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Summary

Feral cats (Felis catus) are widespread across Australia and New Zealand, occupying
most habitats. They are a significant predator of mammals, birds and reptiles
(Doherty et al 2015) and are identified as a major threat to endangered fauna,
particularly on islands (Medina et al. 2011). Consequently predation by feral cats has
been listed as a key threatening process in Australia under the Environment
Protection and Biodiversity Conservation Act 1999 (the EPBC Act). However, feral cat
management and legislation is highly variable across Australia, and investment in
research to seek longer term solutions has been ad hoc with limited national
coordination. This workshop was held to address these issues, and to guide national
strategies and actions under the Threat abatement plan for predation by feral cats.

These proceedings outline high impact research and innovation priorities and national
actions for feral cats within five key areas: impacts, monitoring, control tools,
management strategies and community engagement. A collection of papers is also
provided that outline the strategic direction and review the most current research
and innovation initiatives for feral cats and their management in Australia.

The workshop and review identified significant gaps in knowledge that must be
addressed to effectively manage feral cats in Australia. Better information on
impacts is required, in particular, on how impacts vary between prey species and
across the landscape. We also require improved monitoring tools and use of
technology, including the improved collection, automation and analysis of large data
sets for predators and prey. Further development of traps and baiting tools is
recommended, including, grooming traps, implants, lethal collars and kill traps; and
standard operating procedures and support tools to ensure the animal welfare and
effective adoption of these methods. Management should focus on eradication of
feral cats on priority islands and fenced reserves, and on understanding the influence
and role of predators, baiting, fire, grazing and rabbits on widespread feral cat
populations. A national engagement strategy and facilitator, knowledge sharing,
alternative funding models and improved ways to engage with communities are also
identified as priorities.

It is hoped that these proceedings will assist key groups, particularly the
Commonwealth and State governments and Ministers, the Threatened Species
Commissioner, the Invasive Plants and Animals Committee, the Invasive Animals
Cooperative Research Centre, universities and conservation and community groups to
prioritise funding and resources to reduce the impacts of cats. Outcomes will also be
used in the preparation of an updated Threat abatement plan for predation by feral
cats, and a national Threatened Species Strategy.
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Priorities identified for future work

The workshop used open theme-based and follow-up focussed discussions to identify
and prioritise areas of future work to improve the management of feral cats, with
consideration of the benefits, costs, feasibility and time frame.

Those areas considered of highest priority were:

Impacts

1. Quantify impacts of feral cats on other species, especially natives

2. Better understand spatial variations in cat impacts

3. Conduct studies on predation rates by cats, including the development of
improved camera collars to discover kill rates

4. Review disease-related impact of cats on people and livestock (e.g.
sarcocystis, toxoplasmosis)

5. Assess overall economic impacts of cats (including impacts on agriculture and
tourism)

6. Explore Aboriginal cultural approaches to managing impacts

Monitoring

1. Develop guiding principles for feral cat and threatened species monitoring
(including TAP targets)

2. Design and implement a national monitoring network for cats and threatened
species

3. Review cat monitoring methods, and establish standards

4. Develop improved monitoring tools, including automated recognition,
improved use of cameras, and improved management and analysis of data
(e.g. Bayesian approaches, a package of analytical techniques)

5. Investigate the use of eDNA as a monitoring technique for predators and prey

6. Develop detection probabilities for established and commonly used monitoring

methods (including camera traps, spotlighting)
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Control tools

1. Develop a grooming trap for feral cats

2. Review the feasibility of biocontrol agents for cats (including gene drive
technology and technical, ecological, and social considerations)

3. Develop improved baiting tools and strategies, including implants, lethal
collars, kill traps, and national registration and adoption

4. Update Standard Operating Procedures (animal welfare) for cat control
methods

5. Develop support tools (improved adoption, multimedia, decision support
tools)

Management

1. Develop a long term national management strategy to build collaboration
across different approaches in different environments

2. Eradicate cats from priority islands

3. Eradicate cats from fenced enclosures on mainland Australia

4. Improve management of cats in open landscapes, including integration and

improved understanding of the role and influence of predators, baiting, fire,
grazing and rabbits

Community engagement

1.

Conduct community-needs research, identify institutional barriers,
understand community perceptions and barriers to effective management

Build a collaborative approach through the development of a national
stakeholder engagement strategy and appointment of a national feral cat
facilitator

Facilitate knowledge sharing through social media, marketing, Feral Cat Scan

Explore alternative funding models, including crowdsourcing, philanthropies,
community programs (who’s for cats) etc.

2015 National Feral Cat Management Workshop Proceedings 3
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Recommended national targets

The following targets were recommended by participants for consideration by the
Autralian Government in its review of the Threat Abatement Plan for predation by
feral cats and the development of the Threatened Species Strategy.

1.

1)
2)
3)

10.

11

Effective evidence - based cat management has been implemented in six sites
of high priority for native species imperilled by cats by 2020.

. An effective national monitoring network developed (with sufficient

precision) to detect trends in 40 key threatened species, and cats, by 2016.
New data management and analysis techniques used by X% practioners to
assess the effectiveness of cat management by 2016.

By 2018, low cost and readily available tools based on existing and novel
technologies for both broad-scale and localised intensive monitoring
effectiveness of cat management.

Two new tools targeting feral cats within 3 years (to boost current control).

. Ten year research program into gene drive technology to stop feral cats

breeding (biocontrol, new emerging technology).
New feral cat bait available for landscape-scale delivery in 2 years.
Cats eradicated from 5 new islands (offshore).
Ten new fenced areas, each greater than 25 km? with cats eradicated.
In open landscapes:
A) 20,000 km? of commonwealth land with strategic cat control
B) Ten open-landscape sites each greater than 10,000 ha with strategic cat
control, prioritised by
- Extant threatened or high priority species
- Recent species loss that is reversible.
National Feral Cat Management Initiative implemented.

Increase in support for the National Feral Cat Management Initiative by key
stakeholder groups by X% by 2017

a. Partners/ states sign onto national plan
b. Community groups using Feral Cat Scan
Increase in collaborative engagement for NFCMI by stakeholders by X% by 2017

a. Involvement in database, linkages to investors, Community groups
using Feral Cat Scan.

. Announce a National Feral Cat Facilitator by July 2015 (summit).
12.

20% of National Landcare Program (NRM) competitive funding (up to 5 years)
tied to address key priorities identified for feral cats.
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Background information

Steering Committee

Panel

John Tracey (Chair) - NSW Department of Primary Industries - Invasive Animals CRC
Julie Quinn - Department of the Environment

Chris Dickman - University of Sydney

Stuart McMahon - NSW Office of Environment and Heritage

Administrative assistance

Chris Lane - Invasive Animals CRC

Peter Fleming - NSW Department of Primary Industries

Tony Buckmaster - Institute for Applied Ecology, University of Canberra
Julie McGuiness - Invasive Animals CRC

Dorothee Scholl - Invasive Animals CRC

Keryn Lapidge - Invasive Animals CRC

Context
Key guiding documents include:
Action Plan for Australian Mammals 2012
Threat abatement plan for predation by feral cats

Policy and regulatory framework
0 Legal status across states
o TAP/s
o EPBC Act

Identification of sites of high conservation priority impacted by feral cats
(Dickman et al. 2010)

Previous national feral cat workshop proceedings convened by the Invasive
Animals CRC in 2010.

Aim:

To identify national actions and priorities for research and innovation to improve
feral cat management in Australia in the short, medium and long term.
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Objectives:

Specifically the workshop will:

1. Review existing knowledge of impacts, monitoring, control tools, management
strategies and community engagement for feral cats in Australia,

2. Review current feral cat research and innovation projects, their objectives
and progress,

3. Identify future actions and research and management priorities that have the
potential to make feral cat management more effective and efficient, and

4. Strengthen collaborations between governments, universities, conservation
and welfare organisations and the community to jointly address agreed
priorities and achieve national action for feral cats.

In addressing these objectives consideration was given to:

Integration of cat management into broader conservation objectives and
existing research and management of other predators,

Setting innovation and management priorities with consideration of benefits,
costs, feasibility and timeframe (short, medium, long-term), and

Building community approaches and collaborations between key stakeholders.

Attendees:

Experienced representatives from research and management agencies from
Australian States and Territories, and New Zealand. A list of attendees is shown on
page 159.
Location:

INSPIRE Centre, Building 25, University of Canberra, Pantowora Street, Bruce, ACT.

Date:
21- 22 April 2015.
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Agenda

Tuesday 21° April 2015

10:00 Welcome Andreas Glanznig, Chief Executive IACRC
10:05 Workshop aims and approach Stugrt McMahon- Fa}cmtator, NSW Office of
Environment & Heritage
we here?- context and opportunities
Gregory Andrews, Threatened Species
10:20 Opening address Commissioner, Department of the
Environment
. Strategic direction - policy and regulatory ] . .
10:35 framework Julie Quinn, Department of the Environment
10:45 Draft national targets for feral cat management John Woinarski, Charles Darwin University
Impacts
11:10 Introduction Peter Fleming, NSW DPI
11:15 Environmental Chris Dickman, Uni of Sydney
11:25 Impacts of cats on agriculture Pip Masters, SA Govt
o Chris Dickman, Uni of Sydney
11:35 How to prioritise impacts :
P P Tony Buckmaster, Uni of Canberra
11:45 Panel Discussion All
12:25 Lunch

Monitoring

13:30 Introduction Graeme Gillespie, NT Dept Land Resource
Management
13:35 Quantifying cats: How many are there and do we Tony Buckmaster, Uni of Canberra
need to know?
13:45 Methods to monitor cats Paul Meek, NSW DPI
13:55 Samplln_g designs for effective monitoring and Peter Caley, CSIRO
evaluation
14:05 Panel Discussion All
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Control Tools

14:45 Afternoon Tea

15:00 Introduction Tony Pople, Biosecurity Qld
15:10 Review of cat control methods Andrew Bengsen, NSW DPI
15:20 Z\:ﬂjagtiz;? tt(f)l(()alfipeline? Eradicat® , Curiosity® Dave Algar, Dept Parks & Wildlife WA
15:30 S(:?g:::g (t)ﬁp;sr;nga:gxic Trojans for targeted John Read, Ecological Horizons
15:40 Recognition software and toxins Paul Meek, NSW DPI

15:50 Review of biocontrol for cats Tanja Strive, CSIRO

16:00 Fertility control options Lyn Hinds, CSIRO

16:10 Welfare considerations for cat management Bidda Jones, RSPCA

16:25 Panel Discussion All

17:00 Close

Wednesday 22" April 2015

Management Strategies and application of tools

9:00 Introduction John Tracey, NSW DPI

9:05 Environmental manipulation Chris Dickman, Uni Sydney

9:15 Ecologlcal_controls on impacts on cats on small Christopher Johnson, Uni of Tas

mammals in northern Australia

9:25 Integrated predator management Guy Ballard, NSW DPI, UNE

9:35 Eradication of feral cats from Western Australian | Dave Algar and Keith Morris Dept Parks &
’ islands: success stories Wildlife WA,

9:45 Large islands: Kangaroo Island Pip Masters, SA Govt

9:50 Within and beyond the fence: the essential role Atticus Fleming, John Kanowski, Hugh
’ of cat-free mainland (fenced) islands McGregor, Australian Wildlife Conservancy

10:15 Panel Discussion All

11:00 Morning Tea
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Community engagement and opportunities for collaboration

11:35 Introduction Atticus Fleming, AWC
11:40 Land managers roles David Peacock, PIRSA
11:50 Community engagement and opportunities for Jim Radford, Bush Heritage Aust

collaboration: Role of NGOs

Applying behavioural science for more effective

12:00 cat management interventions Lynette McLeod, UNE
12:10 Connecting communities- Feral scan Peter West, IACRC
12:20 Panel Discussion All

13:00 Lunch

Where do we want to be? Overview and priority setting

Break into Groups

Prioritise key areas considering benefits, costs,
feasibility and timeframe

What are the recommendations/ national
targets?
Report to the group

14:00 Stuart McMahon, All

17:15 Summary/ outcomes Stuart McMahon

17:25 Next steps John Tracey/ Julie Quinn

17:30 Close

Task for participants prior to the workshop:
What are the top 3 priorities for effective cat management?

Panel Discussions

Session speakers will be included on a panel for each theme. A facilitated discussion
with all workshop participants will focus on:

Where are the gaps/ common threads?

What are the most important areas for future work?
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Workshop proceedings

Why are we here? - Context and opportunities

Opening address

Gregory Andrews
Threatened Species Commissioner, Department of the Environment

Feral cats are one of the greatest threats to terrestrial Australian fauna. Minister
Hunt has made tackling feral cats a priority for both the Department of the
Environment and the Threatened Species Commissioner. In tandem with this, the
Minister has set the target of improving 20 mammal trajectories by 2020 and no more
extinctions post 2020. In order to achieve this, we need practical, on-ground action
that is supported by science.

The time for no-regrets science and action is now. We need tangible, achievable and
easy to understand targets to tackle feral cats in the short, medium and long
term. We need to bring the community along in this task and work in collaboration
to protect our threatened species.

10 Invasive Animals CRC



Strategic direction - policy and regulatory framework

Julie Quinn
Department of the Environment

Predation by feral cats is formally recognised as a key threatening process under the
Australian Government’s Environment Protection and Biodiversity Conservation Act
1999. The Australian Government has had a threat abatement plan since the mid-
1990s, which provides a national framework to guide and coordinate Australia’s
response to the effects of predation by feral cats on biodiversity. This recognition via
national environmental legislation is important as feral cats are generally not
considered as an agricultural pest.

The government has recognised the significant impact that predation by feral cats is
having on native fauna and made it a key priority to be addressed in a number of
government programs.

The impact of feral cats on biodiversity is also recognised nationally in other
documents such as the 2014 Mammal Action Plan. Victoria and New South Wales state
governments have recognised feral cats as a threatening process under their
legislation related to threatened species. Nationally agreed codes of practice and
standard operating procedures for feral cat management are other important
documents which guide appropriate and humane control methods.

There is a regulatory framework with both the Australian Government and state and
territory governments to ensure that control tools, including toxins and biocontrol
agents, are safe and appropriate for the environment and people. This is also the
case for feral cat control agents including the Eradicat® bait and the products in the
pipeline using PAPP, including the Curiosity® bait.

The policy framework underpins funding that is provided for on-ground action to
control feral cats or implement other actions to prevent predation on native fauna.
Currently funding can be provided by the Australian Government via the National
Landcare Programme and includes some resources that the Threatened Species
Commissioner is able to mobilise for specific projects, such as trialling the use of
guardian dogs to protect the eastern barred bandicoot. Regional natural resource
management groups are also able to direct National Landcare Programme funds to
projects that include feral cat management activities.

Beyond governments, non-government organisations who manage conservation lands
are able to support the national policy framework through their critical research and
on-ground management. Non-government organisations with an animal welfare
interest can advocate to ensure that feral cat management is as humane as possible.

2015 National Feral Cat Management Workshop Proceedings 11



Other conservation organisations can provide advocacy support for well-targeted and
effective policies and programmes. Research undertaken through all avenues
provides the backbone that informs government policies.

Regulation of pests occurs through state and territory legislation and, in some
instances, is supported by local government by-laws. Pest regulations vary between
jurisdictions regarding: the lead portfolio (primary industry, natural resource
management or environment); the way pests are categorised; the level of
management required; and who is responsible for that management.

For these and other reasons, the regulation of feral cats is highly variable across
Australia. In particular, feral cats are declared as pests in Queensland (class 2) and
the Northern Territory.

The Australian Government is keen to see feral cats declared as pests in all states
and territories to ensure there are no impediments to landholders and other land
managers undertaking control now or in the future when other tools are available.

12 Invasive Animals CRC



Draft national targets for feral cat management: Towards the
effective control of feral cats in Australia - targets with teeth

John C.Z. Woinarski®, Keith Morris® and Euan G. Ritchie®

* Threatened Species Recovery Hub of the National Environment Science Programme,
Charles Darwin University

® WA Department of Parks and Wildlife

© Centre for Integrative Ecology, School of Life and Environmental Sciences, Deakin
University

Summary

Feral cats have been present in Australia since soon after European settlement. They
are now numerous and pervasive across the continent, and occur on many islands.
Although they have been recognised as a Key Threatening Process to Australian
biodiversity under the EPBC Act since 1999, and there has been a Threat Abatement
Plan for them in place since 2008, there has to date been little progress towards
their effective management.

The challenges to effective control of feral cats in Australia are formidable. The
geographic scale of concern is immense; many potential control mechanisms (such as
trapping and shooting) typically have only superficial, transient and localised
benefits; design of effective baits has only recently progressed substantially; there
may be significant non-target impacts (including for threatened species such as
quolls) from such toxic baits; baiting programs may need to be sustained for many
years, and in many places need to also consider integration with control of foxes;
reduction in cat numbers may have unwanted consequences (increases in other pest
species, such as rabbits or introduced rodents); control programs will be expensive;
and there will be some community concern about cat control.

However, progress towards the effective control of feral cats will achieve marked
biodiversity benefits. Such control is likely to be substantially more efficient and
cost-effective, and produce more enduring outcomes, than alternative conservation
approaches based on intensive management for individual threatened species.

Here, we propose short-term (one year) targets towards the effective control of feral
cats in Australia. These targets are set within a broader contextual and long-term
(ca. 20 years) objective:

No further extinctions of Australian wildlife, and pronounced recovery (and
return to the wild) of at least 40 currently threatened animal species.
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The targets recommended here are designed strategically to help establish a robust
foundation for the decadal-scale campaign likely to be required to achieve enduring
success. This should not be taken to indicate that significant progress can be
achieved, if at all, only at glacial speed. Rather, explicit and dramatic short-term
targets set now are required to overcome inertia, to recognise that this is a problem
that should be confronted, to demonstrate that successful outcomes are possible,
and because the continuing existence of some threatened species requires immediate
action.

The targets proposed here are multi-dimensional, recognising that overall benefit
will arise most substantially from attention directed at complementary aspects of
this problem.

The 5 recommended immediate (one year) targets (some with subsidiary targets) are:

at least 10 animal species, currently most imperilled by feral cats, are
secured or recovered through intensive management (primarily through
networks of exclosure fencing);

feral cats are effectively managed in more than 1% of Australia (i.e. >75,000
km?);

0 programs have been commenced to eradicate cats from at least 5
biodiversity-significant islands within 5 years;

0 consultation is initiated to implement cat eradication programs for at
least 20 additional islands over the next 10 years;

0 a coherent policy framework and biosecurity management program is
developed to stop the introduction of cats to islands that are currently
cat-free;

o cat populations have been reduced by >80% across >10,000 km? of
Australia, through broad-scale cat-baiting programs;

0 cat populations and predation pressure have been reduced by >50%
across >20,000 km® of Australia through broad-scale trial
environmental management (e.g. fire) programs;

exemplary feral cat management programs are established and implemented
effectively on all Commonwealth lands, particularly conservation reserves
managed by Parks Australia;

a harmonised national approach is developed and implemented for the
management of stray and domestic cats;

a coherent set of priority research and monitoring programs is implemented,
aimed at allowing more effective and cost-efficient broad-scale management
of cats;
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o0 the economic costs of toxoplasmosis to livestock production, and the
extent to which the effective control of feral cats can mitigate these
costs, is determined;

0 research aimed at the development of more effective cat eradication
options is supported,;

o effective protocols are developed and applied for monitoring cat
populations, impacts and responses of cat-affected species to
management;

o the management implications of feral cat interactions with other
species (notably Tasmanian devils, dingoes, foxes and pest prey
species) are resolved through research and adaptive management
trials.

These targets are broadly consistent with, or complement, the objectives and actions
now being drafted in revision of the Threat abatement plan for predation by feral
cats.

Note that another possible national target - an annual tally of the total number of
feral cats culled - is not recommended because (i) it focuses on activity rather than
on conservation outcomes, (ii) it would be extremely difficult to measure reliably,
(iii) (given rapid recruitment) it would not well indicate the extent to which the
overall population size of feral cats is reduced, (iv) it may encourage a far more
scatter-gun than strategic approach to the problem, and (v) it may unhelpfully alarm
that section of society sympathetic to cats and with animal welfare concerns.

Background
Rationale - the need for action

Much Australian biodiversity is in decline. This has been shown most recently and
starkly in the comprehensive review of the fate of the Australian mammal fauna
since European settlement: this concluded that between 28 and 30 Australian
mammal species (more than 10% of that fauna) had been rendered extinct since the
1840s, that the rate of extinction (of 1-2 mammal species per decade) was continuing
unabated, and that very many mammal species were now threatened and/or
declining rapidly (Woinarski et al. 2014). That review concluded that predation by
feral cats was the factor responsible for the most extinctions, and for most current
declines, in the Australian mammal fauna. It also concluded that the single action
that could provide the greatest benefit for the conservation of the Australian
mammal fauna was the effective control of feral cats. Without such control,
conservation efforts directed towards many to most threatened land mammals are
likely to be severely constrained, piecemeal and cost-ineffective, and may deliver
benefits that are only short-term. Although the evidence is strongest for cat impacts
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upon native mammals, predation by feral cats is also likely to be a primary threat for
some threatened bird and reptile species (Doherty et al. 2015), such as the western
ground parrot.

In addition to causing ongoing decline in many species, feral cats have also inhibited
or prevented many attempted reintroduction and other recovery efforts, rendering
those investments an ineffective and frustrating use of the limited resources
available for conservation (Christensen and Burrows 1994). One of the notable
conservation success stories for Australian mammals, the recovery of many species
associated with a sustained large-scale fox-baiting campaign in south-western
Australia (Western Shield), may now be jeopardised by a resulting increase in cat
predation, with reversals again for several mammal species that had previously been
recovering (Marlow et al. 2015).

The impacts of predation by feral cats are profound. But feral cats may also pose
significant detriment through spread of disease to Australian wildlife (and to
livestock and humans). Cats are the primary vector (the definitive host) for
toxoplasmosis (Fancourt and Jackson 2014), with spread to many native mammal and
bird species through contact with food, soil or water contaminated with infective
oocysts that are shed by cats in their faeces. The lethal and sub-lethal consequences
of toxoplasmosis to Australian wildlife are poorly resolved, but may be substantial.

Challenges: impediments that constrain progress

The control of feral cats is a difficult problem. In part, this is because of
characteristics of the cats themselves, because of societal attitudes, because of
limited knowledge, and because of potential detrimental environmental
consequences of some cat control mechanisms.

Feral cats are now pervasive and abundant, in all environments, across the Australian
mainland and on many islands. Eradication on the mainland is not feasible in the
foreseeable future. This recognition is mutually reinforcing, as the problem may be
seen to be intractable and hence not worth investing in. However, effective control
of feral cats over large mainland areas may now be possible.

Unlike some other threats to biodiversity, feral cats were considered until recently to
pose little or no threat to agricultural productivity or other community values, so the
ability to draw on resources for their management is relatively limited. (However,
recent reports from Tasmania have indicated some at least localised cases of major
losses of lambs due to toxoplasmosis.) Furthermore, given the popularity of pet cats,
there may be antipathy from some sections of the community towards cat control
generally, and some control options specifically. Around settled areas, there may be
ongoing recruitment to the feral cat population from stray and pet cats, and
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population increase arising from the deliberate or untargeted provision (e.g. rubbish
dumps) of food and other resources.

Feral cats have a flexible ecology and an extremely broad diet. This helps drive their
ecological impact as they can kill and consume all individuals of a species in an area,
causing local extinction, and then readily shift to another prey item without lasting
consequences to their own population. A broad diet, and wariness, also means that
they may take baits (or enter traps) only when little other food is available,
constraining options for broad-scale control (Algar et al. 2007). Cats also have a high
reproductive output, meaning that individual control measures that simply reduce
local population size may have only short-term benefits. Some studies have indicated
that individual cats may hunt selectively and particularly effectively on individual
threatened species, such that reduction in feral cat populations in an area to even
very low numbers may be insufficient to provide protection to that threatened
species (Christensen and Burrows 1994; Frank et al. 2014). We don’t yet know
whether there are ‘safe’ thresholds of feral cat density below which their impacts
upon threatened species are negligible - or more likely, these thresholds will differ
between different threatened mammal species.

Available control mechanisms for feral cats have some significant limitations.
Shooting, trapping and hunting with trained dogs are likely to be effective only in
circumscribed sites that can and need to be intensively managed, such as on small
islands or at sites used for the establishment of exclosure fencing. Such predator
exclosure fencing is effective for the protection of many threatened mammals highly
susceptible to cat predation, but establishment (ca. $20-40,000/km) and ongoing
maintenance costs dictate that such exclosures will be relatively small scale.

Baiting is more likely to be effective over larger areas, but is unlikely to kill all cats
in the baited area. Whatever the control mechanisms, it will need to be sustained
over multiple years because of the high rate of cat recruitment and (except on
islands) immigration from adjacent areas; and some control methods may have
diminishing efficacy over years. There are also substantial costs associated with
current cat control options - for example, an aerial baiting program to control feral
cats over an area of 2500 km? costs about $60,000 per year.

There are also concerns about direct mortality of threatened species (such as
northern quoll) from cat baits in some regions. Dingoes are also susceptible to baits
laid for feral cats: this raises some Indigenous cultural concerns and also may render
the baiting counter-productive, with any reduction in dingo numbers potentially
leading to increases in cat abundance.

In some situations, control of feral cats may also bring detriment for threatened
species and other values, if such control results in subsequent increase in pest
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species (such as rabbits or introduced rodents) that are currently limited by cat
predation.

Current action and progress

A Threat Abatement Plan sets the broad framework for the management of feral cats
in Australia (Department of the Environment, Water, Heritage and the Arts 2008).
That Plan is currently being revised. However, there has been relatively little
progress of actions to date, with little previous resourcing and little coherent
national implementation. This is the case even for Commonwealth lands, for which
the Environment Protection and Biodiversity Conservation Act 1999 stipulates that
Threat Abatement Plans must be implemented.

A 2006 review concluded that annual control operations of feral cats across Australia
then comprised a total area of about 34 km* (Reddiex et al. 2006). It is likely to have
increased substantially since, but no national tally is maintained.

However, there have been some significant achievements. Many Australian islands
have very high conservation values and eradication of threats is far more feasible on
islands than on mainland regions. Feral cats were eradicated from Hermite Island
(Montebello group; 10 km?®) in 1999, from Macquarie Island (128 km?) in 2001, and
Faure Island (51 km?) in 2002. There are current programs aimed at eradication of
feral cats on Christmas (135 km?), Dirk Hartog (586 km?), and West (Pellew group:
134 km?) Islands. Substantial biodiversity benefit has been demonstrated as a
consequence of localised control of feral cats on Christmas Island and, after
subsequent eradication of other pest species, on Macquarie Island.

However, feral cats remain present on at least 50 Australian islands (Abbott and
Burbidge 1995), and cats have continued to be introduced to previously cat-free
islands (Woinarski et al. 2011). Biosecurity programs are inadequate for all but a few
islands.

Over recent decades, cat-free islands have been used very successfully as
translocation sites for many threatened Australian mammals, and such actions have
prevented extinction and allowed recovery for some species, such as the mala
(Langford and Burbidge 2001). However, translocation to islands is not a feasible
option for some threatened species, not all islands are suitable for translocation, and
marooning of threatened species on islands may best be seen as a necessary
stepping-stone (towards eventual successful return to previous mainland range)
rather than a conservation end-point.

More recently, ‘mainland islands’ (sites at which otherwise pervasive threats are
excluded or otherwise intensively controlled) have become a major focus for
conservation effort for threatened mammals. About 30 such predator-proof
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exclosures have now been established in Australia. The most notable examples
include four sites maintained by the Australian Wildlife Conservancy (with total area
of 171 km? and largest exclosure of 80 km?), Arid Recovery (with total predator-
exclosure area of 60 km?), WA Parks and Wildlife’s Matuwa (Lorna Glen) (predator-
exclosure area of 11 km?) and Perup Sanctuary (4 km?), and Mulligan’s Flat Woodland
Sanctuary (predator-exclosure area of 4.5 km?). These programs have demonstrated
remarkable recovery of many threatened mammal species when feral cats (and
foxes) are excluded.

There has been some substantial recent progress with development and trialling of
baits specifically targeting feral cats, most notably the Eradicat® and Curiosity baits.
Some larger-scale (1000 km? programs using these baits are now being
implemented, notably including at Matuwa (Lorna Glen) and Fortescue Marsh in the
Pilbara region, with results demonstrating substantial reduction in feral cat numbers
(e.g. 85% mortality at Fortescue: Clausen et al. (2014)) to levels that allow the
persistence of some, but not all, threatened mammal species. However, it is likely
that baiting programs may vary appreciably in their effectiveness depending upon
seasonal conditions and prey abundance.

Environmental management may have a key and more cost-effective, enduring and
large scale role to play in cat control. Recent studies in the Kimberley have
demonstrated that feral cats select extensively burnt areas for foraging, and that
their impact upon native mammals is much higher in such areas than in unburnt areas
and in areas burnt with a fine-scale mosaic (Leahy 2013; McGregor et al. 2014),
probably because the extensively burnt areas provide less protective shelter (such as
hollow logs and dense grass) and fewer food resources for native mammals (so they
must forage for longer and take more risks). Accordingly, in mainland regions now
subject to frequent fire, improved fire management may allow threatened species to
persist or recover even in the absence of targeted cat control. Over-grazing (by
livestock and feral animals) may similarly lead to increased predation impacts.

Another environmental management option relates to interactions (‘trophic
cascades’) amongst predator species. Mainland Australia’s apex predator, the dingo,
regulates to some extent the abundance and impacts of foxes and feral cats (Letnic
et al. 2012). Broadly, a higher abundance of dingoes leads to less impact on
threatened fauna from foxes and cats, and less overall predation impact. However,
dingoes (and wild dogs) are currently subject to broad-scale control programs in
many (pastoral) parts of Australia. An increase in dingo numbers in such areas is
likely to benefit some threatened mammal species. Some current research trials
indicate that the undesirable consequences to pastoralists of any increase in dingo
abundance may be mitigated effectively and cost-efficiently by use of guardian dogs
(Van Bommel and Johnson 2012). Comparably, a strategic reintroduction of
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Tasmanian Devils to some mainland areas may cause a decrease in the abundance
and impacts of feral cats, and hence provide a net benefit for some threatened
species.

Response: target options

Here, we recommend a multi-dimensional approach to achieving substantial
conservation benefit through the management of feral cats and of species affected
by feral cats. We emphasise that control of feral cats is a means to an end
(biodiversity conservation), so targets should not focus solely on cats themselves, but
also on the management of cat-affected threatened species and on securing areas
not currently occupied by cats.

Accordingly, we do not recommend a numerical cull target, such as an annual tally of
the total number of feral cats killed. We advise against such a target because (i) it
focuses on activity rather than on conservation outcomes, (ii) it would be extremely
difficult to measure reliably, (iii) (given rapid recruitment) it would not well indicate
the extent to which the overall population size of feral cats is reduced, (iv) it may
encourage a far more scatter-gun than strategic approach to the problem, and (v) it
may unhelpfully alarm that section of society sympathetic to cats and with animal
welfare concerns.

For the set of targets we propose, we recommend a longer-term (ca. 20 years)
objective that sets broad context:

No further extinctions of Australian wildlife, and pronounced recovery (and
return to the wild) of at least 40 currently threatened animal species.

The enhanced management of feral cats will make a substantial contribution to this
goal, probably more so than any other single factor.

Substantial and enduring conservation benefits for cat-affected threatened species
will be achieved only with a coherent, long-term and strategic program. Short-term
(one year) targets are necessary to provide impetus and direction to that program, to
demonstrate commitment, and to allow an assessment of progress. However, they
need to be encapsulated within longer-term commitments that allow continuity of
management actions.

Here, we propose a series of complementary one-year targets that are achievable,
measurable and, if implemented, will deliver significant conservation progress. These
targets can readily be expanded in a strategic manner in subsequent years. These
targets are described below.
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TARGET 1. At least 10 animal species, currently imperilled by feral cats, are
secured or recovered through intensive management. This should be done
particularly through networks of exclosure fencing, but also including captive
breeding, translocation and intensive baiting.

Rationale: Longer-term programs aimed at increasing the landscape-scale
control of feral cats may come too late for highly imperilled species (such as
bridled nailtail wallaby, western ground parrot, mountain pygmy-possum,
Gilbert’s potoroo, numbat, red-tailed phascogale, woylie and others): to avert
extinction, these species need immediate attention. Some of these species
are currently the subject of conservation management actions (in some cases
based on recovery plans), but some of these programs are tenuous and need
further support.

Options: The number of target species and the size and number of predator-
proof exclosures can be varied, but a target of 10 species in a one-year
timeframe is tractable.

TARGET 2. Feral cats are effectively managed in more than 1% of Australia (i.e.
>75,000 km?).

Rationale: This target provides a national indicator that can be readily
increased and monitored over longer time frames. The initial target may
appear unambitiously small, but this level highlights the extent of the
problem.

Options: The only previous available national estimate for the extent of active
feral cat control operations for Australia is that of 34 km? (Reddiex et al.
2006), or a nugatory 0.0004% of the Australian landmass. With the dedicated
increase (described in the following subsidiary targets) in the area of predator
exclosures, island eradications, broad-scale baiting and broad-scale
environmental modification programs aimed at reducing cat impacts, this
proportion could be increased readily to 0.2%. Inclusion of currently cat-free
islands for which enhanced biosecurity measures could be implemented would
increase the area to ca. 1% (i.e. 76, 920 km?).

Target 2a. Programs have been commenced to eradicate cats from at least
5 biodiversity-significant islands within 5 years.

Rationale: Many Australian islands have very significant conservation values.
However, on some islands these values are being jeopardised by feral cats.
Eradication of cats on islands is far more feasible than on mainland areas.

2015 National Feral Cat Management Workshop Proceedings 21



Options: The number of islands and the time period for eradication programs
can be varied, but the suggested values are realistic. Note that there are
current control programs at various states of progress for four islands.

Target 2b. Consultation is initiated to implement cat eradication programs
for at least 20 additional islands over the next 10 years.

Rationale: Feral cats are present on at least 50 Australian islands. Control
programs may need to have substantial consultative periods. Note that islands
should be prioritised based on biodiversity value and tractability of
eradication (Dickman et al. 2010). Consultation will need to involve relevant
land-owners, state agencies and other stakeholders.

Options: The number of islands and the time period for eradication programs
can be varied, but the suggested values are realistic.

Target 2c. A coherent policy framework and biosecurity management
program is developed to stop the introduction of cats to islands that are
currently cat-free and to increase biosecurity programs for islands of
particular conservation significance.

Rationale: Cat-free islands offer a diminishingly small haven for many
threatened species, and there is currently no consistent national approach for
retaining their cat-free status. Note that this target will require consultation
and coordination with state and territory governments and other relevant
stakeholders.

Options: The present ad hoc approach could be retained, or left to different
jurisdictions to act individually, but a coherent national approach would
better highlight the issue. In some cases, legislative change may be required.

Target 2d. Cat populations have been reduced by >80% across >10,000
km?, through broad-scale cat baiting programs.

Rationale: There has been considerable recent progress with the design of
baits and baiting protocols, but there remain unresolved issues about the
optimal scale, sustainability, longer-term effectiveness at reducing cat
abundance to acceptably low levels, cost-efficiency, non-target impacts, and
net biodiversity benefits. These issues can be addressed only with well-
designed large-scale management trials that are closely monitored. Large-
scale baiting programs may offer the most practical short- to medium-term
option for increasing the area in which cats are intensively controlled beyond
the small area of more expensive cat exclosures and islands. Note that baiting
programs would need to operate over at least several years to allow
assessment of efficacy. Note also that there are at least two current such
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baiting trials, in the Pilbara. Note that implementation of such programs will
need to be complemented by careful monitoring of impacts upon cat numbers
and on threatened species.

Options: The number of management programs and the area over which they
are implemented can be varied, but the suggested values are realistic. Note
that this action focuses on mainland areas, but could reasonably also include
large islands (Tasmania, Groote Eylandt).

Target 2e. Cat populations and predation pressure have been reduced by
>50% across >20,000 km? through broad-scale trial environmental
management (e.g. fire, native predator) programs.

Rationale: Management of fire (to reduce the extent of intensively-burnt
areas) and dingoes (to restore populations to areas in which they have been
substantially reduced) - and possibly livestock and feral herbivores - may offer
the only immediately available cost-effective mechanism to reduce the
impacts of feral cats over very large areas. However, while there have been
some limited, brief and localised studies that indicate that these approaches
may be beneficial to some cat-affected threatened species, proof-of-concept
is required over larger areas and longer periods. Note that implementation of
such programs will need to be complemented by careful monitoring of
impacts upon cat numbers and on threatened species.

Options: The number of management programs and the area over which they
are implemented can be varied, but the suggested values are realistic.

TARGET 3. Exemplary feral cat management programs are established and
implemented effectively on all Commonwealth lands, particularly conservation
reserves managed by Parks Australia.

Rationale: The EPBC Act (s. 269) stipulates that the Commonwealth must
implement a threat abatement plan to the extent to which it applies on
Commonwealth land. However, to date there has been little or no effective
implementation of the feral cat threat abatement plan (or any other effective
management of feral cats) on any Commonwealth lands. Use of this target
would indicate national conservation leadership and help provide for the
recovery of threatened species on Commonwealth lands, particularly
conservation reserves.

Options: The target could be restricted to Commonwealth-managed
conservation reserves, or could be phrased to provide more explicit
guantitative outcomes.
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TARGET 4. A harmonised national approach to the management of stray and
domestic cats is developed and implemented.

Rationale: Around settled areas, the population of feral cats is supported by
provision of food sources and recruitment from pet and stray cats; and pet
and stray cats cause at least localised biodiversity impacts. However, there is
no coherent management of pet and stray cats across local and
state/territory governments, and many cat owners have little awareness of
these impacts, or of the extent of the conservation problem imposed by feral
cats more broadly. There is likely to be little community support for
ambitious programs aimed at the extensive management of feral cats unless
that awareness is increased.

Options: The extent to which pet and stray cats contribute to the national
population of feral cats is poorly resolved, and it may be that this issue is
relatively insignificant, so this target may be less important than others.

TARGET 5. A coherent set of priority research and monitoring programs is
implemented, aimed at allowing more effective and cost-efficient broad-scale
management of cats.

Rationale: There have been substantial recent advances in the knowledge of
feral cat ecology and management, and in development of baits and baiting
protocols, but there are still some major knowledge gaps that significantly
impede management. The set of research and monitoring programs proposed
here represents the priority actions that can most enhance knowledge of the
role and impacts of feral cats and of our ability to manage them more
effectively.

Target 5a. The economic costs of toxoplasmosis to livestock production,
and the extent to which the effective control of feral cats can mitigate
these costs, are determined.

Rationale: Societal attitudes to cats are complex. A demonstration of
significant economic detriment to agricultural production due to feral cats
may help refine those attitudes, and provide some impetus for ongoing
resourcing of cat control.

Options: This target does not relate directly to biodiversity conservation, so
may be inappropriate to include here.

Target 5b. Research aimed at the development of alternative more
effective cat eradication options is commenced.
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Rationale: The currently available cat control options are impractical to apply
at national scale, so will never entirely resolve the conservation problem
posed by feral cats. Such continental scale control is likely to require a
biocontrol agent; however, the development and trialling (to ensure no
undesirable non-target impacts) of any such agent may take decades.

Options: It may be inappropriate to include a consideration of a longer-term
research program within a package of short-term targets.

Target 5c. Effective protocols for monitoring cat populations, impacts and
responses of cat-affected species to management are developed and
implemented.

Rationale: There is no reliable estimate of the feral cat population in
Australia, or in local areas; and few estimates of the effects of management
actions on the population size or viability of cats (or cat-affected native
species) in managed areas. Furthermore, these variables may be substantially
influenced by seasonal conditions. Without more reliable and consistent
protocols, it will be difficult to evaluate alternative options for cat
management or to measure the extent of success of imposed management
actions.

Options: There may be no pressing need for a national population estimate for
feral cats, or for nationally consistent protocols for assessment of local
population size or impact, or of responses to management.

Target 5d. The management implications of feral cat interactions with
other species (notably dingoes, foxes and pest prey species) are resolved
through research and adaptive management trials.

Rationale: Management focus solely on feral cats may come at considerable
risk if there are undesirable ecological reverberations of cat control (such as
consequential increases in rabbits or introduced rodents). Furthermore, across
much of Australia, both feral cats and foxes exert considerable and additive
predation pressure on many threatened species, and management directed
only at one of these pest species may have net detriment if predation
pressure due to the other species increases. Note that some research on
interactive management of foxes and cats is currently being undertaken in SW
Australia.
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Impacts

Background

Peter Fleming
Vertebrate Pest Research Unit, NSW Department of Primary Industries.

What are the impacts of feral cats on ecosystems? Depending on viewpoint, feral cats
are perceived to have positive and negative impacts. A third possibility is functional
neutrality, where cats are present but have no significant impact: this is obvious but
often forgotten in the rush to ‘do something’ about cats. In this session, we will be
concentrating on the negative impacts of feral cats on environmental and agricultural
values, but should keep in mind possible indirect negative impacts on human health
and neutral impacts.

Underlying any decision-making about cat management is the determination of the
relationship between the density of cats and the quantity of corresponding impact
(Figure 1).

Impact

Density

Figure 1. Theoretical density:impact functions describing the negative impacts of feral cats
on native wildlife populations. In the simplest function, line A, the impacts increase linearly
in proportion to increased density of feral cats. In B, impacts reach saturation at some level
of cat density, and line C describes situations where cats have no impact until a threshold is
reached, after which the response follows the trajectory of B. The effort required to stop or
mitigate wildlife population decline differs between functions and the functions likely differ
between ecosystems.
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We must understand that relationship, or at least that it is as-yet undetermined,
when making decisions about resource allocation. If predation by feral cats is the
agent threatening a particular value we wish to conserve, then we must estimate
how much effort is required to suppress their populations or their ability to access
that value. We should also think about extinction theory (see: Tracey, “Is the
eradication of feral cats feasible? An introduction”, below) when deciding what
management objectives, from eradication through to retaining the status quo (i.e. by
doing nothing), are feasible.

If we do not invest the minimum effort required to make our desired and measurable
outcomes feasible, any investment in feral cat control becomes a waste of money
and effort. In the absence of the minimum necessary effort, we simply promote
failure and angst by making negative outcomes inevitable. However, we have the
capacity to both qualify and quantify the impacts of cats. Then we have the choices
of doing nothing, doing something or doing something useful. We are well placed to
make judgements about where effort is best expended and to do something useful.

To focus on why we manage feral cats, papers of this section outline some negative
impacts (Chris Dickman and Pip Masters), and demonstrate a prioritisation support
tool to assist allocation of resources for cat management (Chris Dickman).
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Environmental impacts of feral cats

Chris R. Dickman
Desert Ecology Research Group, School of Biological Sciences, University of Sydney,
NSW 2006, Australia

Abstract

Feral cats have been present in the Australian environment since the nineteenth
century and have been linked to the early extinction of several species of small
mammals prior to 1900. Contemporary evidence for the negative impacts of feral
cats on native wildlife derives from several different sources, including the results of
dietary studies, monitoring the effects of introducing cats to (or removing cats from)
islands, from failed attempts to reintroduce native mammals and birds to sites where
cats occur, and from controlled and replicated experimental studies. Taken together,
this body of evidence confirms that feral cats have negative impacts via direct
predation on populations of native fauna in the Australian region. As well as
predation, feral cats may have additional or interactive effects on wildlife by
competing with them, by acting as disease vectors or by exerting diverse indirect
effects that flow from altering prey behaviour or from removing ecologically
important species so that the services they provide can no longer be performed.
Mammals weighing up to 220 g and ground-active birds are probably most adversely
affected by predation from feral cats, but larger mammals, reptiles and other prey
cannot be assumed to be immune. More research is needed to quantify the direct and
indirect impacts of feral cats using appropriate experiments.

Introduction

House cats (Felis catus) were introduced to Australia by early European settlers and
began to establish feral populations that were independent of people during the
nineteenth century. Historical evidence implicates feral cats in the disappearance of
several species of native small mammals around the middle and later part of that
century, with species inhabiting open, arid and semi-arid environments being most
severely affected. The potential effects of feral cats on contemporary fauna were
not a prominent part of conservation thinking until the 1990s when concerns again
began to resurface. Here, | review very briefly the different lines of evidence
suggesting that feral cats can have damaging effects on native wildlife in Australia.
The account draws heavily on Dickman (1996) and Denny and Dickman (2010) and the
studies cited therein, but selectively notes more-recent work as appropriate.
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Dietary evidence

Feral cats have been shown recently to hunt and eat at least 400 species of
vertebrates throughout continental Australia and its offshore islands, including 28
species listed as threatened on the IUCN Red List, as well as many species of
invertebrates (Doherty et al. 2015). Rabbits (Oryctologus cuniculus) are staple prey
where available, but are replaced by dasyurids and native rodents where rabbits are
scarce or absent. Longitudinal studies show further that the diet of feral cats
changes with weather conditions or on a seasonal or longer-term basis depending on
environmental productivity and shifts in the availability of different types of prey
(Yip et al. 2014, 2015). In general mammals weighing 220 g or less appear to be
preferred (Spencer et al. 2014), but larger mammals, birds and reptiles also may be
taken disproportionately from the available prey base. There is increasing evidence
that some cats develop individual specialisations for particular prey types, and attain
their highest hunting success when pursuing these prey (Dickman and Newsome
2015). Despite these observations, dietary studies alone cannot provide unambiguous
evidence of cat-impact at the level of prey populations. This is because cats may be
taking prey individuals that are part of the 'doomed surplus' or because prey increase
their rate of reproduction to compensate for individuals that are removed. Thus,
unless cats can be shown to have depressive effects at the population level of prey,
assertions about cat-impact that are based on dietary studies alone should be viewed
with caution.

Evidence from cat removal or addition experiments

Islands are often viewed as biological laboratories, and introductions of cats to
islands (whether accidental or deliberate) have provided opportunities to examine
the effects on prey populations. In general, the results have been disastrous for small
mammals and birds, with populations of many species declining to low numbers or
extinction within months of years of the arrival of cats. Impacts have been
particularly heavy on small, ground-active species that had limited access to rock
piles or other forms of shelter (Burbidge and Manly 2002). Cats have been
successfully eradicated from several islands as part of broader conservation
measures, and these have alleviated impacts on susceptible prey and allowed their
populations to recover. Although recoveries of native species are the usual targets
for management, cat-removal from islands has led to unwanted irruptions in non-
native species (e.g. Bergstrom et al. 2009). Such manipulations provide reasonable
evidence for cat-impacts. However, because cat-additions to islands, or removals
from them, are almost always unreplicated and lack control sites where cats remain
unmanipulated, they do not provide unequivocal evidence about cat-impacts.

Stronger inferences about cat-impacts can be drawn from controlled experiments and
also from meta-analyses. For example, Short et al. (1992) showed that only 8% of
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reintroduction attempts involving macropodid marsupials succeeded in establishing
viable populations if predators (feral cats and red foxes Vulpes vulpes) were present,
whereas 82% were successful if they were absent. Cats alone were linked to the
failure of two of 11 reintroduction attempts and to the failure of another four if
canid predators also were present. Broadly similar results have been obtained in
reintroduction attempts involving potoroid and peramelid marsupials and birds.

Controlled manipulations of cat abundance have been seldom attempted, in large
part owing to the logistical difficulties associated with maintaining treatment effects
and simultaneously monitoring prey populations in both experimental and control
sites. However, three examples can be cited. Firstly, Frank et al. (2014) introduced
the native rodent Rattus villosissimus to two paired enclosures in savanna habitat in
the Northern Territory that were either exposed to or protected from cats. Even
though cats were present at low density (<0.03 km), they extirpated rats in the two
cat-exposed enclosures within 3-16 months, whereas rats in the absence of cats
persisted for the duration of the study (18 months). Secondly, Mahon (1999) removed
both cats and foxes from two areas in the north-eastern Simpson Desert and recorded
a 3-fold increase in numbers of the native mouse Pseudomys hermannsburgensis in
these areas compared with the numbers in control sites. Although both cats and
foxes were manipulated, the increase in mouse populations was most likely due to
the removal of cats as P. hermannsburgensis featured about three and a half times
more prominently in the diet of the cat than the fox. Thirdly, working at Heirisson
Prong in Western Australia, Risbey et al. (2000) showed that feral cats increased in
abundance after experimental removal of foxes, and that this led in turn to much
lower numbers of the native ash-grey mouse (Pseudomys albocinereus) than in non-
manipulated control areas. These studies together confirm that feral cats can, and
do, have strongly negative effects on small native vertebrates, and that predation is
the major process driving this impact.

Other evidence of cat-impact

Although most research has focused on the predatory impacts of feral cats, there is
some speculation that cats compete with native animals for food or shelter.
Predatory birds, goannas, some snakes and quolls all overlap in diet with feral cats,
and quolls also are likely to use similar shelters to feral cats in some habitats. Cats
also act as hosts for several parasitic and disease-causing organisms that may affect
other vertebrates. Toxoplasma gondii, a protistan parasite that can cause lethargy,
poor coordination and eventual death in a wide variety of vertebrate hosts, is the
most well-known pathogen carried by cats, but other organisms such as the
tapeworm Spirometra erinacei may also cause chronic symptoms and death.
Sarcocystis is another genus of cat-borne protistan parasite that affects many
mammals and is of potential concern for producers of livestock such as pigs and
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sheep. Despite the potential ubiquity of these cat-impacts, there has been almost no
research to quantify how pervasive they are and whether they affect any species at
the population level. Such research should be a priority in future.

Indirect impacts

Feral cats may affect other species in a variety of non-obvious ways such as by
scaring them and restricting their access to necessary resources (i.e. the 'landscape
of fear' effect) or by reducing populations of ecologically important species such as
ecosystem engineers, pollinators or seed dispersers to such low levels that they no
longer perform their ecological services. Although most such effects are likely to be
negative, feral cats may have indirectly beneficial effects on native wildlife if they
keep populations of pest species (e.g. rabbits, introduced mice or rats) in check. As
with some of the direct effects that feral cats exert, however, there has been little
quantification of the ubiquity or strength of indirect impacts, and this remains a
topic of much interest for future research.

In summary, different sources of evidence confirm that feral cats have negative
impacts on populations of native fauna in the Australian region. Direct predation is
the major process involved, but cats may have additional or interactive effects on
wildlife by competing with them, by acting as disease vectors or by exerting diverse
indirect effects. Mammals weighing up to 220 g and ground-active birds are probably
most adversely affected by predation from feral cats, but larger mammals, reptiles
and other prey cannot be assumed to be immune. More research is needed to
guantify the direct and indirect impacts of feral cats using appropriate experiments.
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Impacts of diseases spread by cats (Felis catus) on agriculture

Pip Masters
Kangaroo Island Natural Resources Management Board

The greatest economic impact of cats (Felis catus) on agriculture is caused by the
spread of two protozoan parasites: Toxoplasma gondii and Sarcocystis gigantea
(O'Callaghan et al. 2005). Both of these parasites impact heavily on the sheep
industry and are found in many sheep-producing countries around the world
(O’Donoghue 1978). In Australia, cats are the only primary host in which these
parasites reproduce sexually (Munday 1975; O'Donoghue and Ford 1986; Jones et al.
1997).

Toxoplasma gondii

Toxoplasma gondii causes foetal re-absorption or abortion in pregnant ewes, or the
birth of stillborn or weak lambs. Cats play the largest role in the transmission of T.
gondii, being the only animal capable of excreting environmentally resistant oocysts
(a cyst containing a zygote) in their faeces (Dubey 1995, 1996). However, there is a
wide range of intermediate hosts, including the sheep, where asexual reproduction
can occur. Sheep can become infected by ingesting the oocysts which are shed in the
cat’s faeces, or through trans-placental infection when a foetus becomes infected
during gestation.

The prevalence of infection is generally greater in cool temperate regions of
southern Australia compared to the northern or central areas of Australia (Dickman
1996; Smith and Munday, 1965). Within South Australia infection rates were spatially
variable with infection rates much higher on Kangaroo Island than in other similar
areas of the state. O'Donoghue et al. (1987) proposed that this was possibly due to
the relatively high abundance and widespread distribution of feral cats on the island.

Other variables impacting the development of Toxoplasmosis include lowered
immunity, stress related conditions, environmental, physiological or population based
stressors, or intercurrent disease states. Nutritional and weather stresses were
considered possible factors causing latent Toxoplasma infection to become clinically
obvious and subsequently fatal (Obendorf and Munday 1990; Oryan et al. 1996).

Sarcocystis gigantea

Sarcocystis protozoans are present as parasitic cysts in herbivores and as microscopic
protozoa in the intestinal walls of carnivores. There are a range of Sarcocystis
species, but the one that is spread only by cats and has great economic impact on
the sheep industry is Sarcocystis gigantea.
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Sarcocystis gigantea causes large white cysts to develop in the meat of infected
sheep. The meat is then classified as unsuitable for consumption, and trimmed at the
abattoir. Heavy infestations can result in entire carcasses being condemned. The
increased handling cost and loss of trade causes direct economic loss to the meat
industry (O’Donoghue and Ford 1986). The cost to the industry is not available using
today’s values but in 1986 the estimated cost to South Australia was $670,000 based
on the calculation that sheep infected with the disease will be, on average, worth
half the value of those not infected (O’Donoghue and Ford 1986). Similarly the
disease has been found to be highly prevalent in Tasmania and New Zealand (Munday
1975; ODonohue 1978). Abattoir figures, supplied by the Australian Department of
Agriculture, showed that in 1972/73 the condemnation rate of infected sheep was 6
times greater in Tasmania than in New South Wales, Victoria or South Australia
(Munday 1974).

The Sarcocystis life-cycle requires two hosts: an intermediate host, the sheep, and a
definitive host, the cat (Ford 1986). Sheep become infected by consuming pasture
contaminated with cat faecal matter. The sporocyst then hatches in the sheep’s
intestine and burrows through the intestinal wall, entering the blood stream and
eventually forming a cyst in the muscle tissue. The cat becomes infected as a result
of consuming cysts in the sheep meat. The cysts rupture in the cat’s intestine and
then spread from the cat in the faeces. The sporocysts can survive for up to a year on
the ground with some evidence suggesting that survival may be influenced by
temperature, humidity and ultraviolet light (McKenna and Charleston 1992, 1994).

Future directions

Cats are necessary for the maintenance and transmission of Toxoplasma gondii and
Sarcocystis gigantea, and it is likely that areas with higher densities of cats are
presenting higher levels of disease but the relationship between disease prevalence
and cat density is not clear. In addition, other variables including climate, ground
cover, and farm management practises have all been suggested as possible
contributors to the higher rates of Toxoplasmosis and Sarcosporidiosis in sheep. A
better understanding of the factors that contribute to the prevalence of these
diseases is needed to assist industry mitigate against the disease effects. This could
be achieved through more carefully designed studies that consider the cat density,
farm practices and environmental variables in relation to the prevalence of
Toxoplasmosis and Sarcosporidiosis in sheep.
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How to prioritise impacts of feral cats

Chris R. Dickman® and Tony Buckmaster®

"Desert Ecology Research Group, School of Biological Sciences, University of Sydney,
NSW 2006, Australia

®lnvasive Animals Cooperative Research Centre, University of Canberra, Bruce, ACT
2617, Australia

Abstract

At present the negative effects of the feral cat (Felis catus) on native wildlife
species can be mitigated only at the local level by costly and labour-intensive
methods such as shooting and exclusion fencing and, in some situations, poison
baiting. Because the impacts of cats are pervasive and continent wide, we therefore
need a process that allows strategic allocation of resources to sites of most value.
'Value' is not fixed, and may be viewed differently by different stakeholders. For
example, sites with particular species that are highly threatened by feral cats may
be considered valuable from a species-recovery perspective, sites with multiple
species at lower risk could be valuable as biodiversity hotspots, and sites with
livestock or other agricultural assets may be valued for these resources. Using a
threatened species perspective, we outline a simple system—a decision tool—that
identifies wildlife species that are most at risk from feral cats, and allows mapping of
threat intensity at bioregional and local scales. The decision tool, developed in 2010,
allows information about threats to be added adaptively as further information is
received. Used in conjunction with knowledge of the wildlife species that are to be
protected and resource allocation methods such as structured decision making, clear
decisions can be made about when and where to implement effective cat
management.

Introduction

The feral cat (Felis catus) is widely regarded as a key threat to native wildlife in
Australia and many other parts of the world. Recent studies in Australia indicate that
feral cats include at least 400 species of vertebrates in their diet, including 28
species that are on the IUCN Red List (Doherty et al. 2015). Despite the pervasive
nature of its impacts, we have no effective means of controlling the feral cat over
large areas; its impacts at present can be managed only in specific sites or over small
areas via costly and labour-intensive methods such as shooting, trapping, exclusion
fencing or, in some situations, poison baiting. Until broad-scale means of reducing
the impacts of feral cats are available, it is likely that resources will need to be
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allocated strategically to key areas at critical times when cat-impacts are judged to
be most damaging.

In considering how best to allocate resources, an important first step is to determine
the relative value of the assets that are to be protected. Stakeholder interest in one
situation may dictate that livestock or other agricultural assets need protection from
cat-borne diseases such as sarcocystis or toxoplasmosis, or in another that certain
native species need targeted protection from cat-predation. Here, we describe a
simple system—a decision tool—that allows places containing high-value assets to be
identified and prioritised for protection. Because of the critical impacts that feral
cats can have on native vertebrates (Woinarski et al. 2014) we use the tool to
identify places where most species of cat-susceptible vertebrates occur, but note
that the tool is generic and could be adapted for any other kinds of assets that are
spatially located. The development of the tool is described in detail in a report
sponsored by the Department of Environment, Water, Heritage and the Arts (Dickman
et al. 2010); the present paper provides a brief overview of the rationale and a
summary of some of the results.

Constructing a decision tool

To provide a basis for prioritising places identified as impacted, or potentially
impacted, by feral cats, a decision-making tree was developed to standardise the
assessment of available data from specific sites and also from larger areas based on
IBRA bioregions (http://www.environment.gov.au/land/nrs/science/ibra).
Characteristics of both cats and prey species were considered for construction of the
decision-making tree to use in formulating scores (Table 1) to allow prioritisation of
sites of high conservation value impacted by cats. The decision-making levels
considered for the construction of the tree comprise:

Cat presence/absence - data on feral predators in bioregions and at specific
sites on the mainland and on islands were collated to determine the
presence/absence of cats to provide a measure of the probability of cat-impacts.
Data on abundance were considered to be too unreliable to use in the decision tree.

Likelihood of invasion or re-invasion - for sites where cats have never
occurred, or have been eradicated, we compiled data on site-accessibility to provide
a measure of the likelihood of cats getting to or re-invading the sites.

Threatened species - the original report (Dickman et al. 2010) specifically
addressed those species listed in Appendix A of the Threat Abatement Plan for
Predation by Feral Cats (TAP 2008); this list comprised 35 species and subspecies of
birds, 36 species and subspecies of mammals, seven species and subspecies of
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reptiles and three amphibian species. Also included were four unlisted bird taxa and
two species of reptiles that could be adversely affected by feral cats, as well as two
listed critical habitats.

Vulnerability of threatened species to cat predation - cats prey as
individuals, in contrast to the co-operative hunting techniques of most canids. Thus
prey taken by cats is restricted to a size manageable by an individual. Studies of the
diets of cats on the Australian mainland suggest that small mammals (< 220 g) or
small birds and reptiles (< 25 cm long) are most vulnerable to cat predation (Dickman
1996). On offshore islands, species up to 3 kg (mammals) or 45 cm long (birds and
reptiles) are also vulnerable to cat predation. Prey species are also more vulnerable
to cat predation if they are nocturnal rather than diurnal. Those species that are
terrestrial or scansorial are similarly more vulnerable than those that are fossorial or
volant (Dickman 1996). The above measures were included in the decision-making
tree to provide a score for the vulnerability of prey species. The ability of a prey
species to defend itself against cat attack (aggression, sharp claws and teeth) was
also factored into the decision-making tree (Dickman 1996).

Status of species identified in specific sites and bioregions - The
Australian Government's Environment Protection and Biodiversity Conservation Act
1999 provided the status of each TAP-listed species, with status noted as critically
endangered, endangered, vulnerable or conservation dependent.

Using the decision tool

Working through each of the levels in the decision tool (Table 1) allows users to
compile scores for individual species that may be at risk from feral cats or,
alternatively, to identify areas where cats do not occur or are otherwise unlikely to
have significant impacts on threatened fauna. Because of the branching structure of
the tool and its utility in assessing many species, it can be viewed as a multiple-use
decision-making tree. By compiling scores allocated for each of the levels and
summing across all the threatened species known to be present in a site or a broader
regional area, users can identify places with high scores as priority locations to
reduce cat-impacts. The process, and detailed results of the scoring of results at
both individual site and IBRA levels, have been presented elsewhere (Dickman et al.
2010); only a brief summary of the findings is provided below.
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Table 1: Levels of decision-making used in the construction of a multiple-use decision-making
tree for prioritising the impacts of feral cats, and scores awarded at each level

Level 1la Cat presence. Branches to either an assessment of cat
control (Level 2a) or an assessment of the likelihood of
feral cat invasion of the site (Level 2b). Present 1
Absent 0
Threatened species either present or absent. Links to
Level 1b . . -
under options for threatened species multipliers at level 4.
Level 2a Feral cat management at site where cats present. Exclusion
with active
ongoing
control
0
Branches to... .
Systematic
ongoing
control
undertaken 1
Systematic
irregular
control 2
undertaken
Incidental
control
undertaken 3
No cat
control 4
undertaken
Level 2b Likelihood of feral cat invasion of site: At this point sites
are removed from the tree where feral cats are absent
and the likelihood of invasion is nil. Remaining sites lead
on to level 3.
Islands Nil 0
Uninhabited, accessible only by air Low 1
Uninhabited, infrequent access by boats .
. . . . Medium 2
Uninhabited, frequent boat access; inhabited, pet/pest
cat control )
. High 3
Inhabited, no pet/pest cat control
Mainland )
Predator-proof fence, ongoing control Nil 0
Predator-proof fence, no ongoing control LOW. 1
No predator-proof fence, ongoing control M.edlum 2
No predator-proof fence, no ongoing control High 3
Level 3 Vulnerability of threatened species to cat predation based on a modified

version of Dickman (1996). Note: where cat predation is on juvenile

animals, use juvenile weight NOT adult weight
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Mainland mammals (body weight) > 2000 g 0
1001 - 2000 g 1

220 -1000 g 2

<220 g 3

Mainland birds (body length) > 45 cm 0
35-45cm 1

25-35cm 2

<25cm 3

Island mammals (body weight) > 3000 g 0
1001 - 3000 g 1

220 -1000 g 2

<220 g 3

Island birds (body length) > 45 cm 0
35-45cm 1

25-35cm 2

<25cm 3

Reptiles (snout-vent length) > 45 cm 0
35-45cm 1

25-35cm 2

<25cm 3

Habitat use Very dense ground cover/heath 0
Closed forest, mangroves, swamps, caves 1

Open forest, moderate ground cover 2

Woodland, grassland, cultivated land, urban 3

Behaviour Diurnal 0
Nocturnal or crepuscular 1

Oceanic, aquatic, arboreal, fossorial, volant 0

Terrestrial, scansorial 1

Defences such as teeth, claws, aggression 0

No defences 1

Level 4

Threatened species multiplier based on the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 levels. Note: multiplier
is applied only once per site and is based on the highest level present at

the site.
Critically Endangered 4
Endangered 3
Vulnerable 2
Conservation Dependant 1
No TAP species present 0.5

*** | evel 3 scores are cumulative for each threatened species present at a site
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Priority areas for managing the impacts of feral cats

At the IBRA level, 76 of 85 bioregions were identified as containing both feral cats
and threatened species that could be at risk of predation from feral cats. A single
threatened species was recorded from 16 bioregions, up to 11 species in one
bioregion, the South Eastern Highlands. No threatened species were recorded in nine
bioregions. As may be expected, bioregions containing the most species at potential
risk from feral cats tended to score most highly (the priority score for the South
Eastern Highlands was 328, compared with scores of 24 - 39 for regions with a single
threatened species). At the site level, using data provided by land managers or
available in the literature, priority scores varied from highs of 117 for the Diamantina
National Park in Queensland and 108 for the East Gippsland area in Victoria, to a low
of 10 for Dirk Hartog Island off the Western Australian coast. As with the bioregional
results, sites with more threatened species scored more highly than those with few.
Individual sites also scored less than bioregions owing to their smaller areas and
hence lower capacity to support large numbers of threatened species. Detailed
scores for all sites and bioregions, together with associated maps, are provided in
Dickman et al. (2010).

Further scores were calculated for sites at which cat control is uncertain (‘data
deficient’) and from which cats had been eradicated or never recorded to identify
sites that could be potentially impacted by feral cats in future. These scores varied
from a high of 201 for sub-Antarctic Macquarie Island to a low of 9 for Boondelbah
Island off the coast of New South Wales. Because of the adaptive nature of the
decision tool, information about cat activity or the presence of threatened species
can be added at any time to allow a re-evaluation of where management priority
should be placed. Used in conjunction with resource allocation methods such as
structured decision making, the decision tool should ensure that clear decisions can
be made about when, where and how to implement effective cat management.

We conclude that feral cat control on the Australian mainland is a long-term, multi-
faceted, labour- and resource-intensive venture requiring site-specific control
methods that provide systematic and regular downward pressure on feral cat
populations. The multiple-use decision-making tree should assist managers in
identifying places where such control measures should be used. An effective program
of management should also include concurrent control of populations of both stray
and owned domestic cats. We conclude further that greater success in cat control
programs will be achieved by targeting specific sites using site-specific control
methods. Human activities such as urban and rural development, agriculture and
habitat modification favour the establishment and maintenance of feral cats. We
recommend that a ‘nil tenure’ approach to cat control, with management activities
encompassing public- and privately-owned reserved land as well as adjacent urban,
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rural and semi-rural developments, is necessary to reduce the feral cat population on
the Australian mainland and offshore islands. In the absence of a sustained and
integrated approach of this kind, declines and losses of native species are likely to
continue.
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Monitoring

Quantifying cats: How many are there and do we need to know?
Tony Buckmaster *® and Jim Hone ®

*Invasive Animals Cooperative Research Centre, University of Canberra
® Institute for Applied Ecology, University of Canberra

Abstract

Feral cats (Felis catus) have deleterious impacts on native Australian wildlife species.
However, the quoted abundance of feral cats at a national scale is highly
questionable. There is no strong evidence or reliable knowledge for the abundance of
feral cats at a continental scale in Australia. We could not find any sound basis for
the often-quoted figure of 18 million feral cats in Australia. We traced the citing of
this figure back in an attempt to find its origin but were unsuccessful in doing so. We
propose a possible origin for the figure. It may have arisen from an incautious
extrapolation of the summer and winter densities of feral cats in one study site in
north western Victoria.

Rather than knowing continental-scale abundance figures, it is more important to
know if feral cats are having an impact on prey species at a population level and, if
so, managing that impact rather than simply attempting to reduce feral cat
abundance. We propose that impact be measured in terms of the annual
instantaneous rate of increase (r) of the prey species to allow for comparison
between programs and prey species. Knowing the abundance of feral cats at a local
or management unit scale is needed to determine the impact - density relationship
when that is unknown or cannot be appropriately estimated. It is also important to
determine and report the effort - outcome relationship during feral cat management
programs. Using abundance figures that have no sound basis to estimate the level of
damage that feral cats are causing is flawed and could lead to the implementation of
policies and / or management programs that waste money and could fail.

Introduction

The domestic cat (Felis catus) entered Australia with European settlement (Abbott
2002). Since then it has spread across mainland Australia, Tasmania and many
offshore islands (Burbidge et al. 1997; Abbott 2002). This spread across Australia was
facilitated by an abundant food source - the European rabbit (Oryctolagus cuniculus),
naive native prey species (Russell and Banks 2007; Salo et al. 2007; McEvoy et al.
2008) and the breeding and intentional release of domestic cats into the wild in an
attempt to curb rabbit plagues (Rolls 1969; Abbott 2008). Through this combination
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of intentional and unintentional releases, the domestic cat has now established self-
sustaining feral populations in all sections of the Australian environment (Dickman
1996b).

The general public and media regularly ask: how many feral cats are there in the
Australian environment? On the face of it, this is a simple and straightforward
question. However, obtaining an accurate or precise answer to that question using
appropriate abundance estimators (Caughley 1980; Seber 1992) is both time
consuming and expensive and has not been undertaken to date at a continental level.
Despite this lack of knowledge, there are regular reports stating the abundance of
feral cats in Australia (for example McLeod 2004; Anon 2008; Denny and Dickman
2010).

Hone and Buckmaster (2015) reviewed the providence of each of the cited abundance
figures for feral cats, feral pigs (Sus scrofa) and red kangaroos (Macropus rufus) from
1983 to 2012. The figure of 18 million feral cats quoted by Denny and Dickman
(2010), (Anon 2008), and McLeod (2004) originates from Pimentel et al. (2001)
(Figure 1). By following the citation trail from Pimentel et al. (2001), they found that
the figure had originated from a speech in the New South Wales Parliament by The
Honourable Bob Martin, who stated that wildlife experts had stated there were
between 5.6 million and 18.4 million feral cats in Australia. It was unable to be
tracked back past that point.

More recently the number of feral cats has been stated in the media as “between 15
and 23 million” (Borschmann and Groch 2014), “up to 20 million” (Stein 2014) and
“15 million” (Ham 2014). The background to these numbers was unable to be
followed as the sources of the figures were not cited.

Moodie (1995) quoted the number of feral cats in Australia as being between 5.5 and
18.4 million and cited Potter (1991) as the source of these figures. Hone and
Buckmaster (2015) tracked this citation and found that no figure for feral cat
abundance was given by Potter (1991) and that the numbers most likely came from
an extrapolation of a single study undertaken in north-western Victoria in 1982 by
Jones and Coman (1982). The summer and winter densities of feral cats estimated in
that study were 2.5 and 0.74 cats km™ respectively. Simply multiplying those
densities by the land area of Australia gave values almost identical to those cited by
Moodie (1995) and Bob Martin in the NSW Parliament (Hone and Buckmaster 2015).
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DEWHA Cat TAP McLeod (2004)

18 million 18 million
Anon (2008)

N

Denny and Dickman (2010) Pimentel et al (2001)
18 million 18 million
N
The Press Richard Evans MP (1996)
18 million > 18 million
Anon (1996) Evans (1996)

v

Martin (1993)

Bob Martin MP
5.6-18.4 million

Figure 1. Flowchart following the citation trail for the feral cat abundance guess of 18
million. It was not able to be tracked prior to it being used by Bob Martin MP in 1993.
Citations are shown in smaller font where needed. Adapted from Hone and Buckmaster (2015)

Misuse of the quoted abundance figures.

When managing an invasive species with little or no economic value, it is more
appropriate to evaluate the impact caused by those species and, subsequently, the
changes in that impact that arise from any management intervention rather than
simply assess changes in abundance of the pest species (Braysher 1993; Olsen 1998;
Hone 2007; Braysher et al. 2012). The guesses as to the abundance of feral cats in
Australia have been used inappropriately to estimate the number of native animals
killed by feral cats (Ham 2014) or to place an economic value on the impact of feral
cats (Pimentel et al. 2001; McLeod 2004) (Table 1).
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Table 1. Examples of how feral cat abundance guesses have been misused to state economic
and environmental damage by feral cats. ** Ham (2004) is used as an example. There are
other instances available where the abundance guesses have been used to describe the total
nightly kills by feral cats.

McLeod (2004) Pimentel et al. Ham (2014)**
(2001)
Number of feral 18 million 18 million 15 million
cats
Number of kills 8 birds per year 8 birds per year -
Value of each kill AUD $1 USD $30 -
Total kills - - 75 million native
animals per night
Total economic AUDS 144 million USD $4.3 billion -
damage

The use of the feral cat abundance guesses to state a level of impact on native
species is imprudent for several reasons. Firstly, it makes the assumption that the
relationship between abundance and impact is linear when the shape of this
relationship for feral cats in Australia is unknown (Hone and Buckmaster 2015). The
relationship between pest abundance and damage can also be convex or concave
curved (see Hone 2007 table 2.2 for empirically calculated examples). This
relationship should not be assumed if not known, but rather calculated empirically or
through using robust estimators.

Secondly, multiplying the feral cat abundance guess by an average number of prey
items that a feral cat may eat per night assumes that feral cats only consume native
prey items and potentially results in overinflated numbers. Empirical evidence from
dietary studies (e.g. Coman and Brunner 1972; Jones and Coman 1981; Catling 1988;
Read and Bowen 2001) shows that rabbits and non-native rodents form large portions
of the diet of feral cats when available. Similarly, the occurrence of rodents and
native dasyurids in the diet of feral cats has been shown to decrease with increasing
consumption of rabbits across multiple dietary studies (Doherty et al. 2015).

Thirdly, inclusion of a species in the diet of feral cats neither demonstrates nor
implies that feral cat predation is having a negative impact on that species at a
population level. Where predation rates are below a certain threshold, the prey
populations are generally resilient to the exploitation and can compensate for the
losses through increased rates of survival or fecundity (Krebs 2001). It could be that
it is the doomed surplus in those species populations that is being consumed by feral
cats which would result in no impact on the species at a population level (Banks
1999). Negative impact occurs when the rate of off-take through predation or other
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causes exceeds the maximum rate of increase (r,,) of a particular species (Hone
1999). Many species are commercially harvested - analogous to predation - with no
negative impact on that species at a population level. As an example, red kangaroos
are commercially harvested in New South Wales, Queensland, South Australia and
Western Australia. Over 533 000 red kangaroos were harvested across those four
states in 2012 (Anon 2013); however, there is no evidence that harvesting this
number had any negative impact on the red kangaroo population.

Is it necessary to know the abundance of feral cats at a continental scale?

We would contend that knowing the abundance at a continental scale is unnecessary
as a) the feral cat has no commercial value, b) the relationship between abundance
and damage is unknown, c) the level of impact on native species is unable to be
accurately estimated from national abundance figures, and d) continent-wide
eradication of feral cats is not possible. We would also contend that it is more
important to know the level of impact that feral cats are having on native prey
species and the level of management intervention needed to reduce this impact to
an acceptable level.

We suggest that impacts on feral cat prey be defined in terms of the instantaneous
rate of increase (r) of the prey population. Where r > 0, the prey population is stable
(r = 0) or increasing (r > 0) and no detrimental impact is occurring, however where
r <0, the prey population is declining (Hone 1999). This would allow for direct
comparison of impact between prey species. Averaging r over several years allows for
the natural fluctuation that occurs within a population to be accounted for (Caughley
and Sinclair 1994; Hone 1999). Where a strong negative r is detected in the early
stages of monitoring the prey species population, we would suggest that the
precautionary principle would dictate that management intervention is required
(Thompson et al. 2000; Calver et al. 2011).

The impacts of feral cats on native prey species are most obvious on islands
(Burbidge and McKenzie 1989; Nogales et al. 2004); however; there are few studies
that have empirically demonstrated or quantified the impact that feral cats have on
prey species on mainland Australia. The majority of the evidence of feral cat impacts
is circumstantial and based on comparative studies or population recovery following
feral cat management (Dickman 1996a,b; Robley et al. 2004). There is little current
knowledge as to the actual level of impact of predation, competition with native
animals for resources, and/or the other effects of feral cats on the majority of prey
species populations. We propose that determining the level of impact of feral cats is
more important than knowing their abundance, as reducing this impact is the primary
aim of any management intervention (Hone 2007; Braysher et al. 2012). In addition
to assessing the responses of the impacted prey species to management actions,
determining feral cat abundance at a local or management unit level allows the
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relationship between impact and feral cat abundance to be calculated. We caution
that unless this relationship is known, a reduction in feral cat abundance should not
be used to define the success of a management program. A decrease in the level of
impact on the prey species population should be used to define success of the
program rather than the number of feral cats removed (Braysher 1993; Olsen 1998).
Measuring any change in abundance of the feral cats during a management program
allows for the impact - abundance relationship to be calculated.

We propose that determining the effort - outcome relationship for feral cat
management is also important. This relationship is often implied but it needs to be
explicit (Hone et al. 2015). Once known, it allows the level of resources required to
achieve the desired reduction in feral cat impact to be determined and applied to
the management program. This relationship can be linear or curved. There are
positive linear relationships between the population rate of growth of black
rhinoceros (Diceros bicornis), and of African elephant (Loxodonta africana), and the
cost of anti-poacher activities across nine African countries (Leader-Williams and
Albon 1988). There is a positive relationship between the abundance of malleefowl
(Leipoa ocellata) nests and costs of fox (Vulpes vulpes) control efforts. When effort
is high, however, this relationship becomes negative (Walsh et al. 2012).

There is a curved negative relationship between the number of lambs killed by foxes
and the amount of fox control undertaken (Greentree et al. 2000), the abundance of
red (Cervus elaphus) and sika (Cervus nippon) deer and hunting effort using
helicopters (Forsyth et al. 2013) and the density of moose (Alces alces) and hunter
effort in Quebec, Canada (Créte et al. 1981). These negative relationships are
suggested to arise from having variables that are not management outcomes but
rather are intermediary steps to the desired management outcomes (e.g. increased
regeneration of impacted plant species is the desired management outcomes rather
than simple reduction in deer abundance) (Hone et al. 2015).

Knowing the effort - outcome relationship allows for more effective planning of
management activities. The costs and amount of effort required to achieve the
desired change in the rate of increase of the impacted prey species can be
determined and funding can be applied appropriately to the management
intervention.

Conclusion

Hone and Buckmaster (2015) proposed four criteria for the use of continental-scale
estimates of wildlife abundance. The figures quoted for feral cat abundance fulfil
none of these requirements and appear, prima facie, to be no better than guesses.
There is no strong evidence or reliable knowledge to be able to estimate the
abundance of feral cats at a continental level in Australia. The figures quoted should
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not be referred to as “estimates” but rather as guesses. Estimates arise from
following a formal set of steps using appropriate mathematical and statistical steps
in their calculation, and this was not the case for the feral cat abundance figures
(Hone and Buckmaster 2015). We caution against using those guesses for policy,
planning management action or reporting the impact of feral cats.

Of greater value to managing the impact of feral cats is knowing the relationship
between the impact and feral cat density, and the effort-outcome relationship, as
these allow for the estimation of impact where actual impact is unknown or hard to
measure and for assessing the amount of management effort needed to reduce the
impact to an acceptable level.

Addendum

In the above manuscript, we proposed a possible origin for the often quoted
abundance of feral cats as being between 5.6 and 18.4 million. Since this manuscript
was submitted we have located an earlier citation of these figures that specifically
calculated those figures using the method we proposed. Cross (1990) suggested that
there are between 5.6 and 18.4 million feral cats in Australia with an average
abundance of 12 million. These figures were arrived at by multiplying the winter and
summer feral cat densities (0.74 and 2.5 /km® respectively) found by Jones and
Coman (1982) by the areas of Australia (stated as 7,682,300 km?) (Cross 1990). The
average of 12 million is simply the mean of the upper and lower values. This supports
our proposition that the abundance figures for feral cats in Australia arose from an
imprudent extrapolation of the density figures from Jones and Coman (1982). It is
noted that no author that has quoted the those abundance figures has cited Cross
(1990) as being the origin of those figures even though some have cited that work for
other reasons in the same publication. We again caution against using inappropriate
techniques for estimating wildlife abundance and using figures obtained from such
for policy, planning management actions, or reporting the impacts of feral cats.
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Abstract

There are many challenges with designing effective monitoring methods for feral cats
in Australian ecosystems. The common metrics used are absolute abundance, relative
abundance, Kkill rate and diet and behavioural studies, all of which require different
collection and analysis methods. Numerous techniques have been trialled and tested
to varying levels of success, and feral cats are recognised as a species for which we
have yet to adequately design a robust monitoring method. Historical methods (Table
1) have focussed around spotlighting and sand plots (Mitchell and Balogh 2007).
Recent innovations have been developed using algorithms to identify footprints in
tracking tunnels, taking relative index methods to a new level of accuracy (Shin et
al. 2012).

The historical methods of trapping and radio tagging are common practice in
Australia and have been successfully undertaken, but the process is very resource
hungry and trapping cats in some ecosystems is very difficult. Cage traps are used in
some circumstances but padded jaw traps are more effective, especially over large
study areas, although this requires expertise to be successful. These old tools are
still worthy but there are many new and emerging technologies being developed and
trialled that may have a role in future efforts to monitor feral cats. Tools include
short term radio collars (e.g. i-GOTCHU) and Go-Pro cameras that can store
considerable data on board the device. These devices are providing new insights into
the ecology of animals but with less expense than GPS radio collars, although each
method has its limitations. In the case of new electronic technology, the temporal
scale is limited by the power source, in particular the battery life of the devices.

In recent years the use of camera traps as a monitoring tool has increased
exponentially and shows promise (O'Connell et al. 2011; Meek et al. 2015b).
However, in many cases the simplicity of the apparent deployment of camera traps
has surpassed a thorough consideration of how to optimise the use of the tool, let
alone considering the limitations of the technology and how this affects animal
detection (Meek et al. 2015a).

Contemporary camera traps have been designed to satisfy the large hunting market
in the northern hemisphere and as such are customised to detect large mammals like
deer and elk. Most devices use passive-infra-red sensors to detect a temperature
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differential between the target animal and the background. This is often referred to
as heat-in-motion, although other types of camera traps are available that use active
sensor systems, where triggers do not rely on a PIR, or time lapse that can be
automatically programmed to trigger at pre-set time intervals.

There are also three choices of illumination available in camera traps. Firstly,
incandescent flash using xenon gas; this is old technology and now superseded by the
second option, white LED flash. This new technology is still being refined but
provides higher quality night images with a much faster trigger delay between
detections than incandescent camera traps. This means capturing more images per
trigger event, and more detail on each image, making identification and individual
recognition easier. The third and more popular choice are the infra-red flash camera
traps that can be fast to first trigger and between triggers. The monochrome images
produced by these, however, can be limiting if unique identification is needed or
when species identification is difficult.

Before camera trapping can be considered an effective monitoring tool, we propose
that many factors must be considered and addressed; this is a focus of our research
team. Camera traps have a multitude of functions that need to be customised and
optimised according to the monitoring objectives and analysis. There are many
settings that can be used to collect the best quality data depending on factors such
as site conditions, target species and the temporal scale of the monitoring program.
Deployment of camera traps is often considered a straightforward task, but our
research has shown that placement and orientation is critical to maximising
detection (Meek et al. in press; Ballard et al. in press). If camera traps are placed
too high (or too low), and facing the wrong direction in relation to the target’s
passage of travel, the detection rate will be diminished. Potentially meaning that
target species are not detected, despite being present.

There are a plethora of factors that must be addressed if camera trapping is going to
be heralded as the future of feral cat monitoring tools in Australia. Moreover,
considerable in-roads need to be made in data management, coding and analysis to
make better use of the huge volumes of data currently collected but not analysed
throughout this country.
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Table 1
Methods Advantages Disadvantages Gaps
Trapping and Tagging | Animal in-hand Expertise required Optimal olfactory,
Cages Accurate individual Animal handling can be | visual, audio lures
Jaw traps data hazardous Effect of season on
(GPS and i- Data rich method Optimising attractants lure attraction
GOTCHU) High fidelity (GPS Resource hungry Range (igotchu)
tracking) High animal welfare Battery life
concerns (igotchu)
Affected by Better quality
wet/cold/hot weather GPS/satellite tech
Very high cost (GPS)
Technology required for
analysis
Standards required
Unreliability of
equipment (Tracking)
Affected by terrain
(tracking)
Subset of population
Go-Pro Visual = Funky Medium animal welfare | Battery life
New insights into concerns Storage capacity
behaviour Limited to sample

Predation events
Contact rates

animal only

Short temporal scale
Technology required for
analysis

Relatively costly
Limited battery and
storage capacity
Retrieval required

Micro-chip or Wildlife
Identification Device
(WID)

Low-medium animal
welfare concerns
Relatively simple to
set up

Unique identification
of indiv.

Medium temporal
scale

Data logging

Technology required for
analysis

Restricted to receiver
placement

High resource costs
Research limited
technique

Standards required
Sunset of population

Range

Track counts (sand
plots)

Low animal welfare
concerns
Multi-species data
No animal capture
Easier to conduct
than abundance
surveys

Affected by bad
weather

Affected by time-of-day
High cost in some areas
Substrate variability in
some sites

Evidence of animal
aversion

Effect of animal
aversion
Consistency in pad
structure

Effect of obs. bias
Optimal asymptote
(days)

Actual relationship
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Requires track/pad
consistency

Survey duration
inadequate

Print identification
training needed
Standards required
Survey vs spatial
coverage

Subset of population?
Assumption of
relationship between
true abundance and
indices

to true abundance

Tracking Tunnels
(foot algorithm)

Low animal welfare
concerns

Accurate species ID
No animal capture

Resource hungry
Unknown animal
aversion

Survey duration?
Cost??

Standards required
Subset of population ?
Technology required

Unproven
population method
Duration?

Spotlighting

Quick and simple to
conduct

Relatively
inexpensive

Low training
requirement

Low animal welfare
concern

No animal capture

Data are highly variable
between obs.

Cats not optimal
species for survey
Affected by ecosystem
(sightability)

Affected by weather
Standards required
Subset of population?

Effect of
ecosystem and
weather on data

DNA (hair snares and
scats)

Low animal welfare
concerns

Unique identification
of indiv.

No animal capture

Variability of lures
Expensive

Requires specialist
Unknown neophobia
Individual behavioural
responses

Standards required
Subset of population?

Optimal olfactory,
visual, audio lures
Effect of season on
lure attraction
Aversion to lures
and devices

Rapid assessment
method

Bait take

Simple to conduct
No animal capture

Limited to control
monitoring

Does not relate to
population

Toxin dependent i.e.
cyanide?

High animal welfare
concerns

Standards required
Subset of population?

Extent of caching
Relationship b/w
removal and
mortality
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Camera Trapping Low animal welfare Initial financial cost Better detection
concerns high systems
Visual = Funky Analysis is challenging Active sensor
Relatively easy to Technology required for | system
deploy? analysis Power source
Data rich Limited battery and Illumination
Long temporal scale storage capacity
Large or small spatial | Theft
coverage Training required
No animal capture Standards required

Subset of population?
Cats do not seem to
show aversion
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Sampling designs for effective monitoring and evaluation of
research questions relating to cats

Peter Caley
CSIRO Biosecurity, GPO Box 664, Canberra, ACT 2601

Introduction and context

Research questions relating to small mammal conservation that may involve feral
cats as a hypothesised agent include determining how to:

Identify and mitigate drivers of declining populations,
Increase existing, stable, populations, and
Facilitate successful reintroductions.

The first two questions relate to increasing the rate of population increase of the
prey species of concern, the first wildlife management option of Caughley & Sinclair
(1994). The third research question requires not only that the introduced population
has a positive rate of increase, but also that it can withstand the stochastic
misfortunes that may afflict a small population. Clearly population rate of increase is
the key response variable of interest in experiments designed to elucidate and
mitigate the role of feral cats in small mammal declines. It is also useful to think how
research questions and management actions relate to the ‘declining’ vs. ‘small’
population paradigms in conservation biology outlined by Caughley (1994), and how
this may influence experimental designs. For example, small populations may end up
persisting in refugia where the original cause of the decline is excluded or
attenuated (Caughley & Gunn 1996) - experiments in these refugia sites may produce
different responses from those undertaken in areas where the cause of decline
remains.

The drivers of the distribution and abundance of species, including climate, fire
regimes, livestock grazing pressure and land use are all changing. For example, the
current sheep population size at ¢. 72 million is the lowest it has been since about
1920, due to more frequent drought conditions, generally low wool prices,
exacerbated in places by wild dog depredation (Allen & West 2013). Competition
with alternative land uses that act to mitigate CO, emissions will also increase, as
will marginal land returning to the conservation estate (private or public) or being
managed by an increasing tree changer movement. The net effect will be the
revegetation of some environments and a decrease in the amount of land where
landholders are seeking to actively control wild dogs. Already, wild dog populations
are becoming established in areas where they have been absent since early European
times. Such changes may provide unexpected research opportunities through
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observational experiments to resolve some of the unresolved arguments relating to
interactions between cats, foxes and wild dogs and their impact on fauna. Inference
from such observational experiments is strengthened if outcomes and their
implication for the support for current working hypotheses are developed (and
written down somewhere for everyone to see) a priori.

Experimental designs

There are many texts that can help (e.g. Green 1979; Manly 1992; Hone 2007). The
strength of inference varies with design (e.g. observational vs. experimental),
analysis (e.g. regression vs. pairwise comparisons), degree of replication, and
measurement accuracy. McArdle (1996) provides a good discussion of levels of
evidence in studies of competition, predation and disease in wildlife with reference
to the situation in New Zealand some decades ago. Then, the issue was the decline of
native bird species, and the knowledge gaps related to the relative contribution of
introduced predators (e.g. stoats, weasels, ferrets, ship rats), habitat loss and
modification, and introduced herbivores such as brushtail possums which research
demonstrated to have a key predatory role also.

At a minimum, the chosen design should enable the testing of at least one key
hypothesis. Furthermore, the experimenters should be able to write down exactly
how this will be done.

What to measure?

Newsome et al. (2015) put some thought into designing an experiment to answer
questions relating to the possible role of dingo reintroduction in ecosystem
restoration. The schema in Figure 1 illustrates the number of interacting components
in what would be considered a simple study system (Sturt National Park) that may
warrant monitoring - their sketch is a deliberate simplification - one could easily add
other components of potential importance such as rabbits, raptors, presence of
artificial water etc.
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Figure 1. lllustration from Newsome et al. (2015) of interactive components of a system
(Sturt National Park) where experimentation (dingo reintroduction) could be used to make
inference on the impact of changing the predator guild on biodiversity outcomes.

Experimental costs quickly escalate as components are added to the list of things to
be monitored. It is sometimes hard to distinguish between the “need to know” versus
“nice to know”. For example, Newsome et al. (2015) recommend the satellite
collaring of dingoes, foxes, and cats to estimate population densities, rates of
mortality and movement, and to provide data for behavioural studies, though
without being too explicit as to how these data would contribute to the research
question. One needs to avoid simply undertaking another *“collar and follar” study.
That said, the technology for tracking animal movements and quantifying
interactions is constantly improving.

The alternative minimalist, and cheaper option (in terms of upfront costs at least), is
to simply “pull the management” lever considered the best option (e.g. apply cat
control as a treatment), and monitor the response of the component of interest (e.g.
small mammal species). This can still have a robust experimental design (e.g.
replicated treatment and non-treatment sites). If the desired outcome occurs, and
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can be replicated, then it can be argued that all is well from management sense.
However, if the desired response doesn’t occur, then the reasons for failure are
largely unknowable. Was it because the control method failed, or another predator
increased in response to cat control, or the experiment was confounded by changes
to some other component (e.g. rainfall) across the study sites?

Analysis methods

Methods for surveying wildlife populations are constantly changing (e.g. Fleming et
al. 2014), with an accompanying and sometimes dazzling array of new analysis
methods. That said, the latest methods are not necessarily the best methods -
meeting the study aim needs to be the primary consideration. For example, camera
trapping with individual animal recognition has much utility for estimating the
abundance of feral cat populations with distinct markings (Bengsen, Butler & Masters
2011), though not for foxes, where computationally more challenging methods are
being explored (Ramsey, Caley & Robley 2015).

With regard to the current debate regarding methods for monitoring carnivores (see
Hayward & Marlow 2014; Hayward et al. 2015; Nimmo et al. 2015), there is no
guarantee some of the “robust” methods (e.g. distance sampling, occupancy
estimation) are truly robust to departures from underlying assumptions, which are
often quite onerous. There are challenges with interpreting occupancy measures (see
Efford & Dawson 2012), and issues with modelling detection (Welsh, Lindenmayer &
Donnelly 2013). The recent claims by Gopalaswamy et al. (2015) of index-calibration
problems are also being contested. Ultimately we need to ensure that chosen
methods can answer the scientific question at hand - there is no place for doctrine.

What scale and level of replication?

There is a common refrain that experiments must be “large scale” and replicated. |
would argue that the scale needs to be adequate for the question at hand. There are
many ways on making inference on the impact of predator populations on prey and
they may be assessed at different scales. Furthermore, the scale of the treatment
may differ from the scale of the response variable of interest.

Replication is a fundamental component of strong inference, but is sometimes
difficult to achieve within a single study for reasons of limited resources and/or
restricted scope to apply treatments (e.g. lack of populations to work on). In reality,
studies rarely have adequate replication, and are “repeated” elsewhere, often by
different researchers. This raises the need for a degree of harmonisation of
monitoring methods and measurements of covariates. Regarding covariates,
researchers need to consider which are required to not only evaluate their preferred
working hypothesis but also the (often) competing hypotheses of other researchers.
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Replication of large studies with adequate within-study replication is rare in applied
ecology, but see Williams et al. (2007) and Twigg et al. (2000).

Working together better

Resolving issues relating to cats and biodiversity conservation will be aided by
researchers sharing and critiquing research designs pre-implementation, and sharing
data and findings post collection. Clearly this involves a high degree of trust and
professional behaviour by all involved.

There is probably some benefit in the use of more Bayesian analyses in combining
inference across studies—greater emphasis on estimating the net strengths of effects
in concert with identifying weaknesses in study design. That said, the role of prior
beliefs in Bayesian analyses has been, and always will be a source of contention.

Finally, gaining reliable knowledge in natural systems has long been challenging, and
revisiting insights on the matter (e.g. Romesburg 1981) is time well spent.
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Control tools

Requirements of tools to control feral cats
Tony Pople

Biosecurity Queensland, Department of Agriculture and Fisheries, GPO Box 267,
Brisbane Q 4001

Introduction

In 2008, the background document to the ‘Threat abatement plan for predation by
feral cats’ (DEWHA 2008) considered the main control techniques for feral cats as
trapping, shooting and exclusion fencing. Baiting was recognised as the most cost-
effective method for broad-scale control, but was not commonly employed on the
Australian mainland, although it had been used successfully in island eradications
(Campbell et al. 2011). A sausage bait using 1080, Eradicat, had recently been
developed and employed in Western Australia (Algar and Burrows 2004), but there
were concerns over its application to the eastern states where native species are less
tolerant of 1080 (Johnston et al. 2011). Development of an effective, humane cat-
specific toxin and bait was seen as a high priority for feral cat management in
Australia (DEWHA 2008). There has been progress on this front with development of
the Curiosity bait using PAPP as a toxin (Johnston et al. 2011, Johnston et al. 2012)
and other toxin delivery methods (Read 2010, Read et al. 2014). There have also
been further applications of Eradicat, including on the mainland (Algar et al. 2013),
and other control methods, and there is a better understanding of cat ecology and
impacts, which will help improve strategies for their control. A review of control
techniques and their application is thus timely.

As a precursor to papers in this workshop on particular control techniques, this paper
provides a brief guide on what is required for a technique to be acceptable. Suitable
control techniques for feral cats need to meet a number of criteria, including being:

Target specific

Humane

Available to all members of the feral cat population

Feasible (technically and economically)

Applicable on a broad scale

Effective in all environments and seasons

Long-lasting (e.g. biocontrol, habitat manipulation, fencing)

Publically acceptable (e.g. domestic cat owners opposed to biocontrol)
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These are largely self-explanatory and represent an ideal. The control method
selected for use by a pest manager or approved by a regulatory authority will to
some extent be a compromise, such as between efficacy and non-target risk. The
level of risk that is acceptable cannot be objectively determined and comes down to
community or stakeholder values. Target specificity can be achieved in a number of
ways including using the control tool at a time or place where a non-target is not
susceptible (e.g. goannas in cooler months and outside the tropics, placing baits
above ground) or using a species recognition system (Falzon et al. 2014). Most
conventional lethal control methods require reapplication to stop population
recovery through immigration and reproduction of survivors. Efficacy of cat control is
notoriously variable, such as cats being generally reluctant to take baits when
natural prey are readily available (Short et al. 1997, Algar et al. 2007, Johnston et
al. 2012). Public acceptability of pest control goes beyond animal welfare,
particularly when the pest subject to lethal control is also a popular domestic pet.

The presentations on particular control techniques in this workshop will address a
number of the above suitability criteria. The emphasis in this paper is on efficacy and
exploring what is required through population modelling.

Efficacy
Lethal control

Efficacy is obviously critical and the extent to which cat abundance needs to be
reduced will vary case-by-case, possibly involving upper thresholds in cat abundance
or lower thresholds in threatened prey numbers. Baxter et al. (2008) modelled the
cost effectiveness of five contrasting predator control strategies in conserving
threatened native prey. An ‘upper-trigger’ harvest strategy, where predators are
removed when they are above a certain density, gave the lowest probability of prey
extinction and the best return on investment. Other strategies (eradication, fixed
number and lower trigger harvests) struggled to meet removal targets when predator
density was low. This may be particularly relevant to managing arid zone cat
populations that can increase dramatically at a site through immigration and
reproduction following an increase in prey abundance (Letnic and Dickman 2006,
Johnston et al. 2012). Sinclair et al. (1998) offered an alternative approach that
focuses on the prey population. In the light of predator-prey theory, they examined
the rates of increase of small, reduced extant populations and rates of increase of
and predation rates on reintroduced populations of Australian mammals threatened
by introduced predators, including cats. The data conformed to theoretical
predictions and suggested the density of prey and amount of predator control needed
for persistence of prey.
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The relatively high maximum rate of increase of cats (exponential r,, = 0.99 or finite
R = 2.69) can trivialise control removals to which cats rapidly compensate. This
estimate is based on vital rates (age at first reproduction and annual fecundity)(Hone
et al. 2010) and is supported by field data (Short and Turner 2005). Assuming logistic
population growth and an r, of 0.99, the reduction in a population’s size from its
carrying capacity from an on-going removal of animals can be determined. Figure 1
shows that the effort required is substantially greater than a suite of other pest
animals in Australia. It is important to emphasise that the harvest must continue
each year for many years to achieve the reduction identified on the x-axis in Figure
1. This difficulty will be exacerbated by immigration. McCarthy et al. (2013) painted
a more pessimistic picture in their individual-based model of a stray cat population,
which suggested annual removal rates of >80% are needed over more than a decade
to eradicate a population. Annual removal rates of nearly 60% for a decade may only
reduce population size by 25%. The density dependence used in these modelling
exercises is likely to be overly strong for a population in a fluctuating environment
such as arid Australia. The harvest rates for a particular percentage reduction are
therefore likely to be overestimated in this environment (Caughley 1977).
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Figure 1. Percentage reduction in population size at carrying capacity for seven mammal
species in Australia assuming logistic growth and long-term, annual instantaneous harvest
rates.

2015 National Feral Cat Management Workshop Proceedings 69

-



Fertility control

While fertility control through trapping or darting is only feasible on a small scale,
the modelled outcomes are of interest to managing broad-scale populations if a
contraceptive can be administered in bait or through a self-disseminating agent. It is
also relevant to eradication programs on human-populated islands with a domestic
cat population. McCarthy et al.’s (2013) individual-based model of managing a closed
stray cat population contrasted lethal control with castration/ovariohysterectomy of
typical trap-neuter-release (TNR) programs and trap and release following vasectomy
and hysterectomy (TVHR). Fertility control through TVHR can be more effective than
TNR and lethal control as sexually active but infertile cats compete for matings and
prevent less dominant animals from breeding. The modelled population was
eliminated in 11 years by TVNR with a capture rate of 57%, whereas TNR and lethal
control achieved only modest reductions. Again, immigration will compromise control
efforts.

Biocontrol

The attraction of biocontrol is the possibility of self-dissemination and long-lasting
control. Biocontrol with feline panleucopaenia virus proved successful in suppressing
an initially naive and high-density cat population on Marion Island, but this needed to
be supplemented with conventional lethal control to achieve eradication (Bester et
al. 2002). Other pathogens may have better characteristics for population control
such as higher transmission rates. Courchamp and Sugihara (1999) modelled the
impact of two feline retroviruses, feline immunodeficiency virus and feline leukemia
virus, as promising alternatives. Eradication was possible with feline leukemia virus,
with low natural immunity, but not feline immunodeficiency virus, although the
latter could provide effective long-term control. Oliveira and Hilker (2010)
considered the modelling by Courchamp and Sugihara (1999) was flawed and so used
an alternative modelling approach for feline immunodeficiency virus and similarly
found that it was unlikely to eradicate cats, but could reduce their population size
sufficiently to allow recovery of endangered prey.

Dingoes and other predators provide alternative biological controls for feral cats
(e.g. Brook et al. 2012), but the situations (including densities) where these
predators provide effective control need to be clarified (Allen et al. 2014). Part of
the problem is that dingoes and foxes are also predators of threatened species.

Conclusion

On a positive note, while cat control has proven difficult, island populations have
been successfully eradicated and mainland feral cat populations have been
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controlled (i.e. their impacts managed) at a local scale. New tools and strategies
founded on past experience (including integration of techniques) offer some cause
for optimism.
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What do we have in the toolbox? Review of cat control methods
Andrew Bengsen

Vertebrate Pest Research Unit, NSW Department of Primary Industries

Introduction

Compared to many other pest animals, the history of feral cat control for strategic
management in Australia is short, and the suite of tools available is limited. A survey
of pest mammal control programs in Australia between 1998 and 2003 found that
most (59%) feral cat control programs used trapping to remove cats from the target
population, followed by baiting (21%), shooting from the ground (18%) and other,
unspecified, tools (Reddiex et al. 2006).

Methods and results

To evaluate the relative effectiveness of trapping, baiting and shooting as cat control
tools, | examined 49 published evaluations of feral cat control operations conducted
in Australia between 1985 and 2013 (Table 1). Most (43) evaluations were of baiting
operations and most (38) of these were evaluated using changes in passive tracking
indices calculated before and after baiting and/or mortality of collared cats (13).
The distribution of results using both evaluation methods was bimodal, with most
baiting operations producing index reductions or mortality estimates of < 30% or >
70%. Despite the widespread use of trapping as a feral cat control tool, | could find
only four evaluations of cat trapping operations. Of these, one removed a trivial
number of cats and the remaining three showed signs of rapid population recovery
through immigration. Press reports of feral cat control programs in western
Queensland repeatedly cited large numbers of cats removed by ground shooting, but
no published studies have evaluated the effects of shooting operations on cat
populations. Two studies evaluated feral cat eradication programs on islands that
used a combination of methods. One of these reported that shooting was more
effective and efficient than trapping in eradicating feral cats from a small island in
Queensland (Domm and Messersmith 1990).

Discussion

Sustained control of feral cats requires repeated removal of a large proportion of the
population to suppress population growth (Pople, these proceedings). Of the three
control tools evaluated in the studies collated here, only poison baiting was
demonstrably able to achieve this. There was substantial variability in the results of
baiting operations, but much of this can probably be attributed to the experimental
nature of the work. Many of the baiting studies that failed to achieve large
reductions in cat activity were conducted under conditions that are now recognised
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as sub-optimal, such as: using low bait densities (e.g. Moseby and Hill 2011); using
poorly prepared baits (e.g. Algar et al. 2011a; Johnston et al. 2013); or baiting when
prey species were highly available (Christensen et al. 2013).

Poison baiting is clearly able to produce large population reductions. However,
current baiting products and tactics are not yet available or appropriate in many
regions due to the high risk they pose to non-target species. Furthermore,
evaluations of baiting programs for other species have shown that results obtained
under tightly controlled conditions do not always translate to routine operations in
the ‘real world’ (e.g. Carter et al. 2011; Bengsen 2014) and some proportion of cats
in any population can be expected to be resistant to taking baits. Other control tools
therefore remain important in their own right or as part of integrated control
programs.

Trapping using cages or soft-jaw foothold traps has been the most widely used form
of cat control (Reddiex et al. 2006) and is likely to remain important because it is
widely available. Cage trapping, in particular, is accessible to a wide range of users,
although it can be less efficient than foot hold trapping (Short et al. 2002). The
major limitation with trapping is the high labour requirement, which means that it
can usually only be used intensively over small areas or sparsely over large areas.
Consequently, cats removed by trapping are likely to be rapidly replaced by cats
from adjoining areas or from untrapped holes within a sparsely treated area (e.qg.
Bengsen et al. 2011; Lazenby et al. 2014).

Shooting programs have been able to remove large numbers of cats from the
landscape (e.g. Pettigrew 1993). However, their effects on cat populations have not
been described, so the value of shooting as a primary means of reducing or
supressing populations remains unclear.

Despite recent advances in the development of cat control tools and tactics (e.g.
Algar et al. 2002; Christensen et al. 2013; Fisher et al. 2014), there are large gaps in
our understanding of how to best control cats. Areas of study that should help fill in
some of the most important gaps include: tools and tactics to control cats within an
integrated predator management framework; methods to consistently target cats
that are not reliant on responses to food; and integrating different control tools in
sustained management operations. Many feral cat control programs are conducted in
different situations across Australia each year. Robust evaluation and reporting of
routine management programs could help build a body of knowledge that would
complement much of the experimental work that has been reported to date,
advancing our collective capacity to manage the damage caused by feral cats.
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Table 1. Results of 49 evaluations of feral cat control programs in Australia, 1985-2013,
expressed as mortality in a sample of collared animals or change in occupancy or activity
index after control.

Location Area Year Control Mortali Change in
treated tool used ty occupan activity
(km?) cy
Cape Arid" 259 2010 bait 0.20 na 0.00
Cape Arid* 1,200 2010 bait 0.25 na -0.85
Christmas Island* 50 2009 bait na na -0.87
Cocos Islands? 6 2002 bait na na -0.89
Dirk Hartog 250 2009 bait 0.80 na -0.84
Island®
Faure Island? ? 2001 bait na na -0.90
Flinders Ranges® 150 2011 bait 0.10 -0.16 -0.50
French Island’ 60 2008 bait 0.75 na na
Gibson Desert? 2,500 2002 bait na na -0.96
Gibson Desert® ? 1994 bait na na -0.76
Gibson Desert® ? 1996 bait na na -0.14
Gibson Desert® ? 1998 bait na na -0.28
Gibson Desert® ? 2001 bait na na -0.84
Gibson Desert™® 400 1996 bait na na -1.00
Gibson Desert™® 400 1998 bait na na -0.25
Hermite Island? ? 1999 bait na na -0.80
Lorna Glen® ? 2003 bait na na -0.77
Lorna Glen® ? 2005 bait na na 0.00
Lorna Glen® ? 2006 bait na na 0.00
Lorna Glen® 625 2003 bait na na -1.00
Lorna Glen® 1,725 2004 bait na na -0.76
Lorna Glen® 1,725 2005 bait na na -0.85
Lorna Glen® 1,725 2006 bait na na 1.55
Lorna Glen® 2,350 2007 bait na na -0.50
Lorna Glen® 2,350 2008 bait na na -0.77
Lorna Glen® 2,350 2009 bait na na 0.00
Peron Peninsula® 1,500 2002 bait na na -0.80
Peron Peninsula®  ? 1997 bait na na -0.21
Peron Peninsula®  ? 1998 bait na na -0.16
Peron Peninsula®  ? 2003 bait na na 0.00
Peron Peninsula®  ? 2006 bait na na -0.10
Peron Peninsula®  ? 2007 bait na na -0.15
Pilbara® 268 2012 bait 0.00 0.00 na
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Roxby Downs™ 650 2002 bait na na -0.82
Roxby Downs™ 1,800 2003 bait 0.83 na 0.00
Roxby Downs™ 1,800 2003 bait 0.83 na 0.00
Roxby Downs™ 1,800 2004 bait na na 0.00
Roxby Downs™ 1,800 2005 bait na na 0.00
Roxby Downs™ 1,800 2006 bait 0.17 na 0.00
Roxby Downs™ 1,800 2006 bait 0.17 na 0.00
Roxby Downs™ 430 2013 bait 0.58 -0.52 na
Shark Bay"*® 12 1995 bait 1.00 na -0.74
Wilsons 90 2011 bait 0.50 0.00 na
Promontory**
Glenelg Nat 90 2009 trap na 0.00 na
Park™
Kangaroo Island® 16 2010 trap 0.78 0.00 0.55
Mt Field" 40 2009 trap na 0.00 2.11
Tasman 45 2009 trap na 0.00 0.75
Peninsula®’
Gabo Island*® 1.5 1992 combinati na -1.00 -1.00
on
North West 1 1985 combinati na na -1.00
Island™® on

! Algar et al. 2011a; 2 Algar and Burrows 2004; 2 Christensen et al. 2013; * Johnston et
al. 2010; ®Algar et al. 2011b; ® Johnston et al. 2012; ’ Johnston et al. 2011;  Algar et
al. 2013; ° Johnston et al. 2013; *° Burrows et al. 2003; ** Moseby and Hill 2011; **
Johnston et al. 2014; ' Short et al. 1997; ' Johnston 2012; ™ Robley et al. 2010; *°
Bengsen et al. 2011; '’ Lazenby et al. 2014; *® Twyford et al. 2000; *° Domm and
Messersmith 1990
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