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Abstract
Cat ownership in Australia is declining compared to an increasing trend of cat
ownership in the United Kingdom, United States and Europe. The decline in
Australia may be linked to concerns over perceived impacts of cat predation
and an associated dislike of cats. However, while there are numerous studies
on feral cats and their impacts on declining native fauna, the impact of pet cats
on suburban wildlife or fauna in remnant bushland is relatively unknown
although there is a wide perception of risk. The primary aim of this thesis was
to apply the precautionary principle to the question of the putative impact of
pet cats on the abundance and diversity of small mammals in urban bushland
adjacent to low-density suburbia in the City of Armadale, a municipality on the
south-east fringe of Perth, Western Australia. At the time of writing, Western
Australia is yet to introduce state legislation governing cat control although
many local councils within the state have either implemented or are in the
process of implementing cat regulations.

The precautionary principle was deemed an ideal approach to this question,
because it provides a rationale for deciding on possible actions where both the
potential risk to environmental values and the uncertainty about possible
impacts are high. In such cases the precautionary principle requires two broad
lines of action: firstly, detailed consultation with stakeholders to determine
their perceptions of risk and the actions they are prepared to take to reduce it
and, secondly, research to reduce uncertainty.
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With regard to stakeholder consultation, local residents were surveyed in
regard to their attitudes and current cat husbandry practices. A substantial
proportion of respondents within this municipality believed cat regulations
were necessary (75% of owners and 95% of non-owners). At least 70% of both
owners and non-owners agreed with the propositions that cats not owned by
licensed breeders should be desexed, local councils should restrict the
maximum number of cats that can be owned on one property and that pet cats
entering nature reserves are harmful to wildlife. Most (c.85%) cat owners
agreed that they would license their cats if that became compulsory. Although
fewer owners (c.60%) were prepared to keep their cats on their property at all
times to protect wildlife, over 80% were willing to confine their cats at night if
it was required. Owners seemed to be substantially motivated by the value of
these measures in reducing injury to cats and facilitating the return of lost
animals rather than concern over wildlife protection.

Attempts to reduce uncertainty involved (i) assessing roaming patterns of pet
cats to determine the sizes of appropriate buffer zones around nature reserves,
and (ii) determining species diversity, species richness and abundance of small
mammals in remnant bushland adjacent to sub-divisions with varying
regulations governing cat husbandry. Radio tracking results to assess cat
roaming patterns showed substantial variation in home range size between cats
in high density suburbia (ranged between 0.01 ha – 0.64 ha) and those in low
density suburbia (ranged from 0.07 ha – 2.86ha). Larger home range sizes of
cats in the rural areas (up to 2.9 ha) suggest buffer zones of up to 500 metres
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around nature reserves are needed to exclude almost all roaming cats. The
abundance and species richness of small mammals were investigated in four
areas of remnant bushland. Two were adjacent to subdivisions where cat
ownership was unrestricted, one next to a subdivision where cat ownership
was prohibited and the remaining one next to a subdivision where compulsory
night curfew and bells on pet cats were enforced. No definitive evidence of
predatory impact by pet cats on the small mammals was found. Mammal
species diversity was not significantly different between sites and species
richness and absolute abundance were not higher in sites where cats were
restricted. Vegetation comparisons showed significant differences in the
structure and species composition of the vegetation between most sites and the
mammal species richness and abundance appeared linked to ground cover
density in the various sites. This factor, not cat restrictions, appeared to be the
primary determinant of species richness, species diversity and absolute
numbers of small mammals in these sites.

This study in the City of Armadale has shown that the implementation of
proposed cat legislation must have a “whole of ecosystem” approach, i.e.
protecting

identified

remnant

bushland

containing

biodiversity

from

threatening processes such as plant disease and inappropriate fire, especially
arson, as well as possible predations from pet cats. Habitat restoration and
protection may be more important conservation activities than regulation of
cats. Regulation of cats can be done at differing levels of intensity and cost,
bearing in mind that this community is receptive to regulation of some aspects
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of cat ownership. Community education on the values of cat confinement in
regards to cat welfare might increase chances of compliance.
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Chapter 1 – General introduction

1

- CHAPTER 1 General introduction
Pets provide love and companionship for people of all ages. The domestic cat,
Felis catus, is a significant example, with approximately 27% of Australian
households owning at least one (McHarg et al. 1995). Cats are increasingly
popular as pets for people with busy lifestyles because they tolerate long daily
absences of their owners and adapt easily to small living spaces such as units,
flats or apartments. Their companionship provides health benefits including
lower blood pressure and reduced risk of heart attacks (Anderson et al. 1992,
Jackson 1999) and there are also significant economic benefits. In Australia an
estimated $365 million was spent on cat care in 1998 (Mangosi 1999) and over
30,000 people are employed in the pet care industry. However, despite all these
benefits cat ownership in Australia is falling compared to increases in the
United Kingdom, United States and Europe (Bradshaw 1992, American Bird
Conservancy Group 1997, Chaseling 2001, Baldock et al. 2003). The decade
between 1988 and 1999 was especially telling, with the owned cat population in
Australia falling 20% while that of the United States rose 14% (Baldock et al.
2003).

The Australian decline may be caused by a dislike of cats and concern over
perceived impacts of cat predation on wildlife (Baldock et al. 2003). Cats,
including pets, may be seen as introduced marauders, destroying small native
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mammals, birds and reptiles. The question of whether this perception of
domestic cats (hereafter called pet cats) in Australia is justified with respect to
native Australian mammals, or whether pet cats are scapegoats for other causes
of environmental destruction that are more significant in the decline of
mammal species is examined in this thesis.

Several “types” or definitions of behaviour that group cats are recognised in
Australia: these are the terms feral, stray and domestic cat. Within this thesis,
definitions following the Department of Environment and Heritage (DEH)
guidelines are used. “Feral cats are those that live and reproduce in the wild,
and none of their needs are satisfied intentionally by people; stray cats are
those found in and around cities, towns and rural properties and, although not
owned, they depend on some resources by humans and domestic cats are those
owned by an individual or household and most of their needs are supplied by
their owners” (Department of Environment and Heritage 2004,
http://www.deh.gov.au/biodiversity/invasive/publications/cat/index.html).

This introduction begins with a brief biology of cats and an explanation of their
highly specialised protein diet, followed by the history of their arrival in
Australia, with special reference to Western Australia. I then review the
reported impacts of feral and domestic cats on native fauna in Australia and
the regulatory measures proposed or implemented here to reduce the risks of
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predation by pet cats. Given the plausible risks to wildlife but the paucity of
serious studies of impact revealed by this review, I then consider the precepts
of the precautionary principle and how it provides a rationale for specific
action while the uncertainties regarding impacts are resolved. The chapter
concludes with a statement of the main aims of the thesis and an outline of the
thesis structure, placing the aims within a precautionary framework for
responding to the possible impacts of predation by pet cats on native
Australian small mammals.

1.1

Biology and dentition

The domestic cat is now the most abundant and widespread species of all the
cat family, the Felidae. The genus Felis is characterised by behavioural
differences such as the ability to purr continuously and to eat in a crouched
position rather than lying down (Bradshaw 1992). It is believed to be a
descendant of the wild cat of Africa Felis sylvestris libyca (Bradshaw 1992,
Gaynor 2000).

Cats are specialised meat-eaters and require a much higher proportion of
protein in their diet than canids. The minimum protein required for body
maintenance in adult cats is about 12% of dry weight of food, compared to 4%
for domestic adult dogs (Bradshaw 1992) (see Risbey 2000 for a full review of
the diet of cats). Reflecting these dietary requirements, the cat’s skeletal
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morphology and dentition are geared towards efficient hunting. The collarbone (clavicle) is reduced completely and replaced by powerful muscles,
enabling considerable flexibility in the front legs for catching prey. The
hindlegs are also specialised for power, used particularly in jumping or
propulsive movement rather than running (Bradshaw 1992). All paws are
equipped with retractable claws for seizing and gripping prey and the teeth are
adapted to meat eating. Cats have long, laterally compressed canines, which
are predominantly used for holding prey and dislocating their vertebrae. The
last upper premolars and lower molars, the carnassial teeth, act as shears to cut
meat into swallowable pieces. The history of the cat’s domestication is unusual
in that there has been little change in the skeletal morphology from F.s. lybica,
nor any attempt to reduce natural predatory behaviour. This may reflect the
use of domestic cats for rodent control as well as companionship.

1.2

History and arrival of the domestic cat to Australia

There is some uncertainty as to when and from where cats first arrived in
Australia. At present, our understanding of the colonisation of Australia by
domestic cats is based on historical records and not on genetic evidence. Some
believe that cats entered Australia well before European settlement in 1788.
They may have escaped from ships travelling along trading routes from SouthEast Asia from about 1650 or earlier, Dutch shipwrecks on the Western
Australia coastline after 1617 or visits by European ships (with one record in
1802 of a dead cat in a shipwreck). Based on historical records and oral
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evidence from Aboriginal people, it is possible that the domestic cat arrived in
Western Australia on board William Dampier’s Cygnet in 1688 or with the
wreck of the Rapid in 1811 (Gaynor 2000). It has even been suggested that cats
were introduced by Aborigines entering north-west Australia as early as 50,000
years ago (Burgman and Lindenmayer 1998, Environment Australia 1999,
Abbott 2002). The other hypothesis is that European settlers brought the cat to
mainland Australia from 1788. The first documented arrival of the cat to
Australia was in the late 18th century (Rolls 1969, Environment Australia 1999,
Gaynor 2000).

Abbott (2002) reviewed historical records of the introduction of cats into
Australia and concluded that cats were probably not present prior to European
settlement. His research showed that there was a strong demand for cats in
newly settled areas following European settlement and that the frequency of
cats increased in an effort to control rodents (Rolls 1969, Abbott 2002). Cats
were also used to control the rabbit population in the 1880s and were released
deliberately for that purpose (for example, 200 cats were released between Mt
Ragged and Eyre in 1889: Long 1988). At this time, it was illegal to kill feral cats
in Western Australia because of their supposed crucial role in controlling
rabbits (Abbott 2002). Feral cats are now established across the continent as
well as in some 40 offshore islands (Dickman 1992 & 1996a).
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Impacts of feral cats

The spread of feral cats in Australia was initially slow because of predation and
competition from the dingo, Canis lupus dingo and the spotted-tailed quoll,
Dasyurus maculatus around settlements (Abbott 2002). However, as some of
these native predators were shot or poisoned by settlers, the spread of cats
increased. Once the limits of pastoral settlement had been reached, the
population of feral cats dispersed into the desert (Abbott 2002).

Some authors have speculated that the declines of many Australian native
mammal species are linked to predation by the cat. Until recently, much of the
evidence was anecdotal (Finlayson 1961, Horsup and Evans 1993) or historical
(Dickman 1993, Smith and Quin 1996, Calver and Dell 1998, Short 1999). Critics
argued that such evidence does not discount the possibility that cats simply
take a ‘doomed surplus’ of prey and few studies demonstrated a decline in
prey populations unequivocally linked to predation by feral cats (Bomford et al.
1995, Risbey et al. 1999). More recent evidence from field experiments, fauna
reintroductions and studies of mammal declines and extinctions on islands
confirmed that feral cats do impact population sizes of a range of small and
medium sized mammals (e.g., Risbey et al. 2000, Short and Turner 2000,
Burbidge and Manly 2002, Priddel and Wheeler 2004), but this is still well short
of identifying cat predation as a sole cause of decline. Detailed dietary studies
also do not prove population effects (e.g., Risbey et al. 1999 and included
references). Other possible causes include fox predation, clearing (for

Chapter 1 – General introduction

7

urbanisation or agriculture), changes in forestry practices, drought, changes in
fire regimes, competition with introduced herbivores, habitat destruction by
introduced herbivores and livestock grazing (e.g., Short and Turner 1994,
Maxwell and Burbidge 1996, Calver and Dell 1998, Kinnear et al. 2002, Glen and
Dickman 2003).

Cats may also have a significant indirect impact by disseminating the
protozoan parasite Toxoplasma gondii. The cat is the definitive host but a very
wide range of animals may be intermediate hosts, suffering ill-effects from the
establishment of cysts in internal organs (Hartley et al. 1990, Hill et al. 2005). For
example, the decline of the remnant population of the eastern barred bandicoot
Perameles gunnii in Western Victoria has been linked to direct predation as well
as the disease toxoplasmosis (Seebeck et al. 1990). Impacts from all causes are
very likely to be interactive, so long-term conservation often needs to address
several interacting processes (Catterall et al. 1998).

1.4

Impacts by pet cats

Predator population size is normally dependent on the prey population size in
predator-prey cycles and, under natural conditions, predator numbers decline
when prey becomes scarce (Archer 1972). However, pet cats obey their basic
instinct to kill, without necessarily relying on the long-term persistence of the
prey population. Barratt (1997a) suggested that pet cats are primarily

Chapter 1 – General introduction

8

opportunistic in their predatory behaviour and can take a diverse array of
vertebrate prey despite being cared for and fed by their owners. This is
analogous to hyperpredation, in which predation by an introduced predator
sustained by a large population of introduced prey species adapted to high
predation pressure threatens populations of native animals (Courchamp et al.
2000, Woods et al. 2003). Cat ownership nationally is estimated at c. 25% of
households (REARK 1994a) and 27% (McHarg et al. 1995), with the density of
pet cats in suburbia estimated at c. 2/ha. This is markedly greater than the
densities of 0.003-0.01/ha known for feral populations (Paton 1991; Risbey
2000) and could cause large predatory impacts.

Surveys of predation by owned cats on wildlife in Australia are mostly recent
(e.g., Paton 1991, 1993; REARK 1994a,b; McHarg et al. 1995; Barratt 1995, 1997a,
1998; Perry 1999; Grayson et al. 2002). Approximately half of all pet cats hunted.
In the warm Queensland climate at Mt Isa and Brisbane, lizards were the most
common prey, followed by birds and then mammals (Perry 1999). Elsewhere,
mammals and birds were favoured. They were mainly introduced species such
as house mice Mus musculus, starlings Sturnus vulgaris and sparrows Passer
domesticus (REARK 1994a, Perry 1999). While owners did not identify the lizard
species taken, they presumably were native species because of the relatively
small numbers of introduced lizards in Australia. A related animal welfare
issue seldom discussed concerns the level of suffering of prey caused by
hunting cats. A local wildlife rehabilitation centre in Perth, Western Australia
(Kanyana) reported that of the 101 admissions in 2003 from cat attacks, 84 were
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birds and 12 were of a native marsupial, the quenda or southern brown
bandicoot Isoodon obesulus (D. Hunter, Kanyana, pers.comm).

However, there is no conclusive evidence of suppression of populations of any
native species in Australian suburbia as a result of predation by pet cats and
accurate estimates of predation rates are difficult (Barratt 1998). There are many
critics of the idea that one can estimate a mean number of prey killed by cats
and extrapolate from that to a population level of mortality. Predation
estimates alone do not reflect the total impact on the population size of the prey
species (Barratt 1998, Abbott 2002). Accordingly, high predation estimates do
not necessarily indicate that prey populations are at risk. In contrast to Paton’s
(1991) conclusion, Barratt (1998) argued that a localised predation study should
not be taken as indicative of predation levels in all cat populations as various
factors such as cat densities, climatic conditions, the availability and type of
prey and any variation in cat-management practices should be considered.
Overall, it is undeniable that pet cats do hunt, but whether or not this depresses
prey populations is uncertain.

A further complication is the need to manage pets to control potential nuisance
issues and to protect their welfare. Increasingly, state governments in Australia
have legislated to implement pet management practices (e.g., the Companion
Animals Act 1998 in New South Wales, Domestic (Feral and Nuisance)
Animals Act 1994 in Victoria (Penson 1995) – see review of Australian
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Companion Legislation by Stabler and Banyard 1998 and Table 1.1). All state
Acts include provision for identification of cats, action against nuisance
animals and, with the exception of the South Australian legislation and
Australian Capital Territory legislation, compulsory registration of cats with
discounts for neutered animals. These measures may confer some wildlife
protection by discouraging breeding and allowing identification of nuisance
animals. A comparative analysis of the cat legislation in each Australian state
as at 1998 is outlined in Table 1.2. Since then, there have been substantial
developments at state and local government levels (Grayson and Calver 2004),
and continuous changes are occurring.

Some local councils in Australia also pioneered regulations on cat ownership
with more explicit wildlife protection aims to be achieved by curfewing cats
between dusk and dawn, restricting cats to their owners’ properties or
designating environmentally sensitive areas where cat ownership is forbidden
(e.g., Anderson 1994, Pergl 1994, Baker 2001, Buttriss 2001).
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Table 1.1: Australian Companion (Animal) Legislation for each state (as at
1998). The main legislation reviewed (at that time) is in bold. Table taken from
Stabler and Banyard (1998).
Australian Capital Territory

Australian Capital Territory, Dog Control Act 1975
Animal Nuisance Control Act 1975
Australian Capital Territory, Dog Control
Regulations
Australian Capital Territory, Interpretation Act
1967

New South Wales

Companion Animal Act (passed 3/7/98,
regulations not yet complete)
Animals Act 1977, No. 25
Animal Research Act 1985, No. 123
Dog Act 1966 No. 2, including amendments up to
Act 1993 No. 22
Dog Regulations 1981
Prevention of Cruelty to Animals Act 1979, No. 200

Northern Territory

Darwin City Council By-Laws 1994
Northern Territory of Australia, Alice Springs
(Animal Control) By-Laws
Northern Territory of Australia, Regulations 1996,
No. 56, 11/12/96
Northern Territory of Australia, Regulations 1996,
No. 8, 5/2/96
Northern Territory of Australia, Regulations 1993,
No. 9, 19/6/93
Northern Territory of Australia, Regulations 1993,
No. 31, 1/10/93

Queensland

Brisbane City Council, Local Law (Keeping and
Control of Animals) 5/7/96

South Australia

Dog and Cat Management Act 1995, No. 15
Regulations 1995, No. 118
Dog Fence Act 1946
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Animal Welfare Act 1993, No. 63
Animal Welfare Regulations 1993, No. 255
Animal Health Act 1995, No. 85
Animal Health Regulations 1996, Statutory Rules
No.117
Dog Control Act 1987, No. 112
Dog Control Regulations 1988, Statutory Rules
No. 81

Victoria

Domestic (Feral and Nuisance) Animals Act 1994,
No. 81
Domestic (Feral and Nuisance) Animals
Regulations 1996, Statutory Rules No. 25
Prevention of Cruelty to Animals Act 1986, No. 46
Prevention of Cruelty to Animals Regulations 1986,
Statutory Rules No. 360
Subordinate Legislation (Prevention of Cruelty to
Animals Regulations 1986 - Extension of
Operation) Regulations 1996, Statutory Rules
No.131

Western Australia

Dog Act 1976
Dog Act Regulations 1976, including
amendments 1987 No. 91, 1988 No. 95, 1995 No.
132, 1996 No. 132
Prevention of Cruelty to Animals Act 1920-1976
Prevention of Cruelty to Animals Amendment Act
1987, No. 36
Relevant Local Government (Consequential
Amendments) Act 1996
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Table 1.2: A comparison of Australia's cat legislation as at June 1998 (taken
from Stabler and Banyard 1998). 1 Darwin 2 Brisbane City Council.
ACT

NSW

NT

QLD2

SA

TAS

VIC

WA

1

1.Registration
required
Registration
fee
Registration
age
- desexed
- pensioner
- breeder pure
bred
Penalty for
unregistered
2.
Identification
required
External
Either int. or
Ext
Penalty for no
identification
3. Seizures &
pounds
Detention
time (min)
Release fee
(Day 1+)
AO. Seize &
destroy
Destroy in
sensitive
environmental
areas
Property
owner may
seize

No

proposed
Yes

No

No

No

No

Yes

No

-

$100

-

-

-

-

$50

-

-

6 mths

-

-

-

-

6 mths

-

-

$35
$15
$25

-

-

-

-

$15
$15
No

-

-

$250

-

-

-

-

$200

No

3 mths

No

No

Advised

No

Yes

No

-

Yes
Yes

-

-

Yes

-

Yes
Yes

-

-

$250

-

-

Seized

-

$100

-

5 days

7 days

-

3 days

0 days

8 days

-

$50+25/
d
Yes

?

-

-

-

Yes

Yes

$30+10
/d
Yes

-

Yes

$24+24
/d
Yes

0
days
-

Yes

Yes

Yes

-

Yes

Yes

No

Yes

Yes

No

Yes

-

No

Yes

No

Yes

No
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Precautionary principle

The precautionary principle provides a rationale for deciding on possible
actions in cases where both the potential risk to environmental values and the
uncertainty about possible impacts are high. It states:

'Where there are threats of serious or irreversible damage, lack of full scientific certainty
should not be used as a reason for postponing measures to prevent environmental
degradation. In the application of the precautionary principle, public and private
decisions should be guided by: (i) careful evaluation to avoid, wherever practicable,
serious or irreversible damage to the environment; and, (ii) an assessment of the riskweighted consequences of various options' (The Intergovernmental Agreement on the
Environment, May 1992, quoted in Deville and Harding 1997, p. 13)

Where risks are well-known and serious, then the relevant action is prevention,
not precaution. Small and well-known risks may require little action at all
(Deville & Harding 1997).

The principle has been parodied as meaning ‘do nothing until you know
everything’, especially when used to prevent proposed resource extraction or
development (e.g., Goklany 2001). However, precaution does not mean doing
nothing and sometimes it requires specific measures rather than inaction
(Deville & Harding 1997, Calver et al. 1999, Calver 2003, Lilith et al. 2006). It also
requires widespread consultation before implementation and considerable
freedom to tailor actions to specific local circumstances (Deville & Harding
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1997, Kruger et al. 1997, Harding & Fisher 1999). These assets suit it to the
debate over the putative impacts of pet cats on wildlife.
Proposed protocols for applying the precautionary principle (Deville &
Harding 1997) and reports of successful case studies (e.g., Kruger et al. 1997)
recognise the difficulty in implementing regulations without compelling
evidence. Instead, they suggest detailed consultation with stakeholders to
determine their perceptions of risk and the actions they are prepared to take to
reduce it. This consultation may suggest immediate precautionary actions
acceptable to stakeholder groups while further research is undertaken to
reduce uncertainty. This research may lead either to the implementation of
preventive action if risk is confirmed to be high or relaxation of precautionary
measures if they are found to be unwarranted.

1.6

Scope and Aims of Thesis

In the introduction to this thesis, I described the general biology of the
domestic cat, outlined its introduction to Australia and discussed how its
presence here may have contributed to the decline in abundance and diversity
of Australia’s native fauna. That background highlighted that the impacts of
feral cats are increasingly the subject of research and that questions of impacts
are being resolved. By contrast, the predatory impacts of pet cats on
populations of urban wildlife are less certain because, by definition, a house cat
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or owned domestic cat is a cat living in a residence or attached to a household
that is ultimately responsible for feeding it (Liberg and Sandell 1988).

The primary aim of this study was to investigate whether pet cats impact on
the abundance and diversity of small mammals in urban bushland adjacent to
low-density suburbia. This study was based in the City of Armadale, a
municipality south-east of Perth, Western Australia. It involved both a
survey/questionnaire of the attitudes and practices of residents as well as field
studies involving fauna trapping and radio tracking of domestic cats. Specific
objectives within this study were to:
-

Survey the attitudes of stakeholders, in this case, the residents of the
City of Armadale, towards various proposed regulations governing cat
control. These regulations included registration of pet cats, compulsory
sterilisation, limitation of number of pet cats and establishment of cat
exclusion zones.

-

Determine the roaming patterns of owned cats within the municipality
for the purpose of establishing adequate buffer zones around nature
reserves.

-

Assess the presence/absence and population size of mammals in
remnant suburban bushland adjacent to residential areas with differing
regulations governing cat ownership. Changes which could possibly be
related to the husbandry practices were examined and the vegetation
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structure of the sites was assessed to determine if it was also a
contributor to mammal presence and abundance. Mammals were chosen
in preference to lizards and birds because nocturnal confinement of cats
is most likely to protect this group.
In addressing the aims of this thesis, background history, climate and general
information on vegetation of the City of Armadale are provided in Chapter 2.
This is followed by four empirical chapters: a survey of residents’ attitudes
towards cat legislation (Chapter 3); determination of home ranges of owned
domestic cats within the municipality (Chapter 4); survey of the presence
(population numbers and density) of (native) mammals and of predators
within selected nature reserves (Chapter 5) and assessment of vegetation
structure and species composition within those reserves (Chapter 6).
Conclusions with the view of discussing the implications of introducing cat
legislation will be outlined in Chapter 7.
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- CHAPTER 2 Study area
The study was conducted within the City of Armadale, Western Australia. This
chapter outlines the history of the area, demographics, climate and the different
vegetation and fauna found within nature reserves and bushland within the
boundaries of the current city.

2.1

City of Armadale - history

European settlement in Western Australia began with the settlement of
Fremantle and Perth in early 1829. In November 1829, Sir James Stirling and his
party chose a site for a new town on the banks of the Canning River. This site
was subsequently named Kelmscott and is a suburb of the modern City of
Armadale. At that time, one of the first major roads passed through Kelmscott
and the official opening of the railway line from Perth to the south-west port of
Bunbury in 1893 accelerated the development of this region. Roleystone, a
suburb of the modern City of Armadale, was opened up for closer settlement in
1905 and planting of orchards grew at an increasing rate here from the early
1900s. In the mid 1960s to the late 1970s, the area experienced an
unprecedented population growth from 7,000 to 35,000. Armadale businesses
also grew, with light and service industries increasing. In 1985, Armadale was
granted city status, and the name “Heritage Country” was registered as part of
the council’s increased focus on the preservation of the natural environment
(www.armadale.wa.gov.au).
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The modern City of Armadale (32°15’S, 116°02’E) is located approximately
29kms south east of Perth, the capital of Western Australia (Figures 2.1 and
2.2). The 545 square kilometres of the City includes the eastern portion of the
Swan Coastal Plain, the Darling Range and the Darling Scarp (a total of 1431
hectares of parks and reserves), and also encompasses residential housing
estates, major shopping facilities and larger semi-rural lots, including orchards.
The city comprises the suburbs of Armadale, Bedfordale, Brookdale,
Forrestdale, Kelmscott, Karragullen, Mt Nasura, Roleystone, Seville Grove,
Westfield and Wungong. Commercial industries in this municipality include
brickworks, beef cattle, light industry and orchards.

In the Darling Range and Scarp, substantial areas are reserved as water
catchment area (managed by the Water Corporation and the Western
Australian Department of Water) and state forest (managed by the Department
of Conservation and Land Management). Both of these land tenures also
contribute to wildlife conservation. There are 221 reserves occupying over 1800
ha of public open space and large areas of natural bushland have been set aside
for the preservation and study of native flora and fauna. Natural bushland
areas managed by the council total approximately 1000 hectares, which include
Armadale Settlers Common, Bungendore Park, Lloyd Hughes Reserve,
Forrestdale Lake and Warwick Savage Park (www.armadale.wa.gov.au, C.
Gaskin, pers. comm).
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Figure 2.1: Map of the City of Armadale (Scale 4mm = 1 km).

Figure 2.2: Location of the City of Armadale in relation to Perth, the capital of
Western Australia.
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2.2

Population Demographics

There are over 19,000 dwellings within the City, some of which are zoned
urban (primarily residential living with single dwellings on separate lots) and
others rural (semi-intensive rural land use compatible with landscape
conservation). The population was estimated to be 54,000 at 30 June 2000 and
growing at about 4% per year. The City of Armadale has large numbers of
families with dependent children and, in line with national trends, has an aging
population with the fastest growth over the past ten years among the
demographic groups aged 45 to 54 and over 65 (www.armadale.wa.gov.au).

2.3

Climate

The region has a mediterranean climate and experiences six months of hot, dry
weather annually. Although there are no Bureau of Meteorology weather
stations within the City of Armadale, the location and proximity of Bickley
weather station in the foothills of Perth is similar to that of Roleystone where
fauna trapping was conducted. Hence, as a comparison, average temperature
figures were obtained from Bickley. The mean maximum temperature at
Bickley is approximately 30° C in the summer months (from December to
March) and 16°C in the winter months (June to August). Mean minimum
overnight temperatures are 15°C over the summer months and 7°C in the
winter months (Bureau of Meteorology, Perth; Figure 2.3).
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Figure 2.3: Monthly temperatures showing highest and average maximum, and
lowest and average minimum recorded at Bickley. Figures were obtained from
Bureau of Meteorology website www.bom.gov.au

Rainfall totals were available for Roleystone from a local station (Bureau of
Meteorology, pers. comm). The average rainfall in Roleystone is about 1015
mm per annum (compared with Perth metropolitan in the lowlands at 869mm),
with the majority of rain days confined to the winter months (June to August)
(Bureau of Meteorology, Perth; Figure 2.4).
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Figure 2.4: Average monthly rainfall and number of rain days (station:
Roleystone). These figures were obtained from Bureau of Meteorology website.

2.4

Vegetation – general description of area

The northern jarrah forest covers an ancient peneplain (an area that was once
raised, but is now eroded), the majority of which occurs on upland soils of
lateritic podzolics (soil horizons accumulating organic matter and iron)
underlain by mottled clay and pallid zones at depth (Shearer and Shea 1987,
Kew and Gilkes 2004). In the uplands, the dominant overstorey tree species are
jarrah Eucalytpus marginata and marri Corymbia calophylla with a mixed
understorey dominated by grass tree Xanthorrhoea preissii, bull banksia Banksia
grandis, swamp banksia Banksia littoralis, Brown’s wattle Acacia browniana, hairy
glandflower Adenanthos barbigera and waterbush Bossiaea aquifolium. Wandoo
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Eucalyptus wandoo is predominant on dolerite dykes, as well as in drier parts
towards the east of the Darling Ranges (Shearer and Tippett 1989).

2.5

Fauna

The reserves within the City of Armadale have not been fully surveyed for
fauna, but some species are documented within the jarrah forest in the Darling
Range scarp (Table 2.1), which includes some of the reserves in this study.
These areas are close to local farming/orchards and urbanisation, so the
Department of Conservation and Land Management (CALM) has never baited
any of them to control the introduced red fox Vulpes vulpes (A. Wright, CALM,
pers. comm) as practised extensively in other areas of south-western Western
Australia (Kinnear et al. 2002).
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Table 2.1: Terrestrial native mammals in the jarrah forest (amended from
Nichols and Muir 1989). 9 = likely to be present in bushland areas in the City
of Armadale; presence is based on distribution maps and conservation status in
Menkhorst and Knight (2004) and ANZECC (2000).
Common Name

Scientific Name

Status

Echidna

Tachyglossus aculeatus

9 Common

Chuditch or western native

Dasyurus geoffoii

Endangered

cat
Bush rat

Rattus fuscipes

Brush-tailed phascogale

Phascogale tapoatafa

Endangered

Yellow-footed antechinus

Antechinus flavipes

9 Locally common

(mardo)

leucogaster

Gilbert’s dunnart

Sminthopsis gilberti

Numbat

Myrmecobius fasciatus

9Locally common

(common wambenger)

Locally common
Critically
endangered

Southern brown bandicoot

Isoodon obesulus

9 Endangered

(quenda)
Western ringtail possum

Pseudocheirus occidentalis

Brushtail possum

Trichosurus vulpecula

9Locally common

Western pygmy possum

Cercartetus concinnus

Rare

Honey possum

Tarsipes rostratus

Woylie

Bettongia penicillata

Threatened

9Locally common
Critically
endangered

Western grey kangaroo

Macropus fuliginosus

9 Locally common

Western brush wallaby

Macropus irma

9 Locally common

Tammar

Macropus eugenii

Endangered

One of the larger reserves in the City of Armadale, Bungendore Park, is
managed by a local community group (Friends of Bungendore Park) who
provided a listing of fauna sighted and trapped within this reserve (K. Sarti,
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pers. comm). Although fauna trapping in this study was not conducted at
Bungendore Park, this information was considered particularly useful in
comparing fauna sighted or those possibly trapped at my sites.

Table 2.2: List of mammals that have been seen or trapped in Bungendore Park
by Friends of Bungendore Park over a 10-year period from 1990.
Common Name

Scientific Name

Echidna

Tachyglossus aculeatus

Mardo

Antechinus flavipes leucogaster

Brush-tailed phascogale

Phascogale tapoatafa

Western pygmy possum

Cercartetus concinnus

Brushtail possum

Trichosurus vulpecula

Quenda

Isoodon obesulus

Western grey kangaroo

Macropus fuliginosus

Western brush wallaby

Macropus irma

House mouse

Mus musculus

Black rat

Rattus rattus

Rabbit

Oryctolagus cuniculus

Cat

Felis catus

Dog

Canis familiaris

Red fox

Vulpes vulpes

Pig

Sus scrofa

The group has also reported sightings of cats from their records in November
1992 and January and December 1995.
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Susceptibility of fauna to predation
Dickman (1996b) developed a scale based on biological characteristics of
putative prey and cat density to estimate susceptibility of native species to
predation from feral cats. Putative prey are assigned a score ranging from 0 – 3
on six criteria and the scores are then totalled to produce an assessment of
overall risk. A score of zero indicates no or negligible susceptibility to
predation and three indicates high susceptibility. The scores are listed in order
of their likely importance in assessing susceptibility. Habitat use scores reflect
the degree of difficulty for cats in hunting or gaining access to the species in
question. Behaviour and mobility scores were awarded to three independent
sub-attributes that could also sum between 0 – 3. Scores for behaviour take into
account the activity of the animal, whether it is arboreal or ground-dwelling
and whether or not it shows anti-predatory behaviours. Using this method, the
native mammals from the above lists potentially at high risk of predation by
cats include the southern brown bandicoot (quenda) I. obesulus and the yellowfooted antechinus (mardo) A. f. leucogaster (Table 2.3).
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Table 2.3: Susceptibility of some native and introduced mammals to predation
from cats, F. catus within the City of Armadale. Mammals listed in this table
have been previously recorded in Bungendore Park reserve in the City of
Armadale. Susceptibility scoring method was adapted from Dickman (1996b).
The following assumptions were made in this table:
•

Although one of the trapping sites is a cat-free zone (i.e. cat ownership is
prohibited – see Chapter 5), cat density for all species has been listed at
“2” (medium density). This recognises the likely presence of a
background population of stray or feral cats, especially if there are no
encounters with wandering pet cats.

•

* denotes low risk because of their predominantly arboreal behaviour.
However, these species will be at a higher risk to predation by cats if
they are stranded on ground level e.g., young/juveniles falling from
nests or mothers, crossing between sparse trees.

•

^ The brush-tailed possum has been listed as low-risk because it is
predominantly arboreal and has strong anti-predatory behaviour (i.e.
sharp teeth and claws). However, their young/juveniles are relatively
defenceless and may be killed by cats if they are on the ground or
moving between sparse trees.
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Factors contributing to susceptibility of native species
Species

Mardo, A.f.

Cat

Body

Habitat

density

weight

use

2

3

2–3

0–3

2

1

H

2

3

2

2

1

1

L*

2

3

2

2

1

1

L*

2

2

2

1

1

2

L^

2

2

1–2

0–2

1

1

H

2

3

2–3

3

3

0

H

2

3

2–3

3

3

1

H

2

2

2–3

0–3

3

0

H

Behaviour

Mobility

Fecundity

Overall
risk

leucogaster
Brush-tailed
phascogale,
P. tapoatafa
Western
pygmy
possum, C.
concinnus
Brushtail
possum,
T. vulpecula
Quenda, I.
obesulus
House
mouse,
M. musculus
Black rat, R.
rattus
Rabbit, O.
cuniculus

Overall risk: H = high risk, L = low risk
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The ecology and biology of some of the common species known to occur in
urban environments and therefore likely to be trapped in this study is
presented below. Basic information for all entries is taken from Strahan (1995),
supplemented by other sources where indicated.

a)

The yellow-footed antechinus or mardo (Figure 2.5)

The mardo has the most extensive distribution of any species in the genus
Antechinus. It is found along the eastern coast of Australia and south-western
Western Australia in a variety of habitats including tropical vine-forests,
swamps to dry mulga country (Van Dyck 1995). It is common in areas with a
deep litter layer as well as open woodland in Dryandra forest (inland from the
jarrah forest), but is considered rare in wet sclerophyll karri/tingle forest
(Wardell-Johnson and Nichols 1991). The mardo is a semi-arboreal marsupial,
and while predominantly an insectivore can be considered an opportunistic
feeder occasionally taking vertebrates and eggs (Hindmarsh and Majer 1977,
Nichols and Muir 1989). The mardo (with an average weight of 20 – 75g) is in
the “high risk” category of falling prey to cats (Table 2.3, Dickman 1996b).
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Figure 2.5: The yellow footed antechinus or mardo.

b)

Brushtail possum (Figure 2.6)

The well-known brushtail possum is active both in trees and on the ground.
Although common in much of the south east and south west of Australia, it is
declining and endangered in central Australia. It feeds mainly on leaves,
flowers and fruits of a variety of trees and shrubs, and breeds between autumn
and spring (Menkhorst and Knight 2004). Clearing and logging practices
resulting in a reduction of suitable refuge sites such as larger tree hollows have
considerably reduced its former range. The brushtail possum is known to fall
prey to foxes when it comes to the ground to feed or travel between trees (Jones
2004, Pickett et al. 2005) and juvenile possums have also been recorded as
potential prey to domestic cats (Barratt 1997a).
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Figure 2.6: Brushtail possum.

c)

Southern brown bandicoot (Figure 2.7)

The southern brown bandicoot is also known as the quenda in Western
Australia. It is widely distributed near the south-west coast from the north of
Perth to the east of Esperance, but is declining in the inland part of its range
(Menkhorst and Knight 2004). It normally forages in dense scrubby and
swampy vegetation but can thrive in more open habitat where exotic predators
are absent or controlled. Quendas are omnivorous, predominantly nocturnal,
solitary and territorial with large home ranges. Threats to the quenda include
loss of habitat from logging or plant disease (Garkaklis et al. 2004) and
predation of young by foxes, cats and dogs (Claridge et al. 1991, Rees and Paull
2000).
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Figure 2.7: Quenda (Southern brown bandicoot) photo: J Wood.

Introduced species
Introduced species such as the black rat and the house mouse are commonly
associated with human settlement and disturbed environments (Menkhorst
and Knight 2004), and therefore are also available as prey to domestic cats.
Some owners of properties associated with hobby farming or fruit orchards in
the City of Armadale own a cat to control the population of rats and mice
within their properties (various owners, pers. comm). European rabbits are also
present in rural areas of this municipality. The biology of these species is as
follows:

a)

Black rat

This species is widespread throughout Australia. It is common in highly
disturbed habitats, near farms, in the vicinity of watercourses, streams and
lakes. It is a sleek, long-tailed, large-eared animal that can breed continuously
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in good conditions. The black rat is omnivorous; eating almost anything
utilised by humans and domestic animals but has been known to live
exclusively on fungi (Watts 1995). As it is usually associated with human
settlements, it is highly likely to fall prey to pet cats within the home.

b)

House mouse

The house mouse is widespread throughout Australia; it can colonise and
exploit any environment and is known to occur in plague proportions in
cultivated fields (particularly in the eastern grain-belt). It is omnivorous, eating
seeds, fungi and insects. It breeds opportunistically between October and April
(Singleton 1995, Menkhorst and Knight 2004).

c)

European rabbit

This introduced mammal has established permanent populations throughout
Australia. It is nocturnal and crepuscular, sometimes diurnal if undisturbed
and is usually found grazing on the most nutritious forage available. Females
can produce 11 – 25 young per year, but most do not survive. The young are
born naked in a fur-lined nest within warrens (Menkhorst and Knight 2004).

Now that the study site is described, the thesis covers in the next chapter, the
question of the attitudes and practices of Armadale citizens towards the
management of pet cats.
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- CHAPTER 3Protecting wildlife from predation by pet cats:
application of a precautionary approach to the
acceptability of proposed cat regulations

This chapter is a publication in the journal Austral Ecology Volume 31 (2) April
2006. To keep a consistent style with the rest of the thesis, the abstract,
acknowledgements and keywords were deleted and the references included in
a reference list at the end of the thesis. Numbering of headings and subheadings follows the format of the rest of the thesis. Otherwise the text is
identical to that of the paper, even though this involves some repetition of
details from earlier thesis chapters in the introduction and methods.

The chapter has three co-authors. M.C. Calver and I. Styles assisted in survey
design and analysis, while M.J. Garkaklis assisted in liaison with the Armadale
City Council.
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3.1

Introduction

Many international studies confirm that owned domestic cats Felis catus
(Mammalia: Felidae) do kill large numbers of wildlife and document mortality
statistics (e.g., Barratt 1998, Churcher & Lawton 1987, Gillies & Clout 2003,
Woods et al. 2003, Lepczyk et al. 2003). However, this evidence does not
discount the possibility that cats simply take a ‘doomed surplus’ of prey
(Bomford et al. 1995, Patronek 1998, Risbey et al. 1999) and few studies
demonstrate a decline in prey populations unequivocally linked to predation
by owned cats (Larkin 1989 and Dufty 1994 are important examples).
Furthermore, Patronek (1998), Barratt (1998) and Chaseling (2001) stressed that
high rates of predation might not be the only cause of declining prey
populations in greatly disturbed or modified environments. Thus two
polarised views on the importance of regulating owned domestic cats to
achieve wildlife protection have arisen: on the one hand, that the impact of
predation is exaggerated and deflects attention from more serious causes of
wildlife decline (e.g., Fitzgerald 1990, Nattrass 1992, Chaseling 2001), while on
the other hand that the number of wildlife deaths must be having an impact
and action is needed (e.g., Paton 1991, Woods et al. 2003, Lepczyk et al. 2003).

The precautionary principle provides a rationale for deciding on possible
actions in cases such as this where both the risk to environmental values and
the uncertainty about possible impacts are high. It states:
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'Where there are threats of serious or irreversible damage, lack of full scientific certainty
should not be used as a reason for postponing measures to prevent environmental
degradation.

In the application of the precautionary principle, public and private

decisions should be guided by: (i) careful evaluation to avoid, wherever practicable,
serious or irreversible damage to the environment; and, (ii) an assessment of the riskweighted consequences of various options' (The Intergovernmental Agreement on the
Environment, May 1992, quoted in Deville and Harding 1997, p. 13)

Where risks are well-known and grave, then the relevant action is prevention,
not precaution. Small and well-known risks may require little action at all
(Deville & Harding 1997).

Critics of the principle parody it as meaning ‘do nothing until you know
everything’, referring to its use to prevent proposed resource extraction or
development (e.g., Goklany 2001). However, precaution need not mean
inaction and in some cases it advances specific actions over the status quo
(Deville & Harding 1997, Calver et al. 1999, Calver 2003). Effective precaution
has the further advantages of requiring widespread consultation before
implementation and considerable freedom to tailor actions to specific local
circumstances (Deville & Harding 1997, Kruger et al. 1997, Harding & Fisher
1999). These assets suit it to the debate over the putative impacts of owned
domestic cats on wildlife.

Proposed protocols for applying the precautionary principle (Deville &
Harding 1997) and reports of successful case studies (e.g., Kruger et al. 1997)
recognise the difficulty in implementing regulations without compelling
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evidence. Instead, they suggest detailed consultation with stakeholders to
determine their perceptions of risk and the actions they are prepared to take to
reduce it. This consultation may suggest immediate precautionary actions
acceptable to stakeholder groups while further research is undertaken to
reduce uncertainty. This research may lead either to the implementation of
preventive action if risk is confirmed to be high or relaxation of precautionary
measures if they are found to be unwarranted.

This paper reports the results of following this protocol to initiate a
precautionary approach to managing the putative impact of owned domestic
cats on wildlife in the City of Armadale, a local government municipality on
the outer fringes of the metropolitan area in Perth, Western Australia. At the
time of writing, Western Australia was one of the Australian states yet to
introduce statewide regulations governing cat ownership, although several
local government municipalities have taken action (Grayson & Calver 2004). At
the instigation of one stakeholder, Armadale City Council (ACC, the Armadale
local government authority), we surveyed the responses of men and women
(both cat owners and non-owners) from urban and rural residences within the
City of Armadale to suggested regulations for owned domestic cats. Our aim
was to identify a range of measures supported by ACC and the different
resident groups that would reduce risk to wildlife, and to suggest means of
implementing them acceptable to all parties. The approach is applicable to
other communities debating the putative impact of owned domestic cats on
local wildlife.
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3.2
3.2.1

Methods
Study area

The City of Armadale (32°15’S, 116°02’E) is located approximately 29km southeast of Perth, the capital of Western Australia (Figure 3.1). The region has a
mediterranean climate and experiences six months of hot, dry weather,
encouraging the outdoor husbandry of cats. There are over 19,000 dwellings
within the City, some of which are zoned urban (primarily residential living
with single dwellings on separate lots mostly less than 1000m2) and others
rural (semi-intensive rural land use compatible with landscape conservation,
lot size ranging upwards from 2000m2). The 545 square kilometres of the City
include the eastern portion of the Swan Coastal Plain, the Darling Scarp and
the Darling Range. In the Darling Range and Scarp, substantial areas are
reserved as water catchment (managed by the Water Corporation and the
Western Australian Department of Water) and state forest (managed by the
Department of Conservation and Land Management). Both of these land
tenures also contribute to wildlife conservation. The City of Armadale manages
c. 1000 hectares of parks and reserves (www.armadale.wa.gov.au). Native
mammals present in the region and potentially preyed upon by cats include the
southern brown bandicoot Isoodon obesulus and the yellow-footed antechinus
(Mardo) Antechinus flavipes leucogaster.
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Figure 3.1: Location of the City of Armadale, Western Australia.

3.2.2

Design of survey

The survey protocol used in this study was developed by Grayson et al. (2002)
to obtain public opinion on issues such as legislative control of cat ownership,
impacts of cats on urban wildlife and aspects of cat husbandry such as
confinement, sterilisation and identification. The survey included 43 items
relating to opinions and a further 32 items regarding characteristics of the
respondents themselves and, in the case of cat owners, their cat husbandry
practices. Some items were direct questions (e.g., How many cats do you
have?) while others requested a response to a statement on a 4 point Likert
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Scale (strongly agree, agree, disagree, strongly disagree). Responses to the
opinions and practice items were used to construct three scales (Sterilisation –
13 items covering attitudes and practices regarding sterilising pets, Control – 19
items covering regulations desired and willingness to comply with proposed
measures and Wildlife – 11 items covering attitudes toward the interactions of
owned domestic cats and wildlife). These reflected important areas of
husbandry as well as attitudes toward wildlife. Participants’ scores on these
scales were used as dependent variables reflecting their attitudes.

Gender (male/female), residential code (urban/rural) and cat-ownership status
(owner/non-owner) of respondents were then used as independent variables
in MANOVA (multivariate analysis of variance) to explore their influence on
the dependent variables. Gender was chosen as a variable because it can be a
significant factor in pet management practices (e.g., Blackshaw & Day 1994),
while residence was chosen because the species richness and abundance of
native fauna often vary in relation to the proximity of native vegetation (e.g.,
Barratt 1998, Catterall 2004, van der Ree 2004). Cat-ownership was chosen so
that differences between owners and non-owners could be assessed explicitly.

Fourteen key questions/statements were selected for individual analysis
because they describe specific husbandry practices of owners, attitudes and
beliefs of owners and non-owners, or regulatory options for the Armadale City
Council. The first seven items in the list relate to cat-owners only, while the
others apply to all respondents:
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•

How many cats do you have?

•

Has your cat/s been desexed?

•

Would you license your cat if it became compulsory?

•

Is your cat currently confined to your house or to your property?

•

I would be happy to keep my cat/s on my property between sunset and
sunrise.

•

I would be happy to keep my cat/s on my property at all times.

•

I would be happy to keep my cat/s in at night-time if it became
compulsory.

•

There is a need for cat legislation.

•

Local governments should have the power to limit the number of cats
per household.

•

Domestic cats killing wildlife in the suburbs are a serious problem.

•

To stop cats from attacking wildlife, cats should be kept on their owner’s
property at all times.

•

Domestic cats in nature reserves are harmful to wildlife.

•

Local governments should have the power to establish cat free zones in
new subdivisions.

•

3.2.3

Excluding a cat/s that is owned by a breeder, all cats should be desexed.

Administration of survey

One thousand names of rural residents and one thousand names of urban
residents were selected randomly using case numbers from the City of
Armadale residential database, representing 11.7% of all ratepayers. Surveys,
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together with a covering letter explaining the project and a stamped selfaddressed envelope, were posted to the participants in June 2003. A reminder
letter and a second survey were sent if no response was received within three
weeks.

3.2.4

Data Analysis

Representativeness of the survey
The representativeness of men and women in the survey was assessed by
comparing the gender ratio of the respondents with that from the Armadale
Electoral District. Although the Armadale Electoral District does not match the
City of Armadale boundaries, the electoral data are the best estimate of the true
gender ratio of the population. Comparing the proportion of responses from
owners to estimates of cat ownership across Australia published during the last
decade assessed the likely representativeness of cat-owners in the sample.

Analysis of Sterilisation, Control and Wildlife scales
The Sterilisation, Control and Wildlife scales were constructed from the survey
responses using the Rasch measurement model (Hashway 1978, Andrich 1988),
which examines the fit of a set of data to a linearised unidimensional model. If
the fit is acceptable, the model places survey questions and respondents’
attitudes on a single equal-interval continuum, resulting in locations (scores)
for individual survey questions and individual respondents, which are directly
comparable with each other. These linearised (logit) scores are more
appropriate than raw scores for use in common statistical tests. In practice they
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usually range from –3 to 3 logits, measuring respondents’ attitudes in relation
to the items that comprise the scale. Furthermore, Rasch measurement is ‘item
free’, meaning that, if the data fit the model, different subsets of items
(questions) in the item bank administered to the same individual, yield scores
that are not appreciably different. Rasch measurement is also ‘person-free’ in
the sense that, if the data fit the model, the estimation of the scale locations of
values or behaviours associated with survey items are not dependent on the
population of subjects used to estimate them (Rasch 1980, Andrich 1988).
Participants’ linearised scores on the Sterilisation, Control and Wildlife scales
were then used as dependent variables reflecting their attitudes in MANOVA
to assess the possible influence of Gender (male/female), Cat-ownership Status
(owner/non-owner)

and

Residence

(urban/rural).

Where

significant

interactions or effects occurred, univariate tests were used to determine which
of the dependent variables was responsible for the effect or interaction.

Before analysis, dependent variables were screened to ensure compliance with
the assumptions of MANOVA and the requirements of Rasch analysis. The
only issue found was the presence of extreme values of person fit statistics for
some respondents. In survey data, these commonly indicate frivolous
respondents deliberately either selecting the same response to all items or
choosing randomly. Identification and elimination of these cases improves the
final estimation of person and item locations because the estimates for these
cases are unlikely to be valid measures. The 22 people who were outliers in
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terms of exhibiting extreme values for their person fit statistic (2.1% of the
sample size) were removed from the data set.

Analysis of specific items
Responses to specific questions or statements were summarised as multi-way
contingency tables using the categories of Gender, Residence and Catownership (not applicable for questions addressed to owners only) and
analysed using log-linear analysis. This uses a model-fitting approach to
determine the most economical combination of interactions that best describes
the data. The significance of effects of interest in the model is tested by
removing them from the model and noting changes in the fit of the model to
the observed data. In our analyses, we were interested in any significant
interactions between responses to the question/statement and the variables
Gender, Residence and Cat-ownership (if applicable). Interactions involving
only these variables were irrelevant, so the three-way interaction between them
was included in the final model ‘… to avoid obtaining an overall lack of fit
which may be entirely due to interactions between the design variables’
(Statsoft 1999).

3.2.5

Software used

MANOVA and log-linear analyses used the relevant modules of the
STATISTICA software (Statsoft 1999), while Rasch analysis used the RUMM
2020 package (Andrich et al. 2003).

44

Chapter 3– Protecting wildlife from predation by pet cats

3.3
3.3.1

Results
Response rates and profile of respondents

Of the 1000 urban and 1000 rural residences sampled, 494 (49%) urban and 535
(54%) rural residences responded to the survey. Cat-owners comprised 162
(33%) urban and 199 (37%) rural responses. Most surveys were completed by
women (276 (56%) urban and 326 (61%) rural). Nineteen respondents omitted
their gender and were excluded from analyses using gender as an independent
variable. The effective overall response rate of 51% resulted in a sampling error
of 3% at α = 0.05.

Men and women were not represented in the sample in the same proportions
as they were in the Armadale Electoral District (AED) rolls (sample: 40.4%
men, 59.6% women, AED rolls: 48.4% men, 51.6% women, χ12 = 38.07, p <
0.001). Women were more likely to respond to the survey.

3.3.2

Analysis of control, wildlife and sterilisation scales

Means and standard deviations of subjects’ scores on the three scales are
shown in Table 3.1. Initial MANOVA of the data using the factors of Gender,
Ownership Status and Residence found significant effects for Gender and
Ownership and the Ownership x Residence interaction (Table 3.2). The results
of univariate tests within these groupings indicated which of the dependent
variables contributed most to significance (Table 3.3). In relation to Gender,
men were more in favour of cat control and more concerned about wildlife
than women, but women were more in favour of sterilisation. With regard to
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Ownership Status, non-owners were more in favour of cat control and were
more concerned about wildlife issues compared to owners. However, both
owners and non-owners favoured sterilisation equally.

The interaction of Ownership Status and Residence was significant for the
Wildlife scale. Non-owners in rural areas were more concerned about wildlife
than non-owners in urban areas and, overall, non-owners were more concerned
about wildlife than owners. There was little difference in the level of agreement
from owners in both residential codes.
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Table 3.1: Mean Rasch scores (in logits) of respondents on the Control, Wildlife
and Sterilisation scales, ± standard errors. Scores are grouped by gender of
respondent,

cat-ownership

and

residence.

This

sample

excluded

41

respondents who either did not disclose their gender (19) or whose person fit
statistics (available from the Rasch analysis) suggested that they were
unreliable respondents (22).
Cat –

Sample

Gender ownership Residence

Size

Control

Wildlife

Sterilisation

Male

Non-owner

Urban

141

1.55 ± 0.113

3.49 ± 0.166

0.21 ± 0.059

Male

Non-owner

Rural

138

1.87 ± 0.118

4.12 ± 0.169

0.33 ± 0.065

Male

Owner

Urban

56

- 0.08 ± 0.201 2.22 ± 0.350

0.21 ± 0.076

Male

Owner

Rural

52

0.20 ± 0.150

1.94 ± 0.303

0.14 ± 0.111

Female Non-owner

Urban

169

1.35 ± 0.103

2.95 ± 0.168

0.34 ± 0.052

Female Non-owner

Rural

182

1.39 ± 0.095

3.41 ± 0.158

0.32 ± 0.046

Female

Owner

Urban

105

- 0.33 ± 0.106 1.23 ± .0219

0.39 ± 0.055

Female

Owner

Rural

146

- 0.19 ± 0.086 1.31 ± 0.179

0.28 ± 0.050
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Table 3.2: Initial MANOVA analysis of the data in Table 3.1. Significant values
are in bold.
Effect

Rao's R (df1, df2)

p – level

Gender

11.44 (3, 979)

0.00

Ownership

115.37 (3, 979)

0.00

Residence

1.80 (3, 979)

0.14

Gender x ownership

0.68 (3, 979)

0.56

Gender x residence

1.36 (3, 979)

0.25

Ownership x residence

3.59 (3, 979)

0.01

0.33 (3, 979)

0.80

Gender x ownership x
residence

Table 3.3: Univariate tests where the multivariate effect or interaction from
Table 3.2 is significant. Significant values are in bold.
Effect
Gender

Control

Wildlife

Sterilisation

F(1,981) = 13.8, p < 0.001

F(1, 981) = 22.3, p < 0.001

F(1, 981) = 5.7, p = 0.017

Cat ownership F(1, 981) = 336.7, p < 0.001 F(1, 981) = 144.1, p < 0.001

F(1, 981) = 0.8, p = 0.367

Ownership x
residence

3.3.3

F(1, 981) = 0.02, p = 0.894

F(1, 981) = 4.6, p = 0.03

F(1, 981) = 2.1, p = 0.15

Questions in the survey

Attitudes and practices of cat-owners
Log-linear analysis showed no significant interactions involving combinations
of the variables gender, residence and number of cats owned, although each
was present as a main effect in the fitted model ( χ102 = 8.36, p = 0.59 ). Most
owners had only one cat (59%), a further 27% had two cats and only 8% kept
four or more cats, with no significant differences between urban and rural

Chapter 3– Protecting wildlife from predation by pet cats

49

residences (Table 3.4). Log-linear analysis of the incidence of sterilisation
(91.6% overall) also showed no significant interactions involving combinations
of the variables gender, residence and incidence of sterilisation, although each
was present as a main effect in the fitted model ( χ 42 = 7.47, p = 0.11 ) (Table 3.5).

Table 3.4: Number of cats kept by owners in Armadale. The table excludes
replies where gender was omitted.
No of cats

Urban

Rural

Total

Male

Female

Male

Female

1

34

56

34

86

210

2

15

28

13

40

96

3

4

8

1

12

25

>4

4

10

5

8

27

57

102

53

146

358

Table 3.5: Frequency of sterilisation of owned cats in Armadale. The table
excludes replies where gender was omitted.
Urban

Rural

Total

Male

Female

Male

Female

Sterilised

51

98

47

132

328

Not sterilised

5

3

5

11

24

No answer

1

1

2

2

6

Total

57

102

54

145

358

The incidence of confinement practices was significantly related to residence
( χ 82 = 98.56, p < 0.001). Approximately one third (38.4%) of urban owners
always kept their cats inside at night, compared to 26.6% of rural residents.
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However, rural residents were more likely to allow the cat to move inside and
outside but within the property (21.6%) compared to urban residents (13.8%).
Comments on the survey indicated that some rural owners who kept their cats
inside/outside and within their property had a cat enclosure or a cat run (Table
3.6).

Table 3.6: Current confinement practices of cat owners from urban and rural
zones in Armadale. The table excludes replies where gender was omitted.
Respondents giving multiple answers or leaving the item blank were excluded
from analysis.
Current confinement

Urban

Rural

Total

Male Female Male Female
Solely inside

6

16

6

14

42

Solely outside

4

3

5

8

20

Solely inside at night

19

42

9

44

114

Inside/outside within property

8

14

11

32

65

Inside/outside free roaming

18

17

18

39

92

Multiple answers

1

8

3

6

18

Blank

1

2

2

2

7

Total

57

102

54

145

358

Tables 3.7 and 3.8 summarise responses to some key statements by cat-owners
that were analysed by log-linear analysis. The models fitted and the
significance of their components is shown in Table 3.9.
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Table 3.7: Frequency of responses to three key statements/questions by
Armadale cat owners classified according to the categories Residence and
Gender.
Statement 61: I would be happy to keep my cat/s on my property between
sunset and sunrise.
Statement 62: I would be happy to keep my cat/s on my property at all times
Statement 63: Would you keep your cats in at night-time if it became
compulsory?
Residence Gender

Statement 61
Agree Disagree

Urban

Rural

•

Statement 62

Total

Statement 63

Agree Disagree Total Agree Disagree Total

Male

39

15

54

30

23

53

44

8

52

Female

91

10

101

71

28

99

92

5

97

Male

45

6

51

40

9

49

42

7

49

Female

124

18

142

98

37

135

129

8

137

Statement 61 – I would be happy to keep my cat/s on my property between
sunset and sunrise.
There was a significant 3-way interaction involving gender, residence
and agreement with the statement. In urban areas, women were more
compliant than men (90.1% and 72.2% respectively). In rural areas, both
women and men were equally supportive of the statement (87.3% and
88.2% respectively).
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•

52

Statement 62 – I would be happy to keep my cat/s on my property at all times.
All three factors were interdependent. In urban areas, women were
more compliant than men (71.7% and 56.6% respectively). In rural areas
compliance was higher overall and men were more willing to comply
with the statement compared to women (81.6% and 72.6% respectively).

•

Statement 63 – Would you keep your cats in at night-time if it became
compulsory?
There was an interaction between gender and agreement with the
statement. Women (94.8% urban and 94.2% rural) were more compliant
than men (84.6% urban and 85.7% rural).

Table 3.8: Frequency of responses to a key statement/question by Armadale
cat owners classified according to the categories Residence and Gender.
Statement 64: Would you license your cat if it became compulsory?
Residence Gender

Urban

Rural

Statement 64
Agree

Disagree

Total

Male

43

9

52

Female

82

16

98

Male

42

7

49

Female

122

16

138
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•

53

Statement 64 - Would you license your cat if it became compulsory?
No significant interactions occurred. However, the level of support from
cat-owners was high (82.7% urban men, 83.7% urban women, 85.7%
rural men and 88.4% rural women), indicating an overall willingness to
license cats if it was compulsory.

Table

3.9:

The

log-linear

models

fitted

to

the

responses

to

each

statement/question (position in the survey shown in parentheses) in Tables 3.7
and 3.8. The interaction of gender x residence was included in each model so
the interaction between these variables did not contribute to the overall lack of
fit. The table shows the chi-square tests for fit of the models unless there was
no interaction or a three-way interaction (always non-significant) and the
significant components of the models.
Significance of model
Statement
I would be happy to keep my

Model fitted

components

Residence x gender x agreement

-

Residence x gender x agreement

-

cat/s on my property between
sunset and sunrise. (61)
I would be happy to keep my
cat/s on my property at all
times. (62)
Would you keep your cats in at

Residence x gender

night-time if it became

Gender x agreement

compulsory? (63)

χ 22 = 0.052, p = 0.97

Would you license your cat if it

No significant interaction

became compulsory? (64)

χ 22 = 274.744, p < 0.001
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Attitudes of all respondents to wildlife issues and proposed regulations
Log-linear analysis was used to test whether responses to a question or a
statement were significantly associated with respondents’ gender, catownership status or residence. Tables 3.10 – 3.12 summarise responses to some
key items, while the models fitted and the significance of their components are
shown in Table 3.13.

•

Statement 1 – There is a need for cat legislation.
There was a significant relationship between cat ownership and
agreement with the statement and between residence and agreement
with the statement. Although non-owners strongly favoured cat
legislation (93.5% in urban areas and 96.9% from rural areas), the
support from cat-owners was also high (73.5% in urban areas, 79.9% in
rural areas). People in rural areas were more in favour of the statement
than those in the urban category.

•

Statement 15 – Local governments should have the power to limit the number of
cats per household.
There was an interaction between cat-ownership status and agreement
with the statement. Although non-owners were more in favour (94.7% in
urban, 96.7% in rural areas), the level of support from owners was also
high (77.6% urban, 80% rural), indicating an overall support for the need
to limit the number of cats per household.
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Statement 21 – Domestic cats killing wildlife in the suburbs are a serious
problem.
There was a significant relationship between cat-ownership status and
agreement with the statement. Non-owners (93.1% urban, 95.3% rural)
agreed, but cat-owners (63.5% urban, 64.3% rural) were less supportive.

Table 3.10: Frequency of responses to three key statements/questions by
Armadale residents classified according to the categories Residence, Cat
Ownership and Agreement with the statement. Gender is not indicated as it
was not involved in any significant interactions.
Statement 1: There is a need for cat legislation.
Statement 15: Local governments should have the power to limit the number
of cats per household.
Statement 21: Domestic cats killing wildlife in the suburbs are a serious
problem.
Cat
Statement 1

Residence Owner

Statement 15

Statement 21

Agree Disagree Total Agree Disagree Total Agree Disagree Total
Urban

Rural

Yes

114

41

155

125

36

161

94

54

148

No

301

21

322

302

17

319

283

21

304

Yes

151

38

189

156

39

195

119

66

185

No

311

10

321

319

11

330

304

15

319
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•

Statement 6 – To stop cats from attacking wildlife, cats should be kept on their
owner’s property at all times.
The responses showed a significant interaction between cat-ownership
status and the statement, as well as between residence and the
statement.

Non-owners (90.3% from urban, 94.7% rural) were more

supportive of the statement compared to owners (56.8% urban, 65.4%
rural). Rural residents were more supportive of keeping cats on their
owners’ properties.

•

Statement 17 – Local governments should have the power to establish cat free
zones in new subdivisions.
Both cat-ownership status and residence interacted with the statement.
Support from owners for this statement was low, although those in rural
areas (37%) were more in favour compared to urban owners (28.4%).
There was a higher level of agreement from non-owners, which was
strongest in rural areas (60.3% urban, 70.1% rural).
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Table 3.11: Frequency of responses to three key statements/questions by
Armadale residents classified according to the categories Residence, Cat
Ownership and Gender.
Statement 6: To stop cats from attacking wildlife, cats should be kept on their
owner’s property at all times.
Statement 17: Local governments should have the power to establish cat free
zones in new subdivisions.
Cat
Residence

owner

Question 6

Question 17

Agree Disagree Total Agree Disagree Total
Urban

Rural

•

Yes

92

70

162

44

111

155

No

290

31

321

179

118

297

Yes

125

66

191

71

121

192

No

307

17

324

223

95

318

Statement 23 – Domestic cats in nature reserves are harmful to wildlife.
There were significant two-way interactions between residence and
agreement with the statement and between ownership and agreement
with the statement. Cat owners from both urban and rural areas (86.3%
and 86.6% respectively) were equally supportive of the statement.
However, within the non-owner category, rural residents have a
stronger view (98.5%) compared to urban residents (93.8%). While the
interaction between gender and agreement with the statement was
included in the model, this interaction was marginally non-significant.
There may be a slight trend for women to agree less with the statement
than men.
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Statement 31 – Excluding a cat/s that is owned by a breeder, all cats should be
desexed.
There was a significant three-way interaction involving residence,
gender and agreement with the statement. Women non-owners in both
rural and urban areas were equally supportive of desexing (89.9%).
Urban women owners (91.5%) were more in agreement with desexing
their pet cats compared to rural women owners (84.7%). However,
urban male owners (81.8%) agreed less than rural male owners (86.5%).

Table 3.12: Frequency of responses to statement 23 and 31 by Armadale
residents classified according to the categories Residence, Cat Ownership and
Gender.
Statement 23: Domestic cats in nature reserves are harmful to wildlife.
Statement 31: Excluding a cat/s that is owned by a breeder, all cats should be
desexed.
Cat
Residence

Gender

owner

Question 23

Question 31

Agree Disagree Total Agree
Urban

Male

Female

Rural

Male

Female

Disagree

Total

Yes

49

6

55

45

10

55

No

135

8

143

113

28

141

Yes

83

15

98

97

9

106

No

154

11

165

151

17

168

Yes

46

5

51

45

7

52

No

140

1

141

126

11

137

Yes

115

20

135

122

22

144

No

178

4

182

161

18

179
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Table 3.13: The log linear models fitted to the responses to each
statement/question (position in the survey shown in parentheses). The
interaction of ownership x residence x gender was included in each model so
the interaction between these variables did not contribute to the overall lack of
fit. The table shows the chi-square tests for fit of the models (always nonsignificant) and the significant components of the models.
Statement

Model fitted

Significance of model
components

There is a need for cat legislation. Ownership x residence x gender
(1)

Agreement x ownership

χ12 = 74.50, P < 0.01

Agreement x residence

χ12 = 5.182, P < 0.05

χ 52 = 3.786, P = 0.58
The council should have the

Ownership x residence x gender

χ 22 = 775.96, P < 0.01

power to limit the number of cats Agreement x ownership
per household. (15)

χ 62 = 2.990, P = 0.81

Domestic cats killing wildlife in

Ownership x residence x gender

the suburbs is a problem. (21)

Agreement x ownership

χ 22 = 597.81, P < 0.01

χ 62 = 6.647, P = 0.355
To stop cats from attacking

Ownership x residence x gender

wildlife, cats should be kept on

Agreement x ownership

their owner's property at all times. Agreement x residence
(6)

χ12 = 139.31, P < 0.01
χ12 =6.26, P < 0.05

χ 52 = 7.499, P = 0.186
Ownership x residence x

Domestic cats in nature reserves

agreement

are harmful to

Owner x agreement

χ12 = 32.782, P < 0.01

wildlife. (23)

Gender x agreement

χ12 = 2.206, P = 0.07

Residence x agreement

χ12 = 4.07, P < 0.05

χ 42 = 7.964, P = 0.093
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Model fitted
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Significance of model
components

Ownership x residence x
Local governments should have

agreement

the power to establish cat free

Agreement x gender

χ12 = 7.45, P < 0.01

zones in new subdivisions. (17)

Agreement x ownership

χ12 = 90.56, P < 0.01

Agreement x residence

χ12 = 10.76, P < 0.01

χ 42 = 0.362, P = 0.985
Excluding cats that are used for

Gender x ownership x residence

Breeding, all cats should be

Agreement x residence x gender

desexed. (31)

χ 42 = 3.554, P = 0.4696

3.4
3.4.1

χ 42 = 629.05, P < 0.01

Discussion
Validity of the survey

The response rate of 51% for a mailed survey was moderate compared to the
average of 61% for this form of survey (de Vaus 2002, p.127). Nevertheless,
there are strong indicators that the data are representative. Firstly, although
men appeared under-represented in the sample compared to the target
population, they still comprised nearly 40% of the 1029 respondents, so genderrelated responses were likely to be detected. Secondly, approximately 35% of
the respondents owned cats, corresponding closely to the estimated third of
Australian households with a cat (see review of relevant surveys and
assessments of trends over time in Baldock et al. 2003). Therefore, there is no
indication that owners’ views are under-represented. Finally, sampling error
was only 3%. Thus the large sample size overall offset the moderate response
rate.
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3.4.2 Cat-owners’ practices
Owners in Armadale had very similar husbandry practices and attitudes to
those reported from elsewhere in Australia. Approximately 86% of owners had
only one or two cats. Armadale owners also reported sterilisation rates of their
pets of over 90%, comparing closely to figures of 88 – 93% (Perry 1999, REARK
1994a), 90% or 93% of all cats (McHarg et al. 1995 and Murray et al. 1999
respectively) and 94% of all cats older than one year (REARK 1994a) from
elsewhere in Australia. In Armadale, 32% of owners practised nocturnal
confinement, compared to the range of 17% (REARK 1994b) to 61% (McHarg et
al. 1995) reported in other Australian surveys.

3.4.3

Applying a precautionary approach

Are precautionary measures needed? / How much precaution is required?
The MANOVA indicated that owners and non-owners differed significantly in
their scores on the Wildlife scale, with owners being less concerned about
wildlife. Analysis of specific questions revealed that both urban and rural nonowners believed strongly that ‘domestic cats killing wildlife in the suburbs are
a serious problem’ and that ‘domestic cats in nature reserves are harmful to
wildlife’ (93% agreement or greater from both groups to the two questions).
Urban and rural owners responded very differently to these questions,
registering c. 63% agreement to cat predation being a serious problem in the
suburbs but c. 86% agreement to it being a problem in nature reserves. Leaving
aside the question of whether or not these opinions are justified, a large
majority of respondents, irrespective of their cat ownership status, do accept
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that cats attacking wildlife are a problem and that this issue is greater in nature
reserves than in the suburbs in general. Such widespread suspicion of risk
across main stakeholder groups, coupled with the significance of urban
bushland remnants and nature reserves such as those within the City of
Armadale for fauna conservation (How & Dell 2000 and included references),
indicates that precautionary measures are justified and should be greatest near
reserves.

What precautionary measures could/should be used?
Proponents of regulating cat ownership to protect wildlife suggest a range of
measures including: confinement (keeping cats indoors at night or confining
them to their owners’ property at all times) to reduce encounters with potential
prey,

sterilisation

to

prevent

dumping

of

unwanted

kittens,

registration/identification of pets so nuisance animals can be identified,
imposing a maximum number of cats/property to control densities, banning
cat ownership in environmentally sensitive areas and impounding or
destroying cats caught roaming in nature reserves (Grayson & Calver 2004 and
included references). Not surprisingly, our analyses revealed some strong
differences between owners and non-owners in their attitudes to the concept of
regulating ownership of owned domestic cats. However, they also revealed
areas of broad agreement, which could prove the basis of generally acceptable
action, as well as highlighting motivations of the two groups that could be
exploited in gaining acceptance of proposals.
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MANOVA confirmed that sterilisation of pet cats was a strong point of
agreement for both owners and non-owners, with ownership not significant
either as a main effect or an interaction. The survey items which were analysed
in detail reveal further agreements if the items are divided into two groups: in
the first, all categories of respondents including cat owners registered 70% or
greater agreement, while in the second some categories of respondents
registered less than 70% agreement. Thus the first category indicates
widespread agreement in the Armadale community that: there is a need for cat
regulation, local councils should be empowered to regulate the maximum
number of cats kept at a given property, cats roaming in wildlife reserves are a
threat to wildlife and cats not owned by licensed breeders should be desexed.

Although owners were less inclined to accept these measures than non-owners,
the overall strong agreement suggests that cat regulations requiring
sterilisation, restrictions on the number of cats/household, identification of pet
cats and prohibitions on cats entering nature reserves should enjoy widespread
support across the interest groups studied. Furthermore, all categories of
owners indicated >80% compliance with licensing their cat if it became
compulsory, so this measure also enjoys a high level of acceptance. By contrast,
fewer owners confine their cats to their properties at all times although more
owners indicated they would comply if this became compulsory. Owners also
disapproved of empowering local councils to enforce cat exclusion zones and
this measure attracted >70% support only from rural non-owners. Therefore
confinement and exclusion zones are far more likely to be contentious.
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However, both non-owners and owners from rural areas showed higher
support for these measures than owners and non-owners from urban areas,
suggesting that confinement or exclusion might be more acceptable near nature
reserves or remnant natural vegetation.

What motivates the agreement of 70% or better for some proposed measures?
A desire to protect wildlife may be important in the attitudes of non-owners,
who scored more highly than owners on the Wildlife scale and also indicated
over 93% agreement to the statements ‘Domestic cats killing wildlife in the
suburbs are a serious problem’ and ‘Domestic cats in nature reserves are
harmful to wildlife’. They may also be motivated by the nuisance caused by
roaming cats (e.g., Perry 1999), although this was not addressed in our study.
Interestingly, non-owners show much weaker support for empowering local
governments to enforce cat exclusion zones, perhaps feeling that such a step
contravenes basic civil liberties.

In contrast, owners scored less on the Wildlife scale and registered only
approximately 65% agreement to the statement ‘Domestic cats killing wildlife
in the suburbs are a serious problem’ and approximately 86% support for the
statement ‘Domestic cats in nature reserves are harmful to wildlife’. They also
indicated a low inclination to keep their cats on their property to protect
wildlife (56.8% urban owners, 65.4% rural owners).
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Therefore they are less likely to respond to an appeal to protect wildlife when
deciding on the husbandry of their pets, especially in urban zones. Their
motivation to accept some controls may come from a desire to improve their
pets’ welfare and to reduce the nuisance caused by strays or other owners’
roaming cats.

All the proposed measures accepted by owners at 70% agreement or greater
have potential cat welfare benefits: sterilisation reduces the possibility of
nuisance strays or roaming males, restricting the number of cats/household
limits cat densities and hence the likelihood of fights, while identification and
licensing facilitate the return of lost or injured pets as well as the identification
of nuisance or problem animals. Significantly, these measures may also reduce
both nuisance and predation on wildlife, so cat welfare, nuisance reduction and
wildlife protection can be addressed simultaneously with appeal to major
stakeholders.

Overall, this study indicated that the Armadale community is likely to accept
cat regulations enforcing registration/identification, sterilisation and limits on
the number of cats/household, with cautious optimism that moderate
confinement regulations such as dusk to dawn curfew might also be
acceptable. Promoting the benefits of these actions for cat welfare is most likely
to encourage compliance from owners. However, one of the key points of the
precautionary principle is that stakeholders may develop individual solutions
for particular communities or circumstances. It is therefore valuable to compare
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the Armadale perspective with that of other areas within Australia and to
consider

the

possibility

of

extrapolating

precautionary

approaches

internationally.

3.4.4 Experience with regulation elsewhere in Australia
In Australia, local councils pioneered regulations on cat ownership (e.g.,
Anderson 1994, Pergl 1994) and several state legislatures followed their lead
(Penson 1995, Kelly 1999). All state Acts include provision for identification of
cats, action against nuisance animals and, with the exception of the South
Australian legislation and Australian Capital Territory legislation, compulsory
registration of cats with discounts for neutered animals. Thus the existing
regulations enforce broadly the points shown to be largely acceptable to the
Armadale community, with the exception that they do not restrict the number
of cats kept on individual properties. Other local councils report success with
stronger measures including complete confinement of cats to owners’ premises
(Baker 2001), prohibiting cat ownership in new sub-divisions before residents
move in (Buttriss 2001), night-time curfews (Pergl 1994) and declaring nature
conservation areas where free-roaming cats will be impounded (Moore 2001).
The few reports on the implementation of regulations are positive both for cat
welfare and for wildlife (e.g., Pergl 1994, Kelly 1999, Murray et al. 1999),
although there are some concerns about compliance (Pert 2001, Scheele 2001)
and enforcement (Pert 2001). Pergl (1994) argued that a key element of success
was an emphasis on the welfare of both wildlife and pet cats.
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3.4.5

Implication for communities outside Australia

Cat ownership in Australia is declining, possibly because of a dislike of cats
and concern over perceived impacts of cat predation on wildlife (Baldock et al.
2003). This contrasts to the increased popularity of cats as pets in the United
States and the United Kingdom (American Bird Conservancy Group 1997,
Chaseling 2001, Baldock et al. 2003). The decade between 1988 and 1999 was
especially telling, with the owned cat population in Australia falling 20% while
that of the United States rose 14% (Baldock et al. 2003). Therefore communities
in the United States and the United Kingdom may have attitudes very different
from their Australian counterparts, necessitating specific precautionary
measures tailored to local views.

In the United Kingdom, Woods et al. (2003) concluded that the British
population of approximately 9 million cats accounted for 85 – 100 million prey
items over a five-month survey period and, based on these figures, surmised
that cats were the major predators of wildlife in Britain. Furthermore, Ruxton et
al. (2002) highlighted the importance of domestic gardens as bird habitat in the
United Kingdom. They argued that this, coupled with the high incidence of cat
ownership and predation by owned cats, justified a precautionary approach to
reduce predation although detrimental impacts on prey populations were still
uncertain. Ironically, significant wildlife advocates in the United Kingdom hold
the opposite view that lack of proof prevents action, which is directly contrary
to the precautionary principle. For example:
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Some people have called for legislation introduced to curb the freedom with which cats
are allowed to roam. While we understand why people feel this way, we are not able to
urge the government to introduce such legislation, as we have no scientific evidence of
the impact of cat predation on bird populations that is strong enough to support such a
call. (Royal Society for the Protection of Birds, RSPB 2002)

If advocacy groups are unlikely to lobby for cat regulation to protect wildlife,
then alternative grounds such as cat welfare and reduction of nuisance might
be used. Cats Protection (2002) overviewed the current position of cats and the
law in the United Kingdom, where there is emphasis on prevention of cruelty,
public health and reduction of public nuisance. Thus, determining the
understanding and attitudes of citizens toward cat welfare and public
nuisance, as well as wildlife, might be useful as part of a precautionary
approach to negotiate regulations at a community level that have broad
acceptance.

In the United States, both wildlife biologists (Lepczyk et al. 2003 and included
references) and wildlife agencies (American Bird Conservancy Group 1997) are
concerned about predation by owned domestic cats. There must be a significant
level of owner concern too, given the marketing of products to deter predation
by free-ranging cats (e.g., ‘CatStop’, http://www.catgoods.com/). Ash and
Adams (2003) also reported concerns about cat predation on wildlife in their
assessment of citizen’s attitudes toward the management of free-ranging cats.
However, while respondents in their study acknowledged that cats killed
wildlife they did not accept that this or the fact that cats were introduced
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animals justified control. Thus the reasonable supposition of risk that should
trigger a precautionary approach is present in the United States, although there
are indications that people’s attitudes to the putative impacts of cats on wildlife
may well be different to those held in Australia.

Local

government

municipalities

registration/identification,

enforce

impounding

of

some

regulations

nuisance

including

animals,

rabies

vaccinations and, less commonly, restrictions on free-roaming cats (e.g.,
Municipal Research Services Center of Washington, MRSC 2002) but the
primary motivation for many of these measures is public health or nuisance.
For example, Ordinance 359 of the Town of Coulee Dam, Washington
introduced amendments to the Municipal Code including:

Section 6.02.040 - No dog or cat shall be permitted to commit any of the following acts on
any premises or property, private or public: bite or charge any person, destroy private
property, scatter refuge (sic), chase vehicles, deposit fecal matter on any property not
that of its owner, or commit any other nuisance defined by this chapter or any other
Town ordinance. (Council of the Town of Coolee Dam 1988)

Section 6.02.060 - It is hereby declared a public nuisance and it is unlawful for any
person to own or keep any dog within the Town which barks or howls or any dog or cat
which whines or otherwise behaves in such a manner as to disturb the peace and quiet
and safety of persons in the neighbourhood. (Council of the Town of Coolee Dam 1988)

However, lobby groups such as the Cat Fanciers’ Association, which even has a
legislative

committee

(http://cfainc.org/org/legal.html),

offer

stringent
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resistance to many measures. Against this background, serious attempts to
determine the precise wishes of individual communities may offer the greatest
opportunity for implementing precautionary measures until the uncertainty
over predation impacts is reduced.

3.5

Concluding remarks

The precautionary principle assists in determining actions to reduce plausible
risk to the environment where uncertainty over the true magnitude of the risk
is high. Thus the attitudes of Armadale residents identified in this survey do
not necessarily reflect the real impact of owned domestic cats on wildlife in
their community, nor do we imply that management action should only be
taken if there is strong public support. However, the level of concern coupled
with scientific uncertainty over the issue warrants action. Some important
precautionary measures improve the welfare of both cats and wildlife and
enjoy substantial community support, so they should be implemented while
awaiting the results of research to reduce the level of uncertainty (see the
review by Grayson & Calver 2004 for suggestions for research directions).
There may also be some basis for varying precautionary measures according to
the location of residential subdivisions. While the specific results cannot be
extrapolated to other communities, the procedure of confirming a need for
precaution and then identifying a range of precautionary actions acceptable to
a wide range of stakeholders is broadly applicable. In the United States and the
United Kingdom, where the popularity of cats as pets is increasing, wildlife
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protection may be a less powerful motivator for precautionary action than cat
welfare or reduction of public nuisance.
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- CHAPTER 4 Home range and movement patterns of
pet cats within the City of Armadale

"Women and cats will do as they please, and men and dogs should relax and
get used to the idea." ~ Robert A. Heinlein

4.1 Introduction – home range
The home range is considered to be the area in which the animal normally
moves, not all of the area it travels in its lifetime. It has been defined as “the
area traversed by the individual in its normal activities of food gathering,
mating, and caring for young” (Burt 1943: 351) or as a “more or less restricted
area within which an animal moves when performing its normal activities”
(Harris et al. 1990: 98). As the term “normal” varies between and within species
of animals, the estimated normal home range of an animal is defined as the
area that includes the animal’s spatial position 95% of the time. This excludes
unusual movements or activities outside the “normal” behaviour (Burt 1943,
Samuel and Fuller 1996).

Home range is simply the description of an animal’s use of space (Samuel and
Fuller 1996), and the size of an animal’s home range must also be correlated
with several ecological and physiological factors; for example, body size,
foraging strategies (Schoener 1968), food resources (Brown 1964) and preferred
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habitat (Gese et al. 1988). These definitions of “home range” do not specify a
temporal component, although the time period over which a home range is
measured as well as factors such as the sex or age of the individuals studied are
normally included in home range measurements (White and Garrott 1990).

There are direct and indirect methods for calculating home range. Direct
methods include sightings or observations in some bird species (e.g., Metcalfe
1986), recapture data from trapping (Dice and Clark 1953) and spotlighting
(Mills and Gorman 1987, Edwards et al. 2000). Indirect methods include
detection of tracks and droppings, dens or nest counts. Some of the techniques
for determining habitat use (Table 4.1) can also be used to estimate range.
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Table 4.1: Summary of direct and indirect methods used to evaluate habitat use
by terrestrial vertebrates. Table was taken from Litvaitis et al. (1996): 257.
Method
Direct
Observation

Capture

Advantages

Concerns

Examples

Sample large segment of
population

Differential visibility
among habitats

Distinguish activities
within habitats

Restricted to diurnal
periods

Biggins and
Pitcher 1978,
Stinnett and
Klebenow 1986

Inexpensive
Can examine age/sex
difference in habitat use

Can be combined with
mark-recapture

Radio
telemetry
(including
radio tracking)

Indirect
Track counts

Good in small or dense
populations
Can examine age/sex
differences
Ability to follow annual
patterns of known
individuals

Differential
vulnerability to
capture among
segments of
populations
Bait may attract
animals into habitats
normally not used
Accuracy may limit
application in a
patchy environment

Parren and
Capen 1985

Nams 1989

Sample size usually
small

Can be used to obtain
information on important
habitat components (e.g.,
den sites, roost sites)

Expensive

Sample all segments of a
population

Litvaitis et al.
Distance travelled
1985, Thompson
within a habitat may
not be correlated with et al. 1989
time spent within
habitat

Sample a large area in a
short time

Seasonal and regional
limitations if relying
on snow

Inexpensive
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Method
Indirect
Pellet counts

Browsed twig
counts

Advantages

Concerns

Examples

Sample all segments of a
population

Defecation rates may
vary with activity

Collins and
Urness 1981, Orr
and Dodds 1982

Can provide information
on seasonal habitat use if
sample plots are cleared

Potential for
differential
decomposition rates
among habitats

May be used to provide
density estimate if
deposition rate is known
Sample all segments of a
population
May also provide
information on food
habits and relative
position of population to
carrying capacity

Drey (squirrel
tree nest
counts)

75

Sample large areas,
provide good
information on relative
differences in density of
squirrels between
habitats

Obvious bias,
restricted to sites
where browse is
available

Drey counts not
easily converted to
squirrel numbers

Wauters and
Dhondt 1988

Some of these methods can create biases in home range estimations. For
example, detecting animal tracks, although non-invasive, is often dependent on
ideal weather and surface conditions. The gait, sex and the speed of an animal
can also influence the size and shape of its track and closely related species
may have very similar tracks (Triggs 1996). In contrast, trapping is often
intrusive in that it restricts an animal’s normal movements and therefore
cannot be considered the sole measure of home range size (Mullican 1988).
Direct sightings may prove difficult for nocturnal or reclusive animals such as
feral cats (Liberg and Sandell 1988) and species with a very low density such as
Asian tigers Panthera tigris where hidden cameras are used (Ullas Karanth
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1995). The characteristics of an animal’s home range are linked to issues
regarding the density of the species and other general population trends
(Christensen 1980, Garkaklis 2001). These issues require an estimate of the
species’ population and methods of estimating animal abundances are outlined
in Chapter 5.

Radio-tracking is a good compromise for assessing home range which
combines the benefits of several approaches while minimising the problems.
Disruption of the animal’s activities is restricted to the original trapping and
marking of the individual. Harris et al. (1990) considered radio-tracking to be
an accurate method of determining an animal’s home range where locating an
animal is not dependent on visibility (Liberg and Sandell 1988). Often radiotracking is used to supplement other techniques such as observations or track
counts. As such, radio-tracking is often perceived as a technique that increases
the efficiency of collecting information on the animal. Hence, it is particularly
useful not only in the study of the behaviour of individuals but also in the
comparison of any differences between individuals (Harris et al. 1990, Samuel
and Fuller 1996).

The remainder of this introduction considers issues in radio-tracking in more
detail, covers the different analytical methods available for estimating home
range areas, justifies the methods chosen for estimating home ranges in this
study and reviews briefly the approaches used previously in studying feral and
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domestic cat populations. The major objectives of the chapter are described in
section 4.4.

4.1.1 Radio-tracking
There are two main types of radio-tracking: continuous and discontinuous.
Continuous radio-tracking involves radio fixes taken at very short intervals,
over a set time period. This method is particularly useful in the study of an
animal’s travel route or of dispersing animals, estimating movement and
activity patterns, determining interactions between individuals or for detailed
studies on habitat selection or the intensity with which an individual uses its
home range. Continuous radio-tracking is also an effective measure of the
effects of other influences, such as climate, on an animal’s movement or
behaviour (Harris et al. 1990). However, there are limitations to this method.
The possibility of losing an animal because of fast movements or unsuitable
terrain must be low, limiting observations to where an animal’s position can be
determined quickly and easily (Harris et al. 1990).

Discontinuous radio-tracking involves locating an animal at random or at
discrete time intervals throughout the study period. It is valuable not only in
determining home range size, but also in assessing habitat selection. This
method is helpful in studies of social groups as it allows for the concurrent
study of a larger number of animals (Knowlton 1995).
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4.1.2 Methods of home range analysis
There are several methods to estimate home range area and each method has
its biases in many instances. Many authors concur that there are a number of
assumptions and a degree of error when estimating home range of an animal or
species (e.g., Burt 1943, White and Garrott 1990). As none of the techniques is
absolutely correct, it is important to ensure that the implicit assumptions of
each method are not violated and that the method used is suitable to each
individual calculation (Harris et al. 1990).

There are three main groups of home range estimation methods: (1) polygon
method; (2) grid cell method and (3) probabilistic methods.

(1) Polygon methods
One of the easiest and most popular polygon methods for calculating home
range is the minimum convex polygon (MCP) method. The MCP area is
constructed by connecting the outer fixes or locations to form a polygon, in
which area is calculated (White and Garrott 1990). It is a technique often used
to compare with other MCP estimations of the same species (e.g., Scott et al.
1999). This method is simple to use, calculations of areas are easy to do and
there is some flexibility in the shape of the polygon (White and Garrott 1990).
According to Harris et al. (1990), this method is comparable between studies, is
one of the few methods to give similar results between grid trapping and
telemetry data (e.g., Jones 1983) and is particularly useful when the number of
fixes is low. However, there are some disadvantages in that all fixes are used in
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the range boundary so all outliers outside the main area of activity are
included. Therefore, estimated range size is influenced by peripheral fixes
(Harris et al. 1990), and incorporates areas that may be rarely visited by the
animal in question, resulting in an overestimate of home range size (Scott et al.
1999, Moseby and O’Donnell 2003).

(2) Grid cell method
The overlaying of grid cells method proposed by Siniff and Tester (1965) is
based on a simple three-dimensional contouring of ranges (Harris et al. 1990).
This method is particularly effective for simple graphical presentations where a
representation of habitat use can be estimated (Lawrence and Wood-Gush
1988) and in investigating interactions between individuals (Kenward 1987).
However, it is less useful in situations where home ranges have to be calculated
using an outline of the points obtained from radio tracking (Harris et al. 1990)

(3) Probabilistic methods
These methods include bivariate normal, harmonic mean and kernel methods,
and are based on an “animal’s probability of occurrence at each point in space
referred to as ‘utilization distribution’ (UD)” (Harris et al. 1990:109). There are
two groups of probabilistic methods: the first is based on the assumption that
an individual’s pattern of space use conforms to a particular probability
distribution (e.g., bivariate or circular normal). An example of this is the
Jennrich-Turner (1969) estimator. The second is not based on the above
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assumption and characterises each utilization distribution (UD) individually.
Examples of this are harmonic mean, cluster analysis and kernel methods.

The harmonic mean method (developed by Dixon and Chapman 1980)
produces range estimates from actual distribution of fixes, but it also includes
areas not visited by the animal. This method provides a technique based on
calculations of centres of activity and a representation of range use which
usually excludes outlying 5%, or in some cases 25%, of fixes to gain a more
accurate range representation. It is possible to have more than one centre of
activity, making this technique particularly useful in calculating “core areas”
(Harris et al. 1990). Examples of studies using this method include Anstee et al.
(1997) (western pebble-mouse, Pseudomys chapmani at Marandoo, Western
Australia) and Finlayson et al. (2005) (southern hairy-nosed wombat,
Lasiorhinus latifrons in the Murraylands, South Australia). However, a
disadvantage is that the estimation does not include the temporal nature of the
data (White and Garrott 1990). Therefore, it does not have an associated
confidence level, unlike bivariate models such as the Jennrich-Turner (1969)
estimator (White and Garrott 1990).

Although the list presented above is not exhaustive, I have outlined some of
the

more

commonly-used

methods

and

respective

advantages

and

disadvantages. The objectives of home range estimations should include the
aim of the study and the activity of the study species as well as taking into
account the constraints of the animal and its habitat and available resources
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(Harris et al. 1990). The technique used must be suitable to the individual range
calculation, and different methods may provide different results despite
analysis of identical data. The MCP method is the most common and therefore
is a good choice if comparison studies need to be made (Harris et al. 1990). The
MCP method was used in this current study.

4.1.3

Uses of home range and radio-tracking studies

The study of an animal’s movements can provide information such as its use of
the environment, home range, dispersal and activity patterns (White and
Garrott 1990). Home range estimates can provide information on behaviour
and ecology and quantify the area used by an animal (Harris et al. 1990, White
and Garrott 1990). The knowledge and understanding of the preferred habitat,
home range and movement patterns of an endangered or threatened species
can result in more effective or successful management or translocation
outcomes.

For example, one of the aims in the conservation of endangered animals is to
identify preferred habitat selection or dispersal of juveniles to ensure that
suitable habitats are efficiently managed. One such example in Australia is the
use of radio-tracking and home range analysis in the dispersal of juveniles of
two different endangered Dasyurus species; spotted-tailed quoll Dasyurus
maculatus maculatus in south-eastern Australia (Belcher and Darrant 2004), and
the chuditch Dasyurus geofroii in south-western Australia (Soderquist and
Serena 2000). Radio-tracking studies have also been used to examine the effects
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of fire (Letnic 2002), feeding patterns (Christensen et al. 1984) and diet (Scott et
al. 1999) on home range as well as monitoring survival of translocated species
(e.g., greater bilby, Macrotis lagotis) in South Australia (Moseby and O’Donnell
2003). Radio-tracking has also been used to determine home range and activity
patterns of introduced predators such as the red fox Vulpes vulpes in southeastern Australia (Phillips and Catling 1991), feral cats (e.g., Edwards et al.
2001) in central Australia and free-roaming dogs Canis familiaris in Aboriginal
communities in New South Wales, Australia (Meek 1999). This current study
addresses questions related to the home range of the domestic cat, a species
that, in Australia, has true domestic, semi-wild and wild (feral) populations.
Therefore the following two sections examine, in more detail, home range
characteristics of both feral and domestic populations of cats.

4.2

Home range and activity patterns of feral cat populations

By definition, a feral cat is one that is not attached to a particular household,
even though it may live close to human settlements (Risbey 2000). Feral cats are
difficult to study as they are shy and tend to live entirely on their own, mostly
in remote or inaccessible areas (Liberg and Sandell 1988).

Feral cats have become a problem for conservation biologists all over the
world, in that feral cat populations compete with native wild felids for food
and habitat, while possible hybridisation with wild felids is a concern (e.g., Biró
et al. 2004). Feral cats may spread diseases to wildlife and to humans (Page et al.
1992) as well. Australia has no native felids, but there is significant concern
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over the impact of predation by feral cats on native wildlife in Australia (e.g.,
Dickman 1996a, Risbey et al. 1997, Read and Bowen 2001, Short et al. 2002).
Therefore, in the case of feral cats, an understanding of baseline ecological
information is vital to control and management.

Results of major studies on the home ranges of feral cats in various countries
are shown in Table 4.2. In Australia, feral cats have been radio-collared in an
effort to understand their movements, home range and activity patterns (e.g.,
Jones and Coman 1982, Risbey et al. 1997, Edwards et al. 2001, Maxwell 2002,
Molsher et al. 2005). Edwards et al. (2001) radio-collared 19 feral cats in central
Australia but only four males provided sufficient data to determine long–term
home range estimates. Their study showed that adult feral cats are sedentary
and occupy a home range for a long period of time (>10 months). Home range
size and density in feral cats were negatively correlated, consistent with the
argument that the availability of prey is a primary determinant of home range
in feral cats. As only male home ranges were measured (home range of up to
2210 hectares), there was no comparison of male and female home ranges in
their study. Jones and Coman (1982) found that the difference in female and
male home range in Central Victoria, Australia was not significant although
females recorded a smaller home range (170 ± 141.4 ha) than males (615 ± 274.5
ha). Molsher et al. (2005) captured 21 feral cats in central-western New South
Wales, Australia and recorded a mean home range of 248ha (s.e. = 34.9). It was
found that home range size was not influenced by sex or age of cats, but by
weight of the cats i.e. heavier cats had larger home ranges (Table 4.2).
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Table 4.2: Comparison of the mean long-term total home ranges of adult feral
cats across studies. The minimum convex polygon method (MCP) was used to
calculate home range except where indicated.
* Results obtained from Table 2 of Edwards et al. (2001) p:98. a Farm cats with
some reliance on humans; b based on uncorrected spotlight data in Table 2 of
Jones and Coman (1982);

c

MCP not used, approximate home range only;

d

based on the minimum number known to be present (Fitzgerald and Karl
1979); e night data only; f based on spotlight data in Edwards et al. (2000) using
280 m strip width (sensu Jones and Coman 1982). Standard deviations are in
parentheses.
g

home range of feral cats living within residential areas but are not attached to

a household in autumn (November 1989).

h

home range of feral cats living

within residential areas but are not attached to a household in winter (February
1990)
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Estimated home range (ha)

Mean
Density

Study
type

Location

* Feral

Scotland &

Author/s

Males

Females

(no/km2)

Outer
Herbrides,
UKa
* Feral

* Feral

* Feral

Corbett (1979)

20.6

9.3

15.0 - 22.0

Isles, UK

Corbett (1979)

-

42.0 (± 25.5)

3.7

Victoria,

Jones and

Australia

Coman (1982)

615.0 (± 274.5)

170 (± 141.4)

0.6b

Wellington,

Fitzgerald

New Zealand

and Karl
155.0 (± 112.7)c

84.0 (± 54.1)c

1.1d

304.4 (± 297.1)

93.3 (± 102.0)

2.2 - 2.5

239.0 (± 97.0)e

154.0 (± 21.0.)e

3.5

189.0 (± 218.0)

249.0 (± 208.0)

0.6 - 1.4

Monarch

(1986)
* Feral

* Feral

* Feral

* Feral

Galapagos

Konecny

Islands

(1987)

North Island,

Langham &

New Zealand

Porter (1991)

South Island,

Norbury et al.

New Zealand

(1998)

Northern

Edwards et al.

Territory,

(2001)

Australia
Feral

2210.5 (± 469.3)

New South

Molsher et al.

Wales,

(2005)

Australia
Feral

Avonmouth

Page et al.

Docks, UK

(1992)

Urban

Jerusalem,

Mirmovitch

feral cats

Israel

(1995)

Urban

Jerusalem,

Mirmovitch

feral cats

Israel

(1995)

0.1f

423

238

15.0 (± 17.0)

10.0 (± 7.0)

0.56 (± 0.09)g

0.30 (± 0.11)g

0.75 (± 0.09)h

0.27 (± 0.11)h

10.0 - 15.0
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Fitzgerald and Karl (1986) conducted a study of nine feral cats in the
Orongorongo Valley, New Zealand. Their results indicated that home range of
cats varied in different habitats. The home ranges for males were larger than
those of females and the home ranges of neighbouring cats overlapped.
Similarly, Langham (1992) found that the home range of female feral cats
overlapped and that adult dominant males had larger home ranges than other
males. On average, home range for males was over 3.5 times larger than
females.

Liberg and Sandell (1988) examined home range size of male and female feral
cats from various studies from Japan, UK, USA, New Zealand and Australia
and found a significant negative correlation between density and female home
range. They concluded that this correlation is linked to the abundance of food;
with higher densities of cats supported in areas where prey availability was
high. There was also a significant negative correlation between density and
home range in male feral cats, but their home ranges were larger than those of
females. The home range of male feral cats is probably determined by the
female density and distribution as well as prey availability and, during the
breeding season, their home range overlapped extensively (Liberg and Sandell
1988).

In summary, the home ranges of feral cats depend on prey availability, social
status, and breeding condition. Cats range more widely when prey density is
low and males, especially those of high social status, range more widely than
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females, possibly in search of mates. How does this compare to the home
ranges of free-roaming pet cats?

4.3 Home range and activity patterns of pet cats
The question of whether the roaming patterns and recreational hunting of wellfed pet cats have an ecological effect is still debated. In this case, the definition
of the term ‘home range’ can be ambiguous as the ‘home’ or its base is
normally the residence of pet cats. Furthermore, the pet cat does not have to
roam for food resources, unlike feral cats where males have larger home ranges
to increase availability to females and home range of females is correlated to
food resources (Liberg and Sandell 1988).

I am aware of only three studies having been conducted on the home range
and activity patterns of pet cats in Australia, including one unpublished
Honours thesis (Das 1993) (see brief review in Meek 2003). Relevant overseas
studies include those of Bradshaw (1992) and Kays and DeWan (2004). Meek
(2003) radio-collared 20 pet cats living in residential areas surrounded by
Booderee National Park in New South Wales (NSW), Australia and found no
significant differences between home range size of male and female cats radiocollared (Table 4.3). In his study, a desexed female cat had the largest recorded
home range of 6.51 hectares (using 95% MCP) and was often recorded hunting
rabbits Oryctolagus cuninculus and introduced rats Rattus rattus.
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Table 4.3: Comparison of total home ranges of pet cats across studies in
Australia and overseas. The minimum convex polygon method (MCP) was
used to calculate all home ranges except for Bradshaw (1992). * Nocturnal and
diurnal home ranges. ^ SD was not shown in this study and figures shown are
minimum and maximum ranges recorded.
Estimated home range (ha)
Study type

Location

Author/s

Males

Females

Pet cats
Pet cats

UK
Canberra,
Australia
Canberra,
Australia

Bradshaw (1992)

0.27
8.44 (± 9.41)
(n=6)
Diurnal =
2.75 (± 5.12)

0.45
7.08 (± 12.04)
(n=4)
Nocturnal =
7.89 (± 10.57)

4.2 (± 2.6)
0.03 – 1.30

2.4 (± 1.3)
0.061 – 0.19

Pet cats
Pet cats
Pet cats

NSW, Australia
New York,
USA

Barratt (1997b)
Barratt (1997b)*
Meek (2003)
Kays and De Wan
(2004)^

Barratt (1997b) radio-collared 10 pet cats in Canberra, Australia and found that
there was no difference in home range size between desexed males and females
(Table 4.3). However, he found that nocturnal home ranges were significantly
larger than diurnal home ranges and cats from the same residence shared home
ranges. Barratt (1997b) concluded that the presence of areas uninhabited by
other pet cats or feral cats encouraged the more dominant and more aggressive
pet cats to expand their home range size.

In New York, USA, Kays and De Wan (2004) radio-tracked 11 pet cats, which
recorded an average home range size of 0.24ha (Table 4.3). However these were
based predominantly on diurnal fixes and no comparisons were made between
males and females because of the small sample size. Bradshaw (1992) reported
similar home ranges from 0.27 – 0.45ha in his study on two cats in the UK
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concurring with findings from an unpublished thesis by Chipman (1990: mean
0.076ha males, and 0.053ha females). Overall, home range sizes of pet cats can
be highly variable (e.g., Barratt 1997b) and degree of overlap and home range
size may be determined by kinship and spatial distribution of other cats and
food sources (Bradshaw 1992).

4.4

Objectives

In attempts to protect wildlife some local councils in Australia have required
complete confinement of pet cats to owners’ premises (Casey City Council,
Victoria; Baker 2001), prohibited cat ownership in new sub-divisions before
residents move in (City of Kingston, Victoria; Buttriss 2001), enforced nighttime curfews (Sherbrooke Shire, Victoria; Pergl 1994) or declared nature
conservation areas where free-roaming cats will be impounded (Frankston City
Council, Victoria; Moore 2001). A thorough knowledge of home range and
activity patterns of pet cats can play an important role in determining whether
legislation should include nocturnal curfews or complete confinement by
determining how often and how far cats roam, potentially bringing them into
contact with local wildlife. Therefore as part of its process of considering such
legislation, Armadale City Council (ACC) wanted to obtain general
information on the activity patterns and home range of the pet cats within its
municipality.

In keeping with this general goal, this chapter presents data on the home range
size of some free-roaming pet cats living in two different residential zones
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(urban and rural) of the ACC. My primary aim was to use the data to
recommend sizes for buffer zones where cat ownership is unrestricted,
necessary to reduce incursions by pet cats in wildlife conservation reserves. As
secondary aims, the following predictions were tested, based on findings from
previous studies:
1.

Pet cats have smaller home ranges than those published for feral cats.

2.

Male pet cats were more likely to have a larger home range size in this
study.

3.

Pet cats in the rural residential zones would have larger home ranges
than those in urban residential zones.

4.

Home range size would be smaller in cooler conditions (winter
compared to summer).

5.

Pet cats return to the same area over time.

6.

With regard to activity patterns:
o

Pet cats were more likely to roam in adjoining properties
(neighbours) and rest only at home.

o

In roaming, pet cats were more likely to use breaks between
vegetation rather than wander into the open.

4.5

Methods

4.5.1 Study design
The original plan for this study involved the radio-tracking of cats of known
age from urban and rural sub-divisions within the City of Armadale in winter
and then radio-tracking the same cats again the following summer. This
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corresponded to a repeated measures ANOVA design with Residence and Sex
as factors, Season as a repeated measures factor and Age as a covariate. The
dependent variable in each case was the 95% estimate of home range size based
on the radio-tracking. Significant logistic difficulties disrupted this plan. In
particular, there were problems in obtaining volunteers for both rural and
urban trials at the planned times, withdrawal of volunteered cats because of
health issues with the animals or inappropriate behaviour and significant
safety and public relations issues in attempting to follow cats in urban streets
and obtain accurate fixes in relation to small, fenced lots. As a result, the final
study was an incomplete subset of the original design involving these
elements:
•

a sample of urban cats and one rural cat radio-tracked in August 2003
(winter)

•

a sample of rural cats radio-tracked in January/February 2005 (summer)

•

a subset of the rural cats radio-tracked in January/February 2005
tracked again in August 2005 (winter). See Table 4.8 for sample sizes.

The implications of these limitations for analysis and interpretation are covered
in Section 4.5.5, Data Analysis.

4.5.2

Choice of cats

In total, 20 study cats were obtained by advertising for volunteer cats in the
local papers: The Comment, The Examiner and The Roleystone Courier. The articles
included a brief synopsis of the study, and volunteered cats were offered a free

Chapter 4 – Home range and movement patterns of pet cats

91

veterinary check-up at Murdoch University Veterinary Clinic. All cats
volunteered were fed daily by their owners and no cat was kept primarily to
hunt rodents on the property. Only 18 cats from the total of 20 were radiocollared and tracked; two were considered unsuitable by the veterinarian
because of health reasons. Although there were no distinct patterns in their
feeding times, the majority of the cats (16 out of the 18) were fed twice a day
with a combination of dried biscuits and either canned or raw meat. The
remaining two cats were fed only once a day but on the same diet of dried
biscuits and canned or raw meat. Even though this part of my study might
have attracted particular types of cat owners (e.g. those more curious about the
secret behaviour of their cats), this would have no impact on the individual
cats’ behaviour. Therefore, there is no reason to assume that the sample of
volunteered cats would have any bias.

Cat owners were asked to not confine their cats at night unless night
confinement was their normal practice (only one cat was regularly confined at
night) and not to alter their pet’s daily routines. In common with most radiotracking studies, I assumed that the radio-collared animals behave in a manner
similar to non–collared animals, that the transmitters do not affect them in any
way that makes their responses different from non-collared animals and they
are a representative (random) sample of the entire population (White and
Garrott 1990).
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Cats were divided into two distinct residential codes: urban and rural. For the
purpose of this exercise, residential houses classed as urban (Figure 4.1) are
based on lots less than 2000m2 (½ acre) and residential houses classed as rural
are those with lot size ranging upwards from 2000m2 (or over ½ acre blocks)
(Figure 4.2). These values were chosen because I wanted to reflect differences
in block sizes between urban and rural instead of using other considerations for
zoning that the ACC might have for its classifications. Hence the zoning sizes
in this chapter are different to those previously described in Chapter 3 in which
addresses supplied to us for the survey were obtained from the ACC’s
database and zoning classifications.

Figure 4.1: An example of an urban residence from the City of Armadale.
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Figure 4.2: An example of a rural residence from the City of Armadale.

4.5.3 Radio-tracking
Radio-collars (TITLEY, GPI-393X2 – 2 stage transmitters) were fitted to
volunteer cats. All cats had prior experience wearing collars, except one was
reported to continually lose its collar after approximately a week. Each collar
and transmitter weighed approximately 19.6 grams, which is small in relation
to total cat weight. Collars consisted of a standard leather collar with a resincovered transmitter package that contained batteries with a life of about one
week. Reflective tape was stuck onto the antenna to aid with identification at
night (Figure 4.3).
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Figure 4.3: Radio-collar.

Radio-collars were fitted onto the cats 24 hours prior to commencement of each
tracking session and removed by the owners afterwards. Cats were located
with a 6-element hand-held Yagi antenna. Locations or fixes (sighted and
triangulated) were recorded in geographical coordinates, Universal Transverse
Mercator (UTM), using a hand-held Global Position System (Sportrak Magellan
GPS). For triangulations, two operators simultaneously recorded the bearing of
the transmitter from known positions. Where possible, the location of operators
1 and 2 were at approximately 45° angle to the animal’s estimated location. If
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the cat was sighted, its behaviour was also recorded into the following
classifications: resting, walking, hunting, or other, and, if walking, whether it
was using roads or firebreaks to travel between locations.

Urban cats, as well as a single rural cat, were tracked in August 2003 (late
winter/early spring). Other rural cats were tracked in January and February
2005 (mid-summer). Rural cats that recorded large (i.e. over 0.7ha) home ranges
in February 2005 were radio-collared again in August 2005 to establish whether
seasonal factors impact on home range size and activity of these widely
ranging cats and whether they returned to the same locations. While it was
desirable to also have a summer sample for urban cats, the August 2003 urban
radio-tracking revealed significant safety and public relations issues in
attempting to follow cats in urban streets and obtain accurate fixes in relation
to small, fenced lots. For these reasons a summer sample was not attempted.

Tracking was conducted over 2 days; first session commencing at dawn until
mid-afternoon (approx. 0530 – 1500hr) and the second session commencing the
following day from mid-afternoon until after midnight (approx. 1600 – 0100hr).
Fixes (or readings) on each cat were attempted every hour throughout the
sampling period, giving a maximum of 24 readings.

4.5.4

Home range analysis

Bearings obtained from triangulations were converted into an x, y coordinate
(location estimation) using ‘Locate II’ software, version 1.82 (Nams 2001). All
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home ranges and associated analyses were performed using RANGES 6
(v6.213) (Kenward et al. 2003). RANGES 6 is a software program used to
analyse spatial location data, which provides the immediate production of
plots on a background map and a calculated home range size from the
collected coordinates.

In this study, the peeled Minimum Convex Polygon (MCP) (Southwood 1966)
estimation method was chosen (standard MCP method). To achieve
comparable results with other studies, the outlying 5% of fixes from the
harmonic mean ‘centre of activity’ were excluded from the estimate. Total
home range size (both 95% and 75%) for each cat was estimated using the
Harmonic Mean Centre (Hc) (Dixon and Chapman 1980) as the peel centre. The
harmonic mean method does not restrict the shape of the home range, and
provides the most appropriate non-parametric measure of animal activity
(Harris et al. 1990).

RANGES 6 (v6.213) also calculates the linear distance between designated
points or fixes where a cat is seen. The greatest distance between the home site
and any observed fix was calculated for the cat with the largest observed home
range and taken as an indication of a prudent buffer zone.

A map illustrating parts of the residential areas of the City of Armadale was
produced using the GIS program ArcView 3.2. The radio-tracking locations for
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all of the radio-collared cats were overlaid onto this map to spatially illustrate
their home range in relation to other geographical features.

4.5.5

Data analysis

The possible influences of Residence (urban/rural), Sex (male/female), Season
(August vs January/February) and Age (in years) on the 95% estimates of
home range size of radio-collared cats were assessed using ANOVA. Overall,
the data corresponded to a repeated measures ANOVA design with Residence
and Sex as factors, Season as a repeated measures factor and Age as a covariate.
The dependent variable in each case was the 95% estimate of home range size
(hereafter HRS). The HRS was log-transformed before analysis to correct for
inequalities in variances (Statsoft 1999).

However, this design was incomplete because no urban cats were tracked in
January/February. Accordingly, I followed the advice of Milliken and Johnson
(1992) and analysed complete subsets of the design corresponding to
hypotheses of specific interest. Five analyses were completed:
1.

Urban female cats vs one rural female cat in August 2003 to check for
residential differences.

2.

All urban cats vs one rural female in August 2003, also to check for
residential differences.

3.

All cats from August 2003 (urban) vs all cats from August 2005 (rural) to
check for residential and sex differences. The analysis assumes that the
different years have no major influence on the results. The results must
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also be approached cautiously, because the August 2005 (rural) sample
is a subset of the rural cats with the largest home ranges.
4.

All cats from August 2003 (urban) vs all cats from January/February
2005 (rural) to check for residential and sex differences. In interpreting
the results, it was important to bear in mind that this analysis
confounded the influences of residence and season.

5.

Four rural cats from January/February 2005 (rural) and repeated data
from August 2005 (rural), to check for seasonal differences in rural cats.

See Table 4.8 for sample size of all urban and rural cats.

4.6

Results

The residential zone, age, sex (and if desexed) and breed of each cat radiotracked during the study were recorded and details of the estimated home
range sizes are shown in Table 4.4. The table shows the details of 16 cats only
(from original 20) as two of the cats radio-collared remained indoors
throughout the entire tracking period and a further two cats were eliminated
from the study because of health reasons.
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Table 4.4: Home range (MCP in hectares) data for 16 cats from all radio tracking sessions i.e. August 2003, January/February
2005 and August 2005 from both residential zones in the City of Armadale. N is the number of radio fixes. * denotes that the
cat was predominantly in the house, or in the same location over the monitoring period (i.e. most of the radio fixes were
identical). # denotes lost collar during study altering the number of radio fixes. ^ denotes cats on properties affected by
bushfire. D = desexed, F = female and M = male. Residential zones – urban: housing on less than 2000m2; rural: lot size
ranging upwards from 2000m2. DSH = Domestic shorthaired, DLH = Domestic longhaired.
Name

ID

Resid

Sex

Status

Breed

Code

Age

N

(yr)

MCP (ha)

MCP (ha)

MCP (ha)

Aug ‘03

Jan/Feb ‘05

Aug ‘05

95%

75%

Billy

M1

Urban

M

D

DSH

5

25*

0.01

0.00

Cindy

F1

Urban

F

D

DSH

12½

15*

0.03

0.01

Cali

F2

Urban

F

D

DSH

1½

14*

0.02

0.00

Rogue

F3

Urban

F

D

DSH

2

14*

0.03

0.01

Bob

M2

Urban

M

D

DLH

~7

14*

0.08

0.03

95%

75%

95%

75%
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Breed

Code

Age

N

(yr)

MCP (ha)

MCP (ha)

MCP (ha)

Aug ‘03

Jan/Feb ‘05

Aug ‘05

95%

75%

95%

75%

95%

75%

0.00

0.00

0.79

0.08

Dustpan

M3

Urban

M

D

DSH

~5

11#

0.64

0.11

Ziggy

M7

Urban

M

D

DSH

4

11*

0.10

0.02

Stripes

F4

Rural

F

D

DSH

~ 8½

15#

1.12

0.20

Melba

F5

Rural

F

D

Tortoise Shell

4

16(4)

0.85

0.19

Pepper

F6

Rural

F

D

DSH

5

15*

0.07

0.00

Tigger

M4

Rural

M

D

DSH

2½

13(6)

0.78

0.48

Charlie

M5

Rural

M

D

Burmese (blue)

7

8

0.27

0.09

Max

M6

Rural

M

D

Brown Havana

3

11(9)

2.54

0.43

2.86

0.49

DJ

M8

Rural

M

D

DSH

7

13(5)

1.87

1.21

1.41

0.29

Puttaton

F7

Rural

F

D

DSH

2

4^

0.10

0.03

Scooter

M9

Rural

M

D

Spotted Mist

10

10^

0.19

0.04
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All but one cat fell short of the theoretical maximum of 24 readings. Reasons
varied. In some cases distances between cats’ homes meant long travelling
times between cats and rural cats with larger home ranges sometimes took
longer to locate in hilly conditions. One cat (M1) had 25 readings because he
was opportunistically located when searching for another cat. Most of the fixes
of the urban cats were recorded in the owner’s yard and all except for M3
stayed within 2 house blocks from home (an approximate radius of <100m). All
were free-roaming except for M5, who was regularly confined from dusk to
dawn (about 1800 – 0630hrs) and M6 who was confined indoors overnight only
if he came home. Two rural cats (F7 and M9) previously reported by their
owners to be free-roaming stayed close to home because of occurrence of
bushfires on their property earlier that month.

How big a buffer zone is needed to exclude roaming pet cats from a reserve?
Home ranges for urban pet cats ranged between 0.01 ha – 0.64 ha and rural pet
cats from 0.07 ha – 2.86 ha. The furthest linear distance travelled between a pet
cat’s home and a fixed location was 300m (rural cat M6 in August 2005). Taking
this maximum value and adding a further 20% for a safety margin suggests a
buffer zone of at least 360m.

Differences between residential areas
The home ranges of urban females and one rural female from August 2003 and
all urban cats and one rural female from August 2003 were compared in
ANOVA. In both cases home range estimates were log transformed.
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The first comparison of female cats in August 2003 showed a highly significant
effect of Residence (F1,1 = 7479.47, p = 0.007, Table 4.5a), with the rural cat
having a larger home range. The urban cats and one rural cat in August 2003
analysis also found a significant effect of Residence (F1,5 = 9.11, p = 0.03, Table
4.5b), with the rural female cat having a larger home range. The covariate Age
was not significant in either comparison (F1,1 = 0.33, p = 0.67) and (F1,5 = 0.01, p
= 0.92) respectively.

Table 4.5: ANOVAs of log-transformed home range data. Significant p-levels
are shown in bold.
(a) Urban females vs one rural female in August 2003

Residence

df

MS

df

MS

Effect

Effect

Error

Error

1

0.07

1

0.00

F
7479.47

p-level
0.007

(b) All urban cats vs one rural female in August 2003

Residence

df

MS

df

MS

Effect

Effect

Error

Error

1

0.06

5

0.01

F
9.11

p-level
0.03

The home ranges of urban and rural cats were also compared in two further
ANOVAs: August 2003 (urban) vs August 2005 (rural) and August 2003
(urban) vs January/February 2005 (rural). In each case home range estimates
were log transformed and the age of cats was included as a covariate.
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The August 2003 (urban) vs August 2005 (rural) analysis found a significant
effect of Residence (F1,7 = 8.77, p = 0.02), with the rural cats having larger home
ranges. Sex and the Residence x Sex interaction were insignificant (Table 4.6).
The covariate Age was not significant (F1,7 = 0.226, p = 0.65).

Table 4.6: ANOVAs of log-transformed home range data on August 2003
(urban) and August 2005 (rural). The single rural female cat tracked in August
2003 was included in August 2005 sample. Significant p-levels are shown in
bold.
df

MS

df

MS

Effect

Effect

Error

Error

F

p-level

Residence

1

0.17

7

0.019

8.77

0.02

Sex

1

0.07

7

0.019

3.70

0.10

Residence x Sex 1

0.03

7

0.019

1.36

0.28

The August 2003 (urban) vs January/February 2005 (rural) also found a
significant effect of Residence (F1,11 = 5.32, p = 0.04), with the rural cats having
larger home ranges. Sex and the Residence x Sex interaction were insignificant
(Table 4.7). The covariate Age was not significant (F1,11 = 0.117, p = 0.74).
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Table 4.7: ANOVAs of log-transformed home range data on August 2003
(urban) and January/February 2005 (rural). The single rural cat female cat
tracked in August 2003 was included in January/February 2005 sample.
Significant p-levels are shown in bold.
df

MS

df

MS

Effect

Effect

Error

Error

F

p-level

Residence

1

0.13

11

0.025

5.32

0.04

Sex

1

0.03

11

0.025

1.35

0.27

Residence x Sex

1

0.004

11

0.025

0.17

0.69

GIS maps of the smallest and largest home range size for the urban cats are
shown in Figure 4.4 and Figure 4.5. Maps of the smallest and one of the largest
home range sizes of the rural cats are shown in Figures 4.6 and 4.7. These give
visual confirmation of the disparities in the home ranges between urban and
rural cats. The cats with the largest and second largest home range sizes are
displayed with both summer and winter home ranges under the later
subheading “home range differences between seasons”.
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Figure 4.4: M1 (Billy) urban: home range size of 0.01ha (Scale 1:2500).

Figure 4.5: M3 (Dustpan) urban: home range size of 0.64ha (Scale 1: 2500).
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Figure 4.6: F6 (Pepper) rural: home range size of 0.07ha (Scale 1: 2500).

Figure 4.7: F4 (Stripes) rural: home range size of 1.12ha (Scale 1: 2500).
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Sex differences
The failure to find significant sex-related differences in home range was
surprising given the observed difference in the means (Table 4.8).

Table 4.8: Mean home range and log of mean estimations of all male and
female cats from all radio tracking sessions. N is the sample size (i.e. number of
cats).
Mean home

Mean (log

Valid

range (ha)

home range

N

+ 1)
Urban males (Aug 2003)

0.21

0.07

4

Urban females (Aug 2003)

0.03

0.01

3

Rural males (Jan/Feb 2005)

1.13

0.29

5

Rural females (Jan/Feb 2005)

0.34

1.11

3

Rural males (Aug 2005)

1.69

0.41

3

Rural female (Aug 2005)

0.00

0.00

1

Rural female (Aug 2003)

1.12

0.33

1

This factor was explored further using retrospective power analysis of the logtransformed data for the August 2003 (urban) vs January/February 2005 (rural)
comparison, which had the largest sample size. Steidl and Thomas (2001)
indicate that this can be useful in determining the power of a test to detect
specified effect sizes at given levels of α, or to delineate the 90% or 95%
confidence limits for the size of effect that can be detected at given levels of
power and α. This is distinct from simply noting the observed power, which
Steidl and Thomas (2001) do not recommend. I determined (i) the power of the
test to detect large, medium and small variations in home range given the
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observed variability in the data, and (ii) the 90% confidence limit for the Root
Mean Square Standardised Effect (RMSSE), a measure of standardised effects
in the design (Steiger 1999). Assuming eight male and eight female cats were
used for ease of calculation (actually nine and seven in this study), the RMSSE
values for large, medium and small effects are approximately 0.43, 0.27 and
0.11 respectively (Steiger 1999, p. 28). Plots of power versus α for the large
effect at α = 0.05, 0.1 and 0.2 are shown in Figures 4.8 – 4.10. The figure shows
that with eight cats of each sex used, the study had only c. 28% power to detect
a large effect at α = 0.05, rising to c. 50% at α = 0.20. Thus even large effects
were unlikely to be detected in this study. The 90% confidence interval for the
RMSSE observed ranged from 0.00 – 0.92. This includes the RMSSE for large,
medium and small effects. This can be interpreted as indicating that not even a
large effect in home range between males and females can be ruled out given
the variability in the data. In summary, the data obtained are too variable to
test the hypothesis of differences between the home ranges of male and female
cats with confidence.
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Figure 4.8: Power vs N (sample size) with α = 0.05.

Figure 4.9: Power vs N (sample size) with α = 0.1.
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Figure 4.10: Power vs N (sample size) with α = 0.2.

Home range differences between seasons
The

four

rural

cats

which

recorded

the

highest

home

range

in

January/February 2005 (F5, M4, M6 and M8) were radio-collared again in
August (winter) 2005 to check if their movements or home range would be
affected by seasonal conditions such as shorter day length and cooler
temperatures. The relevant data are shown in Table 4.9.
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Table 4.9: Data on home range (MCP) for the 4 rural cats tracked in both
January/February 2005 and August 2005. N is the number of radio fixes. *
denotes that the cat was predominantly in the house, or in the same location
over the monitoring period (i.e. most of the radio fixes were identical). #
denotes lost and/or faulty collar during the study. D = desexed, F = female and
M = male. DSH = domestic short-haired.
ID

Sex

Status Breed

Age

N

(yr)

MCP (ha)

MCP (ha)

Feb'05

Aug '05

95%

75% 95%

75%

F5

F

D

Tortoise Shell

4

4*

0.85

0.19

0.00

0.00

M4

M

D

DSH

2½

6#

0.78

0.48

0.79

0.08

M6

M

D

Brown Havana

3

9

2.54

0.43

2.86

0.49

M8

M

D

DSH

7

5#

1.87

1.21

1.41

0.29

Repeated measures ANOVA of these data (after log transformation) with
factors of Sex and Season (the repeated measures factor) and Age as a covariate
showed that there was no significant difference in seasonal home ranges,
despite the qualitative observed differences (Table 4.10). The covariate Age was
not significant (F(1,3) = 1.3284, p = 0.45495).
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Table 4.10: Repeated measures ANOVA of log-transformed home range data
from Table 4.9.
df

MS

df

MS

effect

effect

error

error

F

p-level

Sex

1

4.15

1

1.00

4.14

0.29

Season

1

0.30

2

0.08

3.88

0.19

Sex x Season

1

0.24

2

0.08

3.16

0.22

Cats return to the same area over time
F5’s range decreased dramatically in August because it remained indoors. M6
appeared to roam across some different locations in August 2005 although
parts of the range overlapped in both seasons (Figure 4.11).

Figure 4.11: M6 (Max) home range in Feb (in red) and in August 2005 (in blue).
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Although the number of fixes was low for M8 and M4 because the collars were
either lost or faulty, these cats were recorded in similar locations (Figures 4.12
and 4.13).

Figure 4.12: M8 (DJ) home range in Feb (in red) and in August 2005 (in blue).

Figure 4.13: M4 (Tigger) home range in Feb (in red) and in August 2005 (in
blue).
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Observations of roaming and activity patterns in both seasons
Where cats were sighted during radio tracking their behaviour at the time was
recorded (Table 4.11). Actual sightings for rural cats were low (approximately
half of the radio fixes recorded). Those cats observed were resting or sitting
under vegetation in their own yard (68% of the time) and some were seen
crouching in tall grass. When these cats were observed to be roaming, the
majority of the signal came from neighbours’ yards. In this study area, the
residential block sizes usually extend upwards from 2000m2 (0.2ha or ½ acre),
and generally consisted of native bushland. Where not sighted, all fixes
obtained via triangulation were in surrounding bushland reserves (73%).

Table 4.11: Observation list for all cats radio-tracked. NS denotes the number
of sightings within each residential code. A = within boundary of own home
and/yard, B = In neighbour’s yard (within 100m of own home), C = In
neighbour’s yard (over 100m from own home) including surrounding
bushland, D = Along boundary fence or road. * Radio fixes obtained from
triangulation i.e. cat not sighted.
Resid code
Urban

Rural

Cats

A

B

C

D

-

2*

-

7

% of time

-

22%*

-

78%

NS (Sedentary)

17

9

-

-

% of time

65%

35%

-

-

NS (Wandering)

4

-

7 (32*)

1

% of time

9%

-

16% (73%*)

2%

NS (Sedentary)

13

-

6

-

% of time

68%

-

32%

-

NS (Wandering)
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Distance between the two furthest linear points (e.g., home to the furthest
location) was measured using RANGES 6, and the highest linear distance
recorded from home was 288 metres (M6, a rural male cat).

In the case of the urban cats, the majority of fixes recorded were from sightings
(33 from a total of 35 fixes, Table 4.11). Most of the urban cats were recorded to
be resting under vegetation in their own home or in adjacent properties, and
when walking, appeared to use boundary fences. Where not sighted, the
signals were located within adjoining neighbours’ properties.

4.7

Discussion

The primary aim of this chapter was to recommend sizes of buffer zones where
cat ownership is restricted to reduce incursions of pet cats into nature reserves
or conservation sensitive areas. Sample sizes were adequate to estimate these.
Secondary aims were to establish roaming patterns of selected pet cats,
(specifically home range size) and compare findings between sex and between
different residential areas. Seasonal effects on home range size were also
examined. Sample sizes used to answer this question were smaller and hence
the results should be interpreted cautiously. I also investigated whether pet
cats returned to the same locations over time and their activity patterns when
sighted (e.g., roaming or sedentary) and whether they used the cover of
vegetation and firebreaks to move between locations.
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Buffer zones
The five largest home ranges for pet cats found in this study ranged from
0.85ha – 2.86ha. Although all these cats were rural, it is plausible that urban
cats adjacent to a reserve or other tract of vacant land might also range over
such distances (one urban cat in this study recorded a home range of 0.64ha).
The largest linear distance moved from home by any cat was approximately
300m. Allowing a 20% increase as a margin for error, buffer zones 360m wide
around nature reserves or significant native bushland might be needed to
prevent incursions by pet cats. However, our sample included only neutered
cats and it is possible that un-neutered animals may wander further (Barratt
1997b). A cautious response might be to increase the buffer zone still further,
given that even one free-ranging cat may be a voracious hunter (e.g., Barratt
1997a, 1998). Alternatively, this concern could be dismissed given that the
incidence of neutering in the Armadale cat population is estimated at 91.6%
(Lilith et al. 2006).

Cat ownership might be prohibited within the buffer zone, or alternatively
owners in this area might be required to confine cats to their properties at all
times. Given the unenthusiastic response of Armadale residents to enforcing
exclusion zones (Lilith et al. 2006), implementing buffer zones requires a
sensitive public education campaign.

The recommended buffer zone may not be adequate in other regions. For
instance, the largest home range identified in this study (2.86ha) is well beneath
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that found in other Australian studies (Barratt 1997b in Canberra, Australia
0.02 – 27.93ha, including both diurnal and nocturnal home ranges, Meek 2003
in New South Wales, Australia: 0.02 – 6.51ha). However, it more than doubles
the largest home range of 1.3ha reported by Kays and De Wan (2004) in New
York, USA. Therefore the size of buffer zone needed will differ between
regions.

Are the home range sizes of pet cats similar to those of feral cats?
Overall, the home range sizes of the pet cats in this study were much smaller
than reported home ranges of feral cats of over 15.0 ha for males and 10 ha for
females (Page et al. 1992, Norbury et al. 1998, Edwards et al. 2001). This
probably reflects the food subsidy given to pet cats, whereas feral cats must
roam over larger areas to obtain food and, in the case of males, search for
mates.

Do home range sizes differ between male and female domestic house cats?
The findings from this study showed no statistically significant difference in
home range size between male and female pet cats, except for the August 2003
sample where the single female rural cat had a significantly larger home range
than the entire urban sample. However, this result reflects a residential
difference rather than a sex one. This concurs broadly with findings from Meek
(2003), who also failed to find statistically significant differences in home range
size between male and female pet cats although inspection of the mean home
range sizes suggests that such a difference occurs. Sample sizes from both
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studies were low and therefore strong conclusions regarding differences (if
any) in home range sizes between sexes cannot be achieved, a point reinforced
by retrospective power analysis.

Most studies of the home ranges of feral cats (Jones and Coman 1982,
Fitzgerald and Karl 1986, Konecny 1987, Haspel and Calhoon 1989, Smucker et
al. 2000, Biró et al. 2004) show that males have larger home ranges, while a
smaller number of studies did not test for sex-based differences (Langham et al.
1981, Naidenko and Hupe 2002) or found no difference in male and female
home ranges (Page et al. 1992). On the basis of my data and the published
records, it seems likely that male feral and domestic cats do roam more than
females although considerable variability in home range occurs and makes
statistical validation of this observation difficult. Like feral cats, pet cats have to
defend their “territory” or primary home, which is based on food resources
distribution rather than distribution of breeding females.

Barratt (1997b) suggested that home range of a neutered suburban male cat
might show less overlap in range with other cats than observed for feral cats.
However, as all male cats in this study were neutered, I was unable to compare
their home range estimates to entire male cats. The point is probably
unimportant in Australia, where over 90% of the pet cat population is neutered
(Grayson and Calver 2004).
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Do rural cats have larger home ranges?
The sizes of home ranges estimated in this study for pet cats within the City of
Armadale (ACC) were highly variable depending on residential zones, but the
overall ranges of 0.01 – 2.86ha were within ranges reported by other
researchers (e.g., Barratt 1997b: 0.02 – 27.93ha including both diurnal and
nocturnal home ranges; Meek 2003: 0.02 – 6.51ha; Kays and De Wan 2004: 0.061
– 1.3ha). Differences in home ranges between urban and rural residential areas
were found in several different tests. Despite the small sample size, the most
methodologically sound of these were (i) urban females vs one rural female in
August 2003, and (ii) all urban cats vs one rural female in August 2003, because
neither was complicated by differences in seasons between urban and rural
samples or deliberate selection of a subset of cats with large home ranges. They
both indicated a larger home range for the rural cat. The August 2003 (urban)
and August 2005 (rural) comparison approached significance (with the rural
cats having the largest home ranges) and the August 2003 (urban) vs
January/February 2005 (rural) comparison indicating an effect of residence.
Despite the problems in the latter comparisons, the data are strongly
suggestive of larger home ranges in rural cats.

Home ranges for urban pet cats ranged between 0.01 ha – 0.64 ha, compared to
rural home ranges which ranged from 0.07 ha – 2.86 ha. The houses from the
rural residential zone in this study were on block sizes over 2000m2 or over ½
acre, with 6 out of 9 properties on blocks over one acre. All rural properties in
this study were surrounded by properties of similar block sizes and
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remnant/native bushland. I also observed that these properties had no fences
or had fences with gaps rather than the normal suburban solid fences which
may act as a deterrent to some pet cats. It was also reported that some
adjoining properties to houses in this study did not own a cat/s (owners, pers.
comm.). According to Barratt (1997b), home range of suburban pet cats may be
determined by density and distribution of cat owning houses so this may have
contributed to the variability in the data.

The more dominant and more aggressive pet cats were likely to expand their
home ranges into habitat uninhabited by house or feral cats. Reports from
owners suggest that this may be the case in 5 (out of 9) of the rural pet cats in
that the roaming cat was the most dominant cat in the household, with another
two being the only cat in the house. “Dominant or subordinate behaviour in a
cat is based on its ability to control access to resources and/or by others
conceding resources to them” (Bernstein and Strack 1996:25). One desexed
male cat was reported to regularly enter a neighbour’s house through the catflap and steal the resident cat’s food despite the resident cat (a subordinate
young male) being home.

Seasonal effects on home range size
No statistically significant effects were recorded. Two male pet cats radiotracked in summer and winter showed similar home ranges despite cooler
conditions. Their owners did, however, report that these cats were more likely
to return home in rainy or windy conditions during winter and early spring.
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The sole female cat in the study acted as predicted. Her home range size was
smaller in cooler conditions and she stayed predominantly indoors or under
the covered patio in the sun for the majority of the time. The owner later
advised that this cat rarely went outside at night in winter, unlike in summer
months where she preferred to be outdoors. One male cat showed an increase
in home range despite cooler conditions in August 2005. This coincides with
the onset of the breeding season for small mammals and birds in south-west
Australia (i.e. winter to early spring), where there is a greater likelihood of
encountering juvenile prey. The owner of this cat stated that he is known to
return home with prey (predominantly rabbits and birds).

Do cats return to the same locations?
The findings from this study showed that two of the four pet cats tracked in
two seasons returned to the same locations as before, with the estimated home
ranges for each season overlapping substantially. Although one revealed a
different roaming pattern, half of its home range still overlapped with the
home range from previous tracking sessions. Reasons for this difference were
not investigated. Leyhausen (1979) suggested that cats have excellent memory
for locality and often return to the precise place of an earlier capture to look for
more prey. Owners in this study reported their cats bringing home rabbits and
birds. Sightings of these cats confirm that they returned to the same locations in
between readings or fixes (i.e. in the same radio-tracking session) and, in two
cases, in between radio-tracking sessions. The three cats that recorded the
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largest home ranges in this study were neutered males and they may simply be
extending their home ranges as the alpha-males in their neighbourhoods.

Activity patterns
When the cats were observed roaming it was clear that they did not wander
into the open country, but chose instead to walk under vegetation, near
vegetation boundaries or along firebreaks between properties. I only noted one
occasion where the cat actually crossed a road in the open and this was
recorded at night. Meek (2003) found that the cats in his study also travelled
close to fence lines and under vegetation and used roads and tracks only as
navigational paths. When sighted, the cats were observed stalking or catching
and killing wildlife.

However, in contrast to Meek’s (2003) study, I found that nearly half of the
radio fixes (for rural cats) were in natural bushland, some of which formed part
of the “backyard” of neighbours within this suburb. For this reason, many
parts of these areas were inaccessible unless I obtained permission from owners
of the properties. Hence there were fewer sightings of the cats in the rural areas
compared to the urban ones. However, of those sighted the cats were observed
to be wandering under vegetation in adjoining properties, and on some
occasions stalking and hunting.
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Conclusions
Kays and De Wan (2004) found that pet cat foraging activity in their study had
no direct effect on small mammal populations in adjacent vacant land.
However, they concluded that house cats could have an indirect impact as their
presence can act as an “inhospitable barrier” to mammal dispersal, and can
reduce gene flow between populations. Some of the rural pet cats in this
current study certainly roamed over large distances. Some of the owners
reported that their cats did not return home for a few days in the summer,
suggesting that they are successful in hunting or are being fed elsewhere.

The residential areas in the rural part of the City of Armadale are very close to
natural bushland. Native animals living in these areas may be at risk of
predation by some of these free–roaming cats within the area. The results from
this study are in broad agreement with those findings and also those of Barratt
(1997b) and Meek (2003), in that pet cats living in close proximity to nature
reserves with abundant wildlife may pose a risk to threatened species. Of
course, such roaming data are well short of definitive proof that roaming cats
hunt frequently, or that any such hunting is detrimental to wildlife
populations. However, it does confirm the potential for a problem, because if
pet cats did not roam encounters with wildlife would be greatly reduced.

Continuous curfews on pet cats may reduce the exposure to prey, and may
reduce the incidence of diseases such as toxoplasmosis that may impact on
other domestic animals (Patronek 1998) and wildlife (Risbey 2000). However, at
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present evidence of the spread of the disease from cats is reported to be only a
minor health risk to native animals (Sumner and Ackland 1999).

Similarly, if precautionary measures such as the implementation of a cat-free
buffer zone were established around bushland where mammals may be at risk,
data collected from roaming patterns may be useful. Based on the findings
from my study, the furthest linear distance travelled between a pet cat’s home
and a fixed location was nearly 300m. Therefore buffer zones around nature
reserves and bushland may have to be considerable (say a minimum of 360m)
to allow for the variances in home range. Experience elsewhere in Australia
indicates that buffer zones may be unpopular and difficult to implement other
than in new sub-divisions (Grayson et al. 2002, Grayson and Calver 2004).

Furthermore, the questions of whether or not pet cats roam into bushland
reserves in the City of Armadale and whether or not they impact on
populations of native fauna are unresolved. They are addressed in the
following chapter.
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- CHAPTER 5 Assessing prey abundance & predator presence

After dark all cats are leopards - Native American Proverb
The clever cat eats cheese and breathes down rat holes with baited breath.
- - - W. C. Fields

5.1

Introduction

The behaviour of feral cats and their impact on native fauna have been well
documented by various authors through techniques such as field experimental
work (e.g., Risbey et al. 2000), radio tracking studies (e.g., Page et al. 1992,
Naidenko and Hupe 2002) diet analysis (e.g., Risbey et al. 1999, Read and
Bowen 2001) and scent-based lures (e.g., Edwards et al. 1997). In the case of pet
cats, predatory habits have been based on recording of prey killed and brought
home (e.g., Churcher and Lawton 1987, Paton 1991, Barratt 1997a) but only a
few have been based on experimental studies (Ruxton et al. 2002).

While it is undoubted that pet cats hunt and kill wildlife, the impact of this
predation on prey populations is debated both in Australia and overseas. An
Australian survey conducted by Paton (1990, 1991) found that domestic cats
recorded mean capture rates of approximately 22 prey per year in suburban
areas and over 50 prey per year in rural areas. Paton (1991) also noted that
these rates are probably underestimated because prey may not be brought
home and tens of millions of native vertebrates could fall victim to domestic
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cats in eastern Australia annually. He stated that domestic cats can potentially
exert considerable predation pressure on populations of native animals in
urban bushland and can be a danger to native fauna in most woodlands and
reserves near urban developments. However, there are critics of the idea that
one can estimate a mean number of prey killed by cats and extrapolate from
that to a population level of mortality. Predation estimates alone do not reflect
the total impact on the population size of the prey species because it is possible
that cats only take a ‘doomed surplus’ of prey without depressing prey
populations (Barratt 1998, Abbott 2002). Accordingly, high predation estimates
do not necessarily indicate that prey populations are at risk. In contrast to
Paton’s (1991) conclusion, Barratt (1998) argued that a localised predation
study should not be taken as indicative of predation levels in all cat
populations as various factors such as cat densities, climatic conditions, the
availability and type of prey and any variation in cat-management practices
should be considered. Thus two polarised views can be identified: some
authors believe that the impact of predation by owned cats is exaggerated and
deflects attention from more serious causes of wildlife decline (e.g., Fitzgerald
1990, Nattrass 1992, Chaseling 2001), while others argue that the number of
wildlife deaths must be having an impact and action is needed (e.g., Paton
1991, Woods et al. 2003, Lepczyk et al. 2003).

In suburban Australia, there are two examples of decline attributed to
predation by owned cats. Firstly, the local population of the superb lyrebird
Menura novaehollandiae at Sherbrooke Forest, Victoria declined from 130 in the
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1960s to only 60 in 1988 (Bradley & Bradley 1990) because of predation from
cats, dogs and foxes (Dickman 1996a). Secondly, the population decline of the
eastern barred bandicoot Perameles gunnii at Hamilton, Victoria was also linked
to predation by cats which caused 40 - 50% of deaths in the juveniles (Seebeck
et al. 1990, Dufty 1994). Cats may also be a factor in conjunction with other
causes of mortality such as road trauma, with the combined mortality from
both causes a serious problem (Scott et al. 1999). These cases suggest that in
reserves or bush land adjoining new residential developments or high density
housing development, predation by house cats could have a substantial impact
on locally abundant but patchily distributed populations of native fauna,
including small mammals. This chapter examines these issues through a
consideration of the abundance of native mammals in bushland either exposed
or not exposed to incursions by pet cats. The remainder of this introduction
outlines the techniques available for the study and justifies the choices made.
The major aims of the chapter are then described.

5.1.1 Testing predatory impact
This study used three different treatments made available by local government
regulation of cat ownership: (i) no-cat zone (strict prohibition of cat
ownership); (ii) compulsory belling of cats and night curfew (iii) the control
zone (free roaming cats). If the presence of pet cats plays a role in species
richness and abundance of small mammals, then species richness and
abundance should be higher in areas where cats are prohibited than in areas
where they roam freely. Similarly, if belling cats and night curfews reduce
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predatory impact, then the prediction would be that these areas should also
record higher abundance and species richness of small mammals relative to
areas where cats roam freely. These treatments, however, operate on the
explicit assumption that the mammal communities in all three treatments were
similar before the different treatments were applied. The weakness in this
study design is that no before-treatment data are available for comparison.

Several alternative designs were initially considered in an attempt to overcome
this difficulty:
A.

Translocation of a particular species. This method involves identifying a
particular species previously occurring in these areas and attempting a
reintroduction. If owned domestic cat predation is an issue, one would
predict that the reintroduction should fail in areas where owned cats
roam freely, but possibly succeed in areas where they are either banned
or required to wear bells. The main problem with this method was the
size of the sites available for work, which precluded replicate
introductions under each treatment. Furthermore, translocation is a
difficult task. A suitable species must be chosen and there are numerous
regulatory and ethical issues to be overcome in planning a
reintroduction, not least the expectation that the translocation would fail
in the presence of cats.

B.

Converting cat roaming areas into no-cat zones, and monitoring fauna in
comparison to other free roaming zones. This would require the
cooperation of the local council and there is no immediate result in the
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manipulation of a cat-free zone. Residents could not be expected to have
their pets euthanised or put them up for adoption, which would mean
that the manipulation would be implemented slowly, relying on the
eventual death of pet cats.
C.

Examine the fate of animals either by releasing live bait (prey) or putting
out dead bait in different treatment types to assess the level of cat
predation. In this case, the prediction would be that in free roaming
areas, baits would quickly decline in numbers. However, provision of
live bait is likely to be a highly contentious issue of animal ethics and
cats are notoriously shy of taking prey carcasses as bait unless live prey
is in short supply (Short et al. 1997, Risbey et al. 1997).

D.

Monitor presence, species richness and abundance of fauna in each
treatment site to establish any differences in richness and abundance of
small mammals present. The major weakness of this design is that there
are no data collected before cat regulations were enforced, so similarities
in the species richness and abundance of small mammals across the sites
prior to the regulations imposed on pet cats must be assumed.

On balance, logistical and ethical issues constrained this study to approach D
despite the assumption required. I hoped that by opening the issues with this
study the profile of predation by owned domestic cats could be raised to the
point where one of the three manipulative approaches could be implemented.
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Population, species richness and density estimates

Population estimates are necessary when examining the dynamics of animal
species (Pollock et al. 1990) and to determine the conservation status or health
of free-living animal populations (Baillie and Groombridge 1996). Abundance
can be measured in two ways: absolute density, such as the number of
individuals per unit area or volume; and relative density, which is the density
of one population compared to another (Krebs 1989). Relative density is the
most readily measured of the two and this is the term implied by my
subsequent use of abundance. In many instances, such as in estimates of small
mammal populations, capturing individuals by live trapping is a feasible
method of estimating abundance. Counts or records of the total number of
captures, number of individuals captured and minimum number known to be
alive are commonly used to make estimates of population size (Slade and Blair
2000).

A common method of estimating abundance of population size is the capturemark-recapture (CMR) technique, but it is important to meet the assumptions
of the method employed when analysing data (Begon 1979, 1983). The
population size or number of individuals can then be used for comparison
between sites. In this study I was concerned with monitoring the abundance
and species richness of small mammals that are potential prey for cats and also
testing for the presence/absence of cats (owned or feral) in the study areas. I
chose a trapping technique to collect small mammal data and an indirect lure
approach to detect traces of cat presence in the study sites.
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Mammal survey techniques for prey

There have been numerous studies of mammal surveys and small mammal
population sampling using various trapping methods throughout Australia
(e.g., Goldingay and Denny 1986, Laurance 1992, Knight and Fox 2000). The
different types of trapping and sampling techniques normally used in faunal
surveys include Elliott traps, wire cage traps, pitfall traps, and other indirect
methods such as hair tubes, sand plots, spotlighting, other sightings and
vocalisations. Some of these methods were discussed briefly in Chapter 4
(Table 4.1) taken from Litvaitis et al. (1996).

Comparison studies in Australia have been conducted on the efficacy of
various trap methods (e.g., Laurance 1992, Catling et al. 1997). Catling et al.
(1997) found that Elliott traps recorded comprehensive results of distribution
and abundance of small mammals in north-eastern New South Wales.
Although cage trap data were poor in comparison (recording only 3 from 14
targeted species), northern brown bandicoot Isoodon macrourus, mountain
brushtail possum Trichosurus caninus and common brushtail possum T.
vulpecula were successfully captured in that study.

Clemann et al. (2005) recorded more captures in pitfall traps compared to Elliott
traps in Victoria, but both mammals and herpetofauna were recorded, and they
acknowledged that capture rates were influenced by different vegetation type.
However, data from pitfall traps were poor in Catling et al. (1997), recording
only two small mammal species. Moseby and Read (2001) investigated the
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influence of different trapping variables (such as trapping period, number of
trap sites and drift fences) on the efficiency of pitfall traps in arid South
Australia. They found that capture rates at fenced pitfalls were higher
compared to unfenced pitfalls.

The size of the pitfall trap opening may also determine the interpretations of
density. For example, larger-diameter traps such as those made from 20-L
buckets with > 280mm opening capture more small vertebrates than traps with
small-diameter openings such as those made from PVC piping (e.g., Friend et
al. 1989). Thompson et al. 2005 (and included references) found that the larger
openings captured more reptiles compared to pipes that caught more
mammals. Laurance (1992) examined the efficiency of four different trapping
methods (Elliott traps, mounted Elliott traps, cage traps and pitfall traps) in
Queensland, Australia and found that each method was effective in capturing
one to four different species. Differences in capture rates were significant for
each method. He noted that capture rates of different species were influenced
by the following factors: (1) diet, (2) vertical microhabitat use, (3) body size and
(4) trap avoidance, and trap responses also varied seasonally e.g., some
mammals were more easily trapped during the breeding season.

With regard to non-trapping methods, hair tubes are popular as a remote
sampling method in large-scale mammal surveys. The animal is attracted to an
open cylinder containing food-bait (held within a closed chamber) and fur from
the animal entering adheres to the double-sided adhesive tape attached inside
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the tube. Lindenmayer et al. (1999) compared detection rates of various species
of mammals using three different hair tubes: small-diameter PVC pipe, largediameter PVC pipe and tapered hair funnel and found that the most effective
hair tube type varied between species. Their study suggested that detection of a
wide range of species required the use of several types of hair tubes. Catling et
al. (1997) recorded poor distribution and abundance data from hair samples
collected from hair tubes.

Spotlighting is particularly effective for sampling arboreal mammals, but not
for surveying ground-dwelling animals because of variations in understorey
vegetation (animals can hide in denser bush). Although abundances can be
estimated through spotlighting and other sightings, records are often highly
opportunistic. Estimations can be biased by an observer’s skills to identify
species (Catling et al. 1997) or by an animal’s previous exposure or aversion to
spotlighting (Edwards et al. 2000, Witmer 2005). For example, if exposed
previously to spotlight shooting, then the animal may become light-shy. The
use of vocalisations is useful in identifying animals that are rarely seen but may
call often (e.g., yellow-bellied glider, Petaurus australis) but this method is more
effective if used in conjunction with spotlighting or other sightings. According
to Catling et al. (1997), sand plots were highly effective in providing
information on distribution and abundance (see also section 5.1.4 for examples
and uses of sand plots).
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In considering options for assessing the presence/absence and abundance of
small mammals in this study, I rejected the use of hair tubes based on varied
results (e.g., Lindenmayer et al. 1999) and poor data collected (e.g., Catling et al.
1997). I also rejected spotlighting, other sightings, and vocalisations as these
methods were more useful for sampling predominantly arboreal species such
as possums, which are less likely to fall prey to cats (see Chapter 2 for
predation susceptibility of mammals). Instead, I concentrated on trapping as
my focus was predominantly on terrestrial mammals. Although pitfall traps
were considered, previous studies (e.g., Catling et al. 1997, Lilith 2002) have
shown that little mammal data were obtained in woodland habitat despite the
intensity of time and effort. Even though fenced pitfall traps would be more
effective, these would be difficult to install in this study, particularly at one site
with dense understorey and midstorey vegetation, and at another where there
were cemented laterite soils that made pitfall trap installation difficult unless
explosives were used. In addition, some areas of my sites were highly
accessible to the public and conspicuous drift fences would further attract
attention. Therefore, trapping effort was concentrated on Elliott traps and cage
traps, which can be hidden under vegetation. Past data of animals (type of
species and their size) trapped in the reserves within the City of Armadale (see
Chapter 2 - table 2.2 of animals previously trapped) confirmed that Elliott and
cage traps were effective methods of recording animals within those reserves.
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Assessing the presence or absence of cats in the study areas

There are difficulties in estimating accurately abundance or density of predator
populations as these studies require considerable time and effort (e.g., relevant
chapters in Bookhout 1996). Thus, many researchers opt for population indices
or simple signs of presence/absence instead. These methods are not dependent
on directly seeing the animals but simply rely on some “tell-tale sign” that
indicates their presence. Options include faecal counts, counts of open or
closed burrows, removal of food from stations, responses to audio calls, track
counts along transects or visitation to track stations and DNA analysis via
recovery of hairs (Wilson and Delahay 2001, Witmer 2005). In the case of
carnivores, the difficulties in estimating population or density are also linked to
factors such as large home ranges and movement patterns, secretive behaviour
and difficulty in applying the capture-recapture method (as summarised by
Pelton and Marcum 1977). Therefore, many studies on the behaviour of
carnivores rely on indirect observation methods and activity indices such as (1)
visitation rates to scent or bait-stations or (2) a “passive tracking index” (PTI)
such as tracks or dropping counts without the use of attractant-based stations.

Examples of successful uses of the visitation approach in Australia include
Allen et al. (1996), Mahon et al. (1998) and Edwards et al. 2000 for passive track
counts, and Thompson and Fleming (1994) for track counts using attractants.
However, some authors argued that the use of scent or bait attractant could
potentially bias the visitation results if the animal monitored showed neophilic
or neophobic behaviour (either attracted or repelled by novel stimuli) (Allen et
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al. 1996). Similarly, PTI approaches have both potential and limitations. PTI is
easy to use as counts are based on the absence or presence of tracks and
footprints on sand plots or naturally occurring patches of sand or mud in the
animals’ natural habitat. However, these plots must be located in an animal’s
“predictable” travel route, and changes in habitat utilisation because of
resource fluctuations (Liberg 1980) may not be an indication of changes in
overall activity (Mahon et al. 1998). Studies that have used the PTI technique to
assess abundance of wild carnivores include Allen et al. (1996) for assessing
dingo Canis lupus dingo populations in Queensland, Australia, and Engeman et
al. (2000) for coyote Canis latrans populations in Texas, USA. In the same study,
Engeman et al. (2000) also successfully monitored the population of bob cats
Felis rufus and white-tailed deer Odocoileus virginianus.

However, both PTI and visitations to stations assume that the index measured
is directly proportional to the population density (Caughley 1977) although it is
often unclear whether there is an exact relationship of the index to the density
and how those two factors may change over time (Witmer 2005). These
criticisms can be overcome if the index is used as a simple index of
presence/absence and not as a population surrogate, or if the index is
calibrated carefully against direct methods of estimating population size
(Witmer 2005). A further refinement is to use cameras triggered by motion
sensors to record unambiguously the species of animal visiting a station or
leaving a trace, or to provide data where the primary trace is destroyed by
wind or rain (Glen and Dickman 2003).
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Despite the assumptions needed, the bait or scent station method is a
convenient measure for assessing the impact of control programmes,
comparisons in “before and after” experiments or detecting changes in
population density over space and time (Allen et al. 1996, Twigg et al. 2005). In
the current project, it was unclear whether or not cats, either feral or owned,
were present in any of the reserves despite the notional designation of cat
exclusion areas. Therefore a census method that at the least gave information
on presence/absence was needed. Trapping was ruled out because of the
public relations issues involved in possibly catching owned cats, leaving the
use of attractant stations or a PTI method. The dense bush at some sites
precluded effective searches for scats or checking for tracks along trails, so a
scent station method was chosen. I decided against supplementing this with
photography because of cost and, given the proximity of some sites to
residential housing, theft of the equipment was likely. Therefore, the use of
sand plots with scented bait was considered to be the most efficient method to
determine unobtrusively, cost-effectively and without harm to animals the
presence/absence of carnivores at the study sites.

5.1.5 Objectives
The objectives of this study were to establish the different types of native (and
introduced) mammals living in the reserves and bushland within the City of
Armadale, and to monitor for presence of terrestrial predators. This chapter
presents the species richness and density of animals (and any predators) living
in the three different levels of cat zones: free-roaming cat zone, compulsory
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belled and curfewed zone, and no-cat zone. In particular, these specific
predictions were tested:
1.

The no-cat and curfewed cats sites should be similar in their small
mammal species composition, but dissimilar to the free-roaming cat sites

2.

The no-cat and curfewed cats sites should have similar species
diversities of small mammals, but dissimilar to the free-roaming cat sites

3.

Small mammals should be more abundant at the no-cat and curfewed
cats sites than at the free-roaming cat sites.

5.2
5.2.1

Methods
General description of study area

Fauna trapping was conducted in four reserves within the City of Armadale
(32°15’S, 116°02’E), located approximately 29kms south east of Perth (Figure
5.1). The reserves occur on the higher plains of Roleystone and Karragullen,
and are cooler and wetter than the foothills of Armadale (see chapter 2 for
temperature and rainfall data for this area).
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Figure 5.1a: Diagrammatic representation of all sites within the City of
Armadale in relation to location of Perth, Western Australia (Scale 4mm =
1km).

Figure 5.1b: Trapping sites within the City of Armadale. The urban areas (more
densely populated) are shown in red on left of picture with major roads in red
lines (Scale 4mm = 1km).
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The study sites were selected according to cat regulation by-laws imposed by
the City of Armadale for residences adjacent to the reserves, and consisted of 3
different categories: free-roaming cats zones (A & C); “belled” and curfewed
cats zone (B) and no-cats zone (D). In total, four sites were selected (Table 5.1).

Table 5.1: Site location and treatment type.
Sites

Treatment

Location
(Eastings,Northings)

A

B

C

D

Free-roaming cat zone -

0415730 E

(Stinton Cascades, Karragullen)

6447869 N

“Belled” and curfewed cats zone -

0413974 E

(Araluen, Roleystone)

6443006 N

Free-roaming cat zone -

0414527 E

(Warwick Savage Park, Roleystone)

6446908 N

No-cat zone

0412085 E

(Churchman Brook housing estate,

6441833 N

Bedfordale)

A broad description of each site is outlined in sections 5.2.1.1 – 5.2.1.4.
Vegetation survey and detailed descriptions from each site will be discussed in
Chapter 6.

5.2.1.1

Site A - Free-roaming cat zone

Site A (Stinton Cascades) is located on Irymple Road, Karragullen and is
surrounded predominantly by orchards with a very low density of houses
(Figure 5.2). This site is part of a series of nature reserves and is ultimately
connected to the Darling Range state forest. Total reserve size is approximately
133 hectares. Although this reserve is easily accessible by the public, there are
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relatively few walking tracks indicating that this reserve has been set aside
predominantly for nature conservation.

This site is gently inclined with a slope of 8° in an east - west aspect with an
altitude of 302m above sea level. The dominant overstorey species are jarrah
Eucalyptus marginata and bull banksia Banksia grandis, with occasional patches
of marri Corymbia (Eucalyptus) calophylla. Mid and understorey vegetation
comprises Patersonia sp., Persoonia longifolio, grass trees Xanthorrhoea preissii and
X. gracelis, zamia palms Macrozamia reidlei and hairy glandflower Adenanthos
barbigera.

Figure 5.2: Stinton Cascades (Site A Free-roaming cat site).
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Site B – Belled and curfewed cat zone (Araluen, Roleystone)

Managers of the Araluen Country Club Estate, adjacent to Site B, stipulate that
all cats within this estate must wear a collar with two bells, and all cats must be
curfewed at night (Araluen Country Club design guidelines and covenants
January 1994, page 20). The residents in this estate (developed in 1994) are
bound by these guidelines which were set out with the purpose of promoting
fauna conservation within the surrounding state forest and reserves.

Site B (Figure 5.3) is located on Heritage Drive, Roleystone, and the lower
(south-east) part joins State Forest (over 1800 hectares). The Araluen Country
Golf course and residential housing (350 hectares in total) are located on the
east of Heritage Drive. The western and south western parts of this site are
adjacent to the reserve and water catchment area of the Churchman Brook
Reservoir, which forms part of the Perth Metropolitan Integrated Water Supply
Network. This site is also set aside predominantly for nature conservation and
has well defined walking tracks for local bush walkers.

Site B is gently inclined with a slope of 5° in a north facing aspect (altitude of
297m). Jarrah and sheoak Allocasuarina fraseriana are the dominant overstorey
tree-species with occasional occurrences of marri trees. Other vegetation
includes bull banksias, parrot bush Dryandra sessilis, grass trees and yellow
buttercup Hibbertia hypericoides.
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Figure 5.3: Araluen (Site B “Belled” and curfewed cat site).

5.2.1.3

Free-roaming cat zone (Site C - Warwick Savage Park, Roleystone)

Warwick Savage Park (Figure 5.4), Simons Drive, Roleystone is surrounded by
residential housing on minimum block sizes of 2 hectares (20,000 square
metres). It is the steepest of the sites with a 9° slope in an east facing aspect
with an altitude of 297m above sea level. The dominant overstorey species are
jarrah, marri and bull banksia. This site has structurally dense midstorey of
water bushes Bossiea aquifolium, with understorey vegetation consisting grass
trees, zamia palms and Persoonia sp.

Approximately 4 hectares of the total 11 hectares of this reserve (across a fire
break) was spot-burned by the council in October 2002 (M. McIntosh, City of
Armadale, pers. comm.) which affected the initial trapping grid for only one
trapping season (session 1 - September 2003). The trapping grid was
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subsequently offset to a new location approximately 50 metres for the trap
sessions 2, 3, 4 and 5. This site is accessible to the public and is predominantly
reserved for nature conservation.

Figure 5.4: Warwick Savage Park (Site C Free-roaming cat site).

5.2.1.4

Site D – No-cat zone (Churchman Brook housing estate, Bedfordale)

This site (Figure 5.5) is located on a track off Churchman Brook Road and has
been classified as a no-cat zone by the council. This is adjacent to a new
housing development called the Churchman Brook Estate and the covenant
prohibits the ownership of cats. This provision was approved as part of the
development of this new subdivision in 1994 as set out by the local council (C.
Gaskin, City of Armadale, pers. comm). In part, the conditions were imposed
because of the proximity of this development to water catchment land and to
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promote conservation of fauna in the reserve. The western side of the
reserve/catchment area is adjacent to housing area with minimum lot size of
3000 square metres.

The trapping grid was located within a water catchment area, which is
managed by the Water Corporation (of Western Australia). The total water
catchment management site is 1561 ha. Public use in this site (and area) is
prohibited and is accessed only by Water Corporation park rangers. The site is
the flattest of all the sites with a slope of 4° in an east facing aspect (altitude of
299m) and is dominated by marri and sheoak in the overstorey and parrot bush
in the mid-storey layer. This site is open with sparse understorey vegetation
consisting of grass trees.

Figure 5.5: Churchman Brook (Site D No-cat site).
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5.2.2 Trapping methods
Two trapping methods were used: Elliott traps (32cm x 9cm x 9cm) (Elliott
Scientific, Upwey, Victoria) and Tomahawk cages (48cm x 21cm x 21cm). Elliott
traps or box traps (Figure 5.6) have been used for small (< 200g) mammal
trapping (e.g., Catling and Burt 1994, Catling et al. 1997, Wilson et al. 2001) and
cage traps (Figure 5.7) are normally used to capture medium to large (200g >6kg) terrestrial or arboreal mammals (e.g., Laurance 1994). Elliott traps
comprise a sheet-aluminium box and treadle door release; cage traps comprise
a wire mesh box with a bait hook and a treadle door release. The door in both
trap types is released when the captured animal triggers the floor treadle.

Figure 5.6: Elliott trap (photo J.Wood).
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Figure 5.7: Cage trap (photo J. Wood).

Twenty-five Elliott traps were set in a grid of five transects, 20 metres apart
(total grid size 100m x 100m). A total of 6 cage traps was used in each site. One
cage trap was placed at the end of alternate lines starting from A i.e. there was
one cage trap at A1 and A5, C1 and C5 and E1 and E5 respectively in each of
the trapping grid. The number of cage traps was doubled in site C (Warwick
Savage Park) in session 4 (August 2004) because there was high disturbance of
Elliott traps from either bandicoots or brushtail possums. Therefore I increased
the number of traps to see if this would have any effect on the trap success of
Elliott traps. In this trapping session, the additional six traps were placed on
B3, C2, C3, C4, D3 and E3. This trapping methodology follows the protocols of
the Western Australian Department of Conservation and Land Management
(CALM) for the survey of small to medium sized animals (P. Mawson, CALM,
pers. comm).
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Elliott and cage traps were placed near and/or in logs or under vegetation to
enhance the possibility of capture while providing shelter from sun or rain, and
also to minimise disturbance from kangaroos or ravens (Corvidae). They were
baited with a mixture of rolled oats and peanut butter. Each Elliott trap was
fully covered with a calico bag and a plastic bag was placed over the unopened
end of the trap to provide protection from rain or dew for the animal whilst in
the trap. Similarly, each cage trap was also fully covered with a Hessian sack
and a large plastic bag was placed over the unopened end to ensure that the
animal caught was kept dry and warm.

Traps were checked each morning and any animal caught was identified to
species, weighed and the sex recorded. New recruits to the trapping survey
were marked with individually numbered ear-tags for large mammals or
individual ear-notches for small mammals. The animals were then released at
the point of capture.

Trapping commenced in September 2003, then at approximately 6- 8 weekly
intervals over a period of 5 months (April to September) in 2004, and a further
2 sessions in June and July 2005. Each trap session at each site consisted of four
consecutive nights of trapping (except for session 5), resulting in a total of 19
nights of trapping for each site.
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5.2.3 Scent stations
Four scent stations were set up in each of the four trapping sites at opposite
ends of the trapping grid i.e. two at A1 and E5. To minimise the possibility of
attracting predators into the trapping grid, the scent stations and sand plots
were located approximately 20-50 metres outside of the trapping grid (Figure
5.8).

X

X

Trapping grid
100 m x 100m

X

X

Figure 5.8: Drawing of sand plot position in relation to trapping grid. (Drawing
is not to scale). Sand plots are represented by X

Each scent station consisted of a sand tray and baits. “Oil-drip” trays (38 x 90
cm) were used as base for the sand. This was to limit the possibility of sand
being washed away in heavy rain, and for easy removal of sand from the sites
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when the experiment was completed. The sand used in this experiment was
yellow sand (locally referred to as “builders’ sand”) purchased from a local soil
and sand retailer.

Scent baits were placed at the end of the “sand tray”. These were plaster cubes
soaked in “PONGO” (Algar et al. 1999), a cat urine and faecal mixture supplied
by the Department of Conservation and Land Management (CALM). This
mixture was collected from litter of captive or domestic animals as well as
directly from the colon and bladder of (dead) feral cats sampled by CALM (J.
Angus, CALM, pers. comm). The “sand trays” were then placed lengthwise
under logs or in tree hollows so that the rear and sides of the tray were
inaccessible to visiting animals, leaving only the front of the sand tray available
as the entry point for visiting animals (Figure 5.9). To further decrease
accessibility from the side, the sides of the tray were covered with branches and
vegetation.
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Figure 5.9: Scent station (sand tray and bait).

Scent stations were set up each time trapping was conducted, with an
additional two sessions in February (summer) 2005 and in July (winter) 2005.
Each scent station was examined for a minimum of two nights in each trapping
session.

5.2.4 Trapping data analyses
Trapping data from all sites were compared for differences in species diversity
and species richness using the following analyses:
-

Sorensen similarity index for similarity in presence/absence of species
(C)

-

Shannon-Weiner indices for comparison of species diversity (H’)

-

Shannon’s measure of evenness of species richness for comparison of
species evenness across the sites (J)

Chapter 5 – Assessing prey abundance & predator presence

152

The following population estimates of brushtail possums and southern brown
bandicoots, species common to all sites, were also calculated:
-

Jolly-Seber population estimation using the software in Krebs (2002)

-

Known-to-be-alive (KTBA) (Krebs 1966)

Both population estimates rely on mark-recapture surveys in which a
population is sampled repeatedly, and ratios of marked to unmarked animals
are used to provide the estimate of population size. These mark-recapture
estimates can be used for open or closed populations. This analysis is based on
an open population in which permanent deletions through death or
emigration, and additions through birth and immigration occurred throughout
the length of the study (Pollock et al. 1990). For Jolly-Seber analysis, the
following assumptions were made:
1.

Every animal present has the same probability of being caught in the ith
sample (i = 1,2 …k), whether it is marked or unmarked.

2.

Every animal has the same probability of surviving from ith sample to
the next sample (i + 1).

3.

Marks are not lost or overlooked between samples.

4.

All samples are instantaneous and each release is made immediately
after the sample.

Trap success was also measured in each treatment site. Only cage traps were
examined in relation to capture of brushtail possums and southern brown
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bandicoots. Associations in total captures involving combinations of trap
success, trap session and site were assessed using log-linear analysis.

5.2.5 Print identification
Footprints were photographed and later identified using Triggs (1996).

5.3 Results
5.3.1 Trapping results
Animals trapped
Eighty four terrestrial mammals from seven species were recorded over 19
nights of trapping for all sites (Table 5.2). Native species such as the mardo
Antechinus flavipes, southern brown bandicoot Isoodon obesulus and brushtail
possum Trichosurus vulpecula were found in the majority of the sites. One
echidna Tachyglossus aculeatus was trapped at Churchman Brook. Introduced
mammals such as the house mouse Mus musculus and the black rat Rattus rattus
were also recorded at some of the sites and one cat Felis catus was captured at
Warwick Savage Park, one of the free-roaming sites.
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Table 5.2: Species and total number of individuals trapped and recorded at
each site. Number recorded does not include recaptures i.e. new individuals
only.
Location/Site

Species

No. recorded

(A) Stinton Cascades

Mardo Antechinus flavipes leucogaster

22

- Free roaming cat site

Brushtail possum Trichosurus vulpecula

12

Southern brown bandicoot Isoodon obesulus

6

Black rat Rattus rattus

1

Brushtail possum

8

(B) Araluen

- Belled and curfewed site Southern brown bandicoot

1

House mouse Mus musculus

1

(C) Warwick Savage Park

Brushtail possum

8

- Free roaming cat site

Southern brown bandicoot

14

House mouse

3

Cat Felis catus

1

(D) Churchman Brook

Southern brown bandicoot

1

- Cat free site

House mouse

2

Brushtail possum

2

Echidna Tachyglossus aculeatus

1

Mardo

1

Species composition, species richness and species diversity
The similarity in species composition between each pair of sites was calculated
using the Sorenson index (coefficient of similarity C) (Krebs 1999). This
calculates a value ranging between 0 (no species in common between the sites)
to 1 (all species present at both sites). The results indicate strong similarities
between Araluen and Warwick Savage Park and between Araluen and
Churchman Brook, while Stinton Cascades and Warwick Savage Park were the
least similar (Table 5.3).
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Table 5.3: Sorensen’s similarity indices for comparison of mammal
communities at each site.
Sites

(A)

(B)

(C)

(D)

Stinton

Araluen

Warwick

Churchman

Savage

Brook

Cascades

Park
(A) Stinton

-

0.57

0.50

0.67

-

0.86

0.75

-

0.67

Cascades
(B) Araluen
(C) Warwick
Savage Park

Values for the Shannon-Weiner species diversity (H’) are shown in Table 5.4.
Although the H’ values cover a wide range, they were not significantly
different between sites using the t-test for comparing H’ values described in
Zar (1999, p. 156-158) and incorporating the modified Bonferroni correction
(Quinn and Keough 2004) for multiple tests (Table 5.5). Thus the sites were
similar in species diversity. The Shannon evenness for each site (J) can range
from 0 (all individuals are from one species) to 1 (individuals are distributed
evenly across all species present). In site D (Churchman Brook), the J value was
0.96 indicating that the abundance of all species was nearly equal as also
evident from Table 5.2. Site B (Araluen) was dominated by brushtail possums,
resulting in the lowest J-value of 0.62.
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Table 5.4: Shannon-Weiner diversity indices (H’) and evenness indices (J) for
each site.

Sites

SW (H')

J (H'/H'max)

(A) Stinton Cascades

0.46

0.77

(B) Araluen

0.30

0.62

(C) Warwick Savage Park

0.46

0.77

(D) Churchman Brook

0.67

0.96

Table 5.5: Tests for significant differences in Shannon-Weiner values between
each pair of sites. Significance tests were assessed using the modified
Bonferroni correction (Quinn and Keough 2004).
Sites

(A) Stinton Cascades

(B) Araluen

(C) Warwick

(D) Churchman

Savage Park

Brook

t(11) = 1.347, n.s t(52) = -0.011, n.s t(16) = -2.998, n.s

(B) Araluen
(C) Warwick Savage Park

-

t(13) = -1.293, n.s t(13) = -2.895, n.s
-

t(22) = -2.619, n.s

One of the advantages of using the Sorenson index is its simplicity but the
coefficient measure does not take into consideration abundances of species in
each site. It is evident from Table 5.2 that there are differences in abundance of
individual species from all sites. Therefore further analyses using population
estimates (Jolly-Seber) and known-to-be-alive (KTBA) were done to further test
for differences between sites.
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Trap success of Elliott traps
There was high disturbance of Elliott traps from brushtail possums and/or
southern brown bandicoots at Warwick Savage Park and Araluen with the
occasional disturbance at Stinton Cascades, resulting in very low trap success
of Elliott traps. For example, Araluen recorded only 1 successful capture from a
total of 475 Elliott trap nights, Warwick Savage Park recorded 10 successful
captures from a total 475 Elliott trap nights. Similarly, Elliott trap success was
low at Stinton Cascades 50 captures from a total of 475 Elliott trap nights and
only 3 from the total of 475 Elliott trap nights at Churchman Brook. These
capture figures include recaptures of mammals during the entire trapping
period. The attempt to increase Elliott trap success by doubling of cage traps in
session 4 (August 2004) showed no difference in the level of disturbance of
Elliott traps.

Trap success of cage traps and population estimates
Species common to all sites were brushtail possums and southern brown
bandicoots. Both species were chosen for the calculations because of their
susceptibility to predation by cats as juveniles (see chapter 2, Table 2.3 for
susceptibility

measurements).

Therefore

known-to-be-alive

(KTBA)

calculations at each trap session may provide an indication of survival rates as
well as population sizes.
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Southern brown bandicoots
Numbers of southern brown bandicoots known-to-be-alive (KTBA) ranged
from 0 animals at Araluen and Churchman Brook to 2 – 6 individuals at
Warwick Savage Park (Table 5.6). The animals caught at sites B (Araluen) and
D (Churchman Brook) were not recaptured in subsequent trap sessions.

Table 5.6: KTBA of southern brown bandicoots in each site. Trap sessions
began in September 2003 (1), Sessions 2, 3 and 4 were conducted in 2004 and
Session 5 was conducted in June/July 2005. Table shows the KTBA at the end
of each trap session, which consists of 4 nights from each site (except for
Session 5).
Sites

Trap session
1

2

3

4

5

(A) Stinton Cascades

-

-

-

2

1

(B) Araluen

-

-

-

-

-

(C) Warwick Savage Park

-

2

6

4

0

(D) Churchman Brook

-

-

-

-

-

Population estimates of southern brown bandicoots based on mark-recaptures
were calculated using Jolly-Seber at Stinton Cascades (A) and Warwick Savage
Park (C) only because these two sites recorded repeated captures of this
species. Calculations were not possible at other sites where many animals were
caught only once.

Site A: The estimated population at Stinton Cascades ranged between 1.5
individuals in Session 2 to 2 individuals in Session 3. Subsequent results show
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an overall decease in population size to 1 individual from Session 4 (Figure
5.10).
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Figure 5.10: Population estimates of southern brown bandicoots in Site A
(Stinton Cascades) using Jolly-Seber. Bars indicate standard error for n. For this
calculation, each trap night was classified as a session (unlike KTBA
calculations in which each trap session consisted of 4 trapping nights). Of the
total 19 trap sessions, 10 were omitted from calculations as there were no
southern brown bandicoots caught. A further 2 trap sessions were omitted
from the calculations as animals (3 individuals) caught in those sessions were
not recaptured.

Site C: The estimated population at Warwick Savage Park ranged from 2
individuals in Session 2 to 7.5 individuals in Session 7. The results suggest an
increase in population size from Session 5 – Session 6 that was sustained over
the rest of the study (Figure 5.11).
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Figure 5.11: Population estimates of southern brown bandicoots in Site C
(Warwick Savage Park) using Jolly-Seber. Bars indicate standard error for n.
For this calculation, each trap night was classified as a session (unlike KTBA
calculations in which each trap session consisted of 4 trapping nights). Of the
total 19 trap sessions, 2 trap sessions were omitted from the calculations
because these animals (2 individuals) were new individuals caught at the last
session, therefore their probability of survival is not known after this session.

Trap success of cage traps in site C (Warwick Savage Park) was most
productive in captures of southern brown bandicoots, with site A (Stinton
Cascades) increasing in success over time (Table 5.7). Cage trap success in sites
B (Araluen) and D (Churchman Brook) were low. Possible interactions
involving site, session and capture success were assessed using log-linear
analysis (see Chapter 3 for a detailed description of the approach). This showed
a

significant

two-way

interaction

between

trap

success

and

site
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( χ 172 = 55.9, p < 0.001 ). Trap success for southern brown bandicoots was highest
at Site C and there was no evidence of trap success varying over time, which
would be shown by a significant interaction between trap success and session.

Table 5.7: Trap success of cage traps for captures of southern brown bandicoots
in all sites. Session 1 – 4 consist of a total of 4 trap nights (multiplied by 6 cage
traps). Session 5 consisted of 3 traps nights only. * indicates doubling of the
number of cage traps (to 12) to test whether this would decrease the likelihood
of Elliott traps being disturbed.
No of individuals

Sites
A

B

C

D

Session 1 captures

0

0

6

1

Session 1 non-captures

24

24

18

23

Session 2 captures

1

1

11

0

Session 2 non-captures

23

23

13

24

Session 3 captures

3

0

10

0

Session 3 non-captures

21

24

14

24

Session 4 captures

4

0

21*

0

Session 4 non-captures

20

24

27*

24

Session 5 captures

5

0

4

0

Session 5 non-captures

13

18

14

18

Brushtail possums
Numbers of brushtail possums known-to-be-alive (KTBA) ranged from 1 - 3
individuals at Warwick Savage Park, 2 – 3 individuals at Stinton Cascades and
Araluen, and 2 individuals at Churchman Brook.
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Table 5.8: Known-to-be-alive (KTBA) of brushtail possums in each site. Trap
sessions began in September 2003 (1), sessions 2, 3 and 4 were conducted in
2004 and session 5 was conducted in June/July 2005. Table shows the KTBA at
the end of each trap session, which consists of 4 nights from each site (except
for session 5).
Sites

Trap session
1

2

3

4

5

(A) Stinton Cascades

-

2

3

3

0

(B) Araluen

-

2

2

3

2

(C) Warwick Savage Park

-

0

3

3

1

(D) Churchman Brook

-

0

0

0

2

Population estimates based on mark-recaptures were calculated using JollySeber at three of the four sites only. Churchman Brook (D) was omitted because
the same two individuals were repeatedly caught in the total of 19 trap
sessions.

Site A: The estimated population at Stinton Cascades ranged between 2
individuals in Session 3 to 4 individuals in Session 4. The overall estimated
population ranged between 2 and 4.5 individuals, and remained at the average
of 3 individuals from Session 5 (Figure 5.12).
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Figure 5.12: Population estimates of brushtail possums at Site A (Stinton
Cascades) using Jolly-Seber. Bars indicate standard error for n. For this
calculation, each trap night was classified as a session (unlike KTBA
calculations in which each trap session consisted of 4 trapping nights). Of the
total 19 trap sessions, 6 were omitted from calculations as there were no
brushtail possums caught. A further 4 trap sessions were omitted from the
calculations as animals (6 individuals) caught in those sessions were not
recaptured.

Site B: Population estimate at Session 2 was 4.5, then fluctuating between 3 in
Session 4 to 6 individuals in Session 7. The results suggest a population size
between 3 to 6 individuals was sustained over the rest of the study (Figure
5.13).
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Figure 5.13: Population estimates of brushtail possums in Site B (Araluen)
using Jolly-Seber. Bars indicate standard error for n. For this calculation, each
trap night was classified as a session (unlike KTBA calculations in which each
trap session consisted of 4 trapping nights). Of the total 19 trap sessions, 7 were
omitted from calculations as there were no brushtail possums caught. 1 trap
session was omitted from the calculations because the individual caught in this
session was not recaptured.

Site C: The estimated population at Warwick Savage Park ranged from 2
individuals in Session 2 to 4 individuals in Session 3. The estimated population
size remained at 3 individuals over the rest of the study with an increase to 3.8
at Session 10 (Figure 5.14).
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Figure 5.14: Population estimates of brushtail possums in Site C (Warwick
Savage Park) using Jolly-Seber. Bars indicate standard error for n. For this
calculation, each trap night was classified as a session (unlike KTBA
calculations in which each trap session consisted of 4 trapping nights). Of the
total 19 trap sessions, 6 sessions were omitted from calculations as there were
no brushtail possums caught. 2 trap session was omitted from the calculations
because the individuals (2) caught in this sessions was not recaptured.

Trap success for brushtail possums was highest at site A in the first three trap
sessions but then decreased towards session 5. However, trap success for site D
(Churchman Brook) increased from zero to 3 by the end of session 5 (Table 5.9).
Possible interactions involving site, session and capture success were also
assessed using log-linear analysis. This showed a significant three-way
interaction between trap success, trap session and site ( χ 392 = 321.2, p < 0.001 ).
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Table 5.9: Trap success of cage traps for captures of brushtail possums in all
sites. Session 1 – 4 consist of a total of 4 trap nights (multiplied by 6 cage traps).
Session 5 consisted of 3 traps nights only. * indicates doubling of the number of
cage traps (to 12) to examine whether this would decrease disturbance of Elliott
traps.

No of individuals (Brushtail
possums)

Sites
A

B

C

D

Session 1 captures

9

3

3

0

Session 1 non-captures

15

21

21

24

Session 2 captures

2

3

3

0

Session 2 non-captures

22

21

21

24

Session 3 captures

7

2

3

0

Session 3 non-captures

17

22

21

24

Session 4 captures

5

8

10*

2

Session 4 non-captures

19

16

38*

22

Session 5 captures

0

4

2

3

Session 5 non-captures

18

14

16

15

5.3.2 Scent station results
Scent stations results showed no evidence of terrestrial predators in sites A
(Stinton Cascades), B (Araluen) and D (Churchman Brook) (Table 5.10).
However, there was a print (paw) recorded in site C (Warwick Savage Park)
(Figure 5.15) which is most likely of a cat as there was one captured in the same
trapping session.
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Table 5.10: Results of the scent stations in each site
Sites

Type of prints recorded

(A) Stinton Cascades

southern brown bandicoot

(B) Araluen

Nil

(C) Warwick Savage Park

cat, brushtail possum

(D) Churchman Brook

Nil

Figure 5.15: Photo of a paw print from a scent station in Site C, Warwick
Savage Park. The 5 cent coin (diameter 19mm) indicates comparative scale.

5.4

Discussion

Are cats responsible for mammal species composition, species diversity and abundance?
The aims of this chapter were to test for similarities in mammal species
composition, diversity and abundance between no-cat, curfewed and freeroaming cat sites. Specifically, I tested the predictions that no-cat and curfewed
sites should have similar species composition, diversity and abundance
compared to free-roaming cat sites.
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These predictions were not fulfilled. No significant differences in species
diversity were found between the no-cat, curfewed and free-roaming sites and
the strongest similarity in species composition was between the curfewed cat
Araluen site and the free-roaming cat site (Warwick Savage Park). In contrast,
the two free-roaming sites were least similar when comparing species
composition. Furthermore, detailed assessments of abundance found that
brushtail possums and southern brown bandicoots were more abundant at the
two free-roaming sites compared to the others and the mardo, which could be
regarded as the most susceptible of all the native species trapped to cat
predation because of its size, was trapped most at Stinton Cascades, the freeroaming cat site. These results agree with those of Kays and DeWan (2004),
who found no relationship between number of cats detected and local small
mammal abundance in a nature preserve in New York. If presence of cats is not
a factor, what influences the presence and abundance of small mammals?

What determines abundance of brush-tailed possums and bandicoots?
Brushtail possums and southern brown bandicoots were common to all sites
but most abundant in the two free-roaming sites. The brushtail possum is
considered a robust animal, adjusting its reproduction, morphology and
behaviour for survival in a broad range of habitats (How and Hillcox 2000,
Wayne et al. 2005). In suburban environments, food sources can be substituted
from residential gardens, and in need, rubbish bins from homes. It is the largest
of the mammals trapped and also arboreal. These two characteristics may assist
adults in escaping or repelling cat attacks, especially if the cat is a poorly
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motivated pet rather than a hungry feral animal. Juveniles may be more
susceptible.

Southern brown bandicoots were also more abundant in both free-roaming
sites, even though this species is considered susceptible to predation by cats
(see Chapter 2 Table 2.3). One possible explanation is that the understorey
vegetation was densest at both of these sites (a detailed description and
analysis of the vegetation is covered in chapter 6). According to Claridge and
Barry (2000), bandicoot diggings increased with increased ground cover
vegetation and resident adults tend to occupy vegetation that is well concealed,
while dispersing individuals and/or subadults occupy the more open patches
of vegetation. Vernes (2003) also found that the northern brown bandicoots in
his study preferred habitats with dense ground cover. Only one male bandicoot
was captured (but never recaptured) at each of the no-cat and curfewed sites,
where ground cover is scarce and this may have been a dispersing sub-adult.
However, home owners in Araluen (the curfew site) reported southern brown
bandicoots foraging in their gardens. Thus even though open woodland may
provide little opportunities for nesting areas, various man-made constructions
such as sheds in the residential housing estates may provide alternative nesting
sites.

What determines abundance of other small mammals?
Mardos were trapped only in two sites (one free-roaming and one no-cat) and
only the free-roaming site (Stinton Cascades) recorded high numbers. Possibly
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the dense understorey vegetation at Stinton Cascades may offer shelter from
predation, or alternatively cats may not be penetrating into the site so
predation is not an issue. Elliott traps in some sites were disturbed (most likely
by bandicoots), so Elliott trap success was very low at these sites. It is difficult
to conclude whether mardos or other small marsupials existed at the other freeroaming site (Warwick Savage Park) because of the disturbance of Elliott traps.
The single mardo trapped in Churchman Brook was most likely a transient
male in search of females during breeding season.

Activity levels of predators
The absence of predator tracks from most sand plots in this study indicates that
cats are not present in high densities, but does not mean that they are absent in
these reserves. Kays and DeWan (2004) conducted scent stations for domestic
house cats in a residential area surrounded by reserves in New York, USA.
They set up 108 scent stations in their site (which totalled 37.6km2) and found
that 25 out of their 108 stations recorded the presence of cats. In comparison,
there were only 4 scent stations at each of my sites (a total of 16 stations), one of
which covers a total area of 15.61km2. Therefore the recording of tracks on the
sand plots in this study would be reliant on the likelihood of an animal being
close to the study area, as would likely occur if population densities were high.

Kays and DeWan (2004) also found that on average cats were more often
detected at stations near the forest edge and they were recorded at stations 40
metres or more from the forest edge on only three occasions. Most tracks were
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recorded along roads and edges of forests. Crooks (2002) confirmed that, on
average, domestic cats are more abundant near urban edges and under exotic
vegetation cover. Rates of visitations to scent stations by pet cats decreased
with distance from urban edges with the highest abundance within 50 metres
of urban development. He suggested that large carnivores at his study sites
were responsible. In Australia, the presence of foxes may deter cats from
habitats (Risbey et al. 2000) and this may be one explanation for the lack of
predator tracks in my scent stations as no fox baiting has been conducted in
these areas.

Scent stations are also exposed to weather conditions. On many occasions
throughout this study, overnight showers may have diluted the scent, or
obscured or washed away tracks. Glen and Dickman (2003) overcame this by
using scent stations in conjunction with motion-sensitive photography,
therefore having less reliance on interpretation on tracks. Even allowing for
these possible problems, the one positive result obtained in this study does
suggest that high cat levels would have been detected if they occurred.

Conclusions
In conclusion, the mammal species captured in this study were highly
adaptable to various environments and there was no evidence that regulation
of owned cats was an important factor. Instead, aspects such as vegetation
density, canopy cover and ground cover probably influenced mammal species
composition and abundance. However, it is important to bear in mind the
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limitations of the work. In particular, there were no data collected before cat
regulations were enforced, so changes in the species richness and abundance of
small mammals in response to the regulations imposed on pet cats is unknown.
Sample sizes were also moderate. Furthermore, while cats may not influence
the presence/absence of species their preference for moving along tracks or
vegetation edges may make these areas a barrier for small mammal dispersal
(Kays and DeWan 2004). Therefore in disturbed habitats, such as those with
less vegetation cover, the presence of cats may impact on recolonisation of
locally endangered species such as the mardo. Therefore more sophisticated
experimental designs such as translocation of susceptible mammal species into
areas where cats are present and areas where they are excluded are needed to
resolve the issue of cat impacts conclusively.

The following chapter examines the possible influence of vegetation on
mammal distribution in more detail. Differences in the vegetation of each site,
including differences in various components such as canopy cover, density, leaf
litter and species composition, are examined.
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- CHAPTER 6 Vegetation structure and composition

6.1

Introduction

Much of the Australian native fauna is adapted to ongoing and widespread
disturbances (e.g., fire, drought or floods) in the environment (Burbidge and
McKenzie 1989, Short and Smith 1994, Wilson and Friend 1999). Since
European settlement, the frequency, intensity and scale of some of these
disturbances has changed and, in addition, other exogenous factors such as
introduced fauna, vegetation clearing, habitat fragmentation, altered fire
regimes, grazing and logging were added (Wilson and Friend 1999, Gibson et
al. 2004). Many authors have examined the impacts arising from introduced
fauna such as competition for food and resources from introduced herbivores,
especially rabbits (Morton 1990), predation (Dickman 1996a, Risbey et al. 1999,
2000, Kinnear et al. 2002) and spread of diseases such as toxoplasmosis from
introduced predators (see Risbey 2000 for literature review). Disturbances in
habitats through agricultural practices, pastoralism, urban development,
provision of watering points and changes to fire regimes have also contributed
to the decline of many native species (Burbidge and McKenzie 1989, Short and
Smith 1994, Calver and Dell 1998, James et al. 1999). These disturbances are
unlikely to be mutually exclusive so the decline of a species is most likely to be
the result of several factors (Catterall et al. 1998).
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This interactivity is important in assessing the possible impact of predation by
pet cats on mammals living in bushland remnants adjacent to suburbia. In
particular, are any changes observed in the species richness or abundance of
mammals caused by cat predation, other impacts on vegetation structure or
some interaction? Resolving this question requires an understanding of
different types of disturbance to habitat as well as the techniques involved in
assessing them. In this introduction I outline the types of habitat disturbance
believed to be most important in influencing the abundance and distribution of
small mammals in Australia, discuss the techniques available for assessing
vegetation changes in response to disturbance and then present the main aims
of this chapter.

6.1.1

Types of disturbances: Vegetation clearance, fire and timber harvesting

The removal or modification of native vegetation for agriculture, horticulture,
forestry practices, pastoralism or urban expansion has occurred at substantial
rates in many areas in Australia (Wilson and Friend 1999). Many authors (e.g.,
Morton 1994, Dickman 1996a) have concluded that these disturbances have
resulted in fragmentation of natural vegetation across a regional landscape,
which in turn has caused the decline in abundance and distribution of some
mammal species.

Wilson and Friend (1999) reviewed the effects of disturbance (including
vegetation clearing, harvesting and fire) on the ecology of Australian mammals
and examined the impacts at regional and landscape levels and across a range
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of spatial and temporal scales. They concluded that extensive land clearing has
led to fragmented or discontinuous habitats for many mammal species, causing
changes to community structure where susceptible or vulnerable species
decline and resistant species increase. With regard specifically to fire, Friend
and Wayne (2003) reviewed the relationships between some mammal species
and fire in the forests and woodlands of south-west Western Australia. They
concluded that responses to fire varied with mammal species and depended on
characteristics of the fire such as intensity, scale (geographic range of the fire),
frequency, spatial variation (often influenced by climate, hydrology, and
different plant communities) and disturbance history.

The effects of timber harvesting are similar in the short term to those of
vegetation clearing. Timber harvesting reduces the age and size class diversity
of trees and simplifies the structure by reducing abundance of fallen logs
(Recher 2004). When forest structure is significantly altered, recolonisation of
arboreal species may be affected by the absence or reduction of hollow-bearing
trees as nesting dens (Wilson and Friend 1999). For example, the decline of
some arboreal mammals such as the leadbeater’s possum Gymnobelideus
leadbeateri and the mountain brushtail possum Trichosurus cunninghami in
Victoria have been linked to the reduction of hollow bearing trees
(Lindenmayer et al. 1990, Lindenmayer and Possingham 1997). However, forest
stands are regenerated after logging and regrowth stands may ultimately
provide good habitat if some hollow-bearing trees are retained (Lindenmayer
and Possingham 1994).
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Fire regimes can be categorised into three components: frequency, intensity
and season of occurrence (Gill 1975). Fire is considered a ’natural’ part of the
Australian ecosystem (an endogenous disturbance). However, it is considered
an exogenous disturbance if the fire regime has been altered by human
intervention (Fox et al. 1996). Vegetation structure can have an effect on
moisture regimes of litter and other dead fuel components and therefore
alteration of vegetation structure can change many aspects of fire regimes. In
particular, moist vegetation layers can create temporary barriers to fire spread
(McCaw and Hanstrum 2003) while increases in debris following logging can
increase fuel loads (e.g., Wardell-Johnson et al. 2004).

Fire is known as a “pulse” disturbance because each outbreak occurs over a
short period of time. However, the post-fire effects and recovery may be slow
or ongoing for some species (Fox et al. 1996). For example, fire may affect
successional or recolonisation patterns of some mammal species such as mardo,
Antechinus flavipes leucogaster which prefer forest with deep litter layer (Sawle
1979) but some introduced species such as the house mouse Mus musculus
recolonise rapidly post-fire (Christensen and Abbott 1989). Dense vegetation
provides terrestrial animals with shelter, nesting opportunities and protection
from predators and the lack of cover is one of the factors that may cause a postfire decline in small mammal populations because of reduced shelters and
increased predation (Monamy and Fox 2000). Large macropods such as the
western grey kangaroo Macropus fuliginosus and the western brush wallaby
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Macropus irma are more affected by large, intense fires than small, less intense
burns (Christensen and Abbott 1989).

Plant diseases may also have an indirect impact on range contraction of
Australian fauna. For example, the devastating effect of the introduced soilborne plant pathogen Phytophthora cinnamomi on Australian flora is well
documented (Podger 1972, Weste 1981, Burbidge and McKenzie 1989). At
present, there is little evidence to show that this pathogen has had, or is having,
a direct impact on faunal populations and diversity. However, one of its many
effects is reduced canopy cover and a decrease in plant productivity. As such,
according to various studies by Wilson et al. (1990, 1994), Newell and Wilson
(1993) and Newell (1998) these habitat modifications can be expected to affect
small mammal populations. A recent review of the impacts on fauna through
changes in plant and floristic structure associated with P. cinnamomi by
Garkaklis et al. (2004) suggested measures be taken to prevent a likely
significant reduction of forest fauna diversity if P. cinnamomi becomes more
widespread in forested communities, especially in south-western and southeastern Australia.

A broader picture of the impact of all these factors in species decline in the
south-west of Western Australia is given in Calver and Dell’s (1998) review of
the causes of decline of the sixteen mammal species from the region which
were or had been listed at that time in Commonwealth legislation, state
legislation, or action plans of Environment Australia or its predecessors. Their
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assessments suffered from poor base-line data, few studies of impacts and a
lack of experimental evidence. However, 44% of the species they identified
were impacted directly by agricultural clearing and 44% by changed fire
regimes. Forestry practices were implicated directly in the conservation status
of only one mammal species, the brush-tailed phascogale Phascogale tapoatafa. A
recent detailed study of one of these species, the western ringtailed possum
Pseudocheirus occindentalis in the main forested regions of south-western
Australia concluded that a complex of factors including logging, fire, fox
predation and forest fragmentation was responsible for the decline (Wayne et
al. 2006). This reiterates the importance of interactivity in determining patterns
of distribution and decline in the mammal fauna.

6.1.2 Impacts of altered habitat structure
Dickman (1996a, b) observed that changes to habitat structure may be negative,
positive or neutral in relation to their effects on native species. He further
categorises negative impacts into minor and major on the basis of the
magnitude of their effect on a species’ population size or range. For example, a
minor impact is one that produces a decrease of 25% or less and a major impact
is one that produces a decrease of 75% or more in population size or area
occupied by the species. Schneider (2001) proposed that the decline in a prey
population may be gradual when its natural habitat is fragmented, but when
fragmentation level increases past the threshold level the persistence of the
species will decrease rapidly.
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Many studies confirm that structural variation in plant communities can
impact on the abundance and distribution of small mammals. For example,
Knight and Fox (2000) found that the abundance of the insectivorous
Antechinus stuartii in New South Wales, Australia was regulated by availability
of nesting resources, which is a direct product of plant community structure,
and food, which is determined by plant species composition and community
structure.

It has also been demonstrated that there is an interaction between changes to
habitat structure such as loss of structural complexity in the understorey or loss
of canopy cover and the effects of predation. For example, Stokes et al. (2004)
found that the small marsupials in their study preferred to forage in more
complex microhabitat consisting of logs and rock crevices, rather than in the
open which sheltered them from predation. Therefore, loss of structural
complexity following agricultural clearing, or logging can interfere with a
species’ ability to avoid predators when foraging. This problem is particularly
acute for small to medium-sized mammals (Dickman 1996a). A reduction in
canopy cover and the resultant increase in solar radiation may also have an
impact on herpetofauna by altering their distribution of specific thermal
environments (Newell and Goldingay 2004 and included references).

Interactions between various agents of disturbances are also of great
importance in conservation. Many authors including Wardell-Johnson and
Nichols (1991), Bond and van Wilgen (1996), Burrows and Wardell-Johnson
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(2003) and Garkaklis et al. (2004) highlight the possible interactions between
plant diseases, fire, logging and introduced species. Furthermore, WardellJohnson et al. (2004) suggested that an understanding of proximate and
ultimate causes of fauna decline is crucial to long-term conservation.
Concentrating only on an ultimate cause may lead to ignoring other factors
responsible for the initial decline. They illustrate this by referring to evidence of
small mammal declines in Western Australia before the introduction of the red
fox.

Overall, this outline reinforces the concept that species decline is often a multicausal process. Therefore consideration of predation pressure alone may be
inadequate in assessing the conservation prognosis of urban wildlife and other
factors, especially vegetation structure, are likely to be important.

6.1.3

Vegetation sampling methods

There are various vegetation sampling methods available to describe structure
and floristics for comparing different habitats or to monitor changes in these
variables in relation to specific habitat modifications. Variables such as density
and frequency of plant species are commonly measured using the quadrat
method or the plotless method (Higgins et al. 1996). The quadrat method must
take into account (i) the type and distribution of vegetation (ii) the size and
shape of the quadrat and (iii) the number of observations needed to estimate
density. Quadrats can be rectangular, square or round depending on type of
sample required (circular quadrats are often used for sampling around dens or

Chapter 6 –Vegetation structure and composition

181

nest locations). The size of the quadrat also depends on the type of vegetation
present and the sampling unit required (Higgins et al. 1996). No boundaries are
used in the plotless method. Instead, the method assumes that density may be
estimated from a mean area between plants or between a point and a plant. It is
most reliable when plants are randomly distributed. However, in areas where
there are species with clumped distributions, density may be underestimated
(Oldemeyer and Regelin 1980) or overestimated (Mueller-Dombois and
Ellenberg 1974). If density of fewer than two species is required, the plotless
method is quicker but if density of all plants within the community is required,
then the quadrat method is a better option. The quadrat method was used in
this study so estimates (in percentages) of vegetation cover for a wide range of
small to medium shrubs could be easily obtained.

Canopy cover
The vertical projection of a tree’s crown or stem on to the ground is defined as
canopy cover. This is often used as a measure of relative dominance within a
community and its influence on interception of light and precipitation and on
soil temperature (Hanley 1978). Canopy cover is normally expressed as a
percentage value and can be measured directly with a quadrat-charting
method or pantographic method (Mueller-Dombois and Ellenberg 1974), an
ocular-estimation

technique

(Daubenmire

1959,

Mueller-Dombois

and

Ellenberg 1974), a line intercept method (Canfield 1941), point-intercept
method (Levy and Madden 1993), the Bitterlich variable radius method
(Bitterlich 1948), a modified point-sampling method used in forestry to
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measure canopy cover of shrubs by Cooper (1957), or the use of a spherical
densiometer (see full review of all methods by Higgins et al. 1996).

Leaf litter
Leaf litter can be measured using a standard forester’s leaf litter gauge (used to
quantify forest floor fuel depth) (Archer 2000). Leaf litter depth was considered
to be an efficient indicator for comparing density across quadrats and across
sites in this study.

Vertical vegetation density
For many animals vegetation provides visual obstruction or cover from
predators as well as food and nesting sites. Thus the measurement of vertical
vegetation or obstruction is particularly useful in assessing habitat suitability
and habitat preference as well as environmental impacts (Higgins et al. 1996). It
can be measured by levy pole or cover pole (Griffith and Youtie 1988), density
board (first proposed by Wight 1939) or vegetation profile board (Nudds 1977).
Both methods rely on devices marked at regular vertical intervals above
ground. The percentage of each interval touched by vegetation (levy pole) or
concealed by vegetation (profile board) is recorded as a score ranging from 0 –
100% concealment (Higgins et al. 1996).

The levy pole or cover pole can vary in height from 3 – 5m according to the
researcher’s requirements (Bennett 1993, Friend and Taylor 1985). Similarly, the
height of the density board can vary between 1.83 – 2.5m, depending on
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vegetation type (Wight 1939, Nudds 1977). Boards are usually marked with
alternate black and white squares and vertical vegetation cover is assessed by
estimating the number of squares either visible or obscured by vegetation,
depending on the density and type of vegetation cover.

The levy or cover pole method was rejected for this study because mid-storey
vegetation in one site was particularly dense, so estimation of plant density
there would be time-consuming. Instead, I chose the cover board (in this case,
called a chequerboard) because an estimate over all sites can be obtained with
ease and consistency. This protocol is similar to that used by Fox et al. (1996),
Knight and Fox (2000), Monamy and Fox (2000) and Everaardt (2003).

6.1.4 Objectives
The previous chapter examined the hypothesis of predation by pet cats altering
species composition of small mammal communities or the abundance of small
mammal species. Specifically, if there was any evidence of predation mammal
species richness and mammal population sizes were predicted to be higher in
no-cat and curfewed sites than sites where pet cats roamed freely. This was not
the case. In order to determine whether the results obtained were mediated by
the vegetation present, comparisons of vegetation between sites must also be
made.

Chapter 6 –Vegetation structure and composition

184

The primary objective of this chapter was to examine vegetation composition
(floristics) and structure in each study site. In particular, the following null
hypotheses were addressed:
1.

There would be no significant differences in floristics (plant species
composition & diversity) between sites.

2.

There would be no significant differences in vegetation structure
between sites.

If the predicted null hypotheses are supported by the results, then the
differences between sites in mammal composition are likely to be caused by a
factor other than vegetation. However, if the null hypotheses are rejected, then
vegetation differences, either alone or interactively with another factor, may be
a plausible explanation for the differences in mammals as seen in the previous
chapter. Therefore my final aim if the null hypotheses were rejected was to test
for any relationships between vegetation floristics and vegetation structure on
the one hand and mammal captures on the other.

6.2

Methods

The vegetation survey was conducted within the trapping grid of the four sites,
A (Stinton Cascades), B (Araluen), C (Warwick Savage Park) and D
(Churchman Brook), to establish the difference in vegetation density and
composition between sites. General description and locations of these sites
were outlined in Chapter 5.
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Within each trapping grid, five 2m x 2m quadrats were pegged for vegetation
survey – one quadrat in each of the four corners of the trapping grid, and one
in the centre of the quadrat (Figure 6.1). The following variables were
measured: canopy cover, floristic structure and density, estimated tree density
and leaf litter depth. Readings of all variables were taken at all four corners of
each quadrat, (called plots, for the purpose of identification).

1

2

5

4

3

Figure 6.1: Diagrammatic position of quadrats (numbered for recording
purposes) in each trapping grid (not to scale).

6.2.1 Overstorey – canopy cover
I opted to use the spherical densiometer (as one of the methods reviewed in
Higgin et al. 1996) because of its compact size, ease of use and because readings
could be replicated for each quadrat used at all four sites. It is a spherical
shaped reflector mirror engraved with a cross-shaped grid of 0.6cm squares.
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The instrument is held approximately 30 – 45cm in front of the observer at
elbow height, so that the observer’s head is just outside the grid area. Four
equi-spaced recording points (dots) are assumed in each square of the grid.
Dots equivalent to quarter square canopy openings are counted and recorded.
The total count is then multiplied by 1.04 to obtain a percent of overhead area
not occupied by canopy. The difference between this number and 100 is the
estimation of percentage overstorey density.

Calibration of the spherical densiometer was carried out by taking a reading at
each plot (corner) of the 2m x 2m quadrat to obtain an average reading for the
quadrat. To ensure that readings were accurate, one plot was randomly
selected for a second reading after the completion of all quadrats. This reading
was recorded without reference to the previous values and a correlation
coefficient then calculated between the first and second readings to determine
if my estimates of canopy cover were consistent. The correlation between the
first and second canopy cover readings was 0.97, p < 0.01. This confirmed that
the readings were reliable and that measurement error was low.

6.2.2

Leaf litter

Estimating percentage leaf litter cover by removing vegetation at ground level
was initially considered. However, it would contribute further to disturbances
at the sites. Therefore, the depth of leaf litter was considered to be a sufficient
indicator for comparison of habitat variables between quadrats and between
sites. Leaf litter was measured by pushing a 30cm ruler down to soil level and

Chapter 6 –Vegetation structure and composition

187

measuring litter depth in cm. This method is similar to that followed by Archer
(2000).

6.2.3

Vertical vegetation density

A visual method using a 46 x 38 cm chequerboard (Figure 6.2), comprising
squares of 4 x 4 cm totalling 126 alternating black and white squares was used
to obtain measurements of vertical vegetation density. This is similar to the
protocol used by Everaardt (2003). Values of density were recorded at 4
different heights above ground (0 – 40cm, 41 – 80cm, 81 – 120cm and 121 –
160cm). Estimations were made of the number of squares covered or obscured
by vegetation in each stratum level with an observer-to-chequerboard distance
of 2 metres. Observations were made by the same person, and in the same
vertical layer. In total, 4 measurements were taken at the same point as leaf
density and canopy cover in each quadrat. Only values for 0 – 40cm category
were used ultimately for statistical analysis because readings for all other
height categories had extremely high levels of zeroes and the vertical density
was effectively nil.
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Figure 6.2: Vegetation board used for assessing vertical vegetation density.

6.2.4

Floristic structure

Floristic composition was considered important for analysing potential
differences in mammal species richness and diversity between sites. Plants
within each quadrat were counted and identified to species (where possible),
and an estimated percentage of the area occupied by each species was also
recorded. This method is similar to that used by Archer (2000) and included
references.

All plant species were identified using Marshall et al. (2002) and FloraBase from
the

Department

of

Conservation

and

Land

Management

(CALM)

http://florabase.calm.wa.gov.au/

6.2.5 Tree density
Tree density at each site was estimated using a simple point sampling method.
Readings were taken from the quadrat in the centre of the grid (C3) by the
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same individual to ensure that all readings were consistent. The observer’s
thumb was held at arms length (at about breast height) towards each tree.
Ensuring that the thumb was held in the same position, the observer rotated
clockwise 360o around the sample point assessing each tree observed, starting
from the first visible tree at the 12 o’clock position of the grid. A tree was
included in the count if it was visible on both sides of the thumb. If a tree was
obscured by the thumb, it was considered too far away from the sampling
point and therefore omitted from the count. The basal area factor of the thumb
was then calculated as follows:
1.

Measure the width of the thumb at the thickest point (in mm)

2.

Measure the distance from eye to the thumb when arm is stretched out
in front of the body.

3.

These measurements are then entered into the relevant fields from
http://www.fore.canterbury.ac.nz/euan/thumb.htm

to

obtain

the

metric thumb factor.
4.

This value is then multiplied by the number of trees counted per site to
obtain the basal area of trees per hectare within each site.

Statistical analysis
Data from all sites were compared for species composition, diversity and
richness using the following analyses:
-

Sorensen similarity index for similarity in species composition (C)

-

Shannon-Weiner indices for comparison of species diversity (H’)
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Shannon’s measure of evenness of species richness for comparison of
species evenness across the sites (J)

Each of these measures was correlated, using the Spearman rank correlation
coefficient, with the equivalent measure based on the mammal trapping results
to test if there were relationships between any of these measures of the
vegetation and the equivalent measures of the mammals. I chose the rank
correlation coefficient as the test measure because there was no good reason to
assume that any relationships might be linear.

Floristic similarities between sites were compared using non-metric multidimensional scaling (MDS) with the permutation procedures in Primer v5
(Clarke and Gorley 2001). Initially, I converted the percentage cover data for
each plot (a total of 5 plots per quadrat) to a Braun-Blanquet scale showing the
dominance of each vegetation species based on cover. Then the dominance
index of each species was ranked according to the quadrats in which it was
found. Therefore the larger the number, the more dominant or the greater
proportion of the cover comprised of that plant species (Table 6.1) in the
quadrats (a total of 5 per site). The Braun-Blanquet figures were then used in
the Primer analysis. Additionally, I calculated an importance value for each
plant species for each of the 20 quadrats (five at each of the four sites).

This was based on that reported in Krebs (1994, p. 438) and required
calculating for each species:
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Relative density = (no. of individuals/total individuals of all species) x
100
Relative frequency = (frequency/sum of frequency of all species) x 100

The importance value is the sum of these two values and so ranges between 0
and 200 for each species at each quadrat. By using two indices independently, I
hoped to avoid any problems of bias associated with either one.

The MDS procedure begins by calculating similarity matrices for the 20 plots
based on grouping individual quadrats into their respective sites (i.e. A, B, C
and D) and representing these graphically to reveal patterns in the
distributions of the plots. It is also possible to test a priori hypotheses regarding
the grouping of particular points in the MDS, which in this case enabled me to
test the hypothesis of similarities between sites in a series of pair-wise tests,
with the p-values corrected using the modified Bonferroni correction (Quinn
and Keough 2004). I performed one MDS based on Braun-Blanquet figures and
a second based on importance values.
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Table 6.1: Braun- Blanquet scale showing dominance of vegetation species
based on percentage cover.
Braun-Blanquet scale

% cover of plant species

0

0

1

<1

2

1 – 5%

3

5 – 10%

4

10 – 25%

5

25 – 50%

6

> 50%

Similarity matrices for the sites based on mammal species richness and the total
number of mammals trapped were also calculated. I correlated these with the
matrices based on Braun-Blanquet or importance values and importance values
to test if mammal species richness or abundance varied with vegetation
characteristics. The vegetation quadrats were located at each of the four corners
and one in the centre of my trapping grid. I was therefore able to use the trap
success (i.e. number of mammal species and mammal abundance) of the
corresponding Elliott or cage trap at these locations as a comparison.

The possible influences of Site and Quadrat on the structural variables of
canopy cover, leaf litter depth and vertical vegetation cover were assessed
using MANOVA. Site and Quadrat were factors in the design with Quadrat
nested within Site. The dependent variables were log-transformed before
analysis to correct for heterogeneous variances. If any dependent variable was
significantly different between sites, I then determined the Spearman rank
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correlation coefficients between the values for each site and the total numbers
of individual mammals caught at each of the corresponding trap to see if the
variable was related to mammal captures.

Tree densities were rank correlated to total numbers of individual mammals
caught at the sites to test for possible relationships between these variables.

6.3

Results

I recorded a total of 56 plant species across all sites and the total number of
individual plants found ranged from 54 (in site B) to 253 (in site A) (Appendix
6.1). The most common plant species found in all four sites were jarrah
Eucalyptus marginata, wood mat rush Lomandra sonderi and Pentapeltis peltigera.

The least common plant species (found at low density in one site only) were
sheoak Allocasuarina fraseriana at site D (Churchman Brook); pale grass lily
Caesia micrantha, honey bush Hakea lissocarpha, coral vine Kennedia coccinea,
Leucopogon conostephioides, snottygobbles (Persoonia sp.), banded greenhood
Pterostylis vittata, common pin-heath Styphelia tenuiflora and black-eyed Susan
Tetratheca hirsuta at site C (Warwick Savage Park); Hibbertia subvaginata and
running postman Kennedia prostrata at site B (Araluen); common forest heath
Leucopogon propinquus, holly-leaved mirbelia Mirbelia dilatata and climbing
fringed lily Thysanotus patersonii at site A.
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Species composition, species richness and species diversity
The similarity in species composition between each pair of sites was calculated
using the Sorenson index (coefficient of similarity C) (Krebs 1999). This
calculates a value ranging between 0 (no species in common between the sites)
to 1 (all species present at both sites). Overall, the values were not high. The
results indicate moderate similarities in plant species between Stinton Cascades
and Warwick Savage Park while Araluen and Warwick Savage Park showed
the least similarity (Table 6.2).

Table 6.2: Sorensen’s similarity indices for comparison of plant species at each
site.
Sites

(A)

(B)

(C)

(D)

Stinton

Araluen

Warwick

Churchman

Savage

Brook

Cascades

Park
(A) Stinton Cascades
(B) Araluen
(C) Warwick Savage Park

-

0.364

0.597

0.441

-

0.333

0.391

-

0.522

Values for the Shannon-Weiner species diversity (H’) are shown in Table 6.3.
Although the H’ values only cover a small range, statistically different
differences between sites did occur (using the method described in Zar 1999,
pp. 156-158), possibly because of the large number of species involved
(Appendix 6.1). Using the modified Bonferroni correction to ensure a
significance level of 0.05 across all comparisons (Quinn and Keough 2004),
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significant differences occurred between all pairs of sites except site A and site
B and site A and site D (Table 6.4).

The Shannon evenness for each site (J) can range from 0 (all individuals are
from one species) to 1 (individuals are distributed evenly across all species
present). In sites B (Araluen) and C (Warwick Savage Park), J values were 0.929
and 0.919 respectively indicating that the abundance of all species was nearly
equal. However, in sites A (Stinton Cascades) and D (Churchman Brook) J
values are lower because of the presence of 100 individuals of an unknown
moss species (in site A) and 100 individuals of an unknown daisy species in site
D. Despite this, the overall trend was for even distribution of plant species at
all sites.
Table 6.3: Shannon-Weiner diversity indices (H’) and evenness indices (J) for
each site.
Sites

SW (H')

J (H'/H'max)

(A) Stinton Cascades

1.106

0.722

(B) Araluen

1.228

0.929

(C) Warwick Savage Park

1.396

0.919

(D) Churchman Brook

0.980

0.701
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Table 6.4: Tests for significant differences in Shannon-Weiner values between
each pair of sites. Values in bold are significant after modified Bonferroni
correction to ensure a significance level of 0.05 across all tests.

Sites

(A) Stinton Cascades

(B)

(C)

(D)

Araluen

Warwick

Churchman

Savage Park

Brook

t(355) = -5.674,

t(495) = 2.320,

p<0.01

p<0.05

t(125) = -3.335,

t(172) = 4.632,

p<0.01

p<0.01

t(188) = -2.201,
p<0.05

(B) Araluen
-

t(339) = 8.494,

(C) Warwick Savage Park
-

p<0.01

The Sorensen indices of similarities between sites in plant species composition
did not rank correlate significantly with those between sites based on mammal
species composition (r4 = -0.64, p = 0.17). Similarly, the Shannon-Weiner
diversity indices for sites based on plant species composition did not correlate
with those based on mammal species composition (r2 = -0.63, p = 0.37), nor did
the evenness values based on these two measures correlate (r2 = -0.95, p = 0.
05).

Primer analysis of Braun-Blanquet indices
The initial MDS based on the Braun-Blanquet indices is shown in Figure 6.3.
Pairwise tests confirmed that sites B and D were not significantly different,
while all other pairs of sites had significantly different Braun-Blanquet indices
(Table 6.5).
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Table 6.5: R-statistic and p values for comparison of Braun-Blanquet indices at
paired sites. Significant figures in bold.
Sites/Groups

R-statistic

Significance level
(p values)

A, B

0.892

0.008

A, C

0.436

0.024

A, D

0.616

0.008

B, C

0.708

0.008

B, D

0.108

0.230

C, D

0.58

0.016

Figure 6.3: Grouping of vegetation communities in all sites based on BraunBlanquet indices.
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When mammal species richness obtained from corresponding trap within the
vegetation grid surveyed was overlaid on the MDS plot (Figure 6.4), it is clear
that the only sites similar in vegetation (B and D) also share a low (or nil)
species richness of mammals. Sites A and C, although significantly different in
their vegetation, share a higher species richness of mammals.

Figure 6.4: Mammal species richness (green circles) in relation to grouping of
sites based on vegetation similarities using the Braun-Blanquet indices. A
larger circle indicates a higher species richness of mammals.

Similarly,

mammal

abundance

figures

recorded

from

captures

in

corresponding traps at the vegetation grids were overlaid on the MDS plot
(Figure 6.5), it is clear that sites B and D shared low abundance of mammals.
Sites A and C again recorded higher mammal abundances.
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Figure 6.5: Mammal abundance (green circles) in relation to grouping of sites
based on vegetation similarities using the Braun-Blanquet indices. A larger
circle indicates a higher abundance of mammals.

Primer analysis of the Krebs index of vegetation importance
The MDS produced on the basis of the Krebs index (Figure 6.6) is very similar
to that produced previously using Braun-Blanquet indices in that sites A and C,
and sites B and D share similar vegetation types. Pairwise tests using Krebs
index of vegetation importance confirmed that sites B and D were the only pair
not significantly different (Table 6.6), which corresponded to the pairwise tests
using Braun-Blanquet indices.
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Table 6.6: R-statistic and p values for comparison of vegetation importance
indices at paired sites. Significant figures in bold.
Sites/Groups

R-statistic

Significance level
(p values)

A, B

0.908

0.008

A, C

0.54

0.008

A, D

0.588

0.008

B, C

0.748

0.008

B, D

0.092

0.262

C, D

0.516

0.016

Figure 6.6: Grouping of vegetation communities in all sites based on
importance values.
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When mammal species richness and mammal abundance is overlaid on the
MDS plot, a similar picture emerges to that from the analysis of the BraunBlanquet indices: it is clear by inspection that sites A and C contain higher
mammal species richness (Figure 6.7) and abundance of mammals (Figure 6.8)
compared to sites B and D.

Overall, the Braun-Blanquet analyses and those produced from the Krebs index
yield very similar results. Therefore it is most unlikely that any technique
specific bias influenced the conclusions.

Figure 6.7: Mammal species richness (green circles) in relation to grouping of
sites based on vegetation similarities according to the Krebs importance index.
Larger circle indicates a higher proportion of species richness.
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Figure 6.8: Mammal abundance (green circles) in relation to grouping of sites
based on vegetation similarities according to the Krebs importance index.
Larger circle indicates higher mammal abundance.

Differences in canopy cover, leaf litter and vertical vegetation cover between sites
Means and standard errors for the data on canopy cover and leaf litter depth
are shown in Table 6.7. Means and standard errors for the data on vertical
vegetation density are shown in Table 6.8. Examination of these data showed
that all measurements of vertical vegetation at sites B and D were 0. Therefore
it was decided to run two analyses: (i) a nested MANOVA with factors of
Quadrat and Site (with Quadrat nested within Site) and dependent variables of
canopy cover and leaf litter (log-transformed to correct for unequal variances),
and (ii) a nested ANOVA with factors of Quadrat and Site (with Quadrat
nested within Site and sites B and D excluded) and the dependent variable of
vertical vegetation density.
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Table 6.7: Means and standard error of canopy cover (%) and leaf litter (cm) in
each site (A – D) and quadrat (Q1 – Q5).
Sites/
Quadrats

Mean

Standard

Mean

Standard

Canopy

error

Leaf

error (leaf

cover (%)

(canopy

litter

litter)

cover)

(cm)

Valid N

A – Q1

69.06

10.24

1.63

0.13

4

A – Q2

79.20

3.42

1.75

0.25

4

A – Q3

81.54

2.18

2.00

0.74

4

A – Q4

80.76

2.14

2.00

0.29

4

A – Q5

80.24

3.94

1.13

0.66

4

B – Q1

57.36

11.33

1.00

0.61

4

B – Q2

78.68

3.44

0.38

0.38

4

B – Q3

89.34

2.01

5.13

2.97

4

B – Q4

76.08

6.20

1.00

0.61

4

B – Q5

87.78

1.66

2.25

0.14

4
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Mean

Standard

Mean

Standard

Canopy

error

Leaf

error (leaf

cover (%)

(canopy

litter

litter)

cover)

(cm)

Valid N

C – Q1

79.46

2.89

3.13

0.47

4

C – Q2

44.10

1.96

3.13

1.86

4

C – Q3

85.96

3.67

3.25

1.18

4

C – Q4

79.98

3.78

3.38

1.39

4

C – Q5

71.92

2.04

0.75

0.43

4

D – Q1

63.60

6.91

0.38

0.38

4

D – Q2

90.64

1.27

2.25

0.48

4

D – Q3

50.34

15.10

3.25

0.83

4

D – Q4

41.50

8.67

0.00

0

4

D – Q5

64.90

6.98

1.00

0.58

4

All Groups

72.62

2.01

1.94

0.24

80
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Table 6.8: Means and standard deviation of vertical vegetation density as a %
(0 – 40cm).
Sites/
Quadrats

Mean Vertical

Standard error

Valid N

Vegetation density
(%)

A – Q1

23.21

11.61

4

A – Q2

12.50

6.25

4

A – Q3

14.48

7.24

4

A – Q4

43.85

21.92

4

A – Q5

24.80

12.40

4

B – Q1

0

0

4

B – Q2

0

0

4

B – Q3

0

0

4

B – Q4

0

0

4

B – Q5

0

0

4
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Standard error

Valid N

Vegetation density
(%)

C – Q1

0.79

0.40

4

C – Q2

3.37

1.69

4

C – Q3

1.19

0.59

4

C – Q4

5.75

2.88

4

C – Q5

0.60

0.30

4

D – Q1

0

0

4

D – Q2

0

0

4

D – Q3

0

0

4

D – Q4

0

0

4

D – Q5

0

0

4

All Groups

6.53

0.73

80

MANOVA using log-transformed dependent variables of percentage of canopy
cover and depth of leaf litter found significant differences across Sites and
across Quadrats (Table 6.9).
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Table 6.9: Results of a MANOVA with factors of Site and Quadrat and
dependent variables of Canopy cover and Leaf litter. Significant results are in
bold.
Wilks’

df 1

df 2

p–level

Lambda
Site

0.68

6

118

0.000834

Quadrat

0.29

32

118

0.000003

Univariate tests showed that canopy cover differed significantly between sites
but leaf litter did not (Table 6.10). Canopy cover was lowest at site D compared
to sites A, B and C (Figure 6.9). Both canopy cover and leaf litter differed
significantly between quadrats (Table 6.11).

Table 6.10: Tests for the significance of Canopy cover and Leaf litter across
sites. Significant results are in bold.
Mean sq

Mean sq

F (df1,2)

p–level

effect

error

(Log) canopy cover

0.39

0.06

6.46

0.000733

(Log) leaf litter

0.71

0.29

2.46

0.070989

3,60
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120

100

Canopy cover

80

60

40
Max
Min

20

Mean+SE
Mean-SE

0
A

B

C

D

Mean

Site

Figure 6.9: Box and whisker plot for canopy cover at each site. The smaller box
indicates the mean and the larger surrounding box indicates the standard error
for canopy cover at each site. Bars represent the maximum and minimum
values.

Table 6.12: Tests for the significance of Canopy cover and Leaf litter across
quadrats. Significant results are in bold.
Mean sq effect Mean sq error

F (df1,2)

p–level

3,60
(Log) canopy

0.23

0.06

3.84

0.000071

0.82

0.29

2.85

0.001746

cover
(Log) leaf litter

Chapter 6 –Vegetation structure and composition

209

Nested ANOVA (Quadrat nested within Site) for vertical vegetation density at
sites A and C showed significant differences in vertical vegetation density
between sites but not between quadrats (Table 6.12). Site A was the densest,
compared to the low density at site C (0.6% – 5.8%) (Figure 6.10).

Table 6.12: Tests for the significance of vertical vegetation density across sites.
Significant results are in bold.
df

MS

df

MS

effect

effect

Error

Error

F

p–level

Site

3

12.59

60

1.26

9.96

0.000020

Quadrat

16

0.97

60

1.26

0.77

0.713491

Chapter 6 –Vegetation structure and composition

210

110

Vegetation density %

90

70

50

30
Max
Min

10

Mean+SE
Mean-SE
-10
A

B

C

D

Mean

Site

Figure 6.10: Box and whisker plot of mean vertical vegetation density (%), with
standard error. Bars represent maximum and minimum values.

Given that canopy cover and vertical vegetation density differed between sites,
rank correlation coefficients were used to test for any possible relationship with
total mammal captures at each site. Total mammal captures did not correlate
significantly with either canopy cover (R4 = 0.80, p = 0.20) or vertical canopy
cover (R4 = 0.95, p = 0.05).

Tree density
Sites A and C had the highest tree density, estimated at 33 trees per hectare
followed by site B with 26.4 trees per hectare, while site D had the lowest
density (6.6 trees per hectare). Tree density did not correlate significantly with
total mammal captures (R4 = 0.95, p = 0.05).
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Discussion

The primary aims of this chapter were to compare vegetation floristics (plant
species composition and species diversity) and vegetation structure (canopy
cover, vertical vegetation density and leaf litter) between each pair of study
sites. It was hypothesised that there would be no differences in plant species
composition, diversity or structure between pairs of sites. If this was
supported, then differences in the species richness and abundance of small
mammals between sites would be most unlikely to be related to vegetation.
This was not the case and I found significant differences between many of these
variables between the sites.

Sites had low similarities in their species composition (as measured by
Sorensen’s similarity indices) and statistically significant differences in their
species diversity (as measured by the Shannon-Weiner diversity index). MDS
analyses of the Braun-Blanquet indices and the Krebs importance indices (both
of which combine elements of species composition and also structure) also
confirmed that the sites were not the same. Finally, estimates of canopy cover
and vertical vegetation density differed significantly between sites, while there
was a wide range in tree densities across the sites. Leaf litter depth did not vary
between sites, but was highly heterogeneous within sites, as evidenced by
significant differences in leaf litter depths between quadrats. These results
leave open the possibility that vegetation floristics or structure could explain
observed patterns of small mammal distribution and abundance across sites,
either interactively with cat predation or without recourse to it as a
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contributing factor. In this discussion I explore the vegetation features that
might be influencing the abundance of small mammals at these study sites and
then discuss the implications for both mammal conservation within the City of
Armadale and the design of experiments to test the possible impact of
predation by pet cats.

Could floristics influence mammal abundance?
Similarities and differences in vegetation floristics between sites were assessed
by Sorensen’s similarity indices, the Shannon-Weiner diversity index and
species evenness. While the Sorensen’s indices suggested substantial
differences between sites and differences were also found in plant species
diversity, neither measure correlated significantly with the equivalent measure
for small mammals. Thus simple predictive statements such as ‘sites that are
more similar in their vegetation based on Sorensen’s index are also more
similar in their small mammal species’ cannot be made.

Could vegetation structure influence mammal abundance?
Both the Braun-Blanquet indices (based on percentage vegetation ground
cover) and the Krebs importance index (based on density and frequency)
incorporate elements of vegetation structure as well as floristics. Multidimensional scaling analyses, based on these measures, revealed that all paired
comparisons of sites (except for sites B, Araluen and D, Churchman Brook)
were significantly different. Araluen and Churchman Brook both had a low
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species richness of mammals, so the vegetation characteristics of these sites
might indicate unsuitable conditions for small mammals.

Floristically, these sites were dissimilar with a Sorensen’s index of 0.391, so the
plant species present (or absent) were unlikely to be a critical factor and
structural features were more likely to be important. Compared to sites A,
Stinton Cascades and C, Warwick Savage Park, they both had very low vertical
vegetation cover and a lower tree density, while Churchman Brook (D) had the
lowest canopy cover observed in the study. Rank correlations between each of
these variables and total mammal captures at each site were not significant,
although the tests for tree density and vertical vegetation cover were both on
the borderline of statistical significance (p = 0.051 in each case). Given that the
sample sizes for the correlations are low and the p-values approached
significance, I decided to discuss possible effects of both these factors on
mammal abundance in more detail.

How might vertical vegetation density influence mammal abundance?
Vegetation provides animals with nesting sites, food and shelter from
predators (Spencer et al. 2005). The absence of low (0 – 40cm) vegetation in
Araluen and Churchman Brook may explain the absence of small marsupial
species such as mardo Antechinus flavipes and southern brown bandicoot
Isoodon obesulus which rely on vegetation cover for foraging and shelter. This
concurs with many examples from the literature. For example, Knight and Fox
(2000) found that the brown antechinus, A. stuartii abundance was higher in
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remnants with a higher understorey layer. Cox et al. (2003) also found that A.
stuartii abundance correlated directly with structural complexity, while the
abundance of the bush rat, Rattus fuscipes and the fawn-footed melomys,
Melomys cervinipes was also higher in dense understorey and canopy
complexity.

Similarly, Everaardt (2003) suggested that the vegetation cover at 0 – 4 cm
above surface of the ground was important to the tiny (7 - 12g) honey possum
Tarsipes rostratus in that it provides shelter from terrestrial predators. The risk
of predation increased post fire where loss or reduction of cover occurred and
reduced food resources forced increased foraging activity in the open. Stokes et
al. (2004) also confirmed that loss of habitat and structural complexity altered
the foraging behaviours of small mammals in that they avoid open
microhabitats which expose them to predators. When forced to forage in these
microhabitats because of reduction in resources, predation rates are high as
illustrated by a range of empirical studies (e.g., Dickman et al. 1991). Therefore,
habitat heterogeneity at regional and local scales is important to the species
richness of small mammals (Williams et al. 2002) and habitat fragmentation is
known to prevent recolonisation or persistence of most mammal species (Cox
et al. 2003). Population dynamics may be influenced as well. For example,
Spencer et al. (2005) found that when cover is reduced Rattus fuscipes must
choose whether to remain in a more open area and accept the risk of higher
predation or move to denser vegetation where competition with conspecifics is
more likely to be intense. Juveniles that remain in the open areas and survive
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predation may gain a selective advantage, because they gain condition in the
absence of competition with adults.

How might tree density influence mammal abundance?
Tree density is a major structural force in vegetation communities with the
potential to directly and indirectly influence mammal abundance. To begin
with, trees are a critical food and shelter resource for arboreal fauna. For
example, Jones and Hillcox (1995) found that the abundance of two possum
species in Western Australian woodlands was related to continuity of the
canopy and abundance of hollow trees. This offered food, shelter and
protection from predators as the possums could move from tree to tree. In the
context of my study, it is thus not surprising to find that captures of brushtail
possums T. vulpecula were lowest at site D where the tree density was
substantially lower. Shading by trees may also change the density of
understorey vegetation while leaf fall contributes to litter dynamics. These
factors may form a complex interaction with fuel loads and fire, welldocumented in forested communities in south-western Australia when the
canopy was opened by logging (see relevant reviews in Calver and Dell 1998
and Wardell-Johnson et al. 2004). Thus tree density may contribute directly and
indirectly to vertical vegetation density.
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What are the implications of these findings for conservation management of small
mammals in the City of Armadale?
The clearest message that emerges from this consideration of the vegetation at
the sites is that interaction between structural and habitat complexity and
behaviours of some native species has to be considered when restoring and/or
maintaining “safe” habitats as these interactions play an important role in
conservation (Stokes et al. 2004). Therefore the City of Armadale needs to
consider different aspects involving the restoration of habitat in the
conservation of native remnant bushland within their municipality rather than
focussing solely on control of exotic predators, especially pet cats. In particular,
control of the spread of plant diseases, revegetation strategies and fire
management policies should be included in management plans.

For example, the plant pathogen P.cinnamomi can result in a loss of vegetation
density with a reduction of leaf litter (Garkaklis et al. 2004). Habitat structure
loses its complexity and this simplification of a habitat previously suited to
small mammals such as the mardo can affect their survival by reduction of
shelter and food. Garkaklis et al. (2004) proposed that precautionary measures
should include close monitoring of the use of reserves, particularly in possible
disease affected areas with the option to deny access to these areas to prevent
the spread of the disease. At present, some bushcare groups (community
groups involved in bush regeneration or natural resource management) such as
The Roleystone Dieback Group within the City of Armadale are actively
working to prevent the spread of the P. cinnmomi. Other conservation plans for
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consideration alongside P. cinnamomi management include the restoration of
native plant species to increase vertical vegetation density, removal of exotic
plants and protection of old trees which provide hollows. Fire management is
important both in protecting key habitat from destruction but also in assisting
in germination or recolonisation by a range of understorey species (e.g., Bowen
and Pate 2004).

Implications for experimental design of cat impact studies
The finding that vegetation at the study sites was significantly different
complicates any meaningful assessment of the impact of different pet cat
management protocols adjacent to the different sites. Although the data are not
conclusive, they are suggestive that species composition is less important than
structural features such as tree density and vertical vegetation density in
determining small mammal abundance (at least for the species occurring at
these sites). Options for the design of future studies include, but are not limited
to:
•

matching sites for key vegetation characteristics before attempting cat
manipulations. This would be difficult at best and possibly impractical.

•

increasing the number of sites involved on the assumption that
vegetation differences would then be randomly represented in all
predator treatments. Again, this might prove impractical.

•

matching the vegetation in different sites as much as possible, but
including measurements of key habitat parameters as covariates in the
final analysis with the predator manipulation as a main effect. This tests
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the significance of the covariates and also controls for them in
attempting to assess the main effect of predator manipulation. It
requires a design amenable to ANOVA approaches to incorporate the
covariates.
•

recording critical vegetation characteristics around each trap as well as
the predator treatment area in which the trap is located. Trap
success/failure could then be treated as a binary dependent variable in
logistic regression to determine the significance of predator treatment as
a predictor of trap success in the presence of the documented vegetation
variables.

It is unlikely that there will be a ‘one size fits all’ approach applicable to every
situation, but my results indicate that vegetation characteristics do need to be
accounted for in experimental studies of the impacts of pet cats on wildlife in
suburban reserves.

These results will come as no surprise to critics of broad-scale cat control
proposals, who argue that cats are a convenient scapegoat for other, more
important causes of fauna decline (e.g., Fitzgerald 1990, Nattrass 1992,
Chaseling 2001). However, establishing the importance of vegetation
characteristics is not the same as exonerating cats, as shown by the established
cases of cat predation leading to fauna decline in reserves or remnant
vegetation (Larkin 1989 and Dufty 1994). In the general discussion I tackle the
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challenging question of choosing a way forward in the face of these conflicting
views.
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Appendix 6.1
Stinton
Cascades

Araluen

Warwick

Churchman

Savage Park

Brook

Acacia pulchella

1

1

Adenanthos barbiger

15

5

Allocasuarina fraseriana (tree)

1

Banksia grandis (sapling)

4

2

5

Banksia grandis (tree)

4

3

Bossiaea aquifolium

5

6

Bossiaea ornata

3

20
2

Caesia micrantha
Clematis sp.

1

Conostylis setosa

6

Corymbia calophylla (sapling)

1
3

Corymbia calophylla (tree)

7

8
1

1

Dampiera linearis

5

Drosera erythrorhiza

24

Drosera macrantha

2

2

Drosera stolonifera

1

4

Dryandra lindleyana

6

2

2

Dryandra sessilis (sapling)

8

25

Dryandra sessilis (tree)

2

2

Eriochilus sp.

1
1

3

1

1

(sapling)

2

3

8

2

Gompholobium knightianum

18

Gompholobium marginatum

1

Eucalyptus marginata
Eucalyptus marginata

1

Hakea lissocarpha
Hibbertia commutata

6

4

Hibbertia hypericoides

5

Hibbertia subvaginata

1
2

Kennedia coccinea
1

Kennedia prostrata
Lagenophora hueglelii
Lechenaultia biloba
Leucopogon conostephioides

9

2

1

1

1

3
2

10
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Leucopogon propinquus

5

Lomandra sonderi

7

Loxocarya flexuosa

8

Mirbelia dilatata

1

Monotaxis sp.

10

Moss

100

221

5

6

16

2

10

5
2

Opercularia echinocephala

3

1

Patersonia sp.

17

1

Pentapeltis peltigera

1

2

Persoonia sp.
Platysace sp.

3
1

4

1
2

Pterostylis vittata
Scaevola sp.

1

1

Stylidium amoenum

5

5

Stylidium ciliatum

3

8
15

Styphelia tenuflora

4

Tetrarrhena laevis

3

Tetratheca hirsuta

1

Thysanotus patersonii

2

5

1

Trichocline spathulata

2

1

Trymalium ledifolium

3

2

Unknown Daisy sp.
Unknown Orchid 1

100
2

Unknown orchid 2

1

Xanthorrhoea gracilis

6

Xanthorrhoea pressii

1

Total number

3

253

3

2
1

54

116

251
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- CHAPTER 7 General discussion

The primary aim of this thesis was to investigate whether pet cats had any
impact on abundance and diversity of small to medium sized mammals in
urban bushland adjacent to low-density residential areas in the City of
Armadale. Such impacts could be serious but there is little sound information
to guide management, so the investigations in this thesis were conducted
within the context of the precautionary principle. This recognises that
uncertainty over the magnitude of risk of a given activity to the environment
should not preclude immediate precautionary action to anticipate and reduce
risk, while undertaking research to reduce uncertainty. The precautionary
principle does not dictate the exact actions to be taken in all circumstances, but
instead requires dialogue involving all stakeholders to arrive at mutually
acceptable actions. The term ‘precaution’ is applied explicitly to actions taken
in the face of uncertainty, so ideally research to reduce uncertainty should be
implemented concurrently with precautionary measures. Once the risk
becomes well-known, the management focus shifts to prevention, not
precaution (Deville and Harding 1997).

As such, this current study of the impact of pet cats on mammals in remnant
bushland within the outer metropolitan City of Armadale involved two broad
components. The first obtained the opinions of residents towards proposed pet
legislation as part of involving all stakeholders in identifying precautionary
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measures to be implemented while uncertainty over impacts was resolved. The
second involved several measures directed at reducing uncertainty over the
true extent of impacts. A combination of fauna trapping and indirect
assessment of types of predators present was carried out to survey mammals
within the remnant bushland of the City of Armadale, assessing species
richness and species diversity of the existing fauna in relation to different cat
husbandry regimes in adjoining residential areas. In order to obtain a general
overview of pet cats’ roaming patterns and therefore their likelihood of
penetrating into bushland areas, radio tracking was conducted on volunteer
cats from urban and rural residential zones. The radio tracking data and
associated home range estimates allow informed determination of buffer zones
around nature reserves to reduce pet cats’ incursions.

In this chapter I summarise the key findings arising from the two separate
strands of the study, namely identifying precautionary actions for immediate
application and the long-term reduction of uncertainty. On the basis of the
findings I suggest immediate precautionary actions that could be taken by the
City of Armadale to reduce predation by pet cats on wildlife, suggest further
field studies to reduce the level of uncertainty regarding impacts and offer
suggestions on the applicability of the precautionary approach underlying this
thesis to other environmental impact situations.
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How do residents feel about cat legislation and other
precautionary measures?

There have been many surveys of predation by pet cats in Australia (e.g., Paton
1991, 1993, Barratt 1995, 1997a, 1998). Critically, these confirm that many, but
not all, pet cats hunt and that predation is concentrated on locally abundant
prey species. Thus while losses may be high, they may not be detrimental to
the persistence of prey populations (e.g., Bomford et al. 1995).

There are fewer surveys of community attitudes towards cat regulations (e.g.,
Grayson et al. 2002 and included references). In the inner suburban City of
Melville, Western Australia, Grayson et al. (2002) found that the level of
acceptance for cat controls was high from both cat-owners (76%) and nonowners (93%). My survey conducted on the residents of the outer metropolitan
City of Armadale, Western Australia, showed that a substantial proportion of
respondents within this municipality also supported cat regulations (75% of
owners and 95% of non-owners). In particular, 70% or more of both cat owners
and non-owners agreed with the following key statements, which indicate
precautionary measures which could be implemented to protect wildlife:
-

Local government should have the power to limit the number of cats per
household.

-

All pet cats (excluding those owned by a breeder) should be desexed.

Most (c.85%) of owners agreed that they would licence their cats if that became
compulsory. Although fewer owners (c.60%) indicated a willingness to keep
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their cats on their property at all times to protect wildlife, over 80% were
willing to confine their cats at night if it was required.

As Western Australia is yet to introduce statewide legislation governing cat
control measures, these results provide the Armadale City Council (ACC) with
clear indications of acceptable localised cat regulations. These could include
restrictions on the number of cats per household, a requirement that all pet cats
be desexed and licensed and a night-time curfew. These measures would
reduce cat densities, restrict the dumping of unwanted kittens, enable ready
identification of nuisance animals and reduce predatory pressure on nocturnal
wildlife. While owners show only modest support for more stringent
confinement measures, these might be acceptable if applied only to buffer
zones around environmentally sensitive areas.

The precautionary measures outlined above are predicated on the plausible but
unproven possibility that predation by pet cats is detrimental to wildlife
populations. While they are appropriate to apply immediately, they may not
need to be maintained if the real risk is not severe. Therefore a second part of
the overall strategy is to quantify the true impacts with a view to confirming
which precautionary measures should be retained in an informed preventive
package.
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Home range and activity patterns of pet cats

In the transition from precaution to informed prevention, an overall view of
current roaming and activity pattern of pet cats in this municipality was
needed so that adequate buffer zones around nature reserves and bushland can
be estimated. Therefore, radio tracking of some pet cats within ACC was
conducted.

The results showed variation in home range size of 2.2ha between cats in high
density suburbia and those in low density suburbia (figure is based on the
highest roaming cat from urban 0.64ha and rural 2.86ha). Possibly, home range
size in pet cats is determined more by territorial dominance than by food
abundance (Bradshaw 1992). In this study, in urban residential areas where a
higher density of pet cats occurred, cats were limited in their roaming by
neighbouring territorial cats. Those considered more dominant by their owners
in a multiple cat household had larger home ranges compared to those cats
considered shy or timid by their owners. This is consistent with Bernstein and
Strack’s (1996) observations, where the most dominant cat (oldest male) within
a household could roam freely anywhere in the house and controlled access to
resources.

In the rural residential areas, where house blocks were substantially larger, I
found that pet cats roamed freely into adjoining properties with no cats,
considering that property as part of their territory. The majority of roaming
cats were sighted in adjoining properties (over 100 metres from home). These
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findings were similar to Barratt’s (1997b) results in which habitats uninhabited
by other cats encouraged dominant cats to expand their territory into those
areas.

Given the larger home range sizes of cats in the rural areas (up to 2.9 ha), buffer
zones around nature reserves and bushland may have to be considerable,
perhaps upwards from 360m. Kays and DeWan (2004) proposed that some
knowledge of native prey abundance, landscape features, importance of
predation risk as well as human intervention on cat movement would greatly
assist in cat management considerations. Similarly, Meek (2003) suggested that
cat management should include a prohibition on free-roaming into natural
habitats. In my study, the furthest distance travelled between home and a fixed
location was nearly 300m, so management plans must take into account buffer
zones around nature reserves of up to 360m to allow for the variances in home
range.

Owners may accept restrictions more readily if they include cat welfare
aspects. There is substantial evidence that road traffic accidents account for
many injuries and deaths of pet cats, with the majority of accidents occurring
during the night (Rochlitz 2003, 2004). Weaker anecdotal evidence suggests that
fighting injuries are also reduced by night confinement (Pergl 1994). Thus night
confinement improves cat welfare as well as protecting nocturnal wildlife.
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Interaction between native mammals and pet cats

Many pet cats do hunt and numerous Australian (e.g., Paton 1991, 1993;
REARK 1994a, b; Barratt 1995, 1997a; Perry 1999) and international (e.g.,
Churcher and Lawton 1987, Ruxton et al. 2002, Woods et al. 2003, Lepczyk et al.
2003) studies document mortality statistics. However, the impact on prey
populations is largely unknown (Larkin 1989 and Dufty 1994 are important
Australian exceptions) and cats may be scapegoats for other impacts, a point
made strongly by some critics of cat regulations (e.g., Fitzgerald 1990, Nattrass
1992, Chaseling 2001). Therefore I attempted to find links between cat
confinement practices in place in some areas of the City of Armadale and the
species richness and abundance of small and medium-sized mammals in
adjacent reserves. I predicted that if predation was a significant determinant of
the species richness and abundance of small and medium-sized mammals in
the reserves, then these variables should be lower in those reserves where cats
had nocturnal access.

The prediction was not fulfilled. Mammal species diversity was not
significantly different between sites and species richness was not higher in sites
where cats were restricted. Robust and adaptable species such as the brushtail
possum Trichosurus vulpecula and the southern brown bandicoot Isoodon
obesulus were found across all sites, albeit in varying numbers. The yellowfooted antechinus, mardo Antechinus flavipes leucogaster, a small marsupial
considered to be in the high predation susceptibility category (see Chapter 2 for
susceptibility assessment), was found in large numbers at Stinton Cascades
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where cats are allowed to roam freely. Species such as the brushtail possum
and the southern brown bandicoot are reported to be quite common in
residential gardens, where alternative nesting sites or dens can be found.
Although the adults may be too large for cats to attack, their young are more
vulnerable. Presence of predators was also assessed within each site to
ascertain whether pet cats would venture into bushland surrounding their
home. There was only one site (and only one plot) that revealed the presence of
a cat, coinciding with its capture on the same day. After much investigating, it
was discovered that the young female cat was a stray and had been seen
foraging predominantly in residences surrounding this site before being
captured.

Overall, there was no definitive evidence of predatory impact by pet cats on the
small mammals living within the remnant urban bushland in the City of
Armadale based on the mammal trapping results from this study. There was
also no evidence of any other cursorial predators in these sites. The conclusion
is that factors other than predation determine small mammal species richness.
In this case, vegetation comparisons from each site were made to determine
whether vegetation type, density and structure had an effect on the type of
mammal species found in these areas.
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Interaction between presence of mammals and vegetation
type or disturbance

Loss or reduction in resources such as food and nesting sites or shelters from
land clearance, plant diseases, fire or drought can impact severely on the
survival of some small mammal species (Dickman 1996a, Wilson and Friend
1999, Knight and Fox 2000, Monamy and Fox 2000, Garkaklis et al. 2004).
Natural environments are fragmented in the process of urbanisation, resulting
in habitat patches of varying size and quality that may not provide all these
resources for small mammals (Dickman and Doncaster 1987). The population
of small mammals restricted to these habitat patches may decline further if
there are reduced dispersal opportunities, especially if roads act as barriers
(Wilson et al. 2001).

In this study, I examined all sites for differences in floristics and vegetation
structure, which are well known determinants of the species richness and
abundance of small mammals in urban remnants (Dickman and Doncaster
1987, Knight and Fox 2000, Stokes et al. 2004). Similarly, in this study the
presence or absence of a small mammal species, the mardo A. f. leucogaster was
possibly linked to the density of the vegetation in some of the sites in question.
Results from vegetation comparisons showed significant differences in
vegetation between most sites and vegetation density at 0 – 40cm height was
highest at Stinton Cascades where the mardo was most abundant. Vegetation
density at Warwick Savage Park was low in comparison and the remaining two
sites recorded zero to very low vegetation density and ground cover. Stokes et
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al. (2004) concluded that small mammals preferred to forage in structurally
complex habitats and avoided open habitats to reduce risk of predation.
Therefore, predation is only one of many factors important for the survival of
small mammals. Habitat structure, complexity and availability of suitable
nesting sites are also explanations for absence and/or presence of mammals in
my study. Gaston et al. (2005) found that domestic gardens contributed to
“urban green space” and maintain fauna biodiversity within the urban
landscape. Respondents of a survey of 300 residents of Brisbane, south-east
Queensland expressed an appreciation of the presence of native wildlife in
their local area (FitzGibbon and Jones 2006).

7.5

Management recommendations for Armadale City Council

The advice to ACC when implementing proposed cat legislation is to take a
more “whole of ecosystem” approach and identify remnants high in
biodiversity within the landscape and seek to enhance their protection from
threatening processes such as plant disease and inappropriate fire, especially
arson, as well as depredations from pet cats. Risks may be significantly reduced
through:
•

Fencing and gates on identified important reserves to discourage casual
trespassers,

•

Strategic closure of tracks that may lead to increases in threats,

•

Increased signage to identify the important values within the habitat
and management actions being undertaken, including cat control.
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In particular, habitat restoration and protection are important conservation
activities and should not be discounted if cats are regulated. Natural habitat
restoration i.e. the planting of native vegetation in peri-urban domestic gardens
should also be encouraged as these gardens may provide food and shelter to
wildlife in the area (Gaston et al. 2005).

Regulation of cats can be done at differing levels of intensity and cost. On the
one hand, community education on the values of cat confinement, especially if
it includes a strong emphasis on cat welfare, may instigate a high level of
voluntary compliance. In favour of this approach, education has worked well
regarding neutering of pet cats in Australia: the rate is over 90% and well
above that in the United States (Grayson and Calver 2004). Enforcing strict
curfews is a more expensive matter and that money may be better spent on
habitat protection or restoration, rather than making cats a convenient
scapegoat for what is a much more complex problem. Furthermore, Glen and
Dickman (2005) proposed that the interaction and competition between native
fauna and introduced predators, and between introduced predators is a
complex issue. Therefore, management strategies must take into account
multiple variables and the possible interactions among them.

7.6

Conclusions

The precautionary principle involves choosing and applying precautionary
actions to uncertain risks, while simultaneously taking steps to reduce
ignorance to enhance the shift from precaution (dealing with uncertain risks) to
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prevention (avoiding or minimising known ones). The survey of residents with
the ACC was very effective in choosing precautionary approaches acceptable to
stakeholders that, if implemented, are very likely to reduce the risk of cats
predating on wildlife.

I recommend that the council consider the following issues given the high level
of support from the community:
•

Registration and/or identification of pet cats

•

Sterilisation of pet cats other than those owned by breeders

•

A limit on the number of cats per household

•

Moderate confinement regulations such as a dusk to dawn curfew.

Promoting the benefits of these actions for cat welfare is most likely to
encourage compliance from owners. All the proposed measures have potential
cat welfare benefits as well as reducing both nuisance and predation on
wildlife. Therefore welfare, nuisance reduction and wildlife protection can be
addressed simultaneously.

Reducing ignorance proved far more difficult because of logistical difficulties
in

designing

convincing

field

studies

of

impacts.

I

opted

for

a

survey/correlation approach in this study for compelling logistical and ethical
reasons, but it was inconclusive. It was difficult to say definitively that the
presence or absence of mammals in various sites was linked to incursions by
owned cats from adjoining suburbs or whether other factors such as vegetation
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structure played an important role. Therefore, the data collected in this study
were complex to interpret. This outcome confirms that future studies must
tackle the logistically and ethically difficult questions of experimental design
inherent in gaining stronger inferences.

As suggested by Barratt (1997a), the definitive question of impact needs
experimental resolution. Possibilities include conversion of existing cat
roaming zones into no-cat zones and monitoring fauna responses; monitoring
the fate of live bait released into different treatment sites, and the
reintroduction of a particular mammal species previously occurring in the area
by a translocation exercise.

I lean towards a translocation experiment, because translocation is an attractive
management option to restore fauna to suburban remnant bushland. The
prediction is that if cat predation eliminates remnant small mammal
populations from suburbia, then translocated small mammals should survive
in sites where cat predation is controlled but not in sites where cats are
uncontrolled. Critical steps in such an experiment are:
•

identification of suitable control and treatment areas. At a minimum,
three sites are required, ideally matched as closely as possible in size,
topography and vegetation. Some restoration of vegetation may be
necessary prior to the experiment.

•

assignment of at least one site to have strictly enforced cat regulations
including a night-time curfew for surrounding residences (the
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experimental treatment), while at least one site would have no
restrictions (the control). The third site could provide replication for
either the control or the treatment, enabling statistical testing of results.
Of course, greater replication is desirable, but even the requirement for
three matched sites is logistically daunting. I prefer to replicate the
treatment (cat regulations), because this means exposing fewer
translocated animals to cat predation (a potential ethical stumbling block
to the design).
•

establishment prior to any translocation that pet cats do enter the control
site(s). Tests for their presence should continue throughout the study.

•

selecting a small mammal species for translocation into the study sites.
The mardo A. f. leucogaster is suitable because it is of a size susceptible to
cat predation and once occurred widely in the Armadale area.

•

monitoring the success of the translocation over a period of several
years. Rather than a single translocation, an on-going series of
translocations every six months over three years could be done to give a
strong chance of establishment.

Overall, despite inconclusive evidence of predatory impacts by pet cats, it
would still be prudent to proceed with implementing cat regulation given the
overall acceptance from the community and the benefits for cat welfare.
Imposing cat regulations such as cat curfews, limited number of cats per
household, implementing cat-free areas and compulsory night confinement is
likely to reduce predation on mammals and at the same time increase welfare
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for pet cats. Further experimentation could be carried out if required by the
local council to assess the likely significance of these measures for mammal
populations.
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