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“Let it be remembered how powerful
the influence of a single introduced tree
or mammal has been shown to be.”

—Charles Darwin, 1859
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Abstract

Invasive predators are major drivers of global biodiversity loss and their
impacts may be worsened by other disturbances such as fire. | examined how the
fire history of shrublands influences the ecology of feral cats Felis catus, dingoes
Canis dingo and their prey species in Western Australia’s northern Wheatbelt

region.

A review of the literature revealed that feral cats inhabit a diverse range of
ecosystems worldwide, but are generally recorded most often in habitat types
characterised by a mixture of plant growth forms close to ground level. Cat habitat
use is influenced by predation/competition, prey availability, shelter availability
and anthropogenic resource subsidies. Relatively few studies were available for
review and the strength of evidence contained within them was generally low,

which highlighted the need for more rigorous field studies.

[ examined overlap in resource use between cats and dingoes using remote
camera surveys and dietary analysis of scats. Both carnivores were recorded in all
four major habitat types: recently burnt shrublands (10 to 14 years since last fire),
long unburnt shrublands (34 to ~49 years), very long unburnt shrublands (> 50
years), and woodlands. Dingoes and cats preferred woodlands and very long
unburnt shrublands respectively, but spatial overlap between the two species was
still common. Mean diurnal activity time for feral cats was two and a half hours
later than that of dingoes. The diet of feral cats was more diverse than that of
dingoes and dietary overlap between the two carnivores was relatively low. Rabbit
remains did occur relatively frequently in both cat and dingo scats, but small
mammals, reptiles and birds were also common in cat scats, and macropods in

dingo scats.

Nine of the 15 prey species studied showed a preference for either recently
burnt or long unburnt shrublands. Two small mammals and three reptiles were
most abundant in recently burnt areas, while the abundance of one small mammal
and three reptiles was highest in long unburnt areas. Using giving-up density
experiments, [ showed that rodents exhibited differential foraging behaviour in the
two vegetation fire ages. The rodents foraged for longer in sheltered compared to

open microhabitats, but this pattern only occurred in recently burnt, not long
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unburnt shrublands, probably because the higher density of understorey
vegetation in recently burnt areas provided the rodents with extra cover to hide

and escape from predators.

[ also developed a new framework for conceptualising interactions between
invasive predators and other ecological disturbances, such as fire, habitat
fragmentation, and top-predator decline. The impacts of invasive predators can be
classified as either functional (density-independent) or numerical (density-
dependent), and they interact with other threats through both habitat-mediated
(fire, grazing, land clearing) and community-mediated (top-predator decline,

altered prey populations, anthropogenic resource subsidies) interaction pathways.

The key findings of this thesis show that both old and young shrublands can
be suitable habitat for feral cats; predator-prey dynamics are influenced by
successional habitat stages; small mammals show behavioural, as well as
population-level responses to fire; and that invasive predator management is likely

to benefit from addressing multiple threats in unison.
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Chapter 1.
General introduction and study site
description

Invasive mammalian predators are a major driver of biodiversity loss in
ecosystems across the globe. Nine of these species feature in the list of 100 of the
World’s Worst Invasive Alien Species (Lowe et al. 2000), in addition to a further 21
introduced mammals that are known or potential predators of native fauna (IUCN
2014). These mammals range from obligate carnivores (e.g. Felis catus) to
opportunistic predators (e.g. Rattus spp.). Three of these taxa have had a
disproportionate impact on global biodiversity: the domestic cat Felis catus, the
red fox Vulpes vulpes and some rats Rattus spp. The domestic cat on islands has
contributed to at least 14% of bird, mammal and reptile extinctions globally
(Medina et al. 2011) and, along with the red fox, has also contributed to the
extinction of more than 20 mammal species in Australia (Woinarski et al. 2015).
Rattus rattus is the most damaging species of rat and has contributed to the decline
or extinction of 60 vertebrate species worldwide (Towns et al. 2006). In addition
to predation, invasive predators can also have a number of indirect impacts on
ecosystem function, potentially resulting in trophic cascades and ecosystem
collapse (Croll 2005; Johnson et al. 2007; Fey et al. 2009). These impacts include
resource competition (Glen & Dickman 2008), disease transmission (Banks &
Hughes 2012), hybridisation (Daniels et al. 2001), and facilitation with other

invasive species (Courchamp et al. 2000).

Reducing the impacts of invasive predators is a priority for conservation
managers in Europe (Daniels et al. 2001; Zuberogoitia et al. 2010), North America
(Loss et al. 2013), the Caribbean (Coblentz & Coblentz 1985), Australia (Saunders
etal. 2010; Woinarski et al. 2015), New Zealand (Lettink et al. 2010; Russell et al.
2015), and many islands (Hess et al. 2009; Ratcliffe et al. 2010; Phillips et al. 2011;
Oppel et al. 2014). To date, management of the threats posed by invasive predators
has focused largely on directly manipulating their populations using lethal control.

The main methods include combining exclusion fencing and lethal control to create



predator-free areas (Young et al. 2013); culling, often financed using bounty
systems (Bonesi et al. 2007); and poisoning, using large-scale baiting programmes
(e.g. 1080 poison baiting) (Robley et al. 2014). A consistent feature of these
methods is their sole focus on removing individuals to reduce or eliminate
predation pressure on native prey. While these programmes have at times been
successful in limiting the effects of invasive predators on prey at local scales or on
islands (Whitworth et al. 2013; Robley et al. 2014), they are extremely costly
(Zuberogoitia et al. 2010), they have not arrested the ongoing declines of native
fauna in most regions (e.g. Woinarski et al. 2015), and their applicability at larger
spatial scales is questionable (Lieury et al. 2015). Further, such management
programmes often occur without considering how the predators might interact
with other stressors impacting ecosystems at the same time. This has led to
unpredictable outcomes of invasive predator control; sometimes it is ineffectual
(Bodey et al. 2011; Lazenby et al. 2014), or worse, results in a net negative
outcome for biodiversity (Norbury et al. 2013; Marlow et al. 2015). These
examples are supported by a rapidly growing body of evidence showing that
threatening processes frequently interact to influence vulnerable species and
ecosystems (Didham et al. 2007; Brook et al. 2008; Mantyka-Pringle et al. 2011;
Norbury et al. 2013; Stireman et al. 2014). Processes such as habitat
fragmentation, fire, and top-predator declines can interact with invasive predators
to exacerbate extinction risk for native species (Crooks & Soulé 1999; Norbury et
al. 2013; McGregor et al. 2014), which suggests that integrated approaches that
address multiple threats in unison are likely to be most effective (Dickman et al.

2010a; Evans et al. 2011).1

Australia provides a useful model for evaluating the complex issues around
the impacts of invasive predators and other ecological disturbances. Historical and
contemporary declines in Australia’s mammal fauna have been attributed to

interactions between multiple threatening processes (Smith & Quin 1996;

I These first two paragraphs are adapted from the following paper of which I am the lead
author: Doherty TS, CR Dickman, DG Nimmo and EG Ritchie (2015) Multiple threats, or
multiplying the threats? Interactions between invasive predators and other ecological
disturbances. Biological Conservation, 190:60-68.



Woinarski et al. 2011; Ziembicki et al. 2015), with Australia having the world’s
worst mammal extinction record—30 extinctions in total—accounting for 11% of
the continent’s endemic land mammals and 35% of mammal extinctions globally
(Woinarski et al. 2015). Two invasive predators are the primary agents of these
declines, with feral cats and red foxes contributing to 22 and 13 mammal
extinctions respectively, and the decline of many other species (Woinarski et al.
2015). Most of these species are arid-zone, ground-dwelling taxa with a body mass
between 35 and 5,500 g—traits that make them particularly vulnerable to
predation by cats and foxes (Burbidge & McKenzie 1989; Johnson & Isaac 2009).
The extinctions began around 1840—just 50 years after European settlement—
and then continued through the 20t century up until the present day (Johnson
2006; Woinarski et al. 2015). Other major threatening processes that have
contributed to this extreme rate of extinction include habitat loss and
fragmentation, habitat alteration by livestock and feral herbivores, altered fire
regimes, and disease (Johnson 2006; Woinarski et al. 2015). From herein, I focus
on the impacts and management of feral cats, rather than foxes, because of the
challenges inherent in managing cats (Fisher et al. 2014b), a history of effective fox
control (Saunders et al. 2010), and strong evidence that cats are driving a new

wave of mammal declines in Australia (Ziembicki et al. 2015).

History and impacts of cats in Australia

The earliest known introduction of domestic cats to Australia was by
European settlers at multiple coastal locations during the period 1824-86 (Abbott
2002). Cats were initially kept as companion animals and pest control agents in
settlements and on farms, but they inadvertently dispersed into the natural
environment and formed self-sustaining feral populations (Rolls 1969; Abbott
2002). With the expansion of European settlements, cats spread rapidly and had
colonised 90% of the continent by the 1890s (Abbott 2002). Their success was in
part aided by the release and spread of European rabbits Oryctolagus cuniculus,
which provided a stable and abundant food source across much of the continent
(Rolls 1969; Abbott 2008). At times, cats were even transported to and
intentionally released at locations where rabbit plagues were a major problem

(Rolls 1969; Abbott 2008).



Feral cats live and reproduce in the wild, survive by hunting or scavenging,
and have no direct dependence on humans. Being a generalist, obligate carnivore,
the feral cat feeds mainly on small and medium-sized mammals, such as rodents
and rabbits (Fitzgerald & Turner 2000), although in Australia its diet also includes
lizards, snakes, frogs, marine and terrestrial bird species, arboreal and ground-
dwelling marsupials, and carrion (Appendix A). Although there is no unequivocal
evidence implicating cats as the sole extinction agent for Australian mammals,
statistical modelling has revealed temporal and spatial relationships between the
arrival or presence of cats in an area and the decline of native mammals (Burbidge
& McKenzie 1989; Smith & Quin 1996; McKenzie et al. 2007). Smith and Quin
(1996) identified cats as the primary driver of decline for small (10-35 g)
conilurine rodents (Conilurini), and for conilurine rodents of all sizes in areas
where rabbits and foxes are scarce or absent. Also, Burbidge and Manly (2002)
found that both cats and foxes were associated with mammal extinctions on
Australian islands and the effect of cats was worst on arid islands. Further
evidence for their impacts has been drawn from molecular analysis of predation
events (Glen et al. 2009; Marlow et al. 2015) and the relative persistence or failure
of reintroduced mammal populations inside or outside of predator-proof reserves

and islands (Short & Turner 2000; Moseby et al. 2011b).

There have only been a few experimental studies of feral cat impacts in
Australia. At Shark Bay in Western Australia, capture rates of small mammals
declined by 80% in a low fox density and high cat density treatment, while capture
rates doubled in a low fox and low cat treatment (Risbey et al. 2000). The control
area with moderate cat and fox densities maintained intermediate numbers of
small mammals (Risbey et al. 2000). At the Arid Recovery reserve in South
Australia, rodent abundance in a fenced reserve where cats, foxes and rabbits had
been eradicated was 15 times higher than outside the reserve (Moseby et al.
2009a). Finally, in the Northern Territory, feral cats quickly extirpated
reintroduced populations of long-haired rats Rattus villosissimus in two predator-
accessible areas, while two predator-proof populations persisted (Frank et al.
2014). Taken together, these results confirm that feral cats can suppress and
exterminate populations of small mammals. Cats may also impact native fauna

through resource competition (Glen & Dickman 2008; Pavey et al. 2008) and



transmission of the protozoan parasite Toxoplasma gondii (Canfield et al. 1990;
Bettiol et al. 2000), although empirical evidence of these effects is lacking (but see
Fancourt et al. 2014).

Influence of fire on predator-prey dynamics

Fire causes dramatic changes in vegetation structure and hence has strong
effects on plant and animal communities, particularly in fire-prone regions. These
effects include animal mortality (Hailey 2000; Smith et al. 2012b) and changes in
food availability (Vernes et al. 2004; Valentine et al. 2014), resource competition
(Sutherland & Dickman 1999) and nesting resources (Saab et al. 2007), ultimately
leading to changes in habitat suitability and associated shifts in community
composition (Horn et al. 2012; Nimmo et al. 2012a). Although fire is a natural
disturbance, anthropogenic pressures have altered fire frequency, intensity and
size in many parts of the world (Penman et al. 2011), hence many animal species
are threatened by altered fire regimes that change habitat or resource availability

beyond natural perturbations (e.g. Ager et al. 2007; Valentine et al. 2011).

Predator-prey systems present an interesting case study when it comes to
the influence of fire-induced habitat changes on animal communities. Predation
risk is generally lower in sheltered compared to open habitats (Verdolin 2006;
Janssen et al. 2007), hence the loss of vegetation cover following fire can result in
higher predation rates of small mammals in burnt compared to unburnt areas
(Conner et al. 2011; Leahy 2013). Declines in the survival, abundance and rates of
transition to reproductive states of hispid cotton rats Sigmodon hispidus following
prescribed fire were attributed to increased rates of predation (Morris etal. 2011).
Predators are often attracted to recently burnt areas because of the improved
hunting opportunities these areas provide (Dees et al. 2001; Birtsas et al. 2012;
McGregor et al. 2014). Birtsas et al. (2012) found that visitation rates of foxes and
dogs Canis lupus familiaris at sampling stations in an intensely burned area were
greater than in both a moderately burned area and an unburned area, and
McGregor et al. (2014) found that feral cats in northern Australia preferentially
hunted in areas that had recently been grazed or intensely burnt. This suggests
that early post-fire habitats can be particularly risky environments for prey

species.



Although largely untested, the loss of vegetation cover following fire is also
likely to cause changes in prey species behaviour (Stokes et al. 2004; Spencer et al.
2005). For example, experimental reduction of vegetation cover on Australia’s
Fraser Island led to changes in the foraging behaviour, abundance and size
structure of bush rat Rattus fuscipes populations (Spencer et al. 2005). Bush rats
spent less time foraging in areas where cover had been reduced, probably because
of an increase in perceived predation risk (Spencer et al. 2005). Consequently, the
combined effects of fire and predation are likely to have considerable impacts on
prey populations (Morris et al. 2011; Leahy 2013), and may be worse still when
the predator is an introduced species (Salo et al. 2007). Recent evidence from
northern Australia supports this notion, where the impacts of feral cats are
exacerbated by changes in fire and grazing regimes, leading to severe declines of
native mammal populations (Woinarski et al. 2011; Leahy 2013; McGregor et al.
2014; Ziembicki et al. 2015). Because fire is a major part of many Australian
ecosystems (Russell-Smith et al. 2007; Murphy et al. 2013) and its incidence is
predicted to increase with future climatic changes (Williams et al. 2001; Pitman et
al. 2007), understanding the combined effects of fire and predation is essential to

preventing further extinctions.

Interactions between predators

Predation and competition from sympatric predators may also play a role in
moderating the impacts of feral cats. Cats are often recorded less frequently at
sites where larger carnivores are common, including dingoes Canis dingo (Brook et
al. 2012), Tasmanian devils Sarcophilus harrisii (Lazenby & Dickman 2013),
coyotes Canis latrans (Gehrt et al. 2013), red foxes (Molsher 1999) and dogs Canis
lupus familiaris (Krauze-Gryz et al. 2012). The mechanism driving these patterns
may be interference competition (e.g. aggressive encounters) and/or exploitation
competition (e.g. use of a shared resource) (Polis et al. 1989). Documenting the
degree of overlap in resource use is a useful first step in determining whether

resource competition may exist between sympatric carnivores.

Feral cats are sympatric with native dingoes and introduced foxes in many
parts of Australia and moderate to high levels of dietary overlap between the three

carnivores suggest strong potential for exploitation competition (Glen & Dickman



2005). Additional observations confirm that dingoes will kill and/or consume
foxes and cats (Marsack & Campbell 1990; Moseby et al. 2012), and the same for
foxes to cats (Molsher 1999; Paltridge 2002). There is a growing body of
knowledge showing that both dingoes and foxes can have temporally and spatially
suppressive effects on cat habitat use, activity or abundance (Molsher 1999;
Risbey et al. 2000; Brawata & Neeman 2011; Brook et al. 2012; Wang & Fisher
2013; Marlow et al. 2015). Brook et al. (2012) found that cat activity was higher
and that cats were active earlier in the night at sites where dingoes were subject to
lethal control compared to sites without lethal control. Wang and Fisher (2013)
also found evidence of temporal segregation between cats and dingoes. These
observations suggest that an understanding of how invasive mesopredators

interact with intra-guild species is necessary if their impacts are to be reduced.

Study rationale and aims

Given the major role of feral cats in Australia’s mammal extinctions and
strong potential for fire regimes and sympatric predators to influence their
impacts, an integrated understanding of the relative importance of these factors
and potential synergies between them is required if the impacts of feral cats are to
be reduced. In this thesis, I use a combination of review and field studies to
investigate the influence of shrubland fire regimes on feral cats, their prey species
and competitors (dingoes) in south-western Australia. Foxes are not examined in
detail because they were uncommon at the study site. The thesis is structured
around five key objectives:

Objective 1:  Critically review the literature to identify the primary factors
influencing feral cat habitat use (Chapter 2);

Objective 2:  Examine habitat selection by cats with regard to the fire history of
vegetation and the factors driving this (Chapter 3);

Objective 3:  Investigate overlap in resource use between sympatric cats and
dingoes (Chapter 3);

Objective 4:  Identify patterns of prey habitat selection to assess whether some
species are at a greater risk of predation due to habitat selection by
cats (Chapter 4); and

Objective 5:  Determine whether fire-induced changes in habitat structure influence
the behaviour of cat prey species (Chapter 5).



In the final chapter, I integrate the findings of the four main chapters into a
broad understanding of the role of fire in predator-prey dynamics and how this
information can inform management of invasive predators. To this end, I also
present a new framework for conceptualising interactions between invasive

predators and other ecological disturbances.

The original primary aim of this thesis was to investigate cat habitat
selection, movements and other aspects of their spatial ecology using GPS tracking
collars. Although I fitted GPS collars to a sample of cats, apparent equipment
failure and other possible factors prevented any data from being retrieved. I detail
this in Appendix C to provide context to Chapter 3. The resultant thesis objectives
are broadly similar to the original objectives, although [ was unable to examine
fine-scale habitat selection by cats, nor their home range sizes. I also present a
quantitative analysis of feral cat diet in Australia (Appendix A), and detail the
results of a poison baiting trial that was conducted at the study site during the

study period (Appendix D).

Study site description

The study site for this work was Charles Darwin Reserve (CDR), a 68,000 ha
pastoral lease 350 km north-east of Perth in Western Australia’s northern
Wheatbelt region (29° 35’ S, 116° 58’ E; Figure 1.1). The reserve is managed for
conservation by Bush Heritage Australia (BHA) and was de-stocked of sheep and
goats in 2003. Surrounding land includes Wanarra station to the west, the
destocked Mt Gibson Wildlife Sanctuary to the east, the partially destocked
Ninghan station to the north-east and Unallocated Crown Land to the south (Figure
1.1). The 1,170 km State Barrier Fence, which was built to exclude dingoes from
agricultural land in the southwest of the state, runs through the study area. The
climate is semi-arid Mediterranean, with cool winters, hot summers and low
rainfall (mean 306 mm year-! at the adjacent Wanarra pastoral station; Bureau of

Meteorology 2014).
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Figure 1.1 A: Location of the study area in south-western Australia; B: Location of the
study area in the Avon Wheatbelt bioregion (AVW); C: Property boundaries and
distribution of vegetation fire ages. NB: not all minor roads and tracks are shown. White
areas on the map have no known fire age and are considered to have remained unburnt
for 50-100+ years (‘very long unburnt’). Bioregions in map B: GES, Geraldton Sandplains;
YAL, Yalgoo; MUR, Murchison; COO, Coolgardie; JAF, Jarrah Forest; SWA, Swan Coastal

Plain.



Vegetation

The reserve lies within the Avon Wheatbelt P1 bioregion, of which > 80%
has been cleared of its native vegetation since European settlement (Department
of Agriculture and Food WA 2007). The reserve contains 716 plant taxa, including
29 threatened plant species (BHA, unpublished data). The major vegetation types
within the broader study area are: shrublands, Eucalyptus salubris woodlands,
Eucalyptus loxophleba woodlands, greenstone hills and ironstone ranges, and
seasonal salt lakes (Payne et al. 1997). Around half of the reserve’s area is
comprised of dense mixed-species shrublands on deep yellow sands (the 'Joseph'
land system sensu Payne et al. 1997) and the remainder is a mixture of eucalypt
woodlands and other vegetation types (Braun 2006). The shrublands are
dominated by Acacia species, but also contain other shrub genera like

Allocasuarina, Melaleuca, Hakea and Grevillea.

A history of unplanned fire at CDR has resulted in around 69% of these
shrublands being burnt in wildfires between ~1969 and 2004 (Braun 2006). The
most recent fires occurred between 2000 and 2004 inclusive, and the oldest
mapped fire scar is dated 1969, which is a collection of fire scars visible on the
earliest aerial photography available for the study site (1969) and represents a
number of fires of similar age from around that time (Braun 2006). Fires in the
study region predominantly occur in the sandplain shrublands, with the
woodlands remaining largely unburnt, except at the edges, because the woodlands

lack the dense flammable understorey found in the shrublands (Braun 2006).

The shrublands generally contain a single dense band of vegetation that
increases in height with time since fire and contains limited vegetation cover
beneath it (Parsons & Gosper 2011; Dalgleish et al. 2015). Recently burnt areas (8-
14 years since last fire) are short (< 2 m) and lack a litter layer and distinct canopy
(Figure 1.2). The long unburnt shrublands (34-49 years) are characterised by
variable structure between 0 and 4 m, although the most dense vegetation is
between 0 and 2 m, whereas the very long unburnt shrublands (> 50 years) are
more open in the 0 to 2 m stratum and more dense between 2 and 4 m, and also

exhibit greater patch size variability (Figure 1.2) (Dalgleish et al. 2015).
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Figure 1.2 Changes in shrubland structure with increasing time since fire. Clipart images
are sourced from the Integration and Application Network
(www.ian.umces.edu/symbols/). NB: Due to spatial and temporal variation in sampling
strategies, some parts of the thesis refer to ‘recently burnt’ vegetation that was 10-13/14

years old.

Fauna

The reserve contains 74 reptile, 27 mammal, 143 bird and six frog species
(BHA, unpublished data). Several species are at the edge of their range here
because the location is transitional between the arid interior and more mesic
southwest of the state (Richards et al. 2011a; Richards et al. 2011b). Most medium
and large native mammal species (> 500 g body weight) have become extinct in the
region (Woinarski et al. 2014), with the only extant species being the long-beaked
echidna Tachyglossus aculeatus, the euro Macropus robustus, the western grey
kangaroo Macropus fuliginosus, the red kangaroo Macropus rufus, and the dingo
Canis dingo. Introduced mammals that occur at the reserve include the feral cat,
red fox, European rabbit, house mouse Mus musculus and goat Capra hircus. The
nationally threatened malleefowl Leipoa ocellata occurs at the reserve and is
threatened by inappropriate fire regimes and introduced predators (Benshemesh

2007).
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Chapter 2.

A critical review of habitat use by feral
cats and key directions for future
research and management

Doherty TS, A] Bengsen and RA Davis (2014) A critical review of habitat use
by feral cats and key directions for future research and management. Wildlife

Research, 41:435-446.

Introduction

Invasive mammalian predators have caused or contributed to the decline
and extinction of many species worldwide (Salo et al. 2007). Examples include the
red fox Vulpes vulpes (Johnson 2006), mustelids (Mustelidae) (King & Moody 1982;
Salo et al. 2010), rats Rattus spp. (Jones et al. 2008; Capizzi et al. 2014) and the
domestic cat Felis catus (Medina et al. 2011; Duffy & Capece 2012). Humans have
introduced the domestic cat to almost every region of the world and self-
sustaining wild populations now exist in a wide variety of landscape types
including deserts, forests and tropical to sub- Antarctic islands (Long 2003).
Animals in these populations are generally termed ‘feral’, meaning that they are
descended from domesticated ancestors but now exist in a free-living state with no
direct dependence on humans. Feral cats are distinguished from ‘unowned’ cats
(stray or semiferal) in that unowned cats remain dependent on humans for at least

the incidental provision of resources such as food or shelter.

Feral cats are almost exclusively carnivorous and generally obtain most of
their food resources by hunting live prey (Fitzgerald & Turner 2000). Feral cats
are acknowledged as one of the world’s worst 100 invasive species (Lowe et al.
2000) and are thought to have been an important contributing factor to at least

14% of bird, reptile and mammal extinctions globally (Medina et al. 2011) and at
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least 16 mammal extinctions in Australia? (Johnson 2006). Predation by feral cats
can jeopardise conservation programmes aiming to reintroduce native fauna into
areas of their former range (Moseby et al. 2011b; Potts et al. 2012), and cats can
have non-lethal impacts on susceptible populations through competition, disease
transmission, induced predator-avoidance behaviour and hybridisation (Daniels et
al. 2001; Medina et al. 2014). Reducing the impacts of feral cats is a priority for
conservation managers in Europe (Daniels et al. 2001; Sarmento et al. 2009),
North America (Blancher 2013; Loss et al. 2013), Oceania (Medway 2004;
Woinarski et al. 2011; Garnett et al. 2013) and islands worldwide (Keitt et al. 2002;
Judge et al. 2012; Nogales et al. 2013).

Substantial effort has been invested in research and management to
mitigate the impacts of feral cats in recent years (e.g. Moseby et al. 2009b; Hess et
al. 2009; Luna-Mendoza et al. 2011). Cats have been eradicated from 105 mostly
small islands (DIISE 2014), but unfenced mainland sites generally require
sustained control efforts because cats have a high reproductive output and an
aptitude for reinvasion (Bowen & Read 1998; Short & Turner 2005). The
development of efficient and effective management programmes for invasive
predators such as feral cats usually requires reliable information about the spatial
ecology of the subject species to inform management decisions such as the density
at which control devices should be deployed (Goltz et al. 2008; Moseby et al.
2009b) or the geographic scale of control operations (Mosnier et al. 2008).
Information about habitat use is particularly important for maximising the rate at
which pest species encounter control devices such as traps or poison baits (Recio
et al. 2010; Bengsen et al. 2012), designing efficient monitoring programmes
(Pickerell et al. 2014), predicting the spatial distribution of an invasive species’
impacts (Kliskey & Byrom 2004) or identifying native fauna populations that are
most likely to be imperilled by the invader (Gehring & Swihart 2003; Recio et al.
2014).

Given the growing recognition of the impact of feral and unowned cats and

developments in the technology available to both monitor and control them (e.g.

2 This number has since been revised to 22 by Woinarski et al. (2015) to reflect taxonomic
changes and other new information.

13



Algar et al. 2007; Recio et al. 2010; Bengsen et al. 2011), it is timely to review the
state of knowledge on the habitat use patterns of cats across their broad global
distribution. Here, we review experimental and observational studies conducted
around the world over the last 35 years that aimed, at least in part, to examine
habitat use by feral and unowned cats. The term ‘habitat use’, as used here, refers
to the habitat components and vegetation types that an animal uses, whereas
‘habitat selection’ refers to the behavioural process that ultimately produce habitat
use patterns, and is usually described as preference or avoidance of different
habitat components or vegetation types (Johnson 1980; Hall et al. 1997). Our aim
here is not to provide strict guidelines for research and management of feral cats
because this is not feasible or useful, given their global distribution and the wide
range of contexts in which they occur. Rather, we seek to establish a conceptual
framework that will guide the activities of researchers and land managers in
reducing feral cat impacts at a scale appropriate for useful management and
research. Specifically, our aims are to: (1) summarise the current body of literature
on habitat use by feral and unowned cats in the context of applicable ecological
theory (i.e. habitat selection, foraging theory); (2) develop testable hypotheses to
help fill important knowledge gaps in the current body of knowledge on this topic;
and (3) build a conceptual framework that will guide the activities of researchers
and managers in reducing feral cat impacts. Most of the available literature is on
feral cats, rather than unowned cats, so we generally refer to them collectively as

feral cats throughout.

Methods

We searched Web of Science and Scopus international databases for studies
on habitat use by feral and unowned cats with combinations of the following
keywords: feral cat, Felis catus, stray cat, semi-feral, free-living, habitat use, habitat
selection, and home range. To these results, we added any additional studies on cat
habitat use that we sourced from reference lists, book chapters and publically
available theses. After removing duplicates, we also excluded studies that did not
include a component on habitat use by Felis catus, and studies that did not include
feral or unowned cats, resulting in a list of 27 studies published between 1979 and

2014 (Figure 2.1).
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Figure 2.1 World map showing the locations of the reviewed studies on habitat use by

feral and unowned cats (Felis catus). Numbers refer to studies listed in Table 2.1.

The small number of studies available (n = 27) meant that a quantitative
analysis of observed patterns was not possible. Instead, we examined habitat use
within home-ranges and collated information for each study to describe survey
methods, observed patterns of irregular habitat use (resulting from apparent
habitat preferences or aversions), and any factors that were believed to be
responsible for the observed patterns of habitat use. We classified these factors as
one or more of the following: none; prey availability; intraguild predation/
competition; shelter availability; or human resource subsidies. We also graded the
ability of each study to identify those factors responsible for observed patterns
using five levels: (1) supposition - no data or references to support contentions;
(2) supposition based on casual observation of apparent coincidence, e.g.
predators or prey more abundant in one habitat component, but supporting data
are not provided; (3) supposition based on casual observation of apparent
coincidence and supporting data provided; (4) manipulative study without
experimental controls or replicates; (5) manipulative study with experimental

controls and replicates.

To describe broad patterns in cat habitat use we recorded the frequency of
studies where cats favoured or avoided the following seven broad habitat
components within their home ranges: forest (~30-100% tree cover); woodland
(~10-30%); shrub/heathland; grassland; riparian areas; infrastructure (farm
buildings, urban and industrial areas); and agricultural land (fields, pasture,

paddocks and crops). We did not include habitat components that fell outside of
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these groups and were reported in only one or two studies (e.g. mudflats, swales,
refuse dumps, dunes) or habitat components that were too broad or ambiguous for
classification (e.g. open areas, small and large remnant patches, adjacent slopes,
steep slopes). We did not focus on intrahabitat use (e.g. microhabitats) because
few studies recorded information at this resolution and we note that it is difficult
to collect such fine-scale information for wide-ranging carnivores like feral cats.
Some studies qualified for both avoidance and preference of one habitat
component (e.g. favoured deciduous forest and avoided pine forest). These
frequencies are for comparative purposes only, as we recognise that preference or
avoidance of different habitats depends largely on the availability of other habitat
components in a study landscape. All favoured or avoided habitat components are

listed in Table 1 as they appear in the studies.

Results

Of the 27 studies reviewed, 74% were solely on feral cats and 11% were a
mixture of feral, unowned and owned (pet) cats. We also included two studies
where the group of study animals were a mixture of feral Felis catus and the closely
related native F. silvestris, and two studies that were on unowned cats only. We
treated Recio and Seddon (2013) and Recio et al. (2014) as a single study because

they used the same dataset.

VHF or GPS tracking was used to study cat space use in 70% of studies, with
sample sizes ranging from four to 32 animals (mean 13.8 + 1.8 SE). Of the eight
studies that did not track individual cats, three used tracking stations with visual
or scent- based lures (active tracking stations), whereas the remaining studies
used scat counts, visual surveys or passive tracking stations (Table 2.1). We
assume that habitat use patterns identified in these studies represent the results of

habitat selection within home ranges.

Patterns of habitat use

In all, 37% of studies were from Australia, 15% from New Zealand, 22%
from the UK and Europe, 15% from the USA and one study each from the
Galapagos Islands, Canary Islands and Marion Island (Figure 2.1). Of the studies,
22% were conducted on islands and the rest were continental. Nine studies had

temperate marine/maritime climates, five were Mediterranean, four were
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warm/hot summer continental, three each were humid subtropical or arid, two
had a steppe climate and one had a tundra (sub-Antarctic) climate (Table 2.1).
Around half of the studies (13) were conducted in a mixed landscape of native
vegetation and agricultural land and/or urban areas, and the remainder (14) were

conducted solely in vegetated /natural areas (Table 2.1).

The habitat components most commonly reported as being favoured by cats
were infrastructure (26% of studies), riparian areas (22%), and agricultural land
and shrub/heathlands (18.5% each; Figure 2.2). The most commonly avoided
habitats were agricultural land (26%) and grassland (11%; Figure 2.2). Cats used a
diverse range of habitats including but not limited to arid deserts, shrublands and
grasslands, fragmented agricultural landscapes, glacial valleys, equatorial to sub-
Antarctic islands, urban areas and a range of different forest and woodland types
(Table 2.1). Use of linear features such as tree lines and road verges was recorded
in four studies, all of which were conducted in mixed agricultural landscapes, and
five studies suggested that feral cats exploit different habitat components to meet

different activity requirements, such as hunting or resting.

Frequency of studies that recorded
preference or avoidance

Forest Woodland Grassland  Shrub/heathland Riparian Agricultural Infrastructure
land

Figure 2.2 Frequency of studies where cats favoured (grey bars with + symbol) or avoided
(white bars with - symbol) seven broad habitat components: forest, woodland, grassland,

shrub/heathland, riparian areas, agricultural land, and infrastructure.
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Strength of inference

Overall, most studies provided weak or no data to support their perceptions
about the factors driving habitat use by cats (78% Level 1 or 2) (Figure 2.3). 19%
of studies provided some data to support their inferences (Level 3), but only one
study conducted a manipulative experiment (Level 5). 59% of studies posited that
prey availability influenced cat habitat use, but only 20% of those studies provided
data to support this idea (Figure 2.3). 11% of studies suggested that human
resource subsidies influenced cat habitat use and 37% suggested that shelter
availability influenced habitat use, but only one provided supporting data (Figure
2.3). Predation/competition was put forward as a determining factor by 26% of
studies, around half of which provided data to support those inferences: three with
data on variation in predator abundance or activity among habitat components
and one study that undertook a landscape-scale manipulative experiment with
controls and replicates. Five studies made no inferences as to the mechanisms

influencing cat habitat use (Figure 2.3).

16

N
S

12

10

factors for patterns in cat habitat use

Number of studies suggesting explanatory

Prey Predation/ Shelter Resource
availability competition availability subsidies No inferences

Figure 2.3 Frequency of studies suggesting factors that may explain observed patterns in
cat habitat use: Level 1 (solid white); Level 2 (solid grey); Level 3 (diagonal stripe); Level

5 (solid black). No studies were classed as Level 4.
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Discussion

Feral and unowned cats occur in a wide range of biomes and climatic zones,
within which individual cats may have access to a limited range of macro-habitat
components or vegetation types. It is therefore not possible or useful to make
broad generalisations about preferential use or avoidance of specific habitat
components. However, the combined results of all studies suggest that feral cats
generally favour structurally complex habitat components over simpler ones. For
example, most studies showed that cats or their sign were more likely to be
recorded in vegetation types characterised by a mixture of plant growth forms
close to ground level, such as mixed shrublands and woodlands, than vegetation
types characterised by an open or homogenous structure, such as mature pine
forests or grasslands (e.g. Horn et al. 2011; Bengsen et al. 2012). Several studies
also found that cats were more likely to be recorded at the edges of vegetation
patches, or along linear features such as road verges or creeks that traversed
patches, than in the patch interior (e.g. Gehring & Swihart 2003; Graham et al.
2012; Pastro 2013). Only three studies showed contradictory patterns, in which
cats were more likely to be recorded in open country than in structurally complex
vegetation. One study in northern Australia found that cats favoured areas
characterised by open grass cover and suggested that this was probably due to
increased hunting success (McGregor et al. 2014). However, that study only
considered habitat use by moving cats and discarded data that was deemed to
represent cats at rest. A further two studies from Europe found that cats were
more likely to be recorded in open country around farm houses that supplied them
with food, than in native vegetation (Holmala & Kauhala 2009; Ferreira et al.
2011), although one of these did show a preference for patch edges over interior

(Ferreiraetal. 2011).

Most studies made inferences based on four mechanisms hypothesised to
influence habitat use by feral cats: prey availability; shelter availability;
predation/competition; and human resource subsidies. The hypothesised role of
prey availability in structuring habitat use is supported by models of predator-
prey habitat selection and optimal foraging theory (Pyke 1984; Mitchell & Powell
2004; Borger et al. 2008). Flaxman and Lou (2009) posited that predators

preferentially use landscape elements associated with either high prey densities
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(‘prey tracking’), or with high densities of the prey’s resources (‘resource tracking’
- an indirect way of identifying where prey will occur). None of the studies
experimentally tested these ideas, although one study (Recio & Seddon 2013;
Recio et al. 2014) found that feral cat home ranges tended to be concentrated on
habitat types characterised by high suitability for rabbits - their key prey species
in the area. Intraguild predation and competition can also play a key role in
structuring habitat use across a range of marine and terrestrial taxa (Polis & Holt
1992; Ritchie & Johnson 2009), and this may hold for feral cats where they occur
with higher-order predators. For example, Molsher (1999) found that cats
increased their use of open grasslands (which were thought to be more profitable
foraging areas) after the density of foxes using those areas was reduced. Similarly,
in an arid environment, Brawata and Neeman (2011) found that feral cats were
more likely to be detected close to artificial watering points at sites where dingoes
were subjected to lethal control, than at sites where they were not. Other studies
have also found that cats were observed less frequently at sites where larger
carnivores were more common (Brook et al. 2012; Krauze-Gryz et al. 2012;
Lazenby & Dickman 2013). Temporal segregation between cats and larger
carnivores also suggests that intraguild predators can influence the activity times
of feral cats (Brook et al. 2012; Wang & Fisher 2013). The effect of intraguild
predation on habitat use is closely linked with that of shelter availability. Meta-
analysis has shown that prey experience less intraguild predation in more
structurally complex habitats (Janssen et al. 2007), so shelter availability is likely
to play a key role in providing feral cats with protection from larger predators,
including humans. However, the cases recorded here of humans influencing cat
habitat use were all in a positive direction, since all of those studies contained at
least some unowned cats that were potentially fed by humans (Holmala & Kauhala
2009; Ferreira et al. 2011; Krauze-Gryz et al. 2012). Nonetheless, humans could
also be considered an apex predator with potentially prohibitive effects on cat
habitat use. Hutchings (2000) discussed the possibility of such an interaction for
cats at a municipal refuse site, but no study investigated this in detail. Availability
of shelter may also provide cats with protection from environmental stressors
such as inclement weather (Harper 2007). In reviewing their own results and
previous studies, Lozano et al. (2003) concluded that cats need two specific habitat

types: closed habitats for shelter and resting, and open areas for hunting. In that
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study, the occurrence of ‘wild-living’ cats (feral F. catus and native F. silvestris) was
positively related to scrub-pastureland mosaics and areas with high rabbit
abundance, and microhabitats with high shrub cover and availability of shelter.
Similar inferences were made in four other studies (Genovesi et al. 1995; Molsher
1999; Hall et al. 2000; Hutchings 2000), and we term this ‘behaviourally-stratified’

habitat use.

These general patterns of cat habitat use can be related to the known
hunting behaviour of cats. Domestic cats are solitary hunters that rely mainly on
sight and sound to detect their prey (Bradshaw 1992). Fitzgerald and Turner
(2000) described two primary hunting techniques: ‘mobile’, whereby the cat
moves around an area of habitat seeking out prey, and ‘stationary’, where the cat
waits at a point of interest, such as the entrance to a rabbit burrow, and ambushes
its prey upon appearance. These two techniques aren’t mutually exclusive and
both rely heavily on stealth. The general pattern of feral cats using habitats with a
mixture of vegetation cover at ground level is likely to improve hunting success by
providing cats with a mixture of both cover and open areas in which they can
observe, stalk and then ambush their prey. The ‘habitat heterogeneity hypothesis’
also predicts that, in many cases, these areas may support a greater diversity and
density of potential prey than more homogeneous habitat components (Tews et al.
2004). Edge habitats, linear features, and riparian vegetation are similarly likely to
improve hunting success. For example, Pastro (2013) found that feral cats were
recorded more frequently at the ecotone between burnt and unburnt grasslands
than in continuous areas of habitat. In this regard, dense homogeneous habitats
where a cat’s visual detection ability would be compromised are likely to be
unfavourable areas for hunting by feral cats. In contrast, McGregor et al. (2014)
found that feral cats in tropical savannas actively chose areas with high prey
abundance that had been recently burnt or grazed and posited that the reduced
vegetation cover improved cats’ hunting success. In future, an improved
understanding of how habitat use by feral cats is influenced by their hunting
behaviour could be achieved by undertaking within-habitat analyses of vegetation
composition. This might include consideration of patch structure, edge availability

and cover continuity.
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The strength of evidence available for factors explaining habitat use was
generally low in the studies we examined, with 78% of cases providing little or no
data to support their inferences. Most studies examined habitat use using radio-
tracking and employed observational or correlative data on other variables to
explain these patterns. These types of studies have poor inferential capabilities
because they generally involve multiple confounding and interactive explanations
for the observed patterns and are hence unable to demonstrate cause and effect.
Additionally, few studies acknowledge the limitations of their conclusions. The
strongest inferences are gained through ‘classical experiments’, i.e. those that
employ treatment and nil-treatment areas and are replicated and randomised, or
other types of experiments that lack either replication or randomisation (Hone

2007). Only one study used this kind of approach (Molsher 1999).

Conceptual model

The low inferential capacity of the studies reviewed here also limits our
ability to make generalisations about the mechanisms influencing habitat use by
feral cats. However, by drawing on ecological theory and published literature on
other medium- sized carnivores, we have been able to propose a conceptual
framework for this topic. Such theoretical frameworks have been developed to
explain predator-prey habitat use and dynamics (Polis & Holt 1992; Holt & Polis
1997; Heithaus 2001; Rosenheim 2004). For example, game-theoretic models
predict that mesopredators should preferentially use habitat that reduces the risk
of predation from apex predators, rather than habitat with high prey availability,
when dietary overlap between the two predator levels is high and when the apex
predators are efficient competitors (Heithaus 2001). Several studies of mammalian
predators have reported results consistent with these predictions (Thompson &
Gese 2007; Wilson et al. 2010), and the same might be expected for feral cats in
many situations (e.g. Molsher 1999). However, cats also commonly occur as apex
predators, particularly on islands (e.g. Rayner et al. 2007), in which case patterns
of space use and habitat selection should largely be determined by resource
availability (Heithaus 2001). Excluding humans, cats were the top predator in the
six island studies reviewed here, and five of those studies asserted that prey
and/or shelter availability determined cat habitat use. For example, on Stewart

Island in New Zealand, Harper (2007) found that cats preferred to use podocarp-
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broadleaf forests where shelter from inclement weather was most available, and
used the less protective and less preferred subalpine shrubland significantly more

on dry days than on wet days.

We developed a conceptual model to explain patterns in cat habitat use
(Figure 2.4). The relationships that we discuss here warrant further examination,
given the speculative nature of this model and the knowledge gaps that we have
previously identified. We propose that ecosystem components that influence
habitat use (A in Figure 2.4: predators, prey, shelter and resource subsidies) are
hierarchically structured, with predation/competition exerting the strongest
influence, and other factors increasing in importance where predators are absent
(Thompson & Gese 2007; Ross et al. 2012). We also expect that habitat choices are
behaviourally stratified (B in Figure 2.4), with dense habitats used for shelter and
more open habitats used for hunting prey (Lozano et al. 2003). Broad vegetation
types or habitat components that are generally favoured (but not exclusively)
include infrastructure, riparian areas, shrub/heathland, forests and woodland,
while agricultural land is generally avoided, as are grasslands to a lesser extent

(but not exclusively) (C in Figure 2.4).
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Figure 2.4 Conceptual model to describe factors that can potentially influence habitat use

by feral cats. Ecosystem components that influence habitat use are hierarchical (A), i.e.
predators have a stronger influence than prey, but prey increases in importance where

predators are absent. Habitat choices are behaviourally stratified (B) and broad habitat

components that cats favour (+) or avoid (-) are nested in the landscape (C). Studies that

provide support for or inferences regarding each component are listed using subscripts

that correspond to study numbers in Table 2.1.

To aid in validating this model, we developed testable hypotheses for

further investigation: (1) higher-order predators with a high dietary overlap with

feral cats and strong competitive ability will have spatially or temporally

prohibitive effects on cat habitat use (Heithaus 2001; Wilson et al. 2010; Ross et al.

2012); (2) where higher-order predators exclude feral cats from using areas with

optimal prey availability, removal of those predators will allow cats to expand

their use of optimal prey habitat (Molsher 1999; Ritchie & Johnson 2009; Prugh et

al. 2009); (3) prey and/or shelter availability will be the most important factors

influencing cat habitat use where higher- order predators are absent (Heithaus

2001).
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Key directions for future feral cat research and management

Because feral cats occur in a wide range of ecological contexts and show
high variability in many population-specific traits, including those related to
spatial ecology and habitat use, cat-management programmes should be designed
to account for site-specific conditions (Dickman et al. 2010a; Appendix A). Future
research and management to ameliorate the damage caused by feral cats will
benefit from an integrated conceptual framework that facilitates the identification,
development and evaluation of site-specific management activities. Consequently,
in Table 2.2 we provide a list of key directions that will assist conservation
managers and researchers in better understanding and ameliorating the impact of
feral cats at a scale appropriate for useful management and research, and we

discuss these in detail below.

Table 2.2 Key directions for future research and management that aims to understand and

ameliorate the impact of feral cats.

Management

* Incorporating information on spatial and temporal variation in prey availability
should benefit control programmes by enhancing the efficiency and effectiveness
of control and monitoring activities.

* Control programmes should consider the presence of higher order predators and
the effects they may have on habitat use by cats.

* Active monitoring of management actions is essential for the continual
improvement of control programmes and to ensure that effort is not wasted.
Continual improvement may be best achieved by using an adaptive management
framework that evaluates assumptions about habitat use by cats and the ability of
control activities to impact on the population.

Research

* Should use experimental approaches and ecological theory to develop and test
hypotheses regarding predator-prey dynamics and intra-guild interactions.

* The strongest evidence will be gained from replicated landscape-scale
experiments where the densities of predators, prey or competitors are
manipulated and then the response in cat habitat use is measured.

* Asfar as possible, studies should:

* Relate habitat use patterns of cats to variability in the abundance or
activity of cat prey species and sympatric predators.

* Be conducted over temporal scales appropriate to the study’s aims.

* Aim to examine habitat use by feral cats in landscapes that are poorly
represented in the existing literature.
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Apex predators may play an important role in structuring habitat use by
feral cats in some cases, but additional research is needed to establish how the
strength of this mechanism varies across a range of different systems. Interference
competition can have spatially or temporally prohibitive effects on habitat use by
cats (Molsher 1999; Krauze-Gryz et al. 2012) and, although untested, larger
predators might therefore help exclude feral cats from areas inhabited by
threatened prey species. Apex predators are declining across the globe (Ripple et
al. 2014) and loss of top predators can lead to mesopredator release of cats and
more intense impacts on native fauna (Crooks & Soulé 1999; Risbey et al. 2000),
although it is often difficult to clearly attribute causation in mesopredator release
studies (Prugh et al. 2009; Allen et al. 2012). Conservation managers should
consider apex predators as a possible tool for ameliorating feral cat impacts
(Ritchie et al. 2012; Letnic et al. 2012), but must also consider potentially
conflicting social, economic and other biodiversity conservation concerns (Fleming

etal. 2012).

Linear features are used by feral cats in fragmented production landscapes,
and cats can benefit from fragmentation when native carnivores do not (Crooks
2002). The use of tree lines, road verges and other corridors suggests that control
devices could be deployed in these areas to maximise their encounter rate by cats,
and hence maximise the efficacy and efficiency of control or monitoring
programmes (Bengsen et al. 2012). Although, in arid areas where vegetation
contrasts are less extreme, roads may be less important (Mahon et al. 1998; Read
& Eldridge 2010). Since our review shows often-divergent outcomes in the use of
similar habitat components or vegetation types worldwide, active monitoring and
evaluation of expectations is essential for developing effective and efficient control
programmes. Also, given that prey availability appears to be an important
determinant of cat habitat use, incorporating information on spatial and temporal
variation in prey availability should benefit control programmes (Christensen et al.
2013; Recio & Seddon 2013; Recio et al. 2014), particularly in situations where

cats are the dominant predator.

Our review has revealed that the standard of evidence available to explain
patterns of cat habitat use is generally low. There is a risk that an accumulation of

weak evidence will be mistaken for the existence of strong evidence. Given that a
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sound understanding of the habitat-use patterns of feral cats is often an important
precursor to effective mitigation of their impacts, and that most of our current
understanding is based on observational studies involving multiple confounding
and interactive explanations for observed patterns, there is a clear need for more
rigorous approaches to future studies. To adequately address the range of possible
explanations, future studies should, where possible, use rigorous, experimental
approaches and ecological theory to develop and test hypotheses regarding
predator-prey dynamics and intraguild interactions. Also, studies should ideally
incorporate information on spatial and temporal variation in the activity or
abundance of cat prey species and sympatric predators (Dickman 1996a) and be
conducted over appropriate temporal scales to account for potential biases caused
by changes in predator behaviour or prey and shelter availability (Cruz et al.
2013). The spatial and temporal scales needed for such experiments make them
expensive and logistically difficult (Glen et al. 2007), although not impossible (e.g.
Molsher 1999). Studies should also aim to examine habitat use by feral cats in
landscapes such as rainforests, salt marshes and alpine habitats, which are poorly
represented in the existing literature. An improved understanding of habitat use

by feral cats is key to reducing their impact on native species across the globe.
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Chapter 3.

Overlap 1n the diet and habitat use of
feral cats and dingoes at a semi-arid
rangeland site

Doherty TS (2015) Dietary overlap between sympatric dingoes and feral cats
at a semi-arid rangeland site in Western Australia. Australian Mammalogy, 37:219-

224.

Introduction

Invasive predator control programmes aiming to limit predation of prey
species generally use shooting, trapping or poison baiting to reduce predator
population densities. Effective control programmes for feral cats require a detailed
understanding of their movements and habitat use (Bengsen et al. 2012; Oppel et
al. 2014). For example, Bengsen et al. (2012) used movement data to recommend
that control devices should be deployed at a density no less than 1.7 devices km-
at Kangaroo Island in Australia. Recio et al. (2014) found that cats in New Zealand
situated their home ranges over areas of high habitat suitability for rabbits
Oryctolagus cuniculus—their primary prey in the region—so the authors suggested
that cat population control could be improved by focussing control efforts on areas
of high rabbit density. Also in New Zealand, cats preferentially used ungrazed
compared to grazed areas (Alterio et al. 1998), hence also suggesting the need to

concentrate management efforts where cats are most active.

Given the behavioural plasticity of cats and the wide range of environments
in which they exist (Chapter 2), it is not feasible or useful to make broad
generalisations about preferential use or avoidance of certain habitat types.
Although, in Chapter 2 [ showed that cats were generally recorded most often in
habitat types characterised by a mixture of plant growth forms close to ground
level. Also, I identified the principal factors likely to influence cat habitat use as

predation and competition, prey availability, shelter availability, and provision of
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resources by humans. Importantly though, the relative importance of each factor is

dependent on ecosystem context.

Where cats are sympatric with larger predators, it is important to consider
how interference or exploitation competition might influence habitat use by cats.
In Chicago, Gehrt et al. (2013) found that cats preferentially used urban habitat
types and were rarely found in natural fragments where coyotes were common,
which suggested that interspecific competition and/or predation from the larger
coyote was having a strong influence on habitat use by cats. In Australia, Molsher
(1999) found that cats increased their use of open grasslands after the density of
foxes using those areas was reduced, and Brook et al. (2012) found that cats were
active earlier in the night at sites where dingoes were subject to lethal control
compared to sites without lethal control. High levels of dietary overlap between
sympatric carnivores may indicate resource competition, which can lead to
interspecific aggression, including intra-guild predation (Polis et al. 1989; Donadio
& Buskirk 2006). Alternatively, competition may not exist if the prey base is large
enough to be shared between the two predators (Polis et al. 1989). Documenting
the degree of overlap in diet and habitat use is a useful first step in determining

whether resource competition may exist between sympatric carnivores.

Because cats are mobile, opportunistic predators, the distribution and
habitat requirements of their prey also play an important role in structuring their
habitat use (Fitzgerald & Turner 2000). In addition to evidence that cats focus
their activity on areas with high prey abundance (Recio & Seddon 2013; Recio et
al. 2014), habitat structure can also influence cat hunting success, and hence prey
availability (McGregor et al. 2014) because cats rely heavily on sight and sound
when hunting and use a mixture of cover and open areas to stalk and ambush their
prey (Bradshaw 1992). The degree to which factors like predation, resource
availability and vegetation structure influence cat habitat use varies according to
local landscape conditions (Chapter 2), so local knowledge of cat habitat use is key

to successful management programmes.

In this chapter, I use field studies in the semi-arid northern Wheatbelt
region of Western Australia to examine habitat selection by cats with regard to the

fire history of shrublands and the potential factors driving this (Objective 2) and
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investigate overlap in resource use between sympatric cats and dingoes (Objective
3). I used remote cameras to examine patterns of habitat use by the two predators
and pitfall trapping and sand pad data to examine spatial patterns in the activity of
small mammals, reptiles and rabbits that cats prey on, as do dingoes to a lesser
degree. Finally, [ used scat analyses to describe the predators’ diets and measure
dietary overlap. I did not perform any formal analyses on the diet and habitat use

of foxes because they were rarely recorded throughout the study.

Methods
Study area

[ conducted this study in the northern Wheatbelt region of Western
Australia (29° 38’ S, 117° 08’ E), 400 km north-east of Perth. This area is situated
between cleared agricultural land to the south and intact rangelands to the north
and is bisected by the 1,170 km State Barrier Fence, which was built to exclude
dingoes from agricultural land in the southwest of the state (Figure 3.1). Most of
the study area is managed for conservation by Bush Heritage Australia (Charles
Darwin Reserve) and the Australian Wildlife Conservancy (Mt Gibson Wildlife
Sanctuary), and other land uses in the region include mining, pastoralism and
Unallocated Crown Land. Further details of the study area can be found in Chapter

1.
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Figure 3.1 Location of the study area in Western Australia’s northern Wheatbelt. The area

nested within Mt Gibson Wildlife Sanctuary is managed for mining. UCL, Unallocated

Crown Land.
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Scat collection and analysis

[ opportunistically collected predator scats along unsealed roads in the
broader study area between March 2013 and September 2014. Scats were
attributed to cats, foxes or dingoes in the field based on their size, shape, colour
and odour (Triggs 2004). Any scats that could not confidently be assigned to a
species were discarded. Scats were stored in individual paper bags and labelled
with their collection location, date and species. I made no attempt to age scats
because they are likely to desiccate quickly in the study area, hence precluding

accurate estimates of age.

[ sent all scats to a specialist (G. Story, http://www.scatsabout.com.au/) for
analysis, who crosschecked and confirmed their assignment to predator species.
Scats were dried in a 100°C oven for 12 hours to kill parasites. After drying, the
samples were placed in individual fine-weave nylon bags and washed in a washing
machine for approximately 15 minutes, leaving only indigestible items (hair, teeth,
bones, skin, scales, feathers, plant material and arthropod exoskeletons). Prey
remains were identified to the lowest possible taxonomic level by comparison of
remains with known reference material or the literature (Watts & Aslin 1981;
Brunner & Triggs 2002) and hair was identified using the technique described by
Brunner and Coman (1974). Typically, mammalian prey remains were identified to
species, reptiles to family, birds to class, and arthropods to class. Prey items were
recorded for each scat and a percentage volume of each prey item within the scat

was visually estimated using a grid system within the sorting tray.

Predator monitoring

[ surveyed predator activity at Charles Darwin Reserve using 40 remote
cameras (20 Moultrie i60 and 20 Scoutguard 560PV) each separated by a
minimum distance of 2 km and positioned on vehicle tracks in a northern circuit
and southern circuit (Figure 3.2). Cameras were fixed to a steel post so that the
sensor was ~30 cm above the ground and were programmed to take a series of
three photographs each time the sensor was triggered, with a minimum delay of
one minute between triggers because this was the minimum possible delay for the
Moultrie cameras. At half of the cameras, a raw chicken wing encased in a PVC bait
holder pegged to the ground was used as a scent lure and at the remaining

cameras an electronic device that makes the sound of a bird tweeting was used as
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an audio lure (Lucky Duck, Wisconsin, USA). Audio and scent lures were swapped

between cameras half way through each monitoring session such that each camera

received equal exposure to the two lure types during each session. A fresh chicken
wing was placed inside the bait holder each time the lures were swapped.
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Figure 3.2 Distribution of habitat types and location of the remote cameras and sand pad

transects. The locations of cameras N5, N19 and N20 are not shown on the map because
they were excluded from analyses.
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Cameras were activated for between two and five weeks in six monitoring
periods: February, May, August and October 2013, and April and May 2014 (Table
3.1). Poison cat baits were laid in the southern part of the reserve in September
2013 and May 2014, and statistical analyses showed that the 2014 baiting led to a
measurable decrease in cat activity, whereas the 2013 baiting did not (Appendix
D). So to prevent potential changes in predator abundance influencing perceptions
of their habitat use, I excluded from all analyses the data from the May 2014
session that followed the baiting event. At the end of each monitoring session,
memory cards and lures were removed from camera sites and the cameras were
deactivated. No data were available for cameras S7 and S19 in August 2013
because the cameras were stolen, nor was any data available for cameras N13 and

S4 in February and October 2013 respectively because the cameras malfunctioned.

Table 3.1 Survey periods for remote cameras, pitfall trapping and sand pad monitoring.
Grey boxes indicate monitoring periods for which the data was excluded from the analyses

in this chapter.

Survey year and Cameras PitfallsA Sand pads
month (RB/LU/W)
2010 Oct 6/6/4
2011 Apr 6/6/4

Oct 6/6/2
2012 Oct 6/6/0

Dec / Jan 3-4 days
2013 Feb 2 weeks

April 6/6/0

May 4 weeks

Aug 5 weeks

Sept 8th Baits laid

Oct 5 weeks 8/8/4

Dec / Jan 5 days
2014 Apr 5 weeks 4 days

May 11th Baits laid

May 4 weeks

July 4 days

A Number of pitfall trapping sites in each of three habitat
types: RB, recently burnt shrubland; LU, long unburnt
shrubland; W, Eucalyptus woodland.
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The remote camera methods were originally designed to measure the
response of cats to a poison baiting programme (Appendix D), rather than to
explicitly measure their habitat use, which is what the GPS collars were intended
for (Appendix C). For this reason, some aspects of the camera methodology are not
ideal for measuring habitat use. Ideally, cameras would have been deployed on a
rolling basis at a great number of sites to better sample the range of habitat types
at the reserve. Also, passive camera stations could have been used to prevent lures
from potentially attracting animals to areas outside of their normal range.
Additionally, surveys of prey abundance only partially overlapped with the camera
surveys in both space and time. Nevertheless, this does not preclude useful
information being gained from this study and I discuss the implications of these

limitations throughout.

Prey monitoring

[ used pitfall trapping data from the study site to determine whether there
were differences in the abundance of small mammals and reptiles between three
habitat types: recently burnt shrublands, long unburnt shrublands, and eucalypt
woodlands (see Habitat classification). Specific details of the trapping methods can
be found in Chapter 4. Pitfall trapping was undertaken at 16 or 20 sites in every
October between 2010 and 2013 inclusive, as well April 2011 and 2013 (Table
3.1). The eucalypt woodlands were not surveyed in October 2012 and April 2013,

so I excluded those periods from the analyses.

[ examined the activity of rabbits using data from 47 sand pad monitoring
plots collected as part of a separate study. Each plot consisted of a ~1.5 x 3 m area
of raked sand spanning the width of a track. Plots were separated by at least 1 km
each and were situated on a northern transect (n = 25) and a southern transect (n
= 22; Figure 3.2). Sand pads were monitored for three to five days in
December/January 2012/13 and 2013 /14, and April and July 2014 (Table 3.1).
Each plot was raked smooth on the first morning and then checked daily for the
presence of rabbit sign, such as tracks or droppings. Data was recorded as the
presence/absence of rabbits on each plot for each day and plots were raked

smooth after checking each day.
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Habitat classification

[ used vegetation communities (‘land systems’ sensu Payne et al. 1997) and
fire ages to classify 17 habitat types (Table 3.2). Fire history information was
extracted from spatial data layers in ArcMap (ESRI 2012) that were drawn from
satellite imagery and aerial photography of historical fire scars (Braun 2006).
There were no fires at the study site between 2005 when the fire maps were
drawn and the completion of this study in 2014. The most recent fires occurred
between 2000 and 2004 inclusive, and the oldest mapped fire scar is dated 1969,
which is a collection of fire scars visible on the earliest aerial photography
available for the study site (1969) and represents a number of fires of similar age
from around that time (Braun 2006). Any areas of vegetation on the 1969 aerial
photography that did not look to have been recently burnt were classified as ‘very

long unburnt’ and are considered to have remained unburnt for > 50 years.

Table 3.2 Descriptions of land systems and fire ages that were used to calculate habitat
diversity at each camera site. Land systems information is based on Payne et al. (1997).
Land systems that were not directly surveyed by the remote camera surveys are marked

with an asterisk.

Land system  Soil and vegetation description Fire agesA

name (year last burnt)

Bandy* Gritty-surfaced plains and low outcrops of granite with 1,3,4
scattered acacia shrublands.

Bannar* Level to gently undulating sandy plains with acacia 1,2,4
shrublands, commonly with patchy native pines and mallees.

Carnegie* Salt lakes with fringing saline alluvial plains, kopi dunes and 4
sandy banks, supporting halophytic shrublands.

Challenge* Gently undulating gritty-surfaced plains, occasional granite 4
hills, tors and low breakaways, with acacia shrublands.

Euchre, Low granite breakaways with alluvial or loamy plains, sandy All fire ages

Pindar tracts or sandplain supporting eucalypt woodlands and pooled
acacia shrublands.

Joseph Undulating yellow sandplain supporting dense mixed 1,2% 3,4
shrublands with patchy mallees.

Kalli* Red sandplains supporting bowgada shrublands with 4
wanderrie grasses.

Waguin* Low breakaways with short stony and sandy plains, 4
supporting acacia shrublands and minor halophytic
shrublands.

Yowie* Loamy plains supporting shrublands of mulga and bowgada 4
with patchy wanderrie grasses.

Cleared* Highly modified vegetation, mostly cleared, such as N/A

(human-use) paddocks and infrastructure. This classification is not from
Payne et al. (1997).

A1,10-14 years since last fire (YSLF); 2, 19-29 YSLF; 3, 34-49 YSLF; 4, > 50 YSLF.
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For the analyses that follow, I defined the area of interest (herein ‘cat/dingo
study zone’) as a maximum convex polygon around the peripheral camera
locations with a 3 km buffer for cats and a 5 km buffer for dingoes (Figure 3.2). The
buffers were chosen to capture areas of habitat that lay beyond the edges of the
camera array, but were still potentially available to animals recorded on the
cameras. A radius of 3 km equates to a circle of ~28 km? and was chosen because
mean cat home range estimates from similar environments in Australia range from
2.48to 22.1 km? (Jones & Coman 1982; Edwards et al. 2001; Molsher et al. 2005;
Hilmer 2010; Bengsen et al. 2012). Similarly, a radius of 5 km equates to a circle of
~79 km? and mean dingo home range estimates from similar environments range

from 24 to 77.3 km? (Thomson 1992a; Allen 2012; Allen et al. 2014).

[ calculated habitat diversity within a 500-m radius around each camera
site using Shannon’s Diversity Index. [ did not assess habitat use at larger scales
because remote cameras represent static points and hence are not necessarily
representative of broader home ranges. Within the same radii, I also calculated the
proportion of four primary habitat types that collectively account for = 80% of
both the cat and dingo study zones. These were: (i) Eucalyptus woodlands (Pindar
and Euchre land systems); (ii) ‘recently burnt’ Joseph land system shrublands (10
to 14 years since last fire), (iii) long unburnt’ Joseph shrublands (34 to ~49 years);
and (iv) ‘very long unburnt’ Joseph shrublands (> 50 years). These fire age
classifications are based on previous work at the study site (Knuckey & van Etten
2012; Dalgleish et al. 2015). I did not classify the eucalypt woodlands according to
fire ages because the woodlands generally only burn at the edges and hence the
large majority of these areas are unburnt. The eucalyptus woodlands are open
stands of mostly Eucalyptus loxophleba trees, with scattered shrubs and a sparse
understorey. The shrublands are situated on sandplains, with the recently burnt
areas lacking a distinct canopy and containing a single homogenous layer of
vegetation between 0 and 2 m above the ground (Parsons & Gosper 2011;
Dalgleish et al. 2015). The long unburnt shrublands are characterised by variable
structure between 0 and 4 m, although the most dense vegetation is between 0 and
2 m, whereas the very long unburnt shrublands are more open in the 0 to 2 m
stratum and more dense between 2 and 4 m, and also exhibit greater patch size

variability (Dalgleish et al. 2015). Using these habitat types, I classified each
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camera location according to the dominant habitat within 500-m of each camera.
In all cases where there were multiple habitat types around a camera, the
dominant habitat was also the one overlaying the precise camera location. I
excluded three cameras (N5, N19, N20) that were located in habitat types
represented by one and two cameras each. Of the 37 remaining cameras, 10 were
located in woodlands, 15 in recently burnt shrublands, four in long unburnt

shrublands and eight in very long unburnt shrublands.

Statistical analysis

Dietary estimates

Prey items were classified into the following categories: small mammals (<
500 g), medium-sized mammals (500-6,999 g), large mammals (= 7,000 g),
reptiles, birds, arthropods and vegetation. Mammals were grouped based on
maximum body weights listed in Van Dyck et al. (2013) and the size ranges of Glen
and Dickman (2006). Given their large body size relative to cats, the presence of
large mammal remains in cat scats was assumed to represent consumption of
carrion. For individual prey items and prey groups, I calculated the percentage
frequency of occurrence (%F: percentage of scats containing a certain type of
food). I also calculated the percentage volume of prey types in scats (%V: the
volume of a certain type of food in the scats expressed as a percentage of the total
volume of all food types in the scats). The %F may overestimate the importance of
small food items that occur frequently, whereas the %V may underestimate
consumption of items that are easily digested. It is therefore recommended that

dietary studies use both metrics (Glen & Dickman 2006; Klare et al. 2011).

To assess whether the sample sizes were adequate to describe predator

diets, I calculated cumulative diversity using the Brillouin index (Brillouin 1956). I
also calculated Herrera’s trophic diversity index (D), which is appropriate for
presence-absence diet data, whereas other measures such as the Shannon or
Levin’s index are not (Herrera 1976). The index equals 0 when all food groups are
found in all samples, and increases as food groups are eaten less evenly relative to
each other. I used Pianka’s index (0) to calculate the degree of dietary overlap
between predator species (Pianka 1973). The index ranges from 0 (no food groups

in common) to 1 (all food groups consumed with identical frequency).
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Camera data

Remote camera images were stored in a database and tagged with the
camera identification number, circuit (north or south), session, date, time and
species using EXIFPro 2.0 (Kowalski & Kowalski 2012). Tags were written to the
EXIF data of each file and then exported from EXIFPro as a text file. To ensure
independence of repeat photographs of the same species caught on the same
camera, I classified photographs that were captured within 15 minutes of each
other as a single photo ‘event’. Inspection of frequency tables of the time elapsed
between photographs indicated that this was a suitable breakpoint (Table 3.3). For
each session, I summed the total number of independent photo events of each

species at each camera.

Table 3.3 Percentage of photo events for cats and dingoes within time brackets between

successive photos on the same camera within each session.

Time bracket (mins) Cat Dingo

0to 15 80.29% 81.51%

16 to 30 0.00% 0.68%

31to 100 0.36% 1.37%

101 to 500 2.92% 3.42%

500 to 40,000 16.42% 13.01%
Predator activity

To identify spatial patterns in predator activity, I calculated activity indices
(AI) by dividing the total number of independent photos across all periods by the
total number of camera-nights and multiplied this by 100, to give the number of
photos per 100 camera-nights. I then plotted these values on a map of the study
site using a colour gradient of increasing predator activity. To investigate temporal
patterns in diurnal predator activity, [ plotted circular histograms showing the
frequency of photo events for cats and dingoes occurring during each hour of the
day and night. [ also calculated mean daily activity times using the circadian.mean
function in the psych package in R (Revelle 2014). Although I did consider
examining potential temporal segregation between cats and dingoes, the very
small sample size for the number of cameras that recorded both cats and dingoes

within the same session (n = 9) precluded any meaningful analysis being done.

40



Habitat use

[ used Poisson generalised linear mixed models (GLMMs) to test the effect
of habitat types on predator activity. [ used the number of independent
photograph events per camera in each session as the response variable and used
the number of nights cameras were active (‘camera-nights’) as an offset to account
for variable sampling effort. I fitted single term models of cat and dingo activity
with each of the habitat predictor variables (habitat diversity and proportion of
the four habitat types) and included camera ID, model (Moultrie or Scoutguard)
and session as random intercepts. [ calculated 95% confidence intervals (CI) for
each predictor variable and inferred ‘significant’ effects where the confidence
intervals did not overlap zero. The five predictor variables were not strongly
correlated (Pearson’s r < 0.5 in all cases). To determine whether there was a
spatial relationship between cat and dingo activity, | also modelled cat activity as a

function of the dingo activity index.

Habitat selection

Given that some habitat types cover proportionally larger areas than others,
it was also important to assess habitat use relative to availability. To do this, I
calculated habitat selection ratios using a type [ design (sensu Thomas & Taylor
1990), i.e. individual animals were not identified and habitat selection was
measured at the population level. Selection ratios (w;) > 1 indicate habitat
preference and values < 1 indicate habitat avoidance (Manly et al. 2002), and are
calculated using the formula:

W=
where u; is the proportional use of habitat type j and g; is the proportional
availability of habitat type j (Manly et al. 2002). Because of the limitations in the
sampling design, the camera locations represented only a subset of the possible
habitat types at the reserve, albeit the most common (the four major habitat types
collectively cover 84% of the cat study zone and 80% of the dingo study zone). For
this reason, I only included these four habitat types in the calculation of habitat
selection ratios. Habitat use (u;) was calculated as a standardised activity index for
each camera, which was summed and converted to a percentage for each of the

four habitat types that the cameras were classified as belonging to. Habitat
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availability (a;) was calculated as the proportion of each habitat type within the
study zone boundaries. | pooled data from all sessions to calculate overall habitat
selection ratios for cats and dingoes, and also examined any seasonal changes by
calculating selection ratios for each of the five monitoring sessions for cats only. I
did not calculate seasonal selection ratios for dingoes because they were recorded
relatively infrequently (14 out of 181 possible camera x session combinations),
hence the small sample sizes precluded any meaningful inferences being made.
Significance of habitat selection ratios was tested using chi-squared goodness of fit
statistics in the R package adehabitatHS (Calenge 2006). Significance of the main
test was inferred at a = 0.05 and preferential use or avoidance of each habitat type

was assessed using a Bonferroni-corrected alpha level of 0.0125.

Prey abundance

[ used GLMMs assuming a normal error distribution to test the effect of
habitat type (three levels) on small mammal abundance, reptile abundance and
total abundance of both groups. For each trapping session, [ summed the total
number of reptiles and mammals captured at each trapping site. To account for
variable sampling effort, | standardised these values to the number of animals
captured per 100 trap-nights. I included trapping period and site as random
intercepts to account for repeat sampling of sites over time. [ used a = 0.05 to
determine the significance of habitat type and if significant, | made pairwise

comparisons between habitat types using Tukey contrasts.

For the sand pad data, I calculated an index of rabbit activity by dividing the
number of days each plot recorded rabbit sign by the number of survey days
during each period and multiplied this by 100, to give the number of plots with
rabbit activity per 100 nights. To identify spatial patterns in rabbit activity, I
averaged plot values across all monitoring sessions and plotted them on a map of
the study site using a colour gradient of increasing rabbit activity. I also performed
a t-test on mean rabbit activity for the northern and southern transects. Both the
sand pad and pitfall trapping data were used to make comparisons of prey
abundance/activity amongst habitat types or locations, rather than to be used as
strict predictors of predator activity. All analyses were done in R version 3.0.2 (R

Core Team 2013).
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Results
Diet

[ collected 123 cat, 37 dingo and three fox scats between March 2013 and
September 2014. The Brillouin index of diet diversity reached an asymptote at a
sample size of around 20 scats for cats, and around 15 scats for dingoes (Figure
3.3). Rabbit was the highest ranked food item for cats in terms of both frequency
(59%) and volume (43%), followed by reptiles, small mammals and birds (Table
3.4, Figure 3.4). Cat scats contained rodent remains more frequently than those of
dasyurids, and contained the remains of skinks and varanids more frequently than
those of dragons and snakes (Table 3.4). Arthropods such as grasshoppers,
crickets, centipedes, scorpions, spiders, ants and termites were found in 42% of cat
scats, but contributed little to their volume (3.6%) (Table 3.4). Few cat scats
contained the remains of large mammals (6%), whereas this group was found in
62% of dingo scats. Rabbit remains were the second most frequently occurring
food item in dingo scats (22%), followed by bird remains (16%). Dingo scats did
not contain small mammal remains and infrequently contained arthropod and
reptile remains (Table 3.4). Dietary overlap (0O) between dingoes and feral cats
was 0.45. Dietary diversity (D) of feral cats (6.20) was higher than that of dingoes
(5.09).

The mammal species eaten by cats in order of decreasing %F were: rabbits,
Mitchell’s hopping mouse Notomys mitchellii, house mouse Mus musculus, sandy
inland mouse Pseudomys hermannsburgensis, dunnart Sminthopsis sp., little long-
tailed dunnart Sminthopsis dolichura, red kangaroo Macropus rufus (assumed to be
carrion), indeterminate rodent, euro Macropus robustus (assumed to be carrion),
cat (as prey), Gilbert’s dunnart Sminthopsis gilberti, spinifex hopping mouse
Notomys alexis and a microbat (possibly Nyctophilus sp.) (Table 3.4). For dingoes,
the species were: red kangaroo, euro, rabbit, echidna Tachyglossus aculeatus, dingo
(as prey), Macropus sp. and goat Capra hircus (Table 3.4). Three mammal species
were recorded in fox scats: little long-tailed dunnart, Mitchell’s hopping mouse and

Macropus sp.
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Figure 3.3 Cumulative diversity (Hy) of cat (dashed line) and dingo (solid line) diet with

increasing sample size of scats.
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Figure 3.4 Frequency of occurrence (%F) and volume occurrence (%V) of food groups in

feral cat and dingo scats.
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Table 3.4 Occurrence of prey species and food groups in feral cat, dingo and fox scats. %F,

percentage frequency of occurrence; %V, percentage occurrence by volume.

Cat(n=123) Dingo (n=37) Fox (n=3)

Food item %F %V %F %V %F %V
Sminthopsis dolichura 4.1 2.0 0 0 33.3 10.0
Sminthopsis gilberti 0.8 0.4 0 0 0 0
Sminthopsis sp. 49 0.8 0 0 0 0
Total dasyurids 9.8 3.2 0 0 33.3 10.0
Mus musculus 13.0 4.2 0 0 0 0
Notomys alexis 0.8 0.1 0 0 0 0
Notomys mitchellii 16.3 7.1 0 0 33.3 31.7
Pseudomys hermannsburgensis 4.9 1.3 0 0 0 0
Rodent indeterminate 1.6 <0.1 0 0 0 0
Total rodents 35.0 12.7 0 0 333 31.7
Microbat, possibly Nyctophilus sp. 0.8 0.3 0 0 0 0
Total small mammals (< 500 g) 40.7 16.2 0 0 66.7 41.7
Rabbit Orcytolagus cuniculus 59.3 433 216 18.8 0 0
Echidna Tachyglossus aculeatus 0 0 10.8 9.9 0 0
Cat Felis catus 1.6 0.3 0 0 0 0
Total medium-sized mammals (500 - 61.0 43.6 324 28.6 0 0
6999 g)

Macropus robustus 1.6 1.1 27.0 23.5 0 0
Macropus rufus 4.1 2.7 27.0 23.9 0 0
Macropus sp. 0 0 2.7 <01 333 333
Total macropods 5.7 3.7 56.8 47.5 0 0
Dingo Canis lupus dingo 0 0 8.1 7.3 0 0
Goat Capra hircus 0 0 2.7 2.7 0 0
Total large mammals (= 7000 g) 5.7 3.7 62.2 574 333 333
Emu Dromaius novaehollandiae 0 0 2.7 1.4 0 0
Bird 333 12.7  13.5 3.8 0 0
Total birds 333 12.7 16.2 5.2 0 0
Geckoes 0 0 0 0 0 0
Skinks 39.8 8.9 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>