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Disclaimer: The views and opinions expressed in this report reflect those of the author. The information 

presented herein is based on sources and knowledge believed to be correct at the time of writing (October 2011).  

Winton Wetlands Committee of Management is reminded to confirm the currency of the information upon 

which they rely with the relevant governing bodies. 

The recommendations contained in this management plan are specific to the Winton Wetlands project and are 

provided as a guide only; they do not replace or override the relevant State or Federal legislation.  Whilst every 

effort has been taken in the preparation of this report, the author gives no warranty that the information listed is 

correct and accepts no responsibility for any resultant errors contained herein, any damages or loss whatsoever 

caused or suffered by any individual or corporation. 

 

Any product trade names used in this report are supplied on the understanding that no preference between 

equivalent products is intended and that the inclusion of a product name does not imply endorsement by the 

author over any equivalent product from another manufacturer. 

 

Copyright: This document is subject to the Copyright Act 1968.  No part of this report may be reproduced, 

stored in a retrieval system, or transmitted in any form, or by any means, without the written permission of the 
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OVERVIEW 
 

This document provides recommendations to the Winton Wetlands Committee of 

Management on how to manage populations of Foxes (Vulpes vulpes) and Feral Cats (Felis 

catus) at the Winton Wetlands Reserve, north-east Victoria, Australia.   

 

Context 

The Winton Wetlands Committee of Management (hereafter, WWCoM) is responsible for the 

restoration of ecological function at the Winton Wetlands Reserve (hereafter, WW Reserve) 

following the decommissioning of Lake Mokoan; an initiative of the Victorian Government’s 

2004 White Paper ‘Our Water Our Future’.   

 

To help guide the restoration of ecological function at WW Reserve, a restoration and 

monitoring strategic plan has been prepared (Barlow 2011) to provide direction on: 

 

 the protection of existing biodiversity values across the site 

 the restoration of habitat, particularly across drier areas  

 areas for further research  

 monitoring and reporting on management effectiveness 

 

The restoration and monitoring strategic plan is an over-arching document which is informed 

by several supporting plans that provide detailed guidance on implementation at WW 

Reserve.  These supporting plans encompass: 
 

 revegetation 

 fish management 

 fire management 

 grazing management 

 pest plant management 

 pest animal management 

 

The restoration and monitoring strategic plan outlines a series of designated targets, grouped 

under the following themes: 
 

1. Strategic planning for restoration 

2. Habitat protection, enhancement and revegetation 

3. Pest plant and animal management 

4. Research and monitoring 

5. Community engagement and strategic partnerships 
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In relation to theme three, the restoration and monitoring strategic plan states that by 2015, 

the Winton Wetlands will have: 
 

 Implemented programs to reduce pest animals, particularly rabbit and fox  

and by 2025:  
 

 Established a routine program of pest plant and animal surveillance and 

immediate action on new incursions 

 

This mammalian predator management plan is therefore a key document for helping restore 

ecological function at WW Reserve as it directly guides and informs the planning necessary 

for WWCoM to achieve the stated targets in relation to pest animal management. 

 

Scope 

The scope of this project was to develop a management plan outlining the most efficient and 

effective control strategies for foxes and cats at WW Reserve, including detailed 

recommendations on the optimal timing, intensity and duration of each strategy.  Instructions 

were also sought on how to: (i) monitor the effectiveness of the management efforts at 

reducing the abundance of foxes and cats at Winton Wetlands, and (ii) determine whether 

native wildlife populations respond to the predator-control program.  The project also called 

for options to reduce the impact of mammalian predators throughout the broader landscape 

beyond WW Reserve.  

 

The Winton Wetlands Landscape 

The Winton catchment covers approximately 370 km²; most of which (≈ 95%) has been 

cleared of indigenous vegetation.  The largest areas of extant vegetation occur in the western 

upper slopes of the Warby Ranges north of Glenrowan and the Chesney Hills north of 

Winton Swamp (Barlow 2011).  Approximately 1000 ha of land in the south of the catchment 

(Lurg Hills) have been subject to recent habitat restoration works (Thomas 2009). 

 

The predominant land use within the catchment is stock grazing with some cereal cropping, 

while several commercial vineyards occur to the north-east of WW Reserve. Numerous 

small-holding lifestyle properties are present within the catchment, but the only urbanised 
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area is a sub-section of the Glenrowan township.  The catchment’s population (excluding 

Glenrowan) is estimated at 1000–2000 (Barlow 2011).  The catchment is dissected by the 

Sydney–Melbourne Railway and Hume Freeway which are positioned near the southern 

boundary of WW Reserve.  

 

Document Structure 

This management plan comprises five main sections: 

 

Section 1 includes a brief overview of the ecology of foxes and cats as relevant to their 

control, summarises their impact in Australia, provides examples of successful management 

programs that have led to improved conservation outcomes, and highlights the importance of 

a holistic approach to pest management. 

 

Section 2 details the recommended management practices for mammalian predators at WW 

Reserve.  Feral cats and foxes are addressed separately, with practical instructions for control 

strategies provided for both species. 

 

Section 3 describes options for measuring the response of native wildlife to the predator-

control program, while Section 4 covers methods for monitoring the abundance of foxes and 

cats at Winton Wetlands. 

 

Section 5 provides a brief conclusion. 
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SECTION 1:   
 

INTRODUCTION 
 

 

1.1  OVERVIEW 

To effectively manage the impacts of introduced predators it is essential that their ecology is 

carefully considered.  The control of Red Foxes (Vulpes vulpes) and Feral Cats (Felis catus) 

in Australia has historically been based on the biology of the animals being protected, rather 

than the biology of the predators (sensu Saunders & McLeod 2007).  The end result of this 

approach has been short-term and reactionary control programs with little consideration for 

sustained reduction of predator populations or their impact (Saunders & McLeod 2007).  For 

this reason, a brief summary of the ecology of foxes and cats is provided below to help guide 

and inform their management at WW Reserve. 

 

 

1.2  Summary of Feral Cat Ecology 

The Cat (Felis catus; hereafter, cat) has been present on the Australian mainland since at least 

the early 1800s (Abbott 2002; Denny & Dickman 2010), with feral populations established in 

the wild by the 1850s (Sharp & Saunders 2007a). The presence of the European Rabbit 

(Oryctolagus cuniculus; hereafter, rabbit) has aided their spread by providing food and 

burrows for shelter.  Today cats are found in almost all habitats and occupy the entire 

Australian continent, including many off-shore islands (Denny & Dickman 2010).   

 

General Behaviour: Feral cats are solitary and mostly nocturnal, sheltering during the day in 

burrows, hollow logs, rock piles or dense vegetation.   
 

Diet: Feral cats use moisture from their prey and can therefore survive with limited access to 

water. They are carnivorous and predominantly eat small mammals (up to the size of a 

Common Brushtail Possum (Trichosurus vulpecula)), but also prey on birds, reptiles, and to a 

lesser extent amphibians, invertebrates, fish and vegetation (Molsher 1999; Denny & 

Dickman 2010).   
 

Home-range: In mixed agricultural landscapes such as that of Winton Wetlands, cat home 

ranges are likely to be in the order of approximately 420 ha for males and 240 ha for females 

(Molsher et al. 2005).  Home-range size will vary depending on food availability (i.e. more 

food = smaller home ranges; less food = larger home ranges).  
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Population Density: Density estimates for cats are extremely difficult to obtain but in most 

rural areas of Australia (i.e. distant to urban areas or rubbish dumps) cats are likely to occur 

at a density of less than one cat/km² (Denny & Dickman 2010). 
 

Reproduction: In Australia, female cats reach sexual maturity at 10–12 months and have an 

average of two litters of approximately four kittens per year (Jones & Coman 1982a).  Most 

studies indicate a non-breeding period during winter (Denny & Dickman 2010).  
  

Predators: Foxes and Dingoes (Canis lupus dingo) may restrict feral cat numbers by both 

direct predation and competition (Molsher 1998, 1999; Burrows et al. 2003), while cats may 

also fall prey to Wedge-tailed Eagles (Aquila audax). 

 

 

1.3  Summary of Red Fox Ecology 

The Red Fox (Vulpes vulpes; hereafter, fox) was released in Australia for hunting purposes in 

southern Victoria around 1871 (Rolls 1984).  Within 100 years foxes had attained their 

current distribution on mainland Australia; covering all except the wet tropics in the 

continent’s far-north (Saunders et al. 1995).  Like cats, the colonisation of foxes in Australia 

has almost certainly been assisted by the spread of rabbits (Saunders et al. 1995, 2006). 

 

General Behaviour: The predominant social unit for foxes is a monogamous pair that unite at 

mating time and remain together until their cubs are reared (Macdonald 1979, 1980).  Foxes 

are predominantly active from dusk to dawn, sheltering during the day in a variety of 

locations including earthen dens, dense vegetation, drainage culverts, hollow logs, rock piles 

and haystacks.   
 

Diet: Although mostly carnivorous, foxes are opportunistic predators and will forage on a 

variety of prey.  Small mammals constitute the majority of their diet but they are efficient 

scavengers and carrion is an important dietary item (Risbey et al. 1999).  Other items 

commonly eaten include birds, eggs, reptiles, insects, fruit and seeds (cf. Carter 2010).   
 

Home-range: In fragmented habitats such as that incorporating WW Reserve, fox home 

ranges generally vary from 300–700 ha; depending on the productivity of the environment.  

Home-range borders are mostly stable and foxes may travel 10–15 km each night to maintain 

their territories and search for food (Carter 2010).   
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Population Density: Population estimates are difficult to obtain and prone to error due to the 

nocturnal and secretive nature of foxes (Voigt 1987).  In south-eastern Australia, population 

estimates mostly range from 1–4 foxes/km² in rural landscapes (Coman et al. 1991; Bubela et 

al. 1998; Gentle et al. 2004). 
 

Reproduction: In Australia foxes reach sexual maturity when approximately 10 months old 

and mating occurs from June–October, with most births during August and September 

(Saunders et al. 1995; McIlroy et al. 2001).  Females reproduce once per year with most 

litters comprising four cubs (ranging from 1–12).  Cubs begin eating solid food at 4–5 weeks, 

start emerging from their den at 4–6 weeks and are weaned at 6–8 weeks (Hayssen et al. 

1993).  Dispersal is common among sub-adult foxes (particularly males), commencing in late 

summer and continuing until the onset of breeding in June/July.  Most dispersal occurs over 

distances of 2–40 km, but extreme examples of dispersal over 300 kilometres have also been 

recorded in Australia (Saunders & McLeod 2007).   
 

Predators: Young fox cubs are occasionally killed by wedge-tailed eagles, but most fox 

deaths in temperate agricultural landscapes are caused by humans (e.g. during control 

programs, sport hunting, collision with vehicles).  In some areas of Australia dingoes appear 

to limit the distribution of foxes and/or suppress their populations (Johnson & VanDerWal 

2009; Letnic et al. 2009; Ritchie & Johnson 2009).   

 

 

1.4  The Impact of Cats and Foxes in Australia 

There is clear evidence that feral cats have had a significant negative impact on the fauna of 

Australian islands, such as Macquarie Island, where they caused the extinction of a sub-

species of parakeet (Sharp & Saunders 2007a).  Moreover, since their introduction to the 

Australian mainland, predation by cats has been implicated in the widespread decline and 

extinction of many native wildlife species (Dickman 1996a, 1996b; Smith & Quin 1996) 

including Gould’s Mouse (Pseudomys gouldii), the Alice Springs Mouse (Pseudomys fieldi) 

and the Big-eared Hopping Mouse (Notomys macrotis) (Dickman 1996b).  The success of 

recovery programs for endangered species has also been directly jeopardised by feral cats 

(Denny & Dickman 2010).  Today, predation by cats remains a significant threat to the 

ongoing survival of at least 117 species of native wildlife (Coutts-Smith et al. 2007).  The 

combined impact (environmental, social, economic) of feral cats is estimated to cost the 

Australian economy $146 million annually (McLeod 2004).   
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Likewise, predation by foxes is considered a primary cause of the disappearance or decline of 

many fauna species on mainland Australia (Dickman 1996a), such as the Eastern Bettong 

(Bettongia gaimardi) and Malleefowl (Leipoa ocellata) (Short 1998; Benshemesh 2007).  In 

addition, foxes have been identified as a factor limiting the success of 70% of reintroduction 

attempts for native species on the Australian mainland (Sharp & Saunders 2007b).  The 

continued survival of at least 111 native species is currently threatened by predation from 

foxes (Coutts-Smith et al. 2007).  Foxes also cause problems in agricultural production 

through predation on livestock (mainly newborn lambs).  Although it is difficult to accurately 

measure livestock deaths from fox predation, several sources report lamb losses of 3–10% 

attributable to foxes (McLeod et al. 2010).  The annual cost of foxes to the Australian 

environment and agriculture is estimated at more than $227 million (McLeod 2004). 

 

 

1.5  Examples of Successful Control Programs 

Numerous studies have demonstrated significant population recoveries or improved survival 

or detection rates of native fauna following the establishment of fox-control campaigns 

(Kinnear et al. 1988; Friend 1990; Morris 1992; Kinnear 1995; Bailey 1996; Sinclair et al. 

1996; Priddel & Wheeler 1997; Kinnear et al. 1998; Vertebrate Biocontrol CRC 1999; Morris 

et al. 2000; Spencer 2001; Kinnear et al. 2002; Orell 2004; Murray et al. 2006; NSW DPI 

2008; Dexter & Murray 2009; Kinnear et al. 2010).  For example, in the forests of East 

Gippsland in Victoria, Dexter and Murray (2009) recorded significantly higher abundance of 

the Long-nosed Potoroo (Potorous tridactylus), Southern Brown Bandicoot (Isoodon 

obesulus) and Common Brushtail Possum (Trichosurus vulpecula) in areas subjected to 

regular 1080 fox baiting (over a four-year period) compared with non-treatment sites that 

were not baited.  

 

There is less evidence of positive population response by native species in relation to cat 

control programs because few control operations specifically target cats (Reddiex & Forsyth 

2004).  This is because unlike foxes, feral cats pose no acknowledged threat to agricultural 

production and have no economic value (Denny & Dickman 2010).  Nevertheless, studies 

from off-shore islands have demonstrated that when cats are controlled and/or eradicated, 

populations of native species increase considerably (Rauzon et al. 2002; Nogales et al. 2004). 

 

 



Introduction 

5 

Winton Wetlands Reserve, Predator Management Plan 

1.6  The Importance of Integrated Pest Control 

The examples listed above in Section 1.5 highlight the potential for positive responses by 

native wildlife if fox or cat populations are managed effectively.  Nevertheless, it is important 

to appreciate that the impact of foxes and cats appears to be interactive.  For instance, 

researchers have shown that following reductions in fox populations, feral cats have 

increased in abundance (Christensen & Burrows 1995; Risbey et al. 2000) and modified their 

habitat use and diet (Molsher 1998, 1999).  In Western Australia, Risbey et al. (2000) 

demonstrated that where foxes and cats were controlled simultaneously, the capture success 

of mammals more than doubled over a four-year period, whereas in areas where only foxes 

were controlled there was a three-fold increase in the cat population index and an 80% 

decline in mammal captures.  In contrast, during this period the capture success of mammals 

remained relatively stable at a non-treatment site where no predator manipulation occurred 

(Risbey et al. 2000).  These results highlight the necessity of implementing an effective 

control program for both cats and foxes at WW Reserve.  

 

It is also important to consider the potential response of other interacting pest species that 

foxes and cats may incorporate in their diet.  For example, following reductions in fox 

abundance, rabbit populations may increase significantly (Banks et al. 1998; Banks 2000).  

Likewise, rodent numbers may increase following a reduction in cat populations (Fitzgerald 

& Turner 2000). Monitoring and managing multiple pest species is inherently difficult, but a 

holistic approach to pest management is vital at WW Reserve given the number of pest 

species present and the complex relationships between these species. 

 

This management plan focuses on foxes and cats but it is vitally important that WWCoM 

actively manage rabbits (and Brown Hares (Lepus capensis)) and carefully monitor rodent 

populations throughout WW Reserve as part of a broader pest animal strategy. 
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SECTION 2: 
 

PREDATOR CONTROL TECHNIQUES 
 

 

2.1  OVERVIEW 

This section details the control techniques recommended for use at WW Reserve.  Feral cats 

and foxes are discussed separately and control methods are introduced in their order of 

priority for implementation at WW Reserve.  

 

 

2.2  Feral Cats 

For the purposes of this management plan, feral cats are defined as cats that ‘live and 

reproduce in the wild (e.g. forests, woodlands, grasslands, wetlands) and survive by hunting 

or scavenging; none of their needs are satisfied intentionally by humans’ (DEWHA 2008).  

 

Predation of native wildlife by cats is listed as a threatening process under Schedule 3 of the 

Flora and Fauna Guarantee Act 1988 and cat management is therefore part of the objectives 

of flora and fauna conservation in Victoria (Section 4 of the Act). 

 

The management of feral cats in rural landscapes is problematic.  A primary reason for this is 

the fact that cats are kept as domestic animals.  Hence, unlike foxes, there is potential for 

domestic cats to be misidentified as feral and vice versa.  Because cats are kept as pets, in 

Victoria their management comes under the jurisdiction of the Domestic Animals Act 1994.  

However, Section 31 of the Domestic (Feral and Nuisance) Animals Act 1994 (Act No. 

81/1994) states that: 

 

(1) An authorised officer may destroy any dog or cat found at large— 

(a) in any area which is designated as a control zone under a management plan made 

under an Act which is a relevant law within the meaning of the Conservation, Forests 

and Lands Act 1987; or 

 

(b) in any area classified as a conservation zone under a planning scheme under the 

provisions of the Planning and Environment Act 1987.  

 

(2) An authorised officer does not incur any civil or criminal liability for acting under sub-

section (1). 
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To enable the ongoing control of feral cats I recommend WWCoM apply for WW Reserve to 

be classified as either a ‘control zone’ following Section 31.1(a) above, or a ‘conservation 

zone’ following Section 31.1(b) above.  WWCoM should also clarify what constitutes an 

‘authorised officer’ under Section 31.2 above. 

 

The management of feral cats in rural landscapes is further inhibited by the limited number of 

control techniques currently available.  Many of the techniques that have previously been 

used or proposed in Australia are impractical for WW Reserve (e.g. exclusion fencing, 

immunocontraception, trap-neuter-return, disease: for further details see Denny & Dickman 

(2010)).  Moreover, at present poison baiting for cats is not feasible in Victoria because baits 

containing 1080 (the only toxicant currently available for commercial use in vertebrate 

predator baits) must be buried to reduce exposure to non-target species.  Feral cats seldom 

excavate baits, meaning buried baits are ineffective.  Nevertheless, trials of a new, target-

specific poison bait to assist with the management of feral cats in Victoria are currently 

underway.  These baits (Curiosity
®

) contain the para-aminopropiophenone (PAPP) toxicant 

which is potentially more suitable than 1080 due to its target selectivity, apparent 

humaneness and the availability of an antidote.  The manufactured Curiosity
®
 baits are a 

meat-based ‘sausage’ that can be laid on the surface of the ground.  Unlike standard 1080 

baits, the toxin is implanted in the bait in a robust pellet that provides moisture protection but 

degrades rapidly following ingestion.  Curiosity
®

 baits have been successfully trialled on four 

island sites and two mainland sites in Australia (Johnston et al. 2010a, 2010b, 2010c, 2011), 

however evaluations are ongoing and the baits are unlikely to be available for commercial use 

in the short term (i.e. 3–5 years).   

 

The advent of Curiosity
®

 baits is the most encouraging development in feral cat management 

for some time and if the bait is registered for commercial use it is likely to provide the most 

efficient and effective method for managing feral cats at WW Reserve.  Consequently, 

WWCoM should follow closely the progress of Curiosity
®
 and consider making WW 

Reserve available for field trials if additional mainland sites are sought in the future.  For 

further information, contact Michael Johnston, Research Scientist, Arthur Rylah Institute, 

Department of Sustainability and Environment, Heidelberg. 

 

Given that poison baiting for feral cats is not yet available, the only remaining practical 

methods for controlling cats at WW Reserve are ground shooting and trapping.  

Recommendations on how best to implement these techniques are provided below. 
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2.2.1  CONTROL METHOD 1:  GROUND SHOOTING (BATTUES) 
 

Overview 

Shooting is used widely in wildlife management and it is often employed in combination with 

trapping for feral cat management (e.g. Brothers 1982; Domm & Messersmith 1990; Bester et 

al. 2000).  The humaneness of ground shooting is almost entirely dependent on the skill and 

judgement of the shooter, and if it is conducted appropriately ground shooting is one of the 

most humane methods of destroying feral cats (Sharp & Saunders 2004a).  

 

There are two main forms of ground shooting: (i) shooting at night with the aid of a spotlight 

and (ii) shooting during the day using battues (commonly referred to as ‘fox drives’).  

Because spotlighting surveys are recommended for monitoring population changes in cats 

and other species at WW Reserve (see Section 4 for details), I strongly advise against the use 

of shooting at night with the aid of spotlights for feral cat control.  If spotlight shooting is 

conducted within the reserve it will compromise the results of the population monitoring 

surveys by making animals more wary of spotlights and more difficult to detect. 

 

Consequently, I recommend that the most appropriate form of shooting at WW Reserve is 

battues.  For the purposes of this management plan, ‘battues’ refer to the use of a line of 

unarmed beaters (i.e. people making noise) that drive feral cats and foxes into a line of people 

waiting with firearms to shoot the target species as they attempt to flee from the area.  A 

major advantage of this technique is that it is effective against all cats and foxes, unlike other 

control techniques (e.g. spotlight shooting) which mainly remove young, naïve, sick or 

injured animals and therefore make little impact on the overall breeding population (cf. 

Saunders & McLeod 2007).  Moreover, battues are well-suited to areas with thick ground 

vegetation which generally limit the feasibility of other control techniques.  The primary 

disadvantages of battues are that they are labour-intensive and only small areas can be 

covered. 

 

Battues will be an essential management tool at WW Reserve because the feasibility of other 

control techniques is restricted by the thick vegetation that occurs throughout much of the 

reserve (and provides ideal habitat for cats and foxes). 
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Preliminary Considerations 

Battues have been used in Australia for many decades yet they have rarely been used as part 

of a structured program to manage pest animals in public conservation reserves.  

Nevertheless, battues have been used recently to control foxes and/or cats on public land in 

the Benalla district (e.g. Lake Rowan, Moodies Swamp, Kinnairds Wetland).  Most of these 

battues appear to have been facilitated by Parks Victoria in conjunction with local branches 

of the Sporting Shooters’ Association of Australia (hereafter, SSAA) or Field and Game 

Australia (hereafter, FGA).  Given these recent efforts, WWCoM are advised to seek the 

advice of local Parks Victoria staff about implementing battues on public land (e.g. Chris 

Mercier, Ranger-in-Charge, Wangaratta; Alan Trott, Wangaratta; Andrew McDougall, 

Yarrawonga).  A ‘memorandum of co-operation’ has been developed between Parks Victoria 

and the SSAA (Victoria) to provide a framework to enable SSAA volunteers to assist in 

approved Parks Victoria pest control programs.  WWCoM are advised to develop a similar 

document to detail the guidelines and procedures that sporting groups must follow when 

undertaking battues at WW Reserve.  Additional advice may also be obtained from the Game 

Council of NSW, who in recent years has coordinated battues on public land in the Oberon 

district.  Their experiences may further assist WWCoM develop a safe and effective battue 

program. 

 

In making these recommendations, I must stress that battues should only be conducted as part 

of a structured program, implemented by members of registered organisations (SSAA and/or 

FGA) with firearms experience.  Battues undertaken on a casual basis by inexperienced 

and/or unlicensed operators cannot be advocated. 

 

Timing and Location 

Battues will not be suitable throughout the entire WW Reserve and an immediate priority 

should be to survey the whole reserve to identify (and map) the most suitable areas for 

battues.  This work should be undertaken by members of the local SSAA and/or FGA who 

are experienced with battues. 

 

Advice should also be sought on the amount of time required to conduct battues in each of 

the areas identified as suitable.  This will necessarily vary according to the number of 

participants available and the size of the area being treated, but coarse estimates will offer 
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guidance on the percentage of WW Reserve that can be reasonably treated within the likely 

time available (see below). 

 

It is advisable not to conduct battues during September–March when female cats are likely to 

be lactating.  This will minimise the risk of dependant kittens dying from starvation.  The 

number of battues that can reasonably be undertaken at WW Reserve during the remaining 

period (April–August) will depend on the willingness of the sporting groups to participate 

and the preparedness of WWCoM to close the reserve to the public when battues are 

performed (for safety reasons).  Regardless of the number of the battues undertaken,  

I strongly recommend WWCoM develop a structured program of regular battues (e.g. once a 

week, once a fortnight, or once a month) rather than an ad hoc approach which is likely to be 

much less effective.  

 

Procedural Considerations 

 Notify the public of upcoming battues to enable residents to take appropriate actions 

to protect their pets. 
 

 All participants should be made to register and sign an attendance book before 

participating (and sign again upon completion of each battue).  
 

 All participants must wear high visibility clothing (shirt, jacket, hat, etc.), without 

exception.  
 

 Only shotguns should be used. 
 

 Participants should take particular care when handling carcases as they may carry 

diseases that affect humans and other animals (e.g. sarcosporidiosis, ringworm, 

toxoplasmosis).  
 

 Hand wash facilities should be provided for all participants. 
 

 Participants should be advised to be protected by tetanus immunisation. 
 

 Prior to conducting battues, hunters should be briefed about potential hazards or 

protected areas and be familiar with the terrain they will traverse. 
 

 If performed correctly, battues are extremely target specific and will have little impact 

on non-target species.  Nevertheless, battues are not selective and non-target species 

are likely to be encountered.  Therefore, prior to commencing battues all hunters must 



Control Techniques 

11 

Winton Wetlands Reserve, Predator Management Plan 

be informed about which species may and may not be pursued.  Feral cats, foxes, 

rabbits and hares should all be shot if/when safe to do so, but under no circumstances 

must quail or other native species be shot (nor cats wearing collars). 
 

 Dogs are often used during battues to assist beaters to flush cats from vegetation 

and/or up into trees (where they can then be shot).  If dogs are used at WW Reserve 

they should be trained to drive cats/foxes from cover, not to capture or attack them.  
 

 I strongly recommend WWCoM instigate a policy whereby all dogs used in battues at 

WW Reserve must be fitted with muzzles.  This is because: (i) poison baits will be 

used throughout the reserve (see Section 2.3.1 below) and muzzles will prevent dogs 

eating baits and being poisoned, and (ii) muzzles will prevent dogs from attacking 

cats (and other species encountered) which is unacceptable on animal welfare 

grounds.  For additional information on the use of dogs in pest management refer to 

Sharp and Saunders (2004h). 
 

 Horses and/or motorbikes are also sometimes used during battues to help flush 

cats/foxes.  The use of these forms of transport should be carefully considered by 

WWCoM as they may potentially aid the spread of weeds throughout the reserve or 

damage sensitive areas and/or vegetation. 
 

 To ensure the humaneness of battues, it is essential that shooting is performed only by 

experienced, skilled and responsible shooters.  Shooters should not fire at an animal 

unless it can be clearly seen; is within range; they are confident of killing it with a 

single shot; and an appropriate firearm, ammunition and shot placement is used.   
 

 Battues have the potential to increase understanding of the distribution of pest species 

throughout WW Reserve.  Accurate records should be collected on all animals shot, 

including details on location, date, species, sex, weight and condition (a recording 

sheet is provided in Appendix 1). 
 

 WWCoM may also wish to store the stomachs of any cats (and foxes) destroyed 

during battues to facilitate dietary analysis.  This would provide additional 

information on the fauna present at WW Reserve and be of great value in 

understanding the impacts of predators at the site.  It may be worthwhile approaching 

universities or other research institutions who may be willing to perform stomach-

content analysis. 
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 All animal destroyed during battues should be disposed of by incineration or burial in 

a deep (1 metre) disposal pit; ensuring carcasses are covered with at least 0.5 m of 

soil. 

 

***These recommendations are intended as a guide only.  WWCoM must ensure all 

procedures used at WW Reserve are implemented in accordance with the relevant 

legislation.*** 

 

Broader Landscape Considerations 

Developing a regular program of battues has great potential to increase community interest 

and awareness of the positive work undertaken at WW Reserve.  A key aspect of this is 

demonstrating to the local community that WWCoM: (i) are committed to addressing the 

issue of feral animals and (ii) value the input and participation of local residents.  Moreover, 

if the program of battues is coordinated in an appropriate manner and is embraced by local 

hunting organisations, WWCoM could provide a leading example of how to integrate 

responsible community-based hunting with public land conservation.  This would help to 

dispel the commonly-held perception that the two efforts are mutually exclusive. 

 

In order to achieve such a goal, WWCoM must go to great lengths to ensure all battues are 

rigorously controlled and that hunting is performed in a responsible manner.  It will be 

paramount to publicise the fact that this is not ‘free-for-all hunting’, but rather, is part of an 

integrated pest control program conducted in a safe, humane, controlled and systematic 

manner designed to achieve sustained and effective control of feral animals.  Moreover, it 

will be necessary to ensure that battues are implemented without detriment to any of the 

values (environmental, cultural, social or economic) of WW Reserve.  
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2.2.2  CONTROL METHOD 2:  TRAPPING* 
 

*Trapping must be performed with cage traps as the use of leg-hold traps for feral cats is 

not permitted in Victoria. 

 

Overview 

Other than ground shooting, trapping is the only other practical cat control method currently 

suitable for use at WW Reserve.  Although trapping cats is time and labour intensive it is one 

of the most commonly used techniques in Australia (Denny & Dickman 2010); due largely to 

the lack of practical alternative techniques.  Until such time as more efficient methods are 

available (e.g. poison baiting), cage trapping must form a major component of the cat control 

effort at WW Reserve.  

 

Trapping success may be influenced by weather conditions and the appetite, age, sex, social 

status, activity level, and reproductive condition of the target population (King & Edgar 

1977).  Short et al. (2002) indicated trapping was most successful when the cat’s dominant 

prey (rabbits) was declining or low. Cage traps are relatively humane because non-target 

species can generally be released unharmed (Sharp & Saunders 2004b).   

 

Materials Required 

 GPS 

 Recording sheet (Appendix 2) 

 Firearm (to perform euthanasia) 

 Use a small calibre rifle (e.g. .22 rimfire or .22 magnum rimfire) with hollow-

point ammunition. 

 Traps 

 Use cage traps (e.g. 740 mm long × 310 mm high × 310 mm wide; made of 2.5 

mm welded wire with a mesh size of 12.5 mm × 25 mm).  
 

 Use traps with a spring door activated by a treadle plate.  Traps activated by a 

hook mechanism are not recommended because they can cause injuries to 

trapped animals. 
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 Bait 

 The attractiveness and palatability of bait may vary with season and location, 

but a variety of baits can be used for trapping feral cats, including: beef, fish, 

lamb, kangaroo, rabbit, tinned cat food, chicken. 
 

 KFC
™ 

(formerly Kentucky Fried Chicken) chicken pieces are also often used for 

trapping cats because they retain their odour for extended periods.  WWCoM 

way wish to approach the KFC store in Benalla (cnr Bridge & Smythe Streets) 

to enquire whether it is possible to obtain discarded chicken pieces for cat 

trapping at WW Reserve. 

 First-aid kit 

 

Timing and Location 

Due to animal welfare considerations, it is advisable not to conduct feral cat trapping during 

September–March when female cats are likely to be lactating.  This will minimise the risk of 

dependant kittens dying from starvation (Sharp & Saunders 2004b).   

 

The number of traps used at WW Reserve will depend on resource availability.  The initial 

investment required will obviously depend on the number of traps purchased, and the number 

of traps purchased will determine the amount of time and labour required to implement a cat 

trapping program.  Initially, I recommend a minimum of 12 (up to a maximum of 24) cage 

traps are purchased for use at WW Reserve.  Additional traps can be purchased after the first 

year of the program if deemed necessary. 

 

The intensity with which cat trapping is implemented at WW Reserve will depend on time 

and labour constraints.  Given the relatively small window of opportunity for (humanely) 

implementing cat trapping (April–August), it will be preferable to conduct trapping as 

regularly as is practical.  As a minimum, I recommend cat trapping is conducted for at least 

one week each month during April–August (but more intensively if possible).  Furthermore, 

as recommended for battues, I suggest WWCoM develop a regular trapping program rather 

than an ad hoc approach.  
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It is difficult to recommend the exact location for traps at WW Reserve as feral cats are likely 

to occupy the majority of the reserve.  Nevertheless, there are certain areas where cat trapping 

may be more effective and such locations should be targeted during the early stages of the 

program until more detailed information is gathered on the distribution of cats throughout the 

reserve.  Initial locations for cat trapping should include: 

 

 Areas of thick vegetation (Figure 1) and infestations of woody or densely-formed 

weeds (Figure 2) as these are likely to provide important habitat for cats. 
 

 Sites with rabbit activity (Figure 3) as rabbits are a staple food source for feral cats 

and their burrows are sometimes used for shelter.   
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Figure 1.  Initial trapping priority areas at Winton Wetlands Reserve (adapted from Davidson & Ellis (2011): dry matter (tonnes/ha)). 
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Figure 2.  Likely weed habitat for foxes and cats at Winton Wetlands Reserve. 
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Figure 3.  Areas of rabbit activity at Winton Wetlands Reserve. 



Control Techniques 

19 

Winton Wetlands Reserve, Predator Management Plan 

Recommended Protocol  

(adapted from Sharp & Saunders 2004b) 
 

 Notify the public prior to commencing trapping to enable residents to take appropriate 

actions to protect their pets. 
 

 Place traps at locations where cats have been observed or are known/suspected of 

being active (e.g. rabbit warrens, drainage culverts, hay stacks on neighbouring 

farms—provided permission is granted).  Refer to Figures 1–3. 
 

 Record the location of all traps with a GPS and make this information available to 

others in case the primary trapping operator is unable to check the traps.  
 

 Avoid placing traps in areas where they may be visible to the public or can be 

interfered with by stock. 
 

 Traps should be placed free from vegetation to enable a cat to walk completely around 

the trap. 
 

 A hessian bag can be placed over the rear two-thirds of the trap to: (i) help provide 

shelter to trapped animals, (ii) reduce the visibility of the bait to non-target species, 

and (iii) prevent cats from attempting to remove the bait from the rear or side of the 

trap. 
 

 Peg the trap to the ground to prevent trapped animals from tipping it over and 

releasing the trap door. 
 

 Place the bait at the rear (inside) of the trap.  
 

 Ideally, traps should be set in the late afternoon and checked early each morning.  
 

 If traps remain open during the day there is an increased risk of capturing non-target 

species (e.g. birds, reptiles) so they should be checked again in the late afternoon. 
 

 Traps must be inspected daily; without exception. 
 

 As mentioned previously, if possible avoid trapping during September–March when 

female cats are likely to be lactating.  This will minimise the risk of dependant kittens 

dying from starvation. 
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 If lactating females are trapped, endeavour to locate dependent kittens and euthanase 

them quickly and humanely.  For information on euthanasia techniques suitable for 

kittens refer to Sharp and Saunders (2004g). 

 

 

Recommended Euthanasia Protocol 

(adapted from Sharp & Saunders 2004b) 
 

 Euthanasia must be performed as quickly and humanely as possible by licenced 

operators with firearms experience. 
 

 Before euthanasing a trapped cat, confirm that it is not a domestic pet by ensuring it is 

not wearing a collar and/or registration tag. 
 

 Chose a line of fire that will not cause injury from ricochets or stray bullets and make 

sure any additional people are well behind the shooter prior to firing a shot. 
 

 Approach the trap slowly, in a quiet and calm manner. 
 

 Remain patient and wait until the cat is motionless before shooting. 
 

 To minimise the risk of misdirection, the muzzle of the rifle should be placed as close 

as possible (e.g. 30–50 mm) from the cat’s head. 
 

 From the frontal position (front view), aim at the centre of the head slightly below a 

line drawn midway between the ears.  From the temporal position (side view), aim 

behind the ear so that the shot will pass through the brain towards the opposite eye.  

See diagrams in Sharp and Saunders (2004b). 
 

 Immediately after firing, confirm the death of the cat by observing:  

 absence of rhythmic respiratory movements; 

 a fixed, glazed expression in the eyes and the absence of corneal reflex (i.e. no 

blinking). 
 

 If death cannot be confirmed, discharge a second shot into the cat’s head immediately. 
 

 Take particular care when handling cat carcases as they may carry diseases that can 

affect humans and other animals (e.g. sarcosporidiosis, ringworm, toxoplasmosis).  
 

 Routinely wash hands after handling all traps, baits and/or carcasses. 
 

 Operators should be protected by tetanus immunisation. 
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 All animal destroyed during trapping periods should be disposed of by incineration or 

burial in a deep (1 metre) disposal pit; ensuring carcasses are covered with at least  

0.5 m of soil. 
 

 As mentioned earlier, WWCoM may wish to store the stomachs of any cats destroyed 

at WW Reserve to facilitate dietary analysis.   

 

Non-target Captures 

 Do not set traps in areas that are regularly used by non-target species. 
 

 If non-target animals are caught, and they are unharmed, they should be released 

immediately at the capture site. 
 

 Captured non-target species with treatable injuries should be presented to a 

veterinarian or registered wildlife carer for treatment. 
 

 Captured non-target species with untreatable injuries should be euthanased using a 

technique that is suitable for the species in question. For more information on 

euthanasia techniques refer to Sharp and Saunders (2004g). 
 

 If a fox is caught, it should be euthanased following the same procedure as for feral 

cats (see above). 
 

 If a domestic pet is trapped, it should be taken to the nearest council pound, 

veterinarian or animal shelter. 

 

 

***These recommendations are intended as a guide only.  WWCoM must ensure that 

all trapping and associated procedures used at WW Reserve are implemented in 

accordance with the relevant legislation.*** 

 

Broader Landscape Considerations 

I recommend WWCoM approach Benalla Rural City Council to organise a regular feral cat 

trapping program at the Benalla Landfill site (Old Farnley Road).  This is a likely population 

source of feral cats, and removing animals at the landfill site may reduce the number of cats 

migrating to WW Reserve.  It may also be worthwhile investigating other potential 

population sources such as the Glenrowan Transfer Station (Twamley Road).  If this site is 
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found to provide likely habitat for feral cats, a similar trapping program may need to be 

implemented in collaboration with the Rural City of Wangaratta Council.   

 

Another potential population source for feral cats is the large stockpile of disused railway 

sleepers situated in the paddock on the eastern side of Bower’s Road (Figure 4) near 7 Mile 

Wetland on the southern boundary of WW Reserve.  This site is likely to provide shelter for 

feral cats (and foxes), and establishing a trapping program there and at other nearby 

stockpiles of railway sleepers may further reduce the migration of cats (and foxes) to WW 

Reserve from the surrounding landscape. 

 

 

 

Figure 4.  Disused railway sleepers, Bower’s Road, Winton (June 2011). 

 

 

In the longer-term, it may be advantageous for WWCoM to develop a partnership with the 

Benalla Rural City Council and the Rural City of Wangaratta Council to deliver an education 

program on responsible cat ownership to the local community. 
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2.2.3  FERAL CAT MANAGEMENT  ACTION PLAN 
 

Below is a list of key activities that WWCoM must undertake prior to commencing feral cat 

management activities at WW Reserve: 

 

  Seek legislative permission to control feral cats at WW Reserve under the 

Domestic (Feral and Nuisance) Animals Act 1994 (refer to pp. 6–7). 

 

 Conduct on-ground surveys of WW Reserve to map areas suitable for battues 

(refer to p. 9). 

 

 Purchase cage traps (refer to p. 13). 

 

 Perform dietary content analysis on feral cat stomachs collected from WW 

Reserve to provide information on their prey items (refer to p. 11). 

 

 Seek advice from Parks Victoria and the Game Council of NSW regarding 

implementing battues on public land (refer to p. 9). 

 

 Develop a ‘memorandum of co-operation’ with local sporting groups regarding 

participation in battues at WW Reserve (refer to p. 9). 

 

 Organise a carcass disposal system (i.e. incineration or deep disposal pit) (refer to 

p. 12). 

 

 Contact DSE’s Arthur Rylah Institute regarding the possibility of trialling 

Curiosity
®
 cat baits at WW Reserve (refer to p. 7). 

 

 Approach KFC regarding the possibility of obtaining discarded chicken for use as 

trap baits (p. 14). 

 

 Contact Benalla Rural City Council with view to arranging a regular cat trapping 

program at the Benalla Landfill site and assess the suitability of the Glenrowan 

Transfer Station (refer to pp. 21–22). 

 

 Contact the owner of the stockpile of railway sleepers on Bower’s Road to seek 

permission to conduct trapping at the site (refer to p. 22). 
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2.3  FOXES 

In Victoria, foxes are declared as established pest animals under the Catchment and Land 

Protection Act 1994. Under this Act, land managers (on private and public land) are 

responsible for managing foxes on their property. 

 

Predation of native wildlife by foxes is listed as a threatening process under Schedule 3 of the 

Flora and Fauna Guarantee Act 1988 and fox management is therefore part of the objectives 

of flora and fauna conservation in Victoria (Section 4 of the Act). 

 

Many techniques can be used to manage foxes in rural landscapes, including poison baiting, 

ground shooting, guard animals, trapping, den fumigation, exclusion fencing and battues 

(Saunders & McLeod 2007).  Fox management is more effective if several methods are 

employed, but some techniques are impractical for WW Reserve (i.e. guard animals, 

exclusion fencing).  Furthermore, although ground shooting with the aid of a spotlight is used 

widely for fox control in agricultural areas, I advise against its use at WW Reserve because it 

would jeopardise the population monitoring program (refer to Section 4 for more details).  

Recommendations on how best to implement the remaining techniques (i.e. poison baiting, 

battues, den fumigation and trapping) throughout the reserve are provided below. 

 

 

2.3.1  CONTROL METHOD 1:  POISON BAITING 
 

Overview 

Fox baiting with meat-based baits containing sodium monofluoroacetate (hereafter, 1080) is 

currently the most effective and widely-used method of broad-scale fox control in Australia 

(Saunders et al. 1995; Environment Australia 1999; Reddiex et al. 2006; Gentle et al. 2007; 

Sharp & Saunders 2007b; West & Saunders 2007; Mahon 2009) and should form the 

cornerstone of the fox-control program at WW Reserve.  In some parts of Australia 1080 

baits are distributed aerially but this is unsuitable for Winton Wetlands so strategic ground 

baiting will be required whereby baits are buried at sites selected to maximise their uptake by 

foxes and minimise non-target exposure. 

 

1080 is currently the most widely-used toxin for fox control in Australia primarily because: 

(i) foxes have a relatively higher sensitivity to 1080 compared with native wildlife (McIlroy 

1986) and (ii) it is the most economical method presently available (Southwell et al. 2011).  
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While 1080 is likely to remain the principal toxicant for fox control in Australia for the 

foreseeable future, its application is somewhat hindered by concerns over inadvertent 

poisoning of domestic and farm dogs (see Southwell et al. (2011) for other barriers to 

participation).  In light of this and other limitations of 1080, efforts are currently underway to 

register another chemical for fox control (i.e. para-aminopropiophenone; PAPP) which 

although not yet commercially available in Australia, appears to have several desirable 

attributes (see Fleming et al. 2006; Southwell et al. 2011) that may see it replace 1080 as the 

principal toxicant for fox control in Australia in the future (e.g. the next 8–15 years).   

 

WWCoM are advised to continue to use 1080-based fox baits throughout WW Reserve but 

should follow closely the progress and development of PAPP-based fox baits (e.g. 

FOXECUTE
®
).  If in the future these baits become available commercially, WWCoM should 

consider using them for fox control throughout the reserve (but only after a thorough review 

of published literature on their effectiveness, humaneness and non-target effects; relative to 

1080 baits).  

 

Materials Required 

 GPS 

 Recording sheet (Appendix 3) 

 Sand (try to use sand from local sources to avoid importing weeds and/or novel odours) 

 Bucket 

 Shovel and rake 

 Bait 

 35-gram FOXOFF
®

 Econobaits (Animal Control Technologies Pty. Ltd.; 

Somerton, Victoria) containing 3 mg of 1080.  FOXOFF
® 

baits are 

rectangular, semi-soft tablets containing meat meal, animal fat, preservatives, 

binding agents and flavour enhancers (Saunders & McLeod 2007). 

 22-gram De-Fox
™

 baits (PAKS National Pty. Ltd.; Mona Vale, NSW) 

containing 3 mg of 1080.  De-Fox
™

 are sausage-shaped baits made from 80% 

liver and 20% kangaroo meat (Saunders & McLeod 2007). 

 Tongs 

 Warning signs  

 Star pickets 
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 Cattle ear-tags (e.g. http://www.eartags.com.au) 

 Track identification reference guide (e.g. Triggs 2004) 

 First-aid kit 

 

Timing of Baiting 

WWCoM must implement a regular and ongoing fox-baiting program owing to: (i) the large 

size of WW Reserve, (ii) the likely migration of foxes from the surrounding landscape, and 

(iii) the overriding aim of increasing conservation of native fauna.  After careful 

consideration of these, and other factors (e.g. fox life-cycle, animal welfare, economics, 

logistics, etc.), I recommend the following baiting schedule is implemented on a year-round 

basis at WW Reserve: 
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Recommended fox-baiting schedule for Winton Wetlands Reserve 

 January—no baiting 

 

 February—BAIT 

 Juvenile foxes from the previous year’s breeding season become increasingly mobile and begin to disperse. 

 Baiting at this time will help reduce the number of juvenile foxes that survive to reach the forthcoming breeding season. 

 

 March—no baiting 

 

 April—BAIT 

 The peak dispersal period when most foxes born during the previous spring are travelling in search of their own territories. 

 A good time to bait to reduce the number of juvenile foxes moving into and out of WW Reserve. 

 

 May—no baiting 

 

 June—BAIT 

 July—BAIT 

 The period when the fox population is at its most stable and when most foxes have ceased dispersing. 

 The main breeding period when foxes are highly mobile in efforts to defend and maintain their territories and search for mating opportunities.   

 An opportune time to bait to reduce the number of breeding adults and subsequent cub births. 

 

 August—no baiting 

 September—no baiting 

 To minimise the animal welfare implications of orphaning dependant cubs, it is preferable to avoid baiting during August–September when female foxes are likely to 

be lactating.  

 This is also the period when female foxes are least active and therefore may be less likely to encounter baits. 

 

 October—BAIT 

 Young foxes begin to emerge from their dens and explore the surrounding areas. 

 Many bird species are nesting, or have recently nested, and baiting at this time will help reduce predation pressure from foxes. 

 

 November—no baiting 

 

 December—BAIT 

 Juvenile foxes are becoming increasingly mobile and foraging independently. 

 Baiting at this time will help reduce the number of juvenile foxes that survive to reach the forthcoming breeding season. 
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Alternative Fox-baiting Schedule 

If WWCoM are not willing or unable to implement the recommended baiting schedule, the 

following alternative schedule should be applied.  This is likely to be less effective than the 

recommended schedule and should be regarded as the absolute minimum fox-baiting effort 

required at WW Reserve. 

 

Minimum fox-baiting schedule for Winton Wetlands Reserve 

 

 

 

 

 

 

 

 

 

 

Bait Selection 

A variety of bait types are used for fox baiting in Australia, including fresh baits prepared 

individually by hand (e.g. chicken heads or wings, pieces of liver or tongue) and dried baits 

produced commercially (e.g. FOXOFF
®
, De-Fox

™
) (Saunders & McLeod 2007).  Many 

issues must be considered when determining the most appropriate fox bait including: (i) the 

length of the baiting program, (ii) bait longevity, (iii) non-target safety issues, (iv) the cost of 

bait purchase, distribution, handling and replacement, (v) bait palatability, and (vi) cost-

effectiveness (i.e. the minimum cost per bait presented/consumed) (Gentle 2005). 

 

Gentle (2005) developed a decision tree model to assist practitioners select the most 

appropriate fox bait in temperate farmland environments in central-western NSW.  Using this 

decision tree as a guide and considering other factors relevant to fox control at Winton 

Wetlands, I recommend that commercially manufactured baits are currently the most 

appropriate bait for use at WW Reserve.  The primary reasons being that commercial baits: 

(i) are less likely to be removed by non-target species, (ii) require considerably less time and 

 January–BAIT 
 

 February, March—no baiting 
 

 April–BAIT 
 

 May, June—no baiting 
 

 July–BAIT 
 

 August, September—no baiting 
 

 October–BAIT 
 

 November, December—no baiting 
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money to obtain, store, handle and replace, and (iii) are likely to be more cost-effective 

overall (sensu Gentle 2005). 

 

Bait Distribution 

Conducting ground baiting over an area as large as WW Reserve is a challenging task.  To be 

effective, baits must be spread throughout the entire reserve so all foxes have access to bait 

sites.  At the same time, it is important not to apply baits too densely as this will reduce the 

cost-effectiveness of the program and may encourage individual foxes to remove multiple 

baits which could cause problems with bait caching.  Caching occurs when a fox moves food 

(e.g. a bait) from its original location and re-buries or hides it elsewhere in an attempt to 

secure it from competitors and/or conserve it for later use (Vander Wall 1990).  Every effort 

should be made to reduce caching of 1080 baits by foxes as this process may reduce the 

efficacy, cost-effectiveness and/or non-target safety of fox-control programs.   

 

On account of these issues I have created 77 proposed baiting sites for WW Reserve (Figure 

5).  These locations were selected in consideration of several factors, including: (i) locations 

likely to be used by foxes, (ii) non-target safety concerns, (iii) ease of access for bait 

deployment/checking, (iv) spatial coverage throughout the entire reserve, and (v) potential for 

multiple uptake and/or caching of baits by individual foxes. 

 

Targeted Features 

The majority of the proposed sites are situated along the existing road network within  

WW Reserve (i.e. all-weather and 4WD roads); primarily because roads appear to be 

commonly used by foxes (e.g. Lumsden et al. 1991; Meek & Saunders 2000; Ramp et al. 

2006; Gosselink et al. 2007; Silva et al. 2009; Towerton et al. 2011). This is supported by 

controlled experiments by Carter (2010) who demonstrated that 69–73% of baits placed 

at roadsides (n = 420) were removed by foxes within eight days of deployment.  

Moreover, roadsides enable baits to be distributed and checked in a quick and efficient 

manner.  

 

In parts of the reserve devoid of roads I recommend placing baits along other linear 

features that may act as ‘pseudo roads’.  Along the northern and eastern sections of the 

reserve I advise that baits be placed along the existing track/ploughed breaks (see Figure 

5) that are conspicuous on recent aerial photographs (c. 2010).  Distributing baits along 
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these features will help provide a thorough coverage across these sections of the reserve 

while positioning baits away from the reserve’s immediate boundary (and neighbouring 

properties). 

 

Elsewhere (i.e. 7 Mile Creek, ‘The Spit’, 11 Mile Creek: see Figure 5) I recommend 

WWCoM use a tractor to create and maintain a slashed path (approximately 2 m wide) 

through the vegetation, along which baits can be distributed.  This will provide a defined 

route for operators to deploy baits and may also prove attractive to foxes (and cats) by 

increasing the ease with which they can move through the dense vegetation that is 

widespread throughout much of WW Reserve (sensu Taylor et al. 1985).  For the same 

reason, I also advise that vegetation immediately adjacent to 4WD roads and the 

track/ploughed breaks is slashed on a regular basis. 

 

The recommended route for slashing paths is outlined in Figure 5, but this will be subject 

to change following on-ground inspections to avoid areas that may become inundated 

with water or too wet to enable year-round vehicle access. 

 

Bait Placement  

To limit the likelihood of individual foxes encountering multiple baits, the proposed bait 

sites are spaced at 1 km intervals (straight-line distance).  The only exception is at the 

former Lake Mokoan dam wall (at the western end of WW Reserve) where I advise that 

baits are placed along both roads (i.e. the road situated on top of the wall and the road 

situated at the bottom (western side) of the wall.  On each individual road the proposed 

bait sites remain spaced at 1 km intervals, but the straight-line distance between baits on 

the two parallel roads is 500 m.   

 

The bait sites proposed in Figure 5 are provided as a guide only; the final selection of 

bait locations should be at the operators’ discretion following on-ground inspections of 

the recommended sites.  Bait locations should remain somewhat flexible to take 

advantage of areas known or suspected of being frequented by foxes, although it is 

important that at all times a minimum of 500 m (preferably 1 km) is maintained between 

bait sites as this may reduce the incidence of bait caching by foxes (Sharp & Saunders 

2004c).  WWCoM are advised to review all bait locations after the initial two years of 
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the baiting program to determine whether some bait sites should be relocated (i.e. if few 

or no baits have been removed from particular sites). 

 

It is important to note that the proposed baiting sites were developed at a time when the 

wetlands within the reserve were at full capacity.  During times when the wetlands are 

holding less water, the area of dryland within the reserve will increase and at such times 

it may be necessary to create additional bait sites to account for the extra habitat 

available to foxes.  I advise that the most appropriate means for doing so will be to create 

additional slashed paths (as recommended above) closer to the edge of the water in the 

reduced-capacity wetlands.  WWCoM may likewise wish to create an additional 4–5 bait 

sites situated along the south-eastern boundary of the reserve (i.e. between Bill Friday- 

and Ashmeads Swamp; east of Keenan Road; south of Humphries Lane).  However, if 

additional bait sites are created it will remain necessary to: (i) maintain a  

1 km spacing between all new and existing bait sites, and (ii) continue to bait all existing 

sites. 
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Figure 5.  Proposed 1080 bait locations at Winton Wetlands Reserve. 
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Recommended Protocol 

(adapted from Sharp & Saunders 2004c) 

 

Safety Precautions 

 Landholders adjoining WW Reserve must be notified prior to the commencement of 

each baiting period.  The Department of Primary Industries (hereafter, DPI) have 

dedicated forms for doing so and strict guidelines regarding the amount of notice that 

must be provided.  For more information refer to the DPI website: 

http://www.new.dpi.vic.gov.au/agriculture/farming-management/chemical-

use/agricultural-chemical-use/bait-system     
 

 Nearby landholders should be advised to restrain (or fit muzzles to) all pet and 

working dogs for the duration of each baiting period and for at least three weeks after 

baiting ceases (as viable baits may still be present within the reserve during this 

period).  Cats should likewise be confined during this period as they too are 

susceptible to 1080 poisoning from fox baits. 
 

 Warning signs must be erected at all public-entry points to WW Reserve.  The DPI 

have strict guidelines and recommendations regarding signage for pest control 

programs so WWCoM should refer to the DPI website for up-to-date information:      

http://www.new.dpi.vic.gov.au/agriculture/farming-management/chemical-

use/agricultural-chemical-use/bait-system.  As a minimum, each sign should include 

the date baits are laid, which toxin is used (e.g. 1080), for which pest species (e.g. 

foxes and cats), and contact details for further enquiries. 
 

 Because baiting will be conducted on an ongoing basis throughout WW Reserve, it 

may be worthwhile erecting permanent signs to alert the public that poison baits are 

used regularly throughout the reserve.  In this way, the relevant information (e.g. 

baiting dates, contact details, etc.) would simply be updated on the signs prior to each 

baiting period. 
 

 When deploying baits, distance restrictions must be obeyed with respect to their 

placement relative to boundary fences, water-bodies, places of habitation, etc.   For 

current information on distance restrictions refer to the DPI website: 

http://www.new.dpi.vic.gov.au/agriculture/farming-management/chemical-

use/agricultural-chemical-use/bait-system.   
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Bait Station Establishment 

 Because WW Reserve comprises many low-lying areas, baits should be placed in 

raised mounds of sand rather than buried below ground-level.  This will help alleviate 

the problem of placing baits in wet soil which will accelerate their rate of decay and 

increase the risk of foxes consuming baits containing sub-lethal amounts of poison 

(see below). 
 

 Create each bait station by placing 20–40 litres of sand onto the surface of the ground 

and forming the sand into a convex-shaped mound (i.e. pyramid shaped).  In areas 

with dense undergrowth it may be necessary to remove some underlying vegetation 

prior to adding the sand.  Bait stations should be established on the road verge or near 

the edge of the track/ploughed break/slashed path. 
 

 Each bait station must be clearly identifiable.  I recommend this is done by attaching 

an individually numbered cattle ear tag to a steel star picket and driving the picket 

into the ground beside the bait station. WWCoM may wish to increase the visibility of 

these sites by either placing a star-picket cap on the end of each picket or with 

fluorescent paint. 
 

 The location of each bait station must be recorded with a GPS and transferred onto 

GIS software to ensure bait sites are accurately mapped for future reference. 

 

 

Bait Deployment & Replacement 

 Alternate the type of bait used between baiting periods to limit the potential for foxes 

to become accustomed to a particular bait type which could potentially encourage bait 

caching.  For instance, use FOXOFF
®
 during February baiting, De-Fox

™
 during 

April, FOXOFF
®

 during June–July, etc. 
 

 At each bait station, bury a single bait 50–100 mm below the top of the sand mound.  

This will reduce the likelihood of uptake by non-target species (particularly birds).  

Baits can be handled conveniently with a pair of tongs. 
 

 Check bait stations weekly and monitor visitation by inspecting footprints in the sand.  

Any baits removed by foxes should be replaced, but replacement baits should not be 

laid if operators suspect removal by non-target species.   
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 The length of time baits remain lethal to foxes depends on many factors such as 

rainfall, soil moisture, temperature, etc.  As a general guide, baits placed in well-

drained soil are likely to remain lethal to foxes for at least 2–3 weeks.  However, baits 

will degrade faster following significant rainfall or when the soil is wet (Saunders et 

al. 2000; Sharp & Saunders 2004c).    
 

 If a bait is not taken after two weeks, remove it and replace with a new bait.  

Likewise, all baits should be removed and replaced after considerable rainfall (i.e. 25 

mm).  This is a relatively cautious strategy but is vital during a long-term, large-scale 

fox-baiting program such as that proposed at Winton Wetlands.  If foxes consume 

baits that contain a sub-lethal amount of poison they may not take baits during 

subsequent baiting periods.  This could undermine the efficacy of the entire program 

by selecting for foxes that avoid baits; therefore potentially increasing the impact of 

foxes at WW Reserve. 
 

 All uneaten baits should be disposed of by incineration or burial in a deep (1 metre) 

disposal pit; ensuring baits are covered with at least 0.5 m of soil. 
 

 At the conclusion of each baiting period collect all uneaten baits and dispose of them 

in the same manner.   
 

 The carcasses of animals poisoned with 1080 retain only low levels of the toxin 

(Southwell et al. 2011).  Furthermore, the likely scavengers of carrion at WW Reserve 

are raptors (e.g. wedge-tailed eagles) which have a relatively high tolerance to 1080 

(McIlroy 1984) and would need to eat large quantities of the meat to receive a lethal 

dose (APVMA 2008). Nevertheless, any fox carcasses discovered during or after the 

baiting program should be disposed of in the same manner as surplus baits. 

 

General Considerations 

 It is best to use baits as soon after manufacture as possible so obtain baits only when 

required (i.e. order only enough baits for each baiting period). 
 

 Baits must be stored and transported in a secure container; preferably one that can be 

locked. 
 

 Operators should never handle baits directly and when baiting they should always 

wash their hands etc. before eating, drinking or smoking. 
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 Foxes may deposit scats (faeces) at bait stations.  WWCoM may wish to collect these 

and have them analysed to provide information on the diet of foxes at WW Reserve. 

 

 

***These recommendations are intended as a guide only.  WWCoM must ensure that 

all baiting methods and associated procedures used at WW Reserve are implemented 

in accordance with the relevant legislation.*** 

 

Broader Landscape Considerations 

Foxes are highly mobile and will readily travel 10–15 km each night in agricultural 

landscapes, while dispersal distances can be much greater (e.g. ≈ 50 km: Carter (2010)).  This 

mobility means that when a fox is killed or dies of natural causes, its vacant territory is 

generally re-occupied rapidly (e.g. 2–3 weeks) by foxes from surrounding areas.  

Consequently, the ability of WWCoM to maintain reduced predation pressure from foxes 

throughout WW Reserve will be affected by the management of foxes in the surrounding 

landscape (hence the need for ongoing and intensive fox control at the reserve).  

 

While the first priority of WWCoM should be to implement an effective fox-control program 

within the WW Reserve itself, an immediate task should be to seek permission for baits to be 

placed at 1 km intervals along the two irrigation channels leading into/out of the western end 

of the reserve (Figure 5).  These features are likely thoroughfares for foxes migrating to/from 

WW Reserve and they therefore represent ideal locations for distributing baits.  Baiting along 

these channels should be synchronised with the WWCoM baiting program and when water is 

present, baits should be placed on both sides of the channels.  

 

An equally important task over the longer-term will be to promote and encourage a strategic 

approach to fox baiting throughout the broader landscape.  This will require fox-baiting 

activities to be coordinated with other land management agencies such as the Department of 

Sustainability and Environment, Parks Victoria, Goulburn-Broken Catchment Management 

Authority, Goulburn-Murray Water and private landholders.  Facilitating such an approach 

would be aided greatly by the creation of a Conservation Management Network (CMN) 

centred on Winton Wetlands, similar to those established elsewhere in Victoria (e.g. Broken-

Boosey CMN, Goldfields CMN).  In this manner, the CMN coordinator could oversee fox-

baiting activities throughout the district and ensure all parties were using consistent methods 

and working in a strategic manner to reduce fox impacts.  This approach would not only 

benefit wildlife at WW Reserve but throughout the broader landscape also. 
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2.3.2  M-44 EJECTORS (A  POTENTIAL  ALTERNATIVE  TO  1080  BAITING) 
 

An emerging alternative to 1080 baiting that warrants serious consideration from WWCoM is 

the use of mechanical ejectors (known as M-44 ejectors).  M-44 ejectors are baited, spring-

loaded devices that contain a capsule filled with 1080 (or an alternative toxin, e.g. PAPP).  

The ejectors are partly buried in the ground, leaving only a baited lure exposed (Figure 6).  

When a fox attempts to remove the lure by pulling upwards on the bait, the contents of the 

capsule are propelled into its mouth via a spring-loaded piston; thereby delivering a lethal 

dose of 1080.  The use of M-44 ejectors at WW Reserve would overcome many of the 

potential shortcomings of traditional ground-based fox baiting (see below).   

 

 

 

Figure 6.  The exposed lure (commonly known as a ‘bait head’) of an M-44 ejector.  The arrow 

shows the chamber that houses the toxicant (e.g. 1080) capsule.  The ejector in this photograph has 

been activated, as evident by the exposed piston in the centre of the capsule chamber.  The mesh-

netting below the M-44 ejector in this photograph is the base of a predator-proof fence (i.e. it is not 

part of a standard ejector set-up).  Source: R. Spencer. 

 

 

Advantages of M-44 Ejectors 
 

 They cannot be moved or cached 

 This is particularly relevant at WW Reserve given its status as a public conservation 

reserve and its proximity to private residences.  Many of the fears held by opponents 

of 1080 fox baiting would be allayed by the knowledge that 1080 poison in M-44 

ejectors remains at specified locations. 
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 The use of M-44 ejectors would improve the feasibility (and probably increase the 

participation rate) of battues.  Prior to a battue, each ejector could by protected with a 

small wire-mesh cage to prevent battue dogs accessing the bait head.  At the end of 

the battue, the cages could simply be removed to re-activate the ejectors.  In contrast, 

during a standard 1080 baiting program all baits will need to be removed prior to each 

battue (but some baits may remain because of caching) and then replaced again at the 

completion of each battue. 

 

 They pose less risk to non-target species 

 M-44 ejectors can be activated only by animals with sufficient strength to exert an 

upward pull-force of 1.6–2.7 kg on the exposed lure (Hunt 2010).  This prevents 

many non-target species from accessing a lethal dose of 1080, particularly birds and 

smaller mammals.   

 

 They require less-frequent checking 

 The capsules used in ejectors are protected from weathering and therefore are not 

affected by water leaching or degradation from insects or microbial organisms as is 

the case with standard 1080 baits.  Consequently, M-44 ejectors can remain in the 

field for extended periods without the need for regular inspection. 
 

 In this way, M-44 ejectors would provide WWCoM operators with more flexibility by 

eliminating the need to check bait sites weekly.  If labour was extremely limited, M-

44 ejectors could remain unchecked for an entire month-long poisoning program. 

 

In addition, van Polanen Petel et al. (2004) concluded that M-44 ejectors with 1080 were 

more time-effective than other common fox-control techniques (including shooting at night 

with a spotlight), while Marks et al. (2002) suggested M-44s may be useful near urban areas 

where the non-target risks posed by 1080 baits are high. 

 

Limitations of M-44 Ejectors 

Currently the main limitation of M-44 ejectors is that they cannot be used without special 

permits from the various regulating bodies (e.g. Australian Pesticides and Veterinary 

Medicines Authority (APVMA)).  However, this is not entirely prohibitive as M-44 ejectors 

are used increasingly in NSW National Parks and other areas covered under the NSW Fox 
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Threat Abatement Plan.  Moreover, the Invasive Animals Cooperative Research Centre and 

Animal Control Technologies are currently pursuing an Australian ejector registration with 

APVMA (pers. communication, R. Hunt, NSW Department of Environment, Climate Change 

and Water, 28 June 2011) which may facilitate increased use in the future.  Given the 

objectives of the restoration program at WW Reserve and the size and natural values of the 

site, WWCoM have a strong case to seek special permission to trial the use of M-44 ejectors 

(similar to that granted for NSW National Parks). 

 

If M-44 ejectors are used at WW Reserve, the location, duration and timing of the poisoning 

program should mirror the recommendations provided in Section 2.3.1 for the 1080 baiting 

program.  The principal difference would be in the protocol for establishing the M-44 ejectors 

and preparing the lures (detailed procedural information on these matters is provided in Hunt 

(2010)).  Also, ejector sites could be checked less regularly (e.g. fortnightly or monthly, as 

highlighted above).  

 

Additional References 

 Busana et al. (1998) 

 Marks et al. (1999, 2002, 2003) 

 van Polanen Petel et al. (2004) 

 Marks and Wilson (2005) 

 Nicholson and Gigliotti (2005) 

 NSW NPWS (2006a, 2006b, 2006c, 2010) 

 Saunders and McLeod (2007) 

 Hunt (2010) 
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2.3.3  CONTROL METHOD 2:  GROUND SHOOTING (BATTUES) 
 

In addition to being a valuable method for feral cat control, battues will be an extremely 

important tool for managing foxes at WW Reserve.  Battues for fox and cat control should be 

implemented simultaneously following the principles and procedures outlined above in 

Section 2.2.1 (pp. 8–12). 

 

 

2.3.4  CONTROL METHOD 3:  DEN FUMIGATION 
 

Overview 

For the purposes of this management plan, a ‘fox den’ is a hole dug in the ground that is used 

for raising cubs (i.e. a natal den).   

 

Fumigation of natal dens with carbon monoxide (hereafter, CO) gas is a very target-specific 

fox-control method (Sharp & Saunders 2004e).  If implemented correctly it is also one of the 

most humane forms of fox destruction currently available (Sharp & Saunders 2011). When 

fumigating fox dens, CO gas is created by the combustion of fumigant cartridges (DEN-CO-

FUME
®
; which are inert until ignition) either placed directly into the den or into a fumigator 

(DEN-CO-FUME
®
 Portable Fumigator) which delivers the gas into the den.  The odourless 

CO gas causes hypoxia (oxygen depletion) in the den’s inhabitants, resulting in 

unconsciousness and rapid death without apparent pain or discomfort (Sharp & Saunders 

2004e).   

 

Owing to the difficulty of locating dens, den fumigation is generally viewed as a 

complementary fox-control technique.  Consequently, in Australia fumigation is mostly used 

to treat fox dens in localised areas such as within lambing paddocks or in urban areas where 

other methods are unsuitable (Sharp & Saunders 2004e; Saunders & McLeod 2007).  

However, at Winton Wetlands I believe den fumigation could be used as a cost-effective 

measure suitable for wider application.  The key to this approach is mapping the location of 

fox dens, and once identified, leaving dens intact rather than destroying them (which is often 

recommended: Saunders et al. (1995)).  Den destruction does not necessarily remove resident 

foxes, it can merely encourage them to shelter elsewhere; often in locations that are more 

difficult to locate and manage (e.g. tree base, rock pile, etc.).  Mapping den locations at WW 

Reserve would enable each den to be systematically surveyed during the cub-rearing period 

each spring, with natal dens fumigated to remove entire litters before they reach 
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independence.  Den mapping would also enable WWCoM to monitor fox numbers more 

closely, while 1080 baits can be placed at known den locations throughout the year to target 

resident or visiting adult foxes.  If this approach is applied in a strategic manner across WW 

Reserve it will improve the overall efficacy of the fox management program. 

 

I also recommend WWCoM map the location of all drainage culverts within the reserve, as 

culverts are popular den sites for foxes (Stanley 1963; Pielowski 1976; Storm et al. 1976; 

Marks & Bloomfield 2006; Gosselink et al. 2007).  In my experience, culverts with a 300 mm 

diameter are preferred by foxes for den sites, but it is worthwhile mapping larger culverts as 

these are often used as thoroughfares by foxes and therefore provide favourable sites for 

trapping/baiting.  All culverts should be inspected regularly as per natal dens, and 

systematically surveyed in spring to fumigate any culverts occupied by cubs.   

 

Den Locations 

It is impractical to actively search for fox dens for broad-scale fox control at WW Reserve, 

but it is useful to understand the sites likely to be used as fox dens so WWCoM staff can 

remain alert for dens while moving throughout the reserve. 

 

The most important factor determining den location appears to be soil texture, with earthen 

dens found mainly in sandier soils (Carter 2010).  Consequently, understanding the 

underlying soil structure of WW Reserve will help identify the areas where dens are most 

likely to be encountered.  Figure 7 provides a coarse assessment of the potential for earthen 

fox dens at WW Reserve.  Earthen dens are most likely to be found in the sandy lunette areas 

(e.g. ‘The Spit’), while the Slopes Grassy Woodland areas may also contain soil suitable for 

earthen dens.  The soil elsewhere throughout the reserve is largely unsuitable for earthen dens 

and in these areas foxes may use non-earthen locations for raising cubs such as drainage 

culverts, the base of large old trees or hollow logs.  Of these non-earthen locations, drainage 

culverts are the only sites suitable for fumigation if occupied by cubs. 
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Figure 7.  Fox den potential at Winton Wetlands Reserve (adapted from Davidson & Mann (2010): vegetation classes). 
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Below is a collection of photographs of some typical fox den locations.  

 

 

 

Figure 8.  An earthen fox den showing recently dug soil and fresh fox prints.   

 

 

 

 

Figure 9.  Drainage culvert.  The entrances of culverts used as den sites are often partly obscured with 

soil (as in this photograph) and/or tall vegetation. 
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Figure 10.  The base of large old trees.  Carter (2010) found fox dens only in the base of trees with a 

DBHOB (diameter at breast height over bark) greater than 0.8 m, which, based on annual growth 

rates, would be approximately 200 years old or more (DNRE 1998; ECC 2000).  These trees also 

often showed signs of die-back or hollowing in the main trunk (as per Figure 10b).  Arrows signify 

den entrance. 

 

 

 

 

 
 

Figure 11.  The base of a fallen tree (arrow signifies den entrance). 

(a) (b) 
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Figure 12.  A hollow log (arrow signifies den entrance). 

 

 

Materials Required 

 GPS  

 DEN-CO-FUME
®
 carbon monoxide fumigant cartridges (Animal Control 

Technologies Pty. Ltd.) 

 Cardboard tubes containing carbon (35% charcoal and 65% sodium nitrate) 

and a fuse, which once ignited burn for 2–4 minutes to produce carbon 

monoxide. 

 DEN-CO-FUME
®
 Portable Fumigator (Animal Control Technologies Pty. Ltd.) 

 A portable device that accommodates DEN-CO-FUME
®
 carbon monoxide 

fumigant cartridges.  The fumigator contains a steel combustion chamber and 

a flexible steel pipe that transports carbon monoxide from the combusted 

cartridges into the den. 

 Shovel  

 Fibre-cement sheets 

 Respiratory mask (suitable for protection against carbon monoxide) 

 First-aid kit 
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Timing  

The peak period for den fumigation at Winton Wetlands will be August to October.  Unborn 

cubs (i.e. neonatal animals) are relatively resistant to hypoxia and when exposed to CO gas 

they may take longer to become unconscious and die than adult animals.  Consequently, to 

ensure death is rapid (and therefore humane), fumigation must only be performed at dens 

occupied by cubs that are relatively well grown (i.e. more than four weeks old) (Hart et al. 

1996).  This will be evident by the presence of animal remains at the den entrance(s) (e.g. 

bones, feathers, small carcasses).  An absence of animal remains and/or the presence of 

freshly dug soil indicates the den may contain cubs that are less than four weeks old (and not 

yet fully susceptible to the effects of CO) (Sharp & Saunders 2004e).  It is important to note 

that vixens (i.e. the mother fox) are unlikely to be killed when fumigating dens occupied by 

cubs more than four weeks old because by the time cubs reach this age the vixens usually 

shelter away from the natal den. 

 

Recommended Protocol 

(adapted from Sharp & Saunders 2004e) 

 

Safety Precautions 

 Carbon monoxide is the only fumigant registered for use on foxes in Australia and 

DEN-CO-FUME
®
 cartridges are the only authorised means of generating CO gas as a 

fumigant.  Under no circumstances should other fumigants (e.g. Chloropicrin
®
 or 

Phostoxin
®
) be used, nor should DEN-CO-FUME

®
 cartridges by used for any purpose 

other than the destruction of foxes in dens. 
 

 When using DEN-CO-FUME
®
 cartridges, operators must carefully follow the 

directions on the approved label. 
 

 Den fumigation should never be performed where the operator is in a confined space, 

nor should the operator ever enter a den that has been fumigated recently. 
 

 DEN-CO-FUME
®
 fumigant cartridges are harmless unless ignited.  Operators must 

take great care when storing and transporting cartridges to prevent unintentional 

ignition. 
 

 DEN-CO-FUME
®
 cartridges should never be handled after ignition as they combust 

at high temperatures and can cause significant burns to exposed skin and clothing. 
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 Carbon monoxide is exceptionally hazardous to humans because it is difficult to 

detect yet highly toxic.  Inhalation of CO gas from combusting fumigant
 
cartridges 

could result in permanent nervous system damage or fatal poisoning.  Consequently, 

operators MUST NOT inhale smoke from the cartridge or fumigator and should take 

adequate precautions to safeguard against accidental exposure.  The use of a 

respiratory face-mask is not essential but is a worthwhile precaution. 
 

 If operators experience headache, dizziness or weakness they should be removed from 

the contaminated area and transported immediately to the nearest hospital as these are 

early signs of toxicosis and suggest CO gas may have been inhaled.  If the patient 

stops breathing, apply artificial respiration and if necessary implement CPR 

(cardiopulmonary resuscitation).  

 

General Considerations 

 I strongly recommend that den fumigation is conducted exclusively with a DEN-CO-

FUME
®
 Portable Fumigator, rather than placing the fumigant cartridges directly into 

the den.  Using a fumigator will: (i) reduce the risk of fire from combusting 

cartridges, (ii) eliminate the potential exposure of foxes to burning cartridges, and (iii) 

enable the combustion of cartridges to be monitored more easily. 
 

 The use of a portable fumigator greatly reduces fire risk, but fumigation should 

nonetheless be avoided during hot, dry and windy conditions. 

 

Den Fumigation Procedure 

 Assess the suitability of the den by searching the immediate vicinity of all entrances 

for animal remains, cub footprints, flattened vegetation and/or a distinctive ‘musky’ 

fox odour (often accompanied by large numbers of flies). 
 

 Never fumigate empty dens or those that may be occupied by non-target species. 
 

 I do not recommend the use of sand pads placed outside the den entrance(s) to 

confirm the presence of cubs as this can cause the vixen to relocate her cubs. 
 

 Once the presence of suitably-aged fox cubs (i.e. > 4 weeks old) has been confirmed, 

search the surrounding area thoroughly to ensure all den entrances are located.  Place 

a 1 m² piece of fibre-cement sheet (or another sturdy, non-flammable material) over 

all except one of the den entrances and cover with soil to prevent gas escaping.  It 
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may also be worthwhile placing a heavy object on top of the cement sheet to 

safeguard against foxes fleeing the den.  
 

 At the remaining open entrance, place the end of the DEN-CO-FUME
®
 Portable 

Fumigator pipe into the den and seal the opening with soil. 
 

 Place the DEN-CO-FUME
®
 cartridge into the fumigator, carefully ignite the fuse and 

close the fumigator’s door.  
 

 If gas (smoke) emerges from any of the entrances, cover with more dirt to seal. 
 

 When the cartridge has completely combusted, wait approximately 10 minutes and 

then remove the fumigator pipe from the den and quickly re-seal the entrance. 
 

 Leave the den sealed and return after 24 hours to inspect the site and collect cement-

sheet boards. 
 

 For den fumigation to be humane, the CO gas concentrations introduced into the den 

must be high enough to cause a rapid death.  As den volume increases, more DEN-

CO-FUME
®
 cartridges will be required to achieve acceptable CO gas concentrations.  

As a general guide, the combustion of one DEN-CO-FUME
®
 cartridge is likely to be 

sufficient for a fox den with a single entrance.  However, two or more cartridges may 

be required to treat larger dens with multiple entrances.   
 

 For larger dens requiring the combustion of more than one cartridge, it is advisable to 

place the end of the DEN-CO-FUME
®
 Portable Fumigator pipe into opposite ends of 

the den.  That is, after one cartridge has combusted, remove the fumigator pipe and 

seal the entrance, then place the end of the pipe into another entrance at the opposite 

end of the den before combusting additional cartridges.  
 

 For further information refer to the Material Safety Data Sheet (MSDS) available 

from the supplier (Animal Control Technologies Pty. Ltd.). 

 

***These recommendations are intended as a guide only.  WWCoM must ensure that 

all fumigation methods and associated procedures used at WW Reserve are 

implemented in accordance with the relevant legislation.*** 
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Broader Landscape Considerations 

Locating fox dens is difficult, which is the main reason why den fumigation is not considered 

cost-effective for broad-scale application.  However, this implies that operators must actively 

search for dens to fumigate, rather than simply monitoring dens that have already been 

located.  The latter approach is what I recommend for Winton Wetlands and surrounds, as 

actively searching for dens is undoubtedly too inefficient for broad-scale fox management.  

The main benefit of den fumigation is its potential to simultaneously remove an entire litter 

of fox cubs before they begin foraging independently.  Hence, if den fumigation is 

implemented in the manner advocated here, it could greatly improve the overall efficiency of 

fox control throughout the Winton Wetlands landscape. 

 

The first priority of WWCoM should be to implement den fumigation across the WW 

Reserve itself.  However, as with 1080 baiting, an important task over the longer-term will be 

to promote and encourage a strategic den fumigation program throughout the broader 

landscape.  Most landholders have a good knowledge of earthen fox den locations on their 

properties (Carter 2010) and therefore there is great potential for mapping the location of 

these dens within and across properties to enable systematic surveying and fumigation during 

the cub-rearing period each spring.  A key part of this strategy will be educating the local 

community about the benefits of leaving dens intact so they can be monitored each spring to 

remove fox cubs before they reach independence.  Practical demonstrations on how to 

undertake den fumigation with DEN-CO-FUME
®
 cartridges would also be valuable as many 

landholders are unlikely to have used them previously.  Purchasing a DEN-CO-FUME
®
 

Portable Fumigator that could be borrowed by landholders with active dens on their 

properties would also increase the application of den fumigation in the region.   

 

In addition to dens on private land, foxes also regularly create den sites in drainage culverts 

under roads (Carter 2010).  Given the abundance of culverts under public roads and the 

relative ease with which they can be identified, accessed and monitored, I believe systematic 

surveys of roadside culverts should be undertaken during spring in the Winton Wetlands 

region.  If implemented in this way, den fumigation could be a very cost-effective method of 

broad-scale fox control, with benefits for WW Reserve and beyond.   

 

Establishing a program of this kind will depend on the cooperation of the relevant land 

managers (i.e. private landholders, VicRoads, Benalla Rural City Council), and the task of 
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facilitating such a program would be aided greatly by the creation of a CMN coordinator 

focused primarily on the Winton Wetlands region (as advocated above in Section 2.3.1 for 

1080 baiting).  

 

 

2.3.5  CONTROL METHOD 4:  TRAPPING 
 

Overview 

Trapping foxes is very time-consuming and labour intensive and is therefore inappropriate for 

broad-scale fox control in Australia. Fox trapping is most suitable in, or near, urbanised areas 

where other methods (e.g. 1080 baiting, battues) are not permitted, or where capture of live 

foxes is required for research purposes (e.g. fitting tracking devices).  Trapping should form 

only a minor part of the fox management program at WW Reserve. 

 

Fox trapping can be performed with either leg-hold traps or cage traps.  I recommend cage 

traps for use at WW Reserve, primarily because they are less likely to cause fatal injuries to 

non-target animals compared with leg-hold traps (Sharp & Saunders 2004f).  This is 

significant given the large number of bird species present at Winton Wetlands that are 

susceptible to capture from leg-hold traps (especially waterbirds).  Although cage traps are 

generally less effective in rural environments where foxes are more suspicious of human 

objects and less inclined to enter confined spaces (Saunders & McLeod 2007), their use is 

recommended at Winton Wetlands given the potential animal welfare implications of using 

leg-hold traps. 

 

Recommended Protocol 

 The materials, protocols and procedures for cage trapping foxes are identical to those 

detailed above in Section 2.2.2 (pp. 13–22). 
 

 The only exceptions are that: (i) fox trapping can be performed throughout the entire 

year (excluding August–September when vixens are likely to be lactating), and (ii)  

I recommend the use of a purpose-built cage trap for foxes (dimensions: 1500 mm 

long × 600 mm wide × 600 mm high).  These traps are manufactured in NSW by an 

experienced fox-control operator (Matthew Priestly). 
 

 Initially, I recommend two cage traps for foxes are purchased for use at WW Reserve.  

Additional traps can be purchased after the first year of the program if deemed 

necessary. 
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 The manufacturer’s recommended protocol for capturing foxes with these traps is as 

follows:  

 Select likely sites of fox activity. 
 

 Roughly rake the ground so it will display the footprints of visiting species 

(optional). 
 

 Immediately prior to sunset, place a small amount (1–2 handfuls) of roughly 

chopped chicken necks on the area of raked ground. 
 

 Return early the next morning to inspect the site.  If the chicken has been 

removed and fox footprints are present, place a trap at the site and wire the 

door open so it cannot be activated if an animal enters the trap. 
 

 Immediately prior to sunset, place a small amount (1–2 handfuls) of roughly 

chopped chicken necks around the entrance of the trap (repeat for three 

consecutive days).  After three days, place the chicken inside the trap (repeat 

for three consecutive days). 
 

 After six nights of free feeding (three nights of bait outside the trap, three 

nights inside) engage the trap door and bait the inside of the trap. 
 

 Return each morning to check for captures.  
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2.3.6 FOX MANAGEMENT  ACTION PLAN 
 

Below is a list of key activities that WWCoM must undertake prior to commencing fox 

management activities at WW Reserve: 

 

 Create a slashed path for distributing baits in the areas of WW Reserve devoid of 

roads (refer to p. 30, Figure 5). 
 

 Conduct on-ground surveys of WW Reserve to map areas suitable for battues 

(refer to p. 9). 
 

 Seek advice from Parks Victoria and the Game Council of NSW regarding 

implementing battues on public land (refer to p. 9). 
 

 Develop a ‘memorandum of co-operation’ with local sporting groups regarding 

participation in battues at WW Reserve (refer to p. 9). 
 

 Organise a carcass/bait disposal system (i.e. incineration or deep disposal pit) 

(refer to p. 35). 
 

 Establish bait stations (refer to p. 34). 
 

 Liaise with Goulburn-Murray Water about conducting fox baiting along the 

irrigation channels associated with WW Reserve (refer to p. 36). 
 

 Select a protocol for neighbour notification and the erection of warning signs 

(refer to p. 33). 
 

 Perform dietary analysis on fox scats collected throughout WW Reserve to provide 

information on their prey items (refer to p. 36). 
 

 Contact the relevant authorities about trialling M-44 Ejectors at WW Reserve 

(refer to pp. 37–39). 
 

 Map the location of all drainage culverts at WW Reserve (refer to p. 41). 
 

 Liaise with VicRoads and Benalla Rural City Council regarding the possibility of 

fumigating fox dens in drainage culverts under public roads surrounding WW 

Reserve (refer to pp. 49–50). 
 

 Purchase fox traps (refer to p. 50).  
 

 Purchase a portable den fumigator (pp. 47–49). 
 

 Contact the owner of the stockpile of railway sleepers on Bower’s Road to seek 

permission to conduct trapping at the site (refer to p. 22). 
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2.4  PREDATOR CONTROL SUMMARY 

The methods outlined above are currently the most appropriate means for controlling foxes 

and feral cats at WW Reserve.  By implementing each of these techniques in an integrated 

manner, WWCoM will maximise the efficacy of predator control throughout the reserve and 

enhance the potential benefits to native wildlife.  The intensity with which each control 

method is applied will ultimately depend on labour and/or resource constraints.  If labour or 

resources are limited, WWCoM should focus predominantly on implementing the 1080 

baiting program throughout the year, and targeting feral cats at the appropriate times using 

cage trapping.  

 

Figure 13 provides an overview of the recommended timing for each technique to assist 

WWCoM plan their time efficiently. 
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January February March April May June July August September October November December

Fox Baiting

Fox-Den Fumigation

Battues

Cat Trapping

Fox Trapping
 

 

Figure 13.  Overview of recommended timing for predator control at Winton Wetlands Reserve.
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SECTION 3: 
 

POPULATION MONITORING 
 

NATIVE FAUNA 
 

 

3.1  OVERVIEW 

Monitoring is a vital component of any ongoing predator-control program as it indicates 

whether the management efforts are working or require modification (Edwards et al. 2004).  

There are two aspects of monitoring in pest control programs; ‘operational monitoring’ which 

includes measuring change in pest populations after management actions, and ‘performance 

monitoring’ (also known as ‘outcome monitoring’) which measures the effect of the 

management actions at protecting native biodiversity (Choquenot et al. 1996; Reddiex et al. 

2006).   

 

A management program that monitors the response of predators (i.e. operational monitoring) 

and prey species (i.e. performance monitoring) will be more successful than a management 

program that monitors predator abundance alone (sensu Mitchell & Balogh 2007b).  

Nevertheless, performance monitoring has generally been overlooked in predator-control 

programs in Australia, and as a consequence, most programs have no capacity for 

understanding whether or not their target native species have been protected (Reddiex & 

Forsyth 2006).  This is unacceptable in today’s environment given the ever-increasing 

importance of economic rationalisation which demands that the benefits of money spent on 

biodiversity conservation can be clearly demonstrated (cf. Bottrill et al. 2008).  Given this 

fact, I strongly recommend WWCoM simultaneously monitor native species (performance 

monitoring) and predators (operational monitoring) at WW Reserve.   

 

3.2  Monitoring Framework 

In addition to monitoring the response of native species and predators at WW Reserve, it is 

vital that the monitoring program incorporates a ‘non-treatment’ site (see below).  Without a 

non-treatment site (i.e. where no predator control occurs) it will not be possible to prove that 

increased prey and/or decreased predator populations at WW Reserve are attributable to the 

control program because other concurrent factors (e.g. changes in rainfall or food/habitat 

availability) could be responsible for such changes.  The only way to determine whether 

changes in prey and/or predator species at WW Reserve are the result of the predator-control 
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program is to establish a non-treatment site upon which to compare results (cf. Reddiex & 

Forsyth 2006). 

 

This approach is commonly known as before-after-control-impact (BACI), which involves 

regular monitoring of a treatment (e.g. WW Reserve) and non-treatment site.  The monitoring 

regime and the species targeted are identical in both areas; the only controllable difference is, 

in this case, the use of predator control in the treatment area (WW Reserve).  Applying this 

approach to the Winton Wetlands project will involve the following processes: 

 

1.   Select an area close to WW Reserve to act as a non-treatment site. 

Great care will be required when selecting an appropriate non-treatment site.  The 

most important consideration will be locating an area with similar habitat and 

ecological characteristics.  WW Reserve is the largest wetlands complex in north-

eastern Victoria (Davidson & Mann 2010) so any wetland component of the non-

treatment site will necessarily be on a smaller scale.  Apart from habitat, the next most 

important consideration will be locating a non-treatment site that is not subject to 

regular predator control (and ideally experiences no control). 

 

It will also be important to position the non-treatment site sufficiently far from WW 

Reserve to limit the likelihood of predators and native fauna travelling between the 

two sites during their regular movements.  Based on the normal daily movements of 

foxes in agricultural landscapes, the non-treatment site should be at least 10 km from 

WW Reserve (cf. Carter 2010).  At the same time, the non-treatment site must be 

close enough to WW Reserve to ensure it experiences the same weather conditions 

(cf. Stewart-Oaten et al. 1986), so a location within 20 km would be preferable. 

 

2. Establish baseline data on fox, cat and native fauna populations at both the non-

treatment site and WW Reserve. 

It is essential that WWCoM establish benchmark figures on the relative abundance of 

native species, foxes and cats before the predator-control program commences.  

Without this information it will be impossible to determine whether management 

actions have increased native species populations above pre-control levels (or 

decreased predator populations), which is crucial for evaluating the program’s impact.  
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As a minimum, I recommend benchmark population indices on native species are 

obtained during late March 2012 (autumn) and late November 2012 (spring) (see 

Section 3.4 below).  Details of the recommended timing of benchmark population 

indices for foxes and cats are provided below in Section 4.2 (p. 66). 

 

3. Commence the predator-control program at WW Reserve. 

Once the benchmark figures on native and predator populations are obtained the 

predator-control program can begin (recommended for December 2012; see p. 66, 

Figure 16). 

 

4. Regularly monitor foxes, cats and native fauna at both the non-treatment site 

and WW Reserve. 

Each time native fauna and predator populations are monitored at WW Reserve they 

must also be monitored at the non-treatment site.  Recommendations for monitoring 

native fauna populations (performance monitoring) at both sites are provided in 

Sections 3.3–3.7 below. Predator population monitoring (operational monitoring) 

should follow the recommended monitoring schedule outlined in Section 4.2 (pp. 65–

68).   

 

5. Compare population indices from WW Reserve with those from the non-

treatment site on an ongoing basis. 

By monitoring the same species at WW Reserve and the non-treatment site, and by 

using identical methods and survey periods, WWCoM will be able to make robust 

inferences about the effects of the predator-control program at WW Reserve.  To be of 

most value, monitoring must be undertaken at both sites over several years, so it is 

important that WWCoM are able to commit adequate resources to the monitoring 

component of the project.  If a choice must be made, it is more important to monitor 

the native fauna that the program aims to protect, rather than monitoring foxes and 

cats (following Reddiex & Forsyth 2006). 

   

3.3  Native Fauna Suitable for Monitoring 

There are no data on the diet of foxes or cats at WW Reserve so it is unclear which fauna 

species are most appropriate for monitoring in response to the predator-control program.  

Consequently, an immediate priority for WWCoM should be to collect fox scats (faeces) 
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throughout the reserve to facilitate dietary analysis (e.g. as performed by Barbara Triggs, c/o 

Genoa Post Office, VIC 3891).  This information will assist greatly in determining which 

species should be monitored as well as shedding light on the impact of foxes at WW Reserve.  

Scat analysis is not suitable for feral cats as they generally bury their faeces; the only 

practical way of gathering information on their diet is to conduct stomach-content analysis 

(which should be performed on any cats destroyed at WW Reserve).  

 

The absence of information on the diet of foxes and cats is compounded by the scarcity of 

data on the occurrence, distribution and abundance of fauna at WW Reserve.  The most 

recent data come from surveys conducted in October–November 2010 which identified  

1 fish, 7 amphibian, 12 reptile, 15 mammal and 84 bird species (Hamilton 2010).  An earlier 

survey conducted in 2005–2006 (prior to the decommissioning of the former Lake Mokoan 

water storage) identified 1 fish, 2 amphibian, 2 reptile, 6 mammal and 102 bird species 

(Ecology Australia 2006).   

 

In Australia, mammals are generally the most suitable taxa for monitoring in response to 

predator control, but the recent fauna surveys at WW Reserve found no native mammals that 

foxes or cats are known to regularly prey upon (Ecology Australia 2006; Hamilton 2010).  

Rabbits and hares were identified but they are unsuitable for monitoring as they are likely to 

be subject to population control measures at WW Reserve.  Other mammals are almost 

certainly present (e.g. Yellow-footed Antechinus, Common Brushtail Possum, native and 

introduced rodents) but without confirmation of their existence at WW Reserve it is tenuous 

to recommend their inclusion in an ongoing monitoring program.   

 

Birds exist in great abundance and diversity at WW Reserve (Ecology Australia 2006; 

Hamilton 2010) and many of these species are likely prey for foxes and cats (e.g. quail, 

ducks, swamphens).  Monitoring the response of birds (e.g. nesting success) to the predator-

control program is therefore a possibility, although this approach would be particularly time-

consuming and more challenging than monitoring other taxa.  A further problem with 

monitoring birds is the improbability of locating a suitable non-treatment site that contains a 

similar range of species to WW Reserve.   

 

Based on the information available at the time of writing (October 2011), reptiles may be the 

most appropriate taxa for monitoring in response to the predator-control program at WW 
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Reserve.  Although there is relatively little information on the response of reptiles to predator 

control, recent studies have indicated that goannas/monitors (Varanus sp.) were: (i) trapped 

more frequently following the introduction of regular fox and cat control in central Victoria 

(Anderson et al. 2007), and (ii) five times more common in habitat subjected to regular fox 

control in central NSW compared with a nearby non-treatment area (Olsson et al. 2005).  The 

Lace Monitor (Varanus varius) was recorded once only during the recent fauna surveys at 

WW Reserve (Hamilton 2010) but there are several records of the species within ten 

kilometres of the site (Ecology Australia 2006), so it may, over time, show a response to the 

predator-control program. 

 

Skinks may also be suitable indicator species as they appear to be the most common reptiles 

at WW Reserve (Hamilton 2010) and are known to be predated by foxes and cats (e.g. Bayly 

1978; Catling 1988; Martin et al. 1996; Risbey et al. 1999; Read & Bowen 2001; Paltridge 

2002; Kirkwood et al. 2005).  It may not be possible to gather sufficient data to measure the 

response of individual species of skinks to the predator-control program at WW Reserve, but 

all species could be grouped together (i.e. all members of the family Scincidae) to assess their 

response.  In Western Australia, Risbey et al. (2000) found that the capture success of reptiles 

(including skinks) did not increase following the control of cats or foxes, but this may reflect 

the greater importance of mammals (compared with reptiles) as dietary items in this 

environment (cf. Risbey et al. 1999).  Dietary studies from elsewhere indicate that when 

mammalian prey is limited, reptiles feature prominently in the diet of foxes and cats (e.g. 

Catling 1988; Lugton 1993).  Therefore, at WW Reserve foxes and cats may prey more 

heavily on reptiles (at least during summer) due to the apparent scarcity of small mammals.  

 

Without information on the diet of foxes and cats at WW Reserve, or a greater understanding 

of the fauna at the site, it is difficult to predict the importance of reptiles as dietary items.  

Nevertheless, until more information is available I recommend WWCoM concentrate on 

monitoring the response of reptiles to the predator-control program.  The monitoring program 

must be ongoing however, as it may take several years to detect any population response by 

reptiles. 

 

3.4  Timing of Monitoring 

Reptile surveys are most appropriate from spring through to autumn as the majority of 

species are inactive during winter.  I recommend surveys are conducted twice each year at 
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WW Reserve and the non-treatment site; during late March and late November.  This will 

avoid the summer period when extreme heat conditions are most likely to occur, which are 

best avoided due to animal welfare concerns. 

 

3.5  Monitoring Locations 

Based on Hamilton’s (2010) results ‘The Spit’ area appears to be the most appropriate 

location for reptile surveys at WW Reserve and monitoring effort should therefore be 

concentrated in this area.  The suitability of other areas should be determined via on-ground 

surveys and consultation with the staff from Water Technology who performed the most 

recent reptile surveys (Hamilton 2010).  Two areas worth considering are ‘Robertson’s Hill’ 

near the northern boundary of WW Reserve (opposite Bowcher Road) and the eastern face of 

the former Lake Mokoan dam wall which is lined extensively with rocks and may therefore 

provide suitable reptile habitat (Figure 14).   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

 
 

Figure 14.  The eastern face of the former Lake Mokoan dam wall containing an abundance of rocky 

habitat that may be suitable for reptiles. 

 

 

3.6  Monitoring Methods 

I recommend pit-fall traps for sampling reptiles at WW Reserve and the non-treatment site as 

they are a standard and proven survey method.  The number of traps used and the duration of 

trapping periods will depend on logistics and resources but WWCoM should aim to operate 

pit-fall traps for at least 4 consecutive nights each survey period (i.e. 4 nights in March and 4 

nights in November).  Given the need for ongoing monitoring, I suggest WWCoM create 

permanent pit-falls (that can be closed in-between trapping periods) to reduce the time and 

labour required to prepare for each trapping period.  Using this approach the only labour 

required prior to each survey would be to re-establish the drift fence. 
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I also recommend the use of ‘artificial cover object surveys’; whereby roofing tiles are placed 

on the ground in grids or transects to act as artificial habitat for reptiles.  The premise behind 

this technique is that over time reptiles will shelter under the tiles, meaning animals can be 

surveyed by simply inspecting underneath the tiles.  The advantage of this method is that it is 

cheap and large areas can be sampled quickly.  Moreover, the animals are not actually 

‘trapped’ so they are free to move uninhibited which reduces animal welfare concerns.  

Following this approach, pit-fall traps could be established at key areas (e.g. ‘The Spit’, 

Robertson’s Hill, Lake Mokoan dam wall), with roofing tiles spread throughout other areas of 

WW Reserve to greatly expand the extent of surveying.  

 

3.7  Bush Stone-curlew Surveys 

In addition to monitoring reptile populations, WWCoM may wish to undertake regular 

surveys for the Bush Stone-curlew (Burhinus grallarius; curlew); an endangered ground-

nesting woodland bird.  Curlews are one of the most iconic species in northern Victoria but 

their numbers have declined significantly in recent decades and their ongoing persistence is 

threatened by predation from foxes (cf. Carter 2010).  Recent surveys failed to detect curlews 

at WW Reserve (Hamilton 2010) but there are several records within 10 km of the site 

(Ecology Australia 2006) and reducing predation pressure from foxes and cats may increase 

the likelihood of curlews inhabiting WW Reserve. 

 

Curlew surveys are quick and easy to perform so they are well-suited to the Winton Wetlands 

project.  The standard method of surveying curlews is to broadcast an audible recording of a 

curlew call through a megaphone for 30 seconds, followed by 5 minutes of listening.  

Curlews are a territorial species and if they are present, they will generally call back in 

response to the recording.  If no calls are heard after 5 minutes of listening, the procedure is 

repeated once more.  Curlew surveys are most effective at night, but they should be avoided 

from October–January which is the curlew’s main nesting period.   

 

I suggest curlew surveys are conducted twice each year (at both WW Reserve and the non-

treatment site); once during September and again in February.  Curlews prefer woodland and 

farmland habitat with low, sparse ground vegetation, so many of the wetland areas at WW 

Reserve with dense vegetation are unsuitable.  Recommended curlew survey sites are detailed 

in Figure 15. 
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Figure 15.  Proposed Bush Stone-curlew survey sites at Winton Wetlands Reserve. 
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3.8  Lambing Percentage Surveys 

In addition to monitoring the response of native species to the predator-control program, 

WWCoM may wish to engage surrounding sheep producers to record data on their annual 

lambing percentages (e.g. the number of lambs at marking, multiplied by 100, divided by the 

number of ewes that lambed: see also Greentree et al. (2000)).  If this approach is 

implemented it must follow identical principles to the overall monitoring program, whereby 

comparisons are made between the lambing percentages of farms adjacent to WW Reserve 

(where predators are controlled) and farms surrounding the non-treatment site (where no 

predator control occurs).  

 

Lambing percentages can be affected by many factors other than predation (e.g. animal 

health, weather conditions: Greentree et al. (2000)) so this approach can provide only 

complementary data on the effectiveness of the predator-control program.  Nevertheless, it 

holds potential for demonstrating the broader benefits (especially economic) of the control 

program beyond WW Reserve which is likely to be of great interest to the local farming 

community. 
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3.9 Native Fauna Monitoring Action Plan 
 

Below is a list of key activities that WWCoM must undertake prior to commencing native 

fauna population monitoring: 

 

  

 Select an appropriate non-treatment site (refer to pp. 55–56). 

 

 Conduct on-ground surveys and consult with Water Technology staff to determine 

the most suitable locations within WW Reserve and the non-treatment site for 

reptile sampling (refer to p. 60). 

 

 Establish permanent pit-fall traps at key areas and distribute roofing tiles 

throughout other areas of WW Reserve and the non-treatment site for ‘artificial 

cover object surveys’ (refer to pp. 60–61). 

 

 Conduct dietary analysis on fox scats and cat stomachs (refer to pp. 57–58). 
 

 Approach sheep producers surrounding WW Reserve and the non-treatment site 

about the possibility of recording data on their annual lambing percentages (refer 

to p. 63). 
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SECTION 4: 
 

POPULATION MONITORING 
 

FOXES & FERAL CATS 
 

 

4.1  OVERVIEW 

WWCoM’s primary objective should be to monitor the response of native fauna at WW 

Reserve and a non-treatment site, but monitoring predator populations at both sites will also 

inform future management decisions and help improve the efficacy of the predator-control 

program.  In the absence of monitoring, the only information gained will be anecdotes and 

casual observations (Reddiex & Forsyth 2006) which are of little value in demonstrating 

and/or justifying the value of a large-scale pest-control program. 

 

Estimating the absolute abundance of foxes and cats at WW Reserve would be extremely 

difficult and expensive.  A more practical approach (as recommended below) is to obtain 

sample counts to provide an index of abundance.  In this way, differences detected in the 

relative abundance of foxes and cats can be used to infer changes in their absolute abundance.   

 

Ideally, a variety of methods should be employed to monitor vertebrate pest populations, but 

many of the methods commonly employed (cf. Mitchell & Balogh 2007a, 2007b) are 

impractical for the Winton Wetlands project given time, labour and funding constraints (e.g. 

genetic sampling, capture–recapture, camera trapping).  In considering these constraints, the 

two most appropriate techniques for monitoring fox and cat populations at WW Reserve and 

the non-treatment site are track stations (sand plots) and spotlighting.  Detailed instructions 

on how best to implement these methods are provided below. 

 

4.2  Population Monitoring Timing 

Monitoring predator populations in a meaningful way will require track station and 

spotlighting surveys to be conducted regularly throughout WW Reserve and the non-

treatment site.  Both methods should be conducted simultaneously to provide two 

independent population indices upon which to compare results.  The most appropriate times 

for implementing these techniques will change over time as the predator-control program 

evolves (see below).   
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Pre-control monitoring 

In Section 3.2 (pp. 56–57) I highlighted the necessity of establishing benchmark figures on 

the relative abundance of native and predatory species at WW Reserve and a non-treatment 

site prior to the predator-control program commencing.  Recommendations on the most 

appropriate procedures for obtaining benchmark population measures for predatory species 

are provided below in Sections 4.3–4.4. 

 

As a minimum, I recommend benchmark population indices on foxes and cats are obtained 

during early May (autumn), early August (winter) and late November (spring) 2012.  These 

periods incorporate phases of high fox and cat activity and should provide solid baseline data. 

 

Phase 1 (December 2012–December 2013) 

During the first year of the predator-control program, population monitoring will need to be 

conducted intensively to determine whether the control actions are effectively reducing 

predator populations.  The most practical way of doing so will be to conduct population 

monitoring before and after each fox-baiting period, as fox baiting is the method most likely 

to provide demonstrable evidence of the program’s impact on predator populations. 

 

I therefore recommend that population monitoring is conducted: 

 

 Early January 2013:   Directly after the first fox-baiting period in December 2012 

 

 Late January 2013:   Immediately prior to the February fox baiting 

 Early March 2013:   Directly after the February fox baiting 

 

 Late March 2013:   Immediately prior to the April fox baiting 

 Early May 2013:    Directly after the April fox baiting 

 

 

 Late May 2013:    Immediately prior to the June–July fox baiting 

 Early August 2013:   Directly after the June–July fox baiting 

 

 Late September 2013:   Immediately prior to the October fox baiting 

 Early November 2013:   Directly after the October fox baiting 

 

 Late November 2013:   Immediately prior to the December fox baiting 
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This is a reasonably intensive monitoring program, but it is justified because it will provide 

WWCoM with 12 months of data upon which to evaluate the effectiveness and efficiency of 

the predator-control program.  By monitoring in this way, it may be possible to identify that 

certain baiting periods have little noticeable impact on the fox population and could therefore 

be removed to improve the overall cost-effectiveness of the program.  Evaluations of this 

kind cannot be made if monitoring is not conducted before and after each baiting period. 

 

Phase 2 (January 2014–) 

After the initial phase of the project, population monitoring can be reduced to four times a 

year; conducted on a seasonal basis to account for cyclical differences in predator abundance.  

Because the recommended track station locations and spotlighting route (see below) cover the 

same features recommended for fox baiting (i.e. roads), it is best if population monitoring 

does not coincide with baiting periods.  Therefore, during phase two of the project  

I recommend population monitoring is conducted during mid-January, mid-May, mid-August 

and mid-November (on a yearly basis). 

 

 

An overview of the recommended timing for predator population monitoring during the first 

five years of the predator-control program at WW Reserve (and the non-treatment site) is 

provided below in Figure 16. 
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Figure 16.  Overview of recommended timing for predator population monitoring at Winton Wetlands Reserve and a non-treatment site (2012–2016). 

* * *

* * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * *

***
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4.3  MONITORING METHOD 1:  TRACK  STATIONS  (SAND  PLOTS) 
 

Overview 

Footprints (hereafter, tracks) are commonly one of the few indications that foxes or cats are 

present in an area, so recording tracks is a useful tool for monitoring their activity.  To do this 

in a repeatable manner, ‘track stations’ are established (using sand) at regular intervals 

throughout the area of interest to record animal tracks.  This method is particularly useful for 

foxes and cats given their nocturnal and elusive nature. 

 

The use of track stations as a monitoring method assumes there is a relationship between the 

number of tracks recorded and the actual abundance of animal populations.  There have been 

few evaluations of this, but track counts are generally considered to provide a reliable index 

of abundance and can therefore be used to detect changes in population numbers (cf. Mitchell 

& Balogh 2007a, 2007b).  The principal advantages of track station surveys are that they 

allow several different species to be monitored simultaneously without the need to actually 

see the animal, and they are relatively inexpensive (Wilson & Delahay 2001). 

 

Materials Required 

 GPS 

 Recording sheet (Appendix 4) 

 Sand (try to use sand from local sources to avoid importing weeds and/or novel odours) 

 Shovel 

 Rake 

 Broom 

 Track identification reference guide (e.g. Triggs 2004) 

 First-aid kit 
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Recommended Protocol 

(adapted from Mitchell & Balogh 2007a, 2007b) 

 

Track Station Locations 

 Specific recommendations cannot be provided on the placement of track stations at 

the non-treatment site until its location is finalised.  Nevertheless, the principles 

outlined below for placement within WW Reserve apply equally to the non-treatment 

site.  

 Given the scale of WW Reserve, at least 40 track stations will be required to 

adequately sample foxes and cats across the entire area.  If fewer track stations are 

used, variability in the results between survey periods will make it difficult to detect 

population trends over time. 
 

 Track stations should be placed along the existing road network and other linear 

features (i.e. track, ploughed breaks, slashed paths).  Figure 17 displays the 

recommended locations of 40 track stations at WW Reserve, placed at 1 km intervals 

along the selected features. 
 

 The same track stations will be used for all survey periods so they must not be placed 

at locations that may become inundated with water or be inaccessible during wet 

periods.  Sites with overhanging foliage should also be avoided as footprints can be 

affected by dripping dew.   

 

Track Station Establishment 

 To construct the track stations, place a layer of sand across the entire width of the 

road (or track, ploughed break, slashed path); approximately 1 m wide and 20–30 mm 

deep.  Sweep or rake smooth.  
 

 Assign each track station a unique name/number, mark with a GPS and save to GIS 

software. 

 

Track Station Surveys 

 Begin surveys by sweeping or raking smooth the sand at each track station (ideally in 

the afternoon).  Each track station is then checked for the presence of footprints the 

following morning.  Count and record all sets of cat and fox tracks, along with the 



Population Monitoring: Foxes & Cats 

 

71 

Winton Wetlands Reserve, Predator Management Plan 

footprints of any other identifiable species (a recording sheet is provided in Appendix 

4).  
 

 Once a track station has been checked thoroughly and all sets of tracks recorded, 

sweep or rake smooth the sand in preparation for the following morning’s survey.  If 

roads are subject to traffic, track stations may need to be swept during the late 

afternoon. 
 

 Repeat this procedure for three consecutive days.   
 

 Store all recording sheets in a central location and collate each day’s results into a 

summary worksheet (provided in Appendix 5).   

 

General Considerations 

 Determining species identity from animal tracks is sometimes difficult so it is 

important that the person(s) conducting the track station surveys is familiar with the 

footprints of species likely to be encountered at WW Reserve (most importantly, 

foxes and cats).  Ideally, the same individual(s) will complete the track station surveys 

for each survey period. 
 

 Track station surveys can be adversely affected by rain and strong wind so try to 

conduct surveys during periods of fine weather (obtain a reliable weather forecast 

prior to commencing surveys).  If, on any given night, a large number of track stations 

are affected by rain (i.e. footprints are obscured) it will be necessary to extend the 

survey for another day so that results are obtained for three days.   
 

 It may be necessary to replenish sand levels at track stations prior to the 

commencement of each surveying period.  
 

 Foxes may deposit scats (faeces) at track stations.  WWCoM may wish to collect 

these and have them analysed to provide information on the diet of foxes at WW 

Reserve. 
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Figure 17.  Proposed track station locations at Winton Wetlands Reserve. 
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Imprintability Measure 

 To ensure comparisons between track stations and survey periods are valid, a measure 

of imprintability must be recorded each time a track station is searched for footprints.  

This should be done after all sets of tracks have been recorded and before the sand is 

swept/raked in preparation for the following morning’s survey. 
 

 To measure imprintability the observer takes 10 paces across the sand of the track 

station.  Each of the observer’s footprints is then scored on a scale of 1 to 4 (following 

Van Dyke et al. 1986), where: 

1 = No footprint visible 

2 = Footprint barely visible 

3 = Complete outline of footprint and some detail of the sole visible 

4 = Complete outline of footprint and all details of the sole visible 
 

 The resulting point value for each track station will range from 10–40, where: 

10–15 = Poor tracking conditions 

16–25 = Fair tracking conditions 

26–35 = Good tracking conditions 

36–40 = Excellent tracking conditions 
 

 Any animal footprints recorded at track stations with an imprintability score less than 

16 should be discarded. 

 

Activity Index 

 The results from each survey period should be converted into an activity index to 

provide a measure upon which the effects of management practices can be assessed. 
 

 Separate indices must be calculated for cats, foxes, and any other species of interest.   
 

 The activity index outlined below is the average number of tracks per track station, 

per day (following Allen et al. 1996).  
 

 To calculate the index, firstly discount results from track stations with an 

imprintability score less than 16 (as described above). Then follow the worked 

example outlined in Table 1. 
 

 Store the activity index results for each species and survey period in a central location 

to facilitate analysis of the program’s effectiveness over time.  
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Table 1.  Worked example demonstrating how to calculate an activity index for a species using track 

station survey results (the average number of tracks per station, per day: adapted from Mitchell & 

Balogh (2007a), (2007b)). 
 

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3

1 0 1 2 26 1 0 0

2 1 0 0 27 0 1 3

3 2 1 2 28 3 0 0

4 0 2 0 29 0 0 3

5 0 0 2 30 3 0 0

6 1 2 1 31 0 0 3

7 2 0 0 32 1 2 3

8 1 2 1 33 1 0 0

9 1 1 0 34 0 1 0

10 3 0 0 35 2 0 0

11 0 3 0 36 1 0 2

12 2 0 0 37 0 0 0

13 2 0 0 38 1 2 1

14 1 2 0 39 0 0 3

15 0 3 0 40 2 0 0

16 1 1 0 41 2 2 0

17 0 0 3 42 0 0 0

18 0 0 1 43 0 0 2

19 3 3 0 44 0 1 2

20 0 0 1 45 2 0 0

21 0 1 1 46 1 1 0

22 1 0 1 47 0 0 0

23 0 3 1 48 0 1 1

24 0 0 3 49 1 0 0

25 1 2 0 50 1 1 0

TOTAL 44 39 42

. =     44   ÷   50 . =     39   ÷   50 . =     42   ÷   50

. =         0.88 . =         0.78 . =         0.84

. = (      0.88        +       0.78        +        0.84     )   ÷   3

. =   0.83

Day 1  Date:            15          /             06              /        2003

AVERAGE

. =           Total  tracks      ÷       Total  stations

Observer:    Joe Blogs

Day 2  Date:            16           /             06             /        2003

Observer:    Joe Blogs
ACTIVITY 

INDEX

.  = (Day 1 Ave.  +  Day 2 Ave.  +  Day 3 Ave.)  ÷  No. of days

Day 3  Date:            17          /             06             /        2003

Observer:    Joe Blogs

SPECIES:          FOX   (Vulpes vulpes)

Track 

Station 

#

Number of tracks recorded Track 

Station 

#

Number of tracks recorded

NOTES:
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4.4  MONITORING METHOD 2:  SPOTLIGHTING 
 

Overview 

‘Spotlighting’ involves the use of high-powered lights to count animals at night.  It is one of 

the most commonly used methods for surveying foxes and cats in Australia (e.g. Short et al. 

1997; Banks et al. 1998; Greentree et al. 2000; Risbey et al. 2000) and provides a practical 

means for detecting fluctuations in population numbers.  Spotlighting can be used to generate 

density estimates using the distance sampling method (cf. Buckland et al. 2001), but for the 

purposes of the Winton Wetlands project I recommend a simple index of abundance (i.e. the 

number of animals seen per/km travelled).    

 

It is important to standardise spotlighting surveys as much as possible to reduce the potential 

for bias caused by changes in the prevailing conditions (e.g. weather, vegetation 

height/density) and other factors such as the time of survey and the individual observers used 

(Wilson & Delahay 2001).  The main advantages of spotlighting surveys are that they are 

relatively easy to perform and large areas can be treated rapidly (Mitchell & Balogh 2007a, 

2007b).  

 

Materials Required 

 Vehicle 

 Use a vehicle that will position the observer’s head at least 1.6 m above 

ground level. 

 Spotlight (12 Volt, 100 Watt) 

 Use a high-quality spotlight (e.g. RM240; Lightforce Australia Pty. Ltd., 

Hindmarsh, South Australia).  Avoid spotlights that connect to the 

vehicle’s battery with alligator clips as they could potentially spark and 

cause a fire. 

 Binoculars 

 Recording sheet (Appendix 6) 

 First-aid kit 
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Recommended Protocol 

(adapted from Hocking & Driessen 1992; Mitchell & Balogh 2007a, 2007b) 

 

Spotlighting Route 

 Specific recommendations cannot be provided on the spotlighting route at the non-

treatment site until its location is finalised.  Nevertheless, the principles outlined 

below for WW Reserve apply equally to the non-treatment site.  

 Prior to commencing spotlighting surveys, plan a spotlighting route (transect) that will 

sample all sections of WW Reserve.  The total length of the route must be known (and 

be at least 20 km).  A suggested spotlighting route (25.25 km) for WW Reserve is 

provided in Figure 18. 
 

 The same route will be used for all survey periods so it is essential that the final route 

does not include sections of road that may become inaccessible during wet periods.   
 

 The spotlighting route should be divided into 0.5 km segments (using the vehicle’s 

trip meter/odometer) to enable the approximate location of each sighting to be 

mapped.  Over time, this will provide information on the distribution of species 

throughout WW Reserve and identify areas where targeted control (e.g. cat trapping, 

battues, etc.) may be advantageous. 

 

Spotlighting Surveys 

 It is imperative to standardise spotlighting procedures to minimise variance between 

surveys and maintain precision in detecting changes in relative abundance. Therefore, 

all spotlighting surveys should: 

 Start at the same location and time (at least 45 minutes after sunset) 

 Travel in the same direction 

 Travel at a constant, low speed (10–15 km/h)  

 Use the same vehicle 

 Use the same spotlight(s) 

 Use the same observer(s); designated the same task (i.e. drivers and observers 

must not alternate duties) 
 

 Spotlighting surveys should be conducted at or near the new moon (i.e. when no 

moon is visible) as increasing moonlight can reduce animal activity and affect 

spotlighting results (Kolb 1992; Banks et al. 1998).  
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Figure 18.  Proposed spotlighting route at Winton Wetlands Reserve. 
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 To reduce weather-related variability in the data avoid conducting surveys during 

heavy rain, high wind, fog or mist.  Obtain a reliable weather forecast prior to 

commencing surveys. 
 

 To conduct the survey, there are three protocol options: 
 

1. One person drives the vehicle while another person (i.e. the observer) is 

positioned in the front passenger seat and operates the spotlight.  Using this 

approach, it is preferable to use a spotlight mounted on a roof-rack and 

operated with a swivel handle (e.g. RCSBC and RC225; Lightforce Australia 

Pty. Ltd.).   

 The observer continuously moves the spotlight in a 180° arc ahead of 

the vehicle. 

 When an animal is sighted the vehicle is stopped and the observer 

and/or driver use binoculars to confirm the species’ identity. 

 

2.  Alternatively, the observer conducts the survey while standing on the tray of a 

utility vehicle.  Using this approach, a free-standing, hand-held spotlight is 

used (e.g. SL240; Lightforce Australia Pty. Ltd.).   

 The observer continuously moves the spotlight in a 180° arc ahead of 

the vehicle. 

 When an animal is sighted the vehicle is stopped and only the driver is 

able to use binoculars to confirm the species’ identity (because the 

observer must hold the spotlight). 

 

3. Conversely, two observers (each with identical, free-standing, hand-held 

spotlights) stand on the tray of a utility vehicle. 

 Each observer surveys a different side of the vehicle by continuously 

scanning a 90° arc ahead of the vehicle. 

 When an animal is sighted the vehicle is stopped and the second 

observer (i.e. the observer not shining the spotlight on the animal) uses 

binoculars to confirm the species’ identity. 
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 These protocols are equally suitable but the decision on which method to adopt 

ultimately depends on vehicle availability, labour constrains, and occupational health 

and safety policies.  Once a protocol has been selected it must be used for all 

spotlighting surveys. 
 

 The distance over which animals can be accurately identified will vary according to 

the power of the spotlight, vegetation type, topography, etc.  Conduct a trial prior to 

commencing the surveys to determine this distance (it will likely range from 100–200 

m).  Once determined, this distance must be standardised across all surveys (e.g. for 

all surveys, count animals only if sighted within 200 m of the vehicle). 
 

 The suitability of spotlighting will vary throughout WW Reserve owing to differences 

in vegetation height and density.  In some areas animals are unlikely to be sighted 

owing to the abundance of ground cover.  Vegetation height and density will not 

remain static, so some areas that are at times unsuitable for spotlighting, may at other 

times be suitable (and vice versa).  This problem is unavoidable.  For each survey, 

keep notes and map those areas that appear to be unsuitable (but continue to conduct 

the survey in these areas as per normal). 
 

 Once an animal has been positively identified, record the details on a data sheet 

(Appendix 6).  Do not record a sighting unless the observer(s) is 100% confident that 

the species has been identified correctly (i.e. if in doubt, leave it out).  
 

 Repeat the count for at least three consecutive nights of similar weather. 

 

General Considerations 

 Eye-shine reflections vary between species so it is important that the person(s) 

conducting the spotlighting surveys is familiar with the eye-shine produced by foxes, 

cats and other species likely to be encountered at WW Reserve.  
 

 The eye-shine of foxes is typically yellow/orange (Sharp & Saunders 2004d) and the 

eye-shine of cats is usually green (Sharp & Saunders 2004a); although this is not 

always true and there is overlap in eye-shine colour between these species (Jones & 

Coman 1982b).   
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 To overcome the imprecision associated with eye-shine colour it is important to use 

binoculars to observe the animals’ body characteristics to help confirm the species’ 

identity. 
 

 Spotlighting in conservation reserves and/or along public roads in rural areas can raise 

concern among citizens so it is advisable to notify the local police and nearby residents 

about upcoming spotlighting surveys.  
 

 LETHAL SHOOTING SHOULD NOT BE UNDERTAKEN DURING 

SPOTLIGHTING SURVEYS as this will affect the behaviour of animals at WW 

Reserve and compromise survey results.   

 

Abundance Index 

 For each spotlighting survey, the total number of animals sighted must be converted 

into the number of animals (e.g. cats) observed per kilometre travelled (calculated 

separately for each species). 
 

 This provides an index of relative abundance for each species and will enable 

population trends to be monitored over time in response to the management practices 

implemented at WW Reserve. 
 

 To calculate the index, follow the worked example outlined in Table 2. 
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Table 2.  Worked example demonstrating how to calculate the number of individuals (e.g. cats) seen 

per kilometre during spotlighting surveys.  In this example the spotlighting transect is 30 km long.  A 

blank worksheet of this kind is provided in Appendix 7. 

 

SPECIES:          CAT  (Felis catus) 

 Number of individuals seen 

1st Survey 15 

2nd Survey 13 

3rd Survey 16 

TOTAL 44 

AVERAGE 

. =  Total  individuals  seen  ÷  No.  of  surveys 

. =     44  ÷   3 

. =     14.7 
Number of . =  Average  ÷  Length of spotlight transect (km) 

individuals  . =     14.7  ÷   30 
per km . =   0.49 

 

 

 

 The calculate changes in the relative abundance of a species over time, follow the 

worked example in Table 3. 
 

 Store relative abundance index results for each species and survey period in a central 

location to facilitate analysis of the program’s effectiveness over time. 
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Table 3.  Worked example demonstrating how to calculate changes in the relative abundance of a 

species between two periods (e.g. pre- vs. post-control) based on spotlighting survey results.  A blank 

worksheet of this kind is provided in Appendix 8. 
 

Number of individuals seen

1st Survey 15

2nd Survey 13

3rd Survey 16

TOTAL 44

. =  Total  individuals  seen  ÷  No.  of  surveys

. =     44  ÷   3

. =     14.7

Number of . =  Average  ÷  Length of spotlight transect (km)

individuals . =     14.7   ÷   30

per km . =   0.49

Number of individuals seen

1st Survey 3

2nd Survey 4

3rd Survey 2

TOTAL 9

. =  Total  individuals  seen  ÷  No.  of  surveys

. =     9   ÷   3

. =     3

Number of . =  Average  ÷  Length of spotlight transect (km)

individuals . =     3   ÷   30

per km . =   0.1

0.1

. =…..  ÷                       

0.49

Survey 

Differentiation

AVERAGE

Spotlight Surveys Period 1 (e.g. PRE-control)

AVERAGE

Spotlight Surveys Period 2 (e.g. POST-control)

   Ave. no. individuals per km Period 2 (post)    

   Ave. no. individuals per km Period 1 (pre)  

                                           ÷                                                    ×      100      =. =…..  

Formula to calculate percentage change in relative abundance:

SPECIES:          CAT  (Felis catus)

 ×     100    =    20.41

………………….………………. ….*If this value is negative (e.g., -15.65 %) relative abundance has increased

worked example

. =….. 100  -  20.41   =  *79.59  % reduction in ………………….……. relative abundance

. =….. 100  -  Survey Differentiation  =   % change in relative abundance

CAT
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4.5 Fox & Cat Monitoring Action Plan 
 

Below is a list of key activities that WWCoM must undertake prior to commencing fox and 

cat population monitoring: 

 

 

 

 Select an appropriate non-treatment site (refer to pp. 55–56). 

 

 Slash vegetation along the track/ploughed break prior to establishing sand-plots 

(refer to Figure 17, p. 72) 

 

 Establish sand-plots at WW Reserve and the non-treatment site (refer to p. 70). 

 

 Purchase spotlighting equipment (refer to p. 75, 78). 

 

 Select an appropriate spotlighting route at WW Reserve and the non-treatment site 

(refer to p. 76). 

 

 Conduct a trial spotlighting survey to determine the distance over which animals 

can be accurately identified (refer to p. 79) 
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SECTION 5: 
 

CONCLUSION 
 

 

This management plan contains recommendations on how to control and monitor foxes and 

feral cats at WW Reserve as well as methods for measuring the response of native fauna.  

These recommendations are made on the assumption that foxes and cats are a significant 

factor limiting native fauna at WW Reserve.  While this assumption appears reasonable based 

on the impact of introduced predators from elsewhere in Australia, there is no assurance that 

reducing fox and cat abundance at WW Reserve will result in positive population responses 

by native fauna.  Nevertheless, it is essential that the predator-control program at WW 

Reserve is sustained indefinitely to maximise the likelihood of increasing the abundance of 

native fauna. 

 

The recommendations contained in this report are planned carefully and based on current 

scientific knowledge and accumulated experience.  However, a ‘one-size-fits-all’ approach is 

not applicable to the management of natural environments and there are many unknown 

factors at WW Reserve that may affect the success of the recommended methodology.   

A method or approach that has been shown to be successful at one time or in one location, 

will not necessarily work at another time or a different location.  Hence, ongoing monitoring 

is an essential part of any predator-control program; it enables operators to constantly review 

and modify their methods to best suit their individual situation.  It is imperative that 

WWCoM follow this approach to develop the most appropriate predator management 

strategy for WW Reserve. 

 

This report should be viewed as only one part of the effort to manage mammalian predators 

throughout the broader Winton Wetlands landscape.  To be most successful, the predator-

control program at WW Reserve must form part of a larger effort to manage foxes and cats 

across the surrounding district.  Unless predator management is coordinated throughout the 

broader ecosystem, any foxes or cats removed from WW Reserve will be replaced quickly by 

animals from the surrounding areas.  Moreover, it is important to recognise the importance of 

an integrated approach to ecosystem management, as native and introduced fauna will be 

influenced by the management of many other factors such as fire, weeds, grazing and 

vegetation restoration.  Careful consideration of each of these issues will enhance the ability 

of WWCoM to effectively manage foxes and cats at WW Reserve and beyond. 
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APPENDICES 
 
Appendix 1.  Battue recording sheet. 

 

Location 

(GPS Co-ordinates)

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

        /        / M   /   F kg Excellent / Good / Average / Poor

Date Species Sex Weight Condition Notes
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Appendix 2.  Trapping recording sheet. 

Trap Location 

(GPS Co-ordinates)

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

      /        / M   /   F kg Excellent / Good / Average / Poor

NotesDate Bait used Sex Weight Colour Condition
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Appendix 3.  Fox-baiting recording sheet. 

 

STA R T D A TE Da t e  Che c k e d &  S t a t us Da t e  Che c k e d &  S t a t us Da t e  Che c k e d &  S t a t us Da t e  Che c k e d &  S t a t us Da t e  Che c k e d &  S t a t us

Bait 

Station #
       /       /        /       /        /       /        /       /        /       /        /       /

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Total Baits 

Taken
—

                                                       Fox-baiting Recording Sheet                        Observer:

    = New Bait Laid,   T = Bait Taken,   N = Bait NOT Taken,   E = Bait EXPOSED but NOT Taken,          = Fox Scat 
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Appendix 4.  Track station survey recording sheet. 

 

 Visible Tracks

 Species

 ‘Imprintability’ Test

Footprint 1:

Footprint 2:

Footprint 3:

Footprint 4:   3 =  Complete  outline  of  footprint  and  some  detail  of  the  sole  visible

Footprint 5:   4 =  Complete  outline  of  footprint  and  all  details  of  the  sole  visible

Footprint 6:

Footprint 7:

Footprint 8:

Footprint 9:

Footprint 10:

 10–15 = Poor;        16–25 = Fair;       26–35 = Good;       36–40 = Excellent 

Notes

Overall ‘Imprintability’ Score:

Time of Survey:                              :

  LEGEND

  1 =  No  footprint  visible

  2 =  Footprint  barely  visible

  LEGEND

 └─ Disregard Results

Date:                         /                             / Track Station #:

Observer:

 Total FOX Tracks:  Total CAT Tracks:

 Notes
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Appendix 5.  Track station survey summary sheet. 

 

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3

1 26

2 27

3 28

4 29

5 30

6 31

7 32

8 33

9 34

10 35

11 36

12 37

13 38

14 39

15 40

16 41

17 42

18 43

19 44

20 45

21 46

22 47

23 48

24 49

25 50

TOTAL

. =            ÷ . =            ÷ . =            ÷ 

. =  . =  . = 

. = (                        +                         +                        ) ÷ 3

Track 

Station 

#

SPECIES:

AVERAGE

. =           Total  tracks      ÷       Total  stations

ACTIVITY 

INDEX

.  = (Day 1 Ave.  +  Day 2 Ave.  +  Day 3 Ave.)  ÷  No. of days

. = 

Observer:

Day 1  Date:                        /                               /

Observer:

Day 2  Date:                        /                               /

Observer:

Day 3  Date:                        /                               /

NOTES:

Track 

Station 

#

Number of tracks recordedNumber of tracks recorded
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Appendix 6.  Spotlighting recording sheet (adapted from Hocking & Driessen 1992; Mitchell & 

Balogh 2007a, 2007b) 

 

       **Spotlighting  should  not  be  conducted  during  these  conditions

..4:  Heavy**—windscreen wipers on fast

..3:  Moderate**—windscreen wipers on slow

..2:  Light**—windscreen wipers on slow

..1:  Very Light—windscreen wipers on intermittent

..0:  None

..Hot (>25°)

..Warm (>20°–25°)

..Mild (>15°–20°)

..Cool (>10°–15°)

..Cold (<10°)

..20%

..0

..5:  Gale**—large trees swaying

..4:  Strong**—small trees swaying

..3:  Moderate**—major tree branches moving

..2:  Light—small tree branches moving

..1:  Slight—wind barely noticable on face or hand

..0:  None—smoke rises vertically

Start time:                      :

Finish time:                      :

MoonCloud Cover:Wind:          

Rain:          Temperature (°C): 

..0

..Full

..¾

..½

..¼ 

Driver:

Observer 1:

Observer 2:

Vehicle:

Page:               of          Date:                /                    /

Weather Information

Sighting Information

: left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

left    /    right

Species
Number 

Seen
Side of Vehicle

Transect Location 

(0.5 km segment) 
Notes

..100%

..80%

..60%

..40%

Time

left    /    right:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:
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Appendix 7.  Worksheet for calculating the number of individuals (e.g. cats) seen per kilometre 

during spotlighting surveys.   

 

1st Survey

2nd Survey

3rd Survey

TOTAL

. =  Total  individuals  seen  ÷  No.  of  surveys

. =                          ÷     3   

. =     

Number of . =  Average  ÷  Length of spotlight transect (km)

individuals . =                          ÷   

per km . =   

1st Survey

2nd Survey

3rd Survey

TOTAL

. =  Total  individuals  seen  ÷  No.  of  surveys

. =                          ÷     3   

. =     

Number of . =  Average  ÷  Length of spotlight transect (km)

individuals . =                          ÷   

per km . =   

AVERAGE

SPECIES:          

Number of individuals seen

AVERAGE

SPECIES:          

Number of individuals seen
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Appendix 8.  Worksheet for calculating changes in the relative abundance of a species between two 

periods (e.g. pre- vs. post-control) based on spotlighting survey results. 

 

Number of individuals seen

1st Survey

2nd Survey

3rd Survey

TOTAL

. =  Total  individuals  seen  ÷  No.  of  surveys

. =                           ÷   

. =     

Number of . =  Average  ÷  Length of spotlight transect (km)

individuals . =                           ÷   

per km . =   

Number of individuals seen

1st Survey

2nd Survey

3rd Survey

TOTAL

. =  Total  individuals  seen  ÷  No.  of  surveys

. =                           ÷   

. =     

Number of . =  Average  ÷  Length of spotlight transect (km)

individuals . =                           ÷   

per km . =   

. =…..  ÷                       

………………….………………..……….*If this value is minus (e.g., -15.65 %) relative abundance has increased

. =….. 100  -  Survey Differentiation  =   % change in relative abundance

 ………………………=.×     100    =    

. =….. 100  -                =  *                          % reduction in ………………….……. relative abundance

Formula to calculate percentage change in relative abundance:

. =…..  

   Ave. no. individuals per km Period 2 (post)    
Survey 

Differentiation
                                           ÷                                                    ×      100      =

   Ave. no. individuals per km Period 1 (pre)  

SPECIES:          

Spotlight Surveys Period 1 (e.g. PRE-control)

AVERAGE

Spotlight Surveys Period 2 (e.g. POST-control)

AVERAGE


