alone. In addition, the scale and method of derivation 

of parameters within all frameworks strongly influenced model performance. Model parameters in 

habitat restoration planning should therefore reflect the underlying biology and behaviour of the 

species in question.  

Having established that variation in habitat quality influences the persistence and abundance of 

species, Chapter 2 aimed to understand how such variation influences home-range size. The size of 

an animal’s home-range is crucial in the design of effective species management, whether for 

species conservation or control. Home-range size can vary up to two orders of magnitude between 

populations of the same species and is determined by the balance between the individual’s 

metabolic needs and energetic constraints. We compared home-range sizes and average nightly 

movements and population densities for populations of the marsupial spotted-tailed quoll and 

eutherian feral cat at four sites throughout the Midlands. These two mesocarnivores show 

considerable overlap in body size and diet, and both responded strongly to gradients in habitat 

productivity across the sites studied. Both species showed a significant decrease in population 
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density with declining productivity, however only spotted-tailed quolls also showed a significant 

increase in home-range size. We suggest that information on both of these parameters is needed to 

accurately determine how species respond to variation in habitat productivity, and therefore for 

effective management of species across their geographic range. Within the Midlands, restoration 

practitioners will need to take variation in home range into account when designing the scale and 

location of restoration plantings. 

Chapter 3 aimed to investigate the implications of restoring native carnivores and controlling the 

introduced feral cat. Invasive mammalian carnivores have had a disproportionate impact on global 

biodiversity loss and feral cats, in combination with red foxes (Vulpes vulpes), are a leading cause of 

decline and extinction of native vertebrate fauna in Australia. In this chapter, we combine multiple 

theoretical frameworks to contrast the potential predation impact of the feral cat with its closest 

native counterpart, the spotted-tailed quoll. We found that the predation impact of feral cats is 

likely to be several orders of magnitude higher than that of spotted-tailed quolls, regardless of the 

anti-predator response adopted by prey species. Prey are 10 – 100 times more likely to encounter 

feral cats within the landscape, in part due to much higher population densities, but also a greater 

intensity of habitat use and broader habitat preferences. These latter characteristics also mean that 

the costs to prey of adopting anti-predator behaviour against feral cats are likely to be much higher, 

due to the reliability and ubiquity of feral cat cues. These results suggest that restoring a native 

carnivore guild and controlling feral cats would reduce overall predation pressure on native prey 

species, but that competition with introduced prey may increase if native carnivores are not 

effective in controlling species with high reproductive rates such as rabbits (Oryctolagus cuniculus) 

and black rats (Rattus rattus).  

Our results highlight the benefits of a mechanistic, animal-centric understanding of species 

responses to local environmental gradients and processes when planning restoration programs. We 

demonstrate that habitat quality is more important than overall habitat area in predicting patterns 



ix 

of species occupancy and abundance, suggesting that restoration programs with a greater focus on 

habitat structure and complexity are likely to be more successful than those which focus on area 

alone. We demonstrate that even within a relatively small region like the Midlands, the choice of 

restoration location will strongly influence its success, with both native and introduced carnivores 

showing very large variation in home range size and/or population densities in response to 

environmental productivity. Finally, by demonstrating that the potential predation impact of an 

introduced predator, the feral cat, is up to several orders of magnitude higher than its closest native 

counterpart, we confirm that the composition of the carnivore guild can strongly influence top-down 

forces acting on the local ecosystem. Our results support the contention that managing fauna 

consumers can be critical in achieving the goal of restoring ecosystem processes, and challenge the 

historic emphasis on vegetation establishment in restoration ecology. 
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A carnivorous perspective on ecological restoration in the 
Tasmanian Midlands 
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The need for ecological restoration in agricultural areas, and a role for 

carnivores 

Habitat loss and degradation is one of the biggest global drivers of biodiversity loss and species 

decline (Maxwell et al. 2016; Tilman et al. 2017). Much of this loss and degradation has in turn been 

driven by land conversion for primary production (Tilman et al. 2017), with global estimates of 

almost 40% of available land area used for agriculture (FAOSTAT 2015). Maintaining biodiversity on 

private lands, particularly in agricultural regions, is now recognised as of critical importance to 

conservation efforts (Fitzsimons and Westcott 2008; Merenlender et al. 2004; Miller 2007). Many 

agricultural regions are in the grip of an extinction debt, with insufficient habitat or resources 

remaining to support existing levels of biodiversity (Kuussaari et al. 2009). Local extinction of species 

reliant on these resources is not always immediate, however, meaning that intervention is still 

possible to reverse the extinction process (Kuussaari et al. 2009). Revegetation and habitat 

restoration programs are therefore critical in these regions to maintain, create and connect areas of 

high biodiversity value and prevent species extirpation (Hobbs 1993). 

In order to be effective, such programs must look beyond re-establishing vegetation cover and 

towards restoring the full suite of ecological processes needed to maintain biodiversity in these 

landscapes (Figure I; Choi 2007; Kollmann et al. 2016; Perring et al. 2015; Wortley et al. 2013). Too 

often, terrestrial restoration programs adopt a ‘field of dreams’ approach (Palmer et al. 1997), 

focusing on the restoration of vegetative cover. The assumption in this approach is that if suitable 

physical conditions are restored, other components of the ecosystem will naturally recolonise the 

area and lead to the restoration of ecological functions (Palmer et al. 1997). Unfortunately, empirical 

evidence shows that this approach is rarely successful in replicating natural systems, or even in 

achieving more limited goals of increased biodiversity and restoration of some ecological function. In 

tropical forest systems, although active restoration can restore some aspects of habitat structure 

more quickly than natural regeneration, it is less successful in restoring biodiversity and vegetation 
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structure in the long term (Crouzeilles et al. 2017). These results indicate that even in cases where 

natural regeneration and therefore natural colonisation of restoration areas is possible, our 

understanding of the primary factors needed to drive restoration is insufficient to allow us to 

replicate or accelerate these processes (Crouzeilles et al. 2017; Palmer et al. 1997; Palmer et al. 

2010).  

Beyond the field of dreams: using carnivores to help restore ecological function  

The field of dreams approach disregards the potential of fauna species to assist with the restoration 

of ecological processes. Re-establishing populations of ecosystem engineers or keystone species can 

accelerate the recovery process of ecologically degraded areas (Law et al. 2017; Perring et al. 2015). 

These species are defined, respectively, as fauna which modify, maintain or create habitats by 

causing physical state changes in biotic or abiotic materials (Jones et al. 1996; Wright and Jones 

2006), or which have a disproportionate impact on the ecosystem relative to their biomass (Power et 

al. 1996). Recent examples include re-introductions of beaver to restore wetland function and 

mitigate flood risk (e.g. Law et al. 2017), or the reintroduction of digging mammals such as bettongs 

and bandicoots into predator-proof areas in Australia to restore ecosystem processes such as 

bioturbation, fungal dispersal, seedling recruitment and shelter site creation (e.g. Hofstede and 

Dziminski 2017; James and Eldridge 2007; Read et al. 2008).  

More generally, while restoration programs have traditionally focused on restoring bottom-up 

ecosystem drivers by replanting vegetation, top-down forcing by fauna consumers can be equally 

important in structuring ecosystems (Figure I, Estes et al. 2011; Perring et al. 2015). Predators, 

particularly top predators, are of particular relevance for the restoration of ecological processes, as 

they regulate and promote biodiversity at lower trophic levels via multiple ecological pathways 

(Colman et al. 2014; Estes et al. 2011). Changes to predator abundance (for example through 

control/removal of top predators) can have extensive flow-on effects at lower trophic levels, both 

directly through increase or release of predation pressure on prey species and through altered 
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abundance or behaviour of smaller ‘mesopredators’, with associated consequences for their prey 

species (Ritchie et al. 2012; Ritchie and Johnson 2009; Sergio et al. 2014). Competition between 

predators can therefore regulate the predation impact experienced at lower trophic levels, with 

corresponding impacts on the structure and composition of vegetation, soils and other ecosystem 

structures (Figure I; Colman et al. 2014; Estes et al. 2011; Leo et al.). There is increasing evidence 

that restoring predator guilds in modified ecosystems can be an important conservation tool 

(Colman et al. 2014; Letnic et al. 2009; Letnic et al. 2012; Ripple and Beschta 2004; 2012; Ritchie et 

al. 2012; Ritchie and Johnson 2009), and that a healthy predator guild can increase the resilience of 

ecosystems to environmental change, including invasions of exotic species (e.g. Peacock and Abbott 

2013; Wallach et al. 2010). 
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Figure  I  Conceptual diagram adapted from Jones and Davidson (2016) 
Behavioural decisions at a local scale influence patterns of animal presence at all temporal and 
spatial scales. Dashed boxes represent potential leverage points for ecological restoration. Most 
projects focus on restoring bottom-up drivers of species presence such as habitat quality, quantity 
and connectivity through direct planting or rehabilitation of vegetation. Harnessing the top-down 
structuring effects of fauna, particularly ecosystem engineers and top predators, provides 
practitioners with additional levers by which to manipulate ecosystem form and function.  
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Bottom-up drivers: how to restore carnivore populations? 

In order to harness the ecosystem effects of ecological engineers or top carnivores, however, 

populations of the focal species must first be re-established or encouraged to colonise the proposed 

restoration area. Ecological revegetation programs targeted for the conservation of vertebrate 

wildlife generally attempt, with varying success, to re-establish suitable habitat for a species or 

group of species (Munro et al. 2007). Sometimes this may be accompanied by a relocation or 

breeding and release program, but more commonly it is assumed or hoped that the target species 

will colonise the area of their own accord, and that an increase in suitable habitat will lead to 

increased populations or resilience of these species (Hobbs 1993; Munro et al. 2007). 

To a certain extent, the assumption that increasing habitat availability will promote fauna 

populations may be valid. Species richness, abundance and other ecological indicators have been 

shown to be strongly predicted by the total amount of habitat present within the local landscape 

(Cunningham et al. 2014; Fahrig 2013; Gardiner et al. 2018). However, both the definition of 

‘habitat’ and appropriate scale at which to define the ‘local landscape’ vary according to species 

ecology, behaviour and mobility (Fahrig 2013; Gehring and Swihart 2003; Martin and Fahrig 2012; 

Smith et al. 2011). This complexity has led to repeated pleas for integration of landscape ecology 

theory into restoration practice (Brudvig 2011; Miller and Hobbs 2007; Thomson et al. 2009). This 

area of theory deals with drivers of, and responses to, heterogeneity of habitat and ecological 

process at broad spatial and temporal scales (Cushman et al. 2010). By understanding how species 

respond to landscape-scale processes of habitat loss and degradation, restoration practitioners can 

not only predict which biotic and abiotic factors define habitat for a particular species, but whether 

the species would be able to colonise areas of suitable habitat given the spatial configuration of the 

landscape (Bell et al. 1997).  
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Habitat as a species and context-specific concept 

For practical purposes it can be useful to consider guilds rather than individual species when defining 

habitat (Fahrig 2013). However, many habitat requirements are likely to be strongly species specific 

(Miller and Hobbs 2007). Habitat comprises the physical and biological resources which allow an 

organism to persist (Hall et al. 1997). Understanding the key elements constituting habitat for a 

particular species is complicated by considerations of scale and technological limitations. For 

example, many animals depend on micro-habitat structures which occur at a finer scale than the 

resolution of most readily available spatial datasets (Jones and Davidson 2016). Additionally, 

because habitat is the outcome of multiple interactions between an animal and its environment, 

habitat quality is highly variable in both space and time (Hall et al. 1997; Jones and Davidson 2016). 

For example, one of the fundamental considerations when restoring habitat—that of how much 

habitat is required to sustain viable populations—becomes very complicated when generalised over 

several species. This is because the answer to the question depends not only on easily measurable 

factors such as energy expenditure but also on social structure, mating systems, foraging efficiency 

and spatial and temporal variation in habitat productivity, among other factors (Duncan et al. 2015; 

Jetz et al. 2004; McLoughlin and Ferguson 2000).  

Each species may also require a mosaic of different habitat types to cater for its full range of 

seasonal, ontogenetic or sex-specific habitat requirements (Law and Dickman 1998; Vesk et al. 

2008). Even on a daily basis, different habitat elements will be important for different behaviours: 

habitat preferences when selecting den sites, for example, are unlikely to be identical to those 

expressed when foraging. Knowledge of species’ basic ecology and movement patterns is therefore 

critical to planning effective habitat restoration programs for wildlife (Law and Dickman 1998).  

For wide-ranging species like carnivores, connectivity between areas of habitat is also highly 

important. Discussions in the literature have emphasised the importance of the characteristics of the 

matrix of ‘non-habitat’ surrounding identified habitat patches (such as agricultural or urban areas 
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between woodland patches): even closely spaced habitat patches may be isolated from each other if 

the matrix is hostile to wildlife movements (Fischer and Lindenmayer 2007; Kupfer et al. 2006; 

Ricketts 2001). These considerations have serious implications for landscape restoration, not only for 

the types of habitat which should be restored but also for the spacing and distribution required to 

provide sufficient connectivity for focal species. Such considerations are particularly important when 

restoring habitat in agricultural landscapes, where land available for conservation is usually highly 

constrained by conflicting land uses and socio-economic considerations (Crossman and Bryan 2009).  

Measuring habitat requirements 

Given the complexities outlined above, determining species’ habitat requirements is rarely 

straightforward. Records of presence/absence and relative activity from observational or trapping 

surveys can help to reveal preferences for or avoidances of broad habitat types but are rarely able to 

reveal the underlying reasons for this preference (Cagnacci et al. 2010). Technological and analytical 

advances in the field of animal telemetry are critical to moving beyond assessing where an animal 

occurs to why it prefers or requires that habitat. Rapid miniaturisation has allowed collection of fine-

scale tracking data from an ever-increasing range of species (Cagnacci et al. 2010; Tomkiewicz et al. 

2010). GPS/Argos technology in particular allows for collection of detailed movement data without 

requiring the observer to stay in constant contact, thereby minimising the risk of altering the 

animal’s natural behaviour (Cagnacci et al. 2010).  

Importantly, the ability to collect accurate, fine-scale movement data (defined here as ≤ 1 location 

fix / 15 minutes) allows us to classify different movement ‘states’ based on characteristics such as 

speed and tortuosity (Hebblewhite and Haydon 2010; Nathan et al. 2008; Tomkiewicz et al. 2010). 

As an example, slow, tortuous movements may indicate area-search foraging behaviour; while fast, 

direct movements may indicate travelling through less favourable or risky habitat. Modelling 

techniques such as hidden Markov and state-space models allow the estimation of these underlying 

behavioural states when defining habitat selection (Patterson et al. 2017). Such techniques allow for 
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a more mechanistic understanding of fine-scale decision making, and therefore a more sophisticated 

understanding of which habitat resources are important for the persistence of a species. 

Top-down effects of carnivore management 

Assuming that populations of the focal carnivores can be re-established, it remains to be confirmed 

whether they will have the desired effect on the ecosystem in question. Although it has been 

conclusively demonstrated that top predators can have large structuring effects on ecosystems 

(Figure II, Estes et al. 2011), the ubiquity of these effects is less certain. There is considerable 

evidence of both spatial and temporal variation in the strength of such top-down forces, even in the 

most celebrated examples of trophic structuring. For example, mesopredator suppression by wolves 

in North America and Europe and by dingos in Australia is strongest where the top predator is 

present in high densities over large areas, and declines towards the edges of their ranges (Newsome 

et al. 2017). In fact, the strength of predator interactions have been shown to vary with resource 

availability, habitat structure, the complexity of predator communities and human interference 

(Elmhagen and Rushton 2007; Ritchie and Johnson 2009).  
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Figure  II Reproduced from Estes et al. (2011).  
Examples of the indirect effects of apex consumers and top-down forcing on diverse ecosystem 
processes, including wildfires; disease; composition of atmosphere, soil, and fresh water; 
invadability by exotic species; and species diversity. Interaction web linkages by which these 
processes are connected to apex consumers are shown in the center. Magnitude of effect is shown 
in graphs on right. Blue bars are data from systems containing the apex consumer; brown bars are 
data from systems lacking the apex consumer. Data replotted from original sources (see Estes et al. 
(2011) for citations), except raw data on native bird diversity in chaparral habitats provided by K. 
Crooks. 
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Estimating predation impact 

Predation impact is the sum of consumptive effects (direct predation) and non-consumptive or fear 

effects of predators on prey fitness (Sih et al. 2010). In many instances the influence of non-

consumptive effects on fitness may be greater than that of direct mortality, through the adoption of 

energetically costly anti-predator defences in response to perceived predation risk (Preisser et al. 

2005; Schmitz et al. 2017). Such defences are typically more effective if adopted early in the 

predator-prey encounter (e.g. by avoiding detection rather than escaping once attacked), however 

this involves responding to increasingly distal cues of predator presence and therefore increases the 

risk of incurring unnecessary costs (Apfelbach et al. 2005; Jones et al. 2016; Kats and Dill 1998). Such 

effects can explain the keystone role of large predators, which are typically present in low densities 

but exhibit disproportionately large ecosystem structuring effects (Estes et al. 2011; Power et al. 

1996).  

The predation impact and therefore the ecosystem structuring effects of a predator or predator 

guild can therefore be influenced by a multitude of factors. Firstly and most obviously, the 

population density and metabolic needs of the predator drive their cumulative consumptive impact 

(Sih et al. 2010). For any given prey species, the proportion of this impact experienced can be 

influenced by the abundance of more preferred prey species (e.g. Dickman and Newsome 2015; 

Lurgi et al. 2018; Molsher et al. 1999; Schmidt and Ostfeld 2008) and the efficiency of the prey’s 

anti-predator responses (Banks and Dickman 2007; Carthey and Banks 2014). In addition, the 

characteristics of the local environment, including the accessibility of predation refugia (Andruskiw 

et al. 2008; Lima and Dill 1990) and features affecting the detectability of both predator and prey 

(Lima and Dill 1990) can significantly influence both consumptive and non-consumptive impacts of 

predation. The complex interplay between these factors may explain the observed variation in 

predator structuring effects discussed above, and emphasises the need for a local and species-

specific understanding of predation impact. 
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Impacts of introduced predators 

Consideration of the local impact is particularly important when dealing with introduced predators. 

Introduced predators can have disproportionate effects on native biodiversity, with exotic predators 

implicated in at least 58% of bird, mammal and reptile extinctions globally (Doherty et al. 2016). 

Colonisation by exotic species, which is often assisted by human disturbance, can therefore be a 

major limiting factor for the recolonisation of restoration areas by native species (Simberloff 1990; 

Vitousek 1990). In some cases, however, non-native predators can act as ecological surrogates for 

native predators, or at least limit the impacts of other introduced species in novel ecosystems 

(Ritchie et al. 2012). Certainly, removal of introduced predators without considering their current 

role can have unintended consequences (Lurgi et al. 2018), as shown by catastrophic explosions of 

rabbits (Bergstrom et al. 2009) and black rats (Rayner et al. 2007) following feral cat control on 

offshore islands, with flow-on effects on native seabirds and vegetation. Ritchie et al. (2012) 

therefore recommend that management of invasive predators reflect their current ecological role 

rather than their evolutionary origins, particularly in highly modified systems. Quantifying their 

predation impact relative to native counterparts is therefore crucial in determining the appropriate 

management strategy.  
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Study system: carnivores of the Tasmanian Midlands 

The Tasmanian Midlands is the second-oldest rural settlement in Australia after Sydney’s 

Cumberland Plain (Fensham 1989). This long history of settlement and agricultural use, mainly for 

the production of wool, cereals and timber (Mooney et al. 2010) has resulted in a massive reduction 

of available wildlife habitat, with only 13% of the region supporting remnant vegetation (Jones and 

Davidson 2016). Despite this history of modification, the Midlands is listed as one of Australia’s 

fifteen biodiversity hotspots thanks to high levels of endemism and presence of threatened biota 

(DotE 2015). The region is the focus of an ambitious restoration project, which aims to connect 

remnant habitats within the Midlands to extensive areas of native vegetation to the east and west 

(Figure I, Whitten et al. 2011). 

 

Figure  III Habitat corridors currently being restored as part of the Midlands restoration 
program. Corridor outlines supplied by industry partners Greening Australia. 
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Compared to agricultural regions in mainland Australia, the Midlands carnivore guild is relatively 

intact. Three native marsupial carnivores, the Tasmanian devil (Sarcophilus harrissii), spotted-tailed 

quoll (Dasyurus maculatus maculatus) and eastern quoll (Dasyurus viverrinus) persist alongside the 

introduced feral cat (Felis catus). The European fox (Vulpes vulpes) may also be present (Sarre et al. 

2013), although given the lack of detections of this species despite recent intensive survey effort, it 

is likely that foxes are no longer present. In general, all three native species are predicted to be 

negatively affected by clearing and simplification of native vegetation (Appendix A; Belcher and 

Darrant 2006; DPIPWE 2010; Fancourt et al. 2013; Glen and Dickman 2006b), although all species 

have been recorded preferentially foraging and travelling along woodland–pasture interfaces 

(Andersen et al. 2017b; Jones and Barmuta 2000; Saunders 2012) suggesting that habitat 

fragmentation per se (as opposed to habitat loss, see Fahrig (2017)) may actually be beneficial for 

these species. The feral cat exploits a wide range of native and modified vegetation and appears to 

benefit from habitat fragmentation and human disturbance (Doherty et al. 2015). 

Over the past two decades there have been dramatic shifts in the relative abundances of these four 

mammalian carnivores in Tasmania, due mainly to the widespread declines of the Tasmanian devil 

through Devil Facial Tumour Disease (Appendix A; Hawkins et al. 2006; Hollings et al. 2014), and of 

the eastern quoll (Fancourt et al. 2013). There is evidence that the decline of the Tasmanian devil 

has benefited the feral cat, with increased cat activity (Hollings et al. 2014; 2016) and foraging on 

carcasses (Cunningham et al. 2018) in areas with low devil densities. These changes are likely to have 

significant consequences for native prey species. 

The feral cat has been implicated in the extinction and decline of numerous small mammals and 

other native species across Australia, and has been identified as a limiting factor in the success of 

multiple reintroductions of threatened species (Denny and Dickman 2010; Doherty et al. 2017). 

Recent evidence from Tasmania documented the apparent local extirpation of a bettong population 

following the arrival of feral cats in the area (Fancourt 2014). For these reasons, the presence and 
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abundance of feral cats is predicted to be one of the main limiting factors for the success of 

restoration efforts in promoting populations of small native mammals in the Midlands. Despite 

anecdotal and indirect evidence, however, there has been little direct comparison of how the 

predation impact of feral cats differs to that of native predators. Controlling feral cat numbers is 

costly, labour intensive and often ineffective over larger areas due to recolonisation (Denny and 

Dickman 2010). There is also evidence that native prey can persist and adapt to the presence of low-

density feral cat populations (West et al. 2018), and, as discussed above, that removal of feral cats 

can result in increased competition for native prey through the predation release of invasive 

herbivores (Bergstrom et al. 2009). Information on the predation impact of the feral cat in the 

Midlands region is therefore crucial to determine whether feral cat control is justified in this 

landscape for effective restoration of native species.  

Thesis aims and structure 

The overarching goal of the thesis is to inform habitat restoration for mammalian carnivores in the 

Tasmanian Midlands. By taking an animal-centric perspective, I aim to investigate whether 

interactions between focal species and the local environment has implications for the design of 

successful ecological restoration projects.  

The first aim was to determine the bottom-up factors responsible for the persistence of carnivore 

species in the Tasmanian Midlands. This was achieved through a series of multi-scale studies. Firstly, 

I used camera surveys to determine the factors driving patterns of carnivore occupancy and 

abundance at the regional scale. I then examined the influence of productivity gradients on both 

home range size and population densities of carnivores, to determine how much variation there is in 

the amount of habitat required to maintain ecologically-effective carnivore populations. Lastly, I 

examined fine-scale habitat associations in different behavioural states to determine which habitats 

are important for the persistence of native carnivores, and those which promote the persistence of 

the introduced feral cat.  



Introduction | 

33 
 

The second aim of the thesis was to investigate the potential of predator species to exert top-down 

control on biodiversity. In particular, I aimed to compare the relative predation impact of the 

introduced feral cat relative to its closest native counterpart, to determine whether feral cats are 

likely to limit the success of habitat restoration programs for shared native prey. 

Table I shows the relationship between the structure of the thesis and these aims. 

Table  I Thesis chapters and relevance to thesis aims 

Chapter Title Scale Aim 

1 Introduction   

2 Testing landscape-ecology frameworks for the effects of habitat loss 

and fragmentation on species distributions: marsupial carnivores in 

an agricultural landscape 

Regional 1 

3 Variation in home range size and population density across the 

geographic ranges of Australian carnivore species 

Landscape 1 

4 A triple threat – high population densities, foraging intensity and 

flexible habitat preferences contribute to the high predation impact 

of feral cats. 

Landscape + 

fine-scale 

movement 

1,2 

5 General discussion   
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Chapter 1  

Testing landscape-ecology frameworks for the effects of 
habitat loss and fragmentation on species distributions: 

marsupial carnivores in an agricultural landscape. 
 

Image: Glen Bain 

  



 

Abstract 

Understanding species’ responses to landscape-scale variation in habitat quality and availability is 

crucial to designing effective, broad-scale habitat restoration projects. Achieving such an 

understanding is hampered by the lack of cohesion amongst landscape ecology theory. We compare 

the ability of three of the most commonly applied theoretical frameworks to explain patterns of 

occupancy and abundance of mammalian carnivores in the Tasmanian Midlands. We surveyed 110 

camera sites across the Midlands region in summer and winter, and analysed the results using 

hierarchical occupancy modelling to account for imperfect detection.  

No single framework was consistently superior across all species, however the continuum framework 

(also known as the gradient or variegated landscape framework) showed the highest and most 

consistent predictive power. We suggest that the improved explanatory power of this framework is 

because species responses are directly related to underlying environmental variation rather than to a 

binary definition of habitat/non-habitat. This allows for variation in habitat quality and less 

perception bias in the definition of ‘habitat’ for each species compared to the island biogeography 

and habitat amount hypothesis frameworks.  Factors such as vegetation structure, topographic 

complexity and the density of linear edge habitats were most important in explaining patterns of 

species persistence, highlighting the importance of variation in habitat quality and suggesting that 

restoration practitioners should place more emphasis on habitat structure, complexity and location 

than on area alone. In addition, the scale and method of derivation of parameters within all 

frameworks strongly influenced model performance. Model parameters, and by extension habitat 

restoration planning, should therefore reflect the underlying biology and behaviour of the species in 

question. 
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Introduction 

Retaining and restoring habitat for native fauna in agricultural regions is of critical importance to the 

maintenance of biodiversity globally. Crop and pasture lands cover an estimated 40% of land area 

worldwide (FAOSTAT 2015) and are forecast to increase by 0.2-1 billion hectares by 2050 (Tilman et 

al. 2011). To effectively conserve fauna within agricultural regions, habitat restoration should be 

underpinned by an understanding of how the focal species respond to habitat fragmentation and 

loss at a landscape or even regional scale (Bell et al. 1997; Fitzsimons and Westcott 2008; McAlpine 

et al. 2016). Social, financial and knowledge constraints continue to promote a focus on localised, 

patch-scale restoration, despite increasing recognition of the importance of landscape-level factors 

in determining restoration success (Bell et al. 1997; Matthews et al. 2009; Thomson et al. 2009). 

Restoration ecology as a discipline has also been heavily biased towards terrestrial plant 

communities in North America (Brudvig 2011; McAlpine et al. 2016; Wainwright et al. 2018). There is 

a pressing need, therefore, for the synthesis and application of landscape ecology theory to the 

restoration of fauna habitat (Brudvig 2011; Thomson et al. 2009). 

The first difficulty in achieving this aim is the lack of universal principles for species responses to 

habitat loss and fragmentation at a landscape scale. Given the complexity of landscape ecology and 

the importance of local factors, the development of such principles has to walk a fine line between 

oversimplification and unworkable complexity (McIntyre 2007). Several attempts have been made to 

unify concepts in landscape ecology into predictive, testable hypotheses, but no single framework 

has become generally accepted. The three most distinct and commonly applied frameworks are the 

island biogeography (IB), continuum (CT) and habitat amount hypothesis (HA) frameworks. 

Island biogeography (and its many extensions, which include the patch-matrix, patch-corridor matrix 

and classic metapopulation frameworks) treats remnant patches of vegetation as islands of habitat 

within a sea of hostile agricultural matrix, and predicts that species richness will increase with patch 

area and decrease with isolation, as it does among real oceanic islands (MacArthur and Wilson 
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1967). The habitat amount hypothesis predicts that the amount of habitat within an ecologically 

relevant landscape will be the most important predictor of species richness, occurrence or 

abundance, regardless of the size, shape or distribution of habitat patches (Fahrig 2013; 2017). The 

definition of an ecologically relevant landscape depends on the mobility and matrix-sensitivity of the 

species or species guild in question (Jackson and Fahrig 2012). This hypothesis recognises that the 

effects of fragmentation can often be positive rather than negative, and are typically negligible in 

comparison to the effects of habitat loss per se (Fahrig 2013; 2017). Finally, the continuum 

framework, also known as the gradient or variegated landscape framework, predicts that habitat 

occurs as continuous gradients of relevant environmental factors, such as climate, vegetation 

structure, cover, food availability or risk of competition or predation (Fischer and Lindenmayer 2006; 

McGarigal and Cushman 2005; McIntyre and Hobbs 1999). This framework predicts that the 

direction and strength of responses to these gradients will be species-specific. Within agricultural 

landscapes, therefore, although species richness is generally predicted to decline with increasing loss 

of native vegetation communities and fragmentation, some species may benefit or remain relatively 

unaffected depending on their mobility and ability to adapt to novel ecosystems.  

The difficulty of applying these frameworks to restoration planning is that they all rest on at least 

some understanding of what defines ‘habitat’ for each species of interest. A definition of habitat is 

necessary to delineate habitat patches (IB), calculate the total amount of habitat and suitable 

landscape size (HA), or define the nature and scale of environmental gradients of interest (CT). 

Habitat is a species-specific property that embodies functional relationships between an animal and 

elements of its environment (Hall et al. 1997; Jones and Davidson 2016). Even in the simplest case of 

restoring habitat for a single species, we typically lack the basic ecological knowledge needed to 

define what elements constitute suitable habitat (Hobbs 1993; Munro et al. 2007). Additionally, 

many of the factors that affect habitat value for a species of interest, such as fine scale habitat 

features like tree hollows, understorey vegetation structure, management activities and biotic 
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interactions, are themselves not readily detected or mapped at landscape scales (Fahrig et al. 2011; 

Gibbons et al. 2007; Hall et al. 1997).  

In practice, therefore, the frameworks described above may be of limited use when applied to the 

design of habitat restoration in imperfectly understood systems. We aim to determine which of 

these models is most readily applied in such contexts, using four mammalian carnivore species in an 

agricultural region of Tasmania, Australia, as a test case. These four species comprise three native 

marsupials, the Tasmanian devil (Sarcophilus harrisii), spotted-tailed quoll (Dasyurus maculatus 

maculatus) and eastern quoll (Dasyurus viverrinus) and the introduced feral cat (Felis catus).  

Using the results of a region-wide camera study, we fit models of occupancy and abundance for each 

carnivore, in accordance with each of the three theoretical frameworks. The model sets, with their 

component predictor variables and associated hypotheses, are summarised in Table 1.1. Predictor 

variables comprised the size and isolation of remnant vegetation patches (IB framework), the total 

amount of woody vegetation, native vegetation or linear habitats within an ecologically relevant 

buffer distance of the camera site (HA framework), and environmental gradients including 

vegetation structural complexity, topographic ruggedness, the density of or distance to linear habitat 

features, human density, climate variables and competitor activity (CT framework). Model-averaging 

was used to determine the relative explanatory power of models associated with each framework, 

and therefore the relative utility of each framework for the design of habitat restoration programs 

for these species.  
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Table 1.1 Predictor variables and theoretical framework associated with each model. 
Further details on the calculation and data source for each variable may be found in Table B 1. 
STQ=spotted-tailed quoll, TD= Tasmanian devil, EQ= eastern quoll and cat= feral cat 

Model and 
component 
variables 

Description 
Landscape 
ecology 
framework 

Associated hypotheses 

Habitat category   

Type 5 categories used to stratify camera 
placement: pasture, native grassland, 
small (<20ha) woodland patch, medium 
(20-200ha) woodland patch and large 
(>200ha) woodland patch.  

IB • Species will occur almost 
exclusively in remnant patches 

• Species occupancy and 
abundance will increase with 
increasing size of remnant patch 

Isolation 

Habitat isolation Landscape average of Euclidean 
nearest-neighbour distance between 
each habitat patch and its closest 
neighbour 

IB • Species occupancy and 
abundance will decrease with 
increasing isolation 

HA • Habitat isolation will be much less 
important than overall habitat 
amount 

Habitat amount    

Woody 
vegetation 

Total area of woody vegetation types in 
each buffer distance at each camera 
site. Both STQ and TDs are at least 
partially forest-dependent with very 
large home ranges, and STQs require 
large, connected areas of native 
vegetation (Glen and Dickman 2006b; 
Jones and Barmuta 2000) 

HA • For a given landscape size, STQ 
and TD occupancy and 
abundance will increase with 
increasing area of woody 
vegetation  

Non-agricultural 
vegetation 

As above, but also including native 
grasslands. EQs preferentially select 
native grasslands as well as woody 
vegetation, while cats show greater 
hunting success in open, grazed areas 
(McGregor et al. 2015a) 

HA • For a given landscape size, cat 
occupancy and abundance will 
decrease and EQ occupancy and 
abundance will increase with 
increasing amount of woody and 
native grassland vegetation 

Vegetation structure   

• McElhinny 
index 

• Midstorey 
cover 

• Vertical 
visibility 

• Additive index describing overstorey 
complexity and old-growth features 

• Percent cover of vegetation cover 
between 1-6m above ground level 

• Measured at 50cm above ground 
level. Higher values indicate less 
clutter 

CT • At relevant scales, species will 
show significant trends in 
occupancy and abundance in any 
direction along a gradient of 
vegetation structural complexity, 
as expressed by any of the three 
vegetation structure variables.  

Topography   

Terrain 
ruggedness index 
(TRI) 

Calculated as per Riley et al. (1999). Has 
been associated with increased 
abundance of native species, possibly 
through increased den site availability, 
and decreased abundance or hunting 
success of feral cats (Hohnen et al. 
2016a; McGregor et al. 2015a) 

CT • At relevant scales, species will 
show significant trends in 
occupancy and abundance in any 
direction along the gradient of 
topographic complexity 

Linear habitat features   
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Model and 
component 
variables 

Description 
Landscape 
ecology 
framework 

Associated hypotheses 

• Roads 

• Creeklines 

• Vegetation 
edges  

Path distance to nearest road, creekline 
and vegetation edge (edge of woody 
vegetation for STQ and TD, or of non-
agricultural vegetation for EQ and cats, 
as above). These features represent 
potential foraging / movement habitat 
(Andersen et al. 2017b; Doherty et al. 
2015). 

CT • At relevant scales, species will 
show significant trends in 
occupancy and abundance in any 
direction along any of the three 
gradients describing distance to 
linear habitat features 

• Roads 

• Creeklines 

• Vegetation 
edges 

Total length of roads, creeklines and 
vegetation edges (as above) for each of 
the buffer distances around the camera 
sites.  

HA • For a given landscape size, 
species occupancy and 
abundance will increase with 
increasing density of linear 
habitat features 

CT • At relevant scales, species will 
show significant trends in 
occupancy and abundance in any 
direction along any of the three 
gradients describing the density 
of linear habitat features 

Human density   

Building density Number of buildings in each buffer 
distance. Feral cats often associated 
with human activity (Doherty et al. 
2015), and other species may increase 
due to scavenging opportunities, or 
decrease due to avoidance behaviour 
or persecution. 

CT • At relevant scales, cats will 
increase and native species will 
show significant trends in either 
direction along a gradient of 
human activity, as expressed by 
building density 

Climate   

• Rainfall 

• Temperature 

Mean annual precipitation and 
temperature 

CT • Species will show significant 
trends in any direction along 
gradients of precipitation and/or 
temperature 

Competitor activity   

• STQ activity 

• TD activity 

• Cat activity 

Total count of detections of competitor 
species. EQ activity not included as a 
predictor variable due to few 
detections. Likely associations: 

• Positive for STQs and TDs due to 
shared habitat preferences 
(Andersen et al. 2016; Troy 2014) 

• Negative/ neutral for cats in areas of 
high TD activity (Fancourt et al. 
2015; Hollings et al. 2014; Lazenby 
and Dickman 2013)  

• Negative for EQs with STQs/ TDs, 
due to differences in habitat 
preference (Jones and Barmuta 
2000) 

• Negative/neutral for EQs and cats 
(Fancourt et al. 2015; Hollings et al. 
2014) 

CT • At relevant scales, the probability 
of detecting each species will 
increase or decrease with 
increasing competitor activity, as 
outlined in the species-specific 
predictions 
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Methods 

Study area 

Our study area encompassed the Tasmanian Midlands, a low-rainfall agricultural region of 

approximately 800 000 ha in central Tasmania, Australia (Figure 1.1). The Midlands region has a long 

term regional average of 552 mm annum-1 (Davidson et al. 2007). It experiences warm summers and 

cold winters, with average minimum to maximum temperatures at Ross in the central Midlands of 

8.7-21.7oC and 1.1-9.4oC in January and July, respectively. Despite extensive clearing and habitat 

modification for wool and cereal production (Fensham and Kirkpatrick 1989), the region is one of 

Australia’s 15 national biodiversity hotspots.  

 
Figure 1.1 Study area. 
The Tasmanian Midlands region is outlined in red, while coloured triangles indicate camera locations 
and associated vegetation types  
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Camera survey 

Remote wildlife cameras (Reconyx PC800) were deployed at 110 sites for 5 weeks in both winter 

(June-September 2015) and summer (January-March 2016). Weather conditions during the winter 

camera survey were the coldest average winter temperatures in Tasmania since 1966 (BOM 2015) 

with several snowfalls. The summer survey was characterised by very hot, dry weather in the 

preceding and first weeks followed by a major rainfall event part-way through (end of January 2016; 

60-100mm across the study area).  

Sites were stratified across five vegetation categories: large (>200ha), medium (20-200ha) and small 

(<20ha) patches of remnant woodland, native grassland patches, and pasture, and were at least 

1 km apart (Figure 1.1). Each camera was attached to a solid upright (a tree, fence post or stake) at 

approximately 1.2m above the ground and angled slightly downwards. Bait canisters were hung 

approximately 5 m from the camera and 1 m above the ground, and baits were not refreshed 

throughout the survey. PVC pipe (800mm length, 60mm diameter) was filled with bait mixture of 

peanut butter, rolled oats, sardines, tuna oil, dried liver dog treats, walnut oil and truffle oil and the 

ends sealed with plumbing vents which allow odour to disseminate while preventing consumption of 

the bait. A blank CD was also attached to the pipe with string such that it could swing freely as a 

visual lure. The location of each camera was recorded with a GPS and four photos of the surrounding 

habitat were taken, one in each of the cardinal directions. 

All images that contained animals were identified to species level using ExifPro Image Viewer® 2.1 

open-source software (Kowalski 2013). Carnivores were identified to individual level using pelage 

characteristics. Where there was doubt, the minimum number of individuals that could confidently 

be distinguished was used for analyses. Due to low detection rates, we pooled observations within 

survey weeks to create five repeat surveys in each season. 
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Predictor variables 

Candidate predictor variables for each species (Table B 4: Table B 7) were chosen based on the 

hypotheses of the three landscape ecology frameworks (Table 1.1), available published research for 

each species (Appendix A), our own knowledge and information from concurrent studies on the fine-

scale movement of these species in the region (R. Hamer, unpubl. data). The derivation of these 

predictors is given in Table B 1.  

We did not include the activity of prey species as predictive variables because detection rates of 

small mammal species such as rabbits, rodents, bandicoots and potoroids and other prey items 

(birds, reptiles and frogs) were low and highly variable. Detection rates for the larger prey species 

used by Tasmanian devils—such as Tasmanian pademelons (Thylogale billardierii), Bennett’s 

wallabies (Macropus rufogriseus rufogriseus) and common brushtail possums (Trichosurus 

vulpecula)—were higher, however these species were very widespread and unlikely to account for 

variation in the activity of predators among sites.  

The influence of habitat variables is scale-dependent under both the continuum and habitat amount 

frameworks (Martin and Fahrig 2012). Accordingly, habitat amount, topography and linear habitat 

features were measured at the site-level (within two 20 x 50m quadrats centred on the camera, see 

Appendix B) and at six different landscape-level scales (200ha, 500ha, 1000ha, 2000ha, 3000ha and 

4000ha). These landscape-level scales roughly correspond to the nightly foraging and overall home 

range areas of these species, based on published research and concurrent GPS tracking in the region 

(R. Hamer, unpubl. data). Results from each scale for each variable were highly correlated (Pearson’s 

r >0.6), so univariate occupancy and abundance models (see below) were run using each variable at 

each scale for each species, and resultant AIC values used to select the most informative scale. 

Scales were allowed to differ between species and habitat variables, as it is likely that each species 

would respond to habitat features at different scales. 
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Data analyses 

We first analysed the influence of environmental variables on species distribution and abundance, 

then tested whether adding information on activity of competitor species increased explanatory 

power of the top models. Multi-species occupancy analyses were initially attempted, however could 

not be run with any degree of statistical power. These analyses require very large datasets due to 

the very large number of parameters to be estimated, particularly as the number of species 

increases (e.g. Rota et al. 2016). 

The influence of competitor species was included as a detection rather than an occupancy or 

abundance covariate. Previous research shows that while species may show fine-scale temporal or 

spatial avoidance or behavioural responses to each other, all four species co-exist in several habitats 

across Tasmania (Andersen et al. 2016; Fancourt et al. 2015; Hollings et al. 2014; Jones 1995; 

Lazenby and Dickman 2013), and indeed all four were detected on the same cameras at several sites 

in this study. We therefore predicted that activity of competitors would be more likely to affect the 

detectability of each species than their regional-scale occupancy and abundance.  

We used hierarchical occupancy techniques to model both occupancy (presence/ absence) and 

abundance for each species. For occupancy, we used dynamic occupancy models to analyse binary 

presence/ absence data (Fiske and Chandler 2011; MacKenzie et al. 2006), whereas for abundance 

we used open N-mixture models to analyse counts of different individuals within each survey period 

for each season (Dail and Madsen 2011; Fiske and Chandler 2011). Within N-mixture models, we 

compared the fit of different forms for the latent abundance distribution using AIC model selection, 

and accordingly selected a Poisson distribution for eastern and spotted-tailed quolls, and a negative 

binomial distribution for feral cats and Tasmanian devils. The upper bound for integration, K, was set 

to 30 for each species, as this was much greater than the maximum observed abundance at any one 

site. 
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Detection-level covariates included bait decay (expressed as e-(week), the exponential rate of decrease 

in bait attractiveness), season (summer 2016 or winter 2015) and the presence or absence of 

livestock (usually sheep) during each survey week. We compared detection-only models with all 

possible additive and interacting models of these three variables and selected the best-fitting 

(lowest AIC value) model for each species. We then used these species-specific detection models in 

all models of occupancy and abundance.  

Occupancy and abundance-level covariates were separated into conceptual groups as shown in 

Table 1.1. The model set for each species comprised: 1) models of each group of environmental 

variables, run separately to avoid over-parameterising models relative to the number of 

observations; and 2) the same model sets with competitor species variables added. Highly skewed 

variables were square-root or log-transformed, and all variables were standardised and centred on 

zero to remove any distortion from differing scales. As there was no global model for each analysis, 

goodness of fit tests were computed for subglobal model sets in each analysis using the MacKenzie 

and Bailey (2004) method as implemented in the AICmodavg package (Mazerolle 2017). Where 

overdispersion (1< ĉ <4) was indicated, the variance-covariance matrix of estimates was multiplied 

by the smallest value of ĉ from all models tested (Burnham and Anderson 2002; Fiske and Chandler 

2011). 

We used a model-averaging approach to generate estimates of parameter coefficients, as this 

approach allows for inference from multiple competing hypotheses where there is no clear ‘best’ 

model, and is often more appropriate for complex ecological questions (Burnham et al. 2011; 

Symonds and Moussalli 2011). Models were ranked using AIC values, (or quasi-AIC values for 

overdispersed data), with low AIC values indicating a better model fit and models within 2 AIC points 

of each other regarded as equivalent in rank.  Model averaging was used to generate estimates of 

overall site occupancy, abundance and detectability, as well as estimating coefficients for each 

predictor variable. 
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Unless otherwise stated, all calculations of predictor variables and maps of model results were 

undertaken in ArcMap® 10.5. Analyses were conducted in the R programming environment using the 

‘colext’, ‘pcountOpen’,’modSel’ and ‘predict’ functions of the unmarked package (Fiske and Chandler 

2011) and ‘mb.gof.test’, ‘Nmix.gof.test’ and ‘modavgPred’ functions of the AICmodavg package 

(Mazerolle 2017).  

Results 

A total of 6,834 trap nights from 110 cameras were used for analyses, after excluding data from any 

sites with less than 1 week of data, and trap nights more than 5 weeks after deployment. Tasmanian 

devils were the most frequently detected carnivore (519 detections), followed by feral cats (373), 

spotted-tailed quolls (186) and eastern quolls (122). All focal species except the eastern quoll were 

recorded more frequently in the winter than in the summer surveys (Table 1.2). There was a higher 

rate of camera failure in summer (99/110 cameras with at least one week of data, versus 104/110 

cameras in winter), mostly due to higher rates of disturbance by brushtail possums. Inspection of the 

raw data indicated that eastern quolls were absent from the flatter, central area of the Midlands. 

We therefore ran two sets of analyses for this species: one using data from all sites, and a limited 

analysis using only data from sites with a terrain ruggedness index (Riley’s TRI) greater than eight. 

Table 1.2 Trap nights and carnivore detections by season and habitat category 

Row Labels Eastern quoll Feral cat ST quoll T devil # sites Trap nights 

Season       

Summer2016 65 80 58 132 99 3061 

Winter2015 34 163 77 231 104 3457 

Habitat category 

Large Woodland 16 24 37 87 19 1257 

Medium Woodland 2 40 45 103 23 1412 

Small Woodland 47 87 32 80 25 1405 

Native Grassland 13 40 15 70 22 1251 

Pasture 21 52 6 23 21 1193 

Total 99 243 135 363 110 6518 
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Performance of landscape ecology frameworks. 

Models formulated in accordance with the continuum framework were ranked as the top model in 

all but one analysis (Table 1.3). In accordance with the predictions of this framework, variables 

included in the top models varied between species and analyses, and included vegetation structure, 

topography, linear habitat features and climate (Table 1.3). Species responses to these variables also 

differed in strength and direction (Table B 4: Table B 7). 

Models of habitat category, formulated in accordance with the Island Biogeography framework, 

were ranked as the top model in the Tasmanian devil occupancy analysis only (Table 1.3). Devils 

conformed to the IB framework in that they were more likely to occur in medium and large 

woodland patches areas rather than small woodland patches or the matrix (native grassland or 

pasture, Figure 1.3 and Table B 4). In all other analyses these models were a poor fit to the data, 

with model weights less than 0.08. Models of habitat isolation, also formulated in accordance with 

the IB framework, had even less support with model weights never exceeding 0.03 across all 

analyses (Table 1.3).    

In both feral cat analyses and one eastern quoll abundance analysis, the top models (based on the 

density of linear habitat features) were consistent with both the continuum framework and the 

habitat amount framework.  Cat occupancy and abundance was strongly positively related to the 

total amount of linear habitat features, in accordance with the predictions of the habitat amount 

framework. Eastern quoll abundance was positively associated with the density vegetation edges, 

but negatively associated with the density of creek-lines. Models of habitat amount which used the 

amount of woody or non-agricultural vegetation as a proxy for habitat performed relatively poorly 

and were never selected as the top model or had model weights exceeding 0.10 (Table 1.3).  

More detailed results for each species are given in the following sections. 
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Table 1.3 AIC model weights of models within each theoretical framework for occupancy (ψ) 
and abundance (λ) analyses for each species.  
Top-ranked models (within 2 AIC points of the lowest AIC value) for each species are in bold, while 
models which had a weight <0.01 (i.e. ΔAIC value >10) or which were ranked equivalent to or below 
the null model are in grey. 

Frame 
work 

Model 
Tasmanian 

devil 
Spotted-tailed 

quoll 
Feral cat 

Eastern quoll 
(all sites 

Eastern quoll 
(limited 

  ψ λ ψ λ ψ λ ψ λ ψ λ 

IB Habitat 
category 

0.72 0.01 0.02 0 0.01 0 0 0 0.08 0.01 

Habitat 
isolation 

0 0 0 0 0 0 0 0 0.03 0.01 

HA Habitat 
amount1 

0.01 0.01 0 0 0.05 0.01 0 0 0.10 0.09 

Linear 
habitat 

features (ρ) 2 

- - - - 0.87 0.97 0 0 0.03 0.79 

CT Habitat 
amount1 

0 0.01 0 0 0.05 0.01 0 0 0.10 0.09 

Vegetation 
structure 

0.14 0 0.92 0.95 0 0 0 0 0.02 0.03 

Topography 0 0.80 0.03 0.03 0 0 1.0 1.0 0.23 0.03 

Linear 
habitat 

features2 

0.14 0.13 0.03 0.01 0.87 0.97 0 0 0.03 0.79 

Human 
density 

0 0.01 0 0 0.05 0.01 0 0 0.03 0.01 

Climate 0 0.01 0 0 0.01 0 0 0 0.41 0.03 

Null model 0 0.01 0 0 0.01 0 0 0 0.08 0.01 
1Habitat amount models were defined as per the habitat amount hypothesis framework but may 
also be considered a form of continuum framework. 
2Linear habitat features were defined either as the distance to these features, or the density (ρ) of 
the features in the surrounding landscape depending on the scale of the species’ response. When 
defined as the density (ρ) of linear habitat features, this model fits within both the habitat amount 
hypothesis and continuum frameworks.  
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Species detectability 

Detectability of all species was strongly affected by exponential bait decay, dropping sharply over 

the first one - two weeks before plateauing (Figure 1.2), with the exception of eastern quolls in 

summer (Figure 1.2d). Inspection of the raw data indicates that this was from a spike in eastern quoll 

detections in the last survey week of summer, which may have been associated with a major rainfall 

event. Tasmanian devils were the most readily detected, although eastern quolls were slightly more 

detectable when analyses were restricted to areas of rugged terrain. Feral cats and spotted-tailed 

quolls were slightly less detectable (Figure 1.2). Both cats and quolls were less detectable in the 

presence of livestock in summer, though the effect was stronger for quolls than cats (Figure 1.2b and 

c). In winter (lambing season), this effect was weaker or even reversed: cat detectability was 

positively associated with sheep presence, while spotted-tailed quoll detectability was unaffected 

(Figure 1.2b and c).  

Scale of response to landscape variables 

These results were used to determine which parameterisation of each predictor variable was 

included in the final model set, based on the best univariate model fit for each variable. Tasmanian 

devils responded most strongly to the amount of vegetation at the local foraging (200ha) scale, but 

to landscape ruggedness at the home range (4000ha) scale. Responses to linear habitat variables 

(roads, creek-lines and woodland edges) were strongest at the site level, i.e. distance to the closest 

feature rather than the density of features within the relevant landscape buffer. Spotted-tailed 

quolls responded most strongly to both linear habitat features and terrain ruggedness at the site 

scale. However, they showed the strongest response to the amount of woody vegetation at the 

2000ha scale, which corresponds to their average home range (R. Hamer unpubl. data). Feral cat 

occupancy and abundance responded most strongly to landscape ruggedness and the amount of 

non-agricultural vegetation at the home range (500ha) scale, whereas they responded most strongly 

to the density of linear habitat features at the nightly foraging (200ha) scale.   
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Figure 1.2 Probability of detection of: a) Tasmanian devils, showing exponential decay of bait 
attractiveness; b) spotted-tailed quolls and c) feral cats, both showing exponential bait decay as well 
as the interacting effects of season and sheep presence; and d and e) eastern quolls showing the 
different bait decay patterns in summer and winter 
Plots on the left (occupancy models) indicate the likelihood of detecting a devil/quoll/cat on any 
single night, whereas plots on the right (abundance models) indicate the likelihood of detecting a 
particular individual of that species on any single night.  

a) 

b) 

c) 

d)

4 

e) 
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When considering all data points, eastern quolls were found to associate most strongly with both 

non-agricultural vegetation and terrain ruggedness at the 4000ha scale. These variables are 

positively correlated at this scale (Pearson’s r =0.61, p<0.001). As such, we retained the terrain 

ruggedness variable which elicited a stronger response, but interpreted it as an indication of both 

variables. In the restricted analyses, the scale of eastern quoll response to non-agricultural 

vegetation changed to the 1000ha scale which is not correlated with terrain ruggedness, so this scale 

was used for non-agricultural vegetation in both sets of analyses. Responses to linear habitat 

variables (roads, creek-lines and bush-pasture edges) were variable, with eastern quolls most 

strongly responsive to the distance to the nearest road, the density of woodland edges at the 

landscape (4000ha) scale, and the density of creeklines at the home range (200ha) scale.  

Occupancy and abundance: Tasmanian devils 

Site estimates of devil occupancy ranged from 0.32 to 0.99 (average 0.71 ± 0.12), while abundance 

estimates ranged from 1.47 to 7.24 (average 3.01 ± 0.91). Devil occupancy was most strongly 

associated with habitat category, with occupancy highest in large and medium woodland patches, 

whereas abundance was strongly positively related to terrain ruggedness (Table B 4). Occupancy 

estimates showed a positive association with increased vegetation complexity, and both occupancy 

and abundance estimates increased slightly with increasing distance from roads and woodland 

edges and decreasing distance to water (Figure 1.3) 

Incorporating activity of competitor species as a detection covariate had very little influence on 

models of devil occupancy, but did increase the explanatory power of all devil abundance models by 

between 2.8-9.9 AIC points (Table 1.4). Individual devil detectability increased with cat and spotted-

tailed quoll activity. 
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Occupancy and abundance: Spotted-tailed quolls 

Overall site estimates of spotted-tailed quoll occupancy ranged from 0.18 to 0.7, with an average of 

0.59 ± 0.12, while abundance estimates ranged from 0.57 to 5.13, with an average of 1.71 ± 0.72 

(Table B 5). Vegetation structure had the strongest support in both occupancy and abundance 

analyses (model weights 0.92 and 0.95 respectively): spotted-tailed quolls were strongly associated 

with sites with greater mid-storey cover (vegetation 1-6m high), increasing over-storey cover and 

old-growth characteristics, as expressed by McElhinny’s index, and lower vertical visibility, or more 

clutter, in the understorey (Figure 1.3). 

Incorporating the activity of competitor species added no explanatory power to the top model 

(vegetation structure) of either occupancy or abundance of the spotted-tailed quoll (Table 1.4). 

Lower-ranked models such as topographic complexity, climate, human density and habitat amount 

and fragmentation showed a greater response to the addition of competitor variables, with ΔAIC 

values of up to -9.1 (Table 1.4). In all models, spotted-tailed quoll detectability increased with 

Tasmanian devil activity and was unaffected by feral cat activity.  

Occupancy and abundance: Feral cats 

Goodness-of-fit tests suggested moderate over-dispersion in occupancy models (ĉ =1.5), so quasi-AIC 

values were used in model selection and parameter estimation for occupancy models.  

Model averaged estimates for feral cat occupancy ranged from 0.21 to 0.96 (average 0.70 ± 0.15) 

across all sites surveyed, while abundance estimates ranged from 0.67 to 8.85 (average 2.64 ± 1.29).  

The densities of linear habitat features (roads, creek-lines and bush-pasture edges) within 200ha of 

the survey site were the most informative predictor variables, with each variable strongly positively 

correlated with cat occupancy and abundance (Table B 6, Figure 1.3). The density of buildings also 

showed a positive relationship with occupancy and abundance, while there was a slight negative 

relationship between cat occupancy and abundance and the amount of non-agricultural vegetation 
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(i.e. woodland and native grassland) at the home-range scale (500ha), but these effects were much 

less important (model weights 0.01-0.05).  

The addition of competitor activity to models of feral cat occupancy and abundance decreased their 

explanatory power by between 2-4 AIC points in all cases (Table 1.4). 

Occupancy and abundance: Eastern quolls 

Across the Midlands region, estimates of occupancy and abundance ranged from <0.01 to 0.98 

(average 0.22 ± 0.08) and 0.02-4.54 (average 0.51 ± 0.16), respectively. Both occupancy and 

abundance showed very strong positive relationships with terrain ruggedness at the landscape scale. 

There was very little chance of finding eastern quoll populations in the flatter, central areas of the 

Midlands (Figure 1.3). When analyses were limited to areas of rugged terrain only, estimates of 

occupancy and abundance increased to 0.27 ± 0.20 (range 0.12-0.49) and 0.77 ± 0.70 (range 0.30-

5.37), respectively. Eastern quoll occupancy was largely associated with terrain ruggedness and 

climate. Abundance, on the other hand, was positively related to increasing distance from the 

nearest road, and the density of woodland edges at the landscape scale (Table B 7). Both occupancy 

and abundance also showed a positive relationship with the amount of non-agricultural vegetation 

at the 1000ha scale. 

Incorporating the influence of competitor activity into models increased the explanatory power of 

both occupancy and abundance models, by more than 20 AIC points in most cases (Table 1.4). 

Eastern quoll detectability was higher in areas with increased cat and devil activity, and lower in 

areas with increased spotted-tailed quoll activity.  
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Figure 1.3 Partial effects plots and spatial representations of model results for a) Tasmanian 
devil, b) spotted-tailed quoll, c) feral cat and d) eastern quoll analyses 
Note that an A3 version of this plot is included in Appendix B 
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Table 1.4 Influence of competitor activity on model fit.  
Each column contains ΔAIC values based on the comparison of models with/without competitor 
covariates. Negative values (in bold) indicate an increase in explanatory power with the addition of 
competitor covariates. Positive values (in black) denote a decrease in explanatory power, while 
models within 2 AIC values (in grey) are regarded as equivalent.  

Model Cat STQ Devil EQ 

Occupancy analyses     

Habitat category 2.48 0.19 0.01 -19.51 

Isolation 2.64 -5.20 -1.06 -20.57 

Habitat amount 3.08 -4.95 -0.94 -21.81 

Vegetation structure 2.59 -0.17 -0.22 -19.57 

Topography 2.77 -3.48 -2.10 -23.77 

Linear habitat features 2.88 -1.49 -0.35 -18.30 

Human density 2.93 -4.67 -1.50 -21.04 

Climate 3.04 -3.50 -0.57 -21.44 

Null 2.64 -4.75 -0.88 -20.92 

Abundance analyses     

Habitat category 3.49 -1.61 -3.60 -26.12 

Isolation 2.93 -7.15 -2.74 -26.04 

Habitat amount 3.65 -9.07 -3.84 -24.73 

Vegetation structure 3.64 0.01 -3.79 -21.72 

Topography 3.51 -1.99 -4.58 -23.45 

Linear habitat features 3.43 -4.30 -8.67 -14.32 

Human density 2.94 -5.74 -5.29 -28.67 

Climate 3.85 -5.61 -9.88 -28.42 

Null 2.99 -6.07 -2.82 -26.75 
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Discussion 

This study tested which of three landscape ecology frameworks was most consistent in predicting 

species occupancy and abundance, and therefore most appropriate for determining habitat 

restoration priorities for native species or control efforts for introduced species. Our results agree 

with a similar study of frogs and reptiles in Australian agricultural landscapes (Pulsford et al. 2017), 

in which the continuum framework showed the highest general performance but no one framework 

was consistently superior for all species. We suggest that the better performance of the continuum 

framework in both studies is due to the greater flexibility of this model in defining ‘habitat’ for each 

species (Betts et al. 2014). Our results have implications for the design of restoration programs. First, 

the higher performance of the continuum framework showed the importance of variation in habitat 

quality and suggests that restoration practitioners should place more emphasis on habitat structure, 

complexity and location than on area alone. Second, the scale and derivation of parameters within 

all frameworks strongly influences model performance, highlighting the importance of selecting 

model parameters which reflect the underlying biology and behaviour of the species in question. 

Lastly, use of the continuum framework means that results are explicitly tied to the range of 

environmental variation within the local region, and may have limited applicability in other regions. 

This emphasises the importance of local, landscape-scale data in restoration planning. 

Model frameworks 

The continuum framework allowed the identification of multiple potentially relevant environmental 

gradients (Fischer and Lindenmayer 2006), and the ranking of their relative importance, without 

requiring prior decisions on what best represents habitat for the species in question. In this 

framework, species responses are modelled directly against underlying environmental variation 

(Fischer and Lindenmayer 2006). The continuum approach therefore minimises bias in the definition 

of ‘habitat’ (Betts et al. 2014; Jones and Davidson 2016), and can incorporate variation in habitat 

quality as perceived by the target species. By contrast, the habitat amount and island biogeography 
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frameworks apply a binary definition of ‘habitat/ non-habitat’ to discrete patches in the landscape. 

The relatively poor performance of the island biogeography and habitat amount frameworks in our 

study is probably due to the use of remnant vegetation as a proxy for ‘habitat’. Although commonly 

used in landscape-scale studies, the overall area of remnant vegetation is an oversimplification and 

poorly represents the actual availability of habitat for the focal species (Pellet et al. 2007; Prugh et 

al. 2008).  

Quality vs quantity 

Given the importance of accounting for variation in habitat quality, a strength of the continuum 

framework is that it can accommodate variation from both physical and biotic sources. Our results 

supported the importance of physical factors, with terrain ruggedness, vegetation structure and the 

distance to or density of linear habitat features being the most informative (Table 1.3). These factors 

represent the availability of preferred landscape elements that comprise habitat for each species. 

Linear habitat features (roads, woodland-grassland edges and creek-lines) are preferred foraging 

habitat for many carnivores (e.g. Červinka et al. 2011; Šálek et al. 2010), including all species in this 

study (Andersen et al. 2017b; Doherty et al. 2015; Jones and Barmuta 2000).  The preference of 

spotted-tailed quolls for more complex vegetation types may be due to an increase in available den 

sites in tree hollows and coarse woody debris (Glen and Dickman 2006b), and of prey with increased 

niche space (St. Pierre and Kovalenko 2014). GPS-tracking data (R.Hamer unpubl. data) suggests that 

the positive association between both Tasmanian devils and eastern quolls and terrain ruggedness 

may similarly be due to den site availability, as burrows are presumably easier to excavate in 

hillslopes. For the eastern quoll, terrain ruggedness may also confer protection from predation by 

feral cats (Fancourt et al. 2015; Hohnen et al. 2016a; McGregor et al. 2015a). Of interest, the scale of 

this habitat preference (4000ha) is far beyond the home range of individual eastern quolls, but not 

the range of dispersing juveniles or breeding males (R. Hamer unpubl. data). Eastern quolls are 

particularly vulnerable to all predators including cats during juvenile life-stages (Jones et al. 2004), 
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and terrain ruggedness (and the associated increase in vegetation cover) may provide refuge, as in 

the closely related northern quoll (Hernandez-Santin et al. 2016; Hohnen et al. 2016b).  

Habitat quality can also be moderated by biotic interactions such as competition and predation risk 

(Betts et al. 2014; Elith and Leathwick 2009; Guisan and Thuiller 2005). We found little effect of 

competition within the carnivore guild: the activity of competitor species added no explanatory 

power to top models for all species except the eastern quoll, and models of Tasmanian devil 

abundance. The addition of competitor variables increased explanatory power most for models of 

physical variables such as climate, topography and human density (Table 1.4). We suspect that 

competitor activity is therefore acting as a surrogate for local habitat characteristics in these models, 

rather than as an indicator of biotic interactions (Guisan and Thuiller 2005). However, in our analyses 

we pooled data across survey weeks to compensate for very low detection rates and were unable to 

run more sophisticated multi-species models due to a lack of statistical power. This meant that we 

lost fine-scale detail, and are therefore unable to detect subtle competitive interactions such as fine-

scale temporal avoidance, which may be more likely in this guild than strong exclusion effects 

(Fancourt et al. 2015).  

We were able to detect a seasonal effect of sheep presence on both feral cats and spotted-tailed 

quolls. Both species were more likely to be detected in the presence of sheep in winter (lambing 

season) than in summer, presumably because they prey or scavenge on placentas, still-born and 

new-born lambs. This suggests that carnivore perception of the pasture ‘matrix’ can change from a 

potential movement barrier to a foraging resource during lambing, supporting a growing body of 

evidence on the influence of seasonal agricultural practices on matrix quality, and therefore on 

species movement and distribution across agricultural landscapes (e.g. Driscoll et al. 2013; Ferrante 

et al. 2017; Kay et al. 2016).  

Accounting for variation in habitat quality not only improved model performance in our study, it also 

has implication for the design of restoration plantings. Our results suggest that habitat plantings 
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should emphasise habitat complexity to promote native species and limit the predatory impacts of 

feral cats, by planting structurally diverse flora species, targeting areas of higher topographic relief 

and/or adding rocks (Michael et al. 2010) or coarse woody debris  (Manning et al. 2013; McIntyre et 

al. 2015) to provide den sites and predation refuges for both carnivores and their prey (McGregor et 

al. 2015a; McGregor et al. 2014; Michael et al. 2010). Promoting habitat complexity is likely to be 

particularly necessary in plantings with high perimeter: area ratios, which are often inevitable in 

agricultural plantings and suit the foraging style of feral cats (Doherty et al. 2015). Consideration 

should be given to managing livestock grazing intensity within remnants and in neighbouring areas.  

Scale and choice of parameters 

As described above, the strength of the continuum framework lies in its flexibility and ability to 

compare the importance of multiple physical and biotic sources of variation in habitat quality. This 

flexibility, however, means that the choice of variables to include is non-trivial, and our results 

indicate the importance of scale and parameterisation. The alternative calculations of linear habitat 

features demonstrate that the continuum and habitat amount frameworks are not necessarily 

mutually exclusive, and that both the scale of the predictor variables and the method of their 

calculation can have considerable influence over the model outcomes. The strongest scale of 

response typically corresponded to either the nightly foraging or the home range scale, confirming 

that these scales are directly related to the underlying biology of each species (Chave 2013). 

Different parameterisations are also likely to reflect behavioural differences in the ways that 

different species respond to habitat features. For example, the positive influence of the density of 

ecotone habitats on the eastern quoll and of all linear features on the feral cat supports the results 

of previous research on both species (Doherty et al. 2015; Jones and Barmuta 2000), that these 

features are preferred foraging habitat for both species. For Tasmanian devils and spotted-tailed 

quolls, however, the distance to these features was more important, with both species showing an 

apparent avoidance of one or more of these feature types (Table B 4 and Table B 5). 
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Model specificity 

The flexibility of the continuum framework means that it is readily applied to different systems. It is 

perhaps self-explanatory, however, that the specificity of the component models to local 

environmental variation and species biology mean that results from this framework are tied to the 

species and region of interest. For example, some of the most important factors in our models, such 

as preferences for complex vegetation and topography, may be driven by local conditions, in this 

case the flat topography and dominance of grasslands and open woodlands in the Midlands region 

(Fensham and Kirkpatrick 1989). This reasoning may also explain apparent discrepancies between 

our results and those from other regions. For example, both devils and spotted-tailed quolls 

intensively use ecotones and road edge habitats in north-western Tasmania for movement and 

foraging (Andersen et al. 2017b), whereas these features were not important in the Midlands. The 

explanation may lie in the density of the vegetation communities in these sites. North-west 

Tasmania has a high rainfall (1000-1500 mm) supporting dense coastal scrub and wet forest, where 

opportunities for ambushing prey and movement are likely to be strongly linked to edge habitats  

(Andersen et al. 2017b). This contrasts with the low rainfall and much more open vegetation 

communities of the Midlands.  

Conclusions 

An accurate understanding of species-specific responses to landscape-scale processes is critical in 

designing effective habitat restoration programs (Bell et al. 1997). This is particularly important in 

agricultural areas, where high land values and competing priorities mean that strategic, long-term 

decision-making is more than usually important in ensuring the most effective use of conservation 

funding (Crossman and Bryan 2009). Multiple authors, however, have identified a failure to 

implement advances in the disciplines of landscape ecology, ecological restoration and prioritisation 

at the ground level (Driscoll and Lindenmayer 2012; Miller et al. 2017). We suggest that this is partly 

due to the level of prior knowledge required by landscape ecology theory. This can be demonstrated 
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in the poor performance of the island biogeography and habitat amount frameworks in our study, as 

the binary definition of habitat/non-habitat failed to account for subtleties in the definition and 

quality of habitats present. By contrast, the continuum framework was able to account for multiple 

sources of variation in habitat quality, and was the most consistently useful framework to explain 

the response of species at the landscape scale.  This validates the use of an animal-centric 

framework to underpin restoration planning, linking responses both to local environmental variation 

and species’ biology (Betts et al. 2014; Jones and Davidson 2016). Once defined, the results of these 

species-specific habitat models, added across the guild or community of interest, can predict existing 

areas of highest habitat quality and areas of greatest benefit if restored (e.g. Angelieri et al. 2016; 

Thomson et al. 2009).   
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Abstract 

The size of an animal’s home range is crucial in the design of effective species management, whether 

for species conservation or control. Home range size can vary up to two orders of magnitude 

between populations of the same species and is determined by the balance between the individual’s 

metabolic needs and energetic constraints. We compare home range sizes, average nightly 

movements and population densities for populations of the marsupial spotted-tailed quoll (Dasyurus 

maculatus) and eutherian feral cat (Felis catus) at four sites in Tasmania, Australia. These two 

mesocarnivores show considerable overlap in body size and diet, and both responded strongly to 

gradients in habitat productivity across the sites studied. Both species showed a significant decrease 

in population density with declining productivity, however only spotted-tailed quolls also showed a 

significant increase in home range size. We suggest that information on both of these parameters is 

needed to accurately determine how species respond to variation in habitat productivity, and 

therefore for effective management of species across their geographic range. 
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Introduction 

The size of an animal’s home range, commonly defined as ‘the area traversed by the individual in its 

normal activities of food gathering, mating and caring for young’ (Burt 1943), is one of the most 

fundamental pieces of information needed for species conservation and management (Linnell et al. 

2001; Moilanen et al. 2005). Home ranges are not static and often vary in size across an individual’s 

life span, as well as between individuals and populations (Duncan et al. 2015; Haskell et al. 2002; 

Ofstad et al. 2016; Pearce et al. 2013). Home range size can vary by up to two orders of magnitude 

between populations of the same species (Nilsen et al. 2005). Understanding this variation is 

therefore critical for effective species management and conservation.  

Home range size is thought to be determined by the interaction of metabolic needs and energetic 

constraints (Duncan et al. 2015; McLoughlin and Ferguson 2000). Causes of observed variation in 

home-range size can therefore be driven by factors which affect metabolic needs, such as body size 

and mating systems, and those which determine energetic constraints such as diet, habitat 

productivity, resource patchiness, movement barriers and biotic interactions such as competitive 

interactions and predation risk (Duncan et al. 2015; Haskell et al. 2002; Jetz et al. 2004; McLoughlin 

and Ferguson 2000; Nilsen et al. 2005; Schradin et al. 2010). These factors and their expected effect 

on home range size are summarised in Table 2.1. Although theory predicts the direction of the 

expected effects on home range size (Table 2.1), these effects may not be consistent across the 

species’ range. Differences in species ecology across their range (Sexton et al. 2009) or interactions 

between any of the factors shown in Table 2.1 may lead to non-linear variation in home range. For 

example, home range size is generally predicted to increase with decreasing habitat productivity due 

to the need to cover more area to find enough food (Nilsen et al. 2005; Šálek et al. 2015; Walton et 

al. 2017). In highly productive areas, however, increased competition for resources can increase 

foraging effort, creating a U-shaped relationship between productivity and home range size 

(Markham et al. 2015).  
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These factors and variation in territorial behaviour can also affect the relationship between home 

range size and population density. This relationship is critical for population-level inference and 

therefore for species’ management at the landscape scale, as it determines the number of 

individuals likely to be affected by any particular management action (Fagan and Lutscher 2006). We 

would expect that larger home ranges would result in a decrease in population density, especially if 

home range size is directly related to the amount of food and other resources needed to support an 

individual. Larger home ranges, however, are more difficult and costly to maintain. In addition, 

increasing patchiness of resources will increase the size of home range required to ensure resource 

security (Haskell et al. 2002), but will also reduce the penalties of sharing the home range as per the 

resource dispersion hypothesis (Carr and Macdonald 1986; Johnson et al. 2002). Decline in 

territoriality may therefore allow a higher degree of home range overlap, leading to a non-linear 

relationship between home range size and population density (e.g. Jetz et al. 2004; Mcloughlin et al. 

2000; Trewhella et al. 1988).  

Empirical datasets with which to test theories about intra- and inter-specific variation in home range 

size are relatively rare. Where several estimates of home range are available for the same species, 

differences in methodology between studies can hinder quantitative comparisons (Plotz et al. 2016). 

In this study, we used live-trapping and GPS collars to determine the population densities and home 

range size of four species of Australian carnivore (3 native, 1 introduced) at four sites across a 

productivity gradient. Combined with data from previous studies, we were able to quantitatively 

model variation in home range size across parts of their range for two of these species, the spotted-

tailed quoll (Dasyurus maculatus) and feral cat (Felis catus).  

The aim of the study was to understand the range of variation in home range size and population 

density in both species, in order to inform planning for habitat restoration and invasive animal 

control programs within the Midlands landscape. We firstly tested the influence and relative 

importance of factors hypothesised to influence variation in home range size, both between species 
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and between populations of the same species (see hypotheses in Table 2.1). Secondly, we 

investigated whether individuals with larger home ranges incurred greater energetic costs by 

comparing daily movement patterns between individuals with varying home range sizes. Lastly, we 

evaluated the variation in population density of different species over the same productivity 

gradient.  

Table 2.1 Species-specific hypotheses of home range size variation with respect to intrinsic and 
extrinsic factors. 
General hypotheses are reproduced from Table 1 in Duncan et al. (2015) unless otherwise indicated. 

Variable General hypothesis Species-specific hypotheses Results 

Body mass Larger species exhibit larger 
home ranges 

• Predicted home range sizes 
(from smallest to largest): eastern 
quoll, feral cat & spotted-tailed 
quoll, Tasmanian devil.  

• Within each species, home 
range sizes will vary in accordance 
with body size. 

Supported, although 
spotted-tailed quoll 
home ranges were 
consistently larger 
than feral cats of the 
same size. 

Sex Within solitary species, 
males exhibit larger home 
ranges than females 

• Males of all species will have 
greater home ranges than females. 

Supported 

Productivity Populations of given species 
exhibit smaller home ranges 
in more productive 
environments 

• Average home range size will 
decrease across populations in 
areas of increasing productivity. 

Supported in 3 of 4 
species.  

Productivity – 
body mass 
interaction 

The effect of productivity on 
HRS is greater for larger-
bodied species 

• Effect of productivity will be 
lowest for eastern quolls and 
highest for Tasmanian devils 

Insufficient data 

Productivity – 
social structure 
interaction 

The effect of productivity on 
HRS increases with the 
strength of territoriality 
within a species (Mcloughlin 
et al. 2000) 

• Effect of productivity on home 
range size greatest for female 
spotted-tailed quolls, given strong 
territoriality and lack of home 
range overlap (Glen and Dickman 
2006b). 

Supported: spotted-
tailed quolls showed 
higher variation in 
HRS than feral cats 
over the same 
gradient. 

Diet Carnivorous species exhibit 
larger home ranges than 
omnivorous species 

Insufficient data on the 
comparative degree of omnivory/ 
dietary breadth 

 

Productivity – 
diet interaction 

The effect of productivity on 
HRS is greater for obligate 
carnivores 

As above  

Fragmentation Home range size increases 
with habitat fragmentation 
(Carr and Macdonald 1986; 
Haskell et al. 2002) 

• Home range size will increase 
with increasing fragmentation of 
habitat 

Insufficient data 

Fragmentation – 
body mass 
interaction 

Home ranges of larger 
species more sensitive to 
fragmentation (Haskell et al. 
2002) 

• Effect of fragmentation will be 
lowest for eastern quolls and 
highest for Tasmanian devils 

Insufficient data 
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Methods 

Study species 

Our target species comprise three native marsupial carnivores, the Tasmanian devil (Sarcophilus 

harrisi), spotted-tailed quoll (Dasyurus maculatus) and eastern quoll (Dasyurus viverrinus), as well as 

the introduced feral cat (Felis catus). The three native species have been demonstrated to show 

spatial and dietary niche differentiation, although there is still substantial overlap (Andersen et al. 

2017a; Jones and Barmuta 2000). The largest species, the Tasmanian devil (5 – 14kg), consumes the 

highest proportion of large and medium sized mammals and readily scavenges as well as actively 

hunting prey (Andersen et al. 2017a; Jones and Barmuta 2000). Spotted-tailed quolls (0.9 – 5kg) also 

prey on medium – large mammals but have a broader diet which includes a large proportion of small 

mammals, birds and insects (Glen and Dickman 2006a). Eastern quolls (0.7 - 2kg) consume mostly 

smaller prey items, particularly insects but also small mammals, birds and reptiles (Fancourt et al. 

2018; Jones and Barmuta 1998). The feral cat (1.5 - 5 kg) shows the highest degree of overlap of 

both body size and diet with the spotted-tailed quoll (Glen et al. 2011). 

Both the Tasmanian devil and eastern quoll have both undergone population declines in recent 

decades, to an estimated 90% or 50% of their original population, respectively (Fancourt et al. 2013; 

McCallum et al. 2007). Tasmanian devil declines are due to the devil facial tumour disease (DFTD), a 

transmissible cancer which was first reported in 1996. Eastern quoll declines appear to be due to a 

combination of factors, potentially including unsuitable weather periods, limited insect availability, 

feral cat predation on juveniles and Toxoplasma gondii infection. 

Literature searches 

A literature review was undertaken to locate all available studies with home range information for 

Tasmanian devils, spotted-tailed quolls, eastern quolls and feral cats within Australia. Initial searches 

were undertaken in Web of Science and Google Scholar using both the scientific and common names 
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of each of the four species. Additional studies were located by searching the reference lists of 

studies obtained in the initial searches. All studies which involved telemetry (VHF or GPS) tracking 

are presented in Table C 1, and include peer-reviewed publications as well as unpublished work, PhD 

and Masters theses. Results for feral cats were limited to free-living feral populations in natural or 

agricultural habitats rather than domestic or urban cats.  

GPS tracking  

Study sites 

GPS tracking and trap history data for this study were collected from four sites in the Tasmanian 

Midlands region, in central-eastern Tasmania (black triangles, Figure 2.1). Raw GPS data from 

previous work on spotted-tailed in Arthur River, north-western Tasmania (red triangle, Figure 2.1) 

were also provided for this study (Andersen et al. in review). The climate in both regions is 

temperate, with mean monthly temperatures ranging between 12.3 – 20.9 in Arthur River and from 

9.4 – 25.4 across the Midlands (BOM 2019b). Arthur River is significantly wetter with annual average 

rainfall of 1074 mm, compared to 488– 621 mm across the Midlands (BOM 2019b). 

The Tasmanian Midlands is an agricultural region which has historically been dominated by wool and 

cereal production. The region is highly modified, with only 13% of the original woodland and native 

grassland vegetation remaining (Jones and Davidson 2016). The four tracking sites in this region 

comprise two relatively intact landscapes (Campbell Town and Cressy, woodland patches >1000 ha), 

and two fragmented landscapes (Ross and Oatlands, woodland patches approximately 100 ha, 

Figure 2.1). This Arthur River site is located partially within the Arthur-Pieman Conservation Area 

(41°05´S, 144°66´E, Figure 2.1) and is divided by the Arthur River Road. Vegetation is denser than the 

Midlands sites, with coastal scrub/heath communities dominating the western half of the site and a 

mosaic of forest communities and pasture in the east (Andersen et al. in review).  



Chapter 2 | 
 

79 
 

The predator assemblage differs between the two sites. Eastern quolls are not present in Arthur 

River, whereas they are present (though declining) in the Midlands region (Chapter 1). Tasmanian 

devils were present in much higher densities in the Arthur River during the study, as DFTD had not 

yet arrived in this part of Tasmania whereas it has been present in the Midlands region since the 

early 2000s (Hollings et al. 2014). Feral cats and spotted-tailed quolls are present in both regions.  

 
Figure 2.1 Study locations.  
GPS tracking sites undertaken in this study (see inset) are represented as triangles (see inset), while 
the locations of previous tracking studies identified through the literature reviews are labelled 
according to the species tracked. 

Animal handling 

In the Tasmanian Midlands, GPS collaring was undertaken at four sites between September 2015 

and June 2017. In north-western Tasmania, trapping and GPS collaring was undertaken in the 

Arthur-Pieman Conservation Area between November 2012 – February 2013 and October 2013 – 

January 2014. Methodology for this study is consistent between the two regions, with the exception 

of tracking locations, dates, collar types and fix schedules (Table 2.3). 
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Animals were captured using 30 cm wire Mascot traps (Midlands only) and 30 cm diameter PVC devil 

traps, generally deployed along tracks, trails or woodland edges and baited with lamb flaps, chicken 

necks, wallaby, fish or pet food. Each trapping session was between 5-10 nights. Trapped animals 

were transferred from traps into cotton/canvas handling sacks (feral cats and quolls) or hessian 

sacks (Tasmanian devils). Devil sacks were discarded after each use following DFTD transmission 

mitigation protocols. Feral cats were sedated using 0.15 ml kg-1 medetomidine (Domitor®, Pfizer) 

injected intramuscularly through the handling bag. Sedation was reversed following handling using 

0.075 ml kg-1 of atipamezole hydrochloride (Antisedan®, Pfizer), also injected intramuscularly.  

Native carnivores were not sedated. Each predator was weighed, microchipped, sexed and aged 

(using tooth wear, head width and tail width parameters) and ear biopsies and whisker samples 

taken for other studies. 

Native carnivores were trapped at least twice before being fitted with a GPS collar (including VHF 

beacon) in order to minimise the risk of collaring non-resident or trap-shy individuals. Feral cats 

were fitted with collars upon first capture, given the difficulty usually associated with trapping this 

animal. Juvenile animals were not collared given collar weight restrictions (maximum 3% body 

weight) and the risk of poor collar fit due to rapid growth. Various collar designs were used 

throughout the project with fix rates of 1 per 5 or 1 per 15 minutes, all of which were fitted with a 

drop-off mechanism to ensure that collars would not remain on the animal if they could not be 

recaptured (Table 2.3). Animals were monitored regularly using the VHF beacon, and we attempted 

to re-trap animals and remove the collars approximately one month after deployment. In 59 of 62 

collar deployments we were able to confirm that collars were removed through recapturing the 

animal or retrieving collars which had dropped off.  

Data screening 

Data from GPS collars were filtered to remove initial flight behaviours (i.e. tracks to and including 

first den site/ inactive period after release), periods spent within traps during or at the end of 
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tracking periods and points with low accuracy (i.e. tracks to and including first den site/ inactive 

period after release, horizontal dilution of precision >5, movement speed >2ms2). 

Site fidelity tests were used to exclude data from individuals that did not demonstrate a stable home 

range. The mean squared displacement of each animal from its activity centre was compared to that 

of 10 000 simulated trajectories, with a significance testing level of 0.05 (Signer and Balkenhol 2015). 

Data from nine animals were discarded (Table C 2). These included two spotted-tailed quolls: one 

male with only 6 days of data which included a very long-range dispersal foray; and one female due 

to collar malfunction. Seven cats were removed: one male who underwent a clear home range shift 

during the tracking period, resulting in a home range estimate of more than 8000 ha; two individuals 

at the Ross site due to limited data and four cats whose home ranges centred on a rubbish tip, and 

were significantly smaller than all other home ranges in the study (2.5 – 6 ha). 

Data analysis 

We undertook four different analyses to understand some of the drivers of variation in home range 

and population density, and the energetic costs of home range variation. Due to the differences in 

information available, data from all available studies could not be included in each analysis. Table 2.2 

summarises the analyses undertaken and the datasets used in each. Each analysis is described in 

greater detail, below.  

We used a model comparison approach to prediction testing for all analyses, and model sets for 

each analysis are presented in Table 2.4. Models were compared using the Akaike Information 

Criteria, adjusted for small sample sizes (AICc). Models within 2AICc points were regarded as 

equivalent. Goodness-of-fit tests for linear mixed-effects models were calculated using R2
GLMM, a 

pseudo-R2 for mixed-effects models (Nakagawa et al. 2017). Goodness-of-fit tests are problematic 

for non-linear mixed-effects models, however an indication of goodness-of-fit was obtained by using 

Nagelkerke’s R2 (Nagelkerke 1991). 
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Table 2.2 Summary of data analyses detailing the datasets, methods and variables used for 
each comparison 

 

Home range size 

Methodology varied considerably across studies identified in the literature review, with differences 

in sampling frequency and duration, technology (GPS vs VHF collars) and metrics used to report 

home range size (Table C 1). These differences can strongly influence the resulting of home range 

size and therefore hinder meaningful comparison across studies (e.g. Fieberg and Börger 2012; Laver 

and Kelly 2008; Plotz et al. 2016). To address these considerations, we calculated three estimates of 

home-range size for animals tracked in the Arthur River and Midlands sites for comparison with 

three alternative datasets, and limited formal statistical analyses to datasets comprising studies with 

comparable methodology as described below and in Table 2.4. 

Analysis Dataset  
Comparison 
method 

Predictor variables 
Response 
variables 

Body mass vs. 
home range 
area 

All species 
37 individuals 
4 tracking sites in the Tasmanian 
Midlands 

GLMM Log (body mass 
(kg)) 
species 
sex 
Site (random 
effect) 

Log (home 
range area 
(ha, MCP100)) 

Productivity 
vs. home 
range area 

All species 
283 individuals 
31 tracking sites from all 26 
available studies 

Visual 
comparison, no 
formal 
statistical 
analysis 

Average annual 
rainfall (mm) 
species 
sex 

Home range 
area (ha, 
MCP100) 

Feral cats and spotted-tailed 
quolls (modelled separately) 
131 individuals 
16 tracking sites from 12 
comparable studies 

GLMM (feral 
cats) 
NLMM 
(spotted-tailed 
quolls) 

Average annual 
rainfall (mm) 
Sex 
Site (random 
effect) 

Home range 
area (ha, 
KDE95_1H) 

Home range 
area vs. 
nightly 
movement 

Feral cats and spotted-tailed 
quolls 
40 individuals 
5 tracking sites with fine scale 
tracking data, 4 in the Tasmanian 
Midlands and 1 in Arthur River  

Linear 
regression 

Home range area 
(ha, KDE95_1H) 
Sex 
Species  

Average 
nightly 
movement 
(m) 

Productivity 
vs. population 
density 

Feral cats and spotted-tailed 
quolls  
3 sites in the Tasmanian 
Midlands with trapping history 
for both species 

Spatially explicit 
capture-mark-
recapture (secr) 
models 

Site 
Sex 

Population 
density (ρ, 
animals/ha) 
and detection 
scale (σ, m) 
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Firstly, home-ranges were estimated using 100% minimum convex polygons (MCP100, Mohr 1947), 

for all species from the Arthur River and Midlands sites. Although this method is prone to 

overestimating the actual area used by an animal and is very sensitive to differences in sampling 

strategy, duration and data outliers (Fieberg and Börger 2012; Laver and Kelly 2008), it was the most 

consistently reported metric across all studies and was the only metric used in several VHF-based 

telemetry studies (e.g. Claridge et al. 2005; Glen and Dickman 2006b; Jones and Coman 1982). It was 

also the only appropriate method for calculating eastern quoll home ranges in the Tasmanian 

Midlands, as collar failures resulted in only a few data points for all individuals of this species (see 

results). 

Linear regression was used to model the influence of body mass on home range size within the 

Tasmanian Midlands for all species and sexes (Table 2.2). Both body mass (g) and home-range (km2, 

MCP100) were log-transformed for comparison with predicted relationships based on allometric 

scaling theory (expected scaling parameter 1.08–1.25 for carnivorous mammals, Haskell et al. 2002). 

Analyses were limited to the four Midlands tracking sites and site was included as a random factor to 

enable comparisons across all four species while controlling for differences in methodology and 

climate. Species and sex were not included as predictive factors, as the aim was to compare the 

scaling coefficient between body mass and home range size with that predicted by allometric scaling 

rules. 

Home range estimates (MCP100) for all species were plotted against mean annual rainfall for visual 

comparison using the full dataset, comprising home range estimates from the Tasmanian Midlands, 

Arthur River, and all previous studies identified in the literature review regardless of methodological 

differences (Table 2.2, Table C 1). Given the sensitivity of this metric and the large variation in 

methodology between studies, however, formal statistical comparisons were not attempted for this 

dataset. Mean annual rainfall (mm y-1) is used as a proxy for site productivity in this comparison and 

for formal analyses (below). When modelling home range variation at landscape and regional scales, 
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remotely-sensed indices of productivity such as the normalised difference vegetation index (NDVI) 

and fraction of photosynthetically active radiation (fPAR) can be a useful proxy for relative food 

availability (Bengsen et al. 2016; Duncan et al. 2015; Nilsen et al. 2005; Walton et al. 2017). At the 

Midlands study sites, however, these indices were considered inappropriate as low values from 

surrounding cleared agricultural land affected the productivity estimate of areas of remnant 

vegetation. Rainfall is a key driver of plant growth and primary production (e.g. Haskell et al. 2002; 

Huxman et al. 2004; Yang et al. 2008 and references within, although this relationship is strongest in 

dryland environments) and is less biased by surrounding land uses, so was considered more 

comparable across study sites. 

Secondly, 95% kernel density estimates (KDE95_1H) were calculated for feral cats and spotted-tailed 

quolls from the Arthur River and Midlands sites. For the purposes of comparison with previous 

studies and to minimise temporal autocorrelation, data were first subset to a sampling rate of 1 fix 

per 1 hours. These estimates were then compared with a subset of the studies identified during the 

literature review, which were sufficiently comparable with the current study to justify formal 

statistical analyses (Table 2.2, Table C 2). Studies were regarded as comparable if they reported 

individual home range estimates (not averages), an average sampling duration between 3 weeks and 

3 months, average sampling frequencies of at least 1 fix per 2 hours, and an average number of fixes 

per individual greater than 100. Estimates within these studies were also excluded if they were 

known to undergo a range shift during the tracking period, or if authors reported that the home 

range estimate did not reach an asymptote or failed a site fidelity test (Table C 2). These estimates 

were used to examine the influence of productivity on the home range size of spotted-tailed quolls 

and feral cats (Table 2.2). 

The influence of productivity on feral cat home range size was analysed using generalised linear 

models, with sex and mean annual rainfall as predictor variables and tracking site included as a 

random effect. Initial data exploration revealed that the relationship between home range size and 
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mean annual rainfall was strongly non-linear for spotted-tailed quolls. The fit of several non-linear 

functions was explored, and exponential decay curves were chosen to model this relationship. The 

vertical asymptote in annual rainfall models (i.e. the cut-off point below which we would not expect 

to find the species) was derived from species distribution models, which predicted that spotted-

tailed quolls do not occur in areas with less than approximately 500 mm rainfall per year (R. Hamer 

unpubl. data).  

Lastly, 95% movement-based kernel density estimates (mKDE95%) were calculated for feral cats and 

spotted-tailed quolls from the Arthur River and Midlands sites, using the full, detailed tracking data 

(1 fix/5 mins or 1 fix/ 15 mins, analysis performed using adehabitatHR package in R and parameters 

Tmax = 1h, Lmin = 20m, hmin = 50m). These mKDE estimates are more tightly associated with actual 

tracking locations (Benhamou 2011), and as such can give a more accurate estimate of the area of 

habitat actually used within a home-range envelope. These estimates were not used in analyses as 

they are not comparable with any previous studies. They are reported in Table C 2 as a more 

accurate indication of the amount of suitable habitat required within the larger KDE95_1H home 

range estimates, and for the purposes of comparison with future studies.  

Nightly movement 

Average nightly movements were calculated for feral cats and spotted-tailed quolls from five sites 

(Campbell Town, Cressy, Ross, Oatlands and Arthur River) at which detailed movement data were 

available. Data from Midlands sites were subset to 1 fix every/ 15 minutes for comparison with the 

Arthur River data. Firstly, average nightly distance moved was calculated for each individual. Only 

data from dusk to dawn and only nights that included ≥20 fixes were included in analyses, following 

Andersen (2016). These estimates were then compared to home range size (ha, KE95_1H) using 

linear regressions, to determine the influence of home range size on energetic requirements. 
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Population density 

Trap-history data for spotted-tailed quolls and feral cats were available for three of the Tasmanian 

Midlands tracking sites used in home range comparison analyses (Campbell Town, Cressy and 

Oatlands). These data were used to estimate population densities of each species using spatially 

explicit capture-mark-recapture (secr) models (Borchers and Efford 2008). Model comparisons 

revealed that the half-normal detection function was the best or equivalent best fit to the data for 

both species. Tracking site and sex were used as covariates for both density (ρ) and detection scale 

(σ, conceptually equivalent to an index of home-range size). GPS tracking revealed that spotted-

tailed quolls avoided pasture (over 77% of fixes were recorded in woodland habitat), so woodland 

areas were buffered by 200m and used as a habitat mask in analyses for this species. Six secr models 

with various combinations of these covariates were run for each species, and model selection based 

on AICc values used to select the most appropriate model (Table 2.4).  

Software 

Vegetation mapping, calculation of fragmentation indices and derivation of habitat mask polygons 

were conducted in the ArcGIS 10.5® software suite. All other analyses were performed in the R 

statistical environment (R Core Team 2018). Site fidelity tests were conducted using the 

‘rhrSiteFidelity’ function in the rhr package ( Signer and Balkenhol 2015, version 1.2.907). Home-

range estimates were calculated using the ‘mcp’, ‘kernelUD’, ‘BRB.likD’ and ‘BRB’ functions in the 

adehabitatHR package (Calenge 2019), species densities estimated using the secr package (Efford 

2019), and models of variation in home range size and population density were fit and compared 

using the nlme (Pinheiro et al. 2018) and AICcmodavg (Mazerolle 2017) packages. Goodness-of-fit 

estimates were calculated using the MuMIn package (Barton 2018). 
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Results 

Fifteen spotted-tailed quolls, 35 feral cats, six Tasmanian devils and three eastern quolls were 

collared using 62 collar deployments across the four Midlands sites (Table 2.3 and Table C 2, note 

some animals were collared multiple times due to collar failure). Usable data were retrieved from 11 

spotted-tailed quolls, 30 feral cats and two devils in the Midlands, and from 10 spotted-tailed quolls 

in Arthur River. Data from each animal were collected for six to 59 days, with an average of 3300 ± 

416 fixes per deployment in the Midlands sites, and 681 ± 41 fixes per deployment in Arthur River.  

Estimates of home range size (MCP100, see Table C 2 for KDE95_1H and mKDE estimates) for the 

Tasmanian Midlands ranged from 631 - 3518 ha for spotted-tailed quolls, 27 - 2246 ha for feral cats 

and 4380 - 5733 ha for Tasmanian devils (Table C 1). We were unable to retrieve any usable data 

from eastern quoll GPS collars, however, based on minimum convex polygons generated from trap 

locations and known den sites located by VHF tracking (3-7 locations per animal), the three male 

eastern quolls covered areas of at least 64.4 ha, 303.3 ha and 750.8 ha.  

The results of the literature searches, combined with the GPS tracking results, generated a dataset of 

320 home range estimates from 26 studies across the four carnivore species (Figure 2.1, Table C 1). 

From this dataset, 37 home range estimates were discarded due to instability (i.e. authors reported 

that data did not reach an asymptote or failed a site fidelity test), leaving 283 estimates. There was 

considerable variation in methodology among studies, with the tracking period ranging from six to 

more than 400 days, and the average number of fixes ranging from 16 to almost 4000 per animal. 

Within GPS studies, the time between successive fixes ranged from five minutes to 24 hours. VHF 

studies typically collected far fewer fixes, often one per day or less, and fixes were often collected 

during daylight only due to safety considerations. The number of individual home range estimates 

used in each analysis is shown in Table 2.2. 

Model comparison results of each analysis are summarised in Table 2.4, and described in detail in 

the following sections.  
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Table 2.3 Trapping dates, fix schedules and collar types used at the Midlands (current study) 
and Arthur River (Andersen 2016) tracking sites. 

Site Trapping 
dates 

Species # 
captured 

Fix rate 
Successful 
(total) 
deployments 

Collar model* 

Midlands sites 

Campbell 
Town 

Sep 2015 
– July 
2016 

Spotted-tailed quoll 12 1 /5 min 5 (8) Faunatech Robin Cell  

Eastern Quoll  6 0 (3) Faunatech Robin Cell 

Tasmanian devil  27 0 (3) Faunatech Robin Cell 

Feral cat 22 1 (3) Faunatech Robin Cell 

Feral cat 1 /15 min 8 (11) ATS W500 

Cressy July – Dec 
2016 

Spotted-tailed quoll 13 1 /5 min 4 (5) ATS G10 

Feral cat 16 8 (8) ATS G10 

Tasmanian devil 2    

Oatlands Jan – June 
2017 

Spotted-tailed quoll 11 1 /5 min 2 (4)  

Feral cat 12** 6 (8)** ATS G10, Telemetry 
Solutions 

Tasmanian devil  2 (2) ATS G10 

Ross July – Nov 
2016 

Feral cat 7 1 /5 min 3 (4) ATS G10 

Tasmanian devil 2    

NW Tasmania 

Arthur 
River 

Nov 2012 
– Feb 
2013; Oct 
2013 – Jan 
2014 

Spotted-tailed quoll  1/ 15 min 10 Telemetry solutions 

* All collars were fastened using a corrosive bolt drop-off mechanism, comprising a copper bolt and 
magnesium washer. Over time, the washer corrodes and allows the loosened bolt to work itself off 
and the collar to drop off. 
** Does not include cats captured/ collared at the Oatlands municipal tip 
 

Table 2.4 Model comparison results for all analyses 

Model Model comparison Goodness of fit 

Body mass vs home range size df AICc dAICc AICcwt R2
GLMM (m)* R2

GLMM I* 

Log(MCP100) ~ a*log(BodyMass) + b 4 106.37 0.00 0.95 0.21 0.24 

Log(MCP100) ~ a 3 112.14 5.76 0.05 <0.001 <0.001 

Productivity vs home range size df AICc dAICc AICcwt   

Spotted-tailed quoll     Pseudo-R2  

KE95 ~ a*Sex + b*exp(c*AnnRain + d) + 
1|Site 

6 499.64 0.00 0.83 0.64  

KE95 ~ a*Sex + b*exp(c*AnnRain + d*Sex) 
+ e + 1|Site 

7 502.77 3.13 0.17 0.64  
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Model Model comparison Goodness of fit 

KE95 ~ a*Sex + b + 1|Site 4 520.96 21.32 0.00 0.21  

Feral cat     R2
GLMM (m)* R2

GLMM I* 

KE95 ~ Sex + 1|Site 4 1445.8 0.00 0.45 0.17 0.26 

KE95 ~ Sex + Arain + 1|Site 5 1446.5 0.68 0.32 0.20 0.26 

KE95 ~ Sex * Arain + 1|Site 6 1447.2 1.36 0.23 0.21 0.28 

Home range size vs nightly movement  AICc dAICc AICcwt LL R2
Adj 

Spotted-tailed quoll       

AveDist ~ a*HR + b 3 293.11 0.00 0.79 -142.63 0.30 

AveDist ~ a*HR + b*Sex + c 4 296.21 3.10 0.17 -142.44 0.27 

AveDist ~ a*Sex + b 3 298.90 5.79 0.04 -145.53 0.02 

Feral cat       

AveDist ~ a*HR + b 3 386.23 0.00 0.81 -189.48 0.64 

AveDist ~ a*HR + b*Sex + c 4 389.17 2.95 0.19 -189.48 0.63 

AveDist ~ a*Sex + b 3 400.97 14.74 0.00 -196.85 0.32 

Productivity (site) vs population density  AICc dAICc AICcwt   

Spotted-tailed quoll       

D~Site  g0~1  σ~Site 7 2067.2 0.0 0.9   

D~Sex  g0~1  σ~Sex 5 2073.3 6.1 0.0   

D~1  g0~1  σ~1 3 2073.7 6.6 0.0   

D~Site + Sex g0~1  σ~Sex 7 2075.3 8.2 0.0   

D~Site  g0~1  σ~1 5 2076.6 9.5 0.0   

D~Site + Sex g0~1  σ~Site + Sex 9 2080.4 13.3 0.0   

Feral cat       

D~Site  g0~1  σ~1 5 892.3 0.0 0.8   

D~Site + Sex  g0~1  σ~Sex 7 896.2 3.9 0.1   

D~Site  g0~1  σ~Site 7 898.3 6.0 0.0   

D~1  g0~1  σ~1 3 899.9 7.6 0.0   

D~Sex  g0~1  σ~Sex 5 902.5 10.2 0.0   

D~Site + Sex  g0~1  σ~Site + Sex 9 905.4 13.1 0.0   

* R2
GLMM (m) = marginal R2

GLMM, or the variance explained by the fixed effects only, while R2
GLMM I = 

conditional R2
GLMM, or the variance explained by the entire model. 
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Comparisons of home range size  

Model comparison confirmed that, as predicted, home range size was positively associated with 

body mass overall (Table 2.4, Figure 2.2), although it only explained approximately 21% of the 

observed variation. The scaling coefficient of this relationship (1.19) is consistent with those 

predicted by allometric scaling rules (expected scaling parameter 1.08–1.25 for carnivorous 

mammals, Haskell et al. 2002) 

 
Figure 2.2 Relationship between body weight and home range size for individuals of all four 
species trapped in the Tasmanian Midlands 
The red dashed line shows the overall relationship when species are not included as model 
covariates. 
 

Comparison with previous studies showed that, with the exception of male spotted-tailed quolls, 

home range estimates for the three native species in the Tasmanian Midlands were equal to or 

greater than previously reported home range sizes elsewhere in Tasmania (Figure 2.3 and Figure 2.4, 

Table C 2). Visual inspection of the data for animals across Australia indicated that increasing home 

range size was associated with decreasing productivity, with the exception of male spotted-tailed 

quolls (Figure 2.3).  
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Figure 2.3 Home range estimates plotted against mean annual rainfall.  
Home range estimates from the current study (Tasmanian Midlands) are depicted in blue. All home 
range estimates are expressed as 100% minimum convex polygons, unless unavailable (see Table C 1 
for details). 
 
 
Formal analyses of the influence of productivity on home range size using studies with comparable 

methodologies showed differing responses between species. The top-ranked model for spotted-

tailed quolls included both sex and annual rainfall (Table 2.4). The home range size of spotted-tailed 

quolls was consistent across much of their range but increased exponentially once annual rainfall 

dropped below approximately 600mm (Figure 2.4). For feral cats, models including sex and annual 

rainfall were no more informative than the model with sex alone, although they did slightly improve 

the fit of the model to the data (Table 2.4). Home range size of feral cats tended to decline with 

rainfall but the slope of this relationship was not significantly different to zero (Figure 2.4). As 

predicted, model coefficients indicated that male home ranges were significantly larger than females 
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for both species (male ranges were 483 ± 121 ha larger than female ranges for feral cats, and 469 ± 

126 ha larger for spotted-tailed quolls; p<0.001 for both species).  

 

 
Figure 2.4 Variation in home range size of feral cats and spotted-tailed quolls, modelled against 
annual rainfall as a proxy for habitat productivity. 
Figure includes data from across Australia, but only from studies with comparable methodologies 
(Table 2.2, Table C 2).  
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Nightly movements 

Both cats and spotted-tailed quolls were capable of long movements, with maximum nightly 

movements of up to 8.6 and 9.3 km for females and to 13.7 and 12.5 km for males of feral cats and 

spotted-tailed quolls, respectively. The top-ranked models for each species indicated that average 

nightly movements increased with home range size for both feral cats and spotted-tailed quolls 

(Table 2.4, Figure 2.5). Feral cats showed a higher rate of increase, moving an additional 3 ± 0.5 km 

night-1 for each additional square kilometre (or 1000ha) of home range. The average nightly 

movement of spotted-tailed quolls increased by 0.9 ± 0.3 km for each additional square kilometre of 

home range size.  

 
Figure 2.5 Energetic costs of home range variation: the relationship between home range size 
and average distance moved per night.  
Data includes individuals from the Midlands (this study) and Arthur River (Andersen 2016) regions of 
Tasmania for which fine-scale data (1 fix/ 15 minutes) were available. 
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Population density 

The top-ranked models for both feral cat and spotted-tailed quoll density within the Tasmanian 

Midlands showed that site influenced density (Table 2.4). Estimated densities of both spotted-tailed 

quolls and feral cats were significantly higher at the tracking site with the highest annual rainfall than 

the two other tracking sites in the Midlands (Figure 2.6).  The detection scale (sigma) estimate also 

varied by site in the top-ranked spotted-tailed quoll model (Figure 2.6) but was constant across all 

three sites in the top feral cat density model (Table 2.4).  

 
Figure 2.6 Density (left) and detection scale (right) estimates from spatially-explicit capture-
mark-recapture models for feral cats and spotted-tailed quolls in the Tasmanian Midlands.  
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Discussion 

To our knowledge, this study is the first to compare variation in home range size and population 

density of several mammalian carnivores across the same productivity gradient. The spotted-tailed 

quoll and feral cat are both mesocarnivores which exhibit considerable overlap in body size and diet 

(Glen et al. 2011). Despite these similarities, our data demonstrates that these species differ in the 

mechanism of their response to decreasing habitat productivity. Using data from common sites in 

the Tasmanian Midlands, as well as comparable data from studies across the species’ ranges, we 

show while both home range size and density were affected by productivity in spotted-tailed quolls, 

only density showed significant variation between feral cat populations. Further work is required to 

confirm the behavioural differences underpinning the differences in these responses, but our results 

support suggestions that information on both home range size and density is required to understand 

the effect of variation in habitat productivity on populations of focal species.  

As expected (Bengsen et al. 2016; Mcloughlin et al. 2000; Nilsen et al. 2005; Walton et al. 2017), the 

home range size of all three marsupial carnivores increased with decreasing annual rainfall, though a 

lack of data precluded statistical comparison for the eastern quoll and Tasmanian devil. The spotted-

tailed quoll showed an exponential increase in home range size in sites below 600mm y-1, but very 

little effect of rainfall above 600mm y-1. Although feral cats showed a weak linear increase in home 

range sites across sampled sites, the relationship was non-significant due to large variation between 

individuals at the same sites. These differences cannot be explained by differences in body mass. As 

predicted by allometric scaling rules (Haskell et al. 2002; Jetz et al. 2004) home range increased with 

body size when compared across species (Figure 2.2), with Tasmanian devils showing the largest 

home ranges and eastern quolls the smallest. The scaling factor of 1.18 ± 0.38 is within the predicted 

range of values for the Carnivora (Haskell et al. 2002).This relationship was relatively weak (r2=0.25), 

however, and insufficient to explain the observed relationship between home range size and 

productivity for each sex of each species.  
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Increasing home range size is associated with higher energetic costs (Jetz et al. 2004; Kelt and Van 

Vuren 1999; McNab 1963). Interestingly, our results suggest that these costs are higher for feral 

cats, which move approximately 3m further per night for each additional hectare of home range size 

compared to an additional 0.8m per night in spotted-tailed quolls (Figure 2.5). This is likely related to 

differing movement behaviours and hunting strategies of these two species. Feral cats are much 

more intensive in their habitat use, revisiting areas within their home ranges at least twice as 

frequently as spotted-tailed quolls (Chapter 3). There is evidence that felids, including feral cats, 

show individual prey specialisation (Dickman and Newsome 2015; Moseby et al. 2015) which may 

increase their hunting efficiency and lead them to focus their foraging efforts in a smaller area.  

This difference in behaviour may explain in part why density of feral cats, but not home range size, 

responded strongly to productivity gradients within the Tasmanian Midlands. The exponential 

increase in spotted-tailed quoll home range size with decreasing rainfall in the Midlands was 

mirrored by a non-linear increase in the detection scale (conceptually equivalent to home range 

radius) and decrease in population density as independently estimated by spatially-explicit capture-

mark-recapture models (Figure 2.6). For feral cats, neither home range size nor detection scale 

differed significantly, but population density increased more than sixfold across the three trapping 

sites. This flexibility in response supports the findings of longitudinal studies, which have 

demonstrated decreases in home range size with increasing population densities at the same site 

(e.g. Benson et al. 2006). These finding suggest that information on both home range size and 

population density is needed to show the real effect of habitat productivity on focal species. 

Despite the differences in the mechanism of their response, both feral cats and spotted-tailed quolls 

responded strongly to rainfall gradients within the Tasmanian Midlands. Similar responses are also 

shown by the fungivorous eastern bettong (Bettongia gaimardi) in a concurrent study (Gardiner 

2018). The limited data available for Tasmanian devils and eastern quolls also shows home range 

sizes which are significantly larger than previous estimates outside the Midlands (Figure 2.3). Such 
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strong and consistent responses across species are somewhat surprising given the limited 

geographic separation of the sites in question, and the minimal responses shown across the rest of 

the species’ ranges. Caughley et al. (1988) suggest that such abrupt ‘step’ responses are due to 

similarly abrupt changes in environmental conditions rather than gradual changes in climate. 

Inspection of figures in previous studies reveals similarly non-linear responses in studies which use 

vegetation-based indices of productivity (e.g. Mcloughlin et al. 2000; Walton et al. 2017). In contrast, 

Mattisson et al. (2013) show clear linear responses in home range size to directly estimated prey 

densities. This would suggest that confounding factors which affect the conversion of primary 

productivity or available water into available prey biomass may be driving the differences between 

these sites. Within our study for example, the site with lowest rainfall is also largely on low-fertility 

ironstone gravel soils, whereas the other three tracking sites are predominately on higher fertility 

clays.   

We were unable to incorporate all factors likely to influence the relationships between productivity, 

home range size and population density into our models. Seasonal differences in home range size, 

for example due to longer movements by male spotted-tailed quolls during the breeding season (e.g. 

Claridge et al. 2005; Glen and Dickman 2006b) or seasonal/interannual differences in resource 

availability, may have exacerbated the differences observed between studies for this species. We did 

not have sufficient independent replicates to be able to include season as a covariate in our 

analyses, however, we are confident that season alone cannot explain the differences observes as 

individuals with the largest home ranges (Campbell Town site) were tracked in the same season as 

individuals from other studies with much smaller home ranges. In feral cats, the degree of 

domestication and human subsidy is also known to influence both population density and home 

range size (Doherty et al. 2015; Šálek et al. 2015), as demonstrated by the 2-6ha home ranges of the 

tip cats removed as outliers in this study. Bengsen et al. (2016) also showed that climatic seasonality 

influenced the relationship between home range size and productivity for feral cats. Finally, 

predation and competition within the carnivore guild are likely to have profound effects on this 



Chapter 2 | 
 

98 
 

relationship. Both feral cats and spotted-tailed quolls showed high densities but large home ranges 

compared to populations on the mainland, possibly due to the lack of large competitors such as 

foxes and dingos. Estimated densities for feral cats in the Midlands are at least an order of 

magnitude higher than the estimated average density of 0.0027 cats ha-1 across Australia (Legge et 

al. 2017), while estimates of spotted-tailed quoll densities are equivalent to those in the most 

productive areas of their range (Glen 2008, 0.003 ha^-1).  

As well as these biological factors, the choice of home range estimator can significantly affect the 

size of home range reported (Plotz et al. 2016, Table C2). Within both the Midlands and Arthur River 

sites, movement-based kernel density estimates based on the full tracking datasets (mKDE95) were 

consistently smaller than the 95% kernel density estimates used in regression analyses for spotted-

tailed quolls (KDE95_1H, Table S3). This is mainly because they are more tightly linked to actual 

tracking locations (Benhamou 2011), and therefore did not include areas of pasture and unsuitable 

habitat adjacent to or interspersed throughout the habitats used (e.g. Mitchell and Powell 2008). In 

all analyses, the choice of home range estimator did not affect the overall shape or significance of 

the relationship between home range size and productivity (data not shown), so the KDE95_1H 

estimator was chosen for consistency with previous studies. It does, however, affect the 

management implications of this study. For example, the KDE95_1H estimates indicate that female 

spotted-tailed quoll home ranges in the Midlands are up to 10 times greater than recorded in other 

regions. By contrast, the mKDE95 estimates indicate that the actual amount of native vegetation 

required by each female is only up to five times greater than previous estimates. 

These results have significant implications for species conservation. Our results have shown an 

order-of-magnitude increase in home range size and/or decrease in population density with 

declining habitat productivity. Changes of such magnitude affect the scale of restoration or habitat 

protection programs for threatened and native species (Moilanen et al. 2005) and for the 

implementation of effective control programs for exotic species (e.g. Bengsen et al. 2012). We also 
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suggest that considering only home range size or population density may have been the source of 

considerable variation when empirically testing allometric scaling theory against animal home 

ranges.  

The plasticity of the responses shown re-emphasise the need to consider both population density 

and home range size when designing effective species management programs. Within the Midlands 

landscape, for example, our results indicate that the amount of native vegetation required to 

support a single adult female spotted-tailed quoll is up to ten times greater than would have been 

expected from previous studies. For feral cats, while home range sizes are relatively consistent with 

other areas of their range, population densities are orders of magnitude higher than the national 

average. While higher densities may increase the efficiency of control programs, it also means that a 

much higher absolute number of cats would need to be removed to reduce the population in the 

long term, with corresponding implications for resourcing.  These results demonstrate the 

requirement for replicated studies of ‘basic’ species ecology in order to be able to effectively 

conserve populations across species’ geographic ranges.   
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A triple threat: high population densities, foraging intensity 
and flexible habitat preferences contribute to the high 

impact of predation by feral cats. 
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Abstract 

Invasive mammalian carnivores have had a disproportionate impact on global biodiversity loss and 

feral cats, in combination with red foxes (Vulpes vulpes), are a leading cause of decline and 

extinction of native vertebrate fauna in Australia. We combine multiple theoretical frameworks to 

contrast the likely predation impact of the feral cat with its closest native counterpart, the spotted-

tailed quoll. Population density estimates and fine-scale movement data were obtained from GPS 

collars fitted to 25 feral cats and 10 spotted-tailed quolls across four sites in the Tasmanian Midlands 

region.  

We found that the predation impact of feral cats is likely to be at least several orders of magnitude 

higher than that of spotted-tailed quolls, regardless of the anti-predator response adopted by prey 

species. Prey are 10 – 100 times more likely to encounter feral cats within the landscape, in part due 

to much higher population densities, but also a greater intensity of habitat use and broader habitat 

preferences. These latter characteristics also mean that the costs to prey of adopting anti-predator 

behaviour against feral cats are likely to be much higher, due to the reliability and ubiquity of feral 

cat cues. These results go some way to explaining the devastating impact of feral cat predation on a 

wide range of native Australian fauna. In the absence of effective, broad-scale feral cat control 

methods, our results indicate the importance of fine-scale predation refugia in order to mitigate both 

consumptive and non-consumptive effects on prey. 
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Introduction  

Invasive mammalian carnivores have had a disproportionate impact on global biodiversity loss. 

Collectively, thirty species of invasive mammalian predators have contributed to 58% of all 

vertebrate extinctions (Doherty et al. 2016), and continue to cause species declines across all 

ecosystems. This impact is often attributed to prey naïveté. The effect of naïveté may operate at 

three levels: prey may fail to recognise novel predators as a threat, and so mount no response; they 

may recognise the threat but respond inappropriately; or they may respond appropriately but be 

unable to match the hunting abilities of the novel predator (e.g. Banks and Dickman 2007; Cox and 

Lima 2006).  

The first level of prey naïveté is the most studied but is the least likely to explain the effects of 

invasive predators beyond the period of their initial establishment, because prey are expected to 

evolve recognition of novel predators with time since introduction (Carthey and Banks 2014; Zavorka 

et al. 2018). Inappropriate and insufficient responses by prey are more likely to be responsible for 

ongoing disproportionate impacts of invasive predators. Understanding the hunting tactics of the 

invasive predator thus becomes important to understanding its impact, as prey naïveté theory 

assumes that foraging behaviour of the invasive predator is sufficiently distinct from that of native 

predators that prey lack responses that are appropriate or effective in reducing predation-based 

mortality (Carthey et al. 2017).  

Sih et al. (2010) proposed a framework for comparing the foraging behaviour and impacts on native 

prey of novel versus native predators. This breaks the predator-prey interaction into its three stages: 

encounter; detection/recognition; and response. The encounter rate between predators and prey is 

generally determined by their spatio-temporal overlap. The similarity between two predators can 

therefore be measured by contrasting their habitat domain (the areas and habitat types used when 

foraging, e.g. Preisser et al. 2007) and spatiotemporal activity. Assuming that prey recognise the 

predator as a threat in the detection/recognition phase (i.e. in the absence of level 1 naïveté), the 



Chapter 3| 
 

107 
 

translation of encounter rate to predation impact is influenced by prey behaviour in the response 

stage. In this stage, effective antipredator behaviours such as avoidance or vigilance in response to 

cues (olfactory, visual or auditory) of predator presence may reduce the risk of direct mortality 

(Preisser et al. 2005). Anti-predator behaviours generally impose their own fitness costs, however, 

known as non-consumptive effects (NCEs). In many cases, NCEs are equivalent to or outweigh 

consumptive effects (CEs) (Preisser et al. 2005). 

Two factors have been identified as important in determining the relative strengths of CEs and NCEs, 

and therefore the overall cost of a predator-prey interaction (Schmitz et al. 2017). Firstly, the 

hunting mode of the predator has been empirically and theoretically demonstrated to predict the 

relative strength of consumptive and non-consumptive effects (Preisser et al. 2007; Schmitz et al. 

2017). NCEs are likely to outweigh CEs for predators with a more predictable, sedentary hunting 

mode (such as sit-and wait or pounce pursuit predators), whereas the reverse is true for active and 

broad-ranging predators (Preisser et al. 2007; Schmitz et al. 2017). This is because prey are more 

likely to adopt anti-predator behaviours if cues reflecting the presence of a predator are reliable 

indicators of predation risk, for example if the predator has a small foraging range or revisits areas 

regularly (Kats and Dill 1998; Schmitz et al. 2017). Secondly, NCEs are predicted to outweigh CEs 

where predators have narrow habitat domains or where there is lower overlap between the habitat 

domain of predator and prey, although there is less empirical evidence for this relationship (Preisser 

et al. 2007). In these cases the availability of alternative areas, habitat types or times with lower 

predation risk means that prey are more likely to shift time budgets or habitats, thus evading CEs but 

incurring higher NCEs (Preisser et al. 2007; Schmitz et al. 2017).  

We combine the theory described above to develop a conceptual framework (Figure 3.1) for 

comparing the likely predation impact of invasive versus native predators on native prey. This 

framework integrates information about each predator’s ecology and spatio-temporal activity to 

derive likely encounter rates of prey with a predator. This information is mapped onto the predation 
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sequence in the context of scenarios of prey naïveté, to predict the direct and indirect costs to prey. 

We then test this framework in a study system where we have simultaneous information on the 

spatial and temporal activity of sympatric invasive and native carnivores.  

Feral cats (Felis catus) are implicated in 26% of bird, mammal and reptile extinctions worldwide, and 

in combination with red foxes (Vulpes vulpes) are a leading cause of decline and extinction of native 

vertebrate fauna in Australia (Doherty et al. 2017; Woinarski et al. 2015). Although level-one naïveté 

(as described above) may have played a role in cat-driven fauna extinctions in the period shortly 

after European colonisation (Abbott 2002), it is unlikely to explain ongoing declines. Studies to date 

indicate that native prey are able to recognise and respond to feral cats as predators, but that their 

response may not always be appropriate (Banks et al. 2018). We therefore hypothesise that the 

response of native prey to feral cats are inappropriate or ineffective in reducing mortality, and that 

this should be explained by differences between the foraging behaviour of feral cats and native 

carnivores. 

In this study, we aimed to determine the relative predation impact of the feral cat compared to its 

closest native analogue, the marsupial spotted-tailed quoll (Dasyurus maculatus) in an agricultural 

landscape. These species are of similar size, have high dietary overlap (Glen et al. 2011), are both 

classified as ambush predators (Jones et al. 2001; Jones and Stoddart 1998) and are sympatric across 

much of eastern Australia. Because absolute predation impact will vary for each prey species, we 

used the conceptual framework as outlined above (Figure 3.1) to compare the likely predation 

impact of these two species under four different scenarios of prey naïveté. Firstly, we aimed to 

determine the probability of encounter with each predator, combining population densities with 

information on spatio-temporal habitat domain and revisitation frequency derived from fine-scale 

GPS tracking. The likely outcome of each encounter (including the relative strength of CEs and NCEs) 

was then described for each predator under each scenario of prey response (Figure 3.1).  
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Figure 3.1 Conceptual model of relative predation impact under four prey response scenarios. 
This framework determines the relative predation impact of an introduced predator relative to a 
native counterpart. It considers the consumptive/ non-consumptive effects on prey (Preisser et al. 
2007; Schmitz et al. 2017) at the three stages of predator-prey interactions (Sih et al. 2010) under 
four levels of prey naïveté (Banks and Dickman 2007). 
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Methods  

Study area 

Our study area encompassed the Midlands, a low-rainfall agricultural region of approximately 

800 000 ha in central Tasmania, Australia (Figure 3.2). The Midlands region has a long-term regional 

rainfall average of 552 mm annum-1 (Davidson et al. 2007). It experiences warm summers and cold 

winters, with average minimum to maximum temperatures in the central Midlands of 10.6 – 24.6oC 

and 1.4 – 11.3 oC in January and July, respectively (BOM 2019a). The region has undergone extensive 

clearing and habitat modification for wool and cereal production since the early 19th century 

(Fensham and Kirkpatrick 1989), and in recent decades irrigation schemes have led to further 

intensification and diversification of crop types (Mooney et al. 2010). Less than 10% of the original 

woodland and 3% of lowland native grassland remains (Jones and Davidson 2016).  

GPS tracking  

Trapping and GPS collaring was undertaken at four sites, all private agricultural properties, 

comprising two relatively intact (containing woodland patches >1000 ha), and two fragmented 

(woodland patches 100-200 ha) landscapes (Figure 3.2). Animals were captured between September 

2015 and June 2017 using 30 cm wire cage traps (Mascot Wireworks, Sydney) and 30 cm diameter 

PVC devil traps, deployed along tracks, trails or woodland edges and baited with lamb flaps, chicken 

necks, wallaby, fish or pet food. Each trapping session lasted between 5-10 nights. Trapped animals 

were transferred from traps into cotton/canvas handling sacks (cats and quolls) or hessian sacks 

(Tasmanian devils). Devil sacks were discarded after each use in line with DFTD transmission 

mitigation protocols. Each animal was weighed, measured, microchipped, sexed and aged (using 

tooth wear and head width parameters) and ear biopsies and whisker samples taken for other 

studies. Feral cats were sedated using 0.15mlkg-1 Domitor®, injected intramuscularly through the 
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handling bag. Sedation was reversed following handling using 0.075mlkg-1 of the Antisedan® reversal 

agent, also injected intramuscularly.   

 

Figure 3.2 Study locations.  
The red outline delineates the Tasmanian Midlands region, while black dots indicate the location of 
the four GPS tracking sites 
 

Adult quolls were trapped at least twice before being fitted with a VHF + GPS collar to minimise the 

risk of collaring non-resident or trap-shy individuals that could be difficult to recapture for collar 

removal. Collar monitoring and eventual removal is particularly important for marsupial carnivores, 

which, unlike feral cats, store fat in the neck region, so that weight gain and loss can alter collar fit. 

Feral cats were fitted with collars upon first capture, given the difficulty usually associated with 

trapping this animal. Juvenile animals of either species were not collared given collar weight 

restrictions (maximum 3% body weight) and the risk of poor collar fit due to rapid growth. Collars 
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used throughout the project had fix rates of 1 per 5 or 1 per 15 minutes, and featured a corrosive 

bolt drop-off mechanism to ensure that collars would not remain on the animal if they could not be 

recaptured. Animals were monitored regularly using the VHF beacon and re-trapped for collar 

removal from one month after deployment. 

Data analysis 

Data from GPS collars were filtered to remove initial flight behaviours, periods spent within traps 

during or at the end of tracking periods and points with low accuracy (i.e. tracks to and including first 

den site/ inactive period after release, horizontal dilution of precision >5, movement speed >2ms2). 

Home ranges were calculated using both minimum convex polygons and movement-based kernel 

density estimation (Benhamou 2011, analysis performed using adehabitatHR package in R and 

parameters Tmax = 1h, Lmin = 20m, hmin = 50m).  

Behavioural classification of movement paths 

We aimed to distinguish three movement behaviours from the movement-path data: 

resting/denning (stationary state); foraging (assumed for these ambush predators to comprise short, 

tortuous movements interspersed with brief periods of stationary behaviour); and travelling (faster, 

more direct movements).  We classified the movement paths for each animal into two and three 

different movement states using Hidden Markov Models (HMMs, Patterson et al. 2009), based on 

differences in step length and turning angle between successive relocations. These analyses assume 

that characteristics of the movement path (in this case the speed and tortuosity of movement) are 

driven by underlying behavioural states. HMM analyses can therefore classify movement paths into 

approximations of these states, although care should be taken not to over-interpret the biological 

meaning of the patterns observed (Patterson et al. 2017). 

Models were fit separately for cats and quolls to allow for differences in movement behaviours 

between species. Cats with 15-minute fix schedules were also modelled separately and without 
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interpolation, to avoid introducing artificial movement behaviours during the interpolation process. 

Forty model iterations with randomly selected starting values were run for each model set, to 

determine optimal starting values and to indicate whether maximum likelihood had been 

approached.  Models were fit using the moveHMM package (Michelot et al. 2016) in the R statistical 

environment. AIC values and model stability were used to compare model fit between two-state and 

three-state models for each species.  

Rate of encounter 

Population densities for each species at each tracking site were derived from trapping records using 

spatially-explicit capture-mark-recapture analyses (Chapter 2). The nightly probability of encounter 

was estimated by multiplying the number of individuals present in the landscape (population 

density) by the likelihood of an individual being present in any one location on the night in question 

(revisitation frequency). These encounter probabilities were then multiplied by the log-odds habitat 

selection ratios to adjust for habitat preferences.  

Revisitation 

We derived multiple revisitation distributions for each individual, following Benhamou and Riotte-

Lambert (2012). Revisitation was defined for each raster cell as a discrete visit separated by at least 

two hours of activity more than 200 m from the cell. First, an overall distribution was derived using 

the full movement path for each individual. Second, movement paths were subset by movement 

behaviour using the outcome of the HMM analysis (above) and revisitation distributions calculated 

for each behavioural state. The resultant raster had a 30m resolution and was snapped to the 

LANDSAT™ grid. Distributions were derived using the BRB/MKDE standalone software (Benhamou 

2018). 

The interpolated path was used to extract the raw number of visits (NV) for each raster cell of the 

95% kernel home range. Average revisitation frequency was calculated for each individual, 

standardised to number of visits per month using fr = (number of visits* 30 nights)/ number of 
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tracking nights. Linear models were used to compare revisitation frequency between species, sexes 

and breeding states. 

Sex ratios were roughly equal for both species at these sites (Chapter 3), so revisitation frequency 

was averaged across males and non-lactating females. Lactating females in this study, either cats or 

quolls, had young in a den or nest, and at least while the offspring are small would likely restrict 

their foraging movements to regularly visit their young. Breeding females are therefore functionally 

distinct from non-breeding females and males with respect to movement ecology. Revisitation 

frequencies of lactating females were not included given the difficulty of ascertaining the proportion 

of females likely to be lactating at any one time (cats) and the seasonal nature of this behaviour 

(spotted-tailed quolls). The higher revisitation rates of lactating females mean that estimated 

encounter probabilities are conservative, particularly during winter when female spotted-tailed 

quolls have dependent young. 

Habitat domain 

Broad-scale habitat selection at the level of home range placement was quantified for each tracked 

animal using selection ratios (Manly et al. 2002). We used a design III analysis, which recognises that 

the available habitat differs for each animal. The landscape at each tracking site was classified into 

fourteen categories, as shown in Figure 3.4. The proportion of relocations within each habitat 

category were contrasted to the availability of that habitat type in the surrounding area. The area of 

available habitat for each animal was delineated using a circular polygon centred on the home range 

centroid. The radius of the polygon was defined as the maximum distance of any relocation during 

the tracking period from the home range centroid. Habitat-selection ratios were calculated for all 

available relocations as well as for each movement state by subsetting the relocation data using the 

results of the HMM analysis as described above. All calculations were performed using the 

adehabitatHS package (Calenge 2011) in the R statistical environment. 
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Temporal activity 

In addition to spatial habitat domain, we also compared the temporal activity patterns of both 

species. We fit kernel density functions to fix times and calculated the coefficient of overlap for a) all 

fixes, which therefore excludes periods in which animals were underground or deep in shelter; and 

b) all active fixes, which were defined as excluding all fixes in HMM state 1 (resting). Times were 

converted to sun time, which expresses activity times in relation to sunset, sunrise and zenith 

(Nouvellet et al. 2012),. Kernel functions were fit and overlap coefficients were calculated using the 

overlap package (Meredith and Ridout 2018) in the R statistical environment. 

Results  

Fifty-seven feral cats and 36 spotted-tailed quolls were trapped across the four sites (Table 3.1). 

These totals do not include individuals trapped on neighbouring properties when trying to retrieve 

GPS collars.  

Table 3.1 Trap results 

Site 
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Trapping dates 

Cats*** ST Quolls*** 

M F ρ M F ρ 

Campbell Town 0.35 0.52 Sep 2015 – June 2016 14 8 2.6 ± 1.1 8 4 0.2 ± 0.1 

Cressy 0.30 0.39 July – Dec 2016 8 8 17.1 ± 5.5 6 7 0.6 ± 0.2 

Oatlands 0.20 0.20 Jan – June 2017 5 7 13.3 ± 3.3 9 2 0.3 ± 0.1 

Ross 0.10 0.21 July – Nov 2016 5 2 - 0 0 - 

Total    32 25  23 13  

* Within 5km radius circle, positioned on the centroid of trap locations at each site 
** As above, but includes native grassland as well as woodland 
*** M – number of males trapped, F – number of females trapped, ρ – estimated population 
density (animals km-2, from Hamer et al (Chapter 3)) 
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Thirty-four feral cats and 14 spotted-tailed quolls were fitted with GPS collars (). Of these individuals, 

collars from 30 cats and 11 spotted-tailed quolls were retrieved and found to contain at least some 

data (Table 3.2). Data from one cat and one quoll were discarded completely due to collar 

malfunctions resulting in poor fix-rates. A further two quoll collars recorded data for less than two 

weeks. These data were used in analyses of movement types and daily activities, but not in analyses 

requiring home range estimation (Table 3.2). Four cats collared at the Oatlands tracking site were 

effectively restricted to the municipal tip which bordered the property. These cats exhibited much 

smaller home ranges and nightly movements than other cats, including free-ranging individuals 

which also visited the tip site but were not resident. These individuals were also excluded from 

further analyses. 

Table 3.2 Tracked animals at each site, with home range estimates given in hectares.  
MKDE estimates are given in italics for animals which were not tracked for sufficient time for home 
range estimates to reach an asymptote 

Fix Rate ID Sex 
Wgt 

(kg) 

Days 

of 

data 

Asym 
MCP 

100 
mKDE95 Site Comments 

Feral cat 

15 m Pauline F 4.0 28 y 182 96 C’ Town 
 

5 m Barnaby M 3.9 39 y 761 297 C’ Town 
 

15 m Bronwyn F 4.5 28 y 833 336 C’ Town 
 

15 m Donald M 3.5 21 y 1200 479 C’ Town 
 

15 m Mamo M 2.9 32 y 1252 452 C’ Town 
 

15 m Eric M 3.5 36 y 1257 413 C’ Town 
 

15 m Tony M 4.3 28 y 1323 653 C’ Town 
 

15 m Joe M 4.9 32 y 1422 749 C’ Town 
 

15 m Miranda F 3.9 NA 
 

NA NA C’ Town 
 

15 m Silvio M 4.2  
 

  C’ Town Collar lost 

15 m Jackie F 2.4  
 

  C’ Town Malfunction 

5 m Bellatrix F 2.1 18 y 133 57 Cressy 
 

5 m Umbridge F 3.5 20 y 187 150 Cressy 
 

5 m Cruella F 3.2 20 y 257 179 Cressy 
 

5 m Petunia F 2.7 17 y 269 186 Cressy 
 

5 m Attilla M 5.0 16 y 588 368 Cressy 
 

5 m Jabba M 5.1 18 y 950 469 Cressy 
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Fix Rate ID Sex 
Wgt 

(kg) 

Days 

of 

data 

Asym 
MCP 

100 
mKDE95 Site Comments 

5 m Joker M 4.5 30 y 1010 510 Cressy 
 

5 m Rumpelstiltskin M 4.5 45 y 1389 733 Cressy 
 

5 m Ursula F 3.8 42 y 81 37 Oatlands 
 

5 m Mordred F 3.0 41 y 351 234 Oatlands 
 

5 m Morticia F 4.1 57      

5 m Pontiak F 2.7 20 y 533 349 Oatlands 
 

5 m Gremlin M 3.1 59 y 879 212 Oatlands 
 

5 m Goliath M 4.5 33 y 951 276 Oatlands 
 

5 m Godzilla M 5.4 39 y 1266 826 Oatlands 
 

5 m Gomez M 3.3 32      

5 m Gorgon F 2.0 35    Oatlands Shot* 

5 m Grinch M 3.9  
 

  Oatlands Collar lost 

5 m Frankenstein F 2.5  
 

  Oatlands Collar lost 

5 m MadameMiao F 3.6 6 n 233 105 Ross Malfunction 

5 m ChairmanMiao M 4.7 20 y 567 156 Ross 
 

5 m Rasputin M 5.3 11 n 615 175 Ross 
 

5 m Kim M 5.7     Ross Malfunction 

Feral cat averageϮ 
F 3.3 26  314 180   

M 4.3 32  1058 471   

Spotted-tailed quoll 

5 m Georgia F 2.4 44 y 1782 947 C’ Town 
 

5 m Banzai F 2.7 28 y 2094 947 C’ Town 
 

5 m Pacha M 2.6 15 y 2365 888 C’ Town 
 

5 m Xavier M 3.8 14 y 2648 802 C’ Town 
 

5 m Sebastian M 4.0     C’ Town Collar lost 

5 m Mufasa M 2.6 5 n 3809 825 C’ Town Malfunction 

5 m Cashew F 2.0     Cressy Malfunction 

5 m Hazelnut F 3.2 29 y 576 392 Cressy 
 

5 m Nutmeg F 3.9 11 y 738 419 Cressy 
 

5 m Betel F 2.5 38 y 810 458 Cressy 
 

5 m Waldo M 4.5 49 y 1255 707 Cressy 
 

5 m Caspian M 2.4 18 y 1988 624 Oatlands 
 

5 m Aravis F 2.0 36 n 417 224 Oatlands Malfunction 

5 m Drinian M 4.5     Oatlands Malfunction 

F 2.8 30  1200 633   
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Fix Rate ID Sex 
Wgt 

(kg) 

Days 

of 

data 

Asym 
MCP 

100 
mKDE95 Site Comments 

Spotted-tailed quoll 

averageϮ 

M 3.3 24  2064 755   

* Cat was found shot at the municipal tip site; Ϯ average tracking days/MCP/mKDE values exclude 
individuals where home ranges did not reach asymptote.  

HMM analyses 

Three-state models outperformed two-state models for spotted-tailed quolls and separated 

movement paths into states appearing to correspond to expected descriptions of resting, foraging 

and travelling. These comprised: an essentially stationary resting state (state 1), with small 

movements consistent with GPS error; a foraging state (state 2) characterised by short, relatively 

tortuous movements; and a fast travelling state (state 3) of long, direct movements (Table 3.3). 

Three-state models of feral cat movements, in contrast, were highly unstable and often failed to 

converge. Two-state models were much more stable, and characterised cat movements into: a state 

in which GPS error associated with stationary behaviour could not be distinguished from short, 

tortuous movements (state 1); and a faster and more direct travelling movement state (state 2, 

Table 3.3).  

Table 3.3 HMM movement states 

 State Description 
Step length 

(m) 

Turning angle 

(radians) 

Average 

duration (h) 

Average time in 

state per 24h (h) 

Sp
o

tt
e

d
-t

ai
le

d
 

q
u

o
ll 

1 ‘resting’ 22 ± 15 3.11 ± 0.76 9.4 ± 0.6 16.2 ± 0.6 

2 ‘foraging’ 66 ± 46 -0.15 ± 0.07 1.8 ± 0.3 4.4 ± 0.7 

3 ‘travelling’ 142 ± 77 0.01 ± 1.98 1.1 ± 0.1 3.1 ± 0.4 

Fe
ra

l c
at

 

1 (5m) ‘resting/ 

foraging’ 

24 ± 18 3.13 ± 0.66 

5.6 ± 0.4 18.7 ± 0.4 

1 (15m) 17 ± 15 -3.07 ± 0.53 

2 (5m) ‘foraging/ 

travelling’ 

99 ± 58 -0.00 ± 1.1 

1.3 ± 0.1 4.9 ± 0.4 

2 (15m) 186 ± 139 -0.01 ± 1.2 
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Both cats and quolls spent much longer in state 1 (resting) than in the other states. On average, 

quolls spent 16 of each 24 hours in this state, with an average burst duration of 9.4 hours. Cats spent 

longer in this state (almost 19 of each 24 hours), but each burst was shorter with an average 5.6 

hours. Both species spent much less time in active state/s, with average burst times of 1.1 – 1.8 

hours (Table 3.3). VHF tracking of each species during the day found that quolls were almost always 

in secure den sites (underground burrows, log or tree hollows, or large woodpiles), whereas cats 

were generally under dense, low vegetation but were alert and would move away if approached. 

This was reflected in the tracking data, in that quoll data exhibited long periods with no successful 

fixes while underground and had an overall overage of 96.8 ± 10 fixes per individual per 24h, 

whereas cat data averaged 179 ± 11 successful fixes per individual per 24h. 

Probability of encounter 

Given the difficulty in reliably determining foraging movements for feral cats, revisitation, habitat 

domain and encounter rates were estimated with the full tracking dataset for both species, and 

separately for each movement state.  

Within the study region, feral cats are present within the study area in much higher densities than 

spotted-tailed quolls (average 11.0 ± 3.3 vs 0.4 ± 0.1 individuals km-2, Table 3.1). Feral cats had 

consistently smaller home ranges than spotted-tailed quolls of equivalent body size (Table 3.2). 

Within these home ranges, feral cats revisited areas almost twice as often as spotted-tailed quolls of 

both sexes (excluding lactating individuals), on average revisiting each cell within their home range 

6.2 – 11.9 times per month vs 3.9 – 5.9 times per month for spotted-tailed quolls, depending  on sex 

(Figure 3.3, p < 0.00001). Lactating females of both species revisited areas of their home range 

significantly more frequently than non-lactating females (Figure 3.3, p = 0.03), while males of both 

species showed significantly lower revisitation rates than females (Figure 3.3, p = 0.02). These 

differences were consistent across movement states (Figure 3.3). 
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Figure 3.3 Average rates of revisitation for both species.  
Visits were separated by at least 2h of activity more than 200 m from the cell, and revisitation 
frequency was standardised to visits per month. Grid cells used in the analysis measure 30 x 30m 
and are snapped to the LandSAT™ raster dataset. 
 

At the home range scale, both spotted-tailed quolls and feral cats avoided open pasture (average 

selection ratio 0.1 ± 0.06 and 0.4 ± 0.05 for spotted-tailed quolls and feral cats, respectively), while 

wetlands and plantation habitats were rarely encountered but generally avoided (Figure 3.4). Feral 

cats preferred woodland-edge habitats, but generally showed a large amount of variation between 

individuals meaning that habitat selection at the population level was weak. Spotted-tailed quolls 

were more consistent across individuals. They used all woodland habitats, including edges, at least in 

accordance with their availability, and showed stronger preferences with increasing vegetation 

density (Figure 3.4). They avoided urban and open areas of all types.  
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The diel activity patterns of the two species were very similar (Figure 3.5), and both show peaks of 

activity at dusk and dawn. Feral cats were more consistently active, particularly during daylight 

hours, but differences were minimal. 

For prey species in the landscape, higher population densities and higher nightly revisitation 

frequencies mean that the predicted rate of encounter with feral cats was much higher than with 

spotted-tailed quolls (0.09 – 0.37% vs 0.002 – 0.009% probability of encounter per 30m2 grid cell per 

night respectively, Figure 3.6). The weaker habitat selection shown by feral cats meant that this 

probability of encounter was much more consistent across the landscape, whereas spotted tailed 

quolls were more likely to be encountered in woodland than in open and urban areas (Figure 3.6a). 

The magnitude of difference between the two carnivores in encounter rate varied between tracking 

sites due to differences in the relative population densities of each species but was always at least 

10 times higher for feral cats (Figure 3.6b). The likelihood of encountering an individual of either 

species in a non-stationary movement state is significantly lower than for stationary states (Figure 

3.6c).  
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Figure 3.4 Habitat preferences of feral cats and spotted-tailed quolls.  
The top panels show overall habitat selection, while the bottom panel shows habitat selection in 
each HMM movement state. Points represent individual tracked animals, while vertical lines and 
shaded rectangles represent the population average and confidence interval. The dashed central line 
indicates a selection ratio of 1 (neutral), where the habitat type is used in proportion to its 
availability. A selection ratio of 2 indicates that the habitat type was used twice as often as expected, 
whereas a selection ratio of 0.5 indicates the habitat type was used half as often as expected based 
on its availability in the landscape.    
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Figure 3.5 Diel activity patterns of feral cats (solid line) and spotted-tailed quolls (dashed line). 
The coefficient of overlap (d̂) ranges from 0 (no overlap) to 1 (complete overlap, identical activity 
patterns). The top panel shows active fixes, which excludes all fixes from HMM state 1 (resting) for 
both species. The bottom panel shows all successful GPS fixes. 
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Figure 3.6 Probability of encountering feral cats and spotted-tailed quolls in (clockwise from 
top): different habitat types across the Tasmanian Midlands landscape; different movement states; 
and tracking sites with different population densities.  
Grid cells used in these analyses measure 30 x 30m. Note the log scale on the y axes, which also 
cause error estimates to appear smaller for larger values.  
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Discussion  

This study assessed the likely predation impact of these two predators relative to each other, based 

on quantitative estimates of encounter rate and qualitative comparisons of consumptive and non-

consumptive effects under four scenarios of prey naïveté. We found that for prey species, the rate of 

encounter with feral cats is orders of magnitude higher than with its closest marsupial analogue, the 

spotted-tailed quoll. This is in part due to much higher population densities, but also a greater 

intensity of habitat use and broader habitat preferences. These latter characteristics also mean that 

the costs to prey of adopting anti-predator behaviour against feral cats are likely to be much higher 

than for spotted-tailed quolls, due to the reliability and ubiquity of cues to presence of feral cats. 

Overall, the predation impact of feral cats is likely to be at least several orders of magnitude higher 

than that of spotted-tailed quolls, regardless of the anti-predator response adopted by prey species 

(Figure 3.1). The absolute impact of each predator on any one prey species will depend on factors 

including the foraging efficiency and preferences of each predator and the behavioural responses 

and associated costs adopted by prey, which are likely to be mediated by habitat. Our research 

supports previous suggestions that habitat complexity may be important in reducing feral cat impact 

(Davies et al. 2017; Hohnen et al. 2016a; Lawes et al. 2015; Leahy et al. 2016; McGregor et al. 2015a) 

and that in the absence of effective, broad-scale control of feral cats, the provision of predation 

refuges at the fine scale is likely to be the most effective method for retaining native prey in 

production landscapes. 

Native prey are between ten and one hundred times more likely to encounter feral cats than native 

spotted-tailed quolls in the Midlands landscape (Figure 3.6). A large proportion of this difference is 

driven by the relative population densities of the species (Table 3.1). Estimated densities of feral cats 

in the Midlands orders of magnitude higher than the estimated national average of 0.27 cats km-2 

(Legge et al. 2017). Although this suggests that differences in encounter rates between cats and 

quolls may be exaggerated compared to other regions, it is worth noting that the recorded quoll 
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densities are among the highest recorded for the species. The northern Midlands region has been 

identified as core habitat for spotted-tailed quolls (Troy 2014), and estimated densities are 

equivalent to the 0.3 quolls km-2 recorded in the species’ stronghold in mainland Australia, an area 

with much higher rainfall and lower rates of habitat loss (Glen and Dickman 2011). Indeed the large, 

exclusive home ranges of female spotted-tailed quolls (e.g. Andersen 2016; Belcher and Darrant 

2004; Claridge et al. 2005; Glen and Dickman 2006b) mean that this species is never present in very 

high densities, whereas feral cats, which do not necessarily defend exclusive territories, are capable 

of reaching very high densities, particularly in the vicinity of anthropogenic food subsidies (Denny et 

al. 2002; Legge et al. 2017). We suggest, therefore, that though the absolute magnitude of this 

difference in encounter rate is dependent on the carrying capacity of the local landscape, differences 

in the social structure and climatic tolerance (Chapter 2) of these species means that feral cats are 

likely to be present in higher densities than spotted-tailed quolls in most Australian landscapes. 

Even if landscapes had similar densities of both species, differences in foraging behaviour suggest 

that encounter rates with feral cats are likely to be higher. Feral cats have consistently smaller home 

ranges (Table 3.2) and revisit areas within their home ranges at least twice as frequently as spotted-

tailed quolls (Figure 3.3), despite each species travelling an equivalent distance per night (Chapter 2). 

Encounter rates with feral cats are also more consistent throughout the diel cycle and across the 

landscape compared to spotted-tailed quolls, which prefer woodland areas and generally avoid open 

areas. Although individual cats show strong selection for or against some habitat types, these 

preferences are highly variable between individuals and at the population level most habitats are 

used in proportion to their availability (Figure 3.4). This variation in individual preferences and 

intensive revisitation to certain foraging areas is in keeping with observations that individual cats 

may specialise in hunting certain prey, and can extirpate local prey populations through intensive 

hunting (Dickman 2009; Frank et al. 2014; Moseby et al. 2015).  



Chapter 3| 
 

127 
 

Although we were unable to reliably isolate foraging movements of feral cats, differences in 

revisitation and habitat domain between feral cats and spotted-tailed quolls are broadly consistent 

across tracking states, and the overall differences in encounter rates are unlikely to be affected. We 

were able to identify fast, directed movement states for both species. We were also able to reliably 

distinguish denning behaviour from short, tortuous ‘foraging’ movements for spotted-tailed quolls, 

largely because tracking collars were usually unable to take fixes while in spotted-tailed quoll dens, 

generating a distinctive signal in the tracking data. Feral cat data did not show a similar signal and 

were generally observed to be resting under dense vegetation during the day. Due to GPS error, in 

our study such behaviours were impossible to distinguish from foraging behaviours such as area-

searching and stalking. This is in keeping with previous results from feral cat video collars, which 

suggests more than half of non-active time is spent in a resting state with some signs of alertness 

rather than in true sleep (McGregor et al. 2015a). In this study, the number of feral cat predation 

events was positively correlated with the amount of time spent moving (McGregor 2014), however 

their data could not give any indication of movement tortuosity and is therefore difficult to compare. 

Further work is needed to address this issue, combining video and GPS collars to more accurately 

link derived movement states to their biological meaning (Cagnacci et al. 2010; Patterson et al. 

2017).  

We have established that prey are much more likely to encounter feral cats than spotted-tailed 

quolls across all habitats and times of the diel cycle. The outcome of each encounter, and therefore 

the overall predation impact of each predator, depends on the response of the predator and on the 

recognition and anti-predator response of prey, which will be species-specific. We have therefore 

combined prey naïveté theory (Banks and Dickman 2007), the relative importance of CEs vs NCEs for 

different predation strategies (Preisser et al. 2007; Schmitz et al. 2017) with the framework of Sih et 

al. (2010), as shown in Figure 3.1, to qualitatively assess the relative predation impact of these 

predators across a range of prey response scenarios. Implicit in this comparison are the assumptions 

that foraging efficiency and prey intake are equal between the two predators. These assumptions 
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are likely to be conservative: although both species moved a similar distance each night, the basal 

metabolic rate of marsupials is on average only 70% of that of placental mammals of equivalent size 

(Dawson and Hulbert 1970), suggesting that energy consumption and therefore required prey intake 

is likely to be higher for the feral cat. Given the known overlap in diet between feral cats and 

spotted-tailed quolls and the tendency of cats to kill even non-palatable prey items (McGregor et al. 

2015a), we have also discounted the possibility of feral cats showing naïveté toward potential prey 

items (Sih et al. 2010). Based on these assumptions, we are able to conclude that the overall 

predation impact of feral cats is likely to be higher than that of spotted-tailed quolls under all 

scenarios of prey response, as discussed in the following sections.  

Under any level of prey naïveté (scenarios I – III), the likelihood that prey will not survive an 

encounter with a feral cat is increased relative to an encounter with the native spotted-tailed quoll, 

as anti-predator behaviour is not employed, is inappropriate or is ineffective under each of these 

scenarios, respectively. The first scenario, that of failure to recognise and respond to feral cats as a 

potential threat, is probably unlikely to occur for most prey species given the 150+ years of 

evolutionary history with feral cats (Carthey and Banks 2014), but may have contributed to rapid 

species declines and extinctions for a period following its introduction.  There is more evidence for 

the second and third scenarios in contemporary prey populations. A recent meta-analysis showed 

that all prey species studied to date exhibit a non-zero anti-predation response to feral cat presence 

(Banks et al. 2018). Interestingly, approximately half the prey species studied actually decreased 

their anti-predator responses in the presence of feral cats, possibly resulting from infection with the 

Toxoplasma gondii parasite which is known to increase risk-taking behaviour and attraction to cat 

odour (Banks et al. 2018). Although based on limited data, these results suggest that inappropriate 

anti-predator behaviour (scenario II) may be more common than expected.  

Under scenarios II – IV, anti-predator defences are employed in response to predation risk from feral 

cats, though the behaviour may be inappropriate (scenario II), ineffective (scenario III) or effective 



Chapter 3| 
 

129 
 

(scenario IV). Anti-predator responses, whether effective or not, come with associated costs due to 

increased energy expenditure, decreased foraging effectiveness, chronic stress responses and/or 

other similar effects. As discussed above, the cost to prey of anti-predator responses (non-

consumptive effects, NCEs) relative to consumptive effects increases for more sedentary or 

predictable predators (Preisser et al. 2007; Schmitz et al. 2017), as there is a closer spatial and 

temporal relationship between the cue and the presence of the predator (e.g. Bytheway et al. 2013; 

Kats and Dill 1998). Both feral cats and spotted-tailed quolls are ambush predators, leading to a 

relatively high reliability of cues (Preisser et al. 2007; Schmitz et al. 2017). According to our results, 

however, feral cats have smaller home ranges, revisit areas within these home ranges more 

frequently and are more consistently alert for prey as they do not consistently den underground and 

are more consistently active throughout the diel cycle. Cues to feral cat presence are therefore a 

much more reliable indicator of predation risk and should be more likely to induce anti-predator 

responses.  

Conversely, spotted-tailed quolls have a slightly narrower spatio-temporal habitat domain, with 

more defined activity periods and habitat preferences, although both species would be classified as 

having broad habitat domains. Theory predicts that high-cost, large-scale avoidance behaviours such 

as shifts in diel activity or habitat associations are more likely to occur in response to predators with 

narrow habitat domains (Preisser et al. 2007; Schmitz et al. 2017), given the availability of alternative 

low risk activity times and habitats. Empirical data suggests, however, that this relationship is less 

indicative of overall NCE strength. In this case, the times and habitats avoided by spotted-tailed 

quolls (daylight hours and cleared, open habitats) are also likely to be avoided by prey species due to 

a lack of available resources and predation risk from diurnal predators such as raptors. We therefore 

suggest that feral cat predation is likely to confer higher NCEs across all scenarios, as discussed 

above. 
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These results paint a pessimistic picture for the persistence of native prey in the presence of feral 

cats, particularly in anthropogenic landscapes. Broad-scale, long-term control of feral cats is 

expensive, difficult and often ineffective, particularly given the complexity surrounding control of 

urban and pet cats and restrictions on broad-scale control options such as baiting under many 

jurisdictions (Doherty et al. 2017). Despite the spatial and temporal consistency of encounter rates 

with feral cats across the landscape, however, both consumptive and non-consumptive impacts of 

cats are likely to vary with habitat structure. There is mounting evidence that the hunting success of 

feral cats is inversely related to the complexity of understorey structure (Davies et al. 2017; Hohnen 

et al. 2016a; Lawes et al. 2015; Leahy et al. 2016; McGregor et al. 2015a). There is also a large body 

of theoretical and experimental work demonstrating that anti-predation responses of prey species 

are weaker in more structurally complex environments due to the proximity of refuge habitats (e.g. 

Andruskiw et al. 2008; Lima and Dill 1990). Maintaining and restoring structural complexity of 

understorey habitats to provide predation refuges at the fine scale is therefore likely to be the most 

effective means of promoting the persistence of native prey, particularly within modified landscapes 

and in the absence of effective cat control methods.  

With respect to Australian ecosystems, our results clearly demonstrate that feral cats are likely to 

have a greater predation impact on native prey than their closest native analogue under all prey 

response scenarios. While these effects are magnified within the study landscape due to extremely 

high cat densities, the increased intensity of habitat visitation and broad diel activity period means 

that individual cats are likely to have higher impacts than individual spotted-tailed quolls even at 

lower population densities. While the absolute magnitude of these impacts will depend on many 

factors including the cost and effectiveness of anti-predator responses by individual prey species in 

different habitats, these results go some way to explaining the disproportionate impacts of feral cats 

on a broad range of native Australian prey.  
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More broadly, this study exemplifies the value of integrating detailed knowledge of the spatial and 

temporal activity patterns of invasive and native predators across the predation sequence and under 

a range of prey naïveté scenarios. Invasive predators, particularly feral cats, are a major threat to 

biodiversity globally (Doherty et al. 2016). Mitigation needs to be grounded in an integrated 

conceptual framework and tested within the relevant context of co-evolutionary histories of the 

predators and prey. The next steps are to experimentally confirm these predictions for a range of 

prey with different levels of naïveté response, and to test the effect of enhancing structural 

complexity and refuges in the landscape for prey to survive an encounter with an invasive predator.   
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The aims of the thesis were twofold. The first aim was to determine the bottom-up factors necessary 

to ensure the persistence of native carnivores in a highly modified agricultural system, the second to 

determine the top-down impact of an altered carnivore guild on lower trophic levels within this 

system. My results highlight the benefits of a mechanistic, animal-centric understanding of species 

responses to local environmental gradients and processes, if the goal is to maintain or re-establish 

populations of native carnivores. By demonstrating that the predation impact imposed by an 

introduced predator, the feral cat, may be up to several orders of magnitude higher than its closest 

native counterpart, I confirm that the composition of the carnivore guild can strongly influence top-

down forces acting on the local ecosystem. My results support the contention that restoring 

ecosystem processes driven by carnivores may be critical in meeting restoration goals (Law et al. 

2017; Perring et al. 2015), and challenge the historic emphasis on vegetation establishment in 

restoration ecology (Perring et al. 2015).  

Bottom-up drivers of predator presence 

The traditional emphasis on restoring vegetation has meant that the field of restoration ecology 

lacks a coherent theoretical framework for the restoration of fauna populations (Brudvig 2011; 

McAlpine et al. 2016; Wainwright et al. 2018). As a consequence, much of my research draws on the 

fields of landscape ecology, community ecology and animal behaviour, rather than restoration 

ecology. These fields are in themselves large and evolving, with competing (and confusing) 

theoretical frameworks that can hinder their utility as a basis for fauna restoration (Bell et al. 1997). 

In the following discussion, I present three major themes which emerged from my results, and which 

are relevant for the translation of these bodies of theory into a restoration context. Species-specific 

recommendations for habitat restoration in the Tasmanian Midlands are summarised in Appendix D. 

Mechanistic understanding of species responses to local conditions 

My results consistently indicate the importance of taking a mechanistic and species-specific 

approach to restoration by understanding how fine-scale animal behavioural decisions drive larger-
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scale responses to environmental conditions and disturbance (Betts et al. 2014; Jones and Davidson 

2016). In the thesis, I examine carnivore responses at multiple scales defined as per Tscharntke et al. 

(2012): the regional scale (Midlands region, approx. 800 000ha); landscape scale (tracking site, 

between 10-20 000 ha); and both at and within the scale of the individual home-range. At a regional 

scale, landscape ecology frameworks that emphasise an animal rather than a human perception of 

habitat outperform those based on features readily mapped from satellite imagery. At the landscape 

scale, species-specific attributes such as social structure and foraging behaviour are responsible for 

differing responses in home range size and population density to environmental gradients. 

Considering either of these responses in isolation is likely to underestimate the impact of such 

gradients on local populations. Finally, I demonstrate that, when determining habitat preferences, 

considering the behavioural state of individuals can give additional information on which habitat 

types are most important to individuals at different times and life stages. 

At the regional scale, the value of applying an animal-centric mechanistic framework was reflected in 

the better performance of the continuum framework when explaining patterns of carnivore 

presence and abundance (Chapter 1). This framework allows species responses to be modelled 

directly against underlying environmental variation (Fischer and Lindenmayer 2006), minimising bias 

in the definition of ‘habitat’ (Betts et al. 2014; Jones and Davidson 2016). The advantage of this 

framework is that it can incorporate variation in habitat quality as perceived by the target species, 

and assumes that each species will show an individual response to different elements of the local 

environment (Fischer and Lindenmayer 2006). Many other landscape ecology frameworks such as 

the habitat amount hypothesis and island biogeography rely on a binary definition of habitat vs. non-

habitat (Betts et al. 2014). In practice, such definitions of habitat are susceptible to human 

perception bias, particularly when their definition rests on features readily mapped from satellite 

imagery (Manning et al. 2004).  
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At the landscape scale, I demonstrate that gradients in annual rainfall strongly influence the amount 

of habitat required to maintain an effective population of both spotted-tailed quolls and feral cats 

(Chapter 2). This scale of variation in habitat required, with home range estimates ranging from 

approximately twice to five times larger than those recorded in previous studies, is somewhat 

surprising given the limited variation in productivity within the region (Chapter 2). These results have 

obvious implications for the scale of habitat restoration programs within the Midlands and 

elsewhere, in that the amount of habitat required to support viable breeding populations is strongly 

influenced by productivity, and that programs in low productivity areas may need to restore up to 

five times more habitat than expected based on previous research. Interestingly, the mechanism of 

species responses is not consistent. Spotted-tailed quolls respond through changes in both density 

and home range size (Chapter 2). Our limited data on Tasmanian devils and eastern quolls also 

indicate that they show much larger home range size in the Midlands than in other areas (Andersen 

2016; Godsell 1983; Pemberton 1990; R. Brewster pers. comm.). Feral cats, by contrast, show no 

change in home range size but great variation in population density across the rainfall gradient. My 

results indicate that these differences in response are likely due, at least in part, to differences in 

foraging tactics and social structure among species (Chapter 2). These results again support the need 

to consider local bioclimatic conditions when planning habitat restoration programs, and for 

mechanistic, species-level understanding rather than a one-size-fits-all view of carnivore responses 

to productivity gradients (Jones and Davidson 2016).   

At the home-range scale, taking this mechanistic approach generates a more nuanced understanding 

of patterns of habitat selection, allowing for more sophisticated habitat restoration design which 

considers habitat requirements during different behavioural states. In Chapter 3, I used hidden 

Markov models (HMMs, Patterson et al. 2009) to differentiate movement behaviours (resting, 

foraging and travelling) of feral cats and spotted-tailed quolls. The importance of habitat type varied 

depending on the current movement state of the species. For example, spotted-tailed quolls 

generally show stronger selection for woodland and dense habitats and against open areas in resting 
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and foraging movement modes (Figure 3.4, Chapter 3). Habitat preferences are much weaker when 

travelling, which is consistent with our overall observations that while quoll home ranges are 

typically confined to woodland areas, individuals can cross open areas. Subadult and breeding males, 

in particular, make very long movements across open country, with one young male moving more 

than 12 km straight-line distance across predominately open pasture in 48 hours (R. Hamer, unpubl. 

data, Appendix D). When crossing open areas, however, quolls typically use the shortest and most 

direct path between woodland areas and make use of all available microhabitats and stepping 

stones (R. Hamer, unpubl. data), indicating the importance of these features to maintaining 

connectivity between populations (Fischer and Lindenmayer 2002; Lechner et al. 2015; Saura et al. 

2014). Based on these data, while maintaining large, continuous areas of structurally complex 

vegetation is vital for ensuring the persistence of this species, small remnants and plantings can also 

play an important role in making the landscape more permeable to dispersal and breeding 

movements. 

The results of the first two chapters of this thesis therefore reflect the importance of local and 

species-specific information to underpin restoration and conservation planning at all scales. While 

previously published studies provide an excellent basis for identifying the factors most likely to 

influence carnivore populations, the relative importance and even direction of response to these 

factors were often unexpected. My results consistently indicate that local environmental conditions 

strongly influence the presence, abundance and behaviour of each species. This should not be 

surprising: observed patterns of species distribution, abundance and habitat association are the 

product of constant fine-scale decisions by individual animals (Jones and Davidson 2016). These 

decisions are driven by the balance between an individual’s basic requirements for food and mates 

against the risk of predation, and are therefore mediated by local habitats and climatic conditions 

(Jones and Davidson 2016). An assumption that species, let alone guilds of species, will show 

consistent responses across their geographic range therefore underestimates the complex 

behaviours which underpin a perceived preference or avoidance.  
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Quality not quantity 

One of the major findings of the thesis is the importance of habitat complexity for all three native 

carnivores (Chapters 1 and 3). In general, although individual species show distinct habitat 

requirements, structurally complex vegetation supports a higher diversity of habitat types and 

therefore a higher diversity of species  (Lindenmayer et al. 2012; McElhinny et al. 2006b). At a 

regional scale, both Tasmanian devils and eastern quolls are strongly associated with topographic 

ruggedness, while spotted-tailed quoll presence and abundance shows strong positive relationships 

with mid- and understorey cover and old-growth vegetation characteristics (Chapter 2). For all three 

carnivores, these associations are likely to reflect a greater availability of den sites, as well as a 

higher abundance and diversity of prey species. For the smaller eastern quoll, increased complexity 

may also reduce predation by larger predators such as feral cats, particularly on juveniles (Fancourt 

2016b; Jones et al. 2004, see Chapter 1). These results suggest that restoring suitably complex 

habitats for these native carnivore species is likely to also provide habitat for a diverse range of 

native prey. 

In the case of the spotted-tailed quoll, habitat quality is more important than habitat area at the 

regional scale, with models of habitat area performing poorly and actually showing a weak negative 

correlation with spotted-tailed quoll presence and abundance (Chapter 1).  This result is particularly 

surprising, given the large, non-overlapping home ranges of female spotted-tailed quolls and strong 

preference for contiguous woodland habitat shown by this species (Chapters 2 and 3, Belcher and 

Darrant 2004; 2006; Glen and Dickman 2006b; Körtner et al. 2016; Troy 2014). GPS tracking of 

spotted-tailed quolls revealed, however, that although home ranges tended to be centred on the 

largest and most intact woodland patches, small patches and isolated bushes are often used as 

stepping stones when moving throughout the landscape, particularly during dispersal and 

exploratory movements by young males (R. Hamer unpubl. data). I suggest that small patches, 

particularly those with good structural complexity, can be important for maintaining landscape 

connectivity for this species. 
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These results also support a growing body of evidence that the structural complexity of restoration 

plantings is equally or more important for the recolonisation and persistence of native fauna than 

the total area restored (Cunningham et al. 2007; McElhinny et al. 2006b; Munro et al. 2007; Selwood 

et al. 2008; Vesk et al. 2008). Indeed, Huth and Possingham (2011) show that increased woodland 

patch area only translates to increased woodland bird diversity in patches with high structural 

complexity. For patches with low structural complexity, the species-area relationship shows a 

negligible rate of increase, indicating that increasing the habitat quality of these patches is more 

beneficial than increasing their area. Additionally, site-level characteristics such as the number of 

remnant trees, amount of fallen timber and intensity of grazing are more important than the size or 

shape of woodland patches in predicting breeding activity of woodland birds (Selwood et al. 2008).  

So far, however, such relationships have mainly been demonstrated for bird communities (e.g. 

Martin et al. 2011; Munro et al. 2011). There have been few studies on larger mammals and those 

studies have tended to have low sample sizes and detection rates, precluding formal analyses 

(Munro et al. 2009). 

Interestingly, feral cats do not show the same pattern of association with structural complexity. At a 

regional scale, models of vegetation and topographic complexity perform poorly and show no 

relationship or a weak negative relationship with feral cat presence and abundance (Chapter 1). At 

the landscape scale, cats appear to use most habitats in accordance with their availability (Chapter 

3), though they spend on average 25 ± 3% of their time in open pasture or native grassland habitats 

compared to 15 ± 4% for spotted-tailed quolls, which show a preference for more dense habitats 

(Chapter 3). This demonstrates that not all members of the same guild will respond equivalently and 

re-enforces the need for species-specific information, as discussed above. In the case of the 

Midlands, it also suggests useful points of difference in management for each species, whereby 

increasing the structural complexity of habitats will benefit native carnivores more than the 

introduced feral cat. Although my results are not conclusive, increasing habitat complexity could 

even help to control the impact of feral cats, as McGregor et al. (2015a) demonstrated that feral cat 
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hunting success can be reduced by up to 75% in areas with complex understoreys relative to cleared 

open pasture. 

Impacts of habitat loss and fragmentation  

Ongoing habitat loss and degradation through land conversion and further simplification of 

woodland remnants in the Midlands is therefore clearly of concern for the three native carnivore 

species. The role of habitat fragmentation is somewhat less clear. Fahrig (2017) found that although 

habitat fragmentation is usually cited as a driver of biodiversity loss, 76% of 381 reported significant 

responses to habitat fragmentation per se (i.e., the effect of fragmentation having controlled for the 

effects of habitat loss) were actually positive. The same author previously demonstrated that the 

impact of habitat fragmentation on species richness is generally much smaller than that of habitat 

loss (Fahrig 2003). 

My data indicates that genetic isolation of populations of the three largest carnivore species 

(Tasmanian devils, spotted-tailed quolls and feral cats) is unlikely within the Midlands region. 

Connectivity modelling of the Midlands revealed that very few habitat patches are isolated for 

species with the ability to cross habitat gaps of 10km (Lechner et al. 2016). My data includes long 

movements across more than 10km of open pasture by all three native carnivore species (R. Hamer, 

unpubl. data), and genetic studies have confirmed that all spotted-tailed quolls and Tasmanian devils 

in Tasmania show little genetic structuring across Tasmania (Hendricks et al. 2017; Proft 2018; 

Storfer et al. 2017), suggesting high levels of gene flow and indicating that current levels of 

fragmentation are not unduly affecting the population dynamics of these species. Although this is 

excellent news for the conservation of these species within Tasmania’s agricultural landscapes, it 

does not follow that fragmentation is completely benign. The avoidance of open habitats by spotted-

tailed quolls when foraging and denning, and the fast, direct movements they use when crossing 

open areas (R. Hamer, unpubl. data, Appendix D) indicate that there is likely to be a fragmentation 

threshold beyond which population connectivity cannot persist.  
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In the case of the eastern quoll, this threshold may have already been passed in the Midlands region. 

There is significant genetic differentiation among Tasmanian populations, particularly in the 

Midlands and east coast regions, presumably due to limited dispersal (Cardoso et al. 2014). This 

species, which was once commonly sighted throughout the region (Rounsevell et al. 1991) has now 

all but disappeared from the low-lying central areas of the Midlands and is mostly confined to the 

topographically rugged edges of the region, where vegetation clearing has been less extensive 

(Chapter 1). The habitat associations of this species are strongest at the largest (4000 ha) scale, 

whereas the average home range observed in this study is 373 ha and previously reported home 

ranges averaged between 35-51 ha (Chapter 2, Godsell 1983). I suggest that the scale of response 

may relate to the movement ability of dispersing and breeding males. Although there are large 

remnants within the central Midlands which should be capable of supporting self-sustaining 

populations of eastern quolls, the species is known to exhibit large fluctuations in population 

densities with climatic events and has undergone widespread decline in recent decades (Fancourt 

2016b). Large interpatch distances would limit the ability of populations to recolonise areas after 

such declines. This may be exacerbated by predation from the feral cat, particularly on dispersing 

juveniles and in areas of very high cat density like the Midlands (Fancourt 2016b; Jones et al. 2004).  

Top down impacts of predator presence 

Invasive predators such as the feral cat have had a devastating impact on biodiversity globally 

(Doherty et al. 2016), and therefore a key management priority for biodiversity conservation. Recent 

Australian government policies have targeted feral cats as a key threat to native biodiversity, and set 

ambitious management targets under the first federal Threatened Species Strategy (Commonwealth 

of Australia 2015). Their impacts on native biodiversity can be exacerbated by the interacting effects 

of land-use change and habitat simplification, and are often greatest in highly modified systems 

(Lawes et al. 2015; Leahy et al. 2016; McGregor et al. 2015a). Some authors argue, however, that 

highly modified environments such as intensively occupied agricultural and urban areas can 
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represent novel or emerging ecosystems which have moved into an alternative stable state beyond 

the point at which they can feasibly be restored to support natural communities, and should be 

managed as such (Hobbs et al. 2006). In such cases, species and other elements may be managed 

according to their function in providing social and environmental services, rather than according to 

their naturalness (Evers et al. 2018). The second aim of the thesis was therefore to assess the 

predation impact of the feral cat relative to its closest native analogue, the spotted-tailed quoll, and 

therefore the impact of an altered carnivore guild on top-down ecosystem structuring in highly 

modified environments such as the Midlands.  

To my knowledge, our study is the first to explicitly compare the predation impact of two 

mammalian carnivores in Australia. In Chapter 3, I combine the predation comparison framework of 

Sih et al. (2010) with theoretical work on prey naïveté (Banks and Dickman 2007) and the relative 

importance of consumptive and non-consumptive effects (Preisser et al. 2007; Schmitz et al. 2017) 

to assess the likely predation impact of feral cats relative to spotted-tailed quolls under a range of 

different prey response scenarios. I reveal a potential mechanism for the disproportionate predatory 

impacts of the feral cat on native prey, despite more than 150 years of shared evolutionary history 

(Abbott 2002). Rates of encounter with feral cats are predicted to be between 10 and 100 times 

higher than with spotted-tailed quolls in the Midlands landscape (Chapter 3). Although the absolute 

magnitude of this difference depends on the relative population densities of the two species in the 

landscape in question, the greater intensity of habitat use of feral cats means that they are likely to 

be more frequently encountered across all Australian habitats. 

This result suggests that feral cats are likely to exert much stronger top-down control on shared prey 

species than the spotted-tailed quoll. This indicates that feral cats may indeed be a limiting factor for 

the colonisation and persistence of native prey species within remnant and restored habitats. This is 

particularly of concern for small native mammals, as population growth rates of these species are 

generally much lower than those of introduced small mammals and may not be able to compensate 
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for such high predation rates (Sinclair 1997; Sinclair et al. 2008). Conversely, if feral cats are 

effectively controlled, the native spotted-tailed quoll is unlikely to exert sufficient predation 

pressure to control populations of introduced prey species such as the rabbit Oryctolagus 

cuniculatus, which have much higher growth rates and in good conditions can escape predator 

regulation even from more intensive predators such as foxes and feral cats (Newsome et al. 1989). 

There are suggestions that eastern quolls, when naturally hyperabundant, may be able to exert 

sufficient pressure to control rabbit populations (Peacock and Abbott 2013). Re-establishment of 

populations of this species may therefore present a useful long-term management option for 

introduced prey, however this species is currently largely absent from the Midlands region (Chapter 

1). Control of feral cats unaccompanied by control of its introduced prey species is therefore likely to 

have unintended consequences for native prey species through increased competition (e.g. 

Bergstrom et al. 2009; Rayner et al. 2007).  

Overall my results indicate that feral cats are likely to exert a much higher predation impact than 

their closest native counterpart, and therefore that the altered carnivore guild in the Midlands is 

likely to have large consequences for such species at lower trophic levels. Given the impact of 

introduced predators worldwide (Doherty et al. 2016), this result has implications beyond the 

Midlands system and suggests a mechanism to explain some of the disproportionate impacts of 

introduced predators. Our results also suggest that management of the feral cat in the Midlands 

region is justified, given the presence of native prey species which would benefit from its control. 

Despite ongoing declines, the Midlands still support populations of small native marsupial species 

such as the eastern bettong Bettongia gaimardii, although other species including eastern barred 

bandicoot Perameles gunnii and eastern quolls have all but disappeared in the last 20 years. These 

species have become extinct in similar environments on mainland Australia (Short 1998; Todd et al. 

2002). In systems where native prey have been largely extirpated and there are no source 

populations for recolonisation, feral cats may instead be managed for their role in supressing 

populations of introduced herbivores such as the rabbit.  
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Future directions 

As with any exploratory study, this thesis has identified multiple avenues of future research. In the 

short term, I am continuing work on the potential for exploitation competition between native 

carnivores and the feral cat through identifying the degree of overlap between the observed dietary 

and spatio-temporal niches of each species. Further to this, experimental manipulation is required to 

determine the impact of competition with feral cats on native carnivores. The eastern quoll is a 

particular priority for this work, given the suggestion that feral cats may be limiting the recovery 

and/or recovery potential of this species. 

More broadly, the importance of habitat complexity to native species in the Midlands, including 

carnivores (this study) and prey species such as woodland birds, microbats and critical weight range 

mammals (Gardiner 2018; G. Bain and K. Dixon, unpubl. data), suggests the need to experimentally 

determine the value of habitat supplementation. Supplementation may include understorey 

plantings or provision of artificial habitat structures such as rocks, coarse woody debris, nest boxes 

or artificial hollows (Rueegger 2017). Previous research has indicated that such structures can 

improve species persistence and abundance in remnants and/or colonisation of plantings, where 

appropriately designed and managed (Lindenmayer et al. 2016; Manning et al. 2013; Michael et al. 

2015; Webb and Shine 2000). In addition, complex understorey habitats can provide fine-scale 

refugia from feral cat predation, with cat hunting success increased up to five-fold in cleared pasture 

relative to complex rocky or tussock habitats (McGregor et al. 2015a). Such trials are therefore 

particularly important in the context of the degree of habitat simplification and abnormally high feral 

cat densities observed in the Midlands (Chapter 2).  

Further to these directions, the results of the thesis are currently being integrated with the results of 

concurrent studies into other taxa in the Midlands region. This integration aims to populate existing 

models of landscape connectivity (Lechner et al. 2015) with real data rather than expert opinion, 

thus providing our partner organisations with a more robust planning tool. In addition, we aim to 
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combine movement data collected for the spotted-tailed quoll (this thesis) and the eastern bettong 

(Gardiner 2018) with data on genetic relatedness of individuals and populations (Proft 2018) to 

create integrated models of landscape resistance for these species. Such integrated models are 

rarely generated due to the cost and complexity of collecting both types of datasets, but are able to 

provide a very robust indication of true landscape connectivity for each species and are therefore a 

highly useful planning tool (Zeller et al. 2012; Zeller et al. 2017). 
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Tasmanian devil 

The Tasmanian devil (Sarcophilus harrissii) has undergone extensive declines due to the Devil Facial 

Tumour Disease (DFTD), which arrived in the Midlands between 2000 and 2003 (Hollings et al. 2014). 

The northeast of the state has been exposed to the disease longest, and it has yet to arrive in some 

western and southern areas (Hollings et al. 2014). A recent individual-based modelling approach 

suggests that this strongly frequency-dependent disease (McCallum et al. 2007) is likely to lead to 

long, slow epidemic cycles with long-term persistence of the devil and the tumour (Wells et al. 

2019), even without the rapid evolutionary response of resistance (Epstein et al. 2016) and tolerance 

(Ruiz-Aravena et al. 2018) to the disease that is occurring, rather than extinction as earlier models 

predicted (Hamede et al. 2015). 

Tasmanian devils do not defend territories, and occupy overlapping home ranges averaging over 

2000 ha  (Andersen 2016). They are highly mobile, travelling on average 8.6 km in a night, traversing 

multiple vegetation types (Hocking and Guiler 1983; Pemberton 1990) and often making use of 

established tracks, roads and vegetation edges (Andersen et al. 2017b; Guiler 1978). Individuals den 

each night, with most dens being burrows in the soil, but may also den in thick understorey 

vegetation such as Lomandra sp. tussocks or thick ferns (Pemberton 1990). Location, size and 

orientation of home ranges appear to be determined by the location of favourable den sites, as well 

as foraging resources (Pemberton 1990). Radiotracked individuals at Mount William National Park 

and surrounds favoured pasture habitats bounded by woodland and scrub within a few kilometres of 

their den sites, probably due to the higher densities of wallabies and pademelons which shelter in 

the vegetation during the day and graze in the pastures during the night (Pemberton 1990).  

Although they may historically have been limited by the presence of the top predator, the thylacine, 

both species were extensively hunted by pastoralists and bounty hunters after colonisation (DPIPWE 

2010) and any such top-down control would have been released. The devil itself narrowly escaped 

extinction by overhunting around the time of the thylacine’s extinction, but populations recovered 
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after legal protection was granted in 1941, and permits to cull them as pests were again granted 

until the 1990s (DPIPWE 2010). Part of this recovery is driven by their facility to thrive in fragmented 

agricultural landscapes such as the Midlands: prior to DFTD arrival the species was most abundant in 

agricultural areas (Rounsevell et al. 1991). Agricultural areas provide suitable habitat for the species 

in a mosaic of open foraging habitat with patches of vegetation for denning and to support prey 

populations. Culling of wallabies and pademelons by pastoralists also provides a supplementary food 

source (Pemberton 1990; Rounsevell et al. 1991), further increasing the value of these agricultural 

habitats. Annual spotlighting counts revealed that Tasmanian devil sightings increased between 

1975 and 1990 (Hollings et al. 2014) , a period of broad scale land clearing and habitat fragmentation 

(Kirkpatrick 1991). Saunders (2012) also found that degree of fragmentation was a better predictor 

of presence than broad vegetation type in northwestern Tasmania, and Andersen et al. (2017b) 

found that devils in the same region were preferentially foraging and travelling along roads and the 

forest-pasture interface. 

Spotted-tailed quoll 

The spotted-tailed quoll is widespread across Tasmania but present in low abundances. It is most 

frequently recorded from the north and west of the state, in wet forest or scrub (Rounsevell et al. 

1991). Models of habitat suitability predict that the highest abundances for this species should occur 

in warm, low elevation areas including the northern Midlands, however survey effort in this area has 

been limited (Troy 2014). There is no evidence of increased spotted-tailed quoll abundance with the 

decrease in the devil as top predator, however, there is some evidence of an increase in scavenging 

activity in areas where devils have declined.(Andersen et al. 2017a; Cunningham et al. 2018) Any 

release of predation pressure from the devil may have been offset by increased competition from 

the feral cat (Hollings et al. 2014; Troy 2014).  

On  the mainland, quolls have been recorded from a wide range of habitat types from rainforest to 

coastal scrub and agricultural land (Long and Nelson 2008), but now appear to be restricted to forest 



Appendix A | 
 

155 
 

areas (Belcher and Darrant 2004), possibly due to competition or predation by the introduced red 

fox (Vulpes vulpes) (Catling and Burt 1997; Catling et al. 2002; Troy 2014). Large patches of 

continuous forest with a high density of potential den sites (including hollow-bearing trees, hollow 

logs, rocky outcrops and burrows) and high densities of small-medium mammalian prey are 

considered optimal habitat (Belcher and Darrant 2006; Glen and Dickman 2006b). 

Across Tasmania, spotted-tailed quoll abundance is highest in warm, low elevation areas with 

predictable seasonal rainfall, which are typically also areas which are exploited for agriculture (Troy 

2014). At the state scale, there is no relationship between degree of fragmentation and spotted-

tailed quoll abundance, however at the local scale female quoll home ranges are preferentially 

situated in areas of with a higher proportion of forest vegetation. Within their home ranges, female 

quolls show a significant preference for closed vegetation cover and avoidance of open vegetation 

both when moving and when selecting den sites. Their movement patterns suggest that although 

they will cross open pasture habitats, they are more likely to do so at night and do not appear to 

forage in these areas (Troy 2014), although they use woodland and anthropogenic edge habitats for 

movement and foraging (Andersen et al. 2017b). Male quolls may be more flexible in habitat use, as 

they range more widely than females and do not contribute to parental care, so are less likely to be 

limited by foraging resources (Glen and Dickman 2006b; Körtner et al. 2016; Troy 2014) .  

In contrast to the Tasmanian devil and eastern quoll, available evidence suggests that spotted-tailed 

quolls do not use pasture habitats for foraging. Troy (2014) showed that increasing fragmentation 

within agricultural landscapes resulted in increased home range sizes of female quolls, presumably 

in order to access sufficient resources. Their ability to cross open areas of pasture or agricultural 

land and therefore utilise fragmented patches of vegetation has no doubt allowed them to persist in 

agricultural landscapes in Tasmania, however given their dependence on forested areas for foraging 

and denning they are likely to be susceptible to increased fragmentation. Similarly, changes which 
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decrease the foraging or shelter resources available within vegetation fragments would also increase 

the area of land required to maintain quoll populations. 

Eastern quoll 

Eastern quolls (Dasyurus viverrinus) are present across Tasmania, and previously were one of the 

most commonly observed mammals during annual spotlighting counts undertaken by state 

government agencies (Driessen and Hocking 1992). They have declined statewide by over 50% in the 

10 years to 2009 (Fancourt et al. 2013), and in the Midlands region this was also temporally 

correlated with the devil declines (Hollings et al. 2014) although a number of causal factors are likely 

to have been involved (Fancourt 2016b). These factors include unsuitable climatic conditions (high 

rainfall and warm winter temperatures) that pushed populations low, probably by reducing 

availability of favoured insect prey, followed by high cat densities preying on the small annual cohort 

of juveniles and thus keeping them in a predator pit; eastern quolls do not appear susceptible to 

parasitic infections from feral cats (Toxoplasmosis gondii) (Fancourt 2016b; Fancourt et al. 2015; 

Fancourt et al. 2018).  

Male eastern quolls have an average home range of approximately 44 ha, while females are slightly 

less mobile with average home range size of 35 ha (Godsell 1983). They are commonly found near 

vegetation/pasture interfaces, as they use the open grassy pasture areas for foraging and vegetated 

areas for den sites (Godsell 1983). They have also been found in sub-alpine buttongrass 

(Gymnoschoenus sphaerocephalus) habitats in the Cradle Mountain region, where they spent most 

time foraging in open buttongrass moorland and very little time in neighbouring rainforest habitats 

(Jones and Barmuta 2000). In southwestern Tasmania, they were trapped in sedgeland and tall scrub 

habitats but not in woodland or forest sites (Taylor and Comfort 1993). Trapping results from wet 

and dry sclerophyll forest indicate that eastern quolls are more commonly found in disturbed forest 

(Flynn et al. 2011), and that their abundance increases rapidly after fire but declines again after no 
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more than 10 years as the understorey recovers (Hocking and Guiler 1983; Taylor and Comfort 

1993). 

As for the Tasmanian devil, these preferences for open foraging habitats with nearby vegetated 

areas suggest that the eastern quoll is inherently well adapted to the fragmented agricultural 

landscape of the Midlands. Indeed, long-term spotlighting monitoring across the state indicated that 

eastern quoll populations increased between 1975 to 1990 (Driessen and Hocking 1992), during high 

rates of land clearance across the state and in the Midlands (Driessen and Hocking 1992; Kirkpatrick 

1991), which created a mosaic of grassland and woodland habitats. It should be cautioned though 

that this relationship is only likely to hold true up to a certain threshold level of fragmentation, 

whereafter the lack of resources available for denning and shelter would act to reduce population 

densities. Also, other threats such as increased road traffic and feral cat density that come with 

increasing fragmentation and human settlement can have detrimental impacts on local populations 

(Fancourt et al. 2015; Jones 2000). 

Feral cat 

The feral cat (Felis catus) is widespread across the Midlands where its distribution and abundance is 

strongly associated with the abundance of rabbits and medium mammals (Hollings et al. 2014). Feral 

cat sightings and activity have increased in some areas of Tasmania due to devil decline (see 

discussion in next section). The little work that has been done within the Midlands region, however, 

suggests that cat populations within this system are largely driven by bottom-up factors such as prey 

abundance, rainfall, human habitation and vegetation type, and showed no discernible response to 

devil declines (Hollings et al. 2014). 

Feral cats have colonised all habitat types across mainland Australia, and many offshore islands 

(Legge et al. 2017).  At a continental scale, increased densities of feral cats have been linked with 

anthropogenic disturbance and food subsidies (Denny et al. 2002; Legge et al. 2017), linear habitats 

(Doherty et al. 2015), less structurally complex vegetation (Denny and Dickman 2010; but see 
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Doherty et al. 2015) and annual rainfall, particularly in dryland areas (Legge et al. 2017). In some 

areas, cat abundance has been linked to the density of rabbits, which often represent their main 

prey item, however other studies have also shown that cats have the ability to switch prey to native 

species following rabbit declines, and thus sustain their population levels (Cruz et al. 2013; Molsher 

et al. 1999). Results from agricultural landscapes give contradictory results on the impact of habitat 

conversion: Bengsen et al. (2012) found that cats in agricultural areas of Kangaroo Island favoured 

woody vegetation over open pasture, whereas McGregor (2014) found cats in the Kimberley region 

selected for open habitats and grazing areas, and that their hunting efficiency was greatest in these 

areas. 

Some of these differences may stem from the flexibility and adaptability of the species. Individual 

cats have been shown to specialise on particular prey items, and it is thought that this may 

contribute to the species’ predatory efficiency (Dickman and Newsome 2015) At the population 

level, the diet, home range size, social structure and behaviour have all been demonstrated to vary 

between populations in different regions (Bengsen et al. 2016; Denny and Dickman 2010).  This 

flexibility means that knowledge of local cat ecology is likely to be required for the development of 

effective management options (e.g. Bengsen et al. 2012; Moseby et al. 2009), rather than 

extrapolating from other areas.   

Intraguild relationships 

The thylacine (Thylacinus cynocephalus) would have been the top predator in Tasmania prior to its 

decline and extirpation in the 1930s. The extinction of the thylacine left the Tasmanian devil as the 

largest mammalian predator, and, as described in the previous section there is some evidence that it 

is competitively dominant over smaller carnivores such as quolls (Jones 1995). It is not yet clear, 

however, whether the devil is occupying a top predator role and influencing the abundance and 

behaviour of other predator species. Compared to the much larger thylacine (average male weight 

25kg), the devil (average male weight 8.5 kg) is much more comparable in size to other predators 
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such as the spotted-tailed quolls and feral cat (4 and 4.5kg average male weight, respectively). 

(Hollings et al. 2014; Jones 1997). 

The recent decline of Tasmanian devils due to DFTD has allowed examination of its role in providing 

top-down controls of other predators and prey species through a natural removal experiment. 

Twenty-three years of annual spotlighting data from across the state showed that devil declines in 

the east of the state, where DFTD originated, were correlated with an increase in feral cat sightings, 

suggesting a potential form of mesopredator release (Hollings et al. 2014). A handful of studies have 

demonstrated potential mechanisms for such a release. At least three studies have indicated that 

feral cats show fine-scale avoidance of devils, with feral cat detections negatively associated with 

devil activity on remote camera surveys (Fancourt 2016a; Fancourt et al. 2015; Lazenby and Dickman 

2013). Additionally, recent work indicates that cats benefit from increased access to resources such 

as carcasses in the absence of devils (Cunningham et al. 2018).  

Substantial variation in the strength of population-level feral cat responses to devil declines, 

however, indicates that these are likely to be mediated by factors such as habitat complexity and 

productivity. Hollings et al. (2016) demonstrated that feral cat activity increased in regions where 

devils had declined due to disease, but that increases were not consistent across all habitat types. As 

discussed above, the little information available for the Midlands region suggests that feral cat 

responses in this region are more likely to be driven by bottom-up factors (Hollings et al. 2014). In 

addition, Saunders (2012) found a positive relationship between cat and devil occupancy in 

northwest Tasmania, where devils are still abundant. These studies suggest that the overall effect of 

devil declines on feral cat populations, and therefore their impact on smaller prey species, is likely to 

vary across regions. 

Hollings et al. (2014) also observed declines in eastern quoll sightings following the arrival of DFTD, 

and suggested these may have been due to increased predation or competition by feral cats. The 

eastern quoll has indeed been declining since around the time of DFTD arrival with no sign of 
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recovery. Closer examination of the drivers behind this decline, however, reveals a more complex 

picture in which cat predation of juveniles may play a role in preventing the species recovery but is 

unlikely to have been the main driver of the initial species decline (Fancourt et al. 2015; Fancourt et 

al. 2013; Fancourt et al. 2014). 

There is little available evidence about the impact of these shifting predator assemblages on the 

spotted-tailed quoll. As described above, based on dietary studies this species is likely to experience 

the greatest amount of interference competition from other predators (Jones and Barmuta 1998), 

and may therefore be most affected by the recent declines of devils and eastern quolls. Cunningham 

et al. (2018) demonstrate that the species is more frequently detected scavenging at carcasses in 

areas of lower devil activity, while Andersen et al. (2017a) showed a shift in overall quoll diet 

towards more larger prey (potentially via scavenging) and fewer smaller prey in eastern Tasmania, 

where devils have declined most. While these results suggest some form of mesopredator release at 

the individual level, no study to date has demonstrated any population-level effects. The species is 

typically detected too infrequently to be able to collect sufficient data to be able to demonstrate 

such effects (e.g. Hollings et al. 2014). This is because it naturally occurs at low densities, which may 

be a function of higher interference competition (Jones and Barmuta 1998) but may also be 

attributed to the species’ spatial ecology: adult females’ territories typically do not overlap which 

limits population numbers at any one site (Andrew 2005; Belcher and Darrant 2004; Glen and 

Dickman 2006b; Troy 2014). 
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Derivation of predictor variables 

Table B 1 Derivation of predictor variables 

Variable Description 

Habitat category 

Type The five categories used to stratify camera placement: pasture, native grassland, small 
(<20ha) woodland patch, medium (20-200ha) woodland patch and large (>200ha) 
woodland patch. 

Isolation 

Habitat isolation Landscape average of Euclidean nearest-neighbour distance between each habitat patch 
and its closest neighbour, calculated using FRAGSTATS (McGarigal et al. 2012). As this 
metric can be distorted unless the landscape size is larger than the patch size, this metric 
was only calculated at the 4000ha scale. 

Habitat amount  

Woody 
vegetation 

Total area of woody vegetation types (incl. all forest, woodland, scrub and heath vegetation 
types, as well as weed infestations (usually gorse) and Pteridium esculentum fernlands) 
within each buffer distance for each camera site. Urban, semi-urban and aquatic habitats 
were excluded from the analysis. 
Calculated using the TASVEG 3.0 dataset (DPIPWE 2017), hand edited to reflect recent 
vegetation clearing for pivot sites using ESRI World Imagery and the Tasmania State 
Orthophoto compilation (DPIPWE 2017).  

Non-agricultural 
vegetation 

As above, but also including native grasslands. 

Vegetation structure 

• McElhinny 
index 

This index assesses key stand structural attributes of known fauna-habitat relevance, and 
was developed for use in comparing the fauna habitat value of box-gum woodland stands 
in NSW (McElhinny 2005). It is an additive index of 13 variables: native perennial species 
richness, lifeform richness, basal area of overstorey species, quadratic mean dbh of 
overstorey species, low vegetation cover, high vegetation cover regenerating overstorey 
stems/ha (<5cm dbh), hollow-bearing trees/ha, large (>40cm dbh) trees/ ha, dead trees/ 
hectare, length of fallen logs (>10cm diameter), length of large fallen logs (>30cm 
diameter) and leaf litter. More detail on its derivation can be found in in the following 
section. 
This index was highly correlated with overstorey cover, basal area, species richness and old-
growth characteristics (e.g. logs and hollow-bearing trees), but not with below-canopy 
vegetation cover. For this reason the two variables below were also included as stand-
alone variables. 

• Midstorey 
cover 

Visual estimates of percent foliage cover for vegetation between 0.5-6m within a 20 x 20m 
quadrat centred on the camera 

• Vertical 
visibility 

Percentage visibility parallel to the ground from an eye-height of 25, 50, 75 or 100cm 
height. Average of four measurements (one in each cardinal direction) taken by an 
observer standing at the camera site, using a 1x1m board held perpendicularly to the 
ground 5m away. 

Topography 

Terrain 
ruggedness 
index (TRI) 

Calculated as per Riley et al. (1999) from the Tasmanian 30m Digital Elevation Model (REF). 
Calculated at the site level (individual DEM grid cells), and each of the buffer distances 
around each camera site. 

Linear habitat features 

Roads - Site level: distance to nearest road 
- Landscape level: total length of public roads (DPIPWE 2017), calculated for each buffer 

distance around each camera site. 
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Variable Description 

Creeklines - Site level: distance to nearest waterbody 
- Landscape level: total length of drainage lines (DPIPWE 2017), calculated for each buffer 

distance around each camera site. 

Closed/open 
edges 

- Site level: distance to nearest edge between woody vegetation types and open habitats 
(positive for woodland and native grassland sites, negative value for pasture sites) 

- Landscape level: Total length of edges between woody vegetation types and open 
habitats (agricultural land and native grasslands), calculated for each buffer distance 
around each camera site.  

Closed/pasture 
edges 

- Site level: distance to nearest edge between woody vegetation types and pasture 
(positive for woodland and native grassland sites, negative value for pasture sites) 

- Landscape level: Total length of edges between woody vegetation types and pasture, 
calculated for each buffer distance around each camera site. 

Human activity 

Building density Number of buildings (The LIST Building points and Building polygons, merged into a single 
point file) within each buffer distance for each camera site 

Climate 

Rainfall Mean annual precipitation (BioCLIM variable BIO12, 1km resolution raster) 

Temperature Mean annual temperature (BioCLIM variable BIO1, 1km resolution raster) 

Competitor activity 

STQ, Devil, Cat For each camera site, activity was calculated as the total count of detections of each 
competitor species over both survey seasons. Eastern quoll activity was not included as a 
predictor variable due to the low number of detections. 
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Calculation and calibration of McElhinny’s index of vegetation structural 

complexity 

McElhinny’s index scores stands of vegetation based on thirteen structural attributes of relevance to 

fauna habitat values, based on the range of values present in the region of interest (McElhinny et al. 

2006a). Although originally developed using vegetation on the inland slopes of New South Wales, 

the methodology was designed to be more generally applicable and has been successfully re-

calibrated for use in the Tasmanian Midlands (Bailey 2012). The index was calibrated for use in this 

study according to the following steps, in accordance with (McElhinny et al. 2006a).  

• Thirteen component structural attributes were measured at each camera site (Table B 2) 

•  Raw data was square-root or natural log transformed where necessary to improve 

normality and kurtosis, as indicated in Table B 3. 

• The transformed data was rescaled as a score between 0-10, such that each site was scored 

relative to the range of observed values for each attribute across the region. Rescaling was 

performed by fitting linear regression models to quantile values as per (McElhinny et al. 

2006a). In McElhinny’s transformation, the 12.5, 37.5, 62.5 and 87.5 percentile values from 

the data were given scores of 2.5, 5, 7.5 and 10 respectively, and other values constrained so 

that raw values of zero remained as zero and the rescaled score could not exceed 10. In our 

study, however, we adjusted the quantile values used for each variable so that: 

o All upper quantile limits were increased to the 95th percentile. Because of our 

experimental design, which included a large proportion of non- and degraded- 

woodland sites, using the 87.5 percentile meant that most of the values from more 

intact woodland sites were discarded, and therefore that the resultant score was 

skewed to degraded areas. 

o Lower limits were adjusted for variables with many zeros, such that the first 

regression point was non-zero (see Table B 3) 
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• Correlations between original and rescaled data showed that very little information was lost 

in the rescaling process (Table B 3, Pearsons r2>0.9 in all cases) 

• McElhinny’s index was calculated by adding each of the thirteen rescaled scores for each 

site, then expressing the result as a percentage (out of a possible maximum of 130 points). 

Table B 2 Variables used in the calculation of McElhinny’s index 

Variable Description 

Native perennial 
species richness 

All vascular flora (native and exotic) were identified to species level wherever possible 
within 20x20m quadrats. Perennial and native species were extracted during data 
analysis. 

Lifeform richness Categorical variable between 1-9, count of the following lifeform categories recorded 
within 20x20m quadrat (following McElhinny (2005)): Tree, tall shrub (1-6m),low shrub 
(0-1m), Tussock grass, non-tussock grass, fern, graminoid, vine, overstorey 
regeneration >2m high, overstorey regeneration <2m high. 

Low vegetation cover Point counts of vegetation <0.5m high intercepting the transect were recorded every 
metre along two perpendicular 50m transects centred on the camera point. 

High vegetation 
cover 

Visual estimates of percent foliage cover for vegetation between 0.5-6m within the 
central 20 x 20m quadrat 

Stand basal area 
(m2ha-1) 

Calculated using BA/0.1, where BA= ∑ (
𝜋

40000
𝑑𝑏ℎ2)𝑁

𝑛=1  and N is the number of live 

trees >5cm dbh within the 20 x 50m quadrat. 

Quadratic mean dbh 
(cm) dbhq=√

∑ 𝑑𝑏ℎ2

𝑁
 where N is the number of live trees >5cm dbh in the 20x50 quadrat. 

Hollow bearing trees  
(stems ha-1) 

Count of hollow-bearing trees within both 20 x 50m quadrats, divided by 0.16ha 
(overlapping areas of the quadrats were not double counted) 

Large trees (stems 
ha-1) 

Count of trees with dbh>40 cm within the 20 x 50m quadrat, divided by 0.1ha 

Dead trees (stems 
ha-1) 

Count of dead trees within the 20 x 50m quadrat, divided by 0.1ha 

Overstorey 
regeneration ((stems 
ha-1) 

Number of regenerating Eucalyptus stems <5cm dbh in the form of seedlings, 
lignotuberous sprouts and saplings 

Log length (m ha-1) Length of logs >10cm in both 20 x 50m quadrats, divided by 0.16ha (overlapping areas 
not double counted) 

Large long length (m 
ha-1) 

Length of large logs >30cm in both 20 x 50m quadrat, divided by 0.16ha (overlapping 
areas not double counted) 

Leaf litter cover Point counts of leaf litter every 1m along the two 50m transects.  
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Table B 3 Transformations, rescaling quantiles and correlation between original data and the 
rescaled values used in index calculation 

Variable Transformation 
Quantiles for each rescaled score Pearsons 

r2 
2.5 5 7.5 10 

Native perennial species 
richness 

 0.05 0.35 0.65 0.95 0.97 

Lifeform richness  0.05 0.35 0.65 0.95 0.99 

Low vegetation cover  0.05 0.35 0.65 0.95 1.00 

High vegetation cover Ln(x+1) 0.2 0.45 0.7 0.95 1.00 

Stand basal area (m2ha-1) Square root 0.23 0.47 0.71 0.95 0.92 

Quadratic mean dbh (cm) Ln(x+1) 0.23 0.47 0.71 0.95 1.00 

Hollow bearing trees (stems 
ha-1) 

Square root 0.71 0.79 0.87 0.95 0.97 

Large trees (stems ha-1) Square root 0.62 0.73 0.84 0.95 0.98 

Dead trees (stems ha-1) Ln(x+1) 0.53 0.67 0.81 0.95 0.94 

Overstorey regeneration 
(stems ha-1) 

Ln(x+1) 0.47 0.63 0.79 0.95 0.98 

Log length (m ha-1) Square root 0.2 0.45 0.7 0.95 0.98 

Large long length (m ha-1) Square root 0.35 0.55 0.75 0.95 0.96 

Leaf litter cover Square root 0.35 0.55 0.75 0.95 0.96 
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Detailed model results for each species 

Table B 4 Model-averaged parameter estimates of a) occupancy and b) abundance analyses 
for the Tasmanian devil, ranked by model weights 

a) OCCUPANCY ANALYSIS 
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Model name1 HabC VegSt LHab HabA Clim Topo HuDe Isol Null 

nPars 9.00 8.00 8.00 6.00 7.00 6.00 6.00 6.00 5.00 

AIC 915.2
3 

918.5
4 

918.5
6 

925.1
0 

926.0
2 

927.0
5 

929.7
7 

931.2
0 

931.2
7 deltaAIC 0.00 3.31 3.34 9.87 10.79 11.82 14.55 15.97 16.04 

AICwt 0.72 0.14 0.14 0.01 0.00 0.00 0.00 0.00 0.00 

cumltvWt 0.72 0.85 0.99 0.99 1.00 1.00 1.00 1.00 1.00 

ψ covariates          

Intercept 8.15 1.46 0.95 0.91 0.90 0.95 0.88 0.85 0.86 1.00 6.81 22.2
9 Woody Veg (200) 

   
0.81 

  
   0.01 0.81 0.33 

McElhinny Index 
 

1.24 
    

   0.14 1.24 0.49 

√Midstorey cover 
 

0.21 
    

   0.14 0.21 0.43 

Vertical visibility 
 

0.07 
    

   0.14 0.07 0.37 

TRI (4000ha) 
     

0.77    0.00 0.77 0.36 

√Pdist Road 
  

0.63 
   

   0.14 0.63 0.29 

√Pdist Water 
  

0.22 
   

   0.14 0.22 0.28 

Pdist Patch Edge 
  

1.16 
   

   0.14 1.16 0.39 

Med Woodland -4.94 
     

   0.72 -4.94 24.7
9 Native Grassland -8.13 

     
   0.72 -8.13 24.7

3 Pasture -8.62 
     

   0.72 -8.62 24.7
3 Small Woodland -7.32         0.72 -7.32 24.7
3 Ann Rainfall     -0.19     0.00 -0.19 0.26 

Ann Temperature     -0.88     0.00 -0.88 0.35 

ln(Buildings +1)       -0.46   0.00 -0.46 0.25 

Isolation        -0.37  0.00 -0.37 0.26 

ρ covariates             

Intercept -1.10 -1.14 -1.06 -1.08 -1.07 -1.08 -1.08 -1.08 -1.09 1.00 -1.10 0.13 

Baitdecay 2.84 2.79 2.89 2.88 2.89 2.86 2.86 2.86 2.86 1.00 2.84 0.62 

γ covariates             

Intercept -1.74 -6.54 -1.14 -1.11 -1.03 -1.05 -1.17 -1.20 -1.32 1.00 -2.39 12.9
5 ε covariates             

Intercept -1.12 -1.25 -0.99 -0.96 -0.95 -0.94 -0.98 -0.99 -1.01 1.00 -1.12 0.42 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and Table B 1 for derivation of model parameters. 
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b) ABUNDANCE ANALYSIS    
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Model name1 Topo Lhab HabA HabC Clim HuD Null Isol VegSt 

nPars 7 9 7 10 8 7 6 7 9 

AIC 1274.
542 

1278.
198 

1281.
473 

1282.
695 

1283.
62 

1283.
793 

1283.
93 

1285.
832 

1286.
398 deltaAIC 0 3.66 6.93 8.15 9.08 9.25 9.39 11.29 11.86 

AICwt 0.80 0.13 0.03 0.01 0.01 0.01 0.01 0.00 0.00 

cumltvWt 0.80 0.93 0.96 0.97 0.98 0.99 1.00 1.00 1.00 

λ covariates          

Intercept 1.00 1.01 1.07 1.43 1.09 1.07 1.10 1.10 1.14 1.00 1.01 0.20 

Woody Veg (200) 
  

0.28 
   

   0.03 0.28 0.13 

McElhinny Index 
      

  0.10 0.00 0.10 0.14 

√Midstorey cover 
      

  0.17 0.00 0.17 0.14 

Vertical visibility 
      

  -0.03 0.00 -0.03 0.14 

TRI (4000ha) 0.44 
     

   0.80 0.44 0.13 

√Pdist Road 
 

0.27 
    

   0.13 0.27 0.12 

√Pdist Water 
 

-0.14 
    

   0.13 -0.14 0.14 

Pdist Patch Edge 
 

0.43 
    

   0.13 0.43 0.16 

Med Woodland 
   

-0.04 
  

   0.01 -0.04 0.38 

Native Grassland 
   

-0.30 
  

   0.01 -0.30 0.39 

Pasture 
   

-1.28 
  

   0.01 -1.28 0.47 

Small Woodland 
   

-0.38 
  

   0.01 -0.38 0.38 

Ann Rainfall 
    

-0.05 
 

   0.01 -0.05 0.13 

Ann Temperature 
    

-0.28 
 

   0.01 -0.28 0.14 

ln(Building200 +1) 
     

-0.21    0.01 -0.21 0.14 

Isolation 
      

 0.04  0.00 0.04 0.14 

ρ covariates             

Intercept -2.30 -2.31 -2.31 -2.33 -2.33 -2.29 -2.31 -2.31 -2.38 1.00 -2.30 0.18 

Baitdecay 2.66 2.66 2.66 2.66 2.65 2.66 2.66 2.66 2.63 1.00 2.66 0.42 

γ covariates             

Intercept -0.40 -0.40 -0.37 -0.44 -0.30 -0.31 -0.33 -0.32 -0.38 1.00 -0.40 0.42 

ω covariates             

Intercept -0.32 -0.32 -0.36 -0.29 -0.41 -0.42 -0.39 -0.40 -0.30 1.00 -0.33 0.43 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and Table B 1 for derivation of model parameters. 
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Table B 5 Top model sets and model-averaged parameter estimates of a) occupancy and b) 
abundance analyses for the spotted-tailed quoll 

a) OCCUPANCY ANALYSIS 
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Model name1 VegSt Topo Lhab HabC Clim HabA Null Isol HuD 

nPars 11.00 9.00 11.00 12.00 10.00 9.00 8.00 9.00 9.00 

AIC 637.3
4 

644.3
7 

644.4
3 

645.3
1 

648.8
3 

651.2
5 

651.2
9 

652.1
7 

653.0
2 deltaAIC 0.00 7.02 7.09 7.97 11.49 13.90 13.94 14.83 15.68 

AICwt 0.92 0.03 0.03 0.02 0.00 0.00 0.00 0.00 0.00 

cumltvWt 0.92 0.95 0.98 0.99 1.00 1.00 1.00 1.00 1.00 

ψ covariates          

Intercept 8.15 1.46 0.95 0.91 0.90 0.95 0.88 0.85 0.86 1.00 6.81 22.2
9 WoodyVeg (2000) 

     
-0.42    0.00 -0.42 0.30 

McElhinny Index 0.41 
     

   0.92 0.41 0.38 

√Midstorey cover 0.85 
     

   0.92 0.85 0.42 

Vertical visibility -0.50 
     

   0.92 -0.50 0.38 

TRI (site scale) 
 

0.97 
    

   0.03 0.97 0.43 

√Pdist Road 
  

0.02 
   

   0.03 0.02 0.37 

√Pdist Water 
  

0.72 
   

   0.03 0.72 0.35 

Pdist Patch Edge 
  

0.93 
   

   0.03 0.93 0.49 

Ann Rainfall 
    

-0.77 
 

   0.00 -0.77 0.33 

Ann Temperature 
    

-0.30 
 

   0.00 -0.30 0.29 

Med Woodland 
   

0.31 
  

   0.02 0.31 1.16 

Native Grassland    -1.25      0.02 -1.25 0.96 

Pasture    -2.98      0.02 -2.98 1.12 

Small Woodland    -0.75      0.02 -0.75 1.00 

ln(Building200+1)         -0.14 0.00 -0.14 0.28 

Isolation        0.33  0.00 0.33 0.33 

ρ covariates             

Intercept -1.36 -1.36 -1.36 -1.36 -1.36 -1.35 -1.35 -1.35 -1.35 1.00 -1.36 0.28 

Baitdecay 2.68 2.59 2.66 2.68 2.57 2.51 2.52 2.53 2.53 1.00 2.67 0.77 

Sheep -1.39 -1.70 -1.51 -1.45 -1.73 -1.67 -1.71 -1.71 -1.71 1.00 -1.41 0.68 

Season (winter) -0.19 -0.05 -0.19 -0.19 -0.08 -0.19 -0.15 -0.13 -0.14 1.00 -0.18 0.32 

Sheep:Season 1.13 1.25 1.25 1.23 1.27 1.19 1.21 1.20 1.21 1.00 1.14 0.78 

γ covariates             

Intercept -3.69 -1.15 -2.24 -2.25 -1.12 -2.43 -1.79 -1.64 -1.68 1.00 -3.50 3.58 

ε covariates             

Intercept -0.79 -0.51 -0.66 -0.65 -0.46 -0.70 -0.64 -0.61 -0.63 1.00 -0.77 0.59 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and  Table B 1 for derivation of model parameters. 
 

  



Appendix B | 
 

173 
 

b) ABUNDANCE ANALYSIS 
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Model name1 VegSt Topo Lhab HabC Clim Null HabA Isol HuD 

nPars 11.00 9.00 11.00 12.00 10.00 8.00 9.00 9.00 9.00 

AIC 701.8
8 

708.6
8 

711.1
7 

713.5
4 

713.9
9 

715.5
5 

716.4
1 

716.6
3 

717.0
4 deltaAIC 0.00 6.80 9.29 11.66 12.10 13.67 14.53 14.75 15.15 

AICwt 0.95 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

cumltvWt 0.95 0.98 0.99 0.99 1.00 1.00 1.00 1.00 1.00 

λ covariates          

Intercept 0.39 0.09 0.19 0.66 0.04 0.13 0.13 0.12 0.12 1.00 0.38 0.37 

WoodyVeg (2000) 
      

-0.15   0.00 -0.15 0.14 

McElhinny Index 0.23 
     

   0.95 0.23 0.15 

√Midstorey cover 0.30 
     

   0.95 0.30 0.11 

Vertical visibility -0.26 
     

   0.95 -0.26 0.11 

TRI (site scale) 
 

0.34 
    

   0.03 0.34 0.10 

√Pdist Road 
  

0.09 
   

   0.01 0.09 0.14 

√Pdist Water 
  

0.25 
   

   0.01 0.25 0.13 

Pdist Patch Edge 
  

0.31 
   

   0.01 0.31 0.13 

Ann Rainfall 
    

-0.38 
 

   0.00 -0.38 0.17 

Ann Temperature 
    

-0.08 
 

   0.00 -0.08 0.14 

Med Woodland 
   

-0.03 
  

   0.00 -0.03 0.34 

Native Grassland 
   

-0.58 
  

   0.00 -0.58 0.40 

Pasture 
   

-1.41 
  

   0.00 -1.41 0.56 

Small Woodland 
   

-0.36 
  

   0.00 -0.36 0.37 

ln(Building200+1) 
      

  -0.10 0.00 -0.10 0.14 

Isolation 
      

 0.12  0.00 0.12 0.13 

ρ covariates             

Intercept -2.36 -1.89 -2.00 -2.04 -1.94 -1.92 -1.94 -1.96 -1.93 1.00 -2.33 0.58 

Baitdecay 2.74 2.81 2.77 2.85 2.76 2.76 2.76 2.75 2.77 1.00 2.75 0.66 

Sheep -1.26 -1.64 -1.49 -1.35 -1.69 -1.66 -1.62 -1.66 -1.65 1.00 -1.28 0.67 

Season (winter) -0.41 -0.42 -0.45 -0.46 -0.25 -0.30 -0.31 -0.26 -0.29 1.00 -0.41 0.50 

Sheep:Season 1.09 1.30 1.20 1.19 1.23 1.20 1.16 1.19 1.21 1.00 1.11 0.75 

γ covariates             

Intercept -2.79 -1.06 -1.76 -2.09 -1.18 -1.48 -1.74 -1.37 -1.39 1.00 -2.69 4.14 

ω covariates             

Intercept -0.01 -0.87 -0.33 -0.22 -0.46 -0.28 -0.12 -0.28 -0.32 1.00 -0.06 0.95 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and  Table B 1 for derivation of model parameters. 
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Table B 6 Top model sets and model-averaged parameter estimates of a) occupancy and b) 
abundance analyses for the feral cat 

a) OCCUPANCY ANALYSIS 
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Model name1 Lhab HabA HuD Clim Null HabC Topo Isol VegSt 

nPars 12.00 10.00 10.00 11.00 9.00 13.00 10.00 10.00 12.00 

QAIC 560.6
6 

566.5
1 

566.5
6 

569.3
1 

569.4
1 

570.2
4 

571.1
8 

571.4
0 

573.7
4 deltaQAIC 0.00 5.85 5.91 8.66 8.75 9.58 10.53 10.75 13.09 

QAICwt 0.87 0.05 0.05 0.01 0.01 0.01 0.00 0.00 0.00 

cumltvWt 0.87 0.92 0.96 0.97 0.98 0.99 0.99 1.00 1.00 

ψ covariates          

Intercept 1.11 1.14 1.27 1.03 0.86 -0.05 0.88 0.86 0.87 1.00 1.11 0.53 

NotAgVeg (500) 
 

-0.77 
    

   0.05 -0.77 0.43 

Rd Dens (200ha) 0.65         0.87 0.65 0.41 

Ck Dens (200ha) 0.67         0.87 0.67 0.42 

EdgeDens (200ha) 0.82         0.87 0.82 0.38 

ln(Building200+1)   1.21       0.05 1.21 0.85 

McElhinny Index 
      

  -0.47 0.00 -0.47 0.38 

√Midstorey cover 
      

  0.18 0.00 0.18 0.37 

Vertical visibility 
      

  -0.07 0.00 -0.07 0.32 

TRI (500ha) 
      

-0.15   0.00 -0.15 0.31 

Med Woodland      1.50    0.01 1.50 1.16 

Native Grassland      0.11    0.01 0.11 0.87 

Pasture      1.52    0.01 1.52 1.17 

Small Woodland      2.62    0.01 2.62 1.99 

Ann Rainfall 
   

-0.09 
  

   0.01 -0.09 0.35 

Ann Temperature 
   

0.62 
  

   0.01 0.62 0.36 

Isolation        0.02  0.00 0.02 0.33 

ρ covariates             

Intercept -1.94 -1.94 -1.93 -1.94 -1.94 -1.94 -1.94 -1.94 -1.94 1.00 -1.94 0.35 

Baitdecay 4.03 3.97 3.96 4.03 4.04 4.03 4.04 4.04 4.02 1.00 4.02 0.83 

Sheep -0.38 -0.36 -0.36 -0.34 -0.36 -0.35 -0.36 -0.36 -0.37 1.00 -0.37 0.47 

Season (winter) 0.52 0.48 0.49 0.49 0.52 0.49 0.51 0.52 0.53 1.00 0.52 0.38 

Sheep:Season 0.92 0.89 0.85 0.95 0.95 0.98 0.94 0.95 0.90 1.00 0.92 0.59 

γ covariates             

Intercept -0.99 -1.01 -0.95 -0.69 -0.51 -0.62 -0.54 -0.51 -0.48 1.00 -0.96 1.14 

ε covariates             

Intercept -1.71 -1.55 -1.53 -1.40 -1.39 -1.39 -1.39 -1.39 -1.40 1.00 -1.67 1.37 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and  Table B 1 for derivation of model parameters. 
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b) ABUNDANCE ANALYSIS 
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Model name1 Lhab HabA HuD Clim HabC Null Topo Isol VegSt 

nPars 12.00 10.00 10.00 11.00 13.00 9.00 10.00 10.00 12.00 

AIC 986.9
1 

995.3
9 

995.7
2 

1001.
21 

1001.
30 

1003.
91 

1004.
11 

1005.
76 

1005.
87 deltaAIC 0.00 8.48 8.80 14.30 14.39 17.00 17.20 18.84 18.96 

AICwt 0.97 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

cumltvWt 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

λ covariates          

Intercept 0.82 0.73 0.79 0.84 0.20 0.79 0.84 0.78 0.79 1.00 0.82 0.44 

NotAgVeg (500) 
 

-0.39 
    

   0.01 -0.39 0.12 

Rd Dens (200ha) 0.34 
     

   0.97 0.34 0.10 

Ck Dens (200ha) 0.29 
     

   0.97 0.29 0.11 

EdgeDens (200ha) 0.30 
     

   0.97 0.30 0.13 

ln(Building200+1) 
  

0.35 
   

   0.01 0.35 0.10 

McElhinny Index 
      

  -0.26 0.00 -0.26 0.15 

√Midstorey cover 
      

  0.09 0.00 0.09 0.14 

Vertical visibility 
      

  -0.17 0.00 -0.17 0.12 

TRI (500ha) 
      

-0.16   0.00 -0.16 0.12 

Med Woodland 
    

0.48 
 

   0.00 0.48 0.43 

Native Grassland 
    

0.24 
 

   0.00 0.24 0.45 

Pasture 
    

0.64 
 

   0.00 0.64 0.44 

Small Woodland 
    

1.09 
 

   0.00 1.09 0.40 

Ann Rainfall 
   

-0.08 
  

   0.00 -0.08 0.12 

Ann Temperature 
   

0.31 
  

   0.00 0.31 0.14 

Isolation 
      

 0.05  0.00 0.05 0.12 

ρ covariates             

Intercept -3.10 -3.28 -3.08 -3.28 -3.17 -3.06 -3.12 -3.07 -2.96 1.00 -3.11 0.56 

Baitdecay 3.39 3.41 3.38 3.39 3.44 3.47 3.42 3.47 3.43 1.00 3.39 0.55 

Sheep -0.17 -0.16 -0.18 -0.13 -0.15 -0.16 -0.16 -0.16 -0.19 1.00 -0.17 0.34 

Season (winter) 0.32 0.73 0.46 0.63 0.62 0.48 0.49 0.50 0.35 1.00 0.33 0.53 

Sheep:Season 0.62 0.57 0.54 0.55 0.57 0.64 0.59 0.63 0.60 1.00 0.62 0.41 

γ covariates             

Intercept 0.15 0.51 0.34 0.38 0.39 0.32 0.33 0.34 0.18 1.00 0.16 0.68 

ω covariates             

Intercept -0.50 -0.40 -0.78 -0.22 -0.54 -0.80 -0.64 -0.81 -0.77 1.00 -0.50 1.04 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and  Table B 1 for derivation of model parameters. 
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Table B 7 Top model sets and model-averaged parameter estimates of a) occupancy and b) 
abundance analyses for the eastern quoll 

a) OCCUPANCY ANALYSIS– FULL DATASET 
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Model name1 Topo HabA Lhab Isol Null HuD VegSt Clim HabC 

nPars 9.00 9.00 11.00 9.00 8.00 9.00 11.00 10.00 12.00 

QAIC 143.1
2 

154.2
0 

157.9
1 

158.7
3 

158.7
6 

160.7
5 

161.6
0 

161.7
3 

163.0
6 deltaQAIC 0.00 11.07 14.79 15.60 15.63 17.63 18.48 18.60 19.94 

QAICwt 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

cumltvWt 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ψ covariates          

Intercept -3.08 -2.28 -2.13 -2.10 -1.94 -1.94 -2.17 -1.95 -1.50 1.00 -3.08 1.43 

NotAgVeg (1000) 
 

1.33 
    

   0.00 1.33 0.58 

McElhinny Index 
      

-0.80   0.00 -0.80 0.64 

√Midstorey cover 
      

0.11   0.00 0.11 0.60 

Vertical visibility 
      

0.18   0.00 0.18 0.59 

TRI (4000ha) 3.18 
     

   0.99 3.18 1.71 

√Pdist Road 
  

0.11 
   

   0.00 0.11 0.49 

Ck Dens (200ha) 
  

0.33 
   

   0.00 0.33 0.48 

EdgeDens (200ha) 
  

0.98 
   

   0.00 0.98 0.53 

Ann Rainfall 
      

 0.44  0.00 0.44 0.45 

Ann Temperature 
      

 0.17  0.00 0.17 0.48 

Med Woodland 
      

  -8.61 0.00 -8.61 49.0
0 Native Grassland         0.18 0.00 0.18 1.21 

Pasture         -0.02 0.00 -0.02 1.29 

Small Woodland         -0.84 0.00 -0.84 1.40 

ln(Building200+1)      -0.03    0.00 -0.03 0.44 

Isolation    -0.87      0.00 -0.87 0.70 

ρ covariates             

Intercept -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 -0.78 1.00 -0.78 0.57 

Baitdecay 0.20 0.18 0.17 0.15 0.12 0.12 0.12 0.13 0.11 1.00 0.20 2.46 

Season (Winter) -1.49 -1.14 -1.09 -0.99 -0.93 -0.94 -0.95 -0.99 -0.96 1.00 0.20 2.46 

Baitdecay:Season 5.16 6.04 6.22 6.71 7.12 7.11 7.00 6.78 6.99 1.00 5.16 3.42 

γ covariates             

Intercept -4.38 -2.57 -2.50 -2.26 -2.14 -2.14 -2.17 -2.23 -2.17 1.00 -4.37 2.66 

ε covariates             

Intercept -1.29 -1.33 -1.36 -1.12 -0.98 -0.98 -1.03 -1.06 -1.04 1.00 -1.29 1.37 

a) OCCUPANCY ANALYSIS – SUBSET 
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Model name1 Clim Topo HabA HabC Null Lhab HuD Isol VegSt 

nPars 9.00 8.00 8.00 11.00 7.00 10.00 8.00 8.00 10.00 

AIC 234.6
4 

235.8
2 

237.5
4 

237.8
6 

238.0
0 

239.5
9 

239.9
5 

239.9
9 

240.5
6 deltaAIC 0.00 1.19 2.90 3.23 3.36 4.95 5.31 5.36 5.93 

AICwt 0.41 0.23 0.10 0.08 0.08 0.03 0.03 0.03 0.02 

cumltvWt 0.41 0.63 0.73 0.81 0.89 0.92 0.95 0.98 1.00 

λ covariates          

Intercept -0.92 -2.61 -1.15 -0.69 -0.77 -1.13 -0.77 -0.76 -0.96 1.00 -1.42 1.06 

NotAgVeg (1000) 
  

0.61 
   

   0.10 0.61 0.41 

McElhinny Index 
      

  -0.67 0.02 -0.67 0.51 

√Midstorey cover 
      

  -0.04 0.02 -0.04 0.44 
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Vertical visibility 
      

  0.10 0.02 0.10 0.47 

TRI (4000ha) 
 

1.61 
    

   0.23 1.61 0.88 

√Pdist Road 
     

0.25    0.03 0.25 0.38 

Ck Dens (200ha) 
     

0.24    0.03 0.24 0.35 

EdgeDens (200ha) 
     

0.45    0.03 0.45 0.37 

Ann Rainfall 0.87 
     

   0.41 0.87 0.54 

Ann Temperature 1.90 
     

   0.41 1.90 0.97 

Med Woodland 
   

-8.07 
  

   0.08 -8.07 33.9
7 Native Grassland 

   
1.85 

  
   0.08 1.85 1.39 

Pasture 
   

-0.42 
  

   0.08 -0.42 1.11 

Small Woodland 
   

-0.22 
  

   0.08 -0.22 1.12 

ln(Building200+1) 
      

-0.09   0.03 -0.09 0.39 

Isolation 
      

 0.02  0.03 0.02 0.48 

ρ covariates             

Intercept -0.72 -0.72 -0.72 -0.72 -0.72 -0.72 -0.72 -0.72 -0.72 1.00 -0.72 0.41 

Baitdecay 0.47 0.49 0.49 0.49 0.48 0.49 0.48 0.48 0.48 1.00 0.48 1.79 

Season (Winter) -0.83 -0.88 -0.84 -0.84 -0.84 -0.84 -0.84 -0.84 -0.84 1.00 0.48 1.79 

Baitdecay:Season 6.32 6.05 6.23 6.22 6.29 6.26 6.27 6.29 6.29 1.00 6.21 2.96 

γ covariates             

Intercept -0.78 -0.91 -0.87 -0.86 -0.83 -0.87 -0.84 -0.83 -0.83 1.00 -0.84 0.56 

ω covariates             

Intercept -0.95 -1.30 -1.26 -1.24 -1.18 -1.30 -1.18 -1.18 -1.18 1.00 -1.17 1.03 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and Table B 1 for derivation of model parameters. 
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b) ABUNDANCE ANALYSIS – FULL DATASET 
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Model name1 Topo Lhab HabA VegSt Isol HabC Clim Null HuD 

nPars 8.00 10.00 8.00 10.00 8.00 11.00 9.00 7.00 8.00 

AIC 357.4
5 

368.8
9 

373.9
0 

393.3
7 

401.8
6 

407.3
6 

409.0
0 

410.1
3 

411.3
5 deltaAIC 0.00 11.44 16.45 35.92 44.42 49.92 51.55 52.69 53.90 

AICwt 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

cumltvWt 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ψ covariates          

Intercept -1.71 -1.10 -1.66 -1.55 -1.16 -0.84 -1.14 -1.40 -1.27 1.00 -1.70 0.35 

NotAgVeg (1000) 
  

1.29 
   

   0.00 1.29 0.25 

McElhinny Index 
   

-0.81 
  

   0.00 -0.81 0.29 

√Midstorey cover 
   

0.57 
  

   0.00 0.57 0.21 

Vertical visibility 
   

0.87 
  

   0.00 0.87 0.44 

TRI (4000ha) 1.47 
     

   1.00 1.47 0.22 

√Pdist Road 
 

0.33 
    

   0.00 0.33 0.15 

Ck Dens (200ha) 
 

0.05 
    

   0.00 0.05 0.18 

EdgeDens (200ha) 
 

0.71 
    

   0.00 0.71 0.15 

Ann Rainfall 
      

0.43   0.00 0.43 0.16 

Ann Temperature 
      

0.09   0.00 0.09 0.19 

Med Woodland 
     

-8.85    0.00 -8.85 30.9
2 Native Grassland      -0.22    0.00 -0.22 0.59 

Pasture      -0.51    0.00 -0.51 0.69 

Small Woodland      -0.36    0.00 -0.36 0.62 

ln(Building200+1)         -0.24 0.00 -0.24 0.29 

Isolation     -0.90     0.00 -0.90 0.28 

ρ covariates             

Intercept -1.22 -1.41 -1.20 -1.16 -1.13 -1.08 -1.09 -1.08 -1.08 1.00 -1.22 0.36 

Baitdecay 0.99 1.06 1.09 1.01 1.12 1.02 1.06 1.02 1.03 1.00 0.99 1.31 

Season (Winter) -1.68 -1.63 -1.51 -1.45 -1.56 -1.12 -1.43 -1.06 -1.21 1.00 -1.68 0.50 

Baitdecay:Season 3.68 3.52 3.71 3.91 3.72 4.50 3.96 4.64 4.30 1.00 3.68 1.85 

γ covariates             

Intercept -11.8 -13.4 -3.38 -3.06 -11.8 -1.8 -2.88 -1.78 -2.06 1.00 -11.8 84.0 

ε covariates             

Intercept 1.03 0.64 0.91 1.13 1.14 0.70 1.09 0.68 0.87 1.00 1.03 0.93 

b) ABUNDANCE ANALYSIS- SUBSET 
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Model name1 Lhab HabA VegSt Topo Clim Null HabC HuD Isol 

nPars 11.00 9.00 11.00 9.00 10.00 8.00 12.00 9.00 9.00 

QAIC 203.7
0 

208.0
1 

210.0
0 

210.0
5 

211.2
5 

211.6
7 

213.4
2 

213.4
7 

213.5
3 deltaQAIC 0.00 4.31 6.30 6.35 7.54 7.96 9.71 9.76 9.83 

QAICwt 0.79 0.09 0.03 0.03 0.02 0.01 0.01 0.01 0.01 

cumltvWt 0.79 0.88 0.92 0.95 0.97 0.98 0.99 0.99 1.00 

λ covariates          

Intercept -0.32 -0.74 -0.56 -1.63 -0.47 -0.43 -0.21 -0.41 -0.42 1.00 -0.60 0.69 

NotAgVeg (1000)  0.74        0.09 0.74 0.32 

McElhinny Index   -0.86       0.03 -0.86 0.43 

√Midstorey cover   0.53       0.03 0.53 0.28 

Vertical visibility   0.55       0.03 0.55 0.51 

TRI (4000ha)    1.01      0.03 1.01 0.53 
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√Pdist Road 0.45         0.79 0.45 0.26 

Ck Dens (200ha) -0.20         0.79 -0.20 0.30 

EdgeDens (200ha) 0.39         0.79 0.39 0.21 

Ann Rainfall     0.53     0.02 0.53 0.31 

Ann Temperature     0.89     0.02 0.89 0.50 

Med Woodland       -9.73   0.01 -9.73 88.7
4 Native Grassland       0.45   0.01 0.45 0.75 

Pasture       -0.87   0.01 -0.87 1.03 

Small Woodland       0.29   0.01 0.29 0.79 

ln(Building200+1)        -0.15  0.01 -0.15 0.34 

Isolation         0.15 0.01 0.15 0.39 

ρ covariates             

Intercept -1.49 -1.22 -1.31 -1.19 -1.23 -1.20 -1.20 -1.20 -1.20 1.00 -1.34 0.54 

Baitdecay 1.24 1.29 1.25 1.22 1.24 1.22 1.22 1.23 1.21 1.00 1.25 1.65 

Season (Winter) -1.33 -1.19 -1.28 -0.95 -0.96 -0.87 -0.94 -0.92 -0.83 1.00 -1.18 0.75 

Baitdecay:Season 3.16 3.47 3.33 3.94 3.84 4.09 3.93 3.98 4.20 1.00 3.47 2.50 

γ covariates             

Intercept -1.33 -1.16 -1.68 -0.63 -0.74 -0.59 -0.62 -0.66 -0.53 1.00 -1.11 1.06 

ω covariates             

Intercept 0.58 0.80 1.21 0.56 0.74 0.55 0.51 0.64 0.47 1.00 0.65 1.30 
1Model name abbreviations: HabC – Habitat category, Isol – Isolation, HabA – Habitat amount, VegSt  
- Vegetation structure, Topo – Topography, Lhab – Linear habitat features, Clim – Climate. See Table 
1.1 for model descriptions and Table B 1 for derivation of model parameters. 
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Figure B 1 Partial effects plots and spatial representations of model results for a) Tasmanian devil, b) spotted-tailed quoll, c) feral cat and d) eastern quoll analyses (A3 version) 
Left-hand plots and figures represent occupancy model results, while right-hand plots and figures represent relative abundance model results. 
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Table C 1 Available home range estimates for feral cats, spotted-tailed quoll, Tasmanian devils 
and eastern quoll from previous Australian and current studies.  
Home ranges shown are MCP100 estimates, unless unavailable in which case * denotes MCP95 
estimates, or † denotes KDE95 estimate. Entries in bold for feral cats and spotted-tailed quolls 
indicate that individuals from these studies were used in regression analyses (Table C 2) 

Source Site 

Fix rate 
(mins 

bw 
fixes) 

Ave 
# 

fixes 

Ave 
# 

days 
Sex 

VHF/ 
GPS 

n 

Ave 
body 
mass 

(kg) 

Ave 
home 
range 

size (ha) 

Feral cat          

Bengsen et al. (2012) 
Kangaroo 
Island, SA 

30 or 
150 

249 73 
Female GPS 4 3.20 516 

Male GPS 9 4.38 838 

Buckmaster (2011) 
East 
Gippsland, 
VIC 

   

Female GPS 1 2.90 141 

 VHF 3 3.57 93 

Male GPS 3 4.37 532 

 VHF 1 5.20 226 

Burrows et al. (2003) 
Gibson 
Desert NR, 
WA 

  6 
Female VHF 1  700* 

Male VHF 2  1350* 

Edwards et al. (2001) 
Hamilton 
Downs, NT 

 
25-
50 

15-
24 
mo 

Male VHF 4  2211 

This study 

Campbell 
Town, TAS 

5 or 15 3901 30 

Female GPS 2 4.25 508 

Male GPS 6 3.84 1203 

Cressy, TAS 
Female GPS 4 2.88 212 

Male GPS 4 4.77 984 

Oatlands, 
TAS 

Female GPS 3 3.17 322 

Male GPS 3 4.33 1032 

Ross, TAS 
Female GPS 1 3.57 233 

Male GPS 2 5.02 591 

Hilmer (2010) 
Dirk Hartog 
Island, WA 

10, 40 
or 80 

  
Female GPS 4 3.33 714* 

Male GPS 11 4.53 1071* 

Hradsky (unpubl) 
Otway 
Ranges, VIC 

30 or 
erratic 

870 57 Male GPS 3 4.48 935 

Johnston et al. (2012) 
Flinders 
Ranges, SA 

 5078 97 

Female VHF 9 2.74  

Male GPS 7 4.16 711* 

 VHF 7 3.13  

Johnston (2012) 90 139  Female GPS 3 2.53 294 
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Source Site 

Fix rate 
(mins 

bw 
fixes) 

Ave 
# 

fixes 

Ave 
# 

days 
Sex 

VHF/ 
GPS 

n 

Ave 
body 
mass 

(kg) 

Ave 
home 
range 

size (ha) 

Wilsons 
Prom, VIC 

Male GPS 7 4.06 744 

Johnston et al. (2013) Pilbara, WA 
15 or 
180 

1683 63 
Female GPS 3 2.20 430 

Male GPS 6 3.67 1108 

Johnston et al. (2014) 
Roxby 
Downs, SA 

15 or 60 1927 28 
Female GPS 7 3.04 436 

Male GPS 11 4.21 489 

Jones and Coman 
(1982) 

Hattah-
Kulkyne NP 

 78 422 
Female VHF 2  170 

Male VHF 4  615 

McGregor et al. 
(2015b) 

Mornington 
Station, NT 

24 h >30 >30 
Female VHF 7  397† 

Male VHF 5  855† 

Molsher et al. (2005) 
Lake 
Burrendong, 
NSW 

 35  
Female VHF 6 3.39 277 

Male VHF 15 4.41 415 

Moseby et al. (2009) 
Roxby 
Downs, SA 

15 203 50 
Female GPS 3 3.68 2078* 

Male GPS 10 3.92 1572* 

Robley et al. (2010) 
Anglesea, 
VIC 

30 237  
Female GPS 2 3.30 1201 

Male GPS 7 4.57 1615 

Schwartz (1995) 
Sandford, 
TAS 

 94 85 
Female VHF 1  40 

Male VHF 2  121 

Spotted-tailed quoll          

Andersen et al. (in 
review) 

Arthur 
River, TAS 

15 666 33 
Female GPS 3  379 

Male GPS 7  591 

Andrew (2005) 
Limeburners 
Creek NP, 
NSW 

 42 267 
Female VHF 2 2.14 538 

Male VHF 3 2.73 2908 

Belcher and Darrant 
(2004) 

Badja, NSW 

 22 123 

Female VHF 3  596 

Male VHF 3  1129 

Suggan 
Buggan, VIC 

Female VHF 2  613 

Male VHF 3  1346 

Tallaganda, 
NSW 

Female VHF 5  380 

Male VHF 3  2791 

Burnett (2001) Mount 
Windsor 

 16 90 Female VHF 2  191 
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Source Site 

Fix rate 
(mins 

bw 
fixes) 

Ave 
# 

fixes 

Ave 
# 

days 
Sex 

VHF/ 
GPS 

n 

Ave 
body 
mass 

(kg) 

Ave 
home 
range 

size (ha) 

Tableland, 
QLD 

Claridge et al. (2005) 
Byadbo 
Wilderness 
Area, NSW 

 21 82 
Female VHF 3 1.42 131 

Male VHF 2 3.45 875 

Glen and Dickman 
(2006b) 

Marengo SF, 
NSW 

 38  
Female VHF 4  133 

Male VHF 4  363 

This study 

Campbell 
Town, TAS 

5 2187 26 

Female GPS 2 2.58 1938 

Male GPS 2 3.21 2507 

Cressy, TAS 
Female GPS 3 3.17 708 

Male GPS 1 4.49 1255 

Oatlands, 
TAS 

Male GPS 1 2.43 1988 

Körtner et al. (2016) 

Guy Fawkes 
NP, NSW 

24 
fixes/ 
day, 
variable 
interval 

297 34 

Female GPS 4 1.68 483 

Tuggolo SF, 
NSW 

Female GPS 1 3.04 610 

Male GPS 2 3.04 2405 

Troy (2014) 
Woolnorth, 
TAS 

120 203 30 Female GPS 7  372 

Tasmanian devil          

Andersen et al. (in 
review) 

Arthur 
River, TAS 

15 990 50 
Female GPS 10  1710 

Male GPS 8  2688 

This study 
Oatlands, 
TAS 

5 154 24 
Female GPS 1 6.16 4380 

Male GPS 1 11.56 5733 

Pemberton (1990) 
Mount 
William NP, 
TAS 

 46 11 
Female VHF 5  1355 

Male VHF 4  1300 

Eastern quoll          

Godsell (1983) 
Cradoc Hill, 
TAS 

 97 9 
Female VHF 19  35 

Male VHF 19  51 

This study 
Campbell 
Town, TAS 

 4  Male VHF 3 1.72 373 
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Table C 2 Individual home range estimates used in regression analyses. 
All home range estimates used in analyses are calculated using 95% kernel density estimates 
(KDE95_1H) unless otherwise indicated. Tracking data from Arthur River, Campbell Town, Cressy, 
Ross and Oatlands were subsampled to 1 fix per 1h for standardisation purposes. Alternative home 
range estimates (100% MCP and 95% mKDE or movement-based kernel density estimates, both 
based on the full dataset) are also provided for purposes of comparison. 
Reasons for excluding individuals are given in the right-hand column. Note Roxby Downs individuals 
are only from the Johnston et al (2014) study, as the Moseby et al (2009) tracking data included 
range shifts by individuals responding to baiting in nearby areas. 

Site ID Sex Weight 
KDE95_1H 

(ha) 
Excluded MCP 

(ha) 
mKDE 

(ha) 

Spotted-tailed quoll 

Tuggolo SF, NSW 
(Körtner et al. 
2016)  

M-1644 Male 
 

1503  2466  

M-1644 Male 
 

1327  2203  

M-3F02 Male 
 

637 Failed site 
fidelity test 

1518  

M-401C Male 
 

359  423  

M-6346 Male 
 

771  1404  

M-6737 Male 
 

547 Failed site 
fidelity test 

2607  

M-2411 Male 
 

848  610  

F-9768 Female 
 

554  2203  

M-0307 Male 
 

689 Failed site 
fidelity test 

819  

Guy Fawkes NP, 
NSW 
(Körtner et al. 
2016)  

F-0001 Female 
 

381  704  

F-202A Female 
 

231  342  

F-202A Female 
 

235  382  

F-716E Female 
 

459  504  

Woolnorth, TAS 
(Troy 2014) 

1 Female 
 

152  229  

2 Female 
 

349  386  

3 Female 
 

382  470  

4 Female 
 

485  439  

5 Female 
 

163  191  

6 Female 
 

380  427  

7 Female 
 

343  464  

Arthur River, TAS 
(Andersen et al. in 
review)   

bear Male 
 

334  342 265 

calypso Female 
 

555  525 327 

capella Female 
 

121  110 98 

chillax Male 
 

1731 Failed site 
fidelity test 

909 228 

dino Male 
 

509  453 284 

dipper Male 
 

961  899 435 
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Site ID Sex Weight 
KDE95_1H 

(ha) 
Excluded MCP 

(ha) 
mKDE 

(ha) 

helena Female 
 

546  503 254 

pegasus Male 
 

693  378 292 

pluto Male 
 

1339  943 371 

saturn Male 
 

502 Failed site 
fidelity test 

214 139 

Campbell Town, 
Midlands TAS 
(This study)  

Banzai Female 2.71 2626  2094 945 

Georgia Female 2.44 1830  1782 946 

Mufasa Male 
 

11184 Collar failed 
after 6d 

3809 820 

Pacha Male 2.62 2199  2365 885 

Xavier Male 3.8 3454  2648 779 

Cressy, Midlands 
TAS 
(This study)  

Betel Female 2.46 785  810 461 

Hazelnut Female 3.16 539  576 394 

Nutmeg Female 3.9 1023  738 418 

Waldo Male 4.49 1183  1255 707 

Oatlands, 
Midlands TAS 
(This study) 

Aravis Female 2.2 688 Limited data 
due to collar 
malfunction 

417 223 

Caspian Male 2.43 2403  1988 644 

Feral cat        

Campbell Town, 
Midlands TAS 
(This study)  

Agusto Male 
 

9040 Failed site 
fidelity test 

 828 

Barnaby Male 3.9 737  761 297 

Bronwyn Female 4.5 638  833 336 

Donald Male 3.53 993  1200 479 

Eric Male 3.5 1008  1257 413 

Joe Male 4.93 1349  1422 749 

Mamo Male 2.85 830  1252 452 

Pauline Female 4 103  182 96 

Tony Male 4.3 1231  1323 653 

Cressy, Midlands 
TAS 
(This study)  

Attilla Male 5 717  588 368 

Bellatrix Female 2.07 22  133 56 

Cruella Female 3.23 190  257 179 

Jabba Male 5.1 1288  950 468 

Joker Male 4.5 959  1010 510 

Petunia Female 2.7 418  269 186 

Rumpelstiltskin Male 4.46 1333  1389 732 

Umbridge Female 3.5 226  187 150 
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Site ID Sex Weight 
KDE95_1H 

(ha) 
Excluded MCP 

(ha) 
mKDE 

(ha) 

Ross, Midlands 
TAS 
(This study)  

ChairmanMiao Male 4.73 276  567 154 

MadameMiao Female 3.57 119 Failed site 
fidelity test 

233 105 

Rasputin Male 5.3 2188 Failed site 
fidelity test 

615 174 

Oatlands, 
Midlands TAS 
(This study)  

Godzilla Male 5.43 1363  1266 826 

Goliath Male 4.49 397  951 274 

Gremlin Male 3.08 548  879 212 

Mordred Female 3 231  351 234 

Pontiak Female 2.72 629  533 348 

Ursula Female 3.8 29  81 37 

Gomez Male 3.3 3 Cats confined 
to municipal 

tip 

61 7.5 

Gorgon Female 2 2 35 8.8 

Medusa Female 3.2 6 12 9.9 

Morticia Female 4.1 7 84 13.9 

Kangaroo Island, 
SA 
(Bengsen et al. 
2012) 

Bm1 Male 3.8 186*  194  

Bf1 Female 2.7 275*  287  

Bm2 Male 3.6 362*  392  

Bm3 Male 3.8 518*  782  

Bm4 Male 3.8 861*  1455  

Bm5 Male 5.4 1620*  1922  

Pf1 Female 4.3 284*  363  

Pf2 Female 3.2 459*  597  

Pm2 Male 4.4 503*  534  

Pm1 Male 5.1 511*  522  

Pf3 Female 2.6 645*  818  

Pm3 Male 3.3 652*  780  

Pm4 Male 6.2 936*  957  

Dirk Hartog Island, 
WA 
(Hilmer 2010) 

DH5 Male 5.1 387**    

DH5.1 Male 4.25 715**    

DH12 Male 5 1110**    

DH17 Male 5 1854**    

DH27 Male 5.1 1193**    

DH27.2 Male 4.5 595**    

DH29 Male 4.75 1285**    

MB8 Male 5.5 888**    

MB2 Male 2.7 2622**    
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Site ID Sex Weight 
KDE95_1H 

(ha) 
Excluded MCP 

(ha) 
mKDE 

(ha) 

MB3 Male 3.2 721**    

MB6 Male 4.7 410**    

B2 Female 3.5 367**    

MB5 Female 2.6 1579**    

B3 Female 3.7 637**    

MB7 Female 3.5 274**    

East Gippsland, 
VIC 
(Buckmaster 
2011)  

Karen (F) Female 
 

179  141  

Neil (M) Male 
 

546  410  

Hans (M) Male 
 

446  370  

Olof (M) Male 
 

595  816  

Liz (F) Female 
 

137 VHF only 166  

Chris (M) Male 
 

246 VHF only 226  

Hayley (F) Female 
 

58 VHF only 53  

Danielle (F) Female 
 

90 VHF only 60  

Otway Ranges, 
VIC 
(Hradsky, unpubl.) 

Ash Male 4.5 818  653  

Klaus Male 4.45 820  724  

Neko Male 4.5 1735  1428  

Anglesea, VIC 
(Robley et al. 
2010) 

2000 Female 3.1 1201 Non-standard 
calculation of 
home range 

  

4200 Male 3.5 1241   

1400 Male 5 1344   

200 Male 5.3 2261   

800 Male 4.9 7799   

Flinders Ranges, 
SA 
(Johnston et al. 
2012) 

890 Male 3.7 397**    

470 Male 3.8 678**    

1580 Male 4.5 684**    

80 Male 4.5 886**    

3580 Male 4.6 912**    

Pilbara, NT 
(Johnston et al. 
2013) 

150.178 Male 4.7 1260**    

150.285 Male 3.3 1320**    

150.003 Male 3.7 1630**    

150.161 Male 2.6 660**    

150.245 Male 3.8 670**    

150.344 Female 2.9 430**    

Roxby Downs, SA 
(Johnston et al. 
2014) 

2 Female 3.4 200**    

18 Male 3.5 210**    

12 Male 5.1 260**    
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Site ID Sex Weight 
KDE95_1H 

(ha) 
Excluded MCP 

(ha) 
mKDE 

(ha) 

6 Female 2.2 280**    

17 Female 3.7 280**    

7 Female 3 290**    

4 Male 4.3 300**    

3 Male 4.9 330**    

14 Female 3 400**    

1 Male 4.3 420**    

11 Male 3.4 450**    

9 Female 2.5 480**    

15 Male 3.7 480**    

10 Male 4.4 540**    

5 Male 5 850**    

16 Male 5 1050**    

8 Female 3.5 1120**    

Wilsons Prom, VIC  8 Female 2.8 294**    

2 Male 3.5 370**    

6 Male 3.8 499**    

9 Male 3.7 653**    

1 Male 4.3 778**    

10 Male 4.7 800**    

3 Male 3.6 1362**    

Home ranges calculated using: *adaptive nearest local convex hulls (LoCoH); ** 95% minimum 
convex polygons (MCP) 
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