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ABSTRACT 

 
In Australia, the Red Fox (fox; Vulpes vulpes) is a serious threat to livestock and a major 

predator of wildlife.  Native ground-dwelling fauna are especially vulnerable to fox predation 

and one species of particular concern is the Bush Stone-curlew (curlew; Burhinus grallarius) 

which, in south-eastern Australia, is largely confined to privately-owned farmland.  Fox control 

is a key management strategy in endeavours to halt curlew population declines, however it is 

unclear whether current efforts are employed at an appropriate scale or in areas for the most 

effective control.  This thesis addresses these questions by examining fox predation pressure 

relative to landscape context and ground-layer habitat complexity, factors affecting den-site 

selection, home-range size and movements, and a community-based fox-baiting program 

specifically implemented to protect curlews. 

 

Bait-uptake experiments demonstrated that fox predation pressure was highest along roadsides 

and creek-lines; locations that provide important habitat for curlews in agricultural landscapes.  

This confirms the great risk that curlews face from foxes in farming areas and identifies 

landscape elements where fox control could be targeted for increased effectiveness.  The 

hunting success of foxes was reduced in areas with high ground-layer complexity, particularly 

when fox abundance was lowered through a landholder baiting program.  Maintaining ground-

layer complexity is an important aspect of curlew habitat management, and my results suggest 

such efforts will be more beneficial if combined with regular fox control. 

 

The most important determinant of den-site selection was soil type, with sandier soils preferred 

for earthen dens.  Non-earthen dens (primarily hollow trees and culverts) were most common in 

high clay-content soil.  Understanding an area’s underlying soil will help identify the type of 

den most likely to be encountered (earthen or non-earthen), which in-turn indicates probable den 

locations. 

 

The average home range of ten foxes radio-tracked for 26–347 days was 1177 ha (100 % MCP; 

range = 287–3574 ha), with home-range overlap more prevalent among sub-adults than adults.  

On average, adult foxes travelled 9.4 km during 24 hours and covered 34 % of their home range 

during this period.  Some foxes habitually used the same travel paths during nocturnal 

movements. 

 

During a community-based fox-baiting program, many properties lacked bait stations and only 

one third of the radio-tracked foxes (n = 2 / 6) died.  Limited baiting programs are typical of 

most landholder campaigns in south-eastern Australia and there is a pressing need for 
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alternative baiting strategies in farming areas.  I argue that public roadsides offer alternative 

locations for distributing fox baits that could substantially improve control efforts.  Greater 

research into this approach is an immediate priority. 

 

This thesis greatly enhances our understanding of foxes in agricultural landscapes of south-

eastern Australia and provides information that will improve fox management in these areas.   

I have identified locations where fox control may be most effective and where curlews and other 

vulnerable wildlife are likely to be at greatest risk of fox predation.  Moreover, I have 

highlighted deficiencies in current landholder fox-baiting programs and demonstrated that 

alternative strategies may improve fox control in farming districts.  To build on this 

information, future research is required on the habitat preferences of foxes in agricultural areas 

and the home range and movements of curlews on mainland south-eastern Australia. 
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CHAPTER 1 
 

GENERAL  INTRODUCTION 

 
1.1  SUMMARY 

This thesis investigates the management of the Red Fox (fox; Vulpes vulpes) in agricultural 

landscapes of south-eastern Australia.  My research was motivated by the ongoing decline of the 

Bush Stone-curlew (curlew; Burhinus grallarius) throughout this region (Webster & Baker-

Gabb 1994; Garnett & Crowley 2000; Davey 2005) and it aims to improve fox management in 

areas where curlews persist to help prevent further population declines.  While the primary 

focus of this thesis is improving fox management to benefit curlews, the research has 

implications for managing the impact of foxes on other native wildlife species and livestock 

throughout Australia.  

 

This chapter provides a brief review of the impact of exotic species on native wildlife.  

Particular emphasis is placed on introduced predators and their role in the decline and local 

extinction of Australian fauna.  Foxes are highlighted as particularly efficient predators and an 

overview of their ecology and impact in Australia is provided.  Information is then presented on 

the ecology of the Bush Stone-curlew; outlining the species’ decline throughout south-eastern 

Australia and its vulnerability to fox predation.  The chapter concludes with an outline of the 

aims and structure of this thesis. 

 

 

1.2  EXOTIC  PREDATORS 

Invasion by exotic species is one of the most significant challenges facing conservation 

managers and policymakers worldwide (Elton 1958; Vitousek et al. 1996; Wilcove et al. 1998; 

Mack et al. 2000; Coutts-Smith et al. 2007).  Exotic species are organisms found in 

environments where they did not historically occur (Delach 2006); a process that has been 

greatly aided by the expansion and movement of human populations (Vitousek et al. 1996).  

Exotic species become invasive when they establish self-sustaining populations to the detriment 

of the environment (Mack et al. 2000).  Invasive species can have detrimental impacts at many 

different levels, affecting individuals (mortality rates), genetic integrity (hybridisation), 

population dynamics (abundance), community composition (species diversity), and ecosystem 

processes (nutrient availability) (Parker et al. 1999).   

 

The most immediate impacts of invasive species occur at the individual level and the most 

conspicuous of these is direct predation on native taxa.  Exotic predators adversely affect native 

species throughout the world (Lowe et al. 2000) and have caused the extinction of many 
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animals (Blackburn et al. 2004; Clavero & García-Berthou 2005; Sax & Gaines 2008).  For 

instance, within 30 years of being introduced to Africa’s Lake Victoria, predatory Nile Perch 

(Lates niloticus) had eliminated or seriously threatened more than 200 endemic fish species 

through direct predation and competition for food (Goldschmidt 1998; Lowe et al. 2000).  The 

impact of exotic predators is further amplified by changes to ecosystem dynamics and land 

management (changes that some authors argue are the true cause of species’ declines because 

they facilitate invasion by exotic predators: cf., Theodoropoulus 2003).    

 

Island communities are generally regarded as more susceptible to the effects of exotic predators 

because their fauna have largely evolved in the absence of a broad suite of predators (Atkinson 

1989; Milberg & Tyrberg 1993; Steadman 1995; Blackburn et al. 2004).  In addition, because of 

the limited area of islands, fauna populations are generally smaller and more restricted than 

those on mainlands which further heightens their susceptibility to predation (Milberg & Tyrberg 

1993; Simberloff 1995).  There are many examples of exotic predators devastating island 

faunas, including the Brown Tree Snake (Boiga irregularis) on Guam (Savidge 1987; Rodda & 

Fritts 1992; Rodda et al. 1997; Fritts & Rodda 1998), mustelids on New Zealand (Elliott et al. 

1996; McLennan et al. 1996; O'Donnell et al. 1996; Wilson et al. 1998) and the Black Rat 

(Rattus rattus) on Hawaiian islands (Fisher & Baldwin 1946; Atkinson 1977; Grant et al. 1981; 

Seto & Conant 1996). 

 

Apart from Antarctica, Australia is the earth’s most isolated continent (Wace 1985) and like 

many of the world’s islands it too has been greatly affected by introduced predators (Dickman 

1996a).  The first known exotic predator in Australia was the Dingo (Canis lupus), which 

arrived via Asian seafarers approximately 3500–4000 years before present (Corbett 1995; 

Fleming et al. 2001).  The arrival of dingoes is thought to have been a major factor in the 

extinction of the Tasmanian Devil (Sarcophilus harrisii) and Thylacine (Thylacinus 

cynocephalus) from mainland Australia (Corbett 1995; Fleming et al. 2001).   

 

Following the introduction of the dingo, the Australian environment probably remained free of 

further exotic predators until the country was colonised by the British in 1788 (although some 

authors suggest the Feral Cat (Felis catus) was introduced prior to European settlement: cf., 

Abbott 2002).  Since that time more than 690 species of mammal, bird, reptile, fish and 

amphibian have been introduced to Australia (Vertebrate Pests Committee 2007; Corfield et al. 

2008) for reasons such as sport, food, pastoral production, pest control, transportation, pets or 

simply to make migrants feel more ‘at home’ (Bomford & Hart 2002).  In addition, some 

species (e.g., rodents) have been imported accidentally (Bomford & Hart 2002). 
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Of all the vertebrate species introduced to mainland Australia, at least 73 have successfully 

established wild populations (Bomford & Hart 2002).  Establishment success appears strongly 

correlated with release effort (i.e., propagule pressure), particularly the number of sites where a 

species is released, the number of individuals released and the number of release events 

(Duncan et al. 2001; Bomford 2003; Forsyth et al. 2004; Natural Resource Management 

Standing Committee 2004; Bomford et al. 2009).  In addition, taxa that have successfully 

established wild populations in Australia typically have a history of establishing exotic 

populations in many other countries and often possess some or all of the following attributes:  

an ability to inhabit modified landscapes, generalised diet, high reproductive rates, a climatic 

match between their natural range and that of Australia, a widespread geographic range outside 

Australia and are non-migratory (Duncan et al. 2001; Bomford & Hart 2002; Bomford 2003; 

Forsyth et al. 2004; Natural Resource Management Standing Committee 2004; Natural 

Resource Management Ministerial Council 2007; Bomford 2008; Bomford et al. 2009). 

 

Some high-profile exotic species that have impacted negatively on the Australian environment 

include the European Rabbit (Oryctolagus cuniculus), Feral Pig (Sus scrofa), Water Buffalo 

(Bubalus bubalis), European Carp (Cyprinus carpio), Cane Toad (Bufo marinus) and Common 

Blackbird (Turdus merula) (Wilson et al. 1992; Coutts-Smith et al. 2007).  Another notable 

exotic predator in Australia is the feral cat which has been present on the mainland since at least 

the early 1800s (Abbott 2002; Denny & Dickman 2010).  Since that time, 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).  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). 

 

Another prominent exotic predator is the Red Fox (Vulpes vulpes) which was released in 

Australia for hunting purposes (Rolls 1984).  According to current knowledge, the first 

successful release of foxes in Australia occurred around 1871 when a male and female fox were 

released near Ballarat in Victoria (Rolls 1984).  Several foxes were also released in Victoria in 

the early 1870s at Point Cook between Melbourne and Geelong (Rolls 1984).  It is unclear how 

many subsequent releases were made, but following their introduction foxes spread rapidly 

(Rolls 1984).  Within 100 years of the aforementioned releases 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).  The initial colonisation of foxes in Australia was almost 

certainly assisted by the spread of rabbits, which occurred at approximately the same time 

(Saunders et al. 1995, 2006).  Until recently, the state of Tasmania remained virtually fox-free 
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(cf., Statham & Mooney 1991) but an established population is now thought to be present 

following the deliberate introduction of several foxes in the late 1990s (Kinnear 2003; Saunders 

et al. 2006; Berry et al. 2007).  As with feral cats, predation by foxes is considered a primary 

cause of the disappearance or decline of many fauna species on mainland Australian (Dickman 

1996a), such as the Eastern Bettong (Bettongia gaimardi) and Malleefowl (Leipoa ocellata) 

(Short 1998; Benshemesh 2007). 

 

The fox is undoubtedly a major predator of native terrestrial vertebrates on the Australian 

mainland, but it is difficult to determine its exact role in the decline and local extinction of 

Australian fauna because many other concurrent processes may also have contributed to 

species’ declines such as habitat disturbance, competition from introduced herbivores and 

altered fire regimes (Burbidge & McKenzie 1989; Morton 1990).  Another important 

consideration is that the impact of foxes appears to be interactive with other introduced 

predators.  For instance, researchers have shown that following reductions in fox populations, 

the feral cat has increased in abundance (Christensen & Burrows 1995; Risbey et al. 2000), 

modified its habitat use and altered its diet (Molsher 1998, 1999).  In Western Australia, Risbey 

et al. (2000) experimentally demonstrated the interactive effects of foxes and cats by 

establishing that where both species 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 control site where no predator manipulation occurred (Risbey et al. 2000).  

These results are indicative of a ‘mesopredator release’; whereby populations of smaller 

predators (mesopredators) increase following the reduction or removal of dominant predators, 

resulting in detrimental effects on underlying prey populations (Soulé et al. 1988; Courchamp et 

al. 1999; Crooks & Soulé 1999). 

 

There is evidence of a similar relationship in Australia between dingoes and foxes; whereby 

dingoes (the continent's largest mammalian predator: Dickman et al. 2009) suppress fox 

populations (Johnson & VanDerWal 2009; Letnic et al. 2009; Ritchie & Johnson 2009) and 

therefore, by inference, may reduce fox predation levels (cf., Dickman et al. 2009).  Additional 

research is required to further test this hypothesis (Visser et al. 2009), but there is strong 

correlative evidence based on the higher persistence of native species with ranges that overlap 

the current distribution of dingoes compared with species that inhabit areas without dingoes 

(Smith & Quin 1996; Johnson et al. 2007).  A comparable relationship exists in North America 

where the Coyote (Canis latrans: the higher-order predator) excludes foxes (Voigt & Earle 

1983; Major & Sherburne 1987; Sargeant et al. 1987; Harrison et al. 1989).  In this system, the 
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presence of coyotes has been shown to increase the nesting success of ducks (for which foxes 

are major predators) relative to areas where foxes are the principal canid (Sovada et al. 1995). 

 

These results demonstrate that integrated management of vulnerable wildlife species should 

consider all predators and predator–prey interactions within an ecosystem.  Managing multiple 

predatory species is inherently difficult (Baker et al. 2008), but control efforts that target a 

single predator species (e.g., dingoes or foxes) may result in increased predation pressure from 

other predators (e.g., foxes or cats) (Pettigrew 1993; Christensen & Burrows 1995; Martin et al. 

1996; Risbey et al. 2000; Wheeler & Priddel 2009).  While I acknowledge the importance of 

this, detailed study of the combined impact and interaction between numerous predators was 

beyond the scope of this thesis.  Consequently, due to the perceived importance of fox predation 

on the Bush Stone-curlew (as described below in section 1.4.8), I concentrate on improving the 

management of foxes, although I also recognise the potential importance of other predators in 

this system (i.e., feral and domestic cats and dogs, rodents, raptors and the Lace Monitor 

(Varanus varius): cf., Boehm 1960; Marchant & Higgins 1993; DEC NSW 2006). 

 

 

1.3  ECOLOGY  OF  THE  RED  FOX 

The Red Fox (fox; Vulpes vulpes) is one of the most instantly recognizable members of the 

Canidae family; owing to its long bushy tail, slender muzzle and characteristic rufous 

colouration (Voigt 1987).  The Red Fox is the most common and widely distributed species in 

the Vulpes genus (which includes 12 species worldwide: Wozencraft 2005) and is indigenous 

throughout most of northern America, Asia, Europe and parts of northern Africa (Lloyd 1980).  

In more recent times it has colonised many other parts of the world to become the most widely 

distributed carnivore on earth (Voigt 1987). 

 

1.3.1  General Characters  

The Red Fox is a relatively small and slender canid (Larivière & Pasitschniak-Arts 1996).  Total 

body length (from tip of nose to end of tail) in adults is typically 1000–1100 mm (Voigt 1987); 

with an average adult mass of 6.45 kg for males and 5.1 kg for females (Larivière & 

Pasitschniak-Arts 1996).  There are no other obvious variations associated with sex (Jackson 

1961).   

 

The Red Fox has well-developed visual, olfactory and auditory senses (Österholm 1964; Nowak 

1999).  It posses great endurance and can gallop for many kilometres if pursued (Nowak 1999), 

is capable of running at speeds of up to 51 km/h, and is a proficient swimmer (Jackson 1961).   

It is also extremely agile making it a competent climber (Sklepkovych 1994).   
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1.3.2  Habitat 

The Red Fox is a highly-adaptable species and can survive in a diverse array of climates and 

habitats including semi-arid deserts, alpine tundra, boreal forests, farmland and urban areas 

(Harris & Rayner 1986; Voigt 1987; Larivière & Pasitschniak-Arts 1996; Berghout 2000; 

Burrows et al. 2003; Marks & Bloomfield 2006).  The availability of suitable food resources 

appears to be the primary factor influencing habitat use (Jones & Theberge 1982; Halpin & 

Bissonette 1988; Phillips & Catling 1991), although competition with other canids such as the 

coyote may also be important (Voigt & Earle 1983; Harrison et al. 1989). 

 

The Red Fox generally gives birth in earthen dens with multiple entrances; most often dug in 

sandy soil (Sheldon 1950).  Outside the cub raising period, foxes commonly select above-

ground diurnal resting places such as cereal crops or other thick vegetation (Meia & Weber 

1993).  Additional details on the denning habits of foxes are presented in Chapter 5. 

 

1.3.3  Social Structure and Behaviour 

The predominant social unit within the Red Fox is a monogamous pair (Sargeant 1972; Storm et 

al. 1976) which unite at mating time and remain together until their cubs are reared (Macdonald 

1979a, 1980b).  Alternatively, social units may consist of one male and several related females; 

the majority of which will not breed but instead may assist with cub rearing (Macdonald 1979a, 

1980b).  These kinship groups are more often reported in Europe (von Schantz 1981).  In both 

social units, males may assist with cub rearing by bringing food to the cubs and female(s) 

(Macdonald 1979a). 

 

Direct encounters between foxes from neighbouring territories or between unrelated individuals 

are most common during the mating and dispersal periods, but are rare at other times of the year 

(White & Harris 1994).  When inter-group encounters do occur, they are mostly aggressive 

(White & Harris 1994) but generally involve agonistic displays and chases rather than physical 

contact (Preston 1975).  Communication in foxes occurs through scent marking (Macdonald 

1979b), vocalizations (Macdonald 1979a; Henry 1986), facial expressions (Fox 1970) and body 

posturing (Macdonald 1979a). 

 

1.3.4  Home Range and Movements 

The Red Fox is largely nocturnal, being mostly active between dusk and dawn (Storm 1965; 

Ables 1975; Banks 1997; Berghout 2000), although diurnal activity is not uncommon (Ables 

1969a; Phillips & Catling 1991; Meek 1998).  The species is highly mobile and adults may 

travel more than 10 km throughout their home range each night (Voigt 1987; Goszczyński 

1989a), although nightly movement patterns are not often predictable (Voigt 1987).  
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Foxes usually possess exclusive home ranges with well-defined non-overlapping boundaries 

(Voigt & Macdonald 1984).  In instances where home ranges do overlap the foxes within are 

generally related family members (Voigt & Macdonald 1984).  Home-range borders remain 

largely static throughout the year and should be regarded as territories (Voigt 1987) because 

they are regularly visited (Sargeant 1972; Voigt & Macdonald 1984), are maintained by urine 

marking (Macdonald 1979b) and are actively defended (Preston 1975).  Home-range size is 

highly variable, ranging for instance, from 10 ha in urban areas (Voigt & Macdonald 1984) to 

more than 3400 ha in alpine environments (Jones & Theberge 1982).  Male territories are 

typically larger than those of females (Coman et al. 1991; Marlow 1992; Larivière & 

Pasitschniak-Arts 1996).  More detailed information on fox home-range use and radio-tracking 

studies are included in Chapter 6. 

 

Fox dispersal in the northern hemisphere occurs from September–January (cf., Larivière & 

Pasitschniak-Arts 1996), while Australian foxes disperse from February–June (Saunders & 

McLeod 2007).  Most dispersal occurs before foxes are one year old, however the onset, 

distance and direction varies greatly (Voigt 1987).  A higher percentage of male foxes disperse 

(Allen & Sargeant 1993) and they generally disperse further than females (Phillips et al. 1972; 

Storm et al. 1976).  Average dispersal distances are usually less than four kilometers in urban 

areas (Page 1981; Harris & Trewhella 1988; Robinson & Marks 2001) and generally range 

from 10–30 km in rural settings (Storm et al. 1976; Coman et al. 1991; Lenain et al. 2004).  

Straight-line dispersal distances exceeding 300 km have also been recorded (Storm et al. 

1976; Allen & Sargeant 1993; Saunders et al. 2002). 

 

1.3.5  Diet 

The Red Fox is an opportunistic predator, foraging on a variety of prey (Scott 1943; Voigt 

1987).  It relies on different senses and adopts different hunting strategies depending on the 

available prey species and the environmental conditions (Scott 1943; Ables 1969a).  The species 

is capable of stalking, rapid pursuits or lying in wait (ambush) for prey (Henry 1986).  Small 

mammals constitute the majority of the fox’s diet (Brunner et al. 1975; Triggs et al. 1984; 

Weber & Aubry 1993; Borkowski 1994; Lindström 1994; Roberts et al. 2006) although it is an 

efficient scavenger and carrion is an important dietary item (Scott 1943; Hewson 1983; Voigt 

1987; Risbey et al. 1999).  Other dietary items commonly recorded include birds (Jędrzejewski 

& Jędrzejewski 1992; Weber 1996; White et al. 2006), eggs (Thompson 1983; Macdonald et al. 

1994; Saunders et al. 2004), reptiles, insects, (Green & Osborne 1981; Palmer 1995; Hartová-

Nentvichová et al. 2010), fruit (McIntosh 1963a; Serafini & Lovari 1993; Lovari et al. 1994) 

and seeds (Sargeant et al. 1986; Lugton 1993).   
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Foxes cache excess food for future consumption (Macdonald 1976) by burying it in shallow 

holes (Henry 1977, 1986).  They are ‘scatter’ rather than ‘central-place’ hoarders (Kruuk 1964; 

Tinbergen 1972) and rely on visual and olfactory cues to relocate their caches (Tinbergen 1972; 

Henry 1977).  Most caches are retrieved within a short period of time (Scott 1943; Macdonald 

1976; Macdonald et al. 1994; Saunders et al. 1999; Thomson & Kok 2002; Gentle 2005), 

although others may not be revisited for several months (Kruuk 1964; Tinbergen 1972; Frank 

1979) or not at all (Kruuk 1964). 

 

1.3.6  Reproduction 

The Red Fox reaches sexual maturity at approximately 10 months of age (Nowak 1999) and 

mates from December–April in the northern hemisphere (Larivière & Pasitschniak-Arts 1996) 

and between June–October in Australia (Ryan 1976).  Most Australian births occur during 

August and September (Saunders et al. 1995; McIlroy et al. 2001).  Foxes are generally 

regarded as seasonally monogamous (Ables 1975); although there is some evidence to suggest 

polygamy may occur at times (Storm et al. 1976; Voigt 1987).  Most females breed during their 

first year (Allen 1984), although in areas where fox densities are particularly high, many 

yearling females will not produce offspring (Harris 1979).   

 

Females are monestrous (McIntosh 1963b; Ryan 1976) with estrus lasting 1–6 days and 

gestation 51–53 days (Hayssen et al. 1993).  Litter sizes range from 1–12, with births of 3–6 

offspring most common (Larivière & Pasitschniak-Arts 1996); this figure increasing with food 

availability (Goszczyński 1989a) and with age of females (Englund 1970; Allen 1984).  Prenatal 

deaths are generally low (Voigt 1987).  Fox cubs do not open their eyes until 8–14 days old 

(Hayssen et al. 1993) and are able to walk by three weeks of age (Linhart 1968).  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). 

 

1.3.7  Mortality 

The Red Fox is heavily persecuted for sport, to protect domestic animals and game, to prevent 

the spread of Rabies (Lyssavirus spp.) and for fur harvest (although the latter has diminished 

significantly in recent years: Ramsay 1994) (Nowak 1999).  Most foxes within a population 

are less than two years old (Coman 1988; Allen & Sargeant 1993) and while individuals in the 

wild have been recorded living to eight years (Tullar 1983; Allen & Sargeant 1993), they rarely 

reach six (Storm et al. 1976).   

 

Mortality rates are high, although it is difficult to establish the relative importance of natural 

versus human-caused deaths (Voigt 1987).  Most human-related deaths result from road-kills 
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and control methods such as shooting, trapping (Page 1981; Harris & Smith 1987; Takeuchi & 

Koganezawa 1994) and poisoning (Saunders et al. 1995).  Naturally-occurring causes of 

mortality include diseases such as Sarcoptic Mange (Sarcoptes scabiei) and rabies (the latter is 

not present in Australia) (Voigt 1987).  Foxes also carry many other diseases (Ables 1975) and 

host a variety of parasites although these do not appear to control population numbers (Voigt 

1987).  Occasionally foxes are killed by larger predators such as dingoes and coyotes (Sargeant 

& Allen 1989; Saunders et al. 1995).  In times of drought, shortages of principal food items 

such as rabbits may also be significant contributors of mortality (Saunders et al. 1995). 

 

1.3.8  Population Density 

Due to the nocturnal and secretive nature of the Red Fox, estimates of population density are 

difficult to obtain and prone to error (Voigt 1987).  Nevertheless, population density estimates 

are often reported; varying greatly due to the diversity of environments that the species inhabits.  

In urban settings where food is plentiful, densities may reach 30 foxes/km² (Harris & Rayner 

1986), however in non-urban environments most reported population estimates range from 1–4 

foxes/km² (Coman et al. 1991; Bubela et al. 1998; Gentle et al. 2004). 

 

1.3.9  Impact in Australia 

There is much evidence to highlight the impact of the Red Fox on native fauna in Australia.  

Firstly, there are numerous anecdotal and historical accounts that note the major decline or 

disappearance of species, such as the Brush-tailed Rock-wallaby (Petrogale penicillata) and 

Quokka (Setonyx brachyurus), coincided with the arrival and establishment of foxes (White 

1952; Wakefield 1954; Finlayson 1961; Christensen 1980; Richards & Short 1996; Short 1998; 

Short & Calaby 2001; Burbidge & Short 2008). 

 

Secondly, there have been numerous attempts to reintroduce populations of vulnerable wildlife 

species to their former habitats.  During many of these reintroduction programs, a high 

proportion of the animals released have been killed by foxes (Christensen 1980; Short et al. 

1992; Priddel & Wheeler 1994, 1996, 1997; Priddel et al. 2007).  For instance, fox predation 

accounted for at least 30 % and potentially up to 96 % of all deaths of malleefowl released into 

conservation reserves in South Australia during 1990 (Priddel et al. 2007).   

 

Thirdly, there are many native fauna species that are either extinct or highly depleted on 

mainland Australia but persist as healthy populations on fox-free offshore islands (Burbidge & 

Friend 1990; Friend 1996).  For instance, the Burrowing Bettong (Bettongia lesueur) and 

Western Barred Bandicoot (Perameles bougainville) are extinct on Australia’s mainland (other 

than as reintroduced populations) but still occur on fox-free Bernier and Dorre Islands off the 
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coast of Western Australia (Burbidge & Short 2008; Friend 2008).  Likewise, the Eastern 

Bettong (Bettongia gaimardi) and Eastern Quoll (Dasyurus viverrinus) are no longer found on 

mainland Australia but still occur on Tasmania (Jones 2008; Rose & Johnson 2008) which 

remained virtually fox-free until the late 1990s (Kinnear 2003; Saunders et al. 2006; Berry et al. 

2007).  The success of reintroduction programs to fox-free islands (cf., Short et al. 1992) 

provides further evidence for the impact of fox predation on many of Australia’s wildlife 

species. 

 

Finally, 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 control sites that were not baited.  

 

Extensive fox-control programs are currently being implemented throughout many areas of 

southern Australia in attempts to protect the Bush Stone-curlew (e.g., Davey 2005; Hazell 2005; 

BBCMN 2007b; DSE 2008; FNPW n.d.).  These programs aim to elicit similar positive 

population responses to those studies cited above. 

 

 

1.4  ECOLOGY  OF  THE  BUSH  STONE-CURLEW 

The Bush Stone-curlew (curlew; Burhinus grallarius) is a member of the Burhinidae family, 

which contains nine species worldwide, distributed on all continents except Antarctica (Schodde 

& Mason 1980; Marchant & Higgins 1993; del Hoyo et al. 1996).  Burhinidae are wader-like 

birds, often referred to as ‘thick-knees’ owing to the large tibiotarsal (i.e., knee) joint on their 

legs (del Hoyo et al. 1996).  Two species occur in Australia, the Bush Stone-curlew (Burhinus 

grallarius) and the Beach Stone-curlew (Esacus magnirostris); the latter being an exclusively 

coastal species (Marchant & Higgins 1993; del Hoyo et al. 1996).   

 

Apart from an isolated population in southern Papua New Guinea (Lindgren 1971), the Bush 

Stone-curlew is endemic to Australia and several of its nearby offshore islands (Schodde & 

Mason 1980; Draffan et al. 1983).  In many parts of the country, the Bush Stone-curlew is 
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regarded as the ‘flagship species’ for grassy–woodland ecosystems (McCulloch 1998) and 

numerous communities have developed close affinities with the species (DEC NSW 2006).   

 

1.4.1  General Characters  

The Bush Stone-curlew is the largest member of the Burhinus genus and is an easily 

recognisable species (Marchant & Higgins 1993; del Hoyo et al. 1996).  Adult birds stand  

510–590 mm tall; have a wingspan of 820–1050 mm; with long legs; large pale eyes set in a 

large rounded head; a short, rather fine, dark bill; long tail; slender body; and cryptically-

coloured plumage of mottled brown, white and grey (Schodde & Mason 1980; Marchant & 

Higgins 1993; del Hoyo et al. 1996).  Females are slightly smaller and weigh less than males 

(females 570–740 g; males 580–810 g) but there are no obvious differences in appearance 

between the sexes (Schodde & Mason 1980; Marchant & Higgins 1993; del Hoyo et al. 1996).  

Although capable of strong flight, the curlew generally elects not to fly unless suddenly startled 

(Mathews 1914; Pringle 1987; del Hoyo et al. 1996).  The Bush Stone-curlew is a charismatic 

bird with a distinctive, wailing call, which has been variously described as ‘melancholy’, 

‘mournful’, ‘frightening’ and ‘eerie’ (Carter 1904; North 1913; Cheney 1915; McGilp 1947; 

Deignan 1964; Frith 1977; Schodde & Mason 1980; Pringle 1987). 

 

1.4.2  Habitat 

The Bush Stone-curlew most commonly inhabits lightly timbered open forest and woodland 

(Marchant & Higgins 1993); ecosystems that have been extensively modified and cleared for 

agriculture (Keith 2004).  In most areas of southern Australia curlews persist on privately-

owned land (Johnson & Baker-Gabb 1994; Robinson 1994; DEC NSW 2006), in isolated 

patches of remnant vegetation surrounded by open agricultural paddocks (Johnson & Baker-

Gabb 1994).  Key components of curlew habitat are fallen dead timber, leaf litter and an open 

ground layer with short sparse grass and few or no shrubs (Hindwood & Hoskin 1954; Johnson 

& Baker-Gabb 1994).  The curlew’s anti-predatory strategy is almost certainly heavily reliant on 

these habitat elements to assist with camouflage (fallen timber and leaf litter) and allow early 

detection of approaching predators (open ground layer) (Anderson 1991; DEC NSW 2006). 

 

1.4.3  Social Structure and Behaviour 

The Bush Stone-curlew is a largely sedentary bird (North 1913; Hobbs 1961; Roberts 1975) 

whose habits are often highly predictable.  For instance, pairs have been recorded occupying an 

area of less than one hectare for virtually an entire year (Johnson & Baker-Gabb 1994), 

routinely roosting in the same locations for extended periods (Hobbs 1961; Bedggood 1972, 

1977; Anderson 1991), and nesting in the same area annually (Whittell 1933; Bright 1935; 

Garnett 1985; Appleman 1998).   
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Individual curlews may live for 20–30 years (McGilp 1947).  Most birds form a monogamous 

pair (Johnson & Baker-Gabb 1994) and maintain a year-round, long-term bond (cf., Roberts 

1975).  Solitary curlews are also commonly reported, as are family groups consisting of an adult 

pair with 1–3 young (Marchant & Higgins 1993).  Outside the breeding season curlews may 

form loose flocks (Harvey & Harvey 1919) ranging from 10–100 birds (Campbell 1901; Hurst 

1907; North 1913; Mathews 1914; Campbell & Barnard 1917; Le Souëf 1918; Whitlock 1924; 

Bright 1935; Shilling 1948; Bravery 1970), although such gatherings are now rarely observed in 

southern Australia (Schodde & Mason 1980; Johnson & Baker-Gabb 1994). 

 

1.4.4  Home Range and Movements 

Most information on the home range and movements of the Bush Stone-curlew is derived from 

Kangaroo Island in South Australia (Gates 2001), but the applicability of those data to mainland 

Australia is unclear.  During the breeding season, curlew pairs occupy well-defined territories 

(Schodde & Mason 1980) ranging in size from 26–64 ha (Gates 2001).  At other times of the 

year the species is less territorial and pairs may roam over more than 200 ha (Gates 2001); 

encompassing areas normally defended by other pairs (Schodde & Mason 1980; Gates 2001).  

Most breeding territories are used by the same pair each year (North 1913; Bright 1935).   

 

Non-breeding or un-paired curlews have been recorded in loose flocks (Bright 1935; Wheeler 

1967; Andrews 1997) that may roam over areas of up to 870 ha (Gates 2001).  Little is known 

about the dispersal of juvenile curlews, although Gates (2001) recorded erratic movements of up 

to 8 km which may have represented dispersals events.  

 

1.4.5  Diet 

The Bush Stone-curlew feeds on the ground amongst grass, in leaf litter and under logs 

(Johnson & Baker-Gabb 1994).  The species is an opportunistic forager that mostly consumes 

beetles, crickets, weevils, ants, grasshoppers, caterpillars, cockroaches, wasps and spiders 

(Lavery 1969; van Tets et al. 1977; Johnson & Baker-Gabb 1994; Gates 2001).  Other items 

recorded in the curlew’s diet include seeds, small fruit, frogs, small reptiles and rodents 

(Lavery 1969; Bedggood 1977; van Tets et al. 1977). 

 

1.4.6  Reproduction 

The Bush Stone-curlew nests from July to January, with most nesting attempts in south-eastern 

Australia made during spring (September–November) (Schodde & Mason 1980; Marchant & 

Higgins 1993).  Females usually lay one or two clutches during the breeding season; each 

generally consisting of two mottled eggs (typically grey–brown in colour) laid directly on the 
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ground (Le Souëf 1901; Batey 1907; McGilp 1947) and incubated without the use of nest 

structures (Cleland 1906; Whitlock 1921; Hindwood & Hoskin 1954) for 23–25 days (Garnett 

1985; Anderson 1991).  Both sexes participate in the incubation, defence and nurturing of 

young (Cleland 1906; Schodde & Mason 1980; Garnett 1985; Anderson 1991) which are unable 

to fly until approximately 50 days old (Marchant & Higgins 1993).   

 

Juvenile curlews may either remain with their parents until the following breeding season 

(Gates 2001), or if two clutches are laid within a season, the parents may force the offspring 

from the first clutch out of their territory prior to the second clutch hatching (Garnett 1985; 

Anderson 1991).  It is unclear at what age the Bush Stone-curlew commences breeding, but the 

typical age for other members of the Burhinidae family is approximately 2–3 years old  

(del Hoyo et al. 1996). 

 

1.4.7  Anti-predatory Behaviours  

During the breeding period, the curlew employs several strategies to avoid predation.  When 

eggs or chicks appear threatened, adult birds may stealthily run away at the first sign of danger 

in the hope of concealing the location of their young (North 1913; Bright 1935; Hindwood & 

Hoskin 1954), or attempt to distract the intruder by feigning injury (Campbell 1901; McGilp 

1947).  Alternatively, the curlew may utter harsh ‘growling’ and ‘hissing’ notes (Cleland 1906; 

Alexander 1921; MacGillivray 1923) or conduct aggressive mantling displays (Lord 1956; 

Arthur 1973; Garnett 1985; Anderson 1991) in efforts to ward-off intruders.  

 

While the aforementioned strategies are often employed, camouflage is the favoured approach 

of adult birds (North 1913; Whittell 1938) and is essentially the only anti-predatory behaviour 

available to the flightless chicks (Burrell 1909).  The characteristic camouflage behaviour of the 

curlew is to flatten itself against the ground with neck outstretched and eye partially closed 

(Plate 1.1); remaining motionless in the hope of evading detection (Campbell 1901; Le Souëf 

1901; North 1913; Mathews 1914; Whittell 1938; Hindwood & Hoskin 1954; Deignan 1964).  

At times, especially in the latter stages of incubation, the curlew is so devoted to this strategy 

that it may allow itself to be handled (Garnett 1985; Anderson 1991) or even lifted from the 

ground without altering its stiffened posture (Whittell 1938; Serventy & Whittell 1976; Pringle 

1987). 
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Plate 1.1.  The characteristic posture adopted by the Bush Stone-curlew (Burhinus grallarius) when 

threatened.  Source unknown. 

 

 

 

1.4.8  Species Decline 

The Bush Stone-curlew previously occupied all except the most arid parts of Australia’s 

mainland (Garnett & Crowley 2000) but today the species is absent or rare throughout much of 

its former range in southern Australia; only remaining common in northern Australia and on 

several offshore islands (Schodde & Mason 1980; Anderson 1991; Garnett & Crowley 2000).  

The scarcity and ongoing decline of the curlew throughout the southern extent of its range has 

mainly been attributed to the loss and modification of habitat for agriculture and urban 

development (McKeown 1923; McGilp 1947; Boehm 1960; Schodde & Mason 1980; Blakers et 

al. 1984; Anderson 1991), along with predation by foxes (Pringle 1987; Webster & Baker-Gabb 

1994; Saunders & Ingram 1995; del Hoyo et al. 1996; Robinson 1998; Gates 2001; Gates & 

Paton 2005). 

 

There is currently no experimental evidence to prove that foxes have contributed to the decline 

of the curlew but there is a substantial body of circumstantial evidence.  For instance, there are 

numerous historical and anecdotal accounts that identify fox predation as a primary cause of the 

decline or disappearance of curlews (Hill 1907; North 1913; Cleland 1924; White 1925; Newell 

1927; Pearse 1929; Boehm 1934; Hyem 1936; McGill 1944; McGilp 1947; Hindwood & 

Hoskin 1954; Lord 1956).  Many of these declines occurred soon after the arrival and 

establishment of foxes and pre-dated extensive vegetation clearance and modification (Gates & 

Paton 2005).  Further evidence for the importance of fox predation in curlew declines is 

provided by Gates and Paton (2005) who indicated that since European settlement, the curlew 

has increased its range and abundance on Kangaroo Island (where foxes are absent) despite 

widespread habitat clearance and agricultural development on the island.  It is also noteworthy 
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that in addition to Kangaroo Island, curlews remain common on other fox-free islands and 

throughout many areas of northern Australia (where foxes are scarce or absent: Saunders et al. 

1995) (Garnett & Crowley 2000), despite the presence of cats in these locations (Flavell 1992; 

Gates & Paton 2005; Denny 2008). 

 

1.4.9  Conservation Status 

The Bush Stone-curlew is currently listed as Threatened in Victoria (Flora and Fauna 

Guarantee Act 1988: DSE 2009), Endangered in New South Wales (Threatened Species 

Conservation Act 1995: DEC NSW 2006) and Rare in South Australia (National Parks and 

Wildlife Act 1972: DEH 2010).  Because the species remains common on several offshore 

islands and in many parts of northern Australia, it is not currently listed nationally (under the 

Environment Protection Act 1999), however the curlew is listed as ‘Near Threatened’ in the 

Action Plan for Australian Birds (Garnett & Crowley 2000) and on the IUCN Red List of 

Threatened Species (IUCN 2009). 

 

1.4.10  Current Management 

Owing to its imperilled status across southern Australia, the Bush Stone-curlew has received 

increased attention from conservation and land management agencies during the last two 

decades (e.g., Webster & Baker-Gabb 1994; McCulloch 1998; Davey 2005).  Such 

organisations promote the retention of key habitat elements (fallen timber and leaf litter) and 

strongly advocate practices to mitigate the impact of foxes on curlew populations (Johnson & 

Baker-Gabb 1994; DEC NSW 2006; Treilibs 2006).  Current management activities undertaken 

in efforts to limit the impact of fox predation on curlews include: supplementing existing curlew 

populations by translocating captive-bred birds into the wild, erecting predator-exclusion fences 

around known curlew habitat, placing temporary electric netting around curlew nests, and 

conducting fox poisoning programs where curlews persist (Price 2004; Davey 2005; Hazell 

2005; DEC NSW 2006; Treilibs 2006; BBCMN 2007b; Johnston & McCarthy 2007; FNPW 

n.d.). 

 

Despite the concerted effort, most of the current approaches adopted to protect the curlew from 

foxes are unlikely to provide population-wide benefits.  For instance, erecting temporary 

fencing to protect nest sites is a very short-term and site-specific approach that is applicable 

only when curlews are incubating eggs.  Moreover, while this approach may protect nests from 

terrestrial predators (e.g., foxes and cats), it is ineffective against aerial predators (e.g., birds) 

and could potentially increase predation rates by providing cues as to the location of nests  

(cf., Isaksson et al. 2007).  Erecting permanent predator-exclusion fences around areas of curlew 

habitat is likewise very site-specific and its enormous cost and ongoing maintenance 
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requirements greatly impair its applicability.  A further problem with this approach is that it 

affects the movements of many non-target species such as snakes, lizards and the Short-beaked 

Echidna (Tachyglossus aculeatus) (Long & Robley 2004).  Supplementing existing curlew 

populations with captive-bred birds is also currently of limited value owing to the enormous 

financial requirements involved and the small number of appropriate breeding facilities.    

 

Given the likely impact of fox predation, it is essential that the fox-control activities promoted 

for curlew conservation are widely applicable throughout southern Australia and are designed to 

provide maximum benefit to curlew populations. Currently the only method of fox management 

that has the potential to provide widespread population benefits to the curlew is broad-scale 

poison baiting.  This technique is presently the most effective and efficient way of controlling 

foxes in Australia (Saunders et al. 1995; Environment Australia 1999; Gentle et al. 2007; West 

& Saunders 2007) and if conducted appropriately it has been shown repeatedly to benefit native 

wildlife populations (cf., Kinnear et al. 2010, and references within).  

 

In considering this issue, it is important to note that efforts to protect threatened species from 

predators will benefit from employing a variety of management practices (Goodrich & Buskirk 

1995).  In the case of the curlew, this has been clearly demonstrated at the Puckapunyal Military 

Area in central Victoria, where curlew numbers increased from 3 to 14 pairs over an 11-year 

period of integrated fox management involving regular 1080 baiting, den destruction and 

ground shooting (Anderson et al. 2007). 

  

When developing fox management strategies for curlew conservation it is also imperative that 

the ecology of foxes is carefully considered.  Too often in studies of avian predation has the 

ecology of predators been overlooked (Marzluff & Restani 1999; Weatherhead & Blouin-

Demers 2004; Lecomte et al. 2008) despite growing acceptance among researchers that such 

knowledge is vital (Paton 1994; Yahner 1996; Keyser et al. 1998; Larivière 1999; Lahti 2001; 

Chalfoun et al. 2002; Lima 2002; Larivière 2003; Stephens et al. 2003).  Likewise, fox control 

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

than the biology of the fox (Saunders & McLeod 2007).  The end result of this approach has 

been short-term and reactionary fox control with little consideration for sustained reduction of 

fox populations or their impact (Saunders & McLeod 2007).   

 

Despite being such a major pest, many aspects of fox ecology in Australia remain relatively 

unknown (Saunders et al. 1995).  In light of this fact and of the importance of such information 

in developing effective fox management strategies, this thesis aims to improve the 

understanding of fox ecology in areas where the Bush Stone-curlew persists.  It is anticipated 
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that this information will guide and inform the management of foxes for curlew conservation, 

leading to improved efficiency and effectiveness, and ultimately increased benefits to curlews.  

The specific aims and structure of this thesis are outlined below. 

 

 

1.5  STUDY AIMS 

The overall objective of this thesis is to improve the management of the Red Fox in agricultural 

landscapes to benefit Bush Stone-curlew conservation in south-eastern Australia.  In accordance 

with this objective, the specific study aims are to: 

 

1. Examine whether fox predation pressure differs with landscape context. 

 

2. Examine whether fox hunting success is influenced by ground-layer habitat complexity. 

 

3. Describe the environmental factors that influence den-site selection by foxes. 

 

4. Describe the home-range size and movements of foxes. 

 

5. Evaluate a landholder-based fox-control program designed to protect curlews.  

 

 

Fundamental to the overriding objective of this thesis is an understanding of the ecology of the 

Bush Stone-curlew and its present distribution within the study area.  Although I acknowledge 

the importance of this information, it is not presented in detail in my thesis because it formed 

part of a separate research project (conducted simultaneously) investigating the ecology of the 

curlew throughout south-eastern Australia.  That project (also undertaken as a PhD at Charles 

Sturt University) is yet to be completed but examines many aspects of curlew ecology that will 

complement information presented in this thesis, such as home-range size, habitat selection, 

characteristics of nest- and roost-sites, and the current distribution and population size of 

curlews within the study area. 

 

 

1.6  THESIS STRUCTURE 

This thesis comprises the current introductory chapter and seven additional chapters. 

 

In Chapter 2, I set the context for the study by describing the study area environment and the 

seasonal conditions during the study period. 
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In Chapter 3, I present the results of a bait-uptake experiment to determine if fox predation 

pressure varies according to landscape context.  These data are used to improve information on 

the threats posed to curlews by foxes in agricultural landscapes and to identify areas that could 

potentially be targeted to improve the efficacy of fox-baiting programs. 

 

Having identified the areas where fox predation pressure is greatest, I then use bait uptake to 

examine whether the hunting success of foxes is affected by ground-layer habitat complexity 

(Chapter 4).  Fallen timber complexity appears to be a crucial element of curlew habitat and my 

results are discussed in relation to curlew habitat management and efforts to mitigate the impact 

of fox predation. 

 

In Chapter 5, I report on the environmental factors that influence den-site selection by foxes.  

Because dens represent areas of concentrated fox activity, these data are used to further advance 

knowledge on the potential interactions between foxes and curlews in agricultural landscapes 

and to provide additional information on favourable areas for fox control. 

 

In Chapter 6, I directly quantify the movements and home-range size of foxes within the study 

area using ground-based radio-telemetry.  These data are used to increase information on the 

spatial ecology of foxes in agricultural landscapes to guide the development of appropriately-

scaled fox-control programs. 

 

Using the home-range data obtained during Chapter 6, I compare the spatial coverage and likely 

effectiveness of two hypothetical baiting strategies with a community-based fox-baiting 

program intended to protect curlews within the study area (Chapter 7).  The implications of this 

work for improving the on-ground management of foxes in agricultural landscapes are 

discussed.   

 

In Chapter 8, I present a synthesis of the results and place my research in the broader context of 

predator management for native species conservation.  I then discuss the implications of my 

findings for Bush Stone-curlew conservation in south-eastern Australia and for the management 

of foxes in agricultural landscapes.  Directions for future research are also considered. 
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CHAPTER 2 
 

STUDY  AREA 

 
2.1  DESCRIPTION OF STUDY AREA 

2.1.1  Location 

This study was conducted from 2004–2008 across an area of approximately 78 000 ha  

(780 km²) within the Northern Plains of Victoria; centred between the townships of Nathalia 

and Picola (36° 03' S, 145° 10' E; Figure 2.1).  The majority of this district was first settled by 

Europeans in the 1870s (Hibbins 1978) and today predominantly comprises privately-owned 

agricultural land for mixed farming enterprises including winter cereal cropping, along with the 

production of merino wool, prime lambs and beef.  Some dairy farms also occur within the 

study area.  Low intensity irrigation was introduced to the district in the 1930s (Hibbins 1978) 

and is today used on many farms to increase production. 

 

 

Figure 2.1.  Location of the study area within Australia (Figure a), the Northern Plains of Victoria 

(Figure b) and the Nathalia district (main figure).  In the main figure, native vegetation (grey shading) is 

represented by tree cover. 
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2.1.2  Topography 

The study area is predominantly flat, with an elevation of 100–110 m above sea level.  The area 

is a riverine plain comprising many watercourses, the major ones being the Murray River to the 

west, Goulburn River to the south and the Broken Creek which runs through the centre of the 

study area (Figure 2.1).  Many other ephemeral streams occur, including Deep Creek, Wakiti 

Creek and Skeleton Creek.  Approximately half the study area is well-drained and contains  

red–brown or yellow sodic duplex soils, with some pockets of uniform sand (Land Conservation 

Council 1983).  The remainder of the area is generally poorly drained and susceptible to 

waterlogging and is dominated by grey or brown sodic uniform clays, overlying quaternary 

alluvium (Land Conservation Council 1983). 

 

2.1.3  Climate 

The study area experiences hot summers and mild winters with few frosts (Land Conservation 

Council 1983).  During January, the average daily temperatures range from a maximum of  

29.9° C to a minimum of 14.3° C, with July temperatures ranging from 13° C to 2.9° C, 

respectively (Figure 2.2; Bureau of Meteorology 2008). 
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Figure 2.2.  Long-term mean daily maximum and minimum temperatures (°C).  Data presented are from 

Kyabram DPI weather station (station # 080091; 36° 34' S, 145° 06' E; 1965–2008) which is the nearest 

current Bureau of Meteorology weather station to Nathalia (approximately 35 km south; Figure 2.1) that 

collects temperature data and has complete rainfall records from 2000 onward. 
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The average annual rainfall is 443.4 mm (Bureau of Meteorology 2008).  Rainfall can vary 

markedly from year to year, however it is generally winter dominant (Figure 2.3); falling mainly 

during low-intensity events.  Outside this period, substantial falls often occur as intense rain 

during irregular summer thunderstorms.  Annual evaporation is high, well above annual rainfall 

(Land Conservation Council 1983).  During the study period rainfall was consistently below 

average, as demonstrated in the cumulative rainfall deficiency plot (Figure 2.4; Foley 1957).  

This plot represents the cumulative difference between observed rainfall and the long-term 

average rainfall.  The plot shows that for the duration of the study period, the observed 

cumulative rainfall was approximately 350 mm below the expected cumulative rainfall based on 

long-term averages.  When interpreting this plot, an upward trend indicates below average 

rainfall, the slope of the trend indicating the rate of this rise (Foley 1957). 

 

 

In response to the severity and extended nature of the dry conditions experienced throughout the 

Nathalia district during the study period, the area was officially drought-declared on September 

17
th
 2007 and continued to be so until completion of the study (Australian Department of 

Agriculture, Fisheries and Forestry 2008). 
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Figure 2.3.  Long-term mean monthly rainfall and observed monthly rainfall during the study period.  

Data presented are from the Bureau of Meteorology weather station at Kyabram (station # 080091), with 

monthly means based on historical records from 1964–2008. 
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Figure 2.4.  Cumulative rainfall deficiency plot (Foley 1957) from January 2004 until completion of the 

study in 2008.  Below average rainfall is depicted by positive values; the higher the value, the greater the 

difference between observed cumulative rainfall and expected cumulative rainfall based on long-term 

averages.  Data presented are from the Bureau of Meteorology weather station at Kyabram (station  

# 080091) with expected rainfall based on historical records from 1964–2008. 

 

 

 

2.1.4  Vegetation 

During the last 140 years the study area has largely been cleared of native vegetation, with less 

than 5 % tree cover currently remaining in farmland areas (Lumsden et al. 2002).  Today the 

area consists mainly of open paddocks of introduced pasture species such as Lucerne (Medicago 

sativa), rye grass (Lolium spp.) and clover (Trifolium spp.) with most relict native vegetation 

occurring along watercourses and roadsides or as small scattered remnants and isolated paddock 

trees.  Common tree species include Grey Box (Eucalyptus microcarpa), River Red Gum 

(Eucalyptus camaldulensis) and Black Box (Eucalyptus largiflorens), while Buloke 

(Allocasuarina luehmannii), White Cypress-pine (Callitris glaucophylla) and Yellow Box 

(Eucalyptus melliodora) are also present; the latter two species occurring mainly on sandy soils 

(Bennett et al. 1994).  Weeping Pittosporum (Pittosporum phylliraeoides) is one of the most 

widespread shrub species, but generally shrubs are scarce throughout the study area.  

Commonly occurring ground-layer species include wallaby grasses (Austrodanthonia spp.), 

Berry Saltbush (Atriplex semibaccata) and New Holland Daisy (Vittadinia gracilis) (Nathalia 

Wildflower Group 1999). 
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2.1.5  Mammalian Fauna 

Throughout the Northern Plains of Victoria, bats comprise the largest proportion of the native 

mammal fauna (Bennett et al. 1998).  Other widespread native mammal species include the 

Eastern Grey Kangaroo (Macropus giganteus), Short-beaked Echidna (Tachyglossus aculeatus), 

Common Brushtail Possum (Trichosurus vulpecula) and Common Ringtail Possum 

(Pseudocheirus peregrinus) (Dixon & Huxley 1979; Land Conservation Council 1983; Bennett 

et al. 1998).  The only native rodent known to occur in the Northern Plains is the Water Rat 

(Hydromys chrysogaster) (Bennett et al. 1998). 

 

Many introduced mammal species are common and widespread throughout the Northern Plains 

including the Red Fox (Vulpes vulpes), Feral Cat (Felis catus), Brown Hare (Lepus capensis) 

and House Mouse (Mus musculus) (Land Conservation Council 1983; Bennett et al. 1998).  The 

European Rabbit (Oryctolagus cuniculus) occurs in scattered patches at low density throughout 

the study area while the Feral Pig (Sus scrofa) is occasionally sighted along permanent 

watercourses (A. Carter, personal observation). 

 

2.1.6  Selection of the Study Area 

The Northern Plains of Victoria were selected for this study because the region contains the 

highest concentration of curlew atlas records on mainland south-eastern Australia (Figure 2.5).  

More specifically, the Nathalia district was selected for the study area because surveys 

conducted during a related study in 2004 revealed that this region contained a relatively high 

density of curlews compared with other areas throughout the Northern Plains.  As part of that 

study, curlew surveys were conducted at 26 locations within the Nathalia district during 216 

individual site visits, with curlew presence confirmed at 11 different locations (visually on 82 

occasions and aurally on 71 occasions: A. Carter and E. Tack, unpublished data).  Moreover, the 

Nathalia region is broadly representative of many of the areas inhabited by curlews in south-

eastern Australia, comprising a highly modified agricultural landscape with isolated woodland 

remnants surrounded by open paddocks.  For this reason, the results will have relevance beyond 

the study area. 

 



CHAPTER  2: Study area 

 

Andrew Carter 24 

 

 
Figure 2.5.  Map of Australia showing the location of the study area in relation to Bush Stone-curlew 

(Burhinus grallarius) atlas records. 

 

Curlew records sourced from: Atlas of Victorian Wildlife (2007); Atlas of New South Wales Wildlife 

(2009); Atlas of Northern Territory Wildlife (2009); Biological Database of South Australia (2009); 

NatureMap Western Australia (2009); WildNet Queensland (2009). 

 

 

 

Another reason why the Nathalia district was selected for my study was the active presence of 

the Broken–Boosey Conservation Management Network (hereafter, BBCMN).  The BBCMN is 

a government-funded group established in 2002 to improve the cooperative management of 

biodiversity on private and public land (Context Pty Ltd. 2008b).  A core activity of CMNs is 

protecting threatened species (Context Pty Ltd. 2008a) and in early 2004 the BBCMN proposed 

a fox-control program designed to protect the Bush Stone-curlew (BBCMN 2004b).   

A coordinated fox-baiting program was subsequently established in 2005 (BBCMN 2005); more 

details on which are provided in Chapter 7.  Further reasons for selecting the Nathalia district 

include the extensive road network that provides thorough access across the landscape and the 

large number of landholders that were willing to accommodate ecological research on their 

properties. 
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CHAPTER 3 
 

UPTAKE  OF  BAITS  BY  FOXES  IN  RELATION  TO  

LANDSCAPE  CONTEXT 

 
3.1  SUMMARY 

In this chapter, I investigate the uptake of baits by the Red Fox (fox; Vulpes vulpes) in an effort 

to improve information on its spatial ecology and to understand better its potential to impact on 

the Bush Stone-curlew (curlew; Burhinus grallarius).  The results of this work have 

implications for the management of curlews and foxes, which will be discussed in detail in 

Chapter 8.  The uptake of non-toxic baits is compared across five landscape elements to provide 

an index of predation pressure from foxes.  In addition, visitation of bait sites by non-target 

species is analysed using data from remotely-triggered surveillance cameras.  The chapter 

concludes with a discussion of the potential reasons for differences in bait uptake (and therefore 

predation pressure) between landscape elements and the use of surveillance cameras for wildlife 

research. 

 

3.1.1  Fox Predation Pressure in Agricultural Landscapes 

The Red Fox is a generalist predator (Scott 1943; Voigt 1987) and decisions about where it 

forages are unlikely to depend on the location of any one particular prey species.  Small 

mammals and carrion constitute the majority of the fox’s diet (Scott 1943; Hewson 1983; Voigt 

1987; Lugton 1993; Weber & Aubry 1993; Borkowski 1994; Lindström 1994, Berghout 2000), 

but the species also feeds on a diverse array of additional items including insects, fruits and 

seeds (see Chapter 1, section 1.3.5).  For this reason, foxes are likely to encounter food almost 

anywhere they forage, although the type and amount of food they encounter will vary depending 

on their choice of foraging location (Marín et al. 2003). 

 

According to optimal foraging theory, a predator should aim to maximise its energy uptake by 

finding, capturing and consuming the most nutritiously rewarding prey available, while 

expending the least amount of time and energy possible (Emlen 1966; MacArthur & Pianka 

1966; Hengeveld et al. 2009).  In this respect, predators should aim to concentrate their 

activities in the areas that are most energetically rewarding (also taking into account the risk of 

predation: Sih 1980; Lima & Dill 1990; Kotler & Blaustein 1995; Meyer & Valone 1999).  

Because it is difficult to assess the costs and benefits of foraging decisions in natural situations 

(Reynolds et al. 1988), the value of optimal foraging theory in ecology has been acrimoniously 

debated (Schmitz 1997; see also Pierce & Ollason 1987; Stearns & Schmid-Hempel 1987; Perry 

& Pianka 1997; Silvert 2002; Bone & Moore 2008).  Despite this debate, optimal foraging 
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theory provides a means for rationalising the foraging decisions of predators, and is therefore a 

useful framework for exploring fox behaviour. 

 

Most agricultural landscapes in southern Australia are dominated by vast open paddocks used 

for cereal cropping and grazing, bordered by fences and a network of roads (Breckwoldt 1986; 

Hobbs & Saunders 1994).  Native vegetation occurs predominantly along roadsides and 

watercourses (Bennett 1990; Hobbs & Saunders 1994; van der Ree & Bennett 2001; van der 

Ree et al. 2003), or as small isolated remnants and solitary paddock trees (Law et al. 2000; 

Fischer & Lindenmayer 2002a, 2002b; van der Ree et al. 2003).  In investigating predation 

pressure from foxes in these areas, a key consideration in the context of optimal foraging theory 

is which locations allow foxes to maximise energy uptake and minimise energy output, and 

hence, experience the most predation pressure from foxes.  An increased understanding of this 

issue has implications for the conservation of threatened species which are susceptible to fox 

predation and would be of great value for improving fox-control programs (e.g., poison baiting). 

 

3.1.2  Fox Management for Curlew Conservation 

Predation by the Red Fox is believed to have contributed to the widespread and ongoing decline 

of the curlew throughout south-eastern Australia (Pringle 1987; Webster & Baker-Gabb 1994; 

del Hoyo et al. 1996; Robinson 1998).  Although experimental proof to implicate foxes is 

currently lacking, the body of circumstantial evidence is compelling (refer to Chapter 1, section 

1.4.8) and based on this it appears reasonable to assume foxes are significant predators of 

curlews.  Indeed, in such instances incorrectly rejecting fox predation as a legitimate threat can 

result in species extinction (cf., Kinnear et al. 1998).  Therefore, the most judicious management 

approach is to accept that fox predation is a threatening process and to act accordingly, until 

such time as there is adequate data to prove otherwise (Kinnear et al. 1998).  In this regard, it is 

imperative that efforts to conserve the remaining curlews in south-eastern Australia include 

effective management of fox populations. 

 

In recent times, many research papers have highlighted the need to consider detailed 

information on the ecology of predators when attempting to manage the effects of predation on 

avian species (Paton 1994; Yahner 1996; Keyser et al. 1998; Larivière 1999; Lahti 2001; 

Chalfoun et al. 2002; Lima 2002; Larivière 2003; Stephens et al. 2003; Lecomte et al. 2008).  

However despite these requests, detailed information on predator ecology is seldom considered 

when developing management strategies for predation-vulnerable species.  One of the few 

exceptions comes from New Zealand, where careful consideration of the synecology of 

predators (i.e., interactions between predatory species within an ecological community)  

has resulted in more strategic management programs to protect forest-dwelling bird species 
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(Elliott & Suggate 2007; see also King 1983; Murphy & Dowding 1995; O'Donnell & 

Phillipson 1996; Ruscoe et al. 2006).  Another example is the work of Roy et al. (2002) who 

used information from four years of research into the ecology of the Mongoose (Herpestes 

javanicus) on Mauritius to develop an improved mongoose control strategy to protect the 

endemic Pink Pigeon (Columba mayeri).  While studies such as these are scarce, they 

demonstrate how careful consideration of detailed information on the ecology of a key 

predatory species (e.g., foxes) can greatly aid management programs aimed at protecting 

predation-vulnerable species (e.g., curlews). 

 

Many aspects of fox ecology in Australia remain poorly understood.  For instance, little 

information exists on population densities, regional differences in behaviour, movements and 

response to population control, reproductive capacity, movements in different habitats and the 

potential role of foxes as competitors of native wildlife (Saunders et al. 1995).  In addition, 

detailed information is lacking on the habitat preferences of foxes, which is particularly 

important when attempting to limit the impact of fox predation on vulnerable wildlife species.  

For example, if the preferred habitat of curlews coincides with the areas favoured by foxes for 

hunting, then efforts to manage foxes in areas where curlews persist will be all the more 

important. 

 

In this chapter I do not directly measure the habitat preferences of foxes.  Instead, I measure the 

uptake of baits in relation to landscape context to provide an index of predation pressure from 

foxes.  While this may indirectly reflect the habitat preferences of foxes, this can only truly be 

determined using radio-telemetry data or direct observation.  In measuring predation pressure 

from foxes, I aim to improve our understanding of their potential to impact on curlews in 

agricultural landscapes and to help improve fox management strategies for protecting curlews 

and other species in such areas (as discussed in Chapter 8).   

 

The specific aims of this study are to: 

 

1. Compare the uptake of non-toxic baits across five landscape elements to provide an 

index of predation pressure from foxes relative to landscape context.   

 

2. Determine, using remotely-triggered surveillance cameras, whether buried fox baits are 

removed by non-target species. 
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3.2  METHODS 

3.2.1  Study Area 

This experiment was conducted on farmland surrounding the townships of Numurkah, Nathalia, 

Picola, and Barmah on the Northern Plains of Victoria (Figure 3.1).  More details of the study 

area are provided in Chapter 2.   

 

Baits were located at 30 different sites representing six replicates of five different landscape 

elements (see below).  The replicates of each landscape element were inter-dispersed across the 

study area which covered approximately 78 000 ha (780 km²) (Figure 3.1).  Each site was 

separated by at least 1.5 km, but sites where bait uptake was measured concurrently were at 

least 5 km apart to reduce the likelihood of individual foxes accessing baits at more than one 

site.   

 

3.2.2  Baiting Procedures 

Bait uptake was measured at five landscape elements: roadsides, fence-lines, open paddocks, 

creek-lines, and remnant vegetation.  Definitions for each of these elements and notes on their 

application are provided in Table 3.1.  These elements were selected because they: (a) are 

thought to be used by foxes for movement or hunting, (b) are commonly used bait locations in 

current fox-baiting campaigns, or (c) are prominent features of agricultural landscapes.  There 

were six baiting sites for each landscape element.  
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Figure 3.1.  Location of the 30 baiting sites used during this experiment, showing the study area in 

relation to the state of Victoria (inset). 

 

 

 

Owing to logistical constraints associated with the large number of baiting sites, it was not 

possible to bait all sites simultaneously.  Consequently, the 30 baiting sites were divided into 

sub-groups (with all landscape elements represented) and the experiment was conducted during 

four separate sampling periods: 5–17 January 2006 (seven baiting sites), 12–24 January 2006 

(eight baiting sites), 19–31 January 2006 (seven baiting sites), 26 January–7 February 2006 

(eight baiting sites).   
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Table 3.1.  Definitions of landscape elements and notes on their application during bait-uptake 

experiments. 

 

Roadsides The strip of Crown land immediately

adjacent to roads. Only non-

bituminised public roads were used,

containing either an unformed surface

with prominent wheel ruts, or a

formed dirt/gravel surface that is

periodically graded.

At each baiting site, baits were placed

along two intersecting roads (and on

both sides of the road in an

alternating pattern) to limit the

likelihood of individual foxes travelling

along a single stretch of road and

removing all baits.

Fence-lines Wire fences used for containing stock

or signifying property boundaries.  

At each baiting site, baits were placed

along several adjoining fences (and

on both sides of the fence in an

alternating pattern) to limit the

likelihood of individual foxes travelling

along a single stretch of fence and

removing all baits.

Open 

Paddocks

An area of land (>3.15 ha) containing

no tree cover and used for stock

grazing, cropping or other agricultural

practices. Tree cover was quantified

using a geographic information

system (GIS) data layer (ArcMAP™

9.1) with a grid-cell resolution of

10 m × 10 m.  

Baits were not placed in paddocks

containing grass or cereal crops

higher than 300 mm. Within open

paddocks, bait stations were not

placed closer than 100 m from the

nearest landscape element (i.e.,

roads, fence-lines, remnant

vegetation, water source etc.). 

Creek-lines A natural linear depression along

which surface water naturally

concentrates.    

Bait stations were placed only along

creek-lines containing water.

Irrigation channels were not classified

as creek-lines. To ensure creek-lines

were evenly sampled, at half of the

baiting sites, bait stations were placed

on the eastern side of the creek,

while the remaining three baiting sites

had bait stations on the western side.  

Remnant 

Vegetation

Areas of land (>1 ha) containing the

former dominant vegetation that once

covered the area before being cleared

for human land use. Tree cover was

used as a surrogate for remnant

vegetation and was quantified using a

GIS data layer (ArcMAP™ 9.1) with a

grid-cell resolution of 10 m × 10 m.  

Baits were placed along the edges of

remnant vegetation because this is

where curlews are typically found

roosting in this district (A. Carter,

personal observation). Bait stations

were placed no further than 20 m

from the border between wooded and

open areas unless the edge contained

a road or fence-line. In these

circumstances, bait stations were

placed within 100 m of the remnant’s

edge, but not closer than 50 m from

the edge of the road or fence-line.  

Landscape 

Element
Definition Application Notes
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This experiment was conducted during January and February because the highest population 

densities of adult and sub-adult foxes occur at this time of the year in Australia (Saunders & 

McLeod 2007).  Owing to the peak in demand and competition for resources during this period, 

foxes are likely to exert predation pressure throughout the entire landscape and therefore, in 

theory, a high percentage of baits should be removed from all landscape elements.  If significant 

variation in the percentage of baits removed from different landscape elements is detected at this 

time, then it is likely to provide a true reflection of differences in predation pressure from foxes 

in relation to landscape context.  Furthermore, at this time of year juvenile curlews are most 

likely to be present and/or dispersing (Marchant & Higgins 1993), and consequently it may be 

regarded as an opportune time to conduct fox baiting for curlew conservation. 

 

At each baiting site, ten bait stations were placed 200–500 m apart (Plate 3.1) yielding a total of 

300 bait stations for the entire study.  The term ‘bait station’ is generally applied to a site 

repeatedly used to place bait (Saunders & McLeod 2007), although bait stations were used only 

once in my study.  Bait stations were constructed by digging a 100 mm deep hole in the ground 

using a soil auger (150 mm diameter).  Soil was removed with the auger, placed in a bucket, 

sieved to remove vegetation and large sods, and then returned to the hole.  The sieved soil at 

bait stations was not raised above the surrounding ground level to avoid providing visual cues to 

foxes and other potentially bait consuming species.  This technique had previously been trialled 

and proven to be effective, enabling fox prints and diggings to be clearly distinguished from 

those of non-target species (A. Carter, personal observation).  A common practice when 

measuring bait uptake is to surround the area immediately adjacent to the bait station with sand 

(or sieved/raked soil) to record footprints of animals visiting the site (e.g., Thomson & Kok 

2002; Fairbridge et al. 2003; Glen & Dickman 2003; Körtner et al. 2003).  However for the 

purposes of the current study, I deemed that this method would have made bait stations too 

visually conspicuous and potentially caused problems with contagion (e.g., foxes (or other 

species) learn to associate areas of sand with food and subsequently actively search for sand-pad 

areas: cf., Thompson & Fleming 1994).  
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Plate 3.1.  Example of a creek-line baiting site, showing the location of all ten bait stations (  ).   

Inset is a photograph of a bait station that had been located and dug-out by a fox.  

 

 

 

At each bait station, one bait was buried in the sieved soil 50 mm below the surface of the 

surrounding undisturbed ground.  Burying baits is recommended to reduce interference from 

non-target species (Allen et al. 1989; Glen 2001; Körtner et al. 2003).  Because toxic fox baits 

(FOXOFF
®
; Animal Control Technologies; Somerton, Victoria, Australia) had previously been 

used in the study area, it was possible that some resident foxes may have developed an aversion 

to poison baits after consuming degraded baits containing sublethal doses of poison  

(cf., Saunders et al. 1999, 2000; van Polanen Petel et al. 2001).  For this reason, a novel, non-

toxic bait was used (chicken ‘wingettes’: the wing section containing the ulna and radius bones) 

to limit the likelihood of foxes avoiding baits due to prior learning associated with toxic baits.  

Furthermore, resident foxes at some baiting sites would have almost certainly died if toxic baits 

were used.  These deaths may have occurred following the removal of a single bait, providing 

little information on the predation pressure of foxes at those sites. 

 

Rubber gloves were worn when handling baits and care was taken to avoid touching soil during 

bait station preparation to limit the potential for human scent to influence results.  The location 

of each bait station was recorded with a commercially available handheld global positioning 

system (Garmin GPSmap 60C; Garmin; Olathe, Kansas, USA) and then imported into 

geographic information system (GIS) software (ArcMAP
™

 9.1; Environmental Systems 

100 cm0 25 50
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Research Institute, Inc.; Redlands, California, USA).  No visual markers were used to avoid 

providing unnecessary visual cues on the location of baits. 

 

The fate of baits was determined by inspecting bait stations four, eight and 12 days post 

deployment.  Any baits removed or uncovered after four or eight days were not replaced, while 

baits remaining at bait stations on the 12
th
 day were collected.  To ensure baits were exposed for 

equal periods of time, baiting sites and bait stations were checked in the same order as they were 

initially deployed.   

 

Upon inspection, bait stations were classified as: undisturbed (no sign of visitation); disturbed 

(station visited—footprint, scat, digging etc. present, bait not taken nor exposed); bait exposed 

(bait exposed but still present); bait removed (station visited—footprint, scat, digging etc. 

present, unable to locate bait); invalid (station disturbed by stock or farming practices).  The 

presence of fox scats at bait stations was recorded, as was evidence of visitation (footprints, 

scats, diggings etc.) by non-target species.  Any baits suspected of being taken by non-target 

species were removed from data analysis.   

 

3.2.3  Bait Station Surveillance 

To confirm that foxes were removing baits, a sub-sample of 50 bait stations (16.7 % of 300 bait 

stations) were monitored with passive infrared-triggered digital cameras (commonly known as 

‘camera-traps’).  Two models were used: the TrailMAC D540 (Trailsense Engineering, 

Middletown, Delaware, USA) which uses a 3.2 megapixel Olympus Camedia digital camera 

with a white-light flash; and the Faunatech FaunaFocus FF120 (Faunatech, Bairnsdale, Victoria, 

Australia) which uses a 4.1 megapixel Sony Cyber-shot digital camera with an infrared flash.  

Cameras were placed approximately three metres from bait stations and were mounted on 

portable stands constructed from fallen-timber designed to blend in with the surrounding 

environment (Plate 3.2). 
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Plate 3.2.  An infrared-triggered digital camera, mounted on a fallen-timber stand to monitor bait stations. 

 

 

 

3.2.4  Landscape and Habitat Measurements 

Overlap of landscape elements was unavoidable (e.g., fence-lines intersected open paddocks, 

roadsides contained remnant vegetation, etc.); therefore the proximity of each bait station to key 

landscape elements was measured to quantify any influence on bait uptake (see section 3.2.5).  

In other words, the analysis aimed to determine whether, for example, baits along fence-lines 

were more likely to be removed if they were close to a road.  This incorporated measurements 

on the distance to nearest: (a) road, (b) fence-line, (c) creek-line, (d) remnant vegetation and  

(e) water (Table 3.2). 

 

A number of variables were also recorded at bait stations to determine whether bait uptake was 

influenced by factors other than distance to landscape elements.  These variables included grass 

height, prevalence of grazing land and presence/absence of stock (Table 3.2).  These variables 

were selected based on prior knowledge of fox ecology and because I considered them 

potentially important in influencing fox activity. 
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Table 3.2.  The variables measured at each bait station. 

 

Distance to nearest road,

fence-line, creek-line, remnant

vegetation and water

Estimated visually to the nearest 10 m (when ≤ 25 m

away) and thereafter estimated visually to the nearest

100 m.

Grass height Visual estimation of the mean grass height (to the nearest

100 mm) within a 1 m
2

quadrat surrounding the bait

station.

Prevalence of grazing land Visual estimation of the percentage (to the nearest 10 %)

of land used for grazing within a 100 m radius of the bait

station.

Presence/Absence of stock Visual determination of the presence of sheep and/or cattle

with access to the area within a 100 m radius of the bait

station.

Variable Method of Measurement

 

 

 

 

3.2.5  Data Analysis  

As the sample size varied slightly between landscape elements (see Table 3.4), I compared 

differences in the mean percentage of bait uptake across landscape elements.  The data were 

firstly examined to ensure they conformed to the assumptions of parametric analyses.  Tests of 

normality (Kolmogorov-Smirnov
 
and Shapiro-Wilks) and visual inspection of a histogram 

indicated data were normally distributed.  A one-way analysis of variance (ANOVA) was then 

performed to test for significant differences in the mean percentage of bait uptake at each 

landscape element.  A Levene’s test of equality of error variances indicated variances were 

equal across all landscape elements and Tukey’s honestly significant difference (HSD) post-hoc 

test was used to conduct pairwise comparisons of means among landscape elements.  95 % 

confidence intervals were also calculated.   

 

Additional analysis was undertaken to test for correlative relationships between bait uptake and 

several variables (as listed above in section 3.2.4) using logistic regression (uptake was included 

as a binomial response variable: bait removed or bait not removed).  Multicollinearity between 

the independent variables was analysed using Spearman’s Rank Correlation Coefficients, with rs 

≥ 0.50 considered a suitable criterion for omitting a variable.  Two correlation coefficients 

exceeded this value (‘water and creek-line’ rs = 0.72; ‘roadside and fence-line’ rs = 0.54); 

variable retention is discussed in section 3.3.4.  

 

In this analysis my aim was to identify the most parsimonious model, balancing the number of 

independent variables against the amount of variance explained in bait uptake (Gauch 2003).   
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In logistic regression, Nagelkerke r² can be used as an estimate of variance explained.  I used a 

manual forward selection procedure, whereby once the variable explaining the most variance in 

bait uptake was identified, subsequent variables were added to the model to test the amount of 

additional variance explained relative to the global model (the model including all of the 

independent variables: Blanchet et al. 2008).  Additional landscape variables were included in 

the model only if they improved the amount of variance explained by > 10 % of total variance.    

 

Model fit was assessed using the Hosmer-Lemeshow goodness-of-fit test and the model’s 

performance at predicting bait uptake was determined using a 2 × 2 classification table.  All 

statistical analyses were performed using SPSS 16.0.2 for Windows (Chicago, Illinois, USA). 

 

 

3.3  RESULTS 

3.3.1  Bait Station Surveillance 

Fifty bait stations were monitored for a total of 600 camera nights, resulting in 344 photographs 

of 21 vertebrate species (Table 3.3).  Foxes and Sheep were observed at the greatest number of 

bait stations (n = 7), while the most photographed species were Sheep (n = 133) and Cattle  

(n = 57).  Of all the photographs taken, foxes were the only species recorded removing baits 

from bait stations.  Several potentially bait consuming species were photographed at bait 

stations (Lace Monitor, Feral Cat, Common Brushtail Possum, Little Raven, Australian Magpie 

and Laughing Kookaburra) but were never observed removing baits.  In addition to bait stations 

monitored with cameras, no other bait stations showed signs of bait uptake by non-target 

species; hence all baits removed were used in subsequent analyses (and were assumed to have 

been taken by foxes). 

 

Baits were removed from 34 % (n = 17 / 50) of bait stations monitored with cameras and 59.1 % 

(n = 146 / 247) of bait stations where cameras were not present.  This difference is significant 

(Fisher’s Exact Test, two-tailed, P = 0.002) suggesting foxes may have avoided bait stations 

with cameras, although a more comprehensive assessment of the effects of cameras would be 

required to fully explore this issue.  Nevertheless, because the number of cameras was unevenly 

distributed between the different landscape elements (range = 5–14; owing to differences in the 

risk of camera theft) I tested for a camera-associated bias by separately analysing the data with- 

and without camera-monitored bait stations.  The results with camera-monitored bait stations 

excluded (not shown) were practically the same as those with all bait stations included, so they 

were incorporated in all statistical analyses to maximise power. 
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Table 3.3.  Vertebrate species recorded at bait stations by infrared-triggered digital cameras. 

 

Number of 

Bait Stations 

Visited

Number of 

Photographs 

Taken

Sheep (domestic) Ovis aries 7 133

Red Fox Vulpes vulpes 7 23

Australian Magpie Gymnorhina tibicen 6 26

Little Raven Corvus mellori 5 21

Common Brushtail Possum Trichosurus vulpecula 5 17

Eastern Grey Kangaroo Macropus giganteus 4 11

Cattle (domestic) Bos taurus 3 57

Brown Hare Lepus capensis 3 4

Dusky Moorhen Gallinula tenebrosa 2 8

White-winged Chough Corcorax melanorhamphos 2 5

Pacific Black Duck Anas superciliosa 1 13

White-faced Heron Egretta novaehollandiae 1 5

Australian White Ibis Threskiornis molucca 1 5

Magpie-lark Grallina cyanoleuca 1 4

Feral Cat Felis catus 1 4

Eastern Rosella Platycercus eximius 1 2

Crested Pigeon Ocyphaps lophotes 1 2

European Rabbit Oryctolagus cuniculus 1 1

Lace Monitor Varanus varius 1 1

Laughing Kookaburra Dacelo novaeguineae 1 1

Richard's (Australian) Pipit Anthus novaeseelandiae 1 1

Species Photographed

 

 

 

 

Photographs of foxes (Plate 3.3) were taken at five (29.4 %) of the 17 camera-monitored bait 

stations where baits were removed.  In 12 instances, baits were removed from camera-

monitored bait stations but no photographs of foxes (or other species) were taken, despite fox 

scats being present at eight (66.7 %) of these bait stations.  This problem arose because of the 

persistent occurrence of cameras ‘false triggering’ during the day in response to: (a) high levels 

of radiant heat (during the 34-day study period, maximum daily temperature exceeded 30° C on 

21 days: Bureau of Meteorology 2008), and (b) movement of vegetation (grass) within the 

sensors’ detection zones.  This subsequently exhausted the cameras’ memory cards with ‘empty 

shots’ and prevented photographs being taken when bait stations were visited.  On two 

occasions foxes were photographed approaching bait stations, but subsequently retreated 

without removing the bait. 
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3.3.2  Bait Uptake in Relation to Exposure Period, Monitoring Interval and Sampling Period 

Overall, 54.9 % (n = 163 / 297) of baits were removed.  Most baits were removed during days 

1–4 (48.5 % of all baits removed), followed by days 5–8 (39.9 %) and days 9–12 (11.7 %)  

(Table 3.4; Figure 3.2).   

 

 

 

 

 
Plate 3.3.  A fox photographed at a bait station using an infrared-triggered digital camera. 

 

 

 

After eight days there was a small difference in the mean percentage of baits removed between 

the four different sampling periods (values ranged from a low of 38.7 % of baits removed 

during sampling period three to a high of 57.1 % of baits removed during sampling period one).  

I tested these differences using a univariate analysis of variance (ANOVA) which indicated 

there was no significant difference in the mean percentage of bait uptake across the four 

sampling periods after four (ANOVA, F3, 26 = 1.017, P = 0.407) or eight days (ANOVA, F3, 26 = 

0.654, P = 0.587).   

 

 

Where baits had been removed, fox scats were present at 41 (25.2 %) bait stations and fresh fox 

urine at two (1.2 %).  On two occasions, fox scats were present at bait stations, but baits were 

not removed.  In four instances, baits were exposed and then subsequently eaten; while on 13 

occasions baits were exposed but not eaten (these were not included in bait-uptake analysis). 
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3.3.3  Bait Uptake in Relation to Landscape Context 

The highest cumulative percentage of baits were removed from roadsides (75 %), followed by 

creek-lines (69.5 %), remnant vegetation (56.7 %), open paddocks (39.7 %), and fence-lines 

(33.3 %)  (Figure 3.2). 

 

 

 

Table 3.4.  Total baits deployed (n) and the number removed during each monitoring period, according to 

landscape element.  Figures shown in parentheses are the cumulative number of baits removed after eight 

and 12 days, respectively. 

 

Roadsides 60 23 21  (44) 1    (45)

Creek-lines 59* 24 14  (38) 3    (41)

Remnant Vegetation 60 14 15  (29) 5    (34)

Open Paddocks 58** 12 7    (19) 4    (23)

Fence-lines 60 6 8    (14) 6    (20)

Overall 297 79 65  (144) 19  (163)

* One creek-line bait station was removed from analysis because it was flooded by rising

water levels in the Broken Creek.

** Two open paddock bait stations were removed from analysis because of (i) interference

by stock, and (ii) flooding by irrigation water, respectively.

Monitoring Period

Landscape Element n Days 1–4 Days 5–8 Days 9–12

 

 

 

 

One-way analysis of variance (ANOVA) indicated there was a significant difference in the 

mean percentage of bait uptake across landscape elements after four days (Table 3.5).  This 

trend was stronger after eight days (Table 3.6) with the observed power increasing from 0.793 

to 0.994, respectively.  I also tested for differences in the mean percentage of bait uptake after 

12 days and these results (not shown) were consistent with those obtained after eight days; 

reflecting the fact that few baits were removed during days 9–12 (Table 3.4).  Based on these 

results, eight days appears to be the optimal sampling period for experiments such as this and 

therefore 12-day bait-uptake results are not presented. 
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Figure 3.2.  Cumulative percentage of baits removed from each landscape element, including the 

percentage removed during each monitoring period (diagonal lines        = days 1–4;  stippled        = days 

5–8;  solid black         = days 9–12).  n = total number of baits deployed at each landscape element. 

 

 

 

Using Tukey’s post hoc test I identified that, after four days, the mean percentage of bait uptake 

at fence-lines was significantly lower than at creek-lines (P = 0.030) and roadsides (P = 0.046) 

(Figure 3.3).  No other significant differences were detected after four days, however after eight 

days the mean percentage of bait uptake at roadsides was significantly higher than at fence-lines 

(P = < 0.001) and open paddocks (P = 0.004) (Figure 3.4).  After eight days, the mean 

percentage of bait uptake at creek-lines was also significantly higher than at fence-lines  

(P = 0.004) and open paddocks (P = 0.036) (Figure 3.4).  It is important to note that the 

percentage of baits removed after eight days also includes baits removed during days 1–4 and 

therefore the bait-uptake results after eight days are not independent of the results after four 

days. 
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Table 3.5.  ANOVA test of between-subject effects after four days. 

 

Corrected Model 3856.543* 4 964.136 3.542 .020 14.169 .793

Intercept 21096.955 1 21096.955 77.511 .000 77.511 1.000

LANDSCAPE  ELEMENTS 3856.543 4 964.136 3.542 .020 14.169 .793

Error 6804.527 25 272.181

Total 31758.025 30

Corrected Total 10661.070 29

*. R Squared = .362 (Adjusted R Squared = 0.260)

**. Computed using alpha = .05

Source

Type III 

Sum of 

Squares

df
Mean 

Square
F

Observed 

Power**
Sig.

Noncent. 

Parameter

 
 

 

 
Table 3.6.  ANOVA test of between-subject effects after eight days. 

 

Corrected Model 10508.395* 4 2627.099 8.328 .000 33.313 .994

Intercept 70190.782 1 70190.782 222.517 .000 222.517 1.000

LANDSCAPE  ELEMENTS 10508.395 4 2627.099 8.328 .000 33.313 .994

Error 7886.008 25 315.440

Total 88585.185 30

Corrected Total 18394.403 29

*. R Squared = .571 (Adjusted R Squared = 0.503)

**. Computed using alpha = .05

Source

Type III 

Sum of 

Squares

df
Mean 

Square
F

Observed 

Power**
Sig.

Noncent. 

Parameter
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Figure 3.3.  Mean percentage of baits removed from each landscape element after four days, including  

95 % confidence intervals.  n = number of replicates (baiting sites) at each landscape element.  Landscape 

elements with different letters are significantly different at P = < 0.05.   
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Figure 3.4.  Mean percentage of baits removed from each landscape element after eight days, including 

95 % confidence intervals.  n = number of replicates (baiting sites) at each landscape element.  Landscape 

elements with different letters are significantly different at P = < 0.05.   
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3.3.4  Bait Uptake in Relation to Landscape and Habitat Variables 

Owing to multicollinearity (see section 3.2.5), distance to creek-lines was retained in preference 

to distance to water because creek-lines were one of the landscape elements where bait uptake 

was measured.  Distance to fence-lines was excluded instead of distance to road because fewer 

baits were removed from fence-lines than from any other elements sampled (Table 3.4). 

 

A total of seven variables were analysed using a manual forward selection procedure to 

determine the most parsimonious model.  The final model (Table 3.7) was significant  

(χ² = 24.625, d.f. = 1, P = < 0.001), had an overall predictive success rate of 63.6 % (Table 3.8), 

and was not significantly different from the statistically perfect model (Hosmer-Lemeshow 

goodness-of-fit χ² = 2.087, d.f. = 3, P = 0.555).  Bait uptake was negatively related to the 

distance of bait stations to the nearest road (i.e., bait uptake was higher the closer bait stations 

were to a road).  The Nagelkerke r² value for the global model (including all seven variables) 

was 0.148, while the Nagelkerke r² value with roads alone was 0.106.  Adding additional 

variables offered little improvement to this value, so roads alone was seen as the best model. 

 

 

 

Table 3.7.  The final logistic regression model showing values of the model coefficients, standard errors 

(S.E.), Wald statistic, and levels of significance (Sig.). 

 

Constant 0.540 0.171 9.9611 0.002 1.716

Distance to Road -0.005 0.001 22.8011 0.000 0.995

CoefficientsVariables Exp(B)Sig.WalddfS.E.

 
 

 

 

Table 3.8.  The 2 × 2 classification table showing the number of correct and incorrect predictions made 

by the final logistic regression model**. 

 

Bait Removed 95   (A) 49   (C) 66.0

Bait Not Removed 59   (B) 94   (D) 61.4

Overall                 63.6

** (A) = the number of bait stations where bait uptake was correctly predicted; (B) = the number

of bait stations where bait uptake was predicted, but did not occur; (C) = the number of bait

stations where bait uptake was predicted not to occur, but did occur; (D) = the number of bait

stations where bait uptake was correctly predicted not to occur.

Predicted Outcome

Percentage CorrectBait Not RemovedBait RemovedObserved Outcome
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3.4  DISCUSSION 

Most baits were removed within four days of deployment, with relatively few being taken after 

eight days of exposure.  There was no significant difference in the uptake of baits across the 

four sampling periods, but bait uptake did vary markedly between landscape elements.  Most 

baits were taken from roadsides and creek-lines, followed by remnant vegetation, open 

paddocks and fence-lines.  The mean percentage of baits removed from roadsides and creek-

lines was significantly higher than from fence-lines (after four and eight days) and open 

paddocks (after eight days), while the distance of bait stations to the nearest road explained the 

greatest amount of variance in bait uptake (i.e., baits closer to roads were more likely to be 

taken).  Many species visited bait stations but foxes were the only species recorded removing 

baits. 

 

3.4.1  Bait Station Surveillance 

Several of the species photographed at bait stations (Lace Monitor, Feral Cat, Little Raven, 

Common Brushtail Possum) have previously been reported to consume canid baits (Allen et al. 

1989; Dexter & Meek 1998; Marks & Bloomfield 1999; Twigg et al. 2001; Thomson & Kok 

2002).  This did not appear to be the case during the present study however, as foxes were the 

only species photographed removing baits.  Admittedly, there were a number of instances where 

cameras failed to take photographs during bait-removal events due to problems of ‘false 

triggering’ in response to high temperatures and vegetation movement in the sensors’ detection 

zone (universal problems with this technology: Swann et al. 2004; Towerton et al. 2008; 

Sarmento et al. 2009).  Nevertheless, on each of these occasions there were never any signs that 

baits had been removed by non-target species.  Indeed, fox scats (faeces) were present in the 

majority of instances (66.7 %) where bait removal events were not photographed at camera-

monitored bait stations.  Likewise, fox scats were present at a high percentage (25.2 %) of bait 

stations where baits were removed from non-camera bait stations.  Therefore, based on this 

result and the evidence from camera-monitored bait stations, I am confident that foxes were 

responsible for bait uptake in the vast majority of instances.  

 

Many researchers have implied that the use of remote photography equipment for wildlife 

research may affect animal behaviour and/or predation rates (e.g., Pearson 1959; Knudsen 1963; 

Picman 1987; Creekmore et al. 1994; Hernandez et al. 1997; Herranz et al. 2002; Renfrew & 

Ribic 2003; Hegglin et al. 2004; Lyra-Jorge et al. 2008; Dixon et al. 2009; Richardson et al. 

2009).  During the present study, significantly fewer baits were removed from camera-

monitored bait stations, suggesting foxes may have altered their behaviour by avoiding bait 

stations with cameras.  This is supported by the fact that on two occasions foxes were 

photographed approaching bait stations, but subsequently retreated without removing the bait.  
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In Switzerland, Hegglin et al. (2004) likewise found that foxes removed fewer baits monitored 

with cameras (46 % of baits) compared with baits without cameras (75 % of baits), while other 

researchers have also suggested fox detection rates may be affected by camera-traps (Hernandez 

et al. 1997; Dixon et al. 2009).  Although the use of cameras was not an integral part of this 

study (i.e., they were used simply to verify that bait uptake by non-target species was not a 

major problem), and a relatively small number were used, these results suggest a more 

comprehensive assessment of the effects of camera-traps on animal behaviour, particularly the 

Red Fox, is warranted (especially given the extraordinary growth in the use of wildlife 

surveillance cameras in recent years: cf., O'Brien & Kinnaird 2008).  

 

3.4.2  Bait Uptake in Relation to Exposure Period and Monitoring Interval  

Bait exposure period proved important in analysing bait uptake in relation to landscape context.  

Most baits were removed during the first four days of exposure by which time the mean 

percentage of bait uptake at roadsides and creek-lines was significantly higher than at fence-

lines.  This trend was considerably stronger after eight days, at which point significantly more 

baits had also been removed from roadsides and creek-lines than from open paddocks.  

Exposing baits beyond this period provided no advantage however, as few additional baits were 

taken and results varied little from those obtained after eight days.  These results suggest that 

bait exposure periods exceeding 12 days are likely to be unnecessary for similar bait-uptake 

experiments in the future, although this may vary depending on the study environment and the 

density of foxes, and therefore additional research is required before firm conclusions can be 

drawn.   

 

Another important consideration in experiments similar to this one is the interval at which baits 

are monitored.  In the ornithological field, researchers undertake similar experiments when they 

use artificial nests as an alternative to monitoring the fate of natural nests (e.g., Yahner & Scott 

1988; Major et al. 1999; Zuria et al. 2007).  In this context, investigators must strike a balance 

between monitoring the fate of artificial nests too often (and potentially alerting predators to the 

location of nests: Reitsma et al. 1990) and not checking nests often enough (and risking too 

many nests being predated to facilitate meaningful analysis: Larsen & Grundetjern 1997).  

While I did not test for differences in monitoring intervals, I believe the four-day sampling 

interval used during this study represented an acceptable compromise between minimising 

disturbance around bait stations and gathering sufficient data. 

   

3.4.3  Bait Uptake in Relation to Landscape Context 

Significantly more baits were taken from roadsides and creek-lines than from fence-lines and 

open paddocks (after eight days).  These results suggest that predation pressure from foxes was 
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greatest along roadsides and creek-lines.  This may reflect the fact that: (a) foxes were more 

abundant along roadsides and creek-lines, (b) foxes devoted greater foraging effort  

(i.e., individuals spent more time) along roadsides and creek-lines, and/or (c) foxes were more 

efficient at locating baits along roadsides and creek-lines.  Based on the results presented in this 

chapter it is not possible to differentiate between any of these options.  Nevertheless, it is 

possible to present compelling cases for both increased fox activity (which encompasses options 

a and b) and increased hunting efficiency (option c) along roadsides and creek-lines.  Hence, a 

discussion of both scenarios is provided below. 

 

3.4.3.1  Why Might Fox Activity be Higher Along Roadsides and Creek-lines? 

Most agricultural landscapes in southern Australia are dominated by open paddocks 

(Breckwoldt 1986; Hobbs & Saunders 1994).  While some native vegetation remains in small 

isolated remnants and as solitary paddock trees (Law et al. 2000; Fischer & Lindenmayer 

2002a, 2002b; van der Ree et al. 2003), the highest percentage generally occurs along roadsides 

and watercourses (Bennett 1990; Hobbs & Saunders 1994; van der Ree & Bennett 2001; van der 

Ree et al. 2003).  Because foxes are generalist predators (Scott 1943; Voigt 1987), they are 

likely to encounter food almost anywhere they forage in these landscapes.  Nevertheless, the 

type and amount of food they encounter will differ depending on their choice of foraging 

location (Marín et al. 2003). 

 

In the context of optimal foraging theory, fox activity might be higher along roadsides and 

creek-lines because the quantity and/or quality of food available at these landscape elements is 

more energetically rewarding than other areas.  For instance in agricultural landscapes, 

vegetation associated with roadsides and watercourses is known to provide important refuge 

for a variety of wildlife (Emmerich & Vohs 1982; Suckling 1984; Bennett 1990; Cale 1990; 

Leach & Recher 1993; Bentley & Catterall 1997).  This is reflected in the fact that riparian areas 

typically contain greater species diversity than adjacent habitats (Bennett 1999), while the 

abundance and species richness of birds, small mammals and reptiles has been shown to be 

greater in roadside vegetation compared to other areas of habitat in agricultural landscapes  

(e.g., Adams & Geis 1983; Camp & Best 1993; Best et al. 1995; Brown et al. 2008).   

 

Roadsides are relatively productive areas due to the concentration of water resulting from runoff 

from road surfaces (Norton & Stafford-Smith 1999).  This creates favourable grazing conditions 

for large herbivores (Bennett 1991) which are often killed by passing traffic (Vestjens 1973; 

Bennett 1990; Abson 2004), resulting in the provision of carrion which is an important 

component of the fox’s diet in agricultural areas (Lugton 1993; Palmer 1995; Molsher 1999; 

Berghout 2000).  Reptiles and birds are also commonly killed on roads as they attempt to gather 
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food or regulate their body temperatures (Vestjens 1973; Whitford 1985; Bennett 1991), and 

they too are regularly eaten by foxes (Coman 1973; Croft & Hone 1978; Catling 1988; Saunders 

et al. 2004).  Furthermore, vegetation associated with roadsides and creek-lines is likely to 

harbour plants containing edible fruits and seeds (and also provide cover for foxes) (Faithfull et 

al. 2007; Williamson et al. 2007).  Hence roadsides and creek-lines contain a rich array of 

potential food sources and therefore illustrate why foxes might be more active along these 

landscape elements than in other areas. 

 

Previous studies in south-eastern Australia have shown that foxes in agricultural landscapes 

predominantly feed on mammalian prey; with Sheep (Ovis aries) and the European Rabbit 

(Oryctolagus cuniculus) generally constituting the majority of their diet (McIntosh 1963a; 

Coman 1973; Croft & Hone 1978; Berghout 2000; Saunders et al. 2004).  During the current 

investigation relatively few properties contained sheep, while rabbits were scarce throughout the 

study area (A. Carter, personal observation); hence these species are likely to have contributed 

less to the overall diet of foxes than in previous studies.  Nevertheless, other mammals 

commonly recorded in the fox’s diet, including the House Mouse (Mus musculus), Common 

Brushtail Possum (Trichosurus vulpecula) and Common Ringtail Possum (Pseudocheirus 

peregrinus) (Coman 1973; Croft & Hone 1978), were widespread throughout the study area  

(A. Carter, personal observation) and may have been important dietary items.  In agricultural 

landscapes, roadside and riparian areas provide favourable habitat for these species, as 

compared with other locations, they typically offer increased ground-layer complexity (which is 

favoured by mice: cf., Dickman 1992; Powell & Banks 2004) and a relatively high density of 

hollow-bearing trees (which possums require for shelter: cf., Inions et al. 1989).  Invertebrates 

are another important component of the fox’s diet in rural landscapes (McIntosh 1963a; Coman 

1973; Croft & Hone 1978; Molsher 1999; Berghout 2000; Saunders et al. 2004) and they have 

been shown to occur in greater abundance at roads and riparian areas (cf., Brenner 2000; Luce & 

Crowe 2001); providing further incentive for foxes to forage in these locations. 

 

In considering the value of roadside vegetation it is important to note that its use may vary 

depending on the roads’ traffic volume and vehicle speed.  The vegetation used during the 

current experiment adjoined roads subject to low volumes of traffic (pers. communication,  

G. Deayton, Moira Shire, 16 February 2009), generally travelling at relatively low speeds (≈ 60 

km/h; A. Carter, personal observation).  Traffic volume and speed are important factors 

explaining wildlife–vehicle collisions (Forman & Alexander 1998; Hubbard et al. 2000; Jones 

2000; Trombulak & Frissell 2000; Dique et al. 2003; van Langevelde & Jaarsma 2004) and 

therefore the types of roads used during this study may provide more favourable foraging 

locations than high speed, high volume roads, because the risk posed to foxes of disturbance or 
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collisions with vehicles would be lower.  Support for this is provided by Baker et al. (2007) who 

established that foxes in Britain crossed roads more often during periods of low vehicle traffic.  

Similarly, Whittington et al. (2004) found that the Wolf (Canis lupus) avoided crossing high-use 

roads in Canada. 

 

In light of the potential resources available at roadsides and creek-lines, at most times of the 

year there seems little reason for foxes to be more active in open paddocks.  At certain times, 

open paddocks may represent highly attractive foraging locations, such as during livestock 

birthing periods (Berghout 2000; Saunders & McLeod 2007) or following crop harvest when 

stubble provides food and shelter for rodents (Brown et al. 2002).  However, at most other times 

open paddocks are likely to offer only limited food opportunities that would generally require 

great time and effort to locate given the vast nature of open paddocks.  Foxes foraging in open 

paddocks would also be much more susceptible to hunters.  Therefore, while open paddocks 

may at times provide favourable foraging conditions, for most of the year the quantity and/or 

quality of food they contain is likely to be inferior to that available along roadsides and creek-

lines.  

 

Unlike open paddocks, there appears no apparent reason why fence-lines would provide more 

significant food resources than roadsides or creek-lines at any stage of the year.  Even if fence-

lines were bordered by vegetation or were associated with creek-lines or other favourable 

features, it seems unlikely that foxes would be more active along the actual fence-line than the 

associated features nearby.  Even so, their inclusion in this experiment remains valid because 

fox baits are routinely placed along fence-lines in Australia (e.g., Saunders et al. 1999; 

Greentree et al. 2000; Vine et al. 2005) (see also, section 3.4.3.2). 

 

Considerably fewer baits were removed from remnant vegetation (56.7 %) than from roadsides 

(75 %) and creek-lines (69.5 %).  While not statistically significant, the difference in bait uptake 

from remnant vegetation may nonetheless be biologically important; indicating that in 

agricultural landscapes throughout southern Australia the quantity and/or quality of food 

resources at remnant vegetation is less than at roadsides and creek-lines.  This may be because 

remnant vegetation (away from roadsides and creek-lines) typically occurs in small isolated 

patches (commonly ranging from ≤ 10 ha, e.g., Saunders et al. 1993a; Lindenmayer et al. 2001; 

to ≤ 0.5 ha, e.g., Abensperg-Traun & Smith 1999).  While such remnants provide important 

wildlife habitat (Abensperg-Traun & Smith 1999; Fischer & Lindenmayer 2002c), many of the 

species that utilise them are highly mobile and would be difficult for foxes to prey on, such as 

canopy-dwelling birds (Mac Nally & Horrocks 2000) and bats (Lumsden et al. 2002).  In 

addition, many remnants in farmland are subjected to livestock grazing (Arnold et al. 1987; 
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Abensperg-Traun 1992) which would reduce the amount of cover for ground-dwelling wildlife 

and the incidence of plants bearing edible fruit and seeds (and providing shelter).  Therefore, 

while isolated patches of remnant vegetation may contain more abundant food resources than 

open paddocks or fence-lines, the resources on offer may still be less desirable than those at 

roadsides and creek-lines. 

 

Differences in vegetation connectivity between landscape elements may also explain why fox 

activity would vary with landscape context.  In agricultural landscapes, roadsides and creek-

lines often contain almost continuous sections of linear vegetation that would provide largely 

unbroken cover for foxes (and their prey).  Consequently, foxes may perceive roadsides and 

creek-lines as less risky foraging locations compared with isolated patches of remnant 

vegetation because in order to reach the latter foxes would often have to travel across open 

paddocks. 

 

In sum, in comparison with the other landscape elements where bait uptake was measured, the 

quantity and/or quality of food along roadsides and creek-lines seems likely to be higher 

(although this needs to be measured directly in future studies).  For this reason, optimal foraging 

theory would suggest that foxes should concentrate their foraging activity along roadsides and 

creek-lines because their net resource acquisition (i.e., energy gain in excess of energy 

expenditure) in these areas will be higher. 

 

3.4.3.2  Why Might Foxes be More Efficient at Locating Baits Along Roadsides and Creek-lines? 

Although differences in bait uptake in roadsides and creek-lines could be related to variation in 

fox activity, I suggest that differences in foraging efficiency provide a more likely explanation.  

For instance, in the agricultural landscapes of southern Australia, remnant vegetation associated 

with roadsides and watercourses generally occurs in narrow, linear strips (Bennett 1990; Hobbs 

& Saunders 1994; van der Ree & Bennett 2001; van der Ree et al. 2003); often less than 20 m 

wide (Spooner & Smallbone 2009; A. Carter, unpublished data).  In addition to its narrowness, 

roadside and creek-line vegetation in agricultural landscapes generally has very abrupt edges 

because it is bordered by a road or watercourse on one side and (most commonly) agricultural 

land on the other.  Therefore, a fox foraging along roadsides and creek-lines might be more 

efficient at locating food items because the geometric configuration of these landscape elements 

would enable the fox’s search path to be maintained relatively close to food items (cf., Seymour 

et al. 2004). 

 

The well-defined edges and narrow, linear nature of roadside and creek-line vegetation would 

also enable foxes to search these areas more thoroughly than most other landscape elements.  
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While the foraging behaviour of foxes has rarely been documented, two studies in England 

describe foxes foraging in a zigzag fashion, moving from side to side (Macdonald 1980a; 

Seymour et al. 2004); the authors of the latter study having witnessed this zigzag foraging 

behaviour along linear features in what appeared to be systematic searching for prey.  A fox 

using such a foraging technique in roadside and creek-line vegetation could effectively search 

the entire width of the vegetation, greatly increasing the probability of encountering food items. 

 

The bait-uptake results from open paddocks lend further support to the theory that the foraging 

efficiency of foxes is influenced by the geometric configuration of landscape elements.  Fence-

lines aside, fewer baits were taken from open paddocks than from any other landscape element.  

This may be because unlike roadside and creek-line vegetation, open paddocks are distinctively 

expansive in character and food resources would not be concentrated to the same extent.  Foxes 

foraging in open paddocks are likely to spend significantly more time searching in areas 

depleted of food items than when foraging along roadside and creek-line vegetation  

(cf., Seymour et al. 2004).  Furthermore, it would be virtually impossible for foxes to 

systematically search an entire open paddock, further reducing their likelihood of encountering 

food items.   

 

Because bait uptake at remnant vegetation was considerably lower than at roadsides and creek-

lines, this supports the notion that the hunting efficiency of foxes may be influenced by the 

geometric configuration of landscape elements.  The patches of remnant vegetation used in this 

study were non-linear in shape (i.e., squares, rectangles, irregular) and therefore it is likely that 

foxes were less efficient at locating food items in these areas compared to narrow, linear 

vegetation.  While bait uptake at remnant vegetation was noticeably higher than at open 

paddocks, this may have been because the patches of remnant vegetation were appreciably 

smaller than the open paddocks, meaning foxes foraging in remnant vegetation would have had 

a greater probability of encountering food items. 

 

These ideas are supported by the work of Seymour et al. (2004) who developed a simulation 

model of fox movement and avian nest detection in England based on almost 200 hours of 

nocturnal observations of fox behaviour.  The authors found that even when there was a positive 

relationship between a fox’s search effort and the size of the available habitat, the likelihood of 

foxes detecting nests decreases dramatically with increasing habitat area (ranging in size from 

1–10 ha).  It is unclear whether these results truly reflect real-world situations, but given that the 

model was based on extensive observation of the foraging behaviour of foxes, it is reasonable to 

assume the results were not unrealistic.   
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If it is true that geometric configuration of landscape elements alone influences the foraging 

efficiency of foxes, then it would seem logical that foxes would be most efficient at hunting 

along fence-lines.  If foxes followed fence-lines during the present experiment they would have 

always passed close to baits as baits were placed at the base of fences.  In addition, the effective 

search area along fence-lines would have been minuscule in comparison with roadsides and 

creek-lines.  Nevertheless, bait uptake at fence-lines was lower than at any other landscape 

element, suggesting foxes either did not travel along fence-lines for long enough to encounter 

baits, or if they did travel along fence-lines they were not concerned with gathering food.  While 

it is true not all fox movements are motivated by hunting behaviour, foxes are likely to take 

easily-obtained food items if they are incidentally encountered while travelling in areas not 

normally utilised for hunting (Sargeant 1972).  For this reason, it seems more likely that foxes 

did not travel along fence-lines for long enough to encounter baits. 

 

This suggestion conflicts with a number of authors that have claimed foxes do indeed travel 

along fence-lines.  For instance, Klimstra and Roseberry (1975, p. 28) suspected Bobwhite 

(Colinus virginianus) nests along fence-lines might be especially vulnerable to predation 

because, as the authors stated, ‘fences provide travel lanes for predators’ (a claim also made by 

Chesness et al. 1968).  However, their finding that predation rates near fence-lines were equal 

to, or less than, predation rates of nests in pastures and idle fields did not support their 

conjecture.  There are also a number of unsubstantiated references in the Australian fox-baiting 

literature that suggest foxes travel along fence-lines (e.g., Saunders et al. 1995; Slater 1998). 

 

The results from the current experiment indicate that baits placed along fence-lines are less 

likely to be rapidly removed than baits placed at any other landscape element.  It seems highly 

unlikely that this would occur because foxes foraging along fence-lines are less efficient at 

locating baits than at other landscape elements.  A more likely explanation is that foxes do not 

regularly travel along fence-lines long enough to encounter a high number of baits.   

 

In light of the information presented above, it seems conceivable that the hunting efficiency of 

foxes is influenced by the geometric configuration of landscape elements.  In contrast to the 

non-linear landscape elements of open paddocks and isolated patches of remnant vegetation, the 

search paths of foxes foraging along roadsides and creek-lines (and fence-lines) would most 

commonly be maintained in close proximity to food items.  The well-defined and narrow nature 

of vegetation associated with roadsides and creek-lines would also enable foxes to search these 

areas more thoroughly than open paddocks or isolated patches of remnant vegetation; therefore 

greatly increasing their probability of detecting prey items. 
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3.4.4  Conclusion 

In conclusion, during this experiment I found no evidence of bait uptake by non-target species.  

While bait exposure period and monitoring interval were important in analysing bait uptake in 

relation to landscape context, there was a consistent trend of significantly higher bait uptake at 

roadsides and creek-lines than fence-lines and open paddocks.  This suggests fox predation 

pressure in agricultural landscapes is greatest along roadsides and creek-lines.  This may either 

be because foxes are more active in these areas in response to greater food resources, and/or 

because foxes are more efficient at detecting food in these areas in response to their geometric 

configuration.   

 

If this experiment is repeated elsewhere, it would be worthwhile measuring bait uptake at 

different times of the year.  While conducting this experiment during the peak period of fox 

abundance and when juvenile curlews are likely to be present was considered most appropriate 

for the purposes of this investigation, predation pressure by foxes may be affected by 

seasonality.  In addition, the use of remote surveillance cameras is probably unnecessary for 

experiments such as this, unless interference from non-target species is highly likely.  

Surveillance cameras require a significant financial investment and if the baiting procedures 

employed here are adhered to, bait uptake by non-target species in similar agricultural 

landscapes is likely to be negligible.  The potential of cameras to influence the behaviour of 

foxes and other animals is also an important consideration. 

 

This chapter has important implications for the current approach to managing curlews and foxes 

in agricultural landscapes.  The results suggest that roadsides and creek-lines provide the best 

areas for encouraging rapid uptake of baits by foxes and that curlews occupying habitat 

associated with these features are likely to be at greatest risk of predation by foxes.  This is 

significant given that these locations generally contain the highest percentage of remnant 

vegetation in rural areas across southern Australia.  Consequently, it would be worthwhile 

focusing greater attention on roadsides and creek-lines during fox management activities 

designed to protect vulnerable native wildlife and livestock.  A more detailed analysis of the 

implications of these findings for curlew conservation and fox management will be discussed in 

Chapter 8.  
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CHAPTER 4 
 

UPTAKE  OF  BAITS  BY  FOXES  IN  RELATION  TO   

GROUND-LAYER  HABITAT  COMPLEXITY 

 
4.1  SUMMARY 

In the previous chapter I used bait uptake to demonstrate that predation pressure from the Red 

Fox (fox; Vulpes vulpes) was influenced by landscape context.  In this chapter, I investigate the 

uptake of baits by foxes in relation to ground-layer habitat complexity.  The aim of this work is 

to determine whether habitat variables thought to be important for the Bush Stone-curlew 

(curlew; Burhinus grallarius) may also affect the hunting success of foxes.  The results of this 

investigation have implications for the management of both curlews and foxes which will be 

discussed in detail in Chapter 8.  The uptake of non-toxic baits is analysed in relation to 

differing ground-layer habitat complexity across three spatial scales.  Bait uptake is also 

analysed in relation to contrasting levels of fox control.  The chapter concludes with a 

discussion of the potential reasons for differences in bait uptake (and therefore fox hunting 

success) in relation to ground-layer habitat complexity and the importance of coordinated fox-

control programs. 

 

4.1.1  Habitat Complexity and Predator–Prey Interactions 

Habitat structure, or physiognomy, refers to the physical arrangement of structures in space 

(Bell et al. 1991).  It is a fundamental facet of ecology because it affects the abundance and 

diversity of species in a variety of ecosystems (e.g., Kohn & Leviten 1976; Schwarzkopf & 

Rylands 1989; Balfour & Rypstra 1998; Olechnowski & Debinski 2008).  A key component of 

habitat structure is habitat complexity (McCoy & Bell 1991; Beck 1998; Downes et al. 1998; 

Taniguchi et al. 2003), which refers to the abundance or density of individual structural 

components (i.e., distinct physical habitat elements such as trees, rocks or grass clumps).  

Habitat heterogeneity (i.e., the diversity of structural components) is another key element of 

habitat structure (McCoy & Bell 1991; Beck 1998; Downes et al. 1998), which I treat as distinct 

from habitat complexity and focus on the latter for the purposes of this investigation. 

 

Ecologists have demonstrated that habitats with high complexity can provide refuge for prey 

from predators (e.g., Stein & Magnuson 1976; Jordan et al. 1996; Wilkinson & Feener 2007).  

For instance, structurally complex habitats may reduce predator–prey encounter rates (Anderson 

1984; Savino & Stein 1989) by limiting the ability of predators to: (a) move throughout habitat 

in search of prey (e.g., by decreasing manoeuvrability: Hemminga & Duarte 2000; Manatunge 

et al. 2000); and/or (b) detect prey within a habitat (e.g., by increasing the number of visual 
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barriers to the predator or making prey less conspicuous: Savino & Stein 1982; Flynn & Ritz 

1999; Manatunge et al. 2000).  In addition, high habitat complexity may also reduce the 

capacity of predators to catch prey, once they have detected them, by slowing predator pursuit 

speeds (Anderson 1984; Manatunge et al. 2000) or physically preventing predators from 

reaching prey (Andruskiw et al. 2008).  In light of this, it is not surprising that many studies 

have demonstrated a negative relationship between habitat complexity and the foraging success 

of predators (i.e., predators capture less prey in high complexity habitats: Savino & Stein 1982; 

Gotceitas & Colgan 1989; Greenberg et al. 1995; Persson & Eklöv 1995; Swisher et al. 1998).  

Other researchers have also demonstrated that predators require more time to locate prey  

(i.e., they are less efficient) in high complexity habitats (Anderson 1984; Cook & Streams 1984; 

Manatunge et al. 2000).   

 

In evaluating these findings, it is noteworthy that prey vulnerability in structurally complex 

habitat may vary greatly depending on the hunting strategy of predators (Coen et al. 1981; 

Greenberg et al. 1995; Alto et al. 2005).  The aforementioned studies relate primarily to 

predators that actively chase or pursue prey, and far less research has been conducted on 

predators that hunt using different modes of capture such as stalking or ambush (Flynn & Ritz 

1999).  For such predators, structurally complex habitat may actually enhance their foraging 

success/efficiency (Heck & Orth 1980; James & Heck 1994; Walsh 1995; Flynn & Ritz 1999) 

by concealing their presence and reducing the ability of prey to detect them (James & Heck 

1994; Mullin & Gutzke 1999).  Even less is known about predators that hunt using olfaction, 

but preliminary research in aquatic systems suggests complex habitats can influence predatory 

success by modifying the spread of dissolved chemicals that act as cues for olfactory-hunting 

predators (Ferner et al. 2009).  The extent to which habitat complexity influences predator 

success may also be affected by the anti-predatory behaviours of prey (Greenberg et al. 1995; 

Flynn & Ritz 1999).  

 

The empirical data relating to habitat complexity and predator foraging success/efficiency is 

relatively narrow in scope.  Most research is derived from aquatic systems and a high 

percentage of investigations have been conducted in laboratory-based aquaria using a relatively 

limited range of predators (commonly planktivorous and piscivorous fish).  Field-based studies 

are uncommon (Andruskiw et al. 2008) and practically no research has been conducted in 

terrestrial environments on free-living populations of mammals, birds or reptiles.  This 

undoubtedly stems from the fact that it is difficult to undertake field measurements on the 

predatory success of free-living animals (Mullin & Cooper 2000) and that large-scale 

manipulations of habitat complexity are logistically challenging.  Nevertheless, despite the lack 

of empirical data relating to the impact of habitat complexity on predators in terrestrial 
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ecosystems, many studies have demonstrated that when free-living prey in these systems are 

faced with predators, they regularly favour areas with greater habitat complexity (Brown et al. 

1988; Kotler et al. 1991; Longland & Price 1991; Dickman 1992; Lagos et al. 1995; Abramsky 

et al. 1996).  These results therefore suggest that habitat complexity may also be an important 

determinant shaping predator–prey interactions in terrestrial ecosystems. 

 

4.1.2  Habitat Complexity and Fox Predation in Australia 

There is growing historical and experimental evidence that predation by introduced carnivores, 

including foxes, has played a significant role in the decline of many mammal species throughout 

Australia (Dickman 1996a, 1996b; Smith & Quin 1996; Short 1998; Kinnear et al. 2002; 

Johnson 2006; Johnson et al. 2007; Kinnear et al. 2010).  In the last 220 years, 22 species of 

Australian mammals have become extinct while many others persist almost exclusively in 

isolated patches of structurally complex habitat (cf., Van Dyck & Strahan 2008).  The 

persistence of populations in these areas suggests that structurally complex habitat may act as 

refuges by providing protection against predation (Morton & Baynes 1985; Burbidge & 

McKenzie 1989; Dickman et al. 1993; Dickman 1996b; Smith & Quin 1996; Kinnear et al. 

2010).  This is supported by evidence from reintroduction programs that have indicated 

predation rates by foxes may be slowed when animals are released into structurally complex 

habitat such as rocky outcrops (Short et al. 1992). 

 

Given that more than 100 faunal species are currently threatened by fox predation in Australia 

(Coutts-Smith et al. 2007), the possibility that habitat complexity may reduce predation pressure 

from foxes warrants immediate attention.  If found to be true, the impact of fox predation on 

wildlife could be mitigated through targeted habitat management, which would offer an 

alternative and complementary technique to the widespread lethal methods currently used. 

 

One species that may be less vulnerable to fox predation in complex habitats is the Bush Stone-

curlew.  In southern Australia, predation of eggs and chicks by foxes is widely regarded as one 

of the main causes for the decline of curlews from many parts of their natural range (Pringle 

1987; Webster & Baker-Gabb 1994; Saunders & Ingram 1995; del Hoyo et al. 1996; Robinson 

1998; Gates 2001; Gates & Paton 2005).  Today, this process remains as one of the most 

significant threats to the ongoing persistence of the species in southern areas (Johnson & Baker-

Gabb 1994; DEC NSW 2006; Treilibs 2006).  Another key factor that has contributed to the 

decline of curlews is the widespread removal of one of their key habitat requirements, fallen 

timber (Johnson & Baker-Gabb 1994; DEC NSW 2006; Treilibs 2006), which serves to reduce 

the complexity of the ground-layer in woodland and forest environments. 
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Due to the ongoing decline of curlews, the importance of habitat management, and in particular 

fallen timber levels, has received increased attention from conservation and land management 

agencies in recent times (e.g., Johnson & Baker-Gabb 1994; McCulloch 1998; Davey 2005).  

Such organisations invariably view the retention of fallen timber as a key management priority 

for curlew conservation, and as such, the practice is now widely promoted throughout southern 

Australia (DSE 2004; DEC NSW 2006; Treilibs 2006).  Nevertheless, there are no experimental 

data to quantify the relationship between curlews and fallen timber so it is unclear exactly how 

curlews are affected by the reduction and/or removal of this resource.  The greatest negative 

impact may be a reduction of habitat for invertebrates, which constitute the vast majority of the 

curlew’s diet (van Tets et al. 1977; Schodde & Mason 1980; Marchant & Higgins 1993; 

Johnson & Baker-Gabb 1994; see also Chapter 1, section 1.4.5).  Fallen timber also provides a 

substrate that corresponds with the curlew’s plumage and posture; making it extremely difficult 

to distinguish from its surroundings (Plate 4.1).  Therefore, it may be that removing fallen 

timber makes curlews more vulnerable to predators by reducing their ability to camouflage.  

These two scenarios are generally well-accepted, but another possibility that has received far 

less attention is that in the absence of fallen timber, the hunting efficiency of predators may 

increase because they are able to forage more freely under reduced structural complexity.  For 

the purposes of this study, I focus on evaluating the latter possibility.  

 

 

 

 

 
Plate 4.1.  A curlew roost site that demonstrates the high degree of camouflage fallen timber provides to 

curlews.  Arrows identify a pair of roosting curlews.  Source: D. Colbourne. 
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Increasing the amount of fallen timber in a particular location necessarily enhances the habitat 

complexity of that area (Andruskiw et al. 2008) and it is possible that enhancing fallen timber 

levels in efforts to protect curlews may simultaneously reduce the hunting success of foxes.  

Following this logic, I hypothesised that the foraging success of foxes would be negatively 

correlated with ground-layer habitat complexity.  In this chapter, I test this hypothesis 

experimentally by comparing the uptake of non-toxic baits by foxes in areas with high- and low 

ground-layer complexity.  Specifically, the purpose of this study was to examine the 

associations between ground-layer habitat complexity and the hunting success of foxes through 

multi-scale analysis.  To do so, I asked two questions: (1) Does overall habitat complexity 

explain significant variation in the uptake of non-toxic baits by foxes?; and (2) Does the 

complexity of any particular habitat variables (e.g., fallen timber, litter cover or grass) influence 

bait uptake more than others? 

 

 

4.2  METHODS 

4.2.1  Study Area 

This experiment was conducted across an area of approximately 25 000 ha (250 km²) in the 

Northern Plains district of Victoria (Figure 4.1).  More details of the study area are provided in 

Chapter 2.   

 

 
 

Figure 4.1.  Location of the 120 bait stations used during this experiment, showing the study area in 

relation to the state of Victoria (inset). 
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One hundred and twenty individual bait sites (hereafter bait stations) were used during this 

experiment (Figure 4.1), divided equally between two habitat complexity treatments: low and 

high.  Habitat complexity was determined by conducting coarse visual assessments of fallen 

timber density; with ‘low complexity’ bait stations located in areas with relatively little fallen 

timber (Plate 4.2), and ‘high complexity’ bait stations placed in areas with high fallen timber 

density (Plate 4.3).  Areas devoid of tree cover were excluded, as were locations with grass 

height > 300 mm because low, sparse ground-layer vegetation is an important habitat 

component for curlews (Blakers et al. 1984; Johnson & Baker-Gabb 1994; DEC NSW 2006; 

Treilibs 2006; see also Chapter 1, section 1.4.2). 

 

Bait stations were then divided further to investigate whether an annual fox-control program 

(and therefore by inference, fox abundance) might affect the results.  In each complexity 

treatment, half the bait stations were assigned to areas with no recent history of coordinated fox 

control (i.e., no control since 2005; hereafter referred to as ‘no fox control’), while the other half 

were assigned to areas where a coordinated lethal fox-baiting program (the Broken–Boosey 

Conservation Management Network Community Fox-Baiting Program) using the toxicant 

sodium monofluoroacetate (1080) had been conducted annually since 2005 (hereafter referred to 

as ‘annual fox control’).   

 

Within each treatment, low- and high complexity bait stations were placed at least 0.5 km apart.  

Every effort was made to separate bait stations between treatments (i.e., annual fox control vs. 

no fox control) by at least 3 km to reduce the likelihood of individual foxes accessing baits from 

both treatments.  This was not always possible, but at all times bait stations between the two 

treatments were separated by at least 1.5 km (which is the approximate width of fox home 

ranges in the study area: see Chapter 6, Figures 6.4–6.5).  This experimental design should not 

have biased fox movements towards any one particular baiting (or complexity) treatment given 

that I followed the same methods in both areas and vegetation and landscape structure were 

similar between the two treatments. 

 

This experimental design created four baiting treatments: (1) high complexity, annual fox 

control; (2) high complexity, no fox control; (3) low complexity, annual fox control;  

(4) low complexity, no fox control (Figure 4.2). 
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Plate 4.2.  An example of a low complexity bait station site. 

 

 

 

 

 
Plate 4.3.  An example of a high complexity bait station site. 
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Figure 4.2.  A diagrammatic representation of the experimental design of the habitat complexity 

experiment. 

 

 

 

4.2.2  Baiting Procedures 

Apart from the exceptions listed below, the baiting procedures used during this experiment 

followed those described in Chapter 3 (section 3.2.2). 

 

Bait stations were placed exclusively along roadsides because: (a) habitat complexity along 

roadsides was unlikely to change substantially between sampling periods (unlike other 

landscape elements that may have been subjected to grazing, cultivation or irrigation),  

(b) roadside areas are one of the few places in the study region where reasonable quantities of 

fallen timber persist, (c) the width of roadside vegetation is less variable than at other landscape 

elements, (d) access to roadsides was uninhibited, enabling a large number of bait stations to be 

simultaneously monitored, and (e) previous work in the study area indicated that foxes were 

routinely active along roadsides (see Chapter 3). 

 

Based on the results presented in Chapter 3, eight days appears to be the optimal sampling 

period for bait-uptake experiments such as the present one, therefore baits were not monitored 

beyond this period.  The fate of baits was determined by inspecting bait stations four and eight 

days post deployment.  Baits removed after four days were not replaced, while baits uncovered 

but not consumed were re-buried.  Baits remaining at bait stations after eight days were 

collected.  To ensure baits were exposed for equal periods of time, bait stations were checked in 

the same order as they were initially deployed.   
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During a similar bait-uptake experiment conducted in the study area during 2006, bait stations 

were monitored with passive infrared-triggered digital cameras to identify the species 

responsible for bait removal (see Chapter 3).  Foxes were the only species recorded removing 

baits and therefore I deemed the use of surveillance cameras to monitor bait stations was 

unnecessary during the current experiment. 

 

This experiment was repeated during three separate sampling periods throughout 2008 (Figure 

4.3; note, 120 baits were laid during each sampling period) to synchronise with the operation of 

the Broken–Boosey Conservation Management Network Community Fox-Baiting Program 

(refer to Chapter 7 for additional details).  This experimental design created three sampling 

period treatments (‘pre-1080’; ‘immediately post-1080’; ‘six weeks post-1080’).  When 

combined with the four baiting treatments, this created twelve separate treatments in total. 

 

 

 

 

 
Figure 4.3.  A diagrammatic representation of the baiting schedule used during this experiment.  Note 

that 120 baits were laid during each sampling period. 

 

 

 

4.2.3  Habitat Complexity Quantification 

The initial assessments of habitat complexity based on fallen timber density were relatively 

coarse, therefore a series of detailed habitat measurements were recorded at each bait station to 

obtain quantitative measures of habitat complexity.  The interval or scale of measurement is an 

important consideration when measuring structural complexity (McCoy & Bell 1991) so I 

collected detailed habitat measurements at three spatial scales: (a) ‘roadside’, (b) ‘macro bait 

site’, and (c) ‘micro bait site’ (see below).   
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Detailed habitat measurements were not recorded at bait stations until the final bait-uptake 

sampling period had been completed.  I deemed that minimising human activity at bait stations 

should be given priority in order to avoid attracting foxes to bait sites, and that any subtle 

changes in habitat complexity that may have occurred between sampling periods were unlikely 

to substantially alter the overall results.  Nevertheless, in an effort to overcome this potential 

problem, while deploying baits at the commencement of the second and third sampling periods  

I removed any timber that had obviously fallen since the conclusion of the previous sampling 

period.  This minimised the amount of variation in fallen timber density at each bait station 

between sampling periods. 

 

A description of the habitat complexity measurements recorded at each of the three scales is 

provided below (many of which were adapted from Korodaj 2007). 

 

4.2.3.1  Roadside Scale (0.025 ha) 

This scale provided a measure of the broader roadside environment surrounding each bait 

station.  The main metric calculated was fallen timber density which was assessed by counting 

the number of pieces of fallen timber in a 50 m × 5 m (0.025 ha) straight-line transect 

established at each bait station (divided into 4 × 12.5 m sub-plots to enable sub-sampling).  

Each transect was surveyed twice to ensure the entire area was examined thoroughly.  Transects 

were located parallel to the road and ran 25 m either side of the bait station (Figure 4.4).  

Transect and sub-plot boundaries were established using 50 m fibreglass measuring tapes and 

were marked with fluorescent string-lines during measurements.   

 

 

 

 

 
Figure 4.4.  Depiction of the roadside scale showing the orientation of the 50 m × 5 m transect  

(         ), including the 4 × 12.5 m sub-plots (         ), in relation to the road and bait station.  Diagram not 

drawn to scale. 
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Fallen timber was defined as any piece of deadwood lying on the ground (sourced from boles, 

branches or roots of trees), ≥ 1 m long, with a large-end diameter (LED) ≥ 50 mm.  Fallen trees 

and branches (commonly referred to as ‘coarse woody debris’) are often classified as > 1 m 

long, with a LED > 100 mm (e.g., Harmon & Sexton 1996; Korodaj 2007).  However, I believe 

this criterion would have excluded a large percentage of fallen timber that potentially offers 

valuable habitat to curlews; hence the inclusion of fallen timber with LEDs ≥ 50 mm. 

 

Pieces of fallen timber were counted only if their mid-point was located inside the transect or 

sub-plot boundary (Figure 4.5).  For multi-stem branches, each stem meeting minimum size 

requirements was counted separately (providing it was ≤ 200 mm above the ground and ≤ 20° to 

horizontal).  

 

Other variables measured at the roadside scale included: (a) predominant tree species (occurring 

in the 50 m × 5 m transect), and (b) width of the roadside on which the bait station was located. 

 

4.2.3.2  Macro Bait-site Scale (0.0025 ha) 

This scale provided more detailed information on the ground-layer habitat complexity in close 

proximity to each bait station.  Data were collected from a 5 m × 5 m quadrat (0.0025 ha) 

centred on each bait station and oriented parallel to the road (Figure 4.5).  Quadrat boundaries 

were established using 50 m fibreglass measuring tapes and were marked with fluorescent 

string-lines during measurements.   

 

Within each quadrat, I conducted a complete inventory of each piece of fallen timber that 

complied with the definition and criteria for inclusion outlined in Table 4.1.  I used a modified 

version of the ‘strip-plot’ method employed by Bate et al. (2004) (Figure 4.5) to take a series of 

measurements that enabled me to calculate fallen timber density, volume, and cover  

(Table 4.1).   

 

In addition to measurements on fallen timber, I also sampled the type and percentage of ground 

cover using two 1 m² quadrat frames placed inside each 5 m × 5 m quadrat (oriented parallel to 

the road).  The quadrat frames comprised 100 uniform segments (each 100 mm × 100 mm).  At 

the centre of each segment, a pointer was lowered to touch the ground.  The type of ground 

cover the pointer touched was recorded for each of the 100 segments; therefore providing the 

percentage of occurrence for each ground cover category in the quadrat frame.   
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Figure 4.5.  Depiction of the 5 m × 5 m quadrat used during measurements at the macro bait-site scale, 

showing orientation in relation to the bait station.  Fallen timber was included in measurements if the 

mid-point () was located inside the quadrat boundary.  Stippled areas (   … ) represent sections of fallen 

timber that were excluded.  Measurements taken on each piece of fallen timber included: length (m), 

large-end diameter (mm), mid-point diameter (mm), and small-end diameter (mm).  Diagram adapted 

from Bate et al. (2004) and Korodaj (2007). 

 

 

 

The two 1 m² quadrat frames were randomly placed in each 5 m × 5 m quadrat using paired 

random numbers between 0 and 4 (generated in Microsoft Excel).  For example, paired numbers 

of 1, 3 and 4, 4 meant that the first quadrat frame was placed 1 m up and 3 m across in the  

5 m × 5 m quadrat and the second quadrat frame was placed 4 m up and 4 m across.  If the 

pairing of 2, 2 was drawn, another pair of random numbers were chosen because ground cover 

was measured in this position at the micro bait-site scale (see below).  If the same pair of 

numbers were generated consecutively (e.g., 1 and 3; 1 and 3), another set of random numbers 

were selected to avoid replication of sampling points. 

 

The ground cover categories sampled were: (a) bare ground, (b) leaf litter, (c) bark, (d) rock,  

(e) fine woody debris (twigs and fallen timber < 50 mm LED), (f) coarse woody debris (fallen 

timber ≥ 50 mm LED), (g) ground vegetation (alive or dead—including grass, herbs, forbs, 
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etc.), (h) moss, (i) lichen, (j) and other (animal faeces, bones).  In instances where the pointer 

touched ground vegetation, measurements of height (mm) were recorded. 

 

To maximise assessment of ground cover at the macro bait-site scale, data from an additional  

1 m² quadrat frame collected at the micro bait-site scale (see below) were also included.  For 

each bait station, I averaged data from these three 1 m² quadrat frames to obtain a mean figure 

for each ground cover type at the macro bait-site scale. 

 

Table 4.1.  Definition of the fallen timber variables calculated at the macro bait-site scale and the method 

of measurement. 

 

Fallen timber density (#/ha) The number of pieces of fallen timber lying on the ground within

each quadrat (sourced from boles, branches or roots of trees),

≥ 1 m long, with a large-end diameter (LED) ≥ 50 mm. Fallen

timber was counted only if the mid-point was located inside the

quadrat boundary (Figure 4.5). For multi-stem branches, each

stem meeting minimum size requirements was counted separately

(providing it was ≤ 200 mm above the ground and ≤ 20° to

horizontal). Each quadrat was surveyed twice to ensure the entire

area was examined thoroughly. 

Fallen timber volume (m
3
) Total volume of fallen timber in each quadrat. To calculate volume,

the following measurements were taken on all pieces of fallen

timber meeting the criteria for inclusion outlined above: length

(m); small-end diameter (SED) (mm); mid-point diameter (MID)

(mm); and large-end diameter (LED) (mm) (Figure 4.5).  

All measurements were taken to the nearest 10 mm using an 8 m

retractable measuring tape, with length measurements beginning

at the LED and ceasing when the SED reached 10 mm. Multi-stem

branches were measured separately from the fork to the branch

tip. I excluded fallen timber which was extensively decayed; only

measuring pieces that possessed a central axis laying above

ground-level (Brown 1974; Bate et al. 2004). Once measured,

each piece of fallen timber was temporarily marked to prevent

double sampling.  

Fallen timber cover (m
2
) Total ground cover of fallen timber in each quadrat. Using the

measurements listed above, cover was calculated for each piece of

fallen timber using the following equation (adapted from Korodaj

(2007) to include mid-point-diameter):               

Variable Description and Method of Measurement

The volume of each piece of timber was calculated using the

following equation (adapted from Korodaj (2007) to include mid-

point-diameter):                                                                                                      





















 








 


22

442

LEDMIDMIDSEDLength
Volume 

 
4

2 LEDMIDSEDLength
Cover




 



CHAPTER  4: Bait uptake and habitat complexity 

Andrew Carter 66 

4.2.3.3  Micro Bait-site Scale (1 m²)  

This scale provided fine-level information on ground-layer habitat complexity in the area 

immediately adjacent to each bait station.  Data on the type and percentage of ground cover 

were collected using a 1 m² quadrat frame centred on each bait station (oriented parallel to the 

road).  The methods used and the ground cover categories sampled follow those outlined above 

in section 4.2.3.2.   

 

In addition to measurements on the type and percentage of ground cover, I recorded the distance 

(m) from each bait station to the nearest piece of fallen timber (≥ 1 m long, with a large-end 

diameter ≥ 50 mm).  I also measured the length (m), small-end, mid-point and large-end 

diameter (mm) of this piece of timber to calculate its volume (m³) and cover (m²) (Table 4.1). 

 

 

4.2.4  Data Analysis 

4.2.4.1  Coarse Habitat Complexity Assessments 

To confirm that the habitat variables measured at bait stations differed significantly between the 

coarsely assigned ‘high-’ and ‘low complexity’ treatments, I compared the average values for 

each variable between treatments using a two-sample unequal variance t-test (t’) (also referred 

to as the Welch test: Ruxton 2006).  This method was also used to determine whether the 

average values of these habitat variables differed between bait stations in annual- and no fox-

control areas and between sites where baits were removed vs. not removed (tested separately for 

each sampling period). 

 

To determine if bait uptake was independent of: (a) fox-control history (annual-, no fox baiting), 

(b) habitat complexity (high, low), and (c) sampling period (pre-, immediately post-, six weeks 

post-1080), data were arranged into a multi-way contingency table (2 × 2 × 3).  The table was 

analysed using log-linear analysis (an extension of multi-way frequency analysis: Tabachnick & 

Fidell 2007), which uses a model-fitting approach to compare the observed and expected 

frequencies for each cell in the table.  The purpose of this technique is to determine the most 

economical combination of main effects and interactions that best describes variation in the data  

(i.e., adequately approximates cell frequencies) (Kinnear & Gray 2008).  The significance of 

effects and interactions in the model is tested by progressively removing each term in the model 

and observing changes in the fit of the model to the observed data (see below).   

 

To test for all possible main effects and interactions, I used the ‘backward hierarchical’ 

approach to model-building with all possible effects and interactions included in the initial 

model (i.e., the ‘saturated model’).  The best-fit model was identified by progressively removing 

each term in the model (starting with the third-order effect, followed by second-order effects, 
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and so on), until a significant increase in the model’s chi-square value (χ²) was detected; at 

which point the final model was obtained and the process ceased.  This procedure was 

undertaken using SPSS 16.0.2 for Windows (Chicago, Illinois, USA). 

 

4.2.4.2  Detailed Habitat Complexity Assessments—Multicollinearity and Variable Selection 

The purpose of this analysis was to determine if the complexity of any particular components of 

the ground habitat influenced bait uptake more than others.  Before proceeding with formal 

statistical analyses using the detailed habitat complexity measurements (as outlined above in 

section 4.2.3), I assessed the data for potential multicollinearity by generating a correlation 

matrix using Spearman’s Rank Correlation Coefficients (rs).  Variables with strong correlations 

(rs ≥ 0.7) were excluded from further analysis (Tabachnick & Fidell 2007) (see below).   

 

At the macro bait-site scale, fallen timber density (number/ha) was significantly correlated with 

fallen timber cover (m²) (rs = 0.97) and fallen timber volume (m³) (rs = 0.88).  Fallen timber 

density was retained in preference to cover and volume because I regarded fallen timber density 

as the most interpretable measure for on-ground management.  As the total proportion of ground 

cover in each type category summed to one (and therefore violated assumptions of 

independence), I removed the categories with extremely low occurrence (rock, moss, lichen, and 

‘other’) and excluded bare ground and coarse woody debris (which was significantly correlated 

with fallen timber density: rs = 0.83).  The same approach was followed at the micro bait-site 

scale (although I retained coarse woody debris).  At this scale, the distance to nearest piece of 

fallen timber (m) was also excluded because it was significantly correlated with coarse woody 

debris (rs = 0.84).  Furthermore, to limit the number of independent variables relative to the 

sample size (see below), I excluded the cover (m²) and volume (m³) of the nearest piece of 

fallen timber as these variables possessed the weakest relationship with bait uptake based on 

Spearman’s Rank Correlation Coefficients.  Table 4.2 outlines the remaining variables used for 

modelling at each spatial scale.   

 

4.2.4.3  Detailed Habitat Complexity Assessments—Modelling 

I used logistic regression (Zar 2010) under the Information Theoretic Approach (ITA) to assess 

empirical support for each model (using bait uptake by foxes as the dependant variable).  

Logistic regression was selected because it performs equal to, or better than, other multivariate 

techniques for binary data (Elith 2002).   

 

I used an ITA based on Akaike’s Information Criterion (AIC) (Johnson & Omland 2004)  

to explore the observed variation in bait uptake.  Using this approach, a set of candidate models 

were evaluated on their ability to explain outcome in the dependent variable (bait uptake)  
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with the least number of model parameters (habitat variables: see Table 4.2) based on the habitat 

complexity measurements. 

 

 

Table 4.2.  Description of the habitat variables used for modelling. 

 

History Whether or not coordinated fox control (as part of the Broken–Boosey

Community Fox-Baiting Program) had been conducted on properties

within a 1.5 km radius of the bait station since 2005. ***Note: History

was only included in analyses where data from the annual- and no fox-

control treatments were combined (see Appendix 4.1).

PREDTREE Predominant overstorey tree species—classified as 1: Grey Box

(Eucalyptus microcarpa ); 2: River Red Gum (E. camaldulensis ); and 3:

Black Box (E. largiflorens )–Yellow Box (E. melliodora ) combined.

RSWidth Width (m) of the roadside on which the bait station was located.

TIMDEN Fallen timber density (#/ha) (see section 4.2.3.1).

TIMDEN Fallen timber density (#/ha) (see section 4.2.3.2; Table 4.1).

Leaf.Litter % of leaf litter (averaged across three 1 m² quadrat frames—see section

4.2.3.2).

Bark % of bark (averaged across three 1 m² quadrat frames—see section

4.2.3.2).

FineWD % of fine woody debris—twigs and fallen timber < 50 mm LED (averaged

across three 1 m² quadrat frames—see section 4.2.3.2).

GVEG % ground vegetation (averaged across three 1 m² quadrat frames—see

section 4.2.3.2).

GvegHEIGHT Mean vegetation height (mm) (averaged across three 1 m² quadrat

frames—see section 4.2.3.2).

Leaf.Litter % of leaf litter (occurring within a 1 m² quadrat frame, centred on the

bait station—see section 4.2.3.3).

Bark % of bark (occurring within a 1 m² quadrat frame, centred on the bait

station—see section 4.2.3.3).

FineWD % of fine woody debris—twigs and fallen timber < 50 mm LED (occurring

within a 1 m² quadrat frame, centred on the bait station—see section

4.2.3.3).

CoarseWD % of coarse woody debris—fallen timber ≥ 50 mm LED (occurring within

a 1 m² quadrat frame, centred on the bait station—see section 4.2.3.3).

GVEG % ground vegetation (occurring within a 1 m² quadrat frame, centred on

the bait station—see section 4.2.3.3).

GvegHEIGHT Mean vegetation height (mm) (occurring within a 1 m² quadrat frame,

centred on the bait station—see section 4.2.3.3).

Definition and Method of Measurement
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I used the second-order variant of Akaike’s Information Criterion, AICc (Akaike 1974; 

Buckland et al. 1997; Burnham & Anderson 2002), to select the model best explaining bait 

uptake by foxes in this experiment.  AICc is appropriate for use when the sample size divided by 

the number of variables in the global model (i.e., the model with the most parameters) is less 

than 40, as was the case for this modelling.  The number of independent variables included in 

the modelling at any one particular scale did not exceed six, which is consistent with empirical 

support for the recommendation of a ratio of ≥ 10 events (i.e., baits deployed) per independent 

variable (e.g., TIMDEN, RSWidth) in order to reduce the likelihood of over-fitting (i.e., Type I 

error) (Peduzzi et al. 1996).   

 

Because the analysis is explanatory and not predictive I did not include model coefficients 

(which is consistent with other studies that use AIC modelling: e.g., Hegglin et al. 2007; Reed et 

al. 2007; Donlan & Wilcox 2008; Reidy et al. 2008; Lecomte et al. 2009; Weidinger 2009).  For 

the same reason, logistic regression equations are not presented and I did not evaluate the 

predictive performance of the models other than to assess model fit using the Hosmer-

Lemeshow χ²
 
goodness-of-fit test.  Before proceeding with modelling, I assessed the fit of the 

global model (for each baiting treatment, sampling period, and spatial scale) to the data with a 

Hosmer-Lemeshow χ² goodness-of-fit test (as recommended by Burnham & Anderson 2002).  

The goodness-of fit test supported the fit of the global model to the data (i.e., P = > 0.05) in all 

instances. 

 

To select the model best explaining bait uptake by foxes for each baiting treatment (annual fox 

control, no fox control, both treatments combined); spatial scale (roadside, macro, micro); and 

sampling period (pre-1080, immediately post-1080, six weeks post-1080), I used a random 

subsets approach to estimate and rank model fit for each possible combination of predictor 

variables.  I then compared the difference in the criterion values of the best ranked model to 

model i (∆i).  According to Burnham and Anderson (2002), models where ∆i is less than 2 have 

substantial empirical support; models where ∆i is between 4 and 7 suggest considerably less 

support;  while models where ∆i is greater than 10 indicate essentially no support.  Akaike 

weights (ωi) were also calculated as these can be interpreted as the probability that any given 

model is the best model in the suite of candidate models (Burnham & Anderson 2001), and as 

such, ωi provides a measure of the strength of evidence for each model.  Models with ωi 

approaching 1 are unambiguously supported by the data, whereas models with similar ωi receive 

similar support (Johnson & Omland 2004). 
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To assess the relative importance of individual variables for each baiting treatment, spatial 

scale, and sampling period, I summed the Akaike weights (ωi) for every model containing the 

variable of interest (i.e., all models containing TIMDEN; all models containing GVEG; all 

models containing Bark, etc.).  This technique provides a better indication of the importance of 

each variable in the context of the set of models considered (Buckland et al. 1997; Burnham & 

Anderson 2002) and has been used widely elsewhere (e.g., Magoulick 2004; MacCracken et al. 

2005; Clarke et al. 2006; Berg & Gustafson 2007; Reed et al. 2007; Brotons et al. 2008; 

Svenning et al. 2008; Yamanaka et al. 2009). 

 

4.2.4.4  Detailed Habitat Complexity Assessments—Constructing a Candidate Set of Models 

The variable ‘History’ (see Table 4.2 for description) was only applicable for inclusion in the 

modelling when both baiting treatments (i.e., annual- and no fox-control treatments) were 

combined (Appendix 4.1).  Furthermore, unlike other variables (e.g., TIMDEN), History did not 

vary between spatial scales; thus it was only tested at the roadside scale. 

 

When the combined baiting treatments were analysed at the roadside scale, four variables were 

included in the modelling, resulting in a candidate set of 15 competing single-variable and 

multivariate models.  When baiting treatments were analysed separately at the roadside scale, 

three variables were included (i.e., ‘History’ excluded), producing a candidate set of seven 

competing single-variable and multivariate models.  At the macro- and micro bait-site scales,  

six variables were included in the modelling, resulting in a candidate set of 63 competing 

single-variable and multivariate models.  Statistical analyses were performed using SPSS 16.0.2 

for Windows (Chicago, Illinois, USA) and S-PLUS 8.0 for Windows (Seattle, Washington, 

USA). 
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4.3  RESULTS 

4.3.1  Bait Uptake in Relation to Coarse Habitat Complexity Assessments and Fox-control 

History 

During each sampling period bait uptake was measured at four and eight days after deployment.  

In accordance with the findings from Chapter 3, initial data analysis during the current 

investigation (results not shown) indicated bait uptake after eight days provided the most 

meaningful results; hence four-day bait-uptake figures are not presented.  

 

In total, 68.6 % (n = 247 / 360) of baits were removed, and fox scats were present at 18.2 %  

(n = 45 / 247) of those bait stations.  On five occasions baits were exposed but not eaten (these 

were not included in bait-uptake analysis).  No bait stations showed signs of bait uptake by non-

target species; therefore all baits taken were used in subsequent analyses (and were assumed to 

have been removed by foxes).  The percentage of baits removed according to baiting treatment 

and sampling period is displayed in Figure 4.6. 

 

Of the baits located in the annual fox-control treatment, 54.4 % (n = 98 / 180) were removed, 

compared to 82.8 % (n = 149 / 180) removed from the no fox-control treatment (Table 4.3).  

This difference is significant (Fisher’s Exact Test, two-tailed, P = < 0.001). 

 

Baits were removed from 60.6 % (n = 109 / 180) of bait stations located in the high complexity 

treatment, while 76.7 % (n = 138 / 180) of baits in the low complexity treatment were removed 

(Table 4.3).  This difference is also significant (Fisher’s Exact Test, two-tailed, P = 0.001). 

 

Measuring ecological variables at bait stations during the detailed habitat complexity 

assessments (see section 4.2.3) confirmed that habitat structure at the coarsely assigned ‘high-’ 

and ‘low complexity’ sites differed markedly.  As expected, high complexity sites contained 

significantly more fallen timber at all spatial scales, but also contained significantly less leaf 

litter and ground vegetation than low complexity sites (see Appendix 4.9).   

 

No significant interactions between fox-control history, habitat complexity and sampling period 

were identified using log-linear analysis (χ² = 0.700, d.f. = 2, P = 0.705).  Analysing bait uptake 

in this manner identified that the most parsimonious model contained only one main effect  

(fox-control history) and no interactions (χ² = 11.366, d.f. = 10, P = 0.33).  Fox-control history 

was the only significant main effect (χ² = 10.606, d.f. = 1, P = 0.001); indicating significantly 

fewer baits were removed from areas subjected to annual fox baiting (also demonstrated above).  

Although the main effect of habitat complexity was not statistically significant (χ² = 3.413,  
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d.f. = 1, P = 0.065), the results suggest a trend toward the removal of fewer baits from high 

complexity habitat (as indicated above using Fisher’s Exact Test). 

 

 

Table 4.3.  The number of baits removed according to baiting treatment and sampling period.  Figures 

shown in parentheses are the cumulative number of baits removed for each baiting treatment when habitat 

complexity is ignored.  n = sample size. 

 

Bait Treatment

n n n n

ANNUAL Fox Control: 

High Complexity

ANNUAL Fox Control: 

Low Complexity

60 (33) 60 (24) 60 (41) 180 (98)

NO Fox Control: 

High Complexity

NO Fox Control: 

Low Complexity

60 (52) 60 (47) 60 (50) 180 (149)

TOTAL 120 85 120 71 120 91 360 247

3014 901730730

6090243017301930

38

7890263025302730

7190243022302530

Sampling Period

Pre-1080 TOTALSix Weeks    

Post-1080

Immediately  

Post-1080
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Figure 4.6.  The percentage of baits removed after eight days, according to baiting treatment and sampling period.  Letters in parentheses refer to sampling periods:  

(P) = pre-1080; (I) = immediately post-1080; (S) = six weeks post-1080; (O) = overall cumulative percentage of baits removed after all sampling periods.  n = sample size. 
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4.3.2  Bait Uptake in Relation to Detailed Habitat Complexity Assessments and Fox-control 

History 

4.3.2.1  Descriptive Statistics   

When the environmental variables recorded at bait stations in the annual fox-control treatment 

were compared with those recorded in the no fox-control treatment, no significant differences 

emerged in the average values (Appendix 4.10).  Likewise, no significant differences were 

identified when variables were analysed in relation to bait uptake during the pre-1080 sampling 

period (i.e., comparing variables at bait stations where baits were removed with sites where 

baits were not removed) (Appendix 4.11).  Nevertheless, during the immediately post-1080 

period, sites where baits were removed contained, on average, significantly less coarse woody 

debris at the micro bait-site scale (P = 0.010), and were located on significantly narrower 

roadsides (P = 0.022) (Appendix 4.11).  Moreover, during the six weeks post-1080 period, sites 

where baits were removed contained significantly less fine woody debris at the macro bait-site 

scale (P = 0.008) (Appendix 4.11).  During this period a higher proportion of bait stations where 

baits were not removed were located in areas where the predominant tree species was 

Eucalyptus lariflorens or E. melliodora (P = 0.029) (Appendix 4.11).   

 

4.3.2.2  Roadside Scale (Table 4.4) 

Pre-1080 

PREDTREE was the highest ranked model in both the no- and annual fox-control treatments  

(ωi = 0.272 and 0.191, respectively), yet the support it received (based on ωi) was similar to 

other higher ranked models.  In both treatments the top 5–6 models had Δi < 2 meaning it was 

difficult to clearly differentiate between models.  PREDTREE had the highest summed Akaike 

weights in both no- and annual fox-control treatments (∑ωi = 0.716 and 0.609, respectively).  In 

the no fox-control treatment, all variables were positively correlated with bait uptake  

(i.e., as their values rose, the number of baits removed increased), while RSWidth was the only 

variable positively correlated with bait uptake in the annual fox-control treatment. 

 

Immediately Post-1080 

In the no fox-control treatment, two models had Δi < 2.  RSWidth was the top ranked model  

(ωi = 0.420) and received considerably more support (based on ωi) than the second ranked 

model, TIMDEN (ωi = 0.257).  In the annual fox-control treatment, three models had Δi < 2.  

RSWidth + TIMDEN was the highest ranked model (ωi = 0.396) and also received noticeably 

more support (based on ωi) than the second ranked model, RSWidth (ωi = 0.224).  RSWidth had 

the highest summed Akaike weights in both no- and annual fox-control treatments (∑ωi = 0.625 

and 0.695, respectively), although in the annual fox-control treatment TIMDEN was of almost 

equal importance (∑ωi = 0.675).  All variables were negatively correlated with bait uptake. 
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Six Weeks Post-1080 

In the no fox-control treatment five models possessed Δi < 2.  RSWidth remained the highest 

ranked model (ωi = 0.260) but received similar support (based on ωi) to the second best model, 

PREDTREE (ωi = 0.246).  The top two ranked models in the annual fox-control treatment also 

received similar support: TIMDEN (ωi = 0.306), RSWidth + TIMDEN (ωi = 0.250).  Two other 

models in this treatment had Δi < 2 but their Akaike weights were noticeably lower.  RSWidth 

continued to have the highest summed Akaike weight in the no fox-control treatment  

(∑ωi = 0.524), whereas TIMDEN had the highest value in the annual fox-control treatment  

(∑ωi = 0.767).  All variables remained negatively correlated with bait uptake. 

 

Baiting Treatments Combined 

When data from the no- and annual fox-control treatments were combined (see section 4.2.4.4), 

fox-baiting history (History) tended to override the effects of other variables (see Appendix 4.1 

for logistic regression model selection summary).  During each sampling period, History was 

included in each of the top 2–3 ranked models, and History also displayed the highest summed 

Akaike weights during each period (ranging from ∑ωi = 0.684 – 1.000) (Appendix 4.1). 
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Table 4.4.  Logistic regression model selection summary for the roadside scale.  Results are shown 

separately for each sampling period in the annual- (next page) and no fox-control (current page) 

treatments.  Table includes, –2 Log likelihood, number of parameters (K), Akaike’s Information Criterion 

adjusted for small sample sizes (AICc), difference in AICc (∆i), Akaike weights (ωi), and Hosmer-

Lemeshow χ²
 
goodness-of-fit test for the global model (χ², d.f., P).  Only models with ∆i ≤ 2 are shown 

(with the exception of the global model).   

 

Summed Akaike weights (∑ωi) for each parameter from all models are also provided.  Symbols in 

parentheses indicate the direction of the relationship between parameters and bait uptake based on 

Spearman’s Rank Correlation Coefficients (rs) (the magnitude of these correlations is detailed in 

Appendix 4.2).  Note that the direction of correlations for PREDTREE are not provided as this was a 

categorical variable.  Figure 4.7 illustrates ∑ωi values for each variable, pooled across all sampling 

periods. 

 

PREDTREE 41.524 3 47.953 0 0.272

RSWidth + PREDTREE 40.093 4 48.821 0.868 0.176

RSWidth 44.699 2 48.910 0.957 0.169

TIMDEN + PREDTREE 40.309 4 49.036 1.083 0.158

GLOBAL 38.674 5 49.785 1.832 0.109

χ
2
 = 5.159, d.f. = 8, P  = 0.740

RSWidth: 0.516  (+)

TIMDEN: 0.382  (+)

PREDTREE: 0.716  (+)

RSWidth 61.594 2 65.804 0 0.420

TIMDEN 62.572 2 66.783 0.978 0.257

GLOBAL 61.459 5 72.571 6.766 0.014

RSWidth: 0.625  (–)

TIMDEN: 0.448  (–)

PREDTREE: 0.177  (–)

RSWidth 52.165 2 56.375 0 0.260

PREDTREE 50.057 3 56.486 0.110 0.246

TIMDEN 53.419 2 57.630 1.254 0.139

RSWidth + TIMDEN 51.578 3 58.007 1.631 0.115

RSWidth + PREDTREE 49.351 4 58.078 1.703 0.111

GLOBAL 49.102 5 60.213 3.838 0.038

RSWidth: 0.524  (–)

TIMDEN: 0.383  (–)

PREDTREE: 0.486  (–)

–2 log 

Likelihood
K
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Table 4.4.  Continued… 

 
 

PREDTREE 79.204 3 85.633 0 0.191

RSWidth + PREDTREE 77.041 4 85.768 0.136 0.179

RSWidth 81.679 2 85.889 0.257 0.168

TIMDEN 81.832 2 86.043 0.410 0.156

TIMDEN + PREDTREE 77.459 4 86.186 0.554 0.145

GLOBAL 75.933 5 87.044 1.412 0.094

χ
2
 = 11.510, d.f. = 8, P  = 0.174

RSWidth: 0.509  (+)

TIMDEN: 0.462  (–)

PREDTREE: 0.609  (–)

RSWidth + TIMDEN 74.886 3 81.315 0 0.396

RSWidth 78.246 2 82.457 1.142 0.224

TIMDEN 78.987 2 83.197 1.883 0.155

GLOBAL 74.555 5 85.666 4.351 0.045

RSWidth: 0.695  (–)

TIMDEN: 0.675  (–)

PREDTREE: 0.225  (–)

TIMDEN 72.576 2 76.787 0 0.306

RSWidth + TIMDEN 70.761 3 77.190 0.403 0.250

TIMDEN + PREDTREE 69.360 4 78.087 1.300 0.160

RSWidth 74.248 2 78.459 1.672 0.133

GLOBAL 69.266 5 80.378 3.591 0.051

RSWidth: 0.458  (–)

TIMDEN: 0.767  (–)

PREDTREE: 0.311  (–)

ANNUAL Fox Control: Roadside Scale

χ
2
 = 7.644, d.f. = 8, P  = 0.469

P
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–2 log 
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K AICcModel
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4.3.2.3  Macro Bait-site Scale (Table 4.5) 

Pre-1080 

Bark was the highest ranked model in both the no- and annual fox-control treatments (ωi = 0.154 

and 0.059, respectively).  In the no fox-control treatment, four models had Δi < 2, and although 

support (based on ωi) for Bark as the top ranked model was twice that of the second ranked 

model, the Akaike weight of the best model was low.  It was not possible to clearly differentiate 

between models in the annual fox-control treatment as 15 models possessed Δi < 2 and all had 

Akaike weights < 0.1.  In the no fox-control treatment, Bark clearly had the highest summed 

Akaike weight (∑ωi = 0.885), while these values were relatively uniform in the annual fox-

control treatment (GvegHEIGHT had the highest value: ∑ωi = 0.532).  In both the no- and 

annual fox-control treatments, TIMDEN was negatively correlated with bait uptake, and GVEG 

was positively correlated.  The direction of the relationship between bait uptake and each of the 

remaining variables differed between treatments. 

 

Immediately Post-1080 

The best ranked model in the no- and annual fox-control treatments was FineWD (ωi = 0.088) 

and TIMDEN (ωi = 0.099), respectively.  In both treatments, the top 5–8 ranked models had  

Δi < 2 and Akaike weights < 0.1 meaning it was not possible to clearly distinguish between 

models.  Summed Akaike weights were similar for each of the variables in both treatments, with 

the exception of TIMDEN in the annual fox-control treatment which clearly had the highest 

value (∑ωi = 0.621).  In the no fox-control treatment, Leaf.Litter was positively correlated with 

bait uptake, and FineWD was negatively correlated.  These relationships directly contrast those 

observed in this treatment during the pre-1080 sampling period.  The direction of the 

relationships between bait uptake and each of the variables in the annual fox-control treatment 

remained unchanged. 

 

Six Weeks Post-1080 

In the no fox-control treatment, FineWD remained the best ranked model (ωi = 0.109), while 

FineWD + GVEG was the highest ranked model in the annual treatment (ωi = 0.150).  The best 

ranked model in both treatments received approximately twice the support (based on ωi) of the 

second ranked model, but in both instances the Akaike weight of the best model was low.  

FineWD clearly had the highest summed Akaike weight in both the no- and annual fox-control 

treatments (∑ωi = 0.616 and 0.877, respectively).  In the annual fox-control treatment, the 

direction of the relationship between bait uptake and each of the variables was consistent with 

the two previous sampling periods, except for Bark, for which the relationship became positive.  

Similarly, GvegHEIGHT was the only variable in the no fox-control treatment where the 
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relationship with bait uptake altered from the previous sampling period; becoming a positive 

correlation.  

 

Baiting Treatments Combined 

When data from the no- and annual fox-control treatments were combined (see section 4.2.4.4), 

the modelling results at the macro bait-site scale essentially mirrored the results outlined above 

(and therefore the results are not presented).  In brief, during each sampling period there were 

numerous models with Δi < 2 and all had Akaike weights < 0.15 (including those of the best 

ranked models).  The summed Akaike weights were also relatively uniform between variables 

across each sampling period. 
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Table 4.5.  Logistic regression model selection summary for the macro bait-site scale.  Results are shown 

separately for each sampling period in the annual- (next page) and no fox-control (current page) 

treatments.  Table includes, –2 Log likelihood, number of parameters (K), Akaike’s Information Criterion 

adjusted for small sample sizes (AICc), difference in AICc (∆i), Akaike weights (ωi), and Hosmer-

Lemeshow χ²
 
goodness-of-fit test for the global model (χ², d.f., P).  Only models with ∆i ≤ 2 are shown 

(with the exception of the global model).   

 

Summed Akaike weights (∑ωi) for each parameter from all models are also provided.  Symbols in 

parentheses indicate the direction of the relationship between parameters and bait uptake based on 

Spearman’s Rank Correlation Coefficients (rs) (the magnitude of these correlations is detailed in 

Appendix 4.3).  Figure 4.7 illustrates ∑ωi values for each variable, pooled across all sampling periods. 

 

Bark 41.149 2 45.360 0 0.154

Bark + GVEG 40.307 3 46.736 1.376 0.077

Bark + GvegHEIGHT 40.579 3 47.007 1.648 0.068

Bark + GVEG + GvegHEIGHT 38.436 4 47.164 1.804 0.062

GLOBAL 37.755 7 53.908 8.549 0.002

TIMDEN: 0.261  (–) FineWD: 0.258  (+)

Leaf.Litter: 0.295  (–) GVEG: 0.368  (+)

Bark: 0.885  (+) GvegHEIGHT: 0.361  (–)

FineWD 61.515 2 65.726 0 0.088

GVEG 61.849 2 66.060 0.334 0.074

TIMDEN 62.285 2 66.496 0.770 0.060

GvegHEIGHT 62.696 2 66.907 1.181 0.049

Leaf.Litter 62.715 2 66.925 1.199 0.048

Bark 62.719 2 66.929 1.203 0.048

Leaf.Litter + FineWD 60.935 3 67.363 1.637 0.039

FineWD + GVEG 61.079 3 67.508 1.782 0.036

GLOBAL 60.357 7 76.511 10.785 0.000

TIMDEN: 0.305  (–) FineWD: 0.412  (–)

Leaf.Litter: 0.302  (+) GVEG: 0.366  (+)

Bark: 0.282  (+) GvegHEIGHT: 0.292  (–)

FineWD 51.071 2 55.282 0 0.109

TIMDEN 52.416 2 56.627 1.345 0.056

Leaf.Litter + FineWD 50.227 3 56.656 1.374 0.055

FineWD + GvegHEIGHT 50.457 3 56.885 1.604 0.049

FineWD + GVEG 50.768 3 57.197 1.915 0.042

Bark + FineWD 50.839 3 57.267 1.986 0.040

GLOBAL 47.527 7 63.681 8.399 0.002

TIMDEN: 0.346  (–) FineWD: 0.616  (–)

Leaf.Litter: 0.323  (+) GVEG: 0.315  (+)

Bark: 0.271  (+) GvegHEIGHT: 0.349  (+)

χ
2
 = 5.793, d.f. = 8, P  = 0.670

NO Fox Control: Macro Bait-site Scale
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Table 4.5.  Continued… 

 

80.384 2 84.595 0 0.059

80.688 2 84.898 0.304 0.051

76.267 4 84.994 0.400 0.048

78.730 3 85.159 0.564 0.045

81.092 2 85.302 0.708 0.041

78.975 3 85.404 0.809 0.039

76.889 4 85.617 1.022 0.035

79.305 3 85.734 1.139 0.033

79.490 3 85.918 1.323 0.030

81.927 2 86.137 1.543 0.027

79.711 3 86.139 1.545 0.027

77.471 4 86.198 1.603 0.026

75.273 5 86.384 1.789 0.024

82.202 2 86.412 1.818 0.024

77.726 4 86.453 1.859 0.023

75.180 7 91.334 6.739 0.002

TIMDEN: 0.283  (–) FineWD: 0.309  (–)

Leaf.Litter: 0.381  (+) GVEG: 0.448  (+)

Bark: 0.455  (–) GvegHEIGHT: 0.532  (+)

TIMDEN 76.388 2 80.599 0 0.099

TIMDEN + GvegHEIGHT 74.630 3 81.058 0.459 0.078

FineWD 77.217 2 81.428 0.829 0.065

TIMDEN + GVEG 75.556 3 81.984 1.385 0.049

TIMDEN + FineWD 75.889 3 82.318 1.719 0.042

GLOBAL 73.951 7 90.105 9.506 0.001

TIMDEN: 0.621  (–) FineWD: 0.401  (–)

Leaf.Litter: 0.272  (+) GVEG: 0.312  (+)

Bark: 0.278  (–) GvegHEIGHT: 0.382  (+)

FineWD + GVEG 66.074 3 72.502 0 0.150

TIMDEN + FineWD + GVEG 65.109 4 73.836 1.334 0.077

FineWD 69.892 2 74.103 1.601 0.067

Bark + FineWD + GVEG 65.771 4 74.498 1.996 0.055

GLOBAL 64.609 7 80.763 8.260 0.002

TIMDEN: 0.321  (–) FineWD: 0.877  (–)

Leaf.Litter: 0.337  (+) GVEG: 0.576  (+)

Bark: 0.285  (+) GvegHEIGHT: 0.276  (+)

Summed Akaike Weights (∑ωi)
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4.3.2.4  Micro Bait-site Scale (Table 4.6) 

Pre-1080 

The highest ranked model in the no fox-control treatment was Leaf.Litter + Bark + 

GvegHEIGHT (ωi = 0.127), but support for this model (based on ωi) was similar to the three 

other models with Δi < 2.  In the annual fox-control treatment, the best ranked model was 

FineWD + CoarseWD + GVEG + GvegHEIGHT (ωi = 0.188).  The only other model in this 

treatment with Δi < 2 also received similar support.  Bark had the highest summed Akaike 

weight in the no fox-control treatment (∑ωi = 0.857), while GVEG had the highest value in the 

annual treatment (∑ωi = 0.878).  CoarseWD was negatively correlated with bait uptake in both 

the no- and annual fox-control treatments, but the direction of the relationship between bait 

uptake and each of the remaining variables differed between treatments. 

 

Immediately Post-1080 

In both treatments five models had Δi < 2.  GVEG was the best ranked model in the no fox-

control treatment (ωi = 0.133), while the best model in the annual fox-control treatment was 

CoarseWD (ωi = 0.129).  The best ranked model in both treatments received approximately 

twice as much support (based on ωi) as the second ranked model, but in each instance the 

Akaike weight of the best model was low.  In both treatments, most variables had similar 

summed Akaike weights, with the exception of the highest values: GVEG in the no fox-control 

treatment (∑ωi = 0.772), and CoarseWD in the annual treatment (∑ωi = 0.689).  In the annual 

fox-control treatment, the direction of the relationship between bait uptake and each of the 

variables was consistent with the previous sampling period, with the exception of 

GvegHEIGHT, for which the relationship became negative.  In the no fox-control treatment, the 

direction of the relationships between bait uptake and Leaf.Litter, FineWD and GVEG, directly 

contrasted those observed during the previous sampling period. 

 

Six Weeks Post-1080 

CoarseWD was the best ranked model in the no fox-control treatment (ωi = 0.067), while Bark + 

GVEG was the highest ranked model in the annual treatment (ωi = 0.082).  Both treatments had 

at least 10 models with Δi < 2, and all Akaike weights were < 0.1 making it impossible to 

confidently differentiate between models.  In the no fox-control treatment, CoarseWD had the 

highest summed Akaike weight (∑ωi = 0.469) but all other variables had relatively similar 

values.  In the annual treatment, Bark had the highest summed Akaike weight (∑ωi = 0.570).   

In both treatments, the direction of the relationship between bait uptake and several of the 

variables was inconsistent with the previous sampling period. 
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Baiting Treatments Combined 

When data from the no- and annual fox-control treatments were combined (see section 4.2.4.4), 

the results of the modelling at the micro scale were very similar to those outlined above (and 

therefore the results are not shown).  In short, during each sampling period there was little 

difference in the support for the top ranked model (based on ωi) compared with models ranked 

2–4.  Many models had Δi < 2 and all had Akaike weights < 0.15 (including the top ranked 

models).  Across each sampling period summed Akaike weights were also relatively uniform. 
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Table 4.6.  Logistic regression model selection summary for the micro bait-site scale.  Results are shown 

separately for each sampling period in the annual- (next page) and no fox-control (current page) 

treatments.  Table includes, –2 Log likelihood, number of parameters (K), Akaike’s Information Criterion 

adjusted for small sample sizes (AICc), difference in AICc (∆i), Akaike weights (ωi), and Hosmer-

Lemeshow χ²
 
goodness-of-fit test for the global model (χ², d.f., P).  Only models with ∆i ≤ 2 are shown 

(with the exception of the global model).   

 

Summed Akaike weights (∑ωi) for each parameter from all models are also provided.  Symbols in 

parentheses indicate the direction of the relationship between parameters and bait uptake based on 

Spearman’s Rank Correlation Coefficients (rs) (the magnitude of these correlations is detailed in 

Appendix 4.4).  Figure 4.7 illustrates ∑ωi values for each variable, pooled across all sampling periods. 
 

34.250 4 42.978 0 0.127

32.451 5 43.562 0.585 0.095

37.345 3 43.774 0.796 0.085

32.944 5 44.055 1.078 0.074

31.231 7 47.385 4.407 0.014

Leaf.Litter: 0.616  (–) CoarseWD: 0.304  (–)

Bark: 0.857  (+) GVEG: 0.358  (–)

FineWD: 0.252  (+) GvegHEIGHT: 0.795  (–)

57.800 2 62.011 0 0.133

56.760 3 63.188 1.177 0.074

57.074 3 63.502 1.491 0.063

57.146 3 63.575 1.564 0.061

57.389 3 63.818 1.807 0.054

55.550 7 71.704 9.693 0.001

Leaf.Litter: 0.270  (+) CoarseWD: 0.319  (–)

Bark: 0.319  (+) GVEG: 0.772  (+)

FineWD: 0.348  (–) GvegHEIGHT: 0.272  (–)

52.952 2 57.162 0 0.067

53.300 2 57.511 0.348 0.056

53.592 2 57.802 0.640 0.049

53.723 2 57.933 0.771 0.046

51.639 3 58.068 0.905 0.043

53.893 2 58.103 0.941 0.042

54.056 2 58.266 1.104 0.039

52.066 3 58.495 1.332 0.034

52.423 3 58.851 1.689 0.029

52.520 3 58.949 1.786 0.027

52.617 3 59.045 1.883 0.026

44.536 7 60.689 3.527 0.012

Leaf.Litter: 0.405  (–) CoarseWD: 0.469  (–)

Bark: 0.347  (–) GVEG: 0.305  (+)

FineWD: 0.376  (–) GvegHEIGHT: 0.355  (+)

χ
2
 = 4.938, d.f. = 8, P  = 0.764

NO Fox Control: Micro Bait-site Scale
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Sampling 

Period
Model

Summed Akaike Weights (∑ωi)

χ
2
 = 12.713, d.f. = 8, P  = 0.122

Summed Akaike Weights (∑ωi)

χ
2
 = 7.238, d.f. = 8, P  = 0.511

Summed Akaike Weights (∑ωi)

GLOBAL

–2 log 

Likelihood
K

GLOBAL

Leaf.Litter + Bark + CoarseWD + GvegHEIGHT

Bark + GvegHEIGHT

Leaf.Litter + Bark + GVEG + GvegHEIGHT

Leaf.Litter + Bark + GvegHEIGHT

Bark

GVEG + GvegHEIGHT

FineWD + GVEG

CoarseWD + GVEG

FineWD

GvegHEIGHT

CoarseWD

GVEG

Bark + GVEG

GLOBAL

FineWD + GvegHEIGHT

Leaf.Litter + FineWD

Bark + CoarseWD

CoarseWD + GvegHEIGHT

GVEG

Leaf.Litter

Leaf.Litter + CoarseWD
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Table 4.6.  Continued… 

 

68.252 5 79.363 0 0.188

71.728 4 80.455 1.092 0.109

67.640 7 83.794 4.430 0.021

Leaf.Litter: 0.265  (+) CoarseWD: 0.553  (–)

Bark: 0.382  (–) GVEG: 0.878  (+)

FineWD: 0.608  (–) GvegHEIGHT: 0.840  (+)

76.394 2 80.604 0 0.129

75.554 3 81.983 1.379 0.065

75.818 3 82.246 1.642 0.057

75.860 3 82.288 1.684 0.056

75.954 3 82.383 1.779 0.053

75.041 7 91.195 10.591 0.001

Leaf.Litter: 0.275  (+) CoarseWD: 0.689  (–)

Bark: 0.300  (–) GVEG: 0.294  (+)

FineWD: 0.346  (–) GvegHEIGHT: 0.283  (–)

69.932 3 76.361 0 0.082

72.302 2 76.513 0.152 0.076

73.700 2 77.910 1.550 0.038

69.185 4 77.913 1.552 0.038

71.528 3 77.957 1.596 0.037

69.284 4 78.012 1.651 0.036

73.919 2 78.130 1.769 0.034

71.782 3 78.210 1.850 0.033

74.040 2 78.251 1.890 0.032

71.907 3 78.335 1.975 0.031

67.488 7 83.642 7.281 0.002

Leaf.Litter: 0.304  (+) CoarseWD: 0.331  (–)

Bark: 0.570  (–) GVEG: 0.503  (–)

FineWD: 0.356  (–) GvegHEIGHT: 0.279  (+)

Summed Akaike Weights (∑ωi)

S
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0
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χ
2
 = 11.835, d.f. = 8, P  = 0.159

ANNUAL Fox Control: Micro Bait-site Scale

Model
Sampling 

Period

–2 log 

Likelihood
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χ
2
 = 5.261, d.f. = 8, P  = 0.729

Summed Akaike Weights (∑ωi)

P
re

-1
0
8
0 χ

2
 = 5.182, d.f. = 8, P  = 0.738

FineWD + GVEG + GvegHEIGHT

FineWD + CoarseWD + GVEG + GvegHEIGHT

GLOBAL

CoarseWD + GVEG

Bark + CoarseWD

GLOBAL

Bark

Bark + GVEG

GLOBAL

CoarseWD + GvegHEIGHT

FineWD + CoarseWD

CoarseWD

Bark + CoarseWD + GVEG

Leaf.Litter

Summed Akaike Weights (∑ωi)

Bark + FineWD + GVEG

FineWD + GVEG
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Figure 4.7.  Summed Akaike weights (∑ωi) for each variable, pooled across all sampling periods (i.e., pre-1080 ωi + immediately post-1080 ωi + six weeks post-1080 ωi), 

according to baiting treatment.  Shaded bars (      ) = no fox control; hatched bars (      ) = annual fox control.  
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4.3.2.5  Supplementary ‘Across Scales’ Analysis of Detailed Habitat Complexity Assessments 

Following the completion of the initial data analysis, I undertook supplementary modelling to 

determine which variable, ‘across scales’, ultimately explained the greatest variance in bait 

uptake.  It was not possible to test across all three scales simultaneously because many of the 

same variables were measured at both the macro- and micro bait-site scales (and were therefore 

highly correlated).  Consequently, separate analyses were performed to test variables across:  

(a) the roadside scale and macro bait-site scale, and (b) the roadside scale and micro bait-site 

scale.   

 

Of the variables included in the initial modelling (Table 4.2), History was excluded from the 

supplementary analysis because the combined data for annual- and no fox-control treatments  

(as per Appendix 4.1) were not examined, while PREDTREE was omitted because it explained 

relatively little variance in the data compared with other variables measured at the roadside 

scale (Figure 4.7).  At both the macro- and micro bait-site scales, values for the ground cover 

variables of Leaf.Litter, Bark, FineWD, and GVEG were combined to represent 

‘MACROcover’ and ‘microCOVER’, respectively.  Table 4.7 provides a description of the 

variables considered during this supplementary analysis, including notes on their 

inclusion/exclusion. 

 

The supplementary ‘across scales’ analysis results, including the logistic regression model 

selection summary, summed Akaike weights (∑ωi) pooled across sampling periods, and 

Spearman’s Rank Correlation Coefficients (rs), are presented in Appendices 4.5–4.8. 

 

Examining the data ‘across scales’ produced similar results to earlier analyses in that during 

each sampling period: (a) numerous models possessed Δi < 2, (b) no Akaike weights exceeded 

0.25, and (c) the top-ranked model did not receive substantially more support (based on ωi) than 

other high ranking models (Appendices 4.5–4.6).  However unlike earlier analyses, one variable 

consistently occurred in the high ranking models across baiting treatments and sampling 

periods.  RSwidth occurred in either the top- or second ranked model in eleven of the twelve 

analyses.  The importance of this variable was demonstrated further by the fact that it possessed 

the highest summed Akaike weight in 50 % of the analyses. 

 

When summed Akaike weights were pooled across all sampling periods, variables from the 

roadside scale in the annual fox-control treatment had higher values than variables measured at 

the macro- or micro- scales.  A different picture emerged in the no fox-control treatment, where 

variables from the macro- and micro bait-site scales explained more variance in bait uptake than 

roadside timber density (but not roadside width) (Appendix 4.7).   
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Table 4.7.  Description of the habitat variables considered for supplementary modelling. 

 

RSwidth Width (m) of the roadside on which

the bait station was located.

Retained.

RStimden Fallen timber density (#/ha) at the

Roadside scale (see section

4.2.3.1).

Retained.                              

Highly correlated with

MACROtimden (r s = 0.85) and

microCOARSEwd (r s = 0.78) but

considered more important than

these variables based on ∑ωi from 

initial analysis (see Figure 4.7) 

MACROtimden Fallen timber density (#/ha) at the

Macro Bait-site scale (see Table

4.1).

Excluded.                              

Highly correlated with RStimden

(r s  = 0.85)

MACROcover % of leaf litter, bark, fine woody

debris, and ground vegetation at

the Macro Bait-site scale (averaged

across three 1 m² quadrat

frames—see section 4.2.3.2).

Retained.                            

MACROvegHEIGHT Mean vegetation height (mm) at

the Macro Bait-site scale (averaged

across three 1 m² quadrat

frames—see section 4.2.3.2).

Retained.                          

microCOARSEwd % of coarse woody debris at the

Micro Bait-site scale (occurring

within a 1 m² quadrat frame,

centred on the bait station—see

section 4.2.3.3).

Excluded.                              

Highly correlated with RStimden

(r s  = 0.78)

microCOVER % of leaf litter, bark, fine woody

debris, and ground vegetation at

the Micro Bait-site scale (occurring

within a 1 m² quadrat frame,

centred on the bait station—see

section 4.2.3.3).

Retained.                            

microVEGheight Mean vegetation height (mm) at

the Micro Bait-site scale (occurring

within a 1 m² quadrat frame,

centred on the bait station—see

section 4.2.3.3).

Retained.                            

Notes on Inclusion / ExclusionVariable Definition
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4.4  DISCUSSION 

When all sampling periods were combined, bait uptake was significantly lower in areas where 

annual fox baiting was conducted, compared to areas without regular fox control.  In addition, 

overall significantly less baits were taken from high complexity sites than from low complexity 

sites.  In the no fox-control treatment, habitat complexity made little difference to bait uptake, 

whereas in the annual fox-control areas bait uptake was noticeably lower at high complexity 

sites; especially immediately after a month-long lethal baiting campaign.  Roadside width 

emerged as an important habitat variable, with bait uptake generally more prevalent on narrower 

roadsides.  The role of other individual habitat variables in influencing bait uptake was less 

clear, although in the annual fox-control treatment variables associated with fallen timber 

generally appeared to be important. 

 

4.4.1  Bait Uptake in Relation to Coarse Habitat Complexity Assessments and Fox-control 

History 

Overall, significantly fewer baits were removed from the annual fox-control treatment than from 

the no fox-control treatment (Fisher’s Exact Test, two-tailed, P = < 0.001) and log-linear 

analysis identified fox-control history as the most parsimonious model explaining bait uptake  

(χ² = 11.366, d.f. = 10, P = 0.33).  Frequency of predation events often vary between different 

habitats (e.g., Hebblewhite et al. 2005; Hopcraft et al. 2005; Kauffman et al. 2007), but 

researchers are normally unable to determine whether this reflects: (a) differences in the 

predators’ hunting efficiency, (b) preferential habitat use, or (c) spatial variation in abundance 

(Andruskiw et al. 2008; present investigation Chapter 3).  In the case of this study, there is no  

a-priori reason why the hunting efficiency of foxes, nor their spatial preferences, would differ 

between no- and annual fox-control areas given that the vegetation and landscape structure were 

similar.  While I did not directly monitor fox numbers, uptake of non-toxic baits has previously 

been used to provide an index of fox populations (Thompson & Fleming 1994).  For instance,  

Banks et al. (1998) and Banks (2000) demonstrated that uptake of non-toxic baits accurately 

reflected differences in fox abundance detected using scat counts and spotlight surveys, while 

Gürtler and Zimen (1982) found a close correlation between population estimates of foxes based 

on snow tracking data and the uptake of non-toxic baits.  Therefore, I believe the variation in 

bait uptake between no- and annual fox-control areas reflected differences in fox abundance. 

 

In the no fox-control areas, negligible differences existed in bait uptake between high- and low 

complexity sites during each sampling period (Figure 4.6).  In contrast, considerable differences 

in bait uptake between high- and low complexity sites occurred in the annual fox-control areas, 

with noticeably fewer baits removed from high complexity sites during each sampling period 

(Figure 4.6).  This finding may be explained by McCoy and Bell (1991) who suggested that 
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while habitat structure may play an important ecological role where responding organisms  

(e.g., foxes) are moderately abundant, it may be of only limited importance if responding 

organisms are highly abundant.  In this regard, bait uptake in the no fox-control areas may have 

been essentially unaffected by habitat complexity because fox abundance was high, whereas in 

the annual fox-control areas habitat complexity emerged as an important factor influencing bait 

uptake because foxes were less abundant (owing to annual fox baiting).  This suggests that 

managing the negative impacts of fox predation requires both regular baiting to control fox 

numbers and habitat management that increases habitat complexity. 

 

The combined impacts of baiting and habitat complexity can be seen in the annual fox  

control–high complexity treatment, where bait uptake immediately after the completion of the 

month-long lethal fox-baiting program was the lowest recorded in any treatment (23.3 %; 

Figure 4.6) and was 50 % lower than that of the pre-1080 sampling period for the same 

treatment.  In comparison, across this same period the reduction in bait uptake in the annual fox 

control–low complexity treatment was marginal.  This was also true of the no fox-control 

treatments where lethal fox baiting was not conducted.  Of these small reductions, the most 

noteworthy is that from the annual fox control–low complexity treatment.  Because high- and 

low complexity bait stations were interspersed, this finding cannot reflect a disproportionate 

reduction in fox numbers between high- and low complexity sites within the annual fox-control 

areas.  Instead, it must either indicate preferential habitat use by foxes or differences in their 

hunting efficiency.   

 

In this case, I argue that these two scenarios are inter-dependent; that is, in the annual fox-

control areas (where fox abundance was reduced), foxes preferentially foraged in low 

complexity sites because their foraging efficiency would be greater in these areas.  The degree 

of foraging effort by a predator (and subsequent predation levels) is a function of the  

cost–benefit ratio of a given habitat relative to that of other habitats (Crabtree et al. 1989).   

In this respect, I posit that foxes would devote less effort (i.e., spend less time) to foraging in 

areas with a structurally complex ground-layer because such areas are less energetically 

rewarding than low complexity areas (see below).  Conversely, where fox abundance is high 

(i.e., in the no fox-control areas), I argue that competition for resources will force foxes to 

devote more effort to foraging in areas where the cost–benefit ratio is less favourable (i.e., areas 

with high ground-layer habitat complexity).  In such circumstances, habitat complexity is likely 

to matter little to overall predation rates because the sheer competition for resources will negate 

any negative impact high habitat complexity has on predation pressure. 
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To rigorously test the above arguments would be virtually impossible on free-living foxes.  The 

only feasible method would be to conduct a series of controlled experiments in a large enclosure 

where habitat complexity was carefully manipulated to ensure ‘high’ and ‘low’ complexity 

habitat was available equally.  Food items would be provided artificially (e.g., simulated bird 

nests), to guarantee identical food availability between complexity treatments, and the time 

spent foraging within the enclosure would be limited to discrete periods (e.g., 30 minutes).   

If low complexity areas are more energetically rewarding and therefore favoured by foxes, more 

food items would be discovered in these areas than in high complexity habitat.  Moreover, if 

increased habitat complexity is less effective at reducing predation rates when fox density is 

high, then multiple foxes released simultaneously into the enclosure would discover a greater 

proportion of food items in high complexity areas (relative to their numbers) than when a single 

fox is released in the enclosure.  Bowman and Harris (1980) conducted a similar experiment to 

test the effects of habitat structure on the foraging efficiency of the Raccoon (Procyon lotor).  

However, in this experiment habitat structure did not vary within a single enclosure; instead 

several different enclosures with varying degrees of habitat structure were used. 

 

Investigations in other systems have highlighted that structurally complex habitat can decrease a 

predator’s manoeuvrability and make it more difficult for them to travel throughout habitat in 

search of prey (Hemminga & Duarte 2000; Lecomte et al. 2008).  In this respect, predators 

searching highly complex areas are likely to expend more energy than those searching low 

complexity areas.  The primary food items of foxes in my study area were most likely small 

mammals and invertebrates (refer to Chapter 3, section 3.4.3.1), and such prey often occur in 

greater abundance and/or diversity in high complexity habitats (e.g., Uetz 1979; August 1983; 

Catling & Burt 1995a; Lassau et al. 2005).  Nevertheless, many researchers have demonstrated 

negative relationships between habitat complexity and a predator’s foraging success (Savino & 

Stein 1982; Gotceitas & Colgan 1989; Greenberg et al. 1995; Persson & Eklöv 1995; Swisher et 

al. 1998) and foraging efficiency (Anderson 1984; Cook & Streams 1984; Manatunge et al. 

2000).  This almost certainly reflects the compromise foraging predators must reach between 

ease of hunting (i.e., ease of movement/searching complex habitat) versus probability of 

encountering prey.  While the probability of encountering prey such as small mammals and 

invertebrates may generally be higher in complex habitats, the ease of searching such areas 

would be lower.  Therefore, high complexity habitats where prey occur in greater abundance 

and/or diversity (e.g., Uetz 1979; August 1983; Catling & Burt 1995a; Lassau et al. 2005), may 

still represent less energetically-rewarding locations than low complexity sites.  In this respect, 

it is reasonable (from an optimal foraging theory perspective: see Chapter 3) to suggest that 

during the current investigation foxes preferentially foraged in low complexity areas because 

they are more energetically rewarding. 
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As outlined previously, the influence of habitat complexity on the hunting success and/or 

efficiency of predators is likely to differ depending on the hunting strategy of the predator 

(Coen et al. 1981; Greenberg et al. 1995; Tarvin & Smith 1995; Alto et al. 2005; Scharf et al. 

2006).  Although foxes can employ a variety of different hunting strategies (e.g., stalking, rapid 

pursuits, ambush: see Chapter 1, section 1.3.5) the data presented here relate only to foxes 

actively searching for prey.  This is because the bait stations used during the current experiment 

essentially mimicked sedentary prey (i.e., they were motionless and relatively visually 

inconspicuous); meaning foxes would have primarily located them using olfaction.  Very little 

is known of how olfactory-hunting predators are influenced by habitat complexity, but 

preliminary research in aquatic systems indicates habitat complexity may affect the transmission 

of dissolved chemicals that provide cues to such predators (Ferner et al. 2009).  The 

applicability of this research to terrestrial environments is unclear, however.  While the methods 

employed during the current investigation were appropriate given my focus on the Bush Stone-

curlew (which is sedentary and exceptionally well-camouflaged: see Chapter 1, section 1.4),  

the results may not be applicable for species that foxes are likely to pursue via ambush or 

stalking.  For such species, foxes may actually experience increased hunting success/efficiency 

if foraging in areas with high ground-layer complexity because the increased cover in these 

areas would help foxes conceal themselves while approaching prey. 

 

Six weeks after the completion of the lethal fox-baiting program, bait-uptake levels in both 

complexity treatments in the annual fox-control areas were dramatically higher than those 

recorded immediately post-baiting.  In fact in both areas, bait uptake was higher during the six 

weeks post-baiting period than that of the pre-baiting period.  In contrast, the rise in bait uptake 

in both of the no fox-control treatments was minimal and did not exceed pre-1080 levels.  These 

data suggest that foxes from unbaited surrounding areas swiftly migrated into the annual fox-

control areas following the removal of resident foxes.  This finding corresponds with many 

other studies that have likewise documented rapid re-colonisation of areas where control 

programs have produced substantial localised reductions in fox abundance (e.g., Kinnear et al. 

1988; Newsome et al. 1989; Short et al. 1995; Banks et al. 1998; Kinnear et al. 2010).  These 

data are also substantiated by studies using radio-tracking which found that re-colonisation of 

vacant territories following the death of resident foxes occurred within 1–4 weeks (Mulder 

1985; Meek 1998).  

 

Data from the present experiment suggest that the effects of the lethal baiting campaign were 

short-lived, and raise serious doubts over the value of short-term annual fox-baiting programs 

(an issue also raised by Saunders & McLeod 2007).  Nevertheless, bait-uptake levels in the 

annual fox-control areas during the six weeks post-1080 period (and all other sampling periods) 
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remained lower than the corresponding complexity treatments in the no fox-control areas.  In 

this respect, while the greatest effects of the annual fox-control program may have been 

fleeting, it would appear that the once-a-year baiting program is suppressing fox numbers year-

round.   

 

In sum, this study demonstrated that habitat complexity did explain significant variation in bait 

uptake by foxes; therefore supporting the hypothesis that the foraging success of foxes is 

negatively correlated with ground-layer habitat complexity.  However, it is essential to note that 

this support is conditional, as habitat complexity only accounted for significant variation in bait 

uptake in areas where coordinated fox control was implemented.  Moreover, this association 

was only especially strong for a short period immediately after the completion of a month-long 

lethal fox-baiting program (when fox abundance was almost certainly at its lowest).  Therefore, 

these results indicate that habitat complexity is unlikely to offer significant protection from fox 

predation unless it is associated with areas subjected to coordinated fox control.  Furthermore, 

the data presented here suggest that the more regularly fox control is conducted, the more likely 

it is that habitat complexity will negatively affect the hunting success of foxes. 

 

4.4.2  Bait Uptake in Relation to Detailed Habitat Complexity Assessments and Fox-control 

History 

4.4.2.1  Roadside Scale 

When data from the no- and annual fox-control areas were pooled together, coordinated fox-

control history (History) explained by far the greatest amount of variance in bait uptake 

(Appendix 4.1).  That is, more baits were taken from areas with no recent history of  

coordinated fox control than from areas where baiting had been conducted annually since 2005.  

Of particular interest, is the finding that History alone was clearly the best ranked model based 

on analysis from the pre-1080 sampling period; even though the most recent coordinated fox-

control program in the study area was conducted twelve months earlier (BBCMN 2007a).   

 

These results could potentially reflect the fact that some foxes in the annually baited areas have, 

over time, developed an aversion to taking buried food items (and therefore avoided bait 

stations during the present study).  Bait aversion in foxes is known to occur when foxes ingest 

poison baits that no longer contain lethal amounts of toxin after they remain in the ground too 

long or are exposed to significant rainfall (causing poison levels to deteriorate) (cf., Saunders et 

al. 1999, 2000; van Polanen Petel et al. 2001).  Foxes will become ill in these circumstances but 

will survive and be less likely to consume baits in the future (Gentle 2005).  However, I believe 

bait aversion is unlikely to have influenced the results of the present study because I used fresh 

chicken pieces for baits which were markedly different to the dried, manufactured poison baits 
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(FOXOFF
®
;
 
Animal Control Technologies; Somerton, Victoria, Australia and De-FOX

™
; PAKS 

National Pty Ltd.; Mona Vale, NSW, Australia) that have been used in the study area since 

2005.  Therefore, although caution needs to be exercised when interpreting these results 

(because they are based on data from a single year), I believe they add additional weight to the 

idea that even short-term fox-baiting programs conducted once-a-year may have a lasting 

negative impact on fox abundance. 

 

When data from the no- and annual fox-control areas were analysed separately, the width of the 

roadside on which bait stations were located (RSWidth) emerged as an important variable 

influencing bait uptake by foxes.  During each sampling period, roadsides from which baits 

were removed were considerably narrower, on average, than roadsides where baits were not 

taken (this difference was statistically significant immediately after the 1080-baiting program: 

Appendix 4.11).  This may have been because foxes were more efficient at hunting in narrow 

roadsides.  This idea was put forth by Jackson et al. (1975) who argued that the hunting 

efficiency of predators would increase as habitat becomes narrower because such areas could be 

searched more thoroughly.  In the same regard, Shalaway (1985) maintained that predators 

travelling along linear features would be less likely to discover bird nests if the habitat is wider.  

These thoughts have been supported by research from Britain, where Seymour et al. (2004) 

developed a simulation model of the foraging behaviour of foxes.  The model was based on 

approximately 200 hours of nocturnal observations of foxes in northern England, and predicted 

that increasing the width of linear strip habitat (≥ 8 km) by as little as two metres  

(i.e., from 4 m to 6 m) would dramatically reduce the expected proportion of nests predated by 

foxes.   

 

An alternative explanation is that foxes may have been more active or abundant at narrower 

roadsides.  This argument is supported by research from North Carolina, USA, where Sinclair  

et al. (2005) identified a negative relationship between abundance indices of mammalian nest 

predators (including foxes) and the width of linear forest corridors.  In either case, the width of 

linear habitats has been shown to affect predation rates on bird nests.  In the central-west of 

America, Crabtree et al. (1989) demonstrated that successful Gadwall (Anas strepera) nests 

were located on dykes that were significantly wider than dykes on which nests were predated 

(by predators including foxes), while Willson et al. (2001) established that in a Chilean 

agricultural landscape artificial nests placed in wide habitat corridors (> 50 m) had consistently 

higher survival rates than nests located in narrow corridors (< 10 m).  Therefore, based on the 

evidence presented above, it is not surprising that roadside width appeared to influence the 

probability of bait uptake by foxes. 
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Fallen timber density (TIMDEN) was also an important explanatory variable at the roadside 

scale, but only in the annual fox-control treatment (Table 4.4).  When summed Akaike weights 

were pooled across all sampling periods, roadside TIMDEN had the highest value of any 

variable tested at this scale (and at the macro- and micro scales) (Figure 4.7).  In contrast, fallen 

timber density had the lowest overall summed Akaike weights in the no fox-control treatment 

(Figure 4.7).  Given that there was no significant difference in the average fallen timber density 

at the roadside scale between no- and annual fox-control areas (Appendix 4.10), it would appear 

that TIMDEN was more important in the annual fox-control treatment because of an interaction 

with reduced fox abundance in those areas.  Because the ‘high-’ and ‘low habitat complexity’ 

treatments in the coarse habitat complexity assessments (as discussed above) were based on 

rapid visual assessments of fallen timber density, roadside TIMDEN as discussed here, 

essentially mirrors these categories.  Consequently, I put forth the same reasoning to explain 

these results as I did above for the coarse habitat complexity assessments; where foxes exist in 

low numbers they will avoid areas with abundant fallen timber (i.e., high complexity) because 

they result in lower net energy gain, whereas where foxes are abundant, competition for 

resources will force them to hunt in areas with high fallen timber density despite the fact these 

areas are less energetically rewarding.   

 

4.4.2.2  Macro- and Micro Bait-site Scales 

At both the macro- and micro bait-site scales there was no particular model that clearly 

explained more variance in bait uptake than other models (Tables 4.5–4.6).  During almost all 

sampling periods, numerous high-ranking models received similar support and there were no 

consistent trends between sampling periods or baiting treatments with regard to the variables 

included in the higher ranking models.  Moreover, no single habitat variable at these scales 

appeared more important at explaining bait uptake than other variables (Figure 4.7). 

 

When summed Akaike weights were considered, perhaps the only noticeable pattern to emerge 

was in the annual fox-control treatment, relating to fallen timber density (TIMDEN) at the 

macro bait-site scale and the percentage of fallen timber (CoarseWD) occurring at the micro 

bait-site scale.  Summed Akaike weights for both of these variables rose considerably in the 

annual fox-control treatment during the immediately post-1080 sampling period, before falling 

appreciably during the six weeks post-1080 sampling period (Tables 4.5–4.6).  This pattern 

essentially corresponds with the summed Akaike weights for fallen timber density (TIMDEN) 

at the roadside scale in the annual fox-control treatment (Table 4.4), which is not surprising 

given these variables all relate to fallen timber (i.e., dead wood with a large end diameter  

≥ 50 mm).  In this regard, these results demonstrate that fallen timber was of some importance 

regardless of the scale, but only when fox abundance was reduced. 
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Habitat per se, generally influenced bait uptake more in areas subjected to annual fox control.  

For instance, when summed Akaike weights were pooled across all sampling periods, two thirds 

of the variables modelled at the macro- and micro scales showed higher values in the annual 

fox-control areas than the no fox-control areas (Figure 4.7).  The most conspicuous of these 

differences were variables relating to fallen timber (TIMDEN, FineWD, CoarseWD) which 

showed noticeably higher values in areas subject to annual fox baiting.  The relationship 

between bait uptake and these measures of fallen timber was consistently negative; that is, as 

fallen timber levels increased, bait uptake decreased.  This negative association also tended to 

be stronger in areas subject to annual fox baiting (Appendices 4.3–4.4).  The summed Akaike 

weights (pooled across sampling periods) of habitat variables relating to ground vegetation 

(GVEG, GvegHEIGHT) were also generally higher in baited areas (Figure 4.7).  Although the 

relationship between these variables and bait uptake was less consistent, increases in the height 

and occurrence of ground vegetation generally resulted in increased bait uptake (Appendices 

4.3–4.4). 

4.4.2.3  Supplementary ‘Across-Scales’ Modelling 

As was the case with the initial analysis, the ‘across scales’ assessments indicated there was a 

consistent trend for roadside width to be an important factor explaining bait uptake by foxes, 

and that fallen timber density at the roadside scale was important in the annual fox-control 

treatment (Appendix 4.7).  However, in considering these results it is important to note that 

many variables were removed from the analysis because of statistical problems associated with 

multicollinearity (cf., Zar 2010).  For instance, measures of fallen timber at the macro- and 

micro scales were removed because they were highly correlated with roadside timber density 

(Table 4.7).  This does not detract from the ecological importance of fallen timber at these 

scales, nor preclude it as an important driver of bait uptake; the removal of these variables was 

purely for statistical reasons.   

 

Owing to the removal of several variables from this analysis, it is not possible to definitively say 

that the complexity of any one particular habitat variable clearly influenced bait uptake more 

than others.  Consequently, it may be more accurate to argue that habitat heterogeneity, that is, 

the diversity of habitat components, was more important than the complexity of any one 

particular habitat variable.  Indeed, habitat heterogeneity is recognised as influencing predation 

risk (e.g., Huffaker 1958; Harper 1969; Murdoch & Oaten 1975; Menge & Sutherland 1976; 

Caswell 1978; Holt 1984) and has previously been shown to influence the hunting success of 

terrestrial predators (e.g., Bowman & Harris 1980; Crabtree et al. 1989; Mankin & Warner 

1992; Lecomte et al. 2008).  Nevertheless, it is unclear whether heterogeneous habitat is 
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beneficial to curlews, and therefore it remains uncertain whether managing for habitat 

heterogeneity would reduce their vulnerability to fox predation. 

 

4.4.3  Conclusion 

In conclusion, this study has demonstrated that in general terms habitat complexity did explain 

considerable variation in bait uptake by foxes but only in areas where coordinated fox control 

was implemented.  Furthermore, this relationship was only highly significant during a brief 

period following a lethal fox-baiting campaign when fox abundance had almost certainly been 

appreciably reduced. When habitat components were analysed in detail, the complexity of 

variables relating to fallen timber generally explained more variance in bait uptake than other 

variables, but again this was limited to areas subjected to annual fox control, and even still, 

other habitat components remained of some value.  Therefore, this study indicates that the 

diversity of habitat variables, that is, habitat heterogeneity, may exert more influence over the 

foraging decisions of foxes than the complexity of fallen timber alone.   

 

This study has provided a solid foundation for further research into the relationship between fox 

hunting success and habitat complexity.  Additional research is undoubtedly required in other 

environments and at other times of the year to determine whether the data presented here are 

truly indicative of the association between habitat complexity per se and the foraging success of 

foxes.  Future research would also benefit by complementing bait-uptake figures with additional 

population indices, such as scat counts or spotlight surveys, in order to more rigorously assess 

the role of fox abundance in this issue.  Further work is also warranted into the possibility that 

habitat heterogeneity may be a greater deterrent to foraging foxes than the complexity of any 

one particular habitat component.  However in saying that, it is important to gain a greater 

understanding into the association between the Bush Stone-curlew and habitat heterogeneity 

before conclusions can be drawn regarding its potential value for curlew conservation efforts. 

 

The most apparent management implications of this research are that efforts to protect curlews 

through habitat management must be coupled with fox control.  Simply maintaining or 

enhancing fallen timber levels is unlikely to reduce the vulnerability of curlews to fox predation.  

Moreover, while annual short-term fox-control programs may, over time, result in a year-round 

reduction in fox abundance, fox control must be conducted more regularly to have a truly 

meaningful impact on the predation pressure imposed by foxes.  In essence, these results 

suggest that the more fox abundance can be reduced, and the longer low fox abundance can be 

maintained, the more likely increased ground-layer habitat complexity/heterogeneity will offer 

positive benefits to predation-vulnerable species such as curlews.  A more detailed discussion of 

the implications of these findings for both fox management and curlew conservation is provided 

in Chapter 8. 
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CHAPTER 5 
 

FACTORS  INFLUENCING  DEN-SITE  SELECTION  BY  FOXES 

 
5.1  SUMMARY 

In Chapters 3 and 4 I demonstrated that the predation pressure and hunting success of the 

Red Fox (fox; Vulpes vulpes) was influenced by landscape context and ground-layer habitat 

complexity.  In this chapter, I investigate factors that influence den-site selection by foxes 

to advance knowledge of their spatial ecology and to improve information on their potential 

interactions with the Bush Stone-curlew (curlew; Burhinus grallarius).  Fox dens were located, 

measured and compared with a set of randomly chosen locations without fox dens (hereafter 

random sites) to determine which environmental factors are potentially important 

determinants of den-site selection.  The findings of this work have implications for both fox 

and curlew management, which will be discussed in detail in Chapter 8.  The chapter concludes 

with a discussion of the potential reasons for differences in soil type and proximity to landscape 

features between den and random sites, and the significance of these findings. 

 

5.1.1  The Spatial Distribution of Species 

Understanding the spatial distribution of species is of primary importance in ecology (Fisher et 

al. 1943; Preston 1948; Rosenzweig 1995; Gaston & Blackburn 2000; He & Legendre 2002; 

Krebs 2009).  Such information helps identify the processes that structure and maintain 

biodiversity (Brown et al. 1995) and is vital for making informed decisions regarding the 

management of individual species through to entire ecosystems (e.g., Whitmore & Sayer 1992; 

May et al. 1995; Rosenzweig 1995).  Along with the availability of food (Johnson & Sherry 

2001; Schliebe et al. 2008), water (Jachmann 2001; Redfern et al. 2003), and other factors such 

as competition and predation (Dayton & Fitzgerald 2001; Kamler 2002; Hobbs & Munday 

2004), the spatial distribution of fauna is greatly influenced by access to shelter (Elton 2001; 

Lindenmayer & Fischer 2006; Morrison et al. 2006) and availability of breeding sites 

(Zimmerman & Bierregaard 1986; Bruun & Smith 2003; Lauck et al. 2005; Ernst & Rödel 

2006).   

 

In St. Joseph Bay, Florida (USA) for example, the spatial distribution of several crab, fish, and 

octopus species was influenced greatly by the availability of mollusc shells on the sea-bed floor 

which provide these organisms with important shelter (Kuhlmann 1998).  In the case of 

predatory species, the availability of shelter not only affects the spatial distribution of the 

predators themselves but can also influence the abundance and distribution of their prey (Eng & 

Gullion 1962; Geer 1978; Meese & Fuller 1989; Suhonen et al. 1994; Norrdahl & Korpimäki 
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1998).  For instance, due to a lack of natural nesting sites in farmland at Alajoki, western 

Finland, the distribution of breeding Kestrels (Falco tinnunculus) is governed by the location of 

artificial nest boxes (Norrdahl & Korpimäki 1998).  In turn, the distribution of these artificial 

shelter sites has been demonstrated to negatively affect the density of one of the kestrels’ main 

prey items (small passerine birds) (Norrdahl & Korpimäki 1998).   

 

One of the world’s most predominant groups of predators is the Canidae family (Nowak 1999) 

which typically shelter in dens dug into the ground, but also utilise rock cavities, crevices, caves 

or hollows (Ewer 1998; Macdonald & Sillero-Zubiri 2004; Sillero-Zubiri et al. 2004).  One 

intensively studied canid is the Red Fox (Vulpes vulpes) for which dens are vitally important 

(Weber 1982; Nakazono & Ono 1987; Uraguchi & Takahashi 1998; Gołdyn et al. 2003); being 

used as birthing sites and to provide cubs with ongoing refuge from predators and inclement 

weather.  During this important life-cycle stage, adult foxes generally concentrate their activities 

in the vicinity of the den (Sargeant 1972; Burchfield 1979; Goszczyński 1985); meaning risk of 

predation by foxes is likely to be higher in such areas (Sargeant 1972; Carter & Finn 1999) 

owing to the increased search effort of foxes there (Seymour et al. 2004). 

 

Investigations of predator–prey interactions in other systems have demonstrated that in some 

instances prey species actively avoid areas inhabited by predators (Fraser & Cerri 1982; 

Norrdahl & Korpimäki 1998; Decaestecker et al. 2002).  In this regard, one might expect that 

animals which are highly susceptible to fox predation may avoid areas in the vicinity of fox 

dens due to the extra risk posed by foxes.  This idea was tested in western Poland by 

Tryjanowski et al. (2002), who established that proximity to fox dens had a significant negative 

impact on the number of ground-nesting passerine birds in open farmland.  Because adult 

passerines are rarely recorded in the fox’s diet in the study area (cf., Gołdyn 2001), the authors 

argued these results were not an artefact of direct predation by foxes, but rather reflected the 

fact that birds were avoiding areas in close proximity to fox dens because of the increased risk 

of nest predation there.  However, the relevance of these findings to other situations remains 

uncertain as a similar study in a nearby area of western Poland produced conflicting results; 

finding no evidence to suggest proximity to fox dens negatively influenced the density of 

ground-nesting birds (Kujawa & Łęcki 2008).  

 

Regardless of whether prey species actively avoid areas in the vicinity of fox dens, it is clear 

that taxa vulnerable to fox predation will experience heightened predation risk if they inhabit 

areas near occupied dens.  This is likely to be especially true for ground-nesting birds; a group 

for which nest predation patterns are strongly influenced by the presence of foxes (Hötker & 

Segebade 2000) and their dens (Sargeant 1972; Eglington et al. 2009).  For these reasons, a 
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thorough understanding of the factors that govern den-site selection in foxes is vitally important 

in order to improve the management of species whose ongoing survival is threatened by fox 

predation.  

 

5.1.2  Den-site Selection by the Red Fox 

Red Fox dens have been described in many different countries throughout Europe, Asia, Africa, 

Oceania and the Americas (Table 5.1).  Despite this wealth of qualitative information, there is 

scant quantitative data, and few studies which explicitly measure den-site selection.  Most 

literature relates to den morphology and/or provides only qualitative descriptions of den-site 

locations.  For example, the most consistent theme throughout the literature is that den-site 

selection by foxes is greatly influenced by soil type; with most dens being located in soil with a 

sandy (Sheldon 1950; Layne & McKeon 1956; Jackson 1961; Stanley 1963; Pils & Martin 

1978; Roman 1984; Krim et al. 1990) or well-drained nature (Scott & Seiko 1939; Sargeant 

1972; Ables 1975; Storm et al. 1976; Vuillaume et al. 1998; Nowak 1999).  However, despite 

an almost universal acceptance that foxes prefer to place dens in these soil types, only one study 

(Burchfield 1979) provides quantitative data to support this premise, and this study was based 

on a sample of just 15 dens (Burchfield 1979). 

 

Among the quantitative studies on den-site selection, the most commonly tested variable is 

habitat type.  Results vary greatly however, with some investigations demonstrating foxes 

preferentially locate dens in wooded areas (Meia & Weber 1992; Uraguchi & Takahashi 1998; 

Panek & Bresiński 2002); others indicate den-sites in open grassland/farmland are preferred to 

wooded habitats (Hewson 1986; Nakazono & Ono 1987); while Gołdyn et al. (2003) found no 

indication of den-site habitat preferences.  Tests for den-site preferences in relation to 

topographical slope and aspect are also common, but have likewise produced inconsistent 

results (cf., Pils & Martin 1978; Nakazono & Ono 1987; Uraguchi & Takahashi 1998; Gołdyn  

et al. 2003; Gentle 2005). 

 

The lack of consistency in the literature regarding den-site preferences in foxes is not surprising 

given the diversity of study locations encompassed (Table 5.1).  This in itself reflects the great 

adaptability of foxes and their capacity to survive in a diverse array of environments and 

climates (see Chapter 1, section 1.3.2).  The Red Fox is known to exhibit behavioural plasticity 

(Lloyd 1980; Larivière & Pasitschniak-Arts 1996; Ricci et al. 1998); with behaviour varying 

greatly between different locations (Voigt & Macdonald 1984).  Therefore, although the 

characteristics of fox dens have been described in a great variety of habitats, these findings 

cannot be generalised to other environments where little information on fox dens exists.  For 

this reason, when developing management programs to mitigate the impact of fox predation on 
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threatened species, it is important that information on fox den locations is derived from research 

on local fox populations (sensu Krim et al. 1990).  

 

 

 

Table 5.1.  Investigations describing the characteristics of Red Fox (Vulpes vulpes) den-sites. 

 
 

Australia McIntosh (1963b); *Burchfield (1979); *Berghout (2000); 

Morton et al. (2002); *Gentle (2005).

Britain *Hewson (1986); Harris & Lloyd (1991).

Canada Soper (1942); Dekker (1983).

China Jia et al. (1991); Jia & Ma (1992).

Germany Stubbe (1980); Weber (1982).

Japan Nakazono (1970a, 1970b); *Nakazono & Ono (1987);

*Uraguchi & Takahashi (1998).

Mongolia *Zhang et al. (1999).

Poland Pielowski (1976); Roman (1984); Tryjanowski et al. (2002); 

*Panek & Bresiński (2002); *Gołdyn et al. (2003); 

*Kujawa & Łęcki (2008).

Switzerland *Meia & Weber (1992).

Tunisia *Dell'Arte & Leonardi (2008).

United States Komarek (1939); Scott & Seiko (1939); Livezey & Evenden (1943);

of America Sheldon (1950); Richards & Hine (1953); Layne & McKeon (1956);

Jackson (1961); Stanley (1963); Sargeant (1972); Storm et al. (1976);

*Pils & Martin (1978); Sargeant et al. (1987); *Krim et al. (1990).

Country Source

* Denotes studies that attempted to quantify den-site selection.

Note: Literature was excluded if it: (a) made only brief comment on fox dens, (b) primarily

related to den-sites in urban areas, or (c) was principally concerned with assessing fox diet using

prey remains found at den-sites.   

 

 

 

In light of these findings, in this chapter I investigate den-site selection by foxes in a region of 

northern Victoria that provides important habitat for the Bush Stone-curlew (Burhinus 

grallarius).  The purpose of this study was to improve information on the spatial ecology of 

foxes in this area to: (a) better understand the potential interactions between foxes and curlews, 

and (b) identify likely areas of high fox activity that could potentially be targeted during fox-

control efforts.  To do so, I examined the associations between fox den locations and aspects of 
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the surrounding landscape that have been shown in other environments to be important 

determinants of den-site selection, specifically: soil type, habitat type, and proximity to the 

nearest fence, tree, road and water source. 

 

 

5.2  METHODS 

5.2.1  Study Area 

From May 2007 to May 2008 fox dens were located across approximately 21 000 hectares  

(210 km²) of agricultural land throughout the Northern Plains of Victoria.  This area was 

contained within the broader 78 000 ha (780 km²) study area that encompassed all experiments 

described in this thesis.  A locality map of the broader study area is provided in Chapter 2 

(Figure 2.1), along with details of the topography, climate, vegetation and fauna. 

 

5.2.2  Den Verification 

The term ‘den’ is used to describe locations regularly utilised by foxes for diurnal shelter.   

A location was regarded as a den only if: (a) a fox was observed using it (either directly by me 

or by the person who notified me of its location), or (b) obvious signs of occupation by foxes 

were present such as footprints, fox odour, faeces, prey remains (e.g., bones, feathers, hair) and 

scratching/diggings in the soil (Stanley 1963; Nakazono & Ono 1987; Heydon et al. 2000; 

Gołdyn et al. 2003; Sharp & Saunders 2004d).  Verification of dens occurred at any time of the 

year (i.e., den verification was not confined to the August–November period when dens are 

actively used for cub rearing).   

 

5.2.3  Locating Dens 

I located dens by radio-tracking foxes (see Chapter 6), opportunistically during the course of 

other field-work and via local landholders.  In agricultural landscapes elsewhere in Australia, 

researchers have located fox dens by systematically searching areas ranging in size from  

960–1640 ha (Berghout 2000; Gentle 2005), but this was not possible during the current study 

owing to the large size of the study area.  Furthermore, unlike the aforementioned studies, I did 

not aim to estimate fox density based on counts of natal dens, meaning it was not essential to 

locate (and monitor) every den within the study area.   

 

5.2.4  Selection of Random Sites 

To determine which environmental variables influenced den-site selection by foxes, each den 

was paired with a random (non-den) location to act as a control for comparison with den-sites 

(see below).  Random sites were selected from within an 800 m radius circle (i.e., half the 

approximate home-range width of foxes in the study area: see Chapter 6, Figures 6.4–6.5) 
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centred on each den.  Using geographic information system (GIS) software (ArcMAP
™

 9.1; 

Environmental Systems Research Institute, Inc.; Redlands, California, USA), a grid-cell 

resolution of 100 m × 100 m was superimposed over aerial photographs, centred on the exact 

location of each den-site.  The intersecting points of the grid-cells were numbered (creating 212 

possible locations), and random numbers (generated in Microsoft Excel) were used to select 

locations.  The coordinates of random locations were then transferred onto a commercially 

available handheld global positioning system (Garmin GPSmap 60C; Garmin; Olathe, Kansas, 

USA) to enable sites to be located in the field.  If a random site was: (a) identical to the location 

of the actual den-site, or (b) located in areas obviously unsuitable for fox dens  

(e.g., watercourses or occupied buildings), another random number was used.  A number of 

measurements were recorded at random locations (see below) to facilitate comparisons with 

den-sites. 

 

5.2.5  Data Collection 

The location of each den was recorded with a handheld GPS (Garmin GPSmap 60C) and 

imported into GIS software (ArcMAP
™

 9.1).  Information was then recorded on: (a) den form 

(earthen, tree base, drainage culvert, hollow log, other), (b) number of entrances, (c) signs of 

occupation by foxes (footprints, fox odour, faeces, prey remains, scratching/diggings),  

(d) detection method (radio-tracking, opportunistic, landholder), and (e) status (natal, active, 

inactive, derelict: Table 5.2). 

 

 

 

Table 5.2.  Definitions of fox den status used during this study. 

 

Natal Dens where I directly observed fox cubs.   

Active Dens known to have been used, or which showed characteristic signs of

occupation during the study period.

Inactive Dens showing no sign of use during the study period; typically containing

cobwebs, grass, and/or leaf litter across the entrance(s) and an absence of

freshly disturbed soil.  

Derelict Locations disclosed by landholders where fox dens had previously been active,

but had since been destroyed and not re-opened.

Den Status Definition
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5.2.5.1  Habitat Type 

Associations between the location of fox dens and broad habitat type have been noted by other 

researchers (e.g., Hewson 1986; Nakazono & Ono 1987; Krim et al. 1990; Meia & Weber 1992; 

Uraguchi & Takahashi 1998; Panek & Bresiński 2002; Gentle 2005).  Therefore, I assigned 

each den and random location to one of four broad habitat types: (a) roadside, (b) riparian,  

(c) open farmland, and (d) wooded farmland (Table 5.3).   

 

Topographical habitat characteristics such as slope and aspect have been shown to influence 

den-site selection by the Red Fox in some environments (e.g., Pils & Martin 1978; Zhang et al. 

1999; Gołdyn et al. 2003) and are also important factors regarding selection of den-sites by 

other members of the Vulpes genus (e.g., Swift Fox (Vulpes velox), Arctic Fox (V. lagopus),  

Kit Fox (V. macrotis): Jackson & Choate 2000; Eide et al. 2001; Arjo et al. 2003, respectively).  

However, given the extremely flat nature of the study area (see Chapter 2, section 2.1.2) I did 

not record data on these variables. 

 

  

Table 5.3.  Definitions of the broad habitat types assigned to dens and random locations during this study. 

 

Roadside The area between the edge of a road and the adjacent property’s boundary

fence (including drainage culverts under roads).

Riparian Any location within 20 m of the edge of a river, creek or irrigation channel.

Open           

Farmland

An area of agricultural land ≥ 0.07 ha devoid of tree cover and/or shrubs

(i.e., no tree cover and/or shrubs within a 15 m radius circle of the den or

random location). Dens occurring in the base of isolated paddock trees

were regarded as open farmland habitat. 

Wooded           

Farmland

An area of agricultural land ≥ 0.07 ha containing tree cover and/or shrubs

(i.e., tree cover and/or shrubs present within a 15 m radius circle of the

den or random location).

Habitat Type Definition

  

 

 

5.2.5.2  Proximity to Landscape Elements 

The proximity (in metres) of den and random locations to the nearest tree, water source, fence 

and road was recorded using a handheld GPS (Garmin GPSmap 60C) to facilitate more detailed 

spatial analysis.  These features were selected because: (a) they have been demonstrated as 

important factors relating to fox den locations in other environments (i.e., trees, water sources, 

fences: Krim et al. 1990; Zhang et al. 1999; Gentle 2005, respectively), and (b) they provide 

important hunting locations for foxes in the study area (i.e., roads: Chapter 3). 
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5.2.5.3  Soil Characteristics 

A soil sample was taken at each den and random location because soil type has long been 

regarded as a key factor influencing fox den locations (cf., Sheldon 1950; Layne & McKeon 

1956; Stanley 1963; Pils & Martin 1978; Krim et al. 1990).  To collect the sample, a 100 mm × 

30 mm soil probe was inserted into the topsoil within one metre of the den entrance (avoiding 

areas containing soil excavated by foxes).  For dens with multiple entrances the sample was 

taken from the approximate mid-point between all entrances.  Soil samples were stored in 

waterproof paper bags and later classified by an experienced soil scientist (B. Wilson, Charles 

Sturt University) using the field texture technique, as described by Northcote (1979).  Using this 

method, soil samples were classified into one of 19 grades (Table 5.4) by assessing the 

behaviour of a moistened bolus of soil when manipulated between fingers and thumb.  This is a 

well-established technique for classifying soil in Australia (cf., Minasny et al. 2007).  

 

 

 

Table 5.4.  Soil texture groups, grades and approximate clay content, following Northcote (1979). 

 

Sand < 10

Loamy Sand 5–10

Clayey Sand 5–10

Sandy Loam 10–15

Fine Sandy Loam 10–20

Light Sandy Clay Loam 15–20

Loam ≈ 25

Loam, Fine Sandy ≈ 25

Silt Loam ≈ 25

Sandy Clay Loam 20–30

Clay Loam 30–35

Silty Clay Loam 30–35

Fine Sandy Clay Loam 30–35

Sandy Clay 35–40

Silty Clay 35–40

Light Clay 35–40

Light Medium Clay 40–45

Medium Clay 45–55

Heavy Clay ≥ 50

Clay Loams

Light Clays

Medium–Heavy Clays

Soil Texture GRADE
Approximate Clay 

Content (%)

Sands

Loams

Sandy Loams

Soil Texture GROUP
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5.2.6  Data Analysis 

To determine if foxes displayed preferences in selecting den-sites I used a logistic regression 

modelling approach (Zar 2010) to compare den locations with random (non-den) sites.  I then 

ranked models using the Information Theoretic Approach (ITA), based on Akaike’s Information 

Criterion (AIC) (Johnson & Omland 2004), whereby a set of candidate models were evaluated 

on their ability to predict outcome in the dependent variable (fox den presence) with the least 

number of model parameters (Table 5.5).  Candidate models were ranked using the second-

order derivative, AICc (Akaike 1974; Buckland et al. 1997; Burnham & Anderson 2002), which 

is appropriate for small sample sizes.  A more detailed description of this methodology is 

provided in Chapter 4 (section 4.2.4). 

 

Before proceeding with modelling, I generated a correlation matrix using Spearman’s Rank 

Correlation Coefficients (rs) to assess the data for potential multicollinearity.  No strong 

correlations were identified between independent variables (i.e., all correlations were rs < 0.7) 

so all variables were included in further analysis (Tabachnick & Fidell 2007).  A Hosmer-

Lemeshow χ² goodness-of-fit test was also performed (as recommended by Burnham & 

Anderson 2002).  This procedure did not support the fit of the global model to the data when 

earthen and non-earthen dens were considered together (χ² = 17.813, d.f. = 8, P = 0.023).  

However, when earthen dens were examined separately the Hosmer-Lemeshow χ² goodness-of-

fit test did support the fit of the global model to the data (i.e., P = > 0.05: Table 5.8) indicating it 

was appropriate to proceed with formal modelling.  Owing to their relatively small sample size, 

non-earthen dens were not examined separately but were instead described qualitatively. 

 

Many investigations have tested for habitat preferences among fox den locations by comparing 

the observed versus expected number of dens based on the relative availability of each habitat 

type (e.g., Pils & Martin 1978; Hewson 1986; Nakazono & Ono 1987; Krim et al. 1990; 

Uraguchi & Takahashi 1998; Panek & Bresiński 2002; Gentle 2005).  However, I did not 

quantify the relative availability of habitat during the current investigation because the vast size 

of the study area prevented systematic searching for dens.  Many dens would have therefore 

gone undetected; meaning such analysis would have been of little value due to differences in the 

probability of detecting dens between habitat types.   

 

Two-sample unequal variance t-tests (t’) (also referred to as the Welch test: Ruxton 2006) were 

used to compare: (a) the number of entrances between earthen and non-earthen dens,  

(b) proximity to selected landscape features between dens and paired random sites, and (c) soil 

clay content between non-earthen dens and earthen dens (and paired random locations). 
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Table 5.5.  Description of the variables used during formal modelling analysis. 

 

Habitat The broad habitat type in which den and random sites occurred (following the

definition outlined in Table 5.3). Habitat type was coded: 1 = open farmland, 2 =

roadside, 3 = riparian, and 4 = wooded farmland.

Fence Distance from den and random sites (m) to the nearest wire fence used for containing

stock or signifying property boundaries.  

Road Distance from den and random sites (m) to the edge of the nearest road (either

bituminised or non-bituminised). Non-bituminised roads were defined as those

containing either an unformed surface with prominent wheel ruts, or a formed dirt /

gravel surface that is periodically graded.

Tree Distance from den and random sites (m) to the base of the nearest tree (with a

diameter at breast height over bark (DBHOB) ≥ 100 mm).

Water Distance from den and random sites (m) to the edge of the nearest water source

(including dams, rivers, creeks, irrigation channels and domestic stock troughs).

Water sources that did not contain water at the time of sampling were not considered.

Clay The approximate clay content (%) of soil samples collected from den and random

sites, using Northcote's (1979) figures for soil texture grades (see Table 5.4). Clay

content was coded: 1 = 0–10 %, 2 = 10–20 %, 3 = 20–30 %, 4 = 30–40 %, and 5 =

> 40 %.

Variable Definition
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5.3  RESULTS 

Seventy-six fox dens were located including one confirmed natal den, 29 active dens,  

30 inactive dens, and 16 derelict dens.  Eighteen dens were identified using radio-telemetry  

(see Chapter 6), 7 dens were opportunistically located during the course of other field-work 

activities, while the location of 51 dens was provided by landholders (Table 5.6).  The 

proportion of non-earthen dens located with radio-tracking (77.8 % of 18 dens) was noticeably 

higher than the proportion of non-earthen dens identified by landholders (7.8 % of 51 dens)  

(Table 5.6).  

 

 

 

Table 5.6.  The method of detection for dens according to broad den form and habitat category.   

 

Informed by 

Landholder     
( n  = 51 )

Radio-tracking 
( n  = 18 )

Opportunistic 

( n  = 7 )
2 1

RiparianRoadside
Wooded 

Farmland

Open 

Farmland

4 0

7 14 14 4 6

5 2

Den Form Habitat Category

Non-Earthen

8 247 4 33 8

( n  = 56 ) ( n  = 20 ) ( n = 39 ) ( n  = 15 ) ( n  = 19 ) ( n  = 3 )

Detection 

Method

Earthen

 

 

 

 

5.3.1  Den Form 

The most commonly detected dens were those dug into the ground (earthen dens,  

n = 56) (Plate 5.1).   

 

Eleven dens were located in the base of trees (Plate 5.2); including Black Box (Eucalyptus 

largiflorens, n = 6), Grey Box (E. microcarpa, n = 3), and River Red Gum (E. camaldulensis, 

n = 2).  The diameter at breast height over bark (DBHOB) of these trees ranged from  

0.86–2.44 m (mean = 1.4 m, ± 0.45 m SD).   

 

Five dens occurred in drainage culverts (Plate 5.3).  Average culvert length was 9.58 m  

(± 4.45 m SD, range = 5–16 m), and all except one culvert had 300 mm diameter openings  

(the one exception was a 230 mm × 390 mm square culvert). 
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Three hollow logs were used as den-sites (Plate 5.4).  Average log length was 5.67 m  

(± 2.46 m SD, range = 2.9–7.6 m), while the average diameter of entrance openings was  

218 mm (± 54 mm SD, range = 140–260 mm, n = 4 entrances). 

 

One den was located in a large pile of wooden posts lying on the ground among disused 

agricultural equipment. 

 

 

 

 

 
Plate 5.1.  An earthen fox den (as confirmed by radio-tracking); showing recently dug soil and fresh fox 

footprints. 
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Plate 5.2.  A fox den in the base of a tree (as confirmed by radio-tracking).  Arrow signifies den entrance. 
 

 
 

 

Plate 5.3.  An example of a drainage culvert typical of those used as den-sites by foxes. 
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Plate 5.4.  A hollow log used as a fox den (as confirmed by radio-tracking).  Arrow signifies den 

entrance. 

 

 

 

5.3.2  Den Habitat Type 

Figure 5.1 displays the percentage of fox dens found in each broad habitat type.  Of the earthen 

dens located, 35 were in open farmland habitat, 10 in wooded farmland habitat, 9 in roadsides, 

and 2 were in riparian areas.  Of the non-earthen dens, 4 were in open farmland habitat, 5 in 

wooded farmland habitat, 10 in roadsides, and 1 was in a riparian area.   

 

5.3.3  Den Entrances 

The average number of entrances for each den was 2.44 (± 2.16 SD, range = 1–11, n = 61 dens) 

when all dens were considered (excluding derelict dens with no open entrances), 2.76 (± 2.49 

SD, range = 1–11, n = 41 dens) when earthen dens only were considered, and 1.80 (± 1.06 SD, 

range = 1–4, n = 20 dens) when non-earthen dens only were considered.  A two-sample unequal 

variance t-test (t’) (hereafter t-test), indicated that earthen dens had significantly more entrances 

than non-earthen dens (t’ = 2.103, P = 0.04). 

 

 



CHAPTER  5: Den-site selection by foxes 

Andrew Carter 112 

0

10

20

30

40

50

60

70

80

90

100

Open   

Farmland

Wooded

Farmland

Roadside Riparian

(35)

(4) (10)

(5)

(9)

(10)

(2) (1)

P
e
r
c
e
n

ta
g
e
 (

%
)

  
 

Figure 5.1.  The percentage of dens located in each habitat type, according to broad den form: 

      = earthen dens;        = non-earthen dens.  Sample size is shown in parentheses. 

 

 

 

5.3.4  Signs of Den Occupation 

Many dens contained characteristic signs of occupation by foxes such as faeces (n = 20), fresh 

footprints (n = 6), fox odour (n = 2), and recent scratching and/or digging in the soil around the 

den entrance (n = 24).  Prey remains were also commonly encountered at den-sites including 

bones (n = 40), feathers (n = 7), hair (n = 1) and fish carcasses (European Carp (Cyprinus 

carpio), n = 2). 

 

5.3.5  Proximity to Landscape Elements 

Table 5.7 outlines the average distance from den and random locations to selected landscape 

elements.  A t-test identified a significant difference in the average distance from earthen den-

sites to the nearest fence, when compared with random locations (Table 5.7).  No other 

significant differences were identified but there was a tendency for an effect of distance to the 

nearest tree (P = 0.073: Table 5.7).  T-tests also identified significant differences in the mean 

distance from non-earthen dens to nearest tree, water source and road, compared to random 

locations (Table 5.7). 

 

5.3.6  Soil Characteristics 

A t-test indicated that the average approximate clay content at earthen dens was significantly 

lower than that of non-earthen dens (t’ = -5.192, P = < 0.001) and random sites (t’ = -5.196,  

P = < 0.001).  No such differences existed between non-earthen dens and random locations  

(t’ = -0.930, P = 0.359; Table 5.7). 
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Table 5.7.  Mean values (± SD) of environmental variables for den and random sites, including results from two-sample unequal variance t-tests (P) comparing earthen- and non-

earthen dens with their respective random sites. * = significant at P = < 0.05.  n = sample size. 

 

Clay Content (%) 33.04 (± 14.91) 44.82 (± 8.12) < 0.001* 45.88 (± 6.55) 48.00 (± 7.85) 0.359

Nearest Fence (m) 50.93 (± 52.04) 74.05 (± 60.96) 0.033* 76.35 (± 118.12) 81.75 (± 68.46) 0.861

Nearest Road (m) 190.64 (± 214.55) 213.25 (± 187.14) 0.554 126.60 (± 191.92) 283.05 (± 172.85) 0.01*

Nearest Tree (m) 72.86 (± 72.95) 100.09 (± 85.96) 0.073 11.50 (± 39.28) 85.50 (± 69.08) < 0.001*

Nearest Water (m) 253.91 (± 176.89) 222.64 (± 162.02) 0.332 225.10 (± 203.91) 418.65 (± 225.59) 0.007*

Note: For this analysis, mean clay content was calculated using Northcote's (1979) figures on approximate clay content for soil texture grades 

(see Table 5.4).  In instances where an approximate clay content range is given (e.g., 10–20 %), the mid-point of that category was adopted 

(i.e., 15 %).

Earthen Den Sites 

(n  = 56)
Variables

Non-Earthen Den Sites 

(n  = 20)

Control Sites

(n  = 56)
P

Control Sites
P

(n  = 20)
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5.3.7  Modelling Fox Den Locations 

Logistic regression modelling and the ITA approach identified Fence + Water + Clay as the 

highest ranked model explaining the location of earthen fox dens (Table 5.8) (refer to Table 5.5 

for description of variables).  Nevertheless, based on Akaike weights (ωi) support for the five 

models with ∆i < 2 was reasonably similar.  Fence and Clay were present in each of the five  

top-ranked models, while Water occurred in four of these.  The results therefore suggest that 

locations closer to fences, further from water sources and with lower clay content are more 

likely to contain earthen fox dens.   

 

Because of the lack of a single best model, I assessed the relative importance of individual 

variables by summing the Akaike weights (ωi) for all models containing the variable of interest.  

This technique provides a better indication of the importance of each variable in the context of 

the set of models considered (Buckland et al. 1997; Burnham & Anderson 2002) and has been 

widely used elsewhere (e.g., Magoulick 2004; MacCracken et al. 2005; Clarke et al. 2006; Berg 

& Gustafson 2007; Reed et al. 2007; Brotons et al. 2008; Svenning et al. 2008; Yamanaka et al. 

2009).  This method established that Clay had the highest summed Akaike weight  

(∑ωi = 0.999), followed by Fence (∑ωi = 0.824) and Water (∑ωi = 0.661), while Tree, Road and 

Habitat were of less importance (Table 5.8). 
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Table 5.8.  Logistic regression model selection summary for earthen dens and paired random locations.  

Table includes, –2 Log likelihood, number of parameters (K), Akaike’s Information Criterion adjusted for 

small sample sizes (AICc), difference in AICc (∆i), Akaike weights (ωi), and Hosmer-Lemeshow χ²
 

goodness-of-fit test for the global model (χ², d.f., P).  Only models with ∆i ≤ 7 are shown (with the 

exception of the global model).  Summed Akaike weights (∑ωi) for each parameter from all models are 

also provided. 

 

119.142 6 131.942 0 0.222

117.544 7 132.621 0.680 0.158

122.808 5 133.374 1.432 0.108

118.652 7 133.729 1.787 0.091

116.379 8 133.777 1.836 0.089

122.222 6 135.022 3.080 0.048

122.234 6 135.034 3.092 0.047

122.507 6 135.307 3.365 0.041

125.142 5 135.708 3.766 0.034

127.741 4 136.114 4.173 0.028

121.170 7 136.247 4.305 0.026

122.262 7 137.339 5.397 0.015

126.824 5 137.390 5.448 0.015

124.796 6 137.596 5.655 0.013

127.735 5 138.301 6.359 0.009

118.584 9 138.349 6.407 0.009

121.430 8 138.828 6.887 0.007

115.990 11 140.630 8.689 0.003

Habitat: 0.052 Tree: 0.443

Fence: 0.824 Water: 0.661

Road: 0.312 Clay: 0.999

GLOBAL 

Fence + Road + Tree + Clay

Clay

Tree + Clay

Water + Clay

Road + Tree + Water + Clay

Habitat + Fence + Clay

Habitat + Fence + Water + Clay

Road + Clay

Road + Tree + Clay

χ
2
 = 6.078, d.f. = 8, P  = 0.638

Summed Akaike Weights (∑ωi)

Fence + Tree + Water + Clay

Fence + Water + Clay

Fence + Tree + Clay

Fence + Road + Clay

Fence + Road + Tree + Water + Clay

Fence + Road + Water + Clay

Fence + Clay

Tree + Water + Clay

AICc ∆i ωiModel
–2 log 

Likelihood
K
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5.4  DISCUSSION 

Most fox dens were earthen, situated in open farmland habitat and were located via landholders.  

Non-earthen dens most commonly occurred in the base of large trees, were located using radio-

tracking and were situated in roadsides.  Earthen dens were, on average, significantly closer to 

fences than paired random sites, while non-earthen dens were significantly closer, on average, to 

trees, water and roads compared with random sites.  The average clay content at earthen dens 

was significantly lower than paired random sites and non-earthen dens, while clay content was 

the single most important variable explaining earthen fox den locations. 

 

5.4.1  The Importance of Soil Type in Den-site Selection 

The average clay content of the soil near earthen dens was significantly lower than at paired 

random sites (Table 5.7), and clay content was also the best predictor of earthen fox den 

locations (Table 5.8).  This study therefore confirms the long-held belief that soil type is an 

important determinant of den-site selection by the Red Fox.  Most literature suggests foxes 

prefer to place dens in sandy and/or well drained soil (e.g., Scott & Seiko 1939; Sheldon 1950; 

Layne & McKeon 1956; Jackson 1961; Stanley 1963; Sargeant 1972; Ables 1975; Storm et al. 

1976; Pils & Martin 1978; Roman 1984; Krim et al. 1990; Vuillaume et al. 1998; Nowak 1999), 

yet to the best of my knowledge, apart from the limited investigation by Burchfield (1979), this 

study is the first to experimentally demonstrate this by quantifying soil characteristics at den-

sites and random locations. 

 

The structural integrity of soil alters as clay content increases (Brooks & Davis 1987);  

it becomes less permeable (Green 1998) making it more prone to waterlogging (Troeh & 

Thompson 2005), and it also becomes more difficult to excavate (Sandmann-Funke 1972).   

In contrast, sandy/well-drained soils are clean and porous, permit rapid water drainage and offer 

easy digging; making them an ideal substrate for fox dens (Sheldon 1950; Pils & Martin 1978; 

Krim et al. 1990) (although if the soil is too sandy it may become unstable and prone to 

collapse).  The importance of clay content has also been demonstrated for several species of 

burrowing birds, which likewise preferentially locate breeding chambers in soil with lower clay 

content (Brooks & Davis 1987; Heneberg 2001; Lind et al. 2002; Yuan et al. 2006a, 2006b; 

Heneberg 2009). 

 

Further evidence of the significant role clay content plays in shaping fox den locations can be 

seen by comparing earthen den-sites with non-earthen dens.  The average clay content of soil at 

earthen dens was significantly lower than at non-earthen dens.  This reflects the fact that 25 % 

of earthen dens were located in soil with low clay content (i.e., 0–25 % clay content), whereas 

no non-earthen fox dens were found in these soils (Appendix 5.1).  At the same time, 80 % of  
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non-earthen dens occurred in areas with high clay content soil (i.e., > 40 % clay content) 

compared to less than 30 % of earthen dens (Appendix 5.1).  These findings provide a strong 

indication that clay-dominated soils are largely unsuitable for earthen fox dens and that in such 

areas foxes are most likely to seek shelter in alternative substrates including drainage culverts, 

tree bases or hollow logs. 

 

5.4.2  Proximity of Den-sites to Landscape Elements 

The average distance from earthen dens to the nearest road, tree and water source did not differ 

significantly from paired random sites, but earthen dens were significantly closer to fences than 

random sites (Table 5.7).  When summed Akaike weights (∑ωi) were calculated from AICc 

analysis, proximity to fence was the second most important variable behind clay content, while 

distance to water emerged as the third most important (Table 5.8).   

 

The finding that earthen dens were, on average, significantly closer to fences than paired 

random sites may reflect the fact that foxes seek to locate dens closer to structures that are less 

prone to disturbance and/or destruction (Gentle 2005).  Increasing the persistence of dens would 

enhance their potential to expand in size and complexity over time (Gentle 2005); making them 

more attractive for future occupancy (Pils & Martin 1978).  In agricultural landscapes, farming 

activities regularly destroy earthen dens (Scott & Seiko 1939; Sargeant et al. 1975; Storm et al. 

1976; Dekker 1983; Nakazono & Ono 1987; Uraguchi & Takahashi 1998; Panek & Bresiński 

2002) and therefore areas adjacent to fences may be favourable for den-sites because they are 

less accessible to farm machinery and are thus less likely to be destroyed. 

 

In some environments, proximity to water is thought to influence den-site selection by foxes 

(Pils & Martin 1978; Zhang et al. 1999), while in other areas it is regarded as being of little 

consequence (Scott & Seiko 1939; Layne & McKeon 1956).  During the present investigation, 

water remained readily available despite the study area experiencing severe rainfall deficiency 

(see Chapter 2, section 2.1.3).  In most cases farm dams were the nearest source of water 

(Appendix 5.2) and this may explain why earthen dens were located further from water sources 

than random sites.  Low clay content soil is unsuitable for the construction of sub-surface farm 

dams (Cummings 1999; Lewis 2002), yet this is the preferred substrate for earthen fox dens.   

Therefore, dens were most likely situated further from water sources because the most common 

source of water in the study area, farm dams, are associated with areas of high clay content. 

 

On average, non-earthen dens were significantly closer to roads, trees and water sources than 

paired random sites (Table 5.7).  These findings were foreseeable given that a high proportion 

of non-earthen dens were located in drainage culverts under roads and in the base of trees.  The 
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results with respect to proximity to water are somewhat less clear.  Little is known about the 

water requirements of free-living foxes, but these results may reflect the fact that when den 

location is not constrained by soil type (e.g., non-earthen dens), foxes will preferentially locate 

dens closer to water.  This would reduce the cost of travelling to water sources in order to meet 

their water demands and also position them closer to key habitat for potential prey items such as 

waterbirds.  Nevertheless, a larger sample size would be required in order to explore this matter 

further. 

 

5.4.3  Den Habitat and Form 

The majority of earthen dens were situated in open farmland areas (Figure 5.1).  It is unclear 

however, whether these results are truly representative of the habitats used by foxes for earthen 

dens, or whether they reflect a bias associated with the methods used to detect dens.  Most 

earthen dens were located by talking with local landholders (Table 5.6) who invariably 

possessed an intimate knowledge of the terrain on their properties.  Therefore, the probability of 

detecting dens in farmland (typified by open habitat) was most likely higher than for other 

areas, for which less was known, such as roadsides or wooded public land.  Consequently, the 

results regarding earthen den habitat should be interpreted with caution. 

 

Non-earthen dens were also unevenly distributed between habitat types with most dens located 

in roadsides (Figure 5.1).  Although definitive conclusions regarding habitat preferences cannot 

be made because the relative availability of each habitat type was not known, it stands to reason 

that roadsides would be favoured locations for non-earthen dens because a high proportion of 

these dens included drainage culverts and tree bases.  Culverts designed to facilitate water 

drainage from roadways are ubiquitous features of road corridors (Yanes et al. 1995; Rodriguez 

et al. 1996; Clevenger et al. 2001; Ascensão & Mira 2007; Grilo et al. 2008); thus roadsides 

provide foxes with ample denning opportunities (foxes have also been shown to use culverts in 

other investigations: Stanley 1963; Pielowski 1976; Storm et al. 1976; Marks & Bloomfield 

2006; Gosselink et al. 2007).  Furthermore, the use of tree bases as den-sites was limited to very 

large trees (i.e., trees with a diameter at breast height over bark (DBHOB) exceeding 0.8 m), 

which based on annual growth rates would be approximately more than 200 years old (DNRE 

1998; ECC 2000).  Today, trees in this age class are relatively scarce in agricultural landscapes 

throughout south-eastern Australia, with roadsides representing one of the few areas where they 

persist in reasonable numbers (e.g., van der Ree & Bennett 2001; Spooner & Smallbone 2009).  

Consequently, the probability of foxes locating large old trees suitable for den-sites is likely to 

be higher in roadsides. 
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It is noteworthy that the proportion of earthen and non-earthen dens that were discovered 

differed according to the method of den detection.  Most dens located using radio-tracking were 

non-earthen, whereas the opposite was true for landholders, who found mainly earthen dens.  

The detection of dens by landholders is likely to be influenced by the apparency of dens or 

preconceptions about their appearance or probable locations.  In contrast, radio-tracking is not 

affected by these factors and provides an unbiased measure of den-site selection.  Therefore, the 

use of non-earthen dens by foxes may have been more prevalent than indicated throughout this 

chapter because the majority of dens were located by landholders.   

 

This raises an important issue regarding the methods used to locate dens when quantifying den-

site selection by foxes.  Previous studies have incorporated systematic searches for dens in 

discrete areas (e.g., Berghout 2000; Gentle 2005).  While these authors made a concerted effort 

to search all potential den-sites (e.g., tree bases, logs, rock piles, tree stumps, etc.), it is possible 

that without the use of radio-tracking some dens remained undetected despite extensive 

searches.  In addition, without radio-tracking, in some areas it may be difficult to accurately 

determine whether burrows are occupied by foxes or other species (e.g., rabbits).  Therefore, 

while radio-tracking is extremely laborious and time consuming, it clearly provides the most 

accurate and unbiased method for determining den-site selection by foxes, and hence it should 

be incorporated in future studies investigating fox den preferences. 

 

5.4.4  Conclusion 

This is believed to be the first large-scale study to provide quantitative evidence that soil type is 

an important determinant of den-site selection by the Red Fox.  The data presented suggest soil 

type was the most influential factor governing den location, with foxes preferentially locating 

earthen dens in soil with low clay content.  Soil type also appears to influence den form; with no  

non-earthen dens located in low clay content soil, and only a minor percentage of earthen dens 

found in areas with soil containing high clay content.  Proximity to landscape features was of 

some relevance to earthen dens, with the strongest association occurring between distance to 

fence, which may reflect heightened den persistence near fences due to reduced disturbance.  

The only notable habitat association identified was between non-earthen dens and roadside 

habitat, which most likely resulted from the high number of culverts and large old trees suitable 

for den-sites that occur in such areas.   

 

While this study has confirmed the importance of soil type in den-site selection by foxes, 

additional research is required to further advance our understanding of this issue.  Of particular 

relevance is determining whether foxes prefer earthen or non-earthen dens.  This may differ 

depending on the function of the den (i.e., birthing site vs. temporary retreat); thus 
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investigations into this matter must differentiate between natal dens and those used for other 

purposes.  Knowledge of whether foxes prefer earthen or non-earthen dens would further benefit 

efforts to locate dens and/or likely areas of den activity, by narrowing the range of locations 

where dens are likely to occur in areas with soil containing low clay content (e.g., sandy soil).  

Data from the present study suggest that if soil conditions are appropriate for earthen dens  

(i.e., low clay content) then non-earthen dens are not used, but much additional work is required 

in a range of different environments before any firm conclusions can be drawn on this matter.  

Future studies of den-site selection by foxes should also consider radio-tracking to locate fox 

dens as this provides the most accurate and unbiased method, and may reveal dens that would 

otherwise remain undetected. 

 

The most obvious management implication of this work is that there is no single area within 

agricultural landscapes that can be targeted during control efforts in order to reach likely fox 

den-sites (a conclusion also arrived at by Gentle 2005).  Nevertheless, understanding the 

underlying soil of a particular area will help identify the types of dens most likely to be 

encountered (i.e., earthen or non-earthen), which in-turn will provide a better indication of the 

areas where den-sites are more likely to occur.  For instance in areas with heavy clay soils,  

a lack of earthen dens will not equate to an absence of foxes.  Rather, in such areas foxes are 

likely to den in alternative substrates, and particular attention should be paid to features 

including (among others): drainage culverts, the base of large old trees, hollow logs, abandoned 

buildings, hay stacks, and piles of logs and/or rubbish.  This information is relevant to both fox 

management and curlew conservation; a more detailed discussion of which is provided in 

Chapter 8. 
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CHAPTER 6 
 

FOX  HOME  RANGE  AND  MOVEMENTS 

 
6.1  SUMMARY 

So far during this thesis I have employed indirect methods to investigate the ecology of the Red 

Fox (fox; Vulpes vulpes) by describing den-site selection (Chapter 5), hunting success in 

relation to ground-layer habitat complexity (Chapter 4) and predation pressure relative to 

landscape context (Chapter 3).  In the present chapter I report on the direct movements of foxes 

determined using ground-based radio-telemetry (hereafter radio-tracking).  The aim of this work 

was to quantify fox movements and home-range size in agricultural landscapes.  While this 

chapter focuses exclusively on fox spatial ecology, the data will greatly benefit Bush Stone-

curlew (curlew; Burhinus grallarius) conservation by helping to identify whether current efforts 

to mitigate fox predation are employed at an appropriate scale and whether they are being 

conducted in areas for the most effective control.  These issues will be discussed in detail in 

Chapter 7, which uses data from the present chapter to assess the availability of toxic baits to 

foxes during a community-based baiting program intended to protect curlews. 

 

6.1.1  Fox Home Range  

A commonly accepted definition of home range is ‘that area traversed by the individual in its 

normal activities of food gathering, mating, and caring for young’ (Burt 1943, p. 351).  For the 

Red Fox, this information has be estimated by many researchers from across the world, with 

more than 90 published journal articles and dissertations reporting home-range size based on 

radio-tracking data (Table 6.1), while other investigators have used alternative methods such as 

snow tracking (e.g., Goszczyński 1989b; Frafjord 2004).  Fox home-range size varies 

dramatically between environments, ranging from less than 30 ha in urban England (Saunders et 

al. 1993c) to more than 3300 ha in arid central Australia (Moseby et al. 2009).  Given the 

behavioural plasticity of foxes (Lloyd 1980; Maurel 1983; Ricci et al. 1998) and their ability to 

occupy a diverse array of environments (see Chapter 1, section 1.3.2), few accurate 

generalisations can be made about home-range size using data from different parts of the world.  

Therefore, fox home-range estimates derived from outside southern Australia are likely to offer 

relatively little value in efforts to improve fox management for curlews. 
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Table 6.1.  Summary of studies using radio-tracking to determine Red Fox (Vulpes vulpes) home ranges.  

Note, studies that determined home range using other methods (e.g., snow tracking) are not included. 

 

 

Source

Australia Coman et al. (1991); Phillips & Catling (1991); Marlow (1992);

Bubela (1995); Banks (1997); Meek (1998); Berghout (2000);

Meek & Saunders (2000); Saunders et al. (2002); Burrows et al. (2003); 

Clarke (2006); Marks & Bloomfield (2006); Newsome (2006);

White et al. (2006); Moseby et al. (2009).

Canada Voigt & Tinline (1980); Keenan (1981); Jones & Theberge (1982);

Voigt & Macdonald (1984); Adkins & Stott (1998); Silva et al. (2009).

China Zhou et al. (1995).

Finland Kauhala et al. (2006).

France Maurel (1980); Fabrigoule & Maurel (1982); Maurel (1983); Zimen (1984);

Artois et al. (1990); Poulle et al. (1994); Henry et al. (2005).

Germany Zimen (1984).

Italy Boitani et al. (1984); Lovari et al. (1991); Cavallini & Lovari (1994);

Lovari et al. (1994); Lucherini et al. (1995); Cavallini (1996a);

Lovari et al. (1996); Pandolfi et al. (1997).

Japan Eguchi et al. (1977); Eguchi & Nakazono (1980); Cavallini (1992);

Takeuchi & Koganezawa (1992); Tsukada (1997).

Netherlands Niewold (1980); Mulder (1985); Dekker et al. (2001).

Norway Overskaug et al. (1995).

Saudi Arabia Macdonald et al. (1999); Lenain et al. (2004).

Spain Blanco (1986); Servín et al. (1991); Travaini et al. (1993a, 1993b).

Sweden von Schantz (1981).

Switzerland Meia & Weber (1993); Meia (1994); Meia & Weber (1995).

United Kingdom Harris (1980); Hough (1980); Lloyd (1980); Macdonald et al. (1980);

Macdonald (1981); Hersteinsson & Macdonald (1982); Kolb (1984);

Voigt & Macdonald (1984); Kolb (1985, 1986); Woollard & Harris (1990);

Doncaster & Macdonald (1991); Saunders et al. (1993c);

Reynolds & Tapper (1995); White et al. (1996); Saunders et al. (1997);

Robertson et al. (2000); Newman et al. (2003).

United States Storm (1965); Allan (1968); Ables (1969b); Sargeant (1972); 

of America Storm et al. (1976); Pils & Martin (1978); Major & Sherburne (1987); 

Sargeant et al. (1987); Harrison et al. (1989); Lewis et al. (1993);

Gosselink (1999); Clark (2001); Gosselink (2002); Gosselink et al. (2003);

Frey (2004); Rountree (2004); Perrine (2005); Frey & Conover (2007);

Van Etten et al. (2007).

Country
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In Australia, fox home ranges have been studied in several different environments, and as in 

other parts of the world, home-range estimates are extremely variable (Table 6.2).  For instance, 

in highly productive urban environments reported home ranges are very small (e.g., 23 ha: 

Marks & Bloomfield 2006), whereas in arid habitats where food abundance is often sparse, 

estimates have been extremely large (e.g., 2 800 ha: Burrows et al. 2003).  In the context of the 

present study, estimates derived from temperate agricultural landscapes are most relevant, and 

fox home-range size in these environments appears reasonably consistent, with most studies 

reporting average home ranges in the order of 300–700 ha (Table 6.2). 

 

In reviewing home-range estimates there are many other factors, apart from the study 

environment, that should be carefully considered (Harris et al. 1990).  Home-range values can 

vary enormously depending on: (a) the home-range estimator (Boulanger & White 1990; Harris 

et al. 1990) and software program utilised (Larkin & Halkin 1994; Gallerani-Lawson & Rodgers 

1997); (b) the number of fixes used (Robertson et al. 1998b; Kenward 2001); (c) the time period 

over which fixes are collected—including diel (Beyer & Haufler 1994; Schedvin 2007) and 

seasonal periods (Wiktander et al. 2001; Stirrat 2003); and (d) the sex, age and reproductive 

status of the animals tracked (Larter & Gates 1994; Rhim 2006).  The number of animals 

sampled is also important, as studies based on very few individuals increase the risk of being 

influenced by the idiosyncrasies of individual animals, and therefore portraying an 

unrepresentative picture of the broader population (Börger et al. 2006).  Moreover, the accuracy 

of the location data used in home-range calculations is another central consideration (Samuel & 

Kenow 1992; Saltz 1994), as this will influence the amount of confidence that can be placed in 

the presented results.   

 

The reporting of many of these details in Australian fox home-range studies has been limited.  

While this does not prevent the data from being used to help direct management efforts,  

in numerous cases their value is restricted by a lack of key information.  For instance, when 

interpreting home-range data it is important to know whether an asymptote of fixes was reached 

during home-range calculations.  This metric, also referred to as the ‘sampling saturation’ point 

(Kenward 2001, p. 188), is reached when the addition of extra fixes in home-range calculations 

results in only negligible increases in home-range area (e.g., where adding 10 additional fixes 

increases home-range area by < 10 %: Odum & Kuenzler 1955).  Without this information it is 

unclear whether the figures presented provide a reasonable estimate of the animals’ home range 

during the tracking period, or whether they are likely to underestimate home-range size  

(i.e., an asymptote was not reached).  Despite its obvious importance, the majority of Australian 

studies (10 of 15 studies) provide no details on home-range asymptote testing, while of those 

studies that do, only Moseby et al. (2009) presented figures (i.e., the mean and range of fixes 

required to reach an asymptote) for the entire population of radio-tracked individuals. 
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Table 6.2.  Summary of Red Fox (Vulpes vulpes) home-range size in Australia, as determined by radio-

tracking. 

 

♂mean (range) ♀mean (range)
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and 30, respectively, to approximate tracking period in days; MCP = Minimum Convex Polygon. Note that figures

given in superscript after home-range estimator abbreviations, refer to isopleth values; * = Isopleth value not

specified; UD = Utilisation Distribution—following Anderson (1982); KC = Kernel Contours; HM = Harmonic

Mean; ≈ = Approximate value only;
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mean values; ♂|♀ = Sex not specified;
C

= Actual tracking period was not specified, but results refer to 'yearly'

home ranges as distinct from 'seasonal' and 'weekly' home ranges;
D

= Results presented here include one fox

tracked in bushland on the outskirts of an urban area. Note that if results included multiple home ranges for

individual foxes (e.g., pre- and post-breeding), the mean value of those figures is presented.
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The accuracy of home-range estimates has likewise been poorly documented, with the area of 

error associated with fox locations being unclear in more than half of the Australian studies  

(n = 8).  Many authors either omitted this detail completely (n = 3), or referred only to the size 

of bearing errors used in triangulations (n = 5).  The latter figure sheds no light on the accuracy 

of the actual fox locations unless the distance that bearings were taken from the estimated fox 

location is known (and only Coman et al. (1991) provided an estimate of this distance).  

Moreover, other than Bubela (1995), no author quantified the time periods during which fixes 

were collected.  Other researchers either neglected this fact entirely (n = 2) or provided only 

general statements about the time period when tracking occurred (n = 11).  This issue is 

particularly important when reviewing home-range data for nocturnal species, as sampling 

protocols biased toward particular time periods (e.g., from sunset to 2400 h) have been shown to 

underestimate home-range size (and habitat use) for some species (Smith et al. 1981; Beyer & 

Haufler 1994; Harrison 2002; Schedvin 2007).  

 

Drawing conclusions about the home-range size of foxes in Australia is further hampered by the 

fact that: (a) several studies do not detail the number of fixes used to generate home-range 

estimates (n = 3), (b) the time period (i.e., number of days) over which foxes were tracked is not 

clear (n = 4), and (c) home-range estimations have been presented for numerous different 

isopleth values (Table 6.2). 

 

In considering home-range studies in the context of the present study, it is also important to note 

that only four of the sites where fox home-range size has previously been estimated in Australia 

are within a 20 km radius of Bush Stone-curlew atlas records (Appendix 6.1: sites 1, 2, 9, 14), 

and two of these sites are in urban and semi-urban environments.  Moreover, for the remaining 

two sites (Appendix 6.1: sites 1 and 9) there are only three curlew atlas records within a  

20 km radius, and two of these records occurred more than 20 years prior to the study (Saunders 

et al. 2002) being published.  Therefore, there is currently very little information about fox 

home-range size in areas with relatively high densities of curlews. 

 

In light of this information, it is clear that additional data on the spatial ecology of foxes in 

Australia are required in order to improve their management for curlew conservation.  For this 

reason, the aim of the present chapter is to provide details on the home-range size and 

movements of foxes in an agricultural landscape that contains a relatively high density of 

curlews and is broadly representative of most areas inhabited by curlews in southern Australia 

(refer to Chapter 2, section 2.1.6).  The principal purpose of this work is to assess whether 

current efforts to control foxes for curlew conservation in the study area are sufficient  
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(Chapter 7), and to ultimately provide the information necessary to improve fox management in 

areas where curlews persist (as discussed in Chapter 8). 

 

 

The specific aims of this chapter are to: 

 

1. Measure and describe individual variability in fox home-range size and overlap. 

 

2. Determine the distance travelled during 24 hours by individual foxes and the percentage 

of home range covered during 24 hours in their search for food and maintenance of 

home ranges. 

 

3. Establish a minimum standard for the reporting of methods and results in fox home-

range studies. 
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6.2  METHODS 

6.2.1  Study Area 

Foxes were trapped and radio-tracked on agricultural land spanning approximately 23 000 ha 

(230 km²) of Victoria’s Northern Plains district.  This area was contained within the broader  

78 000 ha (780 km²) study area where all experiments described in this thesis occurred.  This 

region was considered an ideal location for investigating the movements and home ranges of 

foxes during the present study, due to its relatively high density of curlews, extensive road 

network, and because this area is broadly representative of most agricultural landscapes 

inhabited by the Bush Stone-curlew throughout south-eastern Australia (see Chapter 2, section 

2.1.6).  Details of the climate, topography, fauna, vegetation, and a locality map of the broader 

study area are provided in Chapter 2. 

 

6.2.2  Fox Capture and Handling 

Between May 2007 and February 2008 foxes were caught using #1.5 Victor Soft-Catch
™

  

leg-hold traps (Woodstream Corporation; Lititz, PA, USA) following the Standard Operating 

Procedure for trapping foxes using padded-jaw traps (Sharp & Saunders 2004e).  Traps were set 

just below ground-level and tethered to a 400 mm steel retaining peg driven 20–50 mm below 

ground-level beneath the trap.  Traps were set at locations showing evidence of fox presence 

such as scats, tracks or strong fox odour, as well as along tracks and at other locations  

I considered may have been frequented by foxes.  Traps were most commonly baited with 

pieces of chicken, although a variety of other lures were also used including: fox scats, synthetic 

fermented egg (Feralmone
®
; Pestat Ltd.; Bruce, ACT, Australia), sheep-, cat-, and bird 

carcasses, cattle afterbirth, tinned cat food, tinned sardines, tuna oil, and aniseed oil. All 

bait/lures were lightly covered with ground-litter to help conceal them from visually-oriented  

non-target species (e.g., scavenging birds).  In most instances traps were set individually, 

although occasionally 4–6 traps were deployed around sheep carcasses.  A maximum of 25 traps 

were set on any given night; remaining in place for 7–22 consecutive nights.  Traps were 

checked for captures at first light each morning and reset in the afternoon when necessary.    

The location of each trap was recorded with a commercially available handheld global 

positioning system (Garmin GPSmap 60C; Garmin; Olathe, Kansas, USA). 

 

Upon capture, foxes were subdued using a 1.5 metre animal restraining pole (Ketch-all; San 

Luis Obispo, California, USA) and blankets, before being anaesthetised with an intramuscular 

injection of a Tiletamine/Zolazepam combination (Zoletil 100
®
; Virbac Pty Ltd.; Peakurst, 

NSW, Australia) at a rate of 8–10 mg/kg body mass.  The sex and weight of each fox was 

recorded, along with a visual estimate of condition (good, moderate, poor) and age  

(≥ 1 year = ‘adult’; 6–12 months = ‘sub-adult’; < 6 months = ‘cub’).  Any evidence of injury or 
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Sarcoptic Mange (Sarcoptes scabiei) was noted, as were signs of pregnancy or lactation in 

females.  Any severely injured animals were euthanased following the Standard Operating 

Procedure for methods of euthanasia (Sharp & Saunders 2004g).  Sedated foxes were placed in 

the nearest available cover to the point of capture and monitored from a nearby vantage point 

until fully recovered from anaesthesia. 

 

6.2.3  Radio-telemetry 

6.2.3.1  Transmitters 

Trapped foxes were fitted with a two-stage Very High Frequency (VHF) radio-transmitter  

(151–152 MHz: Sirtrack
™ 

Ltd.; Havelock North, New Zealand) fixed around the neck using a 

synthetic woven-vinyl collar, two stainless steel bolts and Nylon-insert lock nuts.  Transmitters 

were powered by a lithium battery sealed in epoxy resin with an expected operational life of  

24 months.  Each collar had a 225 mm plastic-coated whip antenna, and to deter foxes from 

chewing these I painted antennas with a commercially available non-toxic bitter substance 

(Stop’nGrow
®
; Mentholatum Australasia Pty Ltd.; Scoresby, Victoria, Australia).  Each collar 

possessed a unique frequency and colour, and also displayed a contact address and telephone 

number in the event of recovery by a member of the public.  Transmitters signified fox activity 

by changes in pulse rate, operating at 50 beats per minute when foxes were moving (‘active’), 

30 beats per minute when foxes had been stationary for ≥ 60 seconds (‘inactive’), and 15 beats 

per minute after inactivity of 24 hours (‘dead’).  The average weight of the transmitter and 

collar apparatus was 118 g (± 2 g SD) which was less than 5 % of the total body weight of the 

foxes collared (i.e., an informal threshold weight commonly adopted for wildlife telemetry 

studies: see Caccamise & Hedin 1985; Kenward 2001). 

 

6.2.3.2  Tracking Equipment 

I conducted all radio-tracking using an Australis 26k
™

 scanning receiver (Titley Scientific; 

Stones Corner, QLD, Australia) connected to a paired five-element Yagi antenna array 

(Sirtrack
™

 Ltd.), attached to a tower mounted on the tray of a four-wheel-drive utility vehicle 

(Plate 6.1).  The tower could be rotated 370° from within the vehicle using a hand-operated 

crank located outside the drivers’ side window (Plate 6.1).  Using this system, I was able to 

search for signals by rotating the tower while simultaneously driving (which permitted tracking 

during all weather conditions).  When not being operated, the tower could easily be folded down 

to reduce its height (total height above ground: operating position = 3.4 m; non-operating 

position = 2.2 m) (Plate 6.2).  To increase speed and precision and reduce bias when obtaining 

bearings, the telemetry system incorporated an electronic compass (Azimuth
®
 1000R; KVH 

Industries Inc.; Middletown, Rhode Island, USA), comprising a heading sensor mounted on top 

of the tower (Plate 6.1) and a separate digital display mounted in the vehicle’s cabin (with an 
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advertised accuracy of ± 0.5°).  A null-peak box (Sirtrack
™

 Ltd.) was also incorporated to 

further increase accuracy and reduce time between bearings (see below). 

 

6.2.3.3  Tracking Procedure 

I determined fox locations by single-operator triangulation, whereby bearings were sequentially 

obtained using the mobile tracking vehicle displayed in Plates 6.1–6.2.  Using this method,  

I searched for foxes with the null-peak box in the ‘peak mode’; that is, the strongest signal 

occurred when the antenna array was pointed toward the transmitter.  Once the direction of the 

transmitter had been approximated by finding the point at which the strongest signal occurred,  

I then switched to the ‘null mode’ whereby a null in the signal occurred when the antenna array 

was pointed directly toward the transmitter, with a loud signal immediately to either side.  This 

technique enables bearings to be taken with greater precision than when using the ‘peak’ 

method alone (Kenward 2001) and it also expedites the process of obtaining accurate bearings. 

 

Once the null had been identified, the bearing was recorded from the electronic compass and 

entered into Locate III triangulation software (Nams 2006) using a hand-held personal digital 

assistant (PDA) (Tungsten
™

 T3; Palm Inc.; Sunnyvale, California, USA).  The location from 

which each bearing was taken was automatically entered into the PDA from a GPS (Garmin 

GPSmap 60C) mounted on the vehicle’s dashboard.  At each bearing I recorded the activity of 

the fox based on the collar’s pulse rate (Table 6.3).  After the original bearing was taken,  

I promptly drove to nearby locations and repeated this process to obtain cross-bearings.  To 

reduce location error I endeavoured to take cross-bearings at intersecting angles between  

35° and 145° to the original bearing, although this was not always possible due to the 

constraints of the road network.  The time taken to obtain fixes was minimised as much as 

possible, and most bearings were taken < 1 km from radio-tagged foxes which limited the scope 

for large errors.  Care was taken not to disturb foxes while obtaining bearings by maintaining an 

estimated distance > 100 m, and no deliberate attempts were made to visually observe foxes. 
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Plate 6.1.  The vehicle-mounted telemetry system used for radio-tracking foxes (in operating position).  

White arrow (     ) signifies hand-operated crank used to rotate the tower; stippled arrow (     ) signifies 

electronic compass. 
 

 

 

 

Plate 6.2.  The vehicle-mounted telemetry system used for radio-tracking foxes (in non-operating 

position). 
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Table 6.3.  Definitions used to classify fox activity for each telemetry fix (based on the transmitters’ 

pulse rate recorded during bearing collection). 

 

Active During the entire bearing collection period the transmitter's activity sensor

operated at 50 beats per minute 

Inactive During the entire bearing collection period the transmitter's activity sensor

operated at 30 beats per minute 

Varied During the bearing collection period the transmitter's activity sensor alternated

between 30 and 50 beats per minute.

Dead During the entire bearing collection period the transmitter's activity sensor

operated at 15 beats per minute 

Fox Activity Definition

 

 

 

 

Each fox location (fix) was calculated using LOCATE III software (Nams 2006) which 

converted triangulation data into point locations (UTM coordinates) using the maximum 

likelihood estimator procedure (under which all bearings are weighted equally: cf., White & 

Garrott 1990).  Using this method, the most likely location of the fox was estimated from three 

or more convergent bearings, and then the standard deviation of each bearing from that location 

was calculated.  An error ellipse (95 % confidence area) was subsequently computed using the 

standard deviation of each bearing, the number of bearings used, and the locations from which 

bearings were taken.  When a fix was finalised it was transferred onto the dash-mounted GPS 

(Garmin GPSmap 60C) which enabled the fox’s current location to be examined in relation to 

the surrounding topography and previous fixes.  At the end of each tracking session fixes were 

transferred onto a laptop computer and overlayed onto aerial photographs using geographic 

information system (GIS) software (ArcMAP
™

 9.3; Environmental Systems Research Institute, 

Inc.; Redlands, California, USA). 

 

6.2.3.4  Tracking Schedule 

I employed a flexible tracking schedule that varied according to the number of foxes radio-

collared at any one time and the availability of telemetry signals.  I endeavoured to obtain one 

diurnal fix, per fox, per day to provide information on den-sites (see Chapter 5) and diurnal 

home range.  Most nocturnal tracking was discontinuous and often limited to the hours before 

midnight (although see below) in order to manage fatigue levels associated with ongoing diurnal 

field-work duties.  A minimum interval of 30 minutes was maintained between consecutive 

fixes on individual foxes, and the order that foxes were tracked between nights was rotated on a 

random basis.  In most instances I tried to obtain at least one fix, per night, on all collared foxes, 
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but this was not always possible.  If a signal from a collared fox could not be detected, my 

priority was to search the study area (and beyond) for that fox’s signal, which often meant other 

collared foxes were neglected on that night.  I also undertook intensive sessions of continuous 

tracking, whereby fixes were taken on an individual fox at 30-minute intervals throughout the 

entire night; starting shortly after dusk and ceasing the following morning when the fox had 

settled in a diurnal resting place.  On other occasions, intensive tracking involved obtaining 

discontinuous fixes on 3–4 foxes sequentially throughout the entire night.   

 

6.2.3.5  Telemetry Accuracy 

At intermittent points throughout the study period a variety of ‘dummy’ radio-transmitter collars 

were attached to bottles of saline solution (to mimic signal attenuation caused by proximity to 

the animals’ body: Samuel & Fuller 1996) and placed throughout the study area in order to 

assess the accuracy of the telemetry system.  After deployment, the transmitters were located 

during nocturnal tracking sessions following the procedure outlined in section 6.2.3.3.  Using 

GIS software (ArcMAP
™

 9.3), the distance between fixes calculated by triangulation was 

compared with the true location of the ‘dummy’ transmitters as recorded with a GPS (Garmin 

GPSmap 60C).  The average distance between true transmitter location and fixes estimated by 

triangulation was 71.4 m (± 36.5 m SD, range = 20.7–151.8 m, n = 25 fixes) when bearings 

were obtained using the ‘null system’, and 81.6 m (± 41.6 m SD, range = 13.9–169.6 m, n = 25 

fixes) when bearings were gathered using the ‘peak system’.  Bearings were taken from an 

average distance of 657 m (± 236 m SD, range = 162–1303 m) from dummy collars.  When null 

and peak fixes were considered together there was a significant linear relationship between fix 

accuracy and the distance of bearings from dummy collars (i.e., fix accuracy increased as 

distance from dummy collars decreased: P = 0.04, r² = 0.10, n = 50 fixes), but this relationship 

was non-significant when null and peak fixes were considered separately (P = 0.19, r² = 0.09,  

n = 25 fixes and P = 0.14, r² = 0.11, n = 25 fixes, respectively). 

 

6.2.4  Data Analysis 

6.2.4.1  Initial Data Screening and Classification 

To reduce the likelihood of including grossly inaccurate fixes in home-range analyses, fixes 

were excluded if the time between the first and last bearing exceeded 15 minutes, except for:  

(a) diurnal fixes where foxes were known not to be travelling, and (b) fixes collected during 

non-diurnal periods where the transmitters’ activity sensor indicated the fox was inactive during 

the entire bearing collection period.  To further ensure the accuracy of fixes used in home-range 

analyses, all fixes with an error ellipse > 0.25 ha were excluded.  Additional data screening was 

performed prior to home-range calculations (see section 6.2.4.3 below). 
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To provide additional information on fox activity patterns, each telemetry fix was classified into 

four time periods: (a) diurnal, (b) evening crepuscular, (c) nocturnal, and (d) morning 

crepuscular (Table 6.4; Figure 6.1).  Classifications were made based on the time of each fix in 

relation to the time of sunrise, sunset, and nautical twilight (as defined in Table 6.4) for the 

arithmetic centre of the study area (i.e., the mean of x and y coordinates for all telemetry fixes).  

 

 

 

Table 6.4.  Definitions for the time periods and astronomical events used to classify telemetry fixes.  

Times for astronomical events were calculated following Geoscience Australia (2007a) and definitions 

for astronomical events follow Geoscience Australia (2007b). 

 

Diurnal Any fix occurring after sunrise and before sunset. 

Evening 

Crepuscular

Any fix occurring after sunset and before the ending of evening nautical twilight

time. 

Nocturnal Any fix occurring after the ending of evening nautical twilight time and before

the beginning of morning nautical twilight time the following day.

Morning 

Crepuscular

Any fix occurring after the beginning of morning nautical twilight time and before

sunrise. 

Sunrise The instant in the morning under ideal meteorological conditions, with standard

refraction of the sun's rays, when the upper edge of the sun's disk is coincident

with an ideal horizon.

Sunset The instant in the evening under ideal meteorological conditions, with standard

refraction of the sun's rays, when the upper edge of the sun's disk is coincident

with an ideal horizon.

Beginning of 

Morning 

Nautical 

Twilight

The instant in the morning, when the centre of the sun is at a depression angle

of twelve degrees (12°) below an ideal horizon. At this time in the absence of

moonlight, artificial lighting or adverse atmospheric conditions, it is dark for

normal practical purposes. 

Ending of 

Evening 

Nautical 

Twilight

The instant in the evening, when the centre of the sun is at a depression angle of

twelve degrees (12°) below an ideal horizon. At this time in the absence of

moonlight, artificial lighting or adverse atmospheric conditions, it is dark for

normal practical purposes. 

Time Period Definition

Astronomical 

Event
Definition
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Figure 6.1.  A diagrammatic representation of the time periods used to classify telemetry fixes (see Table 

6.4 for greater detail).  Note that the times presented are for illustrative purposes only. 

 

 

 

6.2.4.2  Home-range Estimators 

Animal home ranges can be calculated using an array of different methods (for reviews see: 

Macdonald et al. 1980; Worton 1987; Boulanger & White 1990; Harris et al. 1990; White & 

Garrott 1990; Priede & Swift 1992; Seaman & Powell 1996; Hansteen et al. 1997; Kenward 

2001; Millspaugh & Marzluff 2001).  During the present study, I use two commonly applied 

non-parametric home-range estimators: (a) Minimum Convex Polygon and (b) Kernel Contours 

(see below). 

 

A Minimum Convex Polygon (hereafter, MCP) home range is the area contained within the 

smallest possible convex polygon joining the outermost fixes of an animal’s movements.  This 

is the most widely used technique for calculating home range (Worton 1995a) and has been 

used in 13 of the 14 studies that report fox home-range size in Australia (see Table 6.2).  The 

primary advantages of this technique are that it provides well-defined estimates which are 

simple to calculate (White & Garrott 1990; Worton 1995a), while also being the only method 

that is strictly comparable between studies (provided home-range comparisons are based on 

equal numbers of fixes) (Harris et al. 1990).  The main disadvantages of the MCP method are 

that it is sensitive to the number of fixes used (Anderson 1982), it provides no indication of the 

intensity with which an animal uses different parts of its range, and home-range size is strongly 

influenced by peripheral fixes (i.e., atypical forays far beyond the animals’ usual area of 

activity) (Kenward 2001).  In an effort to alleviate the problem of inflated home-range estimates 

due to the inclusion of outlying fixes, I present MCP home-range values at 5 % increments 

ranging from 5–100 %.  To do so I progressively excluded the outermost 5 % of fixes from the 

Kernel centre of each home range (i.e., the location at which the Gaussian Kernel estimator 

indicates the highest activity density: Worton 1989a; Kenward et al. 2008).  Presenting MCP 

values in this manner also provides a measure of core home-range area (e.g., 50 % MCP: 

Berghout 2000; Jędrzejewski et al. 2004; Koen et al. 2007; Harless et al. 2009).  To permit 
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comparisons of results from this study with those of other investigations I also present  

100 % MCP home-range estimates at 10-fix increments for each fox.   

 

Home-range size was also calculated using the Kernel Contours technique (hereafter, Kernel).  

While no single home-range estimator is applicable to every situation, the Kernel method has 

consistently performed favourably when compared with other commonly used home-range 

estimators (cf., Worton 1995b; Kernohan et al. 2001).  This technique has also been applied in 

several studies reporting fox home-range size in Australia (Bubela 1995; Banks 1997; Berghout 

2000; Moseby et al. 2009).  The Kernel method produces home-range estimates by smoothing 

location data to create contours around areas of equal usage (i.e., areas incorporating the same 

density of fixes).  This method overcomes many of the shortcomings of the MCP technique in 

that it is not influenced greatly by outlying fixes and enables multiple centres of activity to be 

defined within a home range (Kernohan et al. 2001).  For this reason, I focus predominantly on 

the Kernel method when analysing core-range estimates (although MCP core ranges are also 

calculated for comparative purposes).  I selected the Fixed Kernel method in preference to the 

Adaptive Kernel method, as the latter technique has been shown to overestimate home-range 

size (for an expanded explanation of Fixed vs. Adaptive Kernels see: Worton 1989b, 1995b; 

Seaman & Powell 1996). 

 

The most important consideration when using the Kernel method is selecting an appropriate 

smoothing parameter, as under-smoothing produces highly fragmented results that are difficult 

to interpret, while over-smoothing removes important detail relating to internal home-range 

features (Worton 1989a; Wray et al. 1992).  During the present study I used the least-squares 

cross-validation (LSCV) method to calculate the most appropriate smoothing parameter, as this 

is an objective procedure that does not assume any underlying distribution of fixes, and has 

been shown to perform well on a range of data (Worton 1989a, 1995b; Seaman et al. 1999).  

Moreover, the LSCV method was most appropriate for the present study because the size of the 

areas traversed by foxes varied considerably, and therefore a smoothing parameter applied 

uniformly to all foxes would have most likely produced spurious home-range estimates for 

some individuals (Schedvin 2007).  For each fox, Kernel home-range estimates are presented at 

5 % contour intervals between 5 % and 95 % probability estimates. 

 

6.2.4.3  Home-range Calculations 

Many studies have found that foxes possess distinct territories (Cavallini 1996b), that is, an area 

actively defended against incursion by conspecifics (Brown & Orians 1970).  For many taxa the 

area representing an individual’s territory is often smaller than its home range  

(e.g., Watson & Razafindramanana 1999; Bas et al. 2005; Anich et al. 2009), so I focus 
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exclusively on estimating home-range size, rather than territory size, in order to determine the 

full extent of the landscape utilised by foxes. 

 

Foxes for which fewer that 50 fixes were collected were excluded from home-range analyses.  

Although 30 fixes is often regarded as the minimum number that can be used in home-range 

analyses, 50 fixes is generally preferred (Kenward 1992; Seaman et al. 1999).  For all analyses, 

foxes were separated into two classes: (a) adults (≥ 1 year old), and (b) sub-adults (6–12 months 

old). 

 

Home-range estimates for the Kernel Contours method were produced using the Animal 

Movement Extension (Hooge & Eichenlaub 2000) in ArcView
™

 (version 3.3; Environmental 

Systems Research Institute, Inc.; Redlands, California, USA), while all other home range and 

movement analyses were performed with Ranges8 software (version 2.2: Kenward et al. 2008).  

To account for triangulation error, a buffer of 71.4 m (i.e., the average triangulation error: see 

section 6.2.3.5) was incorporated around all home-range estimates calculated with Ranges8.  To 

illustrate the considerable effect that buffer distances can have on home-range estimates, results 

for 100 % MCP home-range areas are also presented with: (a) no buffer and (b) a buffer 

incorporating ± one standard deviation from the average tracking error. 

 

Prior to calculating home-range size, the data for each fox were examined and any clear forays 

(i.e., a series of fixes recorded during a once-off movement well beyond the regular area of 

activity) were removed from the data to limit the influence of outlying fixes (following 

Berghout 2000).  Bias in home-range estimates may also occur when several successive fixes 

are recorded in the same location over a short time period (Swihart & Slade 1985, 1986; 

Cresswell & Smith 1992), but there were no such instances in my data.   

 

To determine if sufficient fixes were obtained to provide adequate representations of home-

range size, Minimum Convex Polygon home ranges for each fox were examined using an area-

accumulation plot (also referred to as an area-observation curve or incremental area analysis: 

e.g., Gese et al. 1990; Vernes & Pope 2001; Moseby et al. 2009).  Using this method, home-

range size is plotted against the number of fixes used; with sample size regarded as adequate if 

the accumulation plot reaches an asymptote (i.e., home-range size does not increase as more 

fixes are added) (Kernohan et al. 2001).  To produce area-accumulation plots, fixes can be 

added either randomly or sequentially (Harris et al. 1990; Kernohan et al. 2001), however I used 

the random method as this is more appropriate when working with discontinuous radio-tracking 

data (Harris et al. 1990).  In this process, home-range size for each fox was calculated 100 times 

at one-fix increments, using randomly sampled fixes.  The median home-range size at each 
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increment was then plotted as the proportion of the total home-range size (i.e., the proportion of 

the 100 % MCP based on all fixes).  Using this method, other researchers have plotted the mean 

home-range size of randomly sampled fixes (e.g., Schedvin 2007), however I selected the 

median value as this is less likely to be influenced by outliers (Czitrom & Spagon 1997).   

 

I also tested the data against a more objective home-range asymptote assessment estimate.  To 

achieve this, median home-range size was calculated 100 times at one-fix increments following 

the methods outlined above.  I then defined the home-range asymptote as the point at which the 

addition of one extra fix increased the median home-range area by < 1 % (Odum & Kuenzler 

1955).   

 

6.2.4.4  Home-range Overlap  

For home-range analyses, the methods used to assess interactions between animals are generally 

classified as either dynamic or static (Macdonald et al. 1980; Doncaster 1990; Kenward 2001).  

Dynamic analyses consider interactions between individual animals at a particular point in time 

(i.e., influenced by the temporal nature of relationships between individuals), whereas static 

analyses measure spatial overlap between individuals without reference to whether the space is 

shared simultaneously (Kernohan et al. 2001).  For this investigation, I focus entirely on static 

analyses. 

 

To determine the extent of space-use sharing (i.e., overlap) between foxes I used the following 

equation (following Kernohan et al. 2001): 

 

 

 

A 1, 2 A 1, 2

A 1 A 2
HR 1, 2 and HR 2, 1

 

 
Equation 6.1.  Formula used to determine the extent of overlap between fox home ranges (following 

Kernohan et al. 2001). 

 

 

 

where HR1,2 is the percentage of fox number 1’s home range that is overlapped by fox number 

2’s home range, and HR2,1 is the percentage of fox number 2’s home range that is overlapped by 

fox number 1’s home range.  A1 is the area of fox number 1’s home range, A2 is the area of fox 

number 2’s home range, and A1,2 is the area of overlap (i.e., hectares) between the home ranges 

of both foxes.  More sophisticated approaches exist for measuring overlap between individuals  
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(cf., Fieberg & Kochanny 2005), however I selected this technique because it is widely used, 

intuitive, simple to interpret (Kernohan et al. 2001), and readily comparable with previous work, 

both on foxes and other taxa. 

 

To quantify static overlap I used both Minimum Convex Polygon and Kernel Contours home-

range estimates.  MCPs are commonly used during static analyses of overlap (Kernohan et al. 

2001) and may be more suitable than other estimators for measuring space-use sharing for 

territorial species (Millspaugh et al. 2004).  However, MCP estimates may not always 

accurately portray space-use sharing because they focus exclusively on the outer home-range 

boundary and ignore the intensity of use within the home-range area (Kernohan et al. 2001).  

Consequently, I present overlap based on Kernel home-range estimates (which depict the 

intensity of use within the home-range boundary) to provide a counterpoint to the MCP overlap 

assessments.   

 

To estimate home-range overlap (using Equation 6.1), the necessary data were first calculated 

using geographic information system (GIS) software (ArcMAP
™

 9.3).  Using S-PLUS (version 

8.0 for Windows; Seattle, Washington, USA), a custom script was written that incorporated the 

above equation to calculate: (a) the percentage of home-range overlap between each fox, and (b) 

the overall percentage of home range that each fox shared with all radio-collared conspecifics 

(taking into consideration that some areas within the home range may have been overlapped by 

more than one fox).   

 

Overlap was calculated on outer home-range areas (100 % and 95 % MCP; 95 % Kernel) and 

core home-range areas (50 % MCP; 50 % Kernel).  For overlap analyses, home-range areas did 

not include fixes associated with clear forays made by foxes well beyond their regular area of 

activity (see section 6.2.4.3 above).  In addition, in some instances home ranges overlapped 

spatially but not temporally.  For example, the home range of ‘fox A’ and ‘fox B’ may have 

overlapped spatially, but an interval of five months existed between the final fix on fox A and 

the first fix on fox B.  Home-range overlap in such instances was disregarded.  It is also 

important to note that the overlap figures presented throughout this chapter are unlikely to 

represent absolute space-use sharing by telemetered foxes; determining that would require all 

neighbouring foxes to be tracked with radio-collars (which almost certainly did not occur).  

Therefore, overlap figures are best viewed as an approximate guide to space-use sharing only. 
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6.2.4.5  Twenty-four Hour Movements 

6.2.4.5.1  Adult Foxes   

The minimum distance (km) travelled during 24-hour periods was calculated for four adult 

foxes by summing the linear distance between successive fixes recorded at approximately  

30-minute intervals (beginning and ending at their diurnal resting place).  Other researchers that 

present figures on 24-hour movements for the Red Fox have collected fixes throughout the 

entire diurnal period (e.g., Blanco 1986; Servín et al. 1991; Travaini et al. 1993b), however I 

decided against this since previous radio-tracking indicated foxes in the study area were rarely 

active during the day (except for foxes resting in thick vegetation that occasionally shifted < 100 

m to a new resting place).  Consequently, in the present study once it was evident foxes had 

settled into a diurnal resting place following dawn, no further fixes were recorded during the 

diurnal period.   

 

The distance between successive fixes (inter-fix distances) was used to calculate approximate 

average travelling speeds during inter-fix periods and to provide additional information on the 

scale at which foxes respond to their surrounding environment.  In addition, the minimum  

24-hour range size was calculated by determining the 100 % MCP for each day’s fixes.  The 

minimum area covered during 24-hour movements was also expressed as a percentage of total 

home-range size (100 % MCP). 

 

6.2.4.5.2  Sub-Adult Foxes   

Minimum 24-hour range sizes and distances travelled were also calculated for four sub-adult 

foxes, although the procedure for collecting fixes on sub-adults differed from that used for 

adults.  Instead of obtaining fixes at 30-minute intervals on an individual fox, fixes were 

sequentially recorded on four sub-adult foxes.  This meant that during the 24-hour tracking 

periods fewer fixes were obtained on sub-adults than adults, as the time period between 

consecutive fixes on individual foxes exceeded 30 minutes (and was quite variable).  

Consequently, the resulting figures for sub-adults underestimate true range size and the distance 

travelled to a much greater extent than those presented for adults.  To overcome this, I present 

both the observed and expected minimum range size and distance travelled for sub-adult foxes.  

The expected values were calculated using an adult:sub-adult movement ratio developed using 

data from the 24-hour movements of adult foxes in the study area (see below; Equation 6.2).  

The equations listed below were used for calculating expected distance travelled, and also to 

estimate expected range size (except for range size calculations, where the equations read 

‘distance travelled’, they should read ‘range size’).  
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average observed distance 

travelled by adults during 

24 hours

average observed number 

of fixes on adults during      

24 hours

expected number of fixes on 

sub-adults if tracked for           

24 hours at 30-minute 

intervals (based on average 

observed number of fixes on 

adults during 24 hours)

=

Expected distance 

travelled by         

sub-adults           

during 24 hours

× ×

Ratio between distance 

travelled by adults 

during 24 hours and 

distance travelled by sub-

adults during 24 hours 

(see Eq. 6.2: B)  

                            (A) 

 

average observed distance travelled by 

sub-adults during 24 hours

expected distance travelled by adults 

during 24 hours (based on the average 

observed number of sub-adult fixes 

during 24 hours) (see Eq. 6.2: C)

Ratio between distance 

travelled by adults during 

24 hours and distance 

travelled by sub-adults 

during 24 hours

=

 

                  (B) 

 

average observed distance 

travelled by adults during 

24 hours

average observed number 

of fixes on adults during 

24 hours

×

average 

observed 

number of 

fixes on 

sub-adults 

during      

24 hours

=

Expected distance 

travelled by adults 

during 24 hours (based 

on the average observed 

number of fixes on sub-

adults during 24 hours)

 

                  (C) 

 
Equation 6.2.  Formula used to calculate the expected 24-hour distance travelled and range size of  

sub-adult foxes (based on 24-hour movement data from adult foxes in the study area).  Note that for range 

size calculations, where equations read ‘distance travelled’, they should read ‘range size’. 

 

 

 

Equation 6.2 assumes that the ratio of movement between adult and sub-adult foxes in the study 

area was 1:1 (during 24-hour tracking periods).  Previous research suggests this may not be true, 

with sub-adult and/or juvenile foxes found to travel between 58.1–99.9 % (mean =  

76.6 %) of the distance travelled by adult foxes during the same time periods (Eguchi & 

Nakazono 1980; Cavallini 1992; Meia & Weber 1995; Adkins & Stott 1998).  Consequently, in 

addition to presenting expected figures based on an adult:sub-adult movement ratio of 1:1,  

I also present data on the expected distance travelled by sub-adults based on the results of the 

aforementioned studies.  The expected range size of sub-adult foxes are based entirely on the 

24-hour range size of adult foxes in the study area, as I was unable to locate any literature 

providing details on the ratio of movement between adults and sub-adults (and/or juveniles) in 

relation to this aspect. 
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6.2.4.6  Maximum Range Span  

To provide further information on the ranging capabilities of foxes I measured the maximum 

linear distance between the two furthest fixes recorded for each fox.  These calculations 

incorporate all fixes collected during the entire tracking period; including those associated with 

distinct forays made during once-off movements well beyond the regular home-range area.  

These distances do not however, include dispersal events (i.e., when sub-adult foxes 

permanently settled in new territories). 

 

 

6.3  RESULTS 

6.3.1  Trapping Effort 

In total, 214 individual trap sites were established over 2516 trap-nights.  Twenty individual 

foxes were captured (adults = 8 ♂, 3 ♀; sub-adults = 3 ♂, 2 ♀; cubs = 2 ♂, 2 ♀) resulting in an 

overall trapping efficiency of one fox per 126 trap nights.  Two adult foxes (1 ♂, 1 ♀) were 

euthanased due to trap-related injuries (fractured metacarpus) and all fox cubs were euthanased 

as they were too small to be fitted with radio-transmitter collars.  No foxes were re-captured. 

 

6.3.2  Radio-tracking Effort 

Fourteen foxes were radio-tracked for varying amounts of time (Table 6.5) between June 2007 

and June 2008 (total study period = 371 days).  During this period a total of 2417 telemetry 

fixes were recorded during approximately 600 hours of radio-tracking, spread across 240 days.  

Of these fixes, 212 (8.8 %) were excluded from home-range analysis because: (a) they were 

recorded on foxes with < 50 fixes (n = 68 fixes), (b) they were associated with atypical 

movements made by foxes well beyond their regular area of activity (n = 41 fixes), or (c) they 

exceeded threshold values established for bearing collection time and/or the area of error ellipse 

(refer to section 6.2.4.1) (n = 103 fixes).  Table 6.6 provides descriptive statistics for the 

remaining 2205 fixes that were used for home-range analysis. 

 

Most fixes were obtained during nocturnal periods (63.8 %, n = 1406), followed by diurnal  

(34.2 %, n = 754), morning crepuscular (1.7 %, n = 38), and evening crepuscular periods  

(0.3 %, n = 7).  Fix collection was not evenly distributed throughout the main period of fox 

activity, being biased toward the first part of the evening (20:00–23:00) (Figure 6.2).  The 

majority of fixes were obtained while fox activity was ‘varied’ (42.7 %, n = 941), followed by 

‘active’ (36.6 %, n = 806), ‘inactive’ (20.7 %, n = 456), and ‘dead’ (0.09 %, n = 2).   
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Table 6.5.  Descriptive statistics for 14 foxes radio-tracked between June 2007 and June 2008.  Note that for ‘Fox ID’, A = adult and S = sub-adult, while ‘Tracking Period’ 

signifies the number of days between first and last tracking date (with figures in parentheses referring to the number of days telemetry fixes were obtained). 

 

MA 1 M 5.6 8-Jun-2007 12-Jun-2007 5 (3) 3 Unknown—loss of signal (unconfirmed sighting 5 weeks after capture, 18 km from last known location)

MA 2 M 6.4 16-Jun-2007 17-Feb-2008 247 (166) 342 Died of unknown cause

MA 3 M 5.8 2-Jul-2007 12-Jun-2008 347 (191) 358 Still alive at completion of study

MA 4 M 5.6 8-Jul-2007 12-Aug-2007 36 (27) 59 Died of unknown cause

MA 5 M 5.4 23-July-2007 1-Aug-2007 10 (10) 20 Euthanased due to broken hind leg (suspected cause: hunters/collision with motor vehicle)

MA 6 M 4.6 27-Jul-2007 21-Aug-2007 26 (24) 51 Died of unknown cause

MA 7 M 5.4 13-Oct-2007 12-Dec-2007 61 (40) 177 Unknown—loss of signal

FA 1 F 5.8 27-Aug-2007 2-Apr-2008 220 (141) 301 Died—suspected 1080 poisoning

FA 2 F 4.0 3-Oct-2007 12-Oct-2007 10 (10) 28 Died of unknown cause

MS 8 M 3.7 1-Feb-2008 28-Mar-2008 57 (54) 251 Died—suspected 1080 poisoning

MS 9 M 3.3 3-Feb-2008 12-Jun-2008 131 (65) 277 Still alive at completion of study

MS 10 M 3.8 8-Feb-2008 28-Apr-2008 81 (60) 264 Dispersed from study area—shot by hunters 48 km from last known location

FS 3 F 2.5 2-Feb-2008 7-Feb-2008 6 (6) 17 Unknown—loss of signal

FS 4 F 3.5 9-Feb-2008 12-Jun-2008 125 (59) 269 Still alive at completion of study

97      (61)

Tracking 

Period

Total 

Fixes

Weight 

(kg)

First Tracking 

Date
Fate

4.70

   (± 106)   (± 61) (± 136) (± 1.2)

173

Last Tracking 

Date

(± SD)

Mean 

Fox ID Sex
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Table 6.6.  Descriptive statistics for 2205 fixes used for home-range analysis.  Note that the total number 

of bearings used to calculate these fixes was 6785. 

 

Area (hectares) of error ellipse 0.02 (± 0.03) <.0.01–0.24

Distance (metres) between location where each bearing was 

taken and estimated fox location

485 (± 298) 6–2683

Number of bearings per fix 3.08 (± 0.29) 3–6

Time (minutes) between first and last bearing 7.62 (± 4.86) 2–40

Minimum bearing intersection angle (degrees) 31 (± 12) 2–105

Bearing error angle (degrees) (i.e., standard deviation of the 

error of the bearings for each fix to estimated fox location)

0.32 (± 0.31) 0–5

Variable Mean (± SD) Range
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Figure 6.2.  The relative percentage of telemetry fixes collected on all foxes during each hour of the diel 

period.  Note that these results do not include fixes that were excluded from home-range analysis.  Total 

number of fixes = 2205.   
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6.3.3  Home-range Asymptotes 

Figure 6.3 demonstrates that home-range areas for eight of the ten foxes reached an asymptote.  

Strictly speaking an asymptote was also achieved for the home ranges of the remaining two 

foxes (MA 4 and MA 6), but the steepness of lines on the area-accumulation plot (Figure 6.3) 

suggests that the sample size for these foxes was most likely insufficient to represent their true 

home-range area.  This is demonstrated further in Table 6.7 which shows that under a more 

objective assessment (the point at which adding one additional fix increased home-range area by 

< 1 %: see section 6.2.4.3 for more details), an asymptote was not achieved for the home ranges 

of foxes MA 4 and MA 6 until almost all fixes were included.  In contrast, the home ranges of 

foxes with much larger sample sizes generally became asymptotic after the inclusion of 

approximately 60–90 % of fixes (indicating sufficient fixes had been obtained).  Table 6.7 also 

demonstrates that when data from all foxes were combined, an average of 95 fixes was required 

to achieve 80 % of the outer MCP, and 138 fixes were required to reach 90 % of the outer MCP.  

As the sample sizes for foxes MA 4 and MA 6 were considerably smaller than these figures, the 

home-range values presented for these foxes should be treated with caution as they are almost 

certainly underestimates.   
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Figure 6.3.  Area-accumulation plot based on Minimum Convex Polygon (MCP) home ranges.  MCP home-range area was calculated 100 times at one-fix increments using 

randomly sampled fixes, with the median value at each increment plotted as the proportion of the outer MCP (i.e., the 100 % MCP generated from all fixes).  Results are 

presented on only those foxes for which > 50 telemetry fixes were obtained (although the sample size for MA 4 and MA 6 was < 50 fixes after outlying fixes and those exceeding 

threshold values were excluded).  Note that to quantify change in slope the data were smoothed with a loess regression model in S-PLUS (version 8.0 for Windows).   
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Table 6.7.  The number of fixes used to describe 100 % MCP home ranges, the number of fixes needed to 

reach an asymptote, and the number of fixes required to reach 50–90 % MCPs.  To determine this, home-

range size was calculated 100 times at one-fix increments using randomly sampled fixes.  Asymptotes 

were classified as the point at which the addition of one extra fix increased the median home-range area 

by < 1 % (Odum & Kuenzler 1955).  Note that figures in parentheses refer to the percentage of total fixes 

required to reach an asymptote. 

 

90% 

MCP

80% 

MCP

70% 

MCP

60% 

MCP

50% 

MCP

MA 2 307 245  (80) 190 134 87 56 37

MA 3 329 209  (64) 202 145 107 78 57

MA 4 49 47  (96) 38 32 26 21 16

MA 6 41 39  (95) 26 22 18 14 10

MA 7 172 121  (70) 92 54 33 21 16

FA 1 291 193  (66) 158 99 58 36 26

MS 8 224 198  (88) 161 125 81 60 42

MS 9 271 241  (89) 189 129 86 54 34

MS 10 256 237  (93) 168 113 79 57 41

FS 4 265 230  (87) 157 95 55 33 25

221 176  (83) 138 95 63 43 30

± 102 ± 79  (± 12) ± 63 ± 44 ± 30 ± 21 ± 14

Number of Fixes Required to Reach                                         

Selected Home-range Isopleths

± SD

Mean

Number of Fixes 

Used to Describe 

100 % MCP

Fox 

ID

Number of 

Fixes to 

Asymptote

 

 

 

 

6.3.4  Home-range Estimates 

Table 6.8 demonstrates how the accuracy of telemetry fixes influenced the size of home-range 

estimates.  Overall, 100 % MCP home-range areas calculated without buffers were significantly 

smaller than home-range estimates incorporating a buffer to account for telemetry error (34.9 m 

buffer: Z = -2.7557, P = 0.006; 71.4 m buffer: Z = -2.7539, P = 0.006; 107.9 m buffer: Z = -

2.7539, P = 0.006, Wilcoxon signed-rank test).  Actual home-range size is likely to fall 

somewhere between the estimates incorporating a 34.9 m buffer and a 107.9 m buffer  

(i.e., the average tracking error ± one standard deviation).  Apart from the home-range estimates 

listed in Table 6.8, all other estimates described in this chapter incorporate a 71.4 m buffer to 

account for the average telemetry error.   
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Table 6.8.  Minimum Convex Polygon (100 %) home-range estimates for adult and sub-adult foxes 

calculated using different tracking resolutions.  Figures in the ‘No buffer’ column are based on the 

assumption that telemetry fixes represent actual fox locations, whereas home-range figures in the 

remaining columns incorporate buffers to account for the mean (± 1 standard deviation) telemetry error 

distance.  Mean home-range figures are presented separately with and without MA 7 because this fox was 

highly nomadic and occupied an exceptionally large home range. 

 

MA 2 307 538 585 635 686

MA 3 329 1232 1291 1352 1415

MA 4 49 230 258 287 318

MA 6 41 1134 1193 1255 1319

MA 7 172 3332 3451 3574 3700

FA 1 291 467 505 544 586

MS 8 224 1304 1369 1436 1506

MS 9 271 696 741 788 837

MS 10 256 738 785 835 886

FS 4 265 955 1010 1067 1126

198

(all foxes) (± 131) (± 1136) (± 1168) (± 1201) (± 1234)

203

(excluding MA 7) (± 145) (± 439) (± 452) (± 465) (± 479)

254

(± 21) (± 278) (± 287) (± 296) (± 305)

221

(all foxes) (± 102) (± 870) (± 895) (± 920) (± 946)

226

(excluding MA 7) (± 107) (± 370) (± 381) (± 393) (± 405)

1177

1089

1238

Overall 811 860 911 964

Overall 1063 1119

Sub-adult 923 976 1032

1337

Adult 720 766 815 865

Adult 1156 1214 1275

Fox ID Total Home-

range Fixes

No Buffer

100 % MCP Home-range Size (ha)

34.9 m Buffer 71.4 m Buffer 107.9 m Buffer

Mean Telemetry 

Error (– 1  SD)

Mean Telemetry 

Error

Mean Telemetry 

Error (+ 1  SD)

 

 

To maximise the comparability of home-range estimates presented in the current chapter with 

those produced by other researchers, I also present 100 % MCP home-range areas at 10-fix 

increments for each fox (Appendix 6.2).  These estimates also detail the cumulative tracking 

period (in days) at each 10-fix increment and do not incorporate a buffer to compensate for 

telemetry error.  
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Home-range size between foxes varied considerably; with 100 % MCP estimates ranging from 

287–3574 ha (overall mean = 1177 ha, ± 920 ha SD; mean excluding MA 7 = 911 ha, ± 393 ha 

SD) (Table 6.9).  In general, home-range estimates produced using the MCP and Kernel 

methods varied considerably, with only one Kernel estimate (95 %) being larger than the 

equivalent MCP home range (Table 6.9).  Insufficient sample size prevented statistical analyses 

to test for possible effects of age (and also sex and season) on home-range area.  Nevertheless, 

when fox MA 7 (a nomad with an exceptionally large home range) was included in analyses, 

adult foxes had larger home ranges than sub-adults.  However, when MA 7 was removed, MCP 

estimates (100 % and 95 %) were considerably larger for sub-adults than adults, whereas 95 % 

Kernel estimates indicated adult home ranges were slightly larger than sub-adults.   

 

Home-range estimates (MCP) for foxes not included in the principal analyses are listed in 

Appendix 6.3. 

 

6.3.5  Core-range Estimates 

As with total home-range areas, almost all core estimates generated using the Kernel method 

were smaller than corresponding MCP core areas (Table 6.9).  The Kernel technique is more 

appropriate for identifying core areas as unlike the MCP method it enables multiple centres of 

activity to be defined within a home range (Kernohan et al. 2001).  The size of core areas 

(defined as the 50 % utilisation distribution Kernel contour) was quite variable, ranging from  

11–489 hectares (overall mean = 91 ha, ± 146 ha SD; mean excluding MA 7 = 46 ha, ± 45 ha 

SD) (Table 6.9).  A complete list of range size estimates at 5 % isopleth intervals is provided in 

Appendices 6.4–6.5 (including home range, nocturnal range and diurnal range). 

 

Figures 6.4–6.5 illustrate the shape and size of core areas as estimated with the Kernel Contours 

technique.  Sixty percent of foxes had a single core area of activity (utilisation distribution  

≤ 55 %); with the remaining foxes utilising 2–3 separate core areas (Figures 6.4–6.5). 
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Table 6.9.  Minimum Convex Polygon (MCP) and Kernel home-range estimates for adult and sub-adult 

foxes radio-tracked during 2007–2008.  Kernel estimates were produced using Fixed Kernels with 

smoothing parameters generated using the least-squares cross-validation (LSCV) method.  For all Kernel 

calculations cell size was set at one metre.  Mean home-range figures are presented separately with and 

without MA 7 because this fox was highly nomadic and occupied an exceptionally large home range. 

 

MA 2 307 635 466 264 124 14

MA 3 329 1352 605 291 128 35

MA 4 49 287 245 151 40 11

MA 6 41 1255 1136 936 72 116

MA 7 172 3574 3033 3196 1491 489

FA 1 291 544 467 187 76 19

MS 8 224 1436 1167 530 144 128

MS 9 271 788 728 215 64 19

MS 10 256 835 547 162 60 17

FS 4 265 1067 974 455 110 58

198 1275 992 837 322 114

(all foxes) (± 131) (± 1201) (± 1044) (± 1191) (± 574) (± 188)

203 815 584 366 88 39

(excluding MA 7) (± 145) (± 465) (± 334) (± 324) (± 37) (± 44)

254 1032 854 340 95 55

(± 21) (± 296) (± 272) (± 179) (± 40) (± 52)

221 1177 937 639 231 91

(all foxes) (± 102) (± 920) (± 797) (± 930) (± 444) (± 146)

226 911 704 354 91 46

(excluding MA 7) (± 107) (± 393) (± 323) (± 254) (± 36) (± 45)

Home-range Size (ha)

95 % 

Kernel 

50 %  

MCP 

100 % 

MCP 

50 % 

Kernel 

95 %  

MCP 

M
e
a
n
 (

±
 S

D
)

M
e
a
n
 (

±
 S

D
)

M
e
a
n
 (

±
 S

D
)

Total Home-

range Fixes

Overall

Overall

Sub-adult

Fox ID

Adult

Adult
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Figure 6.4.  The home-range utilisation distributions of six adult foxes radio-tracked during 2007–2008.  

Utilisation distributions are represented by Fixed Kernel Contours produced using a smoothing factor 

calculated with the least-squares cross-validation (LSCV) method.  Kernel isopleth values refer to the 

probability of all fox locations occurring within the area enclosed by the contours.  Note that results are 

not presented on foxes for which < 50 telemetry fixes were obtained.  For all calculations cell size was set 

at one metre. 
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Figure 6.5.  The home-range utilisation distributions of four sub-adult foxes radio-tracked during 2008.  

Utilisation distributions are represented by Fixed Kernel Contours produced using a smoothing factor 

calculated with the least-squares cross-validation (LSCV) method.  Kernel isopleth values refer to the 

probability of all fox locations occurring within the area enclosed by the contours.  Note that results are 

not presented on foxes for which < 50 telemetry fixes were obtained.  For all calculations cell size was set 

at one metre. 
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6.3.6  Home-range Overlap  

Home-range overlap (100 % MCP) between foxes ranged from 0 % to 100 % (mean = 42 %,  

± 39 %) (Table 6.10).  Overall there was much greater overlap between sub-adult foxes than 

between adult foxes.  This was true for MCP and Kernel estimates at both the 95 % and 50 % 

isopleth levels (Table 6.10).  Differences in overlap between adults and sub-adults were most 

pronounced at the core home-range level (50 %) where adult home ranges were virtually 

exclusive, while overlap between sub-adults remained reasonably high (Table 6.10).  

 

The average percentage of overlap differed little between MCP and Kernel home-range 

estimates, with the exception of adult foxes at the 95 % isopleth level where average overlap 

based on Kernel estimates was almost double the average MCP overlap.  For individual foxes 

there were no consistent trends in overlap based on MCP or Kernel estimates.  For some foxes 

MCP and Kernel values were similar, yet for others overlap varied widely between the 

estimators (and neither method consistently produced larger values). 

 

Figures 6.6–6.7 illustrate overlap of 100 % and 95 % MCP home-range areas for adult and sub-

adult foxes, respectively. 
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Table 6.10.  The percentage of home-range area (100 %, 95 %, 50 % MCP; 95 %, 50 % Kernel) that 

foxes shared with radio-collared conspecifics (accounting for areas within the home range shared with > 1 

fox).  Figures in parentheses refer to the number of radio-collared conspecifics with overlapping home 

ranges.  Note that foxes MA 5, FA 2 and FS 3 are included here, although they were excluded from the 

main home-range analyses of this chapter because < 50 telemetry fixes were obtained on them.   

 

MA 2 84 (3) 78 (2) 98 (3) 15 (1) 0 (0)

MA 3 24 (4) 32 (2) 92 (3) 0 (0) 0 (0)

MA 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

MA 5 100 (2) 0 (0) 34 (2) 0 (0) 0 (0)

MA 6 36 (3) 20 (2) 20 (3) 0 (0) 0 (0)

MA 7 6 (1) 7 (1) 6 (1) 1 (1) 0 (0)

FA 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

FA 2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

MS 8 85 (3) 81 (3) 51 (3) 47 (2) 16 (2)

MS 9 91 (3) 90 (3) 100 (3) 95 (2) 97 (2)

MS 10 74 (2) 85 (2) 92 (2) 100 (2) 96 (2)

FS 3 8 (1) 8 (1) 6 (2) 0 (0) 0 (0)

FS 4 40 (2) 29 (2) 9 (2) 0 (0) 0 (0)

31 17 31 2 0

[± 40] [± 27] [± 41] [± 5] [± 0]

60 59 52 48 42

[± 35] [± 37] [± 44] [± 49] [± 50]

42 33 39 20 16

[± 39] [± 37] [± 42] [± 37] [± 36]

Fox ID

Adult

M
e
a
n
  
  
  
 

[±
 S

D
]

M
e
a
n
  
  
  
 

[±
 S

D
]

M
e
a
n
  
  
  
 

[±
 S

D
]

Sub-adult

Overall

100 % MCP 

Percentage of Home-range Overlap

50 % Kernel 50 %  MCP 95 % Kernel 95 %  MCP 
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Figure 6.6.  Aerial photograph illustrating Minimum Convex Polygon (MCP) home-range overlap for eight adult foxes.  Solid lines signify 100 % MCPs, broken lines denote  

95 % MCPs.  Grey lines indicate 100 % MCPs for five sub-adult foxes (see Figure 6.7).  Note that the home range of foxes MA 5 and FA 2 are presented here, although they are 

not included in the main home-range analyses of this chapter because < 50 telemetry fixes were obtained on them.  The home ranges of foxes MA 4 and FA 2 overlapped 

spatially but not temporally, and this was also true for overlap between foxes MA 6 and MA 7. 
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Figure 6.7.  Aerial photograph illustrating Minimum Convex Polygon (MCP) home-range overlap for five sub-adult foxes.  Solid lines signify 100 % MCPs, broken lines denote  

95 % MCPs.  Grey lines indicate 100 % MCPs for eight adult foxes (see Figure 6.6).  Note that the home range of fox FS 3 is presented here although it is not included in the 

main home-range analyses of this chapter because < 50 telemetry fixes were obtained on it. 
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6.3.7  Twenty-four Hour Range Size and Movement Distances 

6.3.7.1  Adult Foxes 

During a 24-hour period the minimum area covered by individual adult foxes (as expressed by 

100 % MCPs) ranged from 136–1446 hectares (mean = 383 ha, ± 347 ha SD, n = 4 foxes (16 

sampling periods)) (Table 6.11).  These figures represent minimum 24-hour movements 

covering 6–73 % (mean = 34 %, ± 20 % SD) of overall home-range area (100 % MCP).  There 

was a significant linear relationship between home-range size and the average area covered 

during 24 hours (P = 0.04, r² = 0.92, n = 4 foxes (16 sampling periods)), but there was no 

significant relationship between home-range size and the average percentage of home range 

covered during 24 hours (P = 0.16, r² = 0.71, n = 4 foxes (16 sampling periods)). 

 

After four complete (non-consecutive) 24-hour tracking periods adult foxes had covered a 

minimum of 427–1948 ha (mean = 1001 ha ± 719 ha SD) which represents 55–87 % (mean = 73 

%, ± 12 % SD) of their overall home-range area (Table 6.11).  The average time between fixes 

for adult foxes was 39.6 minutes (± 4.8 minutes SD, range = 32–61 minutes, n = 223 fixes).   

 

 

 

Table 6.11.  The range size (in hectares) of four adult foxes tracked during November and December 

2007.  Figures include 100 % MCP home-range size based on all fixes, minimum 100 % MCPs after four 

complete (non-consecutive) 24-hour tracking periods, and minimum 100 % MCPs presented separately 

for each 24-hour tracking session.  Minimum 24-hour ranges were determined by tracking foxes at 

approximately 30-minute intervals, beginning and ending at their diurnal resting place.  Note that fixes 

were not collected during the main diurnal period (see section 6.2.4.5.1 above).  Figures in parentheses 

refer to the percentage of the overall 100 % MCP home-range area covered. 

 

MA 2 635 457 (72) 261 (41) 243 (38) 184 (29) 173 (27) 215 (34)

MA 3 1352 1172 (87) 138 (10) 393 (29) 993 (73) 136 (10) 415 (31)

MA 7 3574 1948 (55) 1446 (40) 405 (11) 383 (11) 224 (6) 615 (17)

FA 1 544 427 (78) 279 (51) 258 (47) 286 (53) 329 (60) 288 (53)

Mean 1526 1001 (73)

± SD ± 1412 ± 719 (± 12)

383 (34)

± 347 (± 20)

100 % MCP Minimum 24-hour Range Size

Period 2 Period 3 Period 4Period 1
Fox 

ID

Based on 

All Fixes

After Four Complete 

24-hour Tracking 

Periods

Mean
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The minimum (straight-line) distance travelled by individual adult foxes during 24-hour periods 

ranged from 4.8–16 km (mean = 9.4 km, ± 3.7 km SD, n = 4 foxes (16 sampling periods)) 

(Table 6.12).  There was no significant relationship between home-range size and the average 

distance travelled by adult foxes during 24 hours (P = 0.91, r² = 0.007, n = 4 foxes (16 sampling 

periods)).   

 

The distance between successive fixes (i.e., inter-fix distance) ranged from 0.01–3.2 km  

(mean = 0.6 km, ± 0.6 km SD, n = 223 fixes) (Table 6.12).  These figures equate to a maximum 

average travelling speed during the inter-fix periods of 4.8 km/h, and a general average 

travelling speed during the inter-fix periods of 0.9 km/h.  Figure 6.8 illustrates the shape and 

direction of 24-hour (straight-line) travel paths for each adult fox during the tracking periods, 

and highlights variations in the inter-fix distances.  

 

 

 

Table 6.12.  The minimum distance travelled during 24 hours by four adult foxes tracked during 

November and December 2007.  Minimum distances travelled were determined by summing the linear 

distance between successive fixes recorded at approximately 30-minute intervals throughout a 24-hour 

period (beginning and ending at the fox’s diurnal resting place; with no fixes collected during the main 

diurnal period: see section 6.2.4.5.1 above).  Information on inter-fix distances (i.e., the distance between 

successive fixes) is also presented.   

 

MA 2 8.8 4.8 5.2 5.3 0.01–1.2 0.4 (± 0.3)

MA 3 6.7 10.7 14.0 6.3 0.05–3.2 0.7 (± 0.7)

MA 7 14.8 8.7 5.7 7.1 0.01–2.5 0.6 (± 0.6)

FA 1 11.3 12.5 11.8 16.0 0.03–2.6 0.9 (± 0.7)

Mean (± SD) 9.4 (± 3.7) 0.6 (± 0.6)

Mean (± SD)

12.9 (± 2.1)

9.1 (± 4.0)

9.4 (± 3.6)

6.0 (± 1.9)

Inter-fix Distance (km)

Fox 

ID
Mean (± SD)Range

Minimum 24-hour Distance Travelled (km)

Period 

1

Period 

2

Period 

3

Period 

4
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Figure 6.8.  The 24-hour (straight-line) travel paths of four adult foxes tracked during November and 

December 2007.  Travel paths begin at the fox’s diurnal resting place (prior to dusk), with fixes recorded 

at approximately 30-minute intervals from shortly after dusk until the following morning when foxes had 

again settled at a diurnal resting place. For each fox, travel paths representing separate tracking periods 

are distinguished by colour. 
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6.3.7.2  Sub-Adult Foxes 

During 28 consecutive 24-hour tracking periods, the average time between fixes for sub-adult 

foxes was 112 minutes (± 66 minutes SD, range = 35–432 minutes, n = 615 fixes).  The 

minimum observed distance travelled by individual sub-adult foxes during 24-hour periods 

ranged from 0.8–12.2 km (mean = 5.4 km, ± 2.5 km SD, n = 4 foxes (107 sampling periods)) 

(Table 6.13).  There was no significant linear relationship between home-range size and the 

average distance travelled by sub-adult foxes during 24 hours (P = 0.14, r² = 0.74, n = 4 foxes 

(107 sampling periods)).  However, there was a significant linear relationship between the 

number of fixes collected on a fox during 24 hours (adults and sub-adults combined) and the 

observed distance travelled during that period (P = < 0.001, r² = 0.25, n = 8 foxes (123 sampling 

periods)).  Figure 6.9 illustrates the (straight-line) travel paths of four sub-adult foxes tracked 

during 28 consecutive 24-hour periods.  

 

Assuming the ratio of movement between adult and sub-adult foxes in the study area was 1:1 

(during 24-hour tracking periods), the average expected minimum distance travelled by sub-

adults was 11.2 km  (± 2.2 km SD) (Table 6.14).  Alternatively, if adult:sub-adult/juvenile 

movement ratios derived from results presented in previous studies are used, the average 

expected minimum distance travelled is 8.6 km (± 1.7 km SD) (Table 6.14).   

 

The average observed minimum 24-hour range size of sub-adult foxes was 149 ha (± 114 ha SD, 

range = 11–714 ha, n = 4 foxes (107 sampling periods)) (Table 6.13), which is 15 % of the 

average sub-adult home range (100 % MCP: Table 6.13).  There was no significant linear 

relationship between home-range size and: (a) the average area covered during 24 hours  

(P = 0.15, r² = 0.72, n = 4 foxes (107 sampling periods)), or (b) the average percentage of home 

range covered during 24 hours (P = 0.92, r² = 0.006, n = 4 foxes (107 sampling periods)). 

 

Assuming that the movement ratio between adult and sub-adult foxes in the study area was 1:1, 

the average expected minimum 24-hour range size for sub-adults was 310 ha (± 99 ha SD) 

(Table 6.14), which represents 30 % of the average sub-adult home range (100 % MCP: Table 

6.14). 
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Table 6.13.  The minimum observed distance travelled (km) and ranging area (ha) of four sub-adult foxes 

tracked during 24-hour periods in March 2008.  Minimum distances travelled were determined by 

summing the linear distance between successive fixes recorded at various time intervals (mean = 112 

minutes, ± 66 minutes SD) throughout 24-hour periods (beginning and ending at the fox’s diurnal resting 

place; with no fixes collected during the main diurnal period: see section 6.2.4.5.1 above).  Figures in 

square brackets refer to the percentage of the overall 100 % MCP home-range area covered. 

   

MS 8 1.7–12.2 7.0 (± 2.3) 31–714 217 (± 155) [15]

MS 9 0.8–8.8 5.4 (± 2.6) 11–350 150 (± 105) [19]

MS 10 0.9–7.8 4.1 (± 1.7) 11–251 91 (± 58) [11]

FS 4 1.7–9.9 5.5 (± 2.5) 26–331 152 (± 100) [14]

Mean (± SD) 5.4 (± 2.5) 149 (± 114) [15]

Minimum OBSERVED  24-hour 

Distance Travelled (km)

Minimum OBSERVED  24-hour 

Range Size (ha)

Fox ID Mean (± SD)RangeRange Mean (± SD)

 

 

 

 
 

Table 6.14.  The minimum expected distance travelled (km) and ranging area (ha) of four sub-adult foxes 

tracked during 24-hour periods in March 2008.  The figures for expected movements were calculated by 

correcting the observed movement data (Table 6.13) with: (a) an adult:sub-adult movement ratio based on 

the 24-hour movements of adult foxes during in the present study, and (b) the findings of previous studies 

reporting on the movements of adult and sub-adult/juvenile foxes (see section 6.2.4.5.2 above).  Figures 

in square brackets refer to the percentage of the overall 100 % MCP home-range area covered. 

   

MS 8 13.9 8.1–13.9 10.7 430 [30]

MS 9 11.1 6.5–11.1 8.5 310 [39]

MS 10 8.5 4.9–8.5 6.5 188 [23]

FS 4 11.4 6.6–11.4 8.7 313 [29]

RangeMean

11.2 (± 2.2)
Mean 
(± SD)

Fox 

ID

3.9–17.5

1.7–13.7

2.5–19.9

4.4–16.3

Range

Minimum EXPECTED          

24-hour Range Size (ha)

8.6 (± 1.7) 310 (± 99)

Mean

[30]

Mean

A
Previous studies indicate the distance travelled by sub-adult/juvenile foxes (during 24-hour

and/or nightly periods) is 58.1–99.9 % of the distance travelled by adults (mean = 76.6 %).

Refer to: Eguchi & Nakazono (1980); Cavallini (1992); Meia & Weber (1995); Adkins & Stott

(1998). Note that the 'Range ' figures presented here are the range of mean nightly

distances travelled based on the aforementioned studies.

Minimum EXPECTED  24-hour Distance 

Travelled (km)

Range

60–586

22–444

30–697

83–943

Based on adult movements 

during present study

Based on adult:sub-

adult/juvenile 

movement ratios from 

previous studies
A

Based on adult 

movements during 

present study
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Figure 6.9.  The 24-hour (straight-line) travel paths of four sub-adult foxes tracked during 28 consecutive 

days in March 2008.  Travel paths begin at the fox’s diurnal resting place (prior to dusk), with fixes 

recorded sequentially on each fox at various time intervals (mean = 112 minutes, ± 66  

minutes SD) from shortly after dusk until the following morning when foxes had again settled at a diurnal 

resting place. The travel paths of each fox are distinguished by colour. 
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6.3.8  Maximum Range Span  

The maximum linear distance between the two furthest fixes recorded for an individual fox was 

15.1 km (mean = 6.2 km, ± 3.9 km SD, range = 1.4–15.1 km, n = 13 foxes) (Table 6.15).  

 

 

 

Table 6.15.  Maximum linear distance between fixes for 13 foxes radio-tracked during 2007–2008.  

Tracking period (in days) and total number of fixes collected for each fox are also presented. 

 

MA 2 247 342 7.3

MA 3 347 358 7.0

MA 4 36 59 2.4

MA 5 10 20 1.8

MA 6 26 51 5.4

MA 7 61 177 10.0

FA 1 220 301 2.9

FA 2 10 28 1.4

MS 8 57 251 7.5

MS 9 131 277 15.1

MS 10 81 264 5.0

FS 3 6 17 10.1

FS 4 125 269 4.6

Maximum Linear 

Distance (km) 

Between Fixes

Tracking 

Period

Total 

Fixes
Fox ID
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6.4  DISCUSSION  

Fourteen foxes were radio-tracked for varying amounts of time, with home-range size ranging 

from 287–3574 ha based on 100 % MCPs and from 151–3196 ha according to the 95 % Kernel 

method.  Most home ranges included one core area of usage, although some foxes used 2–3 

separate core areas.  Overall, home-range overlap was more prevalent among sub-adults than 

adult foxes; particularly at the core home-range level where adult ranges were almost exclusive.  

During 24-hour periods, adult foxes travelled an average (minimum distance) of 9.4 km, and 

over the same period covered an average of 34 % of their home-range area (100 % MCP).   

Furthermore, 24-hour tracking revealed that sub-adult foxes habitually used the same travel 

paths while moving to and from a commercial vineyard to feed at night.  The importance of 

carefully considered home-range methodology was also evident, with estimates varying greatly 

according to the tracking resolution and home-range estimator used. 

 

6.4.1  Home-range Estimates 

Home-range estimates were extremely variable, ranging from 287–3574 hectares (100 % MCP: 

Table 6.9).  The largest home range (3574 ha) belonged to a male fox (MA 7) that travelled over 

an area that was more than 2000 hectares larger than the second biggest home-range estimate 

(MS 8: 1436 ha).  The movements of this fox were highly erratic; during a single evening he 

would often travel from one end of his range to the other (approximately 10 km straight-line 

distance) and then return to the opposite end of his range the following night.  On other 

occasions he would remain largely stationary for the entire evening.  These movements are 

consistent with Meia and Weber’s (1995) description of a nomadic adult fox in Switzerland.  

Several other researchers have likewise established that a small proportion of the Red Fox 

population do not occupy steady ranges but instead roam over large areas (e.g., Zimen 1984; 

Berghout 2000; Dekker et al. 2001).  Such individuals have collectively been referred to as 

nomadic, itinerant, floating or transient foxes, although their classification remains largely 

arbitrary. 

 

Meia and Weber (1995) argued that because only a small proportion of foxes in any population 

are nomadic, such individuals should be treated separately in home-range studies; warning that 

the inclusion of a single nomadic fox could upwardly bias the average home-range values for 

the study population.  This was certainly true in the present investigation where average home-

range estimates with- and without the nomadic fox MA 7 varied enormously.  When MA 7 was 

excluded, average home-range areas were markedly smaller than when all foxes were 

considered together; particularly at the core home-range level (Table 6.9).  For instance, for 

adult foxes the average 50 % MCP home-range area was 322 ha when MA 7 was included and 

88 ha when MA 7 was examined separately (Table 6.9).  These results clearly support Meia and 
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Weber’s (1995) premise and highlight the need for diligence when considering home-range data 

on the Red Fox. 

 

The average home-range area of foxes in the present study (excluding MA 7) was 911 ha for the 

100 % MCP; 704 ha for the 95 % MCP; and 354 ha for the 95 % Kernel estimator (Table 6.9).  

It is difficult to directly compare home-range estimates between studies owing to differences in 

the fox population, study environment, number of animals sampled, study duration and methods 

used (Marlow 1992; Berghout 2000).  This is especially true for investigations conducted in 

different continents, where comparisons between studies may result in inappropriate and 

misleading conclusions (Marlow 1992).  Nevertheless, in Australia a small number of other 

researchers have also estimated fox home ranges in temperate agricultural landscapes similar to 

the present study area (Table 6.2), and therefore it is worthwhile commenting on my findings in 

relation to the home-range estimates from these investigations. 

 

Based on previous studies, the average home-range size (100 % MCP, 95 % MCP) of foxes in 

agricultural landscapes in Australia generally ranges from approximately 300 ha to 700 ha  

(Table 6.2).  Clarke (2006) presented a much larger estimate of 2420 ha for a female fox on the 

Eyre Peninsula of South Australia, although this estimate was based on only seven fixes 

collected over a period of three days, so it is unclear whether these fixes were truly 

representative of home-range area or whether they were associated with a dispersal event.  

Excluding Clarke (2006), the average home-range values from foxes in my study area are 

similar to those presented for agricultural landscapes elsewhere in Australia.   

 

In all except two instances, the home-range estimates produced using the Minimum Convex 

Polygon (MCP) method were larger than those based on the Kernel Contours technique (Table 

6.9).  This mirrors the results of Berghout (2000) who also tracked foxes in temperate 

Australian farmland and reported larger average home-range values using the MCP method 

compared to the Kernel technique (Table 6.2).  These results are the product of the different 

means by which home-range areas are estimated using the MCP and Kernel methods.  Using the 

MCP technique, home range is calculated by linking the outermost fixes of an animal’s 

movements to create the smallest possible convex polygon. MCP estimates are therefore 

strongly influenced by peripheral fixes and because the method is constrained by convexity, 

home-range areas often include large regions that are never visited (Harris et al. 1990; Blundell 

et al. 2000; Powell 2000; Burgman & Fox 2003).  By comparison, the Kernel Contours 

technique is largely immune to the influence of outlying fixes as it smooths location data to 

create contours around areas of equal usage.  For this reason, Kernel home-range estimates are 
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likely to be closer to the true area used by foxes, with MCP estimates useful for highlighting 

foraying behaviour and space use on the outer limits of an individual’s range (Berghout 2000). 

 

Kernel estimates also revealed that most of the radio-collared foxes used one core area within 

their home range, with a smaller number of individuals utilising two to three separate core areas 

(Figures 6.4–6.5).  Despite the abundance of home-range studies on the Red Fox throughout the 

world (Table 6.1) there is surprisingly little information on the number of core areas used.  

Nevertheless, the information that is available corresponds with the findings of the current 

study, with foxes in a residential area of England (Woollard & Harris 1990) and mixed 

agricultural areas of Italy and Australia (Pandolfi et al. 1997; Berghout 2000, respectively) all 

found to occupy between one and four core areas.    

 

6.4.2  Home-range Overlap 

Many adult foxes shared parts of their 95 % home-range area with radio-collared conspecifics, 

yet space use at the core home-range level (50 %) was almost exclusive (Table 6.10).  Several 

other studies of the Red Fox have likewise established that core home-range areas are either 

used exclusively or are shared to a much lesser extent than outer home-range areas  

(e.g., Macdonald et al. 1980; Marlow 1992; Takeuchi & Koganezawa 1992; Berghout 2000; 

Meek & Saunders 2000).  While I did not attempt to measure territoriality among foxes in the 

current study, my results are consistent with research on other territorial species that shows the 

area comprising an individual’s territory is smaller than its home range (e.g., Watson & 

Razafindramanana 1999; Bas et al. 2005; Anich et al. 2009).  In other words, while adult foxes 

in the study area tolerated overlap with other foxes on the outer limits of their home range, it 

appears they were territorial at the core home-range level and may have actively excluded 

conspecifics from this area (i.e., their territory).   

 

In contrast, spatial overlap between three of the five sub-adult foxes remained high at the core 

home-range level, with one individual (MS 10) sharing between 96 % (Kernel) and 100 % 

(MCP) of its core home-range area (Table 6.10).  It is probable that these three sub-adults were 

members of the same litter as two were captured in traps only 200 m apart, while the third was 

trapped 1.4 km away (all within a seven-day period).  In addition, the weight of each individual 

varied by less than 0.5 kg.  Overlap of core home-range areas by different members of the same 

family group has been recorded for the Red Fox elsewhere (Hersteinsson & Macdonald 1982; 

White et al. 1996).  This may explain why, unlike adult foxes, these sub-adults shared their core 

home ranges extensively and were so tolerable of each other that on occasions they occupied 

diurnal resting places less than 30 m apart.  It is unclear whether the two remaining sub-adults 

also shared their core home-range area with conspecifics.    
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It was not possible to determine how many unmarked foxes occupied home ranges that 

overlapped with radio-collared individuals.  Even though unmarked foxes were rarely observed 

throughout the study area (24 sightings during > 2500 hours of field-work), at least three 

unmarked vixens were known to raise cubs within the home ranges of radio-collared males.  

Previous research on the Red Fox has established that the home ranges of breeding pairs overlap 

extensively (e.g., Hersteinsson & Macdonald 1982; Cavallini 1992; Poulle et al. 1994; White et 

al. 1996; Lenain et al. 2004).  Therefore, owing to the small number of females captured during 

this study, the results are best viewed as representing home-range overlap between male foxes 

only. 

 

6.4.3  Twenty-four Hour Movements 

6.4.3.1  Range Size  

The average minimum area covered by adult foxes during 24 hours was 383 hectares  

(range = 136–1446: expressed as 100 % MCP; Table 6.11).  Over the same time period sub-

adults were estimated to cover an average of at least 310 hectares (refer to section 6.3.7.2; Table 

6.14).  These areas of use are markedly larger than those reported for the Red Fox in other parts 

of the world.  For instance, in the United Kingdom foxes covered an average of 17.6 hectares 

per night in urban Oxford (Doncaster & Macdonald 1997) and an average of 19.4 hectares each 

night in residential Bristol (Saunders et al. 1993c).  In the Jura Mountains of Switzerland, the 

area covered by foxes during 24 hours ranged from 7 to 186 hectares (Meia & Weber 1995).   

 

The proportion of the overall home-range area covered by foxes during 24 hours in the current 

study also differed from those reported by other researchers; although the difference was less 

pronounced than the actual area (i.e., hectares) covered.  On average, adult foxes in my study 

area covered 34 % of their home range during 24 hours (100 % MCP; Table 6.11), while  

sub-adults were estimated to cover 30 % of their home-range area during this period (refer to 

section 6.3.7.2).  In other parts of the world the Red Fox has been shown to cover, on average, 

between 23.4 % and 64.9 % (mean = 42.1 %) of its home range each night (or during 24-hour 

periods) (Blanco 1986; Cavallini 1992; Saunders et al. 1993c; Meia & Weber 1995; Cavallini 

1996a; Doncaster & Macdonald 1997; Adkins & Stott 1998).     

 

Goszczyński (2002) reviewed data from the aforementioned studies and identified a negative 

relationship between overall home-range size and the proportion of the home-range area 

covered daily.  In other words, foxes with large home-range areas will generally cover a smaller 

proportion of their home range each night compared to foxes with small home ranges.  In the 

present study, this relationship held true for adult foxes but not for sub-adults.  Nevertheless, 

Goszczyński’s (2002) conclusion is supported when my results are compared with those of 
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other researchers’ (Blanco 1986; Cavallini 1992; Saunders et al. 1993c; Meia & Weber 1995; 

Cavallini 1996a; Doncaster & Macdonald 1997; Adkins & Stott 1998), as the average home-

range area (100 % MCP) from across these studies (145 ha) was much smaller than the present 

investigation (911 ha).  This explains why foxes in my study area covered a smaller proportion 

(on average) of their home range during 24 hours than would be expected based on the 

combined results of the above-stated research.  

 

Many factors influence home-range size, such as the animals’ age, sex and reproductive status 

(Larter & Gates 1994; Rhim 2006), along with other factors such as population density 

(Sanderson 1966; Kwiatkowski & Sullivan 2002; Dahle et al. 2006) and food availability 

(Krekorian 1976; Gittleman & Harvey 1982; Fisher 2000; Hansen & Closs 2005).  Of these 

factors, food availability provides the most likely explanation for the much larger home ranges 

in my study area compared with foxes in other countries.  For instance, three of the 

aforementioned studies (Saunders et al. 1993c; Doncaster & Macdonald 1997; Adkins & Stott 

1998) were conducted in urban areas where food resources for foxes are generally much higher 

(Lavin et al. 2003; Baker et al. 2007; Herr 2008) than in agricultural landscapes.  Moreover, 

other investigations reporting smaller home ranges were conducted in areas with much higher 

rainfall than my study (e.g., average monthly rainfall for Blanco 1986; Cavallini 1992; Meia & 

Weber 1995 = 119–284 mm; current study = 30 mm), and high rainfall areas are commonly 

associated with greater species richness for small mammals, birds and other components of the 

fox diet (e.g., Owen 1989; Medellin 1994; Robertson et al. 1998a; Heaney 2001).  Therefore, in 

comparison with other parts of their range, food resources in my study area were probably less 

abundant and more spatially dispersed, necessitating the larger fox home ranges. 

 

6.4.3.2  Distance Travelled 

The average minimum distance travelled by adult foxes during 24 hours was 9.4 km (Table 

6.12), while for sub-adults this (expected) distance ranged from 8.6 km to 11.2 km (refer to 

section 6.2.4.5.2; Table 6.14). It is important to note that these figures were calculated by 

summing the straight-line distance between consecutive fixes collected at various time intervals.  

Therefore, these values do not represent the true distance travelled by foxes; rather they are 

absolute minima, as the foraging paths of foxes are far more likely to be tortuous than linear. 

 

Many other researchers have also used this technique to estimate the locomotor activity of the 

Red Fox during 24-hour periods (Eguchi & Nakazono 1980; Blanco 1986; Servín et al. 1991; 

Takeuchi & Koganezawa 1992; Saunders et al. 1993c; Travaini et al. 1993b; Meia & Weber 

1995).  The average distance travelled each day by foxes in these studies ranged from  

2.8 km in southern Japan (Eguchi & Nakazono 1980) to 7.9 km in south-west Spain (Servín et 
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al. 1991), with an overall average across studies of 6.1 km.  These distances are smaller than the 

average distance travelled by foxes in my study area, which is also true for the combined 

average home-range size from these studies (181 hectares vs. 911 hectares for the current 

investigation: Table 6.9).  These differences imply that foxes with large home ranges may travel 

greater distances each day compared to foxes with small home ranges (as suggested by Meia & 

Weber 1995).  However, in the present study there was no significant linear relationship 

between home-range size and the distance travelled by foxes during 24 hours.  Of the adult 

foxes radio-tracked for example, fox FA 1 had the smallest home-range area yet travelled  

(on average) the furthest distance each day (Table 6.12).  Goszczyński (2002) likewise found no 

relationship between home-range size and the distance moved daily by foxes, despite reviewing 

data on the movement and home range of the Red Fox from across its entire geographical range.   

 

This result reflects the fact that the amount of energy an animal can spend each day on locomotion 

is restricted by its body mass (cf., Garland 1983).  Consequently, regardless of how large a fox’s 

home range is, there is a limit to the maximum distance it can travel each day.  In this regard, 

foxes with small and large home ranges may travel approximately the same distance in search of 

their daily food requirements; the main difference is that foxes with larger home ranges are likely 

to forage in different areas of their range each night because of the lower abundance and greater 

dispersion of food resources. 

 

In the present study, there was a significant positive linear relationship between the number of 

fixes collected on a fox during 24 hours and the estimated distance travelled during that period 

(see section 6.3.7.2).  Moseby et al. (2009) also noted that the number of fixes collected strongly 

influenced estimates of the distance travelled by foxes.  Many of the researchers that radio-

tracked foxes to estimate their daily travelling distances collected fixes at 60-minute intervals 

(Blanco 1986; Servín et al. 1991; Takeuchi & Koganezawa 1992; Travaini et al. 1993b), which 

is double the interval used (on adults) in the present study.  This means my estimates were 

based on more fixes, which may explain why the distances travelled by foxes in my study are 

larger than those in other areas.  Indeed, when I removed every second fix (on adult foxes) from 

the 24-hour sampling periods to simulate a 60-minute sampling interval, the average distance 

travelled by adults during 24 hours was 5.1 km.  This figure is comparable with those presented 

by other researchers, which supports the idea that the larger than average travelling distance by 

foxes in my study area was simply an artefact of the different sampling regime used. 

 

Monitoring the distance travelled by foxes during 24-hour periods also revealed that three of the 

four radio-collared sub-adults regularly fed on grapes in a commercial vineyard.  In fact, the 

vineyard was favoured to such an extent that during a period of 22 consecutive nights, there 
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were only five nights when fox MA 9 was not recorded in the vineyard, and during the same 

period fox MA 8 travelled to the vineyard on 11 consecutive nights.  Throughout this period the 

consumption of grapes by individual foxes was so pronounced that many scats were located 

which consisted almost entirely of grape seeds and skins.  Fox scats of this kind were also found 

on properties (up to 3.5 km from the vineyard) that were not occupied by radio-collared foxes; 

indicating other foxes in the area were travelling considerable distances to the vineyard to 

exploit this resource.  Grapes have likewise been shown as important seasonal food sources for 

foxes in rural Italy (Lucherini et al. 1995; Lovari et al. 1996), while researchers in other parts of 

the world have also established that foxes will travel considerable distances (up to 8 km) to visit 

localised concentrations of food (e.g., spawning salmon in Japan, rubbish dumps in Poland: 

Tsukada 1997; Gołdyn et al. 2003, respectively). 

 

When moving to and from the vineyard (which was 2.5–3.5 km from the centre of each fox’s 

home range) the foxes abandoned their usual meandering travelling pattern and moved in an 

uncharacteristically direct and rapid manner.  These very deliberate movements were indicative 

of a learned response by the foxes to exploit an easily-obtainable and highly-abundant food 

source.  Radio-tracking foxes during these movements highlighted that individuals habitually 

used the same travel corridors when moving between the vineyard and their core home-range 

area.  Although this behaviour was obvious during field-work, these movements were often 

undertaken too rapidly to permit accurate triangulation of their position, which made 

quantifying the exact location of their movement paths difficult.  Nevertheless, the distinct 

corridors of movement between the foxes’ main areas of activity and the vineyard can be seen in 

Figure 6.9 (particularly for foxes MS 8 and MS 9) which shows all fox movements recorded 

during 28 consecutive 24-hour tracking periods.  The number of tracking days for adult foxes 

was insufficient to determine whether they too displayed similar habitual movements.  

Nevertheless, foxes in France and Poland have been shown to frequently use the same trails 

(Maurel 1983; Goszczyński 2002, respectively), while Adkins and Stott (1998) also suggested 

certain travel routes used by foxes in Canada may have been habitual.  These authors also 

established that foxes travelled rapidly between foraging areas within their home range (Adkins 

& Stott 1998). 

 

6.4.4  Radio-tracking Effort 

During the 12-month study period approximately 600 hours were spent radio-tracking foxes, 

while during the same period ≈ 2000 additional hours were devoted to other field-work duties.  

Given these additional commitments, it was not possible to distribute fix collection times evenly 

throughout the entire diel period, and most fixes were concentrated in the first few hours after 

dusk (Figure 6.2).  Although this period coincided with the times of greatest fox activity, it is 
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possible that the home-range figures presented may underestimate the true area occupied by 

foxes owing to the reduced sampling of other time periods.   

 

A study of the Barking Owl (Ninox connivens connivens) in north-east Victoria (Schedvin 2007)  

is one of the few investigations to address this issue; with home-range estimates based on fixes 

collected from dusk to 0100 h found to be 12 % smaller, on average, than estimates generated 

from data collected throughout the entire night.  In Wisconsin USA, home-range estimates 

based on half-night sampling protocols (1800–2400 h) for the Coyote (Canis latrans) were 

likewise 12 % smaller, on average, than estimates based on all-night tracking (1800–0600 h) 

(Smith et al. 1981).  Harrison (2002) also investigated this issue for Gray Fox (Urocyon 

cinereoargenteus) home ranges in New Mexico USA.  In this study, home-range size based on 

all-night fixes (sunset to sunrise) was compared with home-range estimates derived from three 

separate periods (sunset–2400 h; 2100–0300 h; 2400 h–sunrise).  Home-range estimates based 

on fixes collected from sunset to 2400 h were most similar to those calculated from all-night 

fixes; with average home-range areas from this period spanning 85–101 % of full-night 

estimates.  While it is unclear how these results relate to the home ranges of the Red Fox in my 

study area, based on the evidence presented above it is possible that true home-range size may 

be underestimated by approximately 10–15 %. 

 

6.4.5  Reporting Home-range Methods and Results 

In this chapter, I have demonstrated the importance of detailed reporting on the methods and 

results associated with fox home-range estimates.  Careful consideration of the accuracy of the 

fixes used to calculate home-range areas is paramount to calculating reliable estimates of home-

range sizes (Table 6.8).  It is also crucial to identify whether home-range areas for each 

individual fox reach an asymptote, as this will determine how much confidence can be afforded 

to the home-range estimates for each fox. 

 

Improving the reporting of Red Fox home-range studies is essential in order to enable 

researchers and wildlife managers to use home-range data to their full potential.  If key 

information relating to the methods or results of a home-range study is omitted, then the 

findings from that study may potentially be disregarded.  Such a scenario not only impairs our 

ability to manage fox populations, it also represents a huge waste of effort on the researchers’ 

behalf, given the enormous time and labour that radio-tracking foxes requires.  

 

The aim of this chapter was not to demonstrate how to undertake a flawless radio-tracking 

study, rather my intention was to establish a minimum standard for the reporting of methods and 

results in fox home-range studies (i.e., asymptote testing; detailing the number, accuracy, and 
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collection period of fixes; presenting home-range estimates at numerous isopleth intervals and 

fix increments).  All radio-tracking investigations are limited in some way and my study was no 

exception (for example, see section 6.4.2 above).  However, it is crucial that these limitations 

are openly reported so that other researchers can: (a) collectively appreciate the difficulties 

associated with radio-tracking foxes, and (b) determine for themselves whether these limitations 

affect the applicability of the results to other situations.  If the reporting of methods and results 

as presented in this chapter is adopted in future home-range studies, I believe the comparability 

of results between studies will improve and all home-range studies will contribute toward a 

better understanding of fox ecology. 

 

6.4.6  Conclusion  

This chapter improves the current understanding of fox spatial ecology in Australia.  The results 

are especially valuable given that relatively little information is presently available on the 

movements of foxes in temperate agricultural landscapes in this country.  A handful of 

Australian studies have presented data on the home ranges of foxes in farmland areas, but this is 

the first investigation to document the distances that foxes travel and the areas over which they 

range on a nightly basis in these landscapes.  Another particularly important finding was that 

some foxes habitually travelled over the same ground when moving between foci of interest.  

While researchers in other countries have noted similar behaviour, to the best of my knowledge 

this has never been shown for the Red Fox in Australia. 

 

While this chapter greatly enhances the understanding of fox movements in temperate 

agricultural areas, it is paramount that similar studies are conducted on other fox populations to 

further advance our knowledge of this subject.  Particular attention should be paid to 

determining the nightly ranging capabilities of foxes and whether, as in this study, particular 

areas are used habitually while moving throughout the landscape.  A better understanding of 

these aspects of fox behaviour could lead to the identification of particular features and/or areas 

within agricultural landscapes that are favoured by foxes.  Information of this kind would not 

only improve the efficiency and effectiveness of fox-control campaigns, it would also identify 

those areas within agricultural landscapes where vulnerable wildlife species are most at risk of 

fox predation. 

 

The most obvious outcome of this work is improved management of fox populations in 

agricultural areas.  Enhanced knowledge of the spatial requirements of foxes and the way in 

which they move throughout such landscapes will enable land managers to development more 

appropriate and effective control strategies for foxes in agricultural areas.  As evidence of this, 

in the following chapter I use data from the current study to assess the suitability of a 
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community-based fox-baiting program conducted throughout the study area, and subsequently 

recommend how this program could be improved based on knowledge of fox movements in this 

region.  A detailed discussion of the broader implications of these results for the management of 

the Red Fox and Bush Stone-curlew will also be presented in Chapter 8. 
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CHAPTER 7 
 

IMPROVING  FOX  BAITING   

FOR  BUSH  STONE-CURLEW  CONSERVATION 

 
7.1  SUMMARY 

In this chapter I examine a community-based baiting program designed to protect the Bush 

Stone-curlew (curlew; Burhinus grallarius) from predation by the Red Fox (fox; Vulpes 

vulpes).  In doing so, I report on landholder baiting methods and the survival of radio-collared 

foxes during a month-long baiting campaign.  Moreover, I compare the spatial coverage and 

likely effectiveness of the landholder baiting program with two hypothetical baiting strategies, 

and discuss the utility of each approach.  I conclude the chapter by proposing a novel baiting 

strategy that may improve fox management for curlew conservation in south-eastern Australia. 

 

7.1.1  Fox Control for Bush Stone-curlew Conservation 

In recognition of the great threat that foxes pose to curlew populations (cf., Pringle 1987; 

Webster & Baker-Gabb 1994; del Hoyo et al. 1996; Robinson 1998; DSE 2004; see also 

Chapter 3, section 3.1.2), a variety of management practices are currently employed in an 

attempt to limit the impact of fox predation on curlews (see Chapter 1, section 1.4.10; Price 

2004; Davey 2005; DEC NSW 2006; Treilibs 2006).  Many of these practices however, are 

unlikely to provide population-wide benefits to curlews as they are restricted to individual 

locations or isolated breeding pairs (e.g., erecting predator-exclusion fences around small areas 

of known curlew habitat or using temporary electric netting to protect nest sites).  At present, 

the only method of fox management that has the potential to provide far-reaching population 

benefits to curlews is broad-scale poison baiting (see below). 

 

A summary of fox management techniques commonly used in Australia is presented in 

Appendix 7.1.  Of these techniques, poisoning using meat baits impregnated with sodium 

monofluoroacetate (commonly known as ‘compound 1080’) is currently the most effective and 

widely used method of broad-scale fox control in this country (Saunders et al. 1995; 

Environment Australia 1999; Reddiex et al. 2006; Gentle et al. 2007; Sharp & Saunders 2007; 

West & Saunders 2007; Mahon 2009).  Sodium monofluoroacetate (hereafter, 1080) is the 

principal toxicant used to control foxes in Australia primarily because they have a relatively 

higher sensitivity to 1080 compared with native wildlife (McIlroy 1986).  This is especially true 

in parts of Western Australia where many native species have a greater tolerance of 1080 due to 

the natural occurrence of fluoroacetate in the environment (in plants of the Gastrolobium and 

Oxylobium genera: Calver & King 1986; Twigg & King 1989, 1991; Martin & Twigg 2002).  
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The reduced susceptibility to 1080 of native wildlife in these areas enables baits to be 

distributed over vast tracts of land via aircraft without significantly increasing the risk of 

poisoning non-target species (e.g., King 1989; de Tores et al. 1998; Thomson & Algar 2000).  

In south-eastern Australia where fluoroacetate-bearing vegetation does not occur naturally, 

native wildlife are more sensitive to 1080 and aerial baiting for foxes is not permitted (except 

under exceptional circumstances where endangered species are being protected on Crown land: 

Sharp & Saunders 2004b).  Instead, it is mandatory in most areas to bury 1080 baits to increase 

the target specificity toward foxes and reduce the likelihood of bait exposure to non-target 

species (Saunders & McLeod 2007). 

 

Numerous investigations have established that broad-scale 1080 baiting is effective at reducing 

fox abundance (e.g., Thompson & Fleming 1994; Coman et al. 1995; Fleming 1996; Banks et 

al. 1998; Dexter & Meek 1998; Risbey et al. 2000; Thomson et al. 2000; Körtner & Watson 

2005) and subsequently has resulted in increased abundance and/or reproductive output by 

vulnerable native wildlife species (e.g., Kinnear et al. 1988; Friend 1990; Morris 1992; Bailey 

1996; Priddel & Wheeler 1997; Vertebrate Biocontrol CRC 1999; Orell 2004; Olsson et al. 

2005; Murray et al. 2006; Kinnear et al. 2010).  However, these baiting programs were mostly 

conducted by researchers or government agencies, and as Saunders and McLeod (2007) 

highlight, the amount of effort and resources devoted in these instances is generally much 

greater than that of 1080 baiting undertaken by individual landholders.  Moreover, it is unclear 

to what extent these published evaluations reflect the outcomes of landholder-based baiting 

programs (Saunders et al. 2005) as there is a distinct lack of information on the latter form of 

baiting (Saunders & McLeod 2007).  This is significant given that fox management in 

agricultural landscapes is heavily reliant on landholder baiting programs (cf., Greentree 2000; 

Gentle 2005; Saunders & McLeod 2007; West & Saunders 2007).  

 

Increasing knowledge of landholder-based baiting programs is especially important for Bush 

Stone-curlew conservation in south-eastern Australia.  Unlike other vulnerable species, curlews 

in this region are not protected in large public conservation reserves where it is possible to 

implement broad-scale government-administered baiting campaigns at the most opportune time 

for the species’ benefit.  Rather, southern populations of curlews are now largely confined to 

agriculture-dominated landscapes on private land (Johnson & Baker-Gabb 1994; Robinson 

1994; DEC NSW 2006); making any efforts to conserve the species via broad-scale fox baiting 

reliant on the cooperation and participation of individual landholders.  For this reason, 1080 

baiting for curlew conservation cannot always be conducted at optimal times; instead it is 

limited to times when landholders are willing to participate.  Given this constraint, it is 
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imperative that the baiting procedures employed by landholders reduce fox populations for as 

long as possible to increase the benefits to curlews. 

 

In this chapter, I improve our understanding of landholder-based baiting programs by examining 

how 1080 baits are deployed during a community-based fox-baiting campaign designed to 

protect the Bush Stone-curlew (see below for description).  The purpose of this work is to assess 

the adequacy of landholder baiting practices and to provide recommendations on how to 

improve baiting to maximise the potential impact on foxes to benefit curlews. 

 

7.1.2  The Broken–Boosey Conservation Management Network Community Fox-Baiting Program 

The Broken–Boosey Conservation Management Network (hereafter, BBCMN) incorporates an 

area of approximately 350 000 ha (3500 km²) across northern Victoria; encompassing (among 

others) the townships of Barmah, Nathalia, Numurkah, Katamatite, Tungamah and Thoona.  

The primary objective of the BBCMN is to improve the cooperative management of 

biodiversity on both private and public land (Context Pty Ltd. 2008b).  A key role of CMNs 

(which are funded by government grants) is to promote and enhance the management of 

threatened flora and fauna, and in many CMNs these taxa are used as ‘flagship species’ to 

engender community participation in biodiversity management activities (Context Pty Ltd. 

2008a).  The flagship species in the BBCMN area is the Bush Stone-curlew (Kubeil & Castles 

2007).   

 

In 2004, 5200 surveys were distributed to landholders throughout the BBCMN area seeking 

information on the locations of curlews (BBCMN 2004a, 2004b).  The survey respondents 

identified 59 locations within the BBCMN area where curlews had been recorded, while many 

respondents cited predation by foxes as a major threat to the species’ continued survival 

throughout the region (BBCMN 2004b).  At the time of the survey no coordinated fox control 

was occurring within the BBCMN area and only four landholders were known to be conducting 

fox baiting within the region (Kubeil & Castles 2007).  In response to the survey, the BBCMN 

Community Fox-Baiting Program was established in 2005, with the primary aim being to 

reduce the impact of foxes on curlews through the coordinated use of 1080 fox baits (BBCMN 

2005).  Under this program, the BBCMN provided funding to cover the entire cost of training 

and accreditation to enable willing landholders to obtain and use 1080 baits on their properties.  

There was no cost to participating landholders, other than their time, as all baits were also 

provided free-of-charge (BBCMN 2005).  
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In its first year, 2005, the BBCMN Community Fox-Baiting Program was conducted in two 

distinct ‘baiting areas’ (‘Nathalia/Picola’ and ‘Wunghnu’) over a four-week period during April 

(BBCMN 2005).  These baiting areas were selected because of a concentration of curlew 

records (as identified by the 2004 survey: BBCMN 2004b) and the large number of landholders 

willing to participate in the program.  During the month-long program over 900 FOXOFF
®
 

(Animal Control Technologies; Somerton, Victoria, Australia) baits were deployed by  

47 individual landholders, managing a combined area of approximately 18 000 ha  

(≈ 5 % of the BBCMN area) (BBCMN 2005; Kubeil & Castles 2007).  After its initial year, the 

baiting program gained additional community interest and was conducted again during four-

week periods in February–March 2006 and February 2007.  By the end of its third year, the 

program had expanded to incorporate two additional baiting areas (‘Tungamah’ and 

‘Thoona/Bungeet/Chesney’), with the 2007 program resulting in approximately 10 000 

FOXOFF
®
 and De-FOX

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

deployed by more than 100 landholders (managing a combined area of approximately 80 000 

ha: ≈ 23 % of the BBCMN area) (BBCMN 2007a).   

 

The success of the BBCMN Community Fox-Baiting Program has principally been measured 

by conducting a spotlighting survey one week before and one week after the month-long 

deployment of baits and recording the difference in the number of fox sightings between the two 

periods.  Over the first three years of the program the spotlighting results suggested the annual 

baiting campaign successfully reduced fox abundance in the short term, as fewer foxes were 

sighted during post-baiting surveys (BBCMN 2007a; Kubeil & Castles 2007).  Anecdotally, 

more frequent sightings of the Common Brushtail Possum (Trichosurus vulpecula) and Lace 

Monitor (Varanus varius) have also been reported since the baiting program commenced 

(Kubeil & Castles 2007), as have increased lambing rates in three of the four baiting areas 

(BBCMN 2007a; Kubeil & Castles 2007).  It is unclear however, whether the program has 

elicited any positive population responses by curlews. 
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7.1.3  Chapter Aims 

The specific aims of this chapter are to: 

 

1. Analyse the spatial coverage (at multiple scales) of 1080 baits during the 2008 BBCMN 

Community Fox-Baiting Program. 

 

2. Assess the baiting procedures of landholders participating in the 2008 BBCMN 

Community Fox-Baiting Program.  

 

3. Monitor the survival of radio-collared foxes during and after the 2008 BBCMN 

Community Fox-Baiting Program. 

 

4. Compare the spatial coverage and likely effectiveness of the 2008 BBCMN Community 

Fox-Baiting Program with two hypothetical baiting strategies. 

 

5. Make recommendations on how to improve community fox-baiting programs. 

 

 

In relation to aim four, I created two hypothetical baiting strategies whereby pseudo bait stations 

were (theoretically) distributed throughout the study area.  The purpose of this approach was to:  

a) provide a counterpoint upon which the spatial coverage of bait stations during the real baiting 

program could be compared, and b) determine whether the spatial coverage of bait stations 

across the study area would improve if different baiting schemes were employed.  The 

hypothetical baiting strategies were also applied (theoretically) to four additional study areas to 

further test their potential efficacy.  Additional details on the methodology of this approach are 

provided below in sections 7.2.3–7.2.5. 
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7.2  METHODS 

7.2.1  Study Area 

The study area encompassed the BBCMN Community Fox-Baiting Program’s ‘Nathalia/Picola 

Baiting Area’ where 1080 fox baits have been deployed annually since 2005.  This area spans 

approximately 43 000 ha (430 km²) of agricultural land within the Northern Plains of Victoria 

(Figure 7.1).  Additional details on the study area are provided in Chapter 2.   

 

 

 

 

 
Figure 7.1.  The location of the study area in relation to the state of Victoria (inset).  This area represents 

the ‘Nathalia/Picola Baiting Area’ during the Broken–Boosey Conservation Management Network 

Community Fox-Baiting Program. 

 

The western boundary of the study area was delimited by Crown land adjoining the Murray River; the 

southern boundary by Crown land adjoining the Goulburn River (between 144° 55' E and 145° 00' E) and 

the latitude of Browns Road (36° 07' S); the eastern boundary was bordered by the Murray Valley 

Highway, Yielima North Road and Darlows Lane; and the northern boundary by the Barmah State Forest. 
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7.2.2  The 2008 BBCMN Community Fox-Baiting Program 

7.2.2.1  Bait Station Placement, Bait Uptake and Baiting Procedures 

The 2008 BBCMN Community Fox-Baiting Program was conducted from March 3–April 3 and 

all landholders were supplied with 35 g FOXOFF
®
 Econobaits containing 3 mg of 1080.  Prior 

to the commencement of the program I met with each participating landholder and provided 

them with a data sheet (Appendix 7.2) to record the date that each bait station was established, 

along with details on the number of baits removed and replaced during each subsequent bait 

check.  Landholders were also provided with an aerial photograph to record the position of each 

bait station location on their property.  At a later date I also travelled to each bait station with 

individual landholders and observed their baiting procedures (e.g., method of bait station 

preparation, bait burial depth, technique for handling baits, etc.).  During these trips I recorded 

the position of each bait station with a commercially available handheld global positioning 

system (Garmin GPSmap 60C; Garmin; Olathe, Kansas, USA).  The location of each bait 

station was subsequently imported into geographic information system (GIS) software 

(ArcMAP
™

 9.3; Environmental Systems Research Institute, Inc.; Redlands, California, USA) to 

allow further spatial analysis.   

 

The data recording sheets were collected at the completion of the baiting program, at which 

point landholders also provided details on the number of fox carcasses found on their property 

during the baiting program. 

 

7.2.2.2  Proximity of Bait Stations to Landscape Features 

In Chapter 3 (section 3.3.4), I demonstrated that uptake of non-toxic baits by foxes was 

negatively correlated with the distance of bait stations to the nearest road (i.e., bait uptake was 

higher the closer bait stations were to a road).  In the present chapter, I tested whether similar 

factors influenced bait uptake for landholder-deployed 1080 baits by measuring the proximity of 

all bait stations to the nearest: (a) road, (b) fence, (c) tree, (d) water, and (e) known fox den 

(definitions of these features follow Table 5.5, Chapter 5).  Distances of < 20 m were measured 

using pacing (footsteps), while all other measurements were made with a handheld GPS 

(Garmin GPSmap 60C).  Because bait uptake was measured by many different landholders, I 

also included ‘landholder’ (i.e., the person responsible for monitoring bait uptake) as a random 

effect in the models. 

 

I tested for correlations between bait uptake and the selected variables using logistic regression 

(performed with PASW Statistics 17.0.2 for Windows; Chicago, Illinois, USA).  

Multicollinearity between independent variables was firstly analysed using Spearman’s Rank 

Correlation Coefficients, with rs ≥ 0.7 considered a suitable criterion for omitting a variable 
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(Tabachnick & Fidell 2007).  No correlation coefficients exceeded this value so all variables 

were included in the analysis.  I conducted a logistic regression with ‘landholder’ as a random 

factor and each of the landscape variables (e.g., distance to nearest road) as covariates.  

However, the fully saturated model (including all variables) was not significantly different to 

the constant only model (χ² = 6.980, d.f. = 5, P = 0.222).  Moreover, the coefficients of each 

variable were very small, had relatively high standard errors and the 95 % confidence intervals 

always included zero.  Therefore, no further modelling was conducted.  However, to illustrate 

the lack of variation in bait uptake in relation to distance measures I present differences in the 

average distance to landscape features from bait stations where baits were removed versus 

stations where baits were not removed using an unequal variance t-test (t’). 

 

7.2.2.3  Extent of Area Baited  

The ‘success’ of landholder-based fox-baiting programs is often measured by the area of land 

baited (Gentle 2005; this is a limited approach, see section 7.4.1), but this will vary greatly 

depending on the method used to calculate the baited area.  To demonstrate this, at the 

individual property level I measured the extent of area baited in three different ways.  The first 

method incorporated the entire area of each property (i.e., all cadastral land parcels, including 

those without bait stations) (Figure 7.2: a).  The second strategy followed the first method but 

excluded cadastral land parcels that did not contain bait stations (Figure 7.2: b).  The final 

technique involved placing a Minimum Convex Polygon (following the methods described in 

Chapter 6) around all bait stations (Figure 7.2: c).  The density of bait stations (per km²) on 

individual properties was calculated separately for each different method. 

 

 

 

 
Figure 7.2.  Schematic illustration of the three methods used to measure the extent of area baited on 

individual properties during the 2008 BBCMN Community Fox-Baiting Program.  Figure (a) represents 

an entire property consisting of two cadastral land parcels; in Figure (b) only the land parcel that contains 

bait stations is highlighted; in Figure (c) a Minimum Convex Polygon is placed around all bait stations. 
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7.2.2.4  Coordination Between Neighbouring Properties  

The degree of spatial coordination during the baiting program was measured by determining the 

number of neighbouring properties that were baited simultaneously.  For each property where 

baits were deployed, ‘neighbouring properties’ constituted parcels of land (owned or managed 

by a different entity) located ≤ 500 m from the property boundary (following Gentle 2005).  

Moreover, to assess the potential for foxes from unbaited properties to migrate onto properties 

that were baited during the 2008 BBCMN program, I measured the distance from the centre of 

each property where baits were laid to the nearest edge of an unbaited property.  All distances 

were calculated using ArcMAP
™

 9.3 GIS software. 

 

7.2.2.5  Monitoring the Fate of Radio-collared Foxes 

During 2007 and 2008, radio-transmitter collars were attached to 14 foxes in the study area  

(refer to Chapter 6 for additional details).  At the commencement of the 2008 BBCMN baiting 

program six telemetered foxes remained in the study area (which had been tracked for 3–35 

weeks prior to the start of baiting).  The approximate home range of each fox was determined 

prior to the commencement of baiting, but landholders were not informed about the location or 

movements of any foxes to avoid influencing bait station placement.  The movements and 

activity of foxes were monitored during each day (and night) of the month-long baiting program  

and periodically for 10 weeks after its completion.  The detection of fox deaths was expedited 

by changes in the collar’s pulse rate (for further details see Chapter 6, Table 6.3). 

 

7.2.3  Hypothetical Baiting Strategies 

To evaluate the efficacy and efficiency of the actual baiting strategy, I compared the distribution 

of bait stations during the 2008 BBCMN Community Fox-Baiting Program with two 

hypothetical baiting strategies (see below).   The placement of baits under the hypothetical 

baiting strategies was entirely theoretical (i.e., no actual baits were deployed).  The purpose of 

this approach was firstly to provide a counterpoint upon which the spatial coverage of baits 

during the actual baiting campaign could be compared, and secondly, to determine whether the 

spatial coverage of baits throughout the study area would improve if alternative baiting 

strategies were implemented.  Baiting strategies were primarily evaluated by the number of bait 

stations that occurred (theoretically in the case of hypothetical strategies) within the home-range 

areas of foxes in the study area.  These measurements include both the actual home ranges of 

radio-collared foxes and simulated home ranges positioned throughout the study area at random.  

A more detailed description of the hypothetical baiting strategies is provided below, along with 

additional information on the methods used to evaluate their utility.  
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7.2.3.1  Hypothetical Grid Baiting   

The hypothetical grid-baiting strategy incorporated bait stations placed in a uniform grid pattern 

at 1 km spacings across the entire study area.  For the purpose of this exercise, all bait stations 

were placed in a 1 km grid pattern regardless of land classification, property boundaries or 

distance to places of habitation (although in a ‘real-world’ situation these issues would affect 

bait station placement: Sharp & Saunders 2004a; DPI 2007).  Other bait station spacings were 

trialled (0.5 km, 2 km: results not shown), but I deemed that these strategies would require an 

impractically high number of bait stations to be distributed throughout the landscape (0.5 km 

grid spacing) or would result in the deployment of an unacceptably low number of bait stations 

(2 km grid spacings).  The grid-baiting strategy was designed to represent the ‘best-case’ 

scenario whereby baits are uniformly distributed across the entire landscape (as is possible with 

aerial baiting). 

 

7.2.3.2  Hypothetical Roadside Baiting  

Throughout this thesis roadsides have emerged as an important feature for foxes in agricultural 

landscapes.  In Chapter 3, uptake of baits by foxes was higher at roadsides than from other 

landscape features including creek-lines, fence-lines, remnant vegetation and open paddocks.  

Bait uptake along roadsides was also high during the habitat complexity experiments described 

in Chapter 4.  In Chapter 5, I demonstrated that in areas where soils are unsuitable for digging 

earthen fox dens, roadsides contain many alternative locations that provide suitable den-sites 

(e.g., large old trees, drainage culverts).  Moreover, > 50 % of telemetry fixes (as described in 

Chapter 6) were located within 300 m of public roads (although this percentage was not 

markedly higher than for random locations: Appendix 7.3) and the home-range areas of each 

radio-collared fox contained between 2.4 and 34.6 linear kilometres of public road (mean = 9.0 

km ± 9.4 km SD, n = 10 foxes: Appendix 7.4).   

 

Based on the combined results of Chapters 3–6, I formulated a hypothetical baiting strategy that 

involved (theoretically) placing bait stations at 1 km intervals along the roadsides of each public 

road within the study area.  Although placement of 1080 baits along public roadsides is 

generally prohibited in south-eastern Australia (Sharp & Saunders 2004a; DPI 2007), for the 

purposes of this (theoretical) exercise I disregarded this restriction.  An interval of 1 km was 

selected because I considered this to be an adequate compromise between reducing the 

likelihood of multiple uptake of baits by individual foxes, while maintaining a thorough 

coverage of bait stations throughout the landscape (1 km intervals along roads are used in large-

scale baiting programs in several public conservation reserves in south-eastern Australia: e.g., 

Murray et al. 2006; Dexter & Murray 2009).  In many instances, the distance between bait 

stations situated on different roadsides was < 1 km due to the study area’s complex road 
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network (i.e., tortuous road sections, numerous intersecting roads, etc.).  To overcome this I 

placed a 950 m buffer around the location of each hypothetical bait station which enabled me 

objectively to remove any bait stations that were < 950 m apart (Figure 7.3).  This buffer 

distance was selected to maintain a relatively uniform distribution of bait stations and limit the 

aggregation of bait stations in small areas containing multiple roads.  As with the grid-baiting 

strategy, several alternative buffer distances were trialled (250 m, 500 m, 750 m: results not 

shown) but I deemed that these strategies offered no advantage (in terms of spatial coverage) 

over the 950 m buffer and would merely increase the likelihood of multiple bait uptake by 

individual foxes.     

 

Placement of bait stations at 1 km intervals along public roadsides was performed using the 

‘Add Points Evenly Along a Line’ script in ArcView
™

 3.3 GIS software (Environmental 

Systems Research Institute, Inc.; Redlands, California, USA), while all other tasks  

(e.g., buffering) were performed in ArcMAP
™

 9.3. 

 

 
 

Figure 7.3.  Diagram showing bait station placement according to the hypothetical roadside-baiting 

strategy (with bait stations buffered by 950 m).  In this diagram, the pink bait station on the north–south 

road falls within the 950 m buffer of the two blue bait stations on the east–west road.  Under this strategy, 

both of the blue bait stations must be removed if the pink bait station is retained.  Alternatively, removing 

the pink bait station would enable the blue bait stations to remain.  In such instances, I generally removed 

the bait station that overlapped with the buffer of the largest number of bait stations (i.e., the pink bait 

station) in order to maximise the number of baits available.  However, where multiple overlap occurred 

between numerous bait stations I retained the bait station(s) that provided the most uniform bait coverage. 
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7.2.4  Comparisons Between the 2008 BBCMN Community Fox-Baiting Program and 

Hypothetical Baiting Strategies 

7.2.4.1  Distance Between Bait Stations 

The nearest-neighbour distance for each bait station located in the study area (i.e., the distance 

between a bait station and its closest neighbour: Bender et al. 2003) was measured separately for 

each baiting strategy.  All nearest-neighbour distances were calculated using a custom script in 

S-PLUS (version 8.0 for Windows; Seattle, Washington, USA).   

 

7.2.4.2  Bait Station Distribution 

At the landscape scale (i.e., the entire 43 000 ha study area: Figure 7.1), I determined whether 

bait stations deployed under each strategy were distributed in a clumped, random or regular 

pattern (Krebs 1999) using the ‘Clark and Evans Test’ (Clark & Evans 1954).  Using this test, 

the expected nearest-neighbour distance between bait stations is calculated based on the density 

of bait stations within the study area (assuming a random pattern).  The expected and observed 

nearest-neighbour distance is then compared to provide a ratio (index of aggregation; R) that 

indicates bait station dispersion.  If the spatial pattern is random, R = 1.0; where clumping  

(i.e., aggregation) occurs R = < 1.0 and approaches zero; while a regular (i.e., uniform) pattern 

is evident where R = > 1.0 and approaches an upper limit of approximately 2.15 (Clark & Evans 

1954; Krebs 1999).  Dispersion analysis was undertaken using the ‘Nearest Neighbour Script’ 

(version 1.8) in ArcView
™

 3.3 which also performed a z-test to indicate whether R deviated 

significantly (P = < 0.05) from random. 

 

The Clark and Evans Test is biased towards a regular pattern if a boundary strip is not included 

to allow for the outermost bait stations being closer to the study area boundary than to the 

nearest bait station (Sinclair 1985; Krebs 1999).  To avoid this bias, bait stations located closer 

to the edge of the study area than to the nearest bait station were excluded from this analysis 

(following Berghout 2000; Gentle 2005). 

 

7.2.4.3  Number of Bait Stations Positioned in Actual Home Ranges 

For each baiting strategy, I calculated the number of bait stations positioned (theoretically in the 

case of the grid and roadside strategies) within the home-range areas of six foxes radio-tracked 

throughout the study area during the 2008 BBCMN Community Fox-Baiting Program.  For this 

analysis, home-range areas were defined by the Minimum Convex Polygon (MCP: 100 %,  

95 %, 50 %) and Kernel Contours (Kernel: 95 %, 50 %) methods.  Only foxes with > 50 

telemetry fixes were included in this analysis (see Chapter 6 for additional details on radio-

tracking procedures).   
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7.2.4.4  Number of Bait Stations Positioned in Simulated Home Ranges 

Because the number of foxes radio-tracked throughout the study area was reasonably small,  

I also calculated the number of bait stations positioned within simulated home-range areas to 

provide a more comprehensive assessment of the likely availability of baits to foxes under each 

baiting strategy.  Four different home-range sizes were modelled (Table 7.1), with the home 

range of each given size placed in the study area 1000 times at randomly determined locations, 

and the number of bait stations occurring in each randomly placed home range was calculated.  

The position of simulated home ranges was determined using 1000 random point locations 

(generated in ArcMAP
™

 9.3 using Hawth's Analysis Tools for ArcGIS: Beyer 2004), with 

individual points designating the centre of each home range.  For modelling purposes, the shape 

of all home ranges was assumed to be circular and to ensure no home ranges extended beyond 

the study area, all random points were located > 3107 m from the study area boundary (this 

distance is equal to the radius of the largest simulated home range).  Other researchers have 

used similar methodology to investigate the availability of rabies vaccine baits to foxes using 

various baiting strategies (e.g., Thulke et al. 2004; Vos et al. 2008).  

 

 

 

Table 7.1.  Description of home-range areas used for simulated home-range modelling. 

 

704 ha The average home-range area (95 % MCP) of all foxes radio-tracked in the study

area during 2007–2008 (excluding fox MA7 which was highly nomadic: for

additional details see Chapter 6).

245 ha The smallest home-range area (95 % MCP) of all foxes radio-tracked in the study

area during 2007–2008.

3033 ha The largest home-range area (95 % MCP) of all foxes radio-tracked in the study

area during 2007–2008.

437 ha The overall average home-range area (95 % MCP) of 188 foxes radio-tracked in

agricultural areas of New South Wales by Berghout (2000) and Saunders et al.

(2002).  

Home-range 

Size
Description

 

 

 

 

7.2.5  Hypothetical Baiting Strategies Applied to Random Study Areas 

The performance of the hypothetical roadside-baiting strategy will vary according to the road 

network.  Therefore, to assess its likely effectiveness in environments other than the current 

study area, I (theoretically) applied the roadside-baiting strategy to four additional locations 
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(hereafter, random study areas).  As was the case with evaluations in the Nathalia/Picola study 

area (as described above), in random study areas the hypothetical roadside strategy was 

primarily evaluated by the number of bait stations that (theoretically) occurred within fox home 

ranges (see below).  

 

The size and shape of each random study area was identical to the Nathalia/Picola study area 

(Figure 7.4) and therefore the number and location of bait stations according to the hypothetical 

grid-baiting strategy was likewise identical.  Consequently, the results of analyses for grid bait 

stations in each random study area were the same as the results from the Nathalia/Picola study 

area.  For this reason, in the random study areas results are only presented for analyses 

associated with the hypothetical roadside-baiting strategy, as the location of roads varied widely 

between each random study area. 

 

Because the underlying purpose of this chapter was to improve fox baiting for curlew 

conservation, I selected random study areas from within a 200 km radius of the centre of the 

Nathalia/Picola study area, as this region contains the highest concentration of curlew records 

on mainland south-eastern Australia (refer to Chapter 2, Figure 2.5).  The position of random 

study areas was determined using Bush Stone-curlew atlas records (Atlas of Victorian Wildlife 

2007; Atlas of New South Wales Wildlife 2009).  Each atlas record was assigned a number, 

with four records (two in Victoria, two in NSW) selected using randomly generated numbers 

(produced in Microsoft Excel).  The centre of each random study area was aligned to the 

corresponding atlas record. 
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Figure 7.4.  Location of random study areas in relation to the Nathalia/Picola study area and the states of 

Victoria and New South Wales (inset). 
 

 

 

7.2.5.1  Distance Between Bait Stations and Bait Station Distribution 

In the random study areas, the distance between bait stations and bait station distribution was 

calculated following the methods outlined in sections 7.2.4.1 and 7.2.4.2, respectively. 

 

7.2.5.2  Number of Bait Stations Positioned in Actual Home Ranges 

For this analysis, I determined the number of hypothetical roadside bait stations that 

theoretically would have occurred in the home ranges of foxes from the Nathalia/Picola study 

area, if those home-range areas were positioned in the random study areas.  The size, shape and 

relative position of home ranges in random study areas was identical to the Nathalia/Picola 

study area.  All other methods followed section 7.2.4.3. 

 

7.2.5.3  Number of Bait Stations Positioned in Simulated Home Ranges 

Modelling of simulated home-range areas was also performed in random study areas (following 

the methods outlined in section 7.2.4.4) and the number of hypothetical roadside bait stations 

within these home ranges was assessed.  The relative position, shape and size of simulated home 

ranges in random study areas corresponded with simulated home ranges from the 

Nathalia/Picola study area.   
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7.3  RESULTS 

7.3.1  The 2008 BBCMN Community Fox-Baiting Program 

7.3.1.1  Curlew Records on Baited Properties 

Five pairs of curlews were known to inhabit the Nathalia/Picola study area prior to the 2008 

BBCMN baiting program, with two of these pairs occupying territories on participating 

properties (A. Carter, personal observation).  In addition to these pairs, 10 atlas records exist for 

curlews within the study area (ranging in date from 1985–2001: Atlas of Victorian Wildlife 

2007), and three of these atlas records are located on properties that participated in the 2008 

baiting program.  

 

7.3.1.2  Extent of Area Baited and Bait Station Density 

Within the Nathalia/Picola study area, 24 individual landholders participated in the 2008 

BBCMN Community Fox-Baiting Program.  The average area of land owned/managed by 

participating landholders was 568 ha (± 788 ha SD, range = 69–3822 ha, n = 24).  Several 

landholders (n = 9) distributed baits on > 1 property, with 40 individual properties baited 

overall.  The average size of individual properties was 341 ha (± 609 ha SD, range = 11–3822 

ha, n = 40). 

 

The extent of area baited was dependent on the method of calculation.  If the entire area of each 

property where bait stations were located was included, the combined area of land baited was  

13 633 ha (≈ 32 % of the study area).  If cadastral land parcels that did not contain bait stations 

were excluded from calculations on each property, the combined area of land baited was 9 203 

ha (≈ 21 % of the study area; an average of 87 % (± 20 % SD) of each property).  If the extent of 

area baited was measured by placing a Minimum Convex Polygon around all bait stations on 

each property, the combined area of land baited during 2008 was 6 052 ha (≈ 14 % of the study 

area; an average of 32 % (± 24 % SD) of each property). 

 

The density of bait stations on individual properties was likewise dependent on the method used 

to calculate the extent of area baited.  When the entire property was included, the average bait 

station density on individual properties was 0.04 bait stations per hectare (± 0.03 SD, range = 

0.01–0.13, n = 40 properties).  If cadastral land parcels devoid of bait stations were excluded, 

the average density per property was 0.05 bait stations per hectare (± 0.03 SD, range = 0.01–

0.13, n = 40 properties).  If the baited area was measured with a Minimum Convex Polygon, 

average density was 0.29 bait stations per hectare (± 0.33 SD, range = 0.02–1.28, n = 40 

properties).  The overall density across the entire study area during the 2008 BBCMN 

Community Fox-Baiting Program was 0.009 bait stations per hectare (equivalent to 1 bait 

station per 111 hectares).   
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7.3.1.3  Number of Bait Stations and Bait Uptake 

In total, 391 bait stations were established during the month-long baiting program, with an 

average of 16.3 (± 20.3 SD, range = 3–102, n = 24 landholders) bait stations per landholder.   

 

One landholder failed to record bait uptake (n = 102 bait stations), while data collected by two 

landholders (n = 19 bait stations) was deemed unsuitable for analysis.  Of the bait stations where 

bait uptake was considered acceptable (n = 270), baits were removed from 48.5 % (n = 131) of 

stations.  Overall, 362 baits were taken which equates to an average of 17.2 (± 21.0 SD,  

range = 0–91) baits removed per landholder and/or 2.06 baits from every bait station where 

baits were removed.  Of the 131 bait stations where baits were taken, multiple uptake of baits 

occurred at 56.5 % (n = 74) of stations.  On individual properties, the maximum number of baits 

removed from a bait station ranged from 1–15 (mean = 5.0 ± 3.7 SD, n = 131).  Fox scats were 

present at 5.6 % (n = 15) of the 270 bait stations. 

 

During the 31-day baiting program, each landholder checked their bait stations on an average of 

11.4 occasions (± 5.3 SD, range = 5–26).  The number of days between bait station checks 

ranged from 1–8 (mean = 1.8 ± 0.9 SD).  

 

Fourteen landholders (58 %) located at least one fox carcass on their property during the baiting 

program (with a maximum of two carcasses found on individual properties). 

 

7.3.1.4  Baiting Procedures 

Landholders prepared bait stations with a variety of tools including shovels (n = 14), mattocks 

(n = 5), trowels (n = 1) and soil augers (n = 1).  The average bait burial depth was 

approximately 50 mm (range = 10–100 mm).  Most landholders used rubber- or leather gloves 

to handle baits (n = 10) or dropped baits directly into bait stations from the manufacturer’s 

container (n = 6); other landholders used tongs (n = 2) or bare hands (n = 3). 

 

Three landholders added fresh 1080 baits to bait stations without removing the existing baits 

that were visibly aged and decayed.  One landholder placed a bait uncovered on a dead lamb 

carcass, while another landholder placed baits directly into hollow logs and fox dens.  Two 

landholders dragged an animal carcass to form a scent-trail between bait stations in an effort to 

increase bait uptake.  Two additional landholders placed multiple baits at individual bait stations 

and deliberately placed several bait stations in close proximity to each other in the belief that 

such actions would help alleviate the problem of bait caching by foxes (for further explanation 

see section 7.4.2). 
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The majority of landholders (n = 15) maintained sheep on their properties and lambing periods 

generally coincided with the baiting program (n = 10).  Most landholders (n = 17) participating 

in the 2008 baiting program did not conduct fox baiting on their properties prior to the 

establishment of the BBCMN Community Fox-Baiting Program in 2005.   

 

7.3.1.5  Coordination Between Neighbouring Properties  

Each property that participated in the 2008 BBCMN baiting program adjoined, on average,  

7.5 (± 3.7 SD, range = 2–19, n = 40 properties) neighbouring properties; of which an average of 

2.2 properties (± 1.7 SD, range = 0–7, n = 40 properties) also contained 1080 baits during the 

baiting program.  Twenty percent (n = 8) of participating properties were surrounded entirely by 

neighbours that did not conduct baiting; 17.5 % (n = 7) of participating properties adjoined one 

neighbouring property that also contained 1080 bait stations; 25 % (n = 10) adjoined two 

neighbouring properties that were baited; and 37.5 % (n = 15) adjoined ≥ 3 neighbouring 

properties that were baited.  The distance from the centre of a baited property to the nearest edge 

of an unbaited property ranged from 61–714 m (mean = 380 m ± 147 m SD, n = 40 properties).   

 

7.3.1.6  Proximity of Bait Stations to Landscape Features 

Locations near fences were the most favoured sites for landholder bait stations, with 80 %  

(of 270) situated < 50 m from a fence-line (Table 7.2).  Moreover, approximately half of all bait 

stations were located < 1 m from a fence-line, whereas fewer than 4 % of bait stations were 

situated < 1 m from each of the other landscape features assessed (road, tree, water, known fox 

den) (Table 7.2).   
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Table 7.2.  Summary of the distance (metres) to selected landscape features for 270 landholder bait 

stations.  Figures in columns represent the cumulative percentage of bait stations placed within the 

various distance groupings. 

 

0.4 48.5 3.7 0.0 0.0

3.0 53.3 7.8 0.4 0.7

7.0 59.3 16.7 2.6 1.1

11.9 62.6 31.5 5.2 1.9

15.6 70.4 48.5 10.7 2.2

17.8 73.3 55.9 13.7 2.6

18.5 76.7 59.3 16.3 2.6

20.0 80.0 63.0 19.6 2.6

23.3 81.5 66.7 21.9 3.3

25.6 83.0 67.8 23.7 3.3

26.7 84.1 70.7 26.7 3.7

28.9 84.4 72.2 27.0 4.1

30.4 86.3 75.9 29.3 4.4

< 80 m

< 90 m

< 100 m

Cumulative Percentage of Bait Stations

< 40 m

< 50 m

< 60 m

< 70 m

< 5 m

< 10 m

< 20 m

< 30 m

Road
Distance 

to Feature

< 1 m

< 2 m

Known    

Fox  Den
WaterTreeFence

 
 

 

 

There were no significant differences in the average distance to selected landscape features 

(road, fence, tree, water, known fox den) from bait stations where baits were removed versus 

stations where baits were not removed (Table 7.3). 
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Table 7.3.  Distance (metres) from bait stations to selected landscape features; according to bait uptake.  

Significance (Sig.) levels (set at P = < 0.05) relate to comparisons of mean values and were calculated 

using an unequal variance t-test (t’).  n = sample size.   

 

Variable Sig.

Distance (m) to 

nearest ROAD
P  = 0.928

Distance (m) to 

nearest FENCE
P  = 0.124

Distance (m) to 

nearest TREE
P  = 0.307

Distance (m) to 

nearest WATER
P  = 0.280

Distance (m) to 

nearest KNOWN 

FOX DEN

P  = 0.442

Range Range

n = 131

Bait REMOVED

n = 139

Bait NOT Removed

Mean (± SD) Mean (± SD)

0–476

1–834

0–422

0.5–815248.3 (± 186.1)

44.7 (± 85.2)

250.5 (± 214.5)

1–9006

2–1110

0.3–361

9–9231

1–1075

0.3–404

2117.7 (± 2215.1)

269.6 (± 245.2)

58.7 (± 79.1)

2348.4 (± 2671.2)

304.2 (± 277.8)

68.9 (± 84.9)

30.2 (± 69.3)

 

 

 

 

7.3.1.7  Monitoring the Fate of Radio-collared Foxes 

The outer home-range area (100 % MCP, 95 % MCP, 95 % Kernel Contours) of each radio-

collared fox overlapped with 1–3 properties (mean = 2 ± 1 SD, n = 6 foxes) participating in the 

2008 BBCMN Community Fox-Baiting Program.  On average, 33 % (± 17 % SD, range =  

12–52, n = 6 foxes) of each fox’s home-range area (100 % MCP) overlapped with baiting 

properties.  Details on the number of bait stations positioned within the home ranges of 

telemetered foxes are provided below in section 7.3.2.3. 

 

Two of the six telemetered foxes died during the baiting program; 23- and 29 days after the 

program commenced.  The four remaining radio-collared foxes were still alive 10 weeks after 

the baiting program finished on 03/04/2008. 
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7.3.2  Comparisons Between the 2008 BBCMN Community Fox-Baiting Program and 

Hypothetical Baiting Strategies 

7.3.2.1  Bait Station Distribution 

Of the 391 bait stations established during the 2008 BBCMN Community Fox-Baiting Program, 

18 (4.6 %) were removed from dispersion analysis because they were positioned closer to the 

edge of the study area than to the nearest bait station (refer to section 7.2.4.2 for more details).  

Analysis of nearest-neighbour distances indicated that at the landscape scale, landholder bait 

stations were significantly clumped (i.e., aggregated) (n = 373, R = 0.493, z = -18.719,  

P = < 0.001) (Figure 7.5: a). 

 

The hypothetical roadside-baiting strategy produced 260 bait stations throughout the study area.  

Sixty-seven of these bait stations (25.8 %) were removed from dispersion analysis because they 

were closer to the edge of the study area than to the nearest bait station.  Analysis of nearest-

neighbour distances for the remaining bait stations (n = 193) suggested that bait stations 

deployed under the roadside-baiting strategy were distributed in a regular (i.e., uniform) pattern 

(n = 193, R = 1.310, z = 8.237, P = < 0.001) (Figure 7.5: b). 

 

The hypothetical grid-baiting strategy delivered 434 bait stations across the study area, of which 

99 (22.8 %) were removed from dispersion analysis because they were closer to the edge of the 

study area than to the nearest bait station.  Under this baiting strategy, bait stations were also 

distributed in a regular (i.e., uniform) pattern (n = 335, R = 1.757, z = 26.501, P = < 0.001) 

(Figure 7.5: c). 

 

 

 

 
Figure 7.5.  The location of 1080 bait stations (n = 391) within the study area during the 2008 BBCMN 

Community Fox-Baiting Program (Figure a).  Bait station locations are also shown for the hypothetical 

roadside-baiting strategy (Figure b), which incorporated bait stations (n = 260) placed at 1 km intervals 

(with a 950 m buffer) along the roadsides of each public road within the study area.  Also illustrated is the 

hypothetical grid-baiting strategy (Figure c) which included bait stations (n = 434) placed in a uniform  

1 km grid pattern throughout the study area.  For additional details on hypothetical baiting strategies refer 

to section 7.2.3. 
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7.3.2.2  Distance Between Bait Stations 

The average nearest-neighbour distance between bait stations (i.e., the distance between a bait 

station and its closest neighbour) during the 2008 BBCMN Community Fox-Baiting Program 

was 318 m (± 124 m SD, range = 4–1517 m, n = 391).  The nearest-neighbour distance was  

< 100 m for 7.9 % of bait stations (n = 31); < 200 m for 38.4 % of bait stations (n = 150); and  

< 300 m for 65.7 % of bait stations (n = 257).  

 

Under the hypothetical roadside-baiting strategy, the average nearest-neighbour distance 

between bait stations was 993 m (± 187 m SD, range = 140–1912 m, n = 260).  Although a  

950 m buffer was applied to all roadside bait stations, 14 bait stations (5.4 %) were separated by  

< 950 m because they occurred on roadsides located on opposite sides of a permanent creek 

(which I deemed acceptable).  The average nearest-neighbour distance between bait stations 

under the hypothetical grid-baiting strategy was 1000 m (± 0 m SD, range = 1000–1000 m, n = 

434).   

 

7.3.2.3  Number of Bait Stations Positioned in Actual Home Ranges 

During the 2008 BBCMN Community Fox-Baiting Program, no 1080 bait stations were 

positioned within the home range of fox FS 4, while the home ranges (100 % MCP) of the 

remaining five telemetered foxes contained between 1–16 bait stations (mean = 7 ± 6.1 SD) 

(Table 7.4).  With the exception of fox MS 8, no landholder bait stations were positioned within 

the core home-range areas of radio-collared foxes (50 % Kernel) (Table 7.4). 

 

Of the five foxes with bait stations in their home range, information on bait uptake was 

available for only two home-range areas.  Fox MA 3’s home range (100 % MCP) contained one 

bait station but no baits were removed from it during the month-long baiting program (MA 3 

was still alive 10 weeks after baiting ceased).  Four bait stations were positioned within fox FA 

1’s home range (100 % MCP) and baits were removed from three of these stations (FA 1 died 

two days before the baiting program ended).  The number of baits removed from the home-

range areas of the remaining three foxes was unclear, but several bait stations (n = 6) were 

‘shared’ by these foxes (i.e., six individual bait stations occurred in the home-range areas of all 

three foxes). 

 

The number of telemetry fixes recorded on each of the radio-collared foxes during the baiting 

program is presented in Table 7.5.  Also included are the number of fixes within 50-, 100- and 

200 m of a bait station and the minimum distance between a telemetry fix and bait station 

(Table 7.5).  
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Table 7.4.  The number of 1080 bait stations positioned within the home-range areas of six foxes radio-tracked during the 2008 BBCMN Community Fox-Baiting Program.   

Home-range areas were defined using the Minimum Convex Polygon (MCP) and Kernel Contours (Kernel) techniques.  Also shown is the number of bait stations that 

theoretically would have occurred in the home ranges of telemetered foxes based on two hypothetical baiting strategies (as described above in section 7.2.3).  Note that ‘HR’ = 

home range; ‘L’ = landholder 1080 bait stations (n = 391); ‘R’ = hypothetical roadside bait stations (n = 260); ‘G’ = hypothetical grid bait stations (n = 434); * = fox died during 

the 2008 baiting program.  

 

L R G L R G L R G L R G L R G

MA 3 1352 1 9 13 605 0 4 5 291 0 2 3 128 0 1 2 35 0 0 0

FA 1* 544 4 3 6 467 4 3 4 187 2 1 1 76 2 0 0 19 0 0 0

MS 8* 1436 10 7 13 1167 10 6 12 530 9 3 5 144 4 1 2 128 2 1 2

MS 9 788 16 3 9 728 16 3 8 215 5 1 2 64 2 1 0 19 0 0 0

MS 10 835 8 2 10 547 6 2 6 162 3 1 3 60 2 1 0 17 0 0 0

FS 4 1067 0 5 11 974 0 5 11 455 0 2 5 110 0 0 1 58 0 0 1

Mean 7 5 10 6 4 8 3 2 3 2 1 1 0.3 0.2 1

± SD 6.1 2.7 2.7 6.2 1.5 3.3 3.4 0.8 1.6 1.5 0.5 1 0.8 0.4 0.8

Minimum 0 2 6 0 2 4 0 1 1 0 0 0 0 0 0

Maximum 16 9 13 16 6 12 9 3 5 4 1 2 2 1 2

Fox ID
100 % 

MCP (ha)

50 % 

Kernel (ha)

50 %  

MCP (ha)

Bait Stations in HR Bait Stations in HRBait Stations in HRBait Stations in HRBait Stations in HR

95 % 

Kernel (ha)

95 %  

MCP (ha)
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Table 7.5.  The number of telemetry fixes (as described in Chapter 6) recorded on radio-collared foxes 

during the 2008 BBCMN Community Fox-Baiting Program (03/03/2008–03/04/2008).  Also shown are 

the number of fixes located within 50-, 100- and 200 m of a bait station and the minimum distance 

between a telemetry fix and bait station. 

 

Minimum Distance 

(m) Between Fix 

and Bait Station

MA 2 34 0 0 0 1353

FA 1* 34 0 0 0 206

MS 8* 151 0 4 27 56

MS 9 199 0 11 28 57

MS 10 192 1 1 22 44

FS 4 198 0 0 0 736

Number of Fixes Within            

Distance of Bait Stations

Fox ID

Number of Fixes 

Collected During 2008 

BBCMN Baiting Program

50 m 100 m 200 m

 

 

 

 

Under the hypothetical roadside- and grid-baiting strategies, bait stations occurred in the outer 

home-range areas (100 % MCP, 95 % MCP, 95 % Kernel) of all six telemetered foxes (Table 

7.4).  At the 100 % MCP home-range level, the average number of bait stations within fox home 

ranges was five (± 2.7 SD, range = 2–9) according to the roadside-baiting strategy and 10  

(± 2.7 SD, range = 6–13) based on the grid-baiting strategy (Table 7.4).  At the core home-range 

level (50 % Kernel) (Table 7.4), one home range received a bait station under the roadside-

baiting strategy, while the grid-baiting strategy delivered bait stations to two core home-range 

areas (Table 7.4). 
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7.3.2.4  Number of Bait Stations Positioned in Simulated Home Ranges 

Based on the location of 391 bait stations during the 2008 BBCMN Community Fox-Baiting 

Program, the mean fox home-range area (704 ha: as placed randomly 1000 times throughout the 

study area) contained an average of 8.9 bait stations (± 7.5 SD, range = 0–39, n = 1000) (Table 

7.6).  In comparison, the same home-range area contained an average of 4.2 bait stations (± 1.1 

SD, range = 1–7, n = 1000) based on the hypothetical roadside-baiting strategy (n = 260 bait 

stations) and an average of 7.0 bait stations (± 0.8 SD, range = 4–9, n = 1000) according to the 

hypothetical grid-baiting strategy (n = 434 bait stations) (Table 7.6). 

 

According to the location of landholder bait stations, 13.5 % (n = 135 / 1000) of average fox 

home-range areas (704 ha) contained zero bait stations.  In contrast, both hypothetical baiting 

strategies resulted in ≥ 1 bait station being located in each of the 1000 simulations of the 

average home-range area (Table 7.6). 
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Table 7.6.  The number of bait stations occurring within simulated home-range areas according to the 2008 BBCMN Community Fox-Baiting Program and two hypothetical 

baiting strategies (refer to section 7.2.3 for additional details).  Results are presented for four different home-range sizes, each of which was placed at random 1000 times 

throughout each study area, and the number of bait stations that fell within each home range was counted.  Home-range sizes relate to the average (704 ha), minimum (245 ha) 

and maximum (3033) home-range areas of foxes radio-tracked in the study area during 2007–2008, and the average home-range area of 188 foxes (437 ha) radio-tracked in 

agricultural areas of NSW by Berghout (2000) and Saunders et al. (2002). n = total number of bait stations. 

 

n = 391 n = 260 n = 434

Home-range areas (ha: 95 % MCP) 245 437 704 3033 245 437 704 3033 245 437 704 3033

MEAN number of baits within home range 3.2 5.6 8.9 36.0 1.5 2.6 4.2 18.1 2.5 4.4 7.0 30.3

± SD 3.9 5.6 7.5 14.2 0.7 1.0 1.1 1.8 0.8 0.6 0.8 1.0

RANGE of baits within home range 0–26 0–35 0–39 4–64 0–4 0–6 1–7 12–24 1–4 4–6 4–9 28–33

Number of home ranges devoid of baits 353 213 135 0 64 6 0 0 0 0 0 0

2008 BBCMN Community                          Hypothetical ROADSIDE-                Hypothetical GRID-                             

Fox-Baiting Program Baiting Strategy Baiting Strategy      
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7.3.3  Hypothetical Roadside-Baiting Strategy Applied to Random Study Areas  

7.3.3.1  Bait Station Distribution 

The number of hypothetical roadside bait stations positioned in each random study area ranged 

from 88–250 (Table 7.7).  Analysis of nearest-neighbour distances indicated that roadside bait 

stations were dispersed in a regular (i.e., uniform) pattern in the Wilby-, Lurg- and Berrigan 

study areas, but were significantly clumped (i.e., aggregated) in the Conargo study area (Table 

7.7, Figure 7.6). 

 

 

 

Table 7.7.  Results of dispersion analysis (Clark & Evans Test: Clark & Evans 1954) for bait stations 

occurring in random study areas according to the roadside-baiting strategy.  n = total number of bait 

stations; with figures in parentheses referring to the number of bait stations used in dispersion analysis 

following the removal of bait stations located closer to the edge of the study area than to the nearest bait 

station (for further details refer to section 7.2.4.2 above).  ‘R’ = index of aggregation; ‘z’ = deviation from 

randomness; Significance level (‘Sig.’) set at P = < 0.05. 

 

Study Area n R z Dispersion Characteristic Sig.

Wilby (Vic) 250 (175) 1.366 9.267 Regular (uniform) P = <0.001

Lurg (Vic) 207 (153) 1.233 5.507 Regular (uniform) P = <0.001

Berrigan (NSW) 212 (145) 1.225 5.191 Regular (uniform) P = <0.001

Conargo (NSW) 88 (59) 0.777 -3.271 Clumped (aggregated) P = <0.001
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Figure 7.6.  The location of bait stations in random study areas according to the hypothetical roadside-

baiting strategy.  n = number of bait stations.  For additional details on hypothetical baiting strategies 

refer to section 7.2.3. 
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7.3.3.2  Distance Between Bait Stations 

Details on the nearest-neighbour distances between hypothetical roadside bait stations are 

provided in Table 7.8.  The total length of public roads within each study area ranged from  

97 km (Conargo) to 480 km (Wilby) (Table 7.8). 

 

 

 

Table 7.8.  The nearest-neighbour distance between hypothetical roadside bait stations in four random 

study areas (Wilby, Lurg, Berrigan, Conargo).  The total length of public roads within each study area is 

also shown.  For comparative purposes, results from the Nathalia/Picola study area are included.   

n = number of bait stations. 

 

Study Area n Mean ± SD Range
Total Length (km) of Public 

Roads within Study Area

Wilby (Vic) 250 1059 ± 138 954–1936 480

Lurg (Vic) 207 1043 ± 143 951–1875 328

Berrigan (NSW) 212 1033 ± 115 955–1712 326

Conargo (NSW) 88 1019 ± 126 950–1912 97

Nathalia/Picola 260 993 ± 187 140–1912* 463

Nearest-neighbour Distance 

(m) Between Bait Locations

* Although a 950 m buffer was applied to all roadside bait locations, 14 baits (5.4 %) within the

Nathalia/Picola study area were separated by < 950 m because they occurred on roadsides

located on opposite sides of a permanent creek (which I deemed acceptable).                                                                     
 

 

 

 

7.3.3.3  Number of Bait Stations Positioned in Actual Home Ranges 

In each random study area, the average number of bait stations positioned in 100 % MCP home-

range areas ranged from 2–6 (Table 7.9); with bait stations positioned in all except one home 

range (fox MS 10, Conargo study area) (Table 7.9).  As was the case in the Nathalia/Picola 

study area, few core home-range areas (50 % Kernel) received bait stations (Table 7.9). 
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Table 7.9.  The home-range areas of six foxes radio-tracked throughout the Nathalia/Picola study area and the number of hypothetical roadside bait stations that theoretically 

would have occurred in those home ranges if they were positioned in four randomly located study areas (of identical size and shape to the Nathalia/Picola study area).   

For comparative purposes, results from the Nathalia/Picola study area are also included.  Home-range areas were defined using the Minimum Convex Polygon (MCP) and Kernel 

Contours (Kernel) techniques.  Note that ‘HR’ = home range; ‘N’ = Nathalia/Picola study area (n = 260 bait stations); ‘W’ = Wilby (Vic) study area (n = 250 bait stations);  

‘L’ = Lurg (Vic) study area (n = 207 bait stations); ‘B’ = Berrigan (NSW) study area (n = 212 bait stations); and ‘C’ = Conargo (NSW) study area (n = 88 bait stations). 

 

N W L B C N W L B C N W L B C N W L B C N W L B C

MA 3 1352 9 7 7 7 3 605 4 3 3 4 0 291 2 1 0 3 0 128 1 0 0 2 0 35 0 0 0 1 0

FA 1 544 3 4 3 3 1 467 3 3 3 2 1 187 1 2 1 1 0 76 0 0 0 0 0 19 0 0 0 0 0

MS 8 1436 7 9 7 9 3 1167 6 7 6 8 3 530 3 3 3 4 1 144 1 2 2 2 0 128 1 1 1 1 0

MS 9 788 3 6 5 5 1 728 3 4 5 5 1 215 1 1 2 1 0 64 1 1 0 0 0 19 0 0 0 0 0

MS 10 835 2 5 3 5 0 547 2 3 2 3 0 162 1 2 1 2 0 60 1 0 0 0 0 17 0 0 0 0 0

FS 4 1067 5 7 5 8 3 974 5 7 4 7 3 455 2 3 1 3 2 110 0 1 0 1 1 58 0 0 0 1 1

Mean 5 6 5 6 2 4 5 4 5 1 2 2 1 2 1 1 1 0 1 0 0.2 0.2 0.2 0.5 0.2

± SD 2.7 2.8 2.9 2.1 2.1 1.5 1.6 1.7 1.8 1.9 0.8 0.9 0.1 0.1 0.1 0.5 0.6 0.7 0.8 0.9 0.4 0.5 0.6 0.7 0.8

Minimum 2 4 3 3 0 2 3 2 2 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0

Maximum 9 9 7 9 3 6 7 6 8 3 3 3 3 4 2 1 2 2 2 1 1 1 1 1 1

Fox ID

Bait Stations in HR

100 % 

MCP 

(ha)

50 % 

Kernel 

(ha)

50 %  

MCP 

(ha)

95 % 

Kernel 

(ha)

95 %  

MCP 

(ha)

Bait Stations in HRBait Stations in HRBait Stations in HRBait Stations in HR
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7.3.3.4  Number of Bait Stations Positioned in Simulated Home Ranges 

In each random study area, the mean number of bait stations positioned within the average fox 

home-range area (704 ha: as placed randomly 1000 times throughout each study area) ranged 

from 1.1–3.7 (Table 7.10). 

 

In the Victorian study areas (Lurg and Wilby), between 0.4–0.5 % of average fox home-range 

areas (704 ha) contained zero bait stations (Table 7.10).  This measure was higher at the New 

South Wales sites, with 6.6 % (Berrigan) and 53.1 % (Conargo) of average fox home-range 

areas (704 ha) containing zero bait stations (Table 7.10). 
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Table 7.10.  The number of bait stations occurring within simulated home-range areas according to the hypothetical roadside-baiting strategy (refer to section 7.2.3 for additional 

details).  Results for the Nathalia/Picola study area (as displayed in Table 7.6) are included for comparison with four random areas (Wilby, Lurg, Berrigan, Conargo) of identical 

size and shape (see section 7.2.5 for more details).  Results are presented for four different home-range sizes, each of which was placed at random 1000 times throughout each 

study area, and the number of bait stations that fell within each home range was counted.  Home-range sizes relate to the average (704 ha), minimum (245 ha) and maximum 

(3033) home-range areas of foxes radio-tracked throughout the Nathalia/Picola study area during 2007–2008, and the average home-range area of 188 foxes (437 ha) radio-

tracked in agricultural areas of NSW by Berghout (2000) and Saunders et al. (2002).  The relative position of simulated home ranges was identical in each of the five study areas.  

n = total number of bait stations. 

 

Home-range area      

(ha: 95 % MCP)
245 437 704 3033 245 437 704 3033 245 437 704 3033 245 437 704 3033 245 437 704 3033

MEAN number of baits 

within home range
1.5 2.6 4.2 18.1 1.3 2.3 3.7 16.0 1.1 2.0 3.2 14.1 1.1 1.9 3.2 13.6 0.4 0.7 1.1 4.8

± SD 0.7 1.0 1.1 1.8 0.7 0.8 1.1 1.8 0.8 0.9 1.1 2.1 0.8 1.1 1.4 3.5 0.7 1.0 1.3 3.5

RANGE of baits within 

home range
0–4 0–6 1–7 12–24 0–3 0–5 0–7 11–23 0–3 0–5 0–6 9–20 0–4 0–5 0–7 1–20 0–3 0–4 0–5 0–12

Number of home ranges 

devoid of baits 
64 6 0 0 106 22 5 0 230 48 4 0 250 122 66 0 728 621 531 194

n = 260 n = 88n = 212n = 207n = 250

NATHALIA / PICOLA WILBY (Vic) BERRIGAN (NSW) CONARGO (NSW)LURG (Vic)
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7.4  DISCUSSION 

The extent of area baited during the 2008 BBCMN Community Fox-Baiting Program varied 

markedly depending on the method of calculation.  Several landholders employed undesirable 

baiting practices and landholder bait stations were predominantly placed along fence-lines.  

Although the level of coordination between properties participating in the baiting program was 

reasonably high, the distance to the nearest unbaited property was always low (i.e., < 750 m).  

Only two of the six telemetered foxes died during the month-long baiting program, despite the 

home range of each fox overlapping with participating properties.  Landholder bait stations were 

distributed in a clumped pattern throughout the study area and hence large areas lacked bait 

stations.  Under simulated home-range modelling, the two hypothetical baiting strategies 

delivered baits to almost all fox home ranges, whereas many home ranges were devoid of 

landholder bait stations.  The hypothetical roadside strategy performed reasonably well in the 

randomly-selected study areas, with the exception of one area where the road network was too 

sparse. 

 

7.4.1  Extent of Area Baited  

Depending on the method of calculation, the extent of the study area baited during the 2008 

BBCMN Community Fox-Baiting Program ranged from 13 633 ha (based on the entire area of 

each baited property) to 6 052 ha (calculated by placing a Minimum Convex Polygon around 

the bait stations on each property).  According to the latter method, on average 32 % of the area 

of each property that participated in the baiting program was subjected to 1080 baits. 

 

At present, the ‘success’ of landholder-based fox-baiting programs is largely measured by the 

number of baits deployed, number of participating landholders or the area of land baited (Gentle 

2005).  However, this is a limited approach to measuring a baiting program’s success which is 

best determined by the response of prey species or the economic return from increased 

agricultural production (Saunders et al. 1995; Reddiex & Forsyth 2006; Saunders & McLeod 

2007).  Moreover, unless the exact location of all bait stations is known (which is unlikely 

during most campaigns) the true area of land baited is unclear.  The area of land baited is almost 

always estimated by summing the entire area of each participating property.  For instance across 

the entire BBCMN region, the combined area of land owned/managed by landholders 

participating in the 2007 Community Fox-Baiting Program was approximately 80 000 hectares 

(BBCMN 2007a).  This figure could be used to infer, or interpreted as meaning, that 80 000 

hectares of land was ‘baited’.  Nevertheless, the results from the current chapter indicate that the 

true area of land treated with baits during the 2007 BBCMN baiting program was probably 

closer to 25 500 ha.  Failing to recognise that such discrepancies exist could result in the 

‘success’ of a baiting program being considerably overstated.  Alternatively, unrealistic 
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expectations may be assigned to a baiting program if the area of land baited is overestimated to 

a large extent, which in-turn could lead to erroneous assessments of the program’s effectiveness 

if it fails to achieve the desired reduction in fox impact.   

 

7.4.2  Landholder Baiting Procedures 

Three landholders were observed placing fresh 1080 baits at bait stations without removing the 

existing bait that was obviously decayed.  Following deployment, 1080 concentration in baits 

declines as a consequence of numerous factors such as leaching by rainfall, decomposition by 

insects, defluorination by micro-organisms and leakage from the bait medium (Korn & Livanos 

1986; Kramer et al. 1987; McIlroy et al. 1988; Fleming & Parker 1991; Wong et al. 1991; 

Saunders et al. 2000).  Therefore, baits exposed for extended periods will eventually contain 

sublethal doses of 1080 (Saunders et al. 2000) and if such baits are subsequently consumed by 

foxes, they may elicit symptoms of 1080 toxicosis that result in the development of an aversion 

to baits in the future (cf., Gustavson 1977; Reidinger & Mason 1983; Prakash 1988; Morgan et 

al. 1996; Ogilvie et al. 2000).  The consumption of sublethal doses of poison in baits could also 

potentially increase the tolerance to 1080 of fox populations (as demonstrated for the European 

Rabbit (Oryctolagus cuniculus) in Western Australia: Twigg et al. 2002).  Hence, the practice of 

deploying fresh baits at bait stations without removing the existing decayed bait may jeopardise 

the long-term effectiveness of the BBCMN Community Fox-Baiting Program.   

 

The baiting procedures of several landholders are also likely to increase the incidence of bait 

caching by foxes (i.e., moving baits from their original location and re-burying or hiding them 

elsewhere: Saunders et al. 1999).  For instance, two landholders deliberately positioned several 

bait stations in close proximity to each other and placed multiple baits at individual bait stations.  

The purpose of these strategies was to target foxes suspected of caching baits (which the 

landholders presumed had occurred during previous baiting campaigns).  The premise behind 

these strategies was that by increasing the number of baits available to individual foxes, they 

would not be able to cache all baits and would inevitably consume one.  The problem with this 

approach is that it is likely to promote caching (Saunders et al. 1993b; Gentle 2005), as caching 

is believed to be linked to the (over)abundance of food (Vander Wall 1990).   

 

By enhancing the likelihood of bait caching by foxes, these strategies may reduce the long-term 

efficacy of the BBCMN baiting program.  For instance, a fox has only to consume one lethal 

1080 bait and it will die, meaning other baits cached prior to its death will not be re-visited 

(Saunders et al. 1999).  These ‘abandoned caches’ may be particularly common during baiting 

programs, as Saunders et al. (1999) established that in central New South Wales 10 % of 1080 

baits on agricultural properties were cached, and of those baits cached, 57 % were not retrieved 



CHAPTER  7: Fox baiting for curlew conservation 

Andrew Carter 207 

within 10 days (suggesting that many of the foxes responsible for caching those baits had died).  

Under normal circumstances, baits that remain cached at the end of a baiting program cannot be 

retrieved and they therefore pose a potential risk to non-target species (Saunders et al. 1999; 

Thomson & Kok 2002).  Moreover, this risk may transcend property boundaries as cached baits 

have been recorded 800–1250 m from where they were originally presented (Saunders et al. 

1999; Thomson & Kok 2002; Gentle 2005) (see also: van Polanen Petel et al. 2001; Jackson et 

al. 2007).  Baits in abandoned caches may also have a detrimental effect on future baiting 

campaigns if other foxes locate and consume these baits when they contain sublethal amounts of 

1080 (Saunders et al. 1999, 2000; van Polanen Petel et al. 2001; Gentle 2005).   

 

A further two landholders attempted to lure foxes to bait sites by dragging an animal carcass 

between bait stations to form a scent-trail.  While in both instances these efforts failed to 

increase bait uptake, each landholder created scent-trails that formed a continuous path between 

all bait stations on their property which may potentially encourage uptake of multiple baits  

(and probably caching) by individual foxes (Staples & McPhee 1995; Priddel & Wheeler 1997; 

Bloomfield & Rosier 2007).  Consequently, this practice may reduce the overall effectiveness of 

the BBCMN baiting program by promoting bait caching and monopolisation of baits by a 

limited number of foxes and reducing access to baits for other foxes in the population (Gentle 

2005).  The efficiency of the baiting program will also be compromised by these behaviours as 

many baits will be wasted (Gentle 2005). 

 

Saunders et al. (2000) noted that not all landholders follow recommended practices during 

1080-baiting programs; a fact that was reinforced during the present investigation.  During the 

2008 BBCMN baiting program some landholders were aware that their practices are not 

recommended (e.g., creating continuous scent-trails between bait stations, placing baits in 

hollow logs, handling baits with bare hands) but were unwilling to modify them.  Inertia among 

landholders to alter baiting practices was also suggested by Gentle (2005).   However in the vast 

majority of cases, landholders in the Nathalia/Picola area were unaware of the possible 

consequences of their actions (e.g., potential of bait aversion from decaying baits, caching 

caused by bait stations close together).  In this regard, improving the information provided to 

landholders prior to baiting programs may help to eliminate undesirable practices that may 

reduce the overall efficacy of 1080-baiting campaigns.  The best platform for exchanging such 

information is probably via direct communication (following Croft et al. 2002) at bait collection 

points or field-days, as written instructions and/or information concerning baiting is often 

ineffective (A. Carter, personal observation).   
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7.4.3  Proximity of Bait Stations to Landscape Features 

Locations close to fences were the most preferred sites for landholder bait stations, with 

approximately half of all bait stations located < 1 m from a fence-line and 80 % situated < 50 m 

from a fence-line (Table 7.2).  In other agricultural areas in south-eastern Australia, 1080 bait 

stations are also frequently placed along fence-lines (e.g., Saunders et al. 1999; Greentree et al. 

2000).  This may in part be because fence-lines are easily-recognisable landmarks that assist 

operators keep track of bait station locations.  It may also be because vehicle tracks on farms 

often follow fence-lines and they therefore provide convenient locations for monitoring bait 

uptake.  Alternatively, bait stations may be placed at fences due to the widespread belief that 

foxes follow fence-lines while travelling throughout their home range (Saunders et al. 1995; 

Slater 1998) and that fences are likely sites of fox activity in agricultural areas (Vine 2004; Vine 

et al. 2005). 

 

During the present investigation, the average distance between bait stations and the nearest 

fence-line did not differ significantly according to bait uptake (i.e., where baits were removed 

vs. not removed) (Table 7.3).  Moreover, in Chapter 3 I demonstrated that fewer baits were 

removed from bait stations located at fence-lines than from bait stations situated at other 

landscape features (roadsides, creek-lines, remnant vegetation, open paddocks).  These results 

do not disprove the claims that foxes follow fence-lines while travelling; however they do 

suggest that fence-lines may not provide the most favourable sites for eliciting bait uptake by 

foxes.  To date, the issue of bait station placement has largely been overlooked in analyses of 

fox baiting but the results presented here imply that bait station placement is likely to affect the 

efficiency (and potentially the effectiveness) of 1080-baiting campaigns in agricultural 

landscapes. 

 

7.4.4  Coordination Between Neighbouring Properties 

Most landholders that participated in the 2008 baiting program did not undertake fox baiting on 

their properties prior to the establishment of the BBCMN Community Fox-Baiting Program in 

2005.  Therefore, from the point of view of fostering interest and involvement in biodiversity 

management on private land, the BBCMN Community Fox-Baiting Program can be considered 

a success.  Furthermore, the level of coordination between landholders was reasonably high, as 

37.5 % of baited properties were baited in conjunction with three or more neighbouring 

properties.  These figures compare favourably with those presented by Gentle (2005) who 

reviewed five years of baiting records in central NSW and found that 55 % of landholders 

conducted baiting in isolation of their neighbours and only 8.5 % of landholders coordinated 

baiting with three or more neighbours. 
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Despite the coordination between landholders during the present investigation, the average 

property size was reasonably small (341 ha) and the maximum distance from the centre of a 

baited property to the edge of the nearest unbaited property was only 714 m.  This distance is 

insufficient to prevent dispersing foxes from migrating into baited properties following the 

baiting program (Coman et al. 1991; Marlow 1992; Robinson & Marks 2001).  Moreover,  

re-colonisation of baited properties would have almost certainly occurred soon after the baiting 

program ceased, as large continuous areas of land remained unbaited throughout the study area 

(Figure 7.5: a).  Results from Chapter 4 support this suggestion, as the level of uptake of non-

toxic baits six weeks after the 2008 BBCMN Community Fox-Baiting Program finished was 

almost double that recorded immediately after 1080 baiting ceased (refer to Chapter 4, Table 

4.3).  Many other studies have also documented rapid re-colonisation by foxes following 

substantial localised reductions in abundance (e.g., Kinnear et al. 1988; Newsome et al. 1989; 

Short et al. 1995; Banks et al. 1998; Kinnear et al. 2010) and radio-tracking studies have shown 

that following the death of resident foxes, vacant home ranges may be re-colonised within 1–4 

weeks (Mulder 1985; Meek 1998). 

 

7.4.5  Monitoring Radio-collared Foxes 

Two of the six radio-collared foxes died during the 2008 BBCMN Community Fox-Baiting 

Program; 23- and 29 days after baiting began.  However, in both instances the cause of death 

could not be confirmed as the carcass of neither fox was recovered.  In the first instance, the 

death of fox MS 8 (sub-adult male) was not verified until after his body had been consumed by 

scavengers (for a detailed description of the movements of fox MS 8 prior to his death refer to 

Appendix 7.5).  In the second instance, fox FA 1 (adult female) died in a den located in the base 

of a large tree which prevented the retrieval of her body.  I suspect 1080 poisoning caused the 

death of both foxes as baits were present (and in the case of FA 1, were definitely removed) 

within their home ranges.  

 

Toxicology studies of foxes in fenced enclosures have demonstrated that following the ingestion 

of a lethal amount of 1080, death does not occur for an average period of approximately five 

hours (Staples et al. 1995; Marks et al. 2000).  During this latent period, foxes have ample time 

to return to their dens (e.g., fox FA 1) or travel well beyond the property where they consumed 

the bait (e.g., fox MS 8).  Indeed, other telemetric studies have established that foxes suspected 

of 1080 poisoning have died underground (Thomson et al. 2000) or a considerable distance  

(2–3 km) from the nearest active bait station (Dexter & Meek 1998).  This may explain why  

42 % of participating landholders failed to locate fox carcasses on their properties during the 

2008 baiting program and why no more than two fox carcasses were found on any individual 
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property.  A further cause may be the rapid consumption of fox carcasses by scavengers 

(Appendix 7.5). 

 

Other researchers have also noted that fox carcasses are seldom recovered following 1080-

baiting campaigns (Banks 1997; Busana et al. 1998) and this lack of tangible evidence for the 

efficacy of 1080 baiting is one of the primary reasons why landholders choose not to undertake 

the technique (A. Carter, personal observation).  Instead, many landholders elect to perform 

more traditional fox-control methods (e.g., shooting and trapping) because they provide direct 

evidence of a fox’s death (A. Carter, personal observation).  Nevertheless, this study provides 

justification as to why fox carcasses are seldom located during (and after) baiting programs and 

reporting these findings to sceptical landholders may lead to more informed decisions about the 

value of 1080 baiting. 

 

During the 2008 BBCMN Community Fox-Baiting Program, the home range of one radio-

collared fox was devoid of bait stations, but the home-range areas (100 % MCP) of the 

remaining five foxes contained between 1 and 16 bait stations (Table 7.4).  Even under a far 

more conservative home-range estimate (50 % MCP), bait stations were present in four of the 

six foxes’ home-range areas (Table 7.4).  Despite this, four telemetered foxes survived the 

baiting program and were still alive 10 weeks after baiting ceased.   

 

There is much evidence, based on population indices, to indicate that 1080-baiting programs are 

effective at reducing fox abundance (e.g., Thompson & Fleming 1994; Coman et al. 1995; 

Fleming 1996; Banks et al. 1998).  Nevertheless, few data exist on the mortality rate of radio-

collared foxes during 1080-baiting campaigns.  To the best of my knowledge, the only other 

Australian study that is directly comparable with the present investigation is that of Dexter and 

Meek (1998).  These authors monitored six radio-collared foxes during a ground-based 1080-

baiting campaign in coastal New South Wales and found that all six telemetered foxes died 

within ten days of baiting commencing.  In a much larger investigation, Thomson et al. (2000) 

radio-collared 45 foxes in semi-arid Western Australia and established that 60 % of collared 

foxes died within 3 days of 1080 baits being deployed and 100 % were dead within 44 days.  

However, the results of that study are not directly comparable with the current investigation as 

baits were distributed aerially. 

 

Relatively few foxes were radio-collared during the present study but the results nonetheless 

raise concerns over the effectiveness of the BBCMN Community Fox-Baiting Program.  Firstly, 

not all telemetered foxes had access to bait stations within their home range, meaning a resident 

population would have remained in the area to hasten the re-colonisation of vacant home ranges 
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after the baiting program ended.  Perhaps of more concern however, was the fact that three 

foxes had access to bait stations within their home range but were still alive well after baiting 

ceased.  Of these foxes, most noteworthy are MS 9 and MS 10 whose home-range areas (100 % 

MCP) contained 16 and 8 bait stations, respectively (Table 7.4).  Even under more conservative 

home-range estimates (95 % MCP, 95 % Kernel, 50 % MCP) these foxes had access to multiple 

bait stations (Table 7.4).  This emphasises the need for detailed research on the foraging 

behaviour of foxes and more careful selection of bait locations (Trewhella et al. 1991). 

   

The results of this study clearly highlight that simply ensuring 1080 bait stations are present 

within a fox’s home range is not enough to guarantee the fox will be killed.  There are many 

variables that will influence whether the baiting program is successful at removing foxes.  

Firstly, bait stations must be placed at locations that ensure foxes encounter a bait while 

travelling throughout their home range.  Secondly, baits must be highly palatable to encourage 

foxes to consume the bait once it is encountered.  Thirdly, when a bait is consumed by a fox it 

must contain enough 1080 to be lethal.  While the latter two issues are beyond the scope of this 

thesis, the matter of bait station placement is relevant and is discussed further below. 

 

7.4.6  The Effectiveness of Landholder Baiting 

Under the hypothetical roadside- and grid-baiting strategies, bait stations were distributed in a 

uniform manner, whereas the distribution of landholder bait stations was significantly clumped.  

This is clearly illustrated in Figure 7.5 which shows that large continuous areas of land were 

devoid of bait stations during the 2008 BBCMN Community Fox-Baiting Program.  The 

simulated home-range modelling also reflected this, where a relatively high proportion of home-

range areas were devoid of landholder bait stations compared with both hypothetical baiting 

strategies which delivered baits to almost all home ranges (Table 7.6).   

 

These results strengthen the argument that the spatial coverage of bait stations during the 2008 

BBCMN Community Fox-Baiting Program was insufficient to result in widespread fox 

population reductions throughout the study area.  Moreover, these findings further suggest that a 

resident population of foxes would remain in the study area to rapidly re-colonise the home-

range areas of foxes removed during the baiting program.  Realistically, the most likely 

outcome of the BBCMN baiting program in its current form is short-term reductions in fox 

abundance on individual properties.  Given the timing of the baiting program (February–April), 

this may be sufficient to benefit the majority of participating landholders who wish to protect 

new-born lambs during March–April.  However, baiting during these months is unlikely to fulfil 

the BBCMN Community Fox-Baiting Program’s overriding objective of reducing the impact of 

foxes on curlews. 
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In south-eastern Australia curlews nest from July to January, with most nesting attempts made 

during spring (September–November) (Marchant & Higgins 1993).  Chicks hatch after an 

incubation period of 23–25 days (Garnett 1985; Anderson 1991) and are unable to fly until 

approximately 50 days old (Marchant & Higgins 1993).  It is during this flightless period that 

chicks are likely to be most vulnerable to predation by foxes.  Therefore, conducting the 

BBCMN baiting program during February–April will fail to reduce fox abundance during the 

most critical period when curlews are nesting and when the majority of flightless chicks are 

likely to be present.  Moreover, conducting the baiting program in its current form during spring 

may not necessarily increase its effectiveness given the short period over which it is expected to 

reduce fox abundance and the curlew’s relatively long breeding season.  Reducing the impact of 

foxes on curlews in the study area would almost certainly require the duration of the BBCMN 

baiting program to be increased considerably (e.g., 3–4 months) or for baiting to be performed 

more frequently (e.g., at alternating one-month intervals for several months).  Achieving such 

intensive baiting regimes based entirely on landholder involvement is highly unlikely  

(cf., Greentree 2000). 

 

Research from agricultural areas elsewhere in south-eastern Australia also suggests current 

baiting practices may be insufficient to reduce fox abundance and associated impacts for 

extended periods (Greentree 2000; Greentree et al. 2000; Gentle 2005).  For instance in central 

New South Wales, Greentree et al. (2000) found no significant difference in fox abundance or 

lamb production at properties where fox baiting was not conducted compared with properties 

baited once per year and three times per year.  Gentle (2005) likewise concluded that the 

frequency and coverage of landholder baiting programs was probably insufficient to reduce fox 

density for long periods.  In both instances, the rapid immigration of foxes from surrounding 

unbaited areas was identified as a likely limiting factor.  

 

Taking into account the combined evidence of the current chapter and previous investigations 

(Greentree 2000; Greentree et al. 2000; Gentle 2005) it is evident that the way fox baiting is 

currently undertaken in agricultural areas requires re-evaluation.  Baiting conducting at an 

individual property level is failing to provide more than short-term, localised reductions in fox 

impact and abundance, even when the level of coordination between neighbouring landholders 

is high.  The greatest drawback of this approach appears to be the rapid re-colonisation of baited 

properties by foxes emigrating from unbaited areas.  In agricultural areas comprising a mosaic 

of small landholdings, this is likely to be a perennial problem as some properties will inevitably 

remain unbaited (cf., Gentle 2005; Saunders & McLeod 2007).  Consequently, it may be 

necessary to adopt alternative baiting strategies in agricultural landscapes in order to improve 



CHAPTER  7: Fox baiting for curlew conservation 

Andrew Carter 213 

the effectiveness of 1080 baiting for reducing fox impacts over large areas and for extended 

periods. 

 

7.4.7  Alternative Baiting Strategies 

An important consideration when evaluating fox-baiting strategies is their cost-effectiveness 

(Saunders & McLeod 2007).  Nevertheless, analyses of this kind are often difficult  

(cf., Saunders & McLeod 2007) and were beyond the scope of this thesis.  Several other 

researchers provide details on the cost-effectiveness of 1080 fox baiting in Australia  

(e.g., Greentree 2000; Gentle 2005; Newsome 2006), which is influenced by many factors such 

as the size of the area baited, bait density, bait medium, number of times baits are checked 

(ground baiting) and the type of aircraft used to deploy baits (aerial baiting) (Saunders & 

McLeod 2007).  Given the complexity of this issue, I focus exclusively on evaluating the spatial 

coverage of baits for the hypothetical baiting strategies, although I acknowledge the necessity of 

evaluating cost-effectiveness when determining their overall feasibility. 

 

The hypothetical grid-baiting strategy produced the most even coverage of baits and delivered 

baits to each actual and simulated home-range area (100 % MCP, 95 % MCP, 95 % Kernel: 

Table 7.4, 7.6), although in reality the only way this strategy could be implemented is via aerial 

baiting.  Aerial fox baiting has proven successful over large areas of Western Australia  

(e.g., Thomson et al. 2000; Orell 2004), however in south-eastern Australia differences in 

landscape, land tenure, human occupancy and the 1080 tolerance of native species means its use 

is prohibited except under exceptional circumstances (e.g., to protect endangered species in 

large conservation reserves) (Saunders & McLeod 2007).  Unless a fox-specific toxin can be 

developed, gaining support and approval to implement aerial baiting in the agricultural areas of 

south-eastern Australia is highly unlikely. 

 

An alternative to aerial baiting could be to position bait stations along public roadsides; similar 

to the strategy proposed by Fleming (1996) who suggested that in forested environments foxes 

could be targeted by distributing 1080 baits along tracks and roads.  The results from the present 

chapter show that the hypothetical roadside-baiting strategy required considerably fewer baits  

(n = 260) than the grid-baiting strategy (n = 434), yet the number of simulated home ranges that 

received baits was relatively even between the two strategies (Table 7.6).  However as 

highlighted earlier, simply ensuring 1080 baits are present within a fox’s home range will not 

guarantee the baiting program is effective.  A critical factor is ensuring baits are positioned in 

areas that will be visited by foxes and there is much evidence to indicate that roadsides provide 

such locations. 
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Research from a variety of countries, including Australia, has demonstrated that foxes 

consistently use roads for movement and/or hunting (Ables 1969a; Henry 1977; Fabrigoule & 

Maurel 1982; Halpin & Bissonette 1988; Bennett 1991; Lumsden et al. 1991; Catling & Burt 

1995b; Christensen & Burrows 1995; Mahon et al. 1998; Meek & Saunders 2000; Frey & 

Conover 2006; Ramp et al. 2006; Gosselink et al. 2007; Silva et al. 2009).  A possible reason 

for this is that roads may enable foxes to optimise foraging success (Meek & Saunders 2000; 

Silva et al. 2009).  Numerous studies have also found that the home range and/or territorial 

boundaries of foxes are often delimited by roads (Macdonald 1980b; Macdonald et al. 1980; 

Niewold 1980; Macdonald 1981; Hersteinsson & Macdonald 1982; Doncaster & Macdonald 

1991; Saunders et al. 1993c; Meek & Saunders 2000); suggesting foxes may regularly travel 

along roads to patrol home-range borders.  Regardless of the reasons for the use of roads by 

foxes, the results presented in Chapter 3 and 4 of this thesis indicate foxes will rapidly 

encounter baits placed along roadsides, with 73 % and 69 % of baits removed within 8 days, 

respectively.   

 

A roadside-baiting strategy would have two other major advantages over aerial baiting; namely 

that bait locations could be clearly identified and baits could be buried (i.e., to increase the 

target specificity toward foxes and reduce non-target exposure).  Nevertheless, the risk of 

poisoning domestic pets and working dogs would inevitably be cited in opposition to a 

roadside-baiting scheme and strict guideless would need to be established to limit such risks.  

Widespread and ongoing publicity regarding baiting events would be essential, as would 

exemplary standards for bait location signage and notification of residents/landholders.  

Stringent distance restrictions would also be required to maintain bait stations at uniform 

distances from all places of habitation (e.g., 500 m) and working dogs would require muzzles.  

Under such a scheme it would be necessary to employ pest control officers to conduct baiting, 

which would undoubtedly require a significant shift in current fox management policy in 

Australia. 

 

Despite the challenges associated with implementing a roadside-baiting strategy in agricultural 

landscapes, 1080 baiting along roadsides in public areas is not without precedent.  In 

conservation reserves throughout south-eastern Australia 1080 fox baits are commonly laid on 

the verge of roads (e.g., Banks et al. 1998; Körtner et al. 2003; Murray et al. 2006; Dexter & 

Murray 2009); although admittedly baiting in these circumstances is less complex as there are 

relatively few landholders to notify and domestic dogs are generally not permitted.  

Nevertheless, in the northern suburbs of Sydney a 1080-baiting program (the Sydney-North 

Regional Fox-control Program) has successfully been implemented in bushland bordering high-

density housing.  In this instance, special permission was granted from the regulatory bodies to 
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lay 1080 baits within 150 m of dwellings instead of the usual distance restriction of 500 m 

(Mason & Olson 2000; Olsen et al. 2005).  The program has been conducted for 10 years and 

despite the close proximity of 1080 baits to heavily-populated areas it has an excellent safety 

record with only one case of a domestic dog being poisoned (although death from 1080 

poisoning was not confirmed, the dog most likely ate the vomitus of a fox that had consumed a 

bait) (pers. communication, M. Hall, Department of Environment, Climate Change and Water, 

24 February 2010; Saunders & McLeod 2007).  These examples demonstrate that it is possible 

to conduct 1080 bating programs in areas with public access.   

 

7.4.8  The Potential for Roadside Baiting in Other Landscapes 

The results of this chapter suggest that a roadside-baiting strategy would greatly improve the 

spatial coverage of 1080 baits in the Nathalia/Picola study area.  Nevertheless, despite this 

region containing an extensive road network, there was one continuous area (≈ 3000 ha) that 

contained no public-access roads and was devoid of hypothetical bait stations (Figure 7.5: b, 

south-western corner).  In such areas, it would be necessary to supplement roadside baiting with 

traditional ‘on-farm’ baiting to target foxes with limited or no access to public roads.  Therefore, 

to some extent the feasibility and effectiveness of a roadside-baiting strategy will depend on the 

number of areas requiring supplementary baiting.  This issue was explored by applying the 

hypothetical roadside-baiting strategy to four additional study areas (see below). 

 

In the two Victorian study areas (Wilby, Lurg) the roadside-baiting strategy produced similar 

results to the Nathalia/Picola study area with a uniform coverage of bait stations across the 

landscape (Table 7.7, Figure 7.6) and relatively few simulated home ranges devoid of bait 

stations (Table 7.10).  In both landscapes, no areas larger than approximately 1000 ha were 

devoid of bait stations and therefore a roadside-baiting strategy is likely to be effective in these 

landscapes without supplementary baiting.  At the New South Wales sites the results were less 

favourable.  The Berrigan study area contained a similar number of bait stations to the Victorian 

study areas (Table 7.8), yet the number of home ranges devoid of bait stations was considerably 

higher (Table 7.10).  This was mostly due to the presence of a large continuous area (≈ 4500 ha) 

lacking public roads (Figure 7.6).  The capacity to conduct supplementary ‘on-farm’ baiting in 

this area would largely determine the overall effectiveness of a roadside-baiting strategy in this 

landscape.  In the Conargo study area a roadside-baiting program would clearly be ineffective as 

public roads were sparsely distributed and modelling showed that the majority of home ranges 

were devoid of bait stations (Table 7.10). 

 

The variation in results between the Victorian and New South Wales study areas is reflective of 

the different road networks in each state.  Figure 7.7 shows that much of northern Victoria 
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contains a regularly spaced network of roads, predominantly occurring in 1.6 km grids  

(i.e., one mile).  Throughout most of this region large areas devoid of public-access roads are 

uncommon.  In contrast, there are numerous large areas lacking public roads in southern New 

South Wales as the road network is sparser and largely occurs in an irregular pattern.  Therefore, 

based on the distribution and density of roads as shown in Figure 7.7, it appears that broadly 

speaking, large regions of northern Victoria are well-suited to roadside baiting, whereas such a 

baiting strategy would probably be less effective in many areas of southern New South Wales. 

 

 

 

 

 
Figure 7.7.  The location of public roads in north-central Victoria and southern New South Wales.  Inset 

shows the position of the area in relation to the entire states of Victoria and New South Wales. 
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7.4.9  Conclusion 

This chapter greatly enhances the understanding of landholder baiting practices in agricultural 

areas.  It also provides an important assessment of the spatial coverage of 1080 baits both at the 

individual property level and landscape scale.  Based on the survival of radio-collared foxes and 

data on their general movement capabilities, it is clear that in its current form the BBCMN 

Community Fox-Baiting Program cannot deliver more than short-term, localised reductions in 

fox impact and abundance.  Consequently, unless it is significantly modified the BBCMN 

baiting program is unlikely to achieve its aim of reducing fox impact on curlew populations. 

 

The BBCMN baiting program is typical of most landholder baiting campaigns in south-eastern 

Australia and the relevance of these findings extends far beyond the current study area and Bush 

Stone-curlew conservation.  By highlighting the factors that limit the effectiveness of landholder 

baiting campaigns, I have shown that current fox-baiting strategies in agricultural areas require 

re-consideration.  At a landscape scale alternative baiting strategies will reach a much larger 

percentage of foxes compared with traditional landholder-based baiting programs.  Distributing 

1080 baits along public roadsides appears to be the most viable alternative baiting strategy, but 

the effectiveness of this technique will depend on the distribution and density of public roads.   

 

Large parts of northern Victoria appear suited to a roadside-baiting strategy and this area 

contains the highest concentration of curlews in the state (refer to Chapter 2, Figure 2.5).  The 

density of curlews is also relatively high in southern New South Wales, but public roads are 

more sparsely distributed in many parts of this region indicating that a roadside-baiting strategy 

may be less effective.  In light of these results, an immediate research priority should be to 

establish controlled, replicated experiments in both states to determine the ‘on-ground’ 

effectiveness of the roadside-baiting strategy.  A detailed assessment of the cost-effectiveness of 

this approach is also necessary.    The results of such experiments would not only greatly inform 

efforts to improve 1080 baiting for Bush Stone-curlew conservation; they would also benefit 

baiting campaigns to protect other vulnerable wildlife and livestock species. 
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CHAPTER 8 
 

SYNTHESIS  AND  CONCLUSIONS 

 
8.1  SUMMARY OF MAIN FINDINGS 

The main conclusions from my research on improving Red Fox (fox; Vulpes vulpes) 

management for Bush Stone-curlew (curlew; Burhinus grallarius) conservation are as follows: 

 

(i) Bait-uptake experiments demonstrated significantly higher uptake by foxes at roadsides 

and creek-lines than at fence-lines and open paddocks.  This suggests that in farming 

areas, fox predation pressure is highest in locations that also provide important habitat for 

curlews.  This potentially magnifies the risk that foxes pose to curlew conservation, but 

my experiments have also identified where fox control could be prioritised to improve its 

effectiveness. 

 

(ii) Bait-uptake experiments also showed that the hunting success of foxes was reduced in 

areas with high ground-layer complexity, but only in conjunction with an annual  

fox-baiting program.  Furthermore, this trend was significant only for a short period 

immediately after the baiting campaign when fox abundance was likely reduced.  

Improving ground-layer complexity is currently an important habitat management strategy 

for curlews and other native terrestrial species, but this approach must be coupled with 

regular fox control to reduce curlew vulnerability to fox predation.  Moreover, keeping fox 

abundance low over the long term should enhance the benefits of improved ground-layer 

complexity, and management strategies should emphasise all aspects of ground-layer 

heterogeneity rather than the currently limited focus on fallen timber only.   

 

(iii) Soil type was the most important determinant of den-site selection by foxes.  Earthen dens 

were preferentially located in soil with low clay content, while non-earthen dens were 

found mainly in soil with high levels of clay.  Other factors had little influence on den-site 

selection making it difficult to nominate particular features that could be targeted during 

fox-control programs to reach likely den-sites.  Nevertheless, identifying the underlying 

soil type will help to determine the type of den most likely to be encountered (i.e., earthen 

or non-earthen), which in-turn will provide an indication of probable den locations. 

 

(iv) Fox home-range size varied widely, home-range overlap was more prevalent among sub-

adults than adults, and most home ranges incorporated only one core area.  During  

24 hours, adult foxes travelled an average of 9.4 km and covered an average of 34 % of 

their home-range area.  Some sub-adult foxes used the same travel paths repeatedly while 
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moving between different parts of their home range, and this behaviour could be exploited 

to improve fox-control programs (e.g., by placing baits along known travel paths). 

 

(v) During the Broken–Boosey fox-baiting program, several landholders employed 

undesirable baiting practices that may reduce the long-term efficacy of the program.   

In addition, although the level of coordination between participating properties was 

reasonably high, large parts of the study area were devoid of bait stations; increasing the 

likelihood of rapid re-colonisation of baited areas by foxes.  This was illustrated by the 

fact that only two of the six telemetered foxes died during the month-long baiting 

campaign, despite the home range of each fox overlapping with baited properties.  These 

results suggest that unless the existing baiting program is modified significantly, it is 

unlikely to achieve its aim of reducing fox impact on curlew populations. 

 

(vi) Modelling experiments demonstrated that the spatial coverage of fox baits throughout the 

study area was improved under two hypothetical baiting strategies (uniform and roadside) 

compared to the limited coverage provided by the landholder baiting program.  When the 

roadside-baiting strategy was applied to randomly-selected areas it performed reasonably 

well in most landscapes, and I posit that distributing fox baits along roadsides could 

substantially improve control efforts in many agricultural regions.  Greater research into 

the feasibility of this approach is an immediate priority. 

     

In the following sections, I place my research in the broader context of predator management for 

native species conservation.  I then discuss the direct implications of my findings for curlew 

conservation in south-eastern Australia and the broader relevance of my results for improving 

fox management in agricultural areas.  The chapter concludes with recommendations for future 

research. 
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8.2  PREDATOR  MANAGEMENT  FOR  NATIVE  SPECIES  CONSERVATION  

 

8.2.1  The Value of Detailed Information on Predator Ecology 

Numerous authors have argued that detailed information on the ecology of predators is vital to 

improving bird species conservation (Paton 1994; Yahner 1996; Keyser et al. 1998; Larivière 

1999; Marzluff & Restani 1999; Lahti 2001; Chalfoun et al. 2002; Lima 2002; Larivière 2003; 

Stephens et al. 2003; Weatherhead & Blouin-Demers 2004; Lecomte et al. 2008).  The results of 

my study have important implications for the management of curlews and other vulnerable 

wildlife and suggest that predation pressure may vary with landscape context and current  

fox-control measures are likely to fail to reach a large percentage of fox home ranges. 

 

Detailed information on a predator’s ecology is also valuable for testing commonly-held  

(but unverified) beliefs that are sometimes used to guide predator management.  For example, in 

New Zealand, experienced wildlife trappers believed the Ferret (Mustela furo) rapidly died-off 

following the onset of severe weather (King et al. 2009).  However, radio-tracking demonstrated 

that ferrets are able to survive and remain active during severe weather (King et al. 2009) and 

continue to pose a threat to wildlife during these periods.  In Australia, it is often suggested that 

foxes travel along fence-lines in agricultural areas (e.g., Saunders et al. 1995; Slater 1998)  

and that fences represent favourable locations for deploying poison baits.  However,  

I demonstrated that in my study area, fence-lines represented the least preferable location for 

eliciting rapid bait uptake by foxes.  While detailed ecological research is time consuming and 

expensive, these examples demonstrate that such efforts will greatly inform predator 

management. 

  

8.2.2 Conservation Efforts for Ground-nesting Birds Should Incorporate Simultaneous 

Management of Habitat AND Predators 

Throughout the world, many ground-nesting birds associated with agricultural landscapes have 

experienced widespread population declines (cf., Warner 1994; Fuller et al. 1995; Donald et al. 

2001, 2006; Wretenberg et al. 2006), with most declines attributed to habitat loss, habitat 

modification, and/or increased predation (e.g., Berg & Pärt 1994; Whittingham & Evans 2004; 

Herzon & Mikk 2007; Reif et al. 2008).  Many of these species are now of major conservation 

concern and considerable efforts are devoted toward preserving remaining populations.   

In many parts of Europe (and increasingly in North America: Gray & Teels 2006) such efforts 

are performed under ‘agri-environment schemes’ (Keenleyside 2006); government initiatives 

that provide financial incentives to landholders for managing their properties to benefit 

particular species or wider biodiversity (Morris & Reed 2007).  However, such schemes focus 

almost entirely on habitat management (Whittingham 2007); rarely, if ever, do they incorporate 

the management of predators (van der Wal & Palmer 2008).   
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I argue that ground-nesting birds and other species vulnerable to predation will benefit more if a 

holistic management approach is adopted, whereby habitat and predators are managed 

simultaneously.  The results from Chapter 4 support this, suggesting that habitat management in 

isolation of predator control may fail to reduce the threat of predation on ground-nesting birds, 

and further, that the benefits provided by predator control may increase if coupled with habitat 

management.  Support for this can be seen within the gamebird industry where the importance 

of concurrent habitat and predator management is well recognised and has been successfully 

used (for over one hundred years in some instances) to maintain ground-nesting bird 

populations (e.g., for Red Grouse (Lagopus lagopus scoticus) sport shooting on moorland in the 

United Kingdom: Tharme et al. 2001).  Therefore, agri-environment schemes and other 

conservation programs aimed at protecting ground-nesting birds may benefit from examining 

the various management regimes implemented for the maintenance of gamebird populations 

(e.g., pheasant, partridge, grouse, etc.).   

 

8.2.3  Greater Consideration Should be Devoted to Bait Placement During Wildlife Control 

and/or Vaccination Programs 

Toxins and vaccines are commonly delivered to wildlife populations throughout the world via 

meat-, cereal-, or vegetable-based baits (e.g., 1080 baits for possums in New Zealand, rabies 

vaccine baits for carnivores in the northern hemisphere).  Regardless of the substance being 

delivered, the primary objective of all baiting programs is to reach as much of the population as 

possible using the least number of baits.  In many situations, baits are dropped from aircraft in a 

grid pattern over large areas in efforts to reach the entire target population (e.g., Thomson et al. 

2000; Thulke et al. 2004).  However, as demonstrated in Chapter 7, simply ensuring baits are 

located within an animal’s home range is not sufficient to guarantee bait uptake.  Some baits 

will be placed in areas that are rarely visited by the target species, which wastes time and money 

and increases the risk of bait exposure to non-target species.  While it is certainly important to 

reduce the gaps in bait coverage, my findings indicate that the efficiency (and potentially the 

effectiveness) of baiting campaigns could be improved by preferentially targeting certain 

landscape features (e.g., roadsides and riparian areas: Chapter 3).  

 

Similar opportunities for targeted baiting exist in other countries.  For instance, in agricultural 

areas of Spain, the Egyptian Mongoose (Herpestes ichneumon) and Common Genet (Genetta 

genetta) have been shown to preferentially use hedgerows (Pereira & Rodríguez 2010).  Both of 

these species are known carriers of rabies (King 1992; Nel et al. 1997; Shimshony 1997; 

Yakobson et al. 1998; Vos 2004) and therefore if a rabies vaccination program for these species 

was required in Spain, it may be more effective and efficient to preferentially place baits along 

hedgerows rather than distribute baits in a uniform grid pattern across the entire landscape. 
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Research on animal capture rates provides further evidence of the potential for targeted baiting.  

In New Zealand, researchers have shown that the probability of trapping an animal varies 

according to the traps’ position within the landscape (Pierce 1986; Cameron et al. 2005).  For 

instance, traps located in riverbed habitats were significantly more likely to capture mustelids 

than traps located in swamps (Cameron et al. 2005).  The objectives of baiting and trapping are 

fundamentally the same; that is, to position traps/baits in locations that will be visited by the 

target species.  Therefore, these results provide further indication that the efficiency and 

effectiveness of baiting programs could improve for some species if particular landscape 

features are targeted.  The value of this approach (and the areas suitable for targeting) is likely 

to vary from species to species, underscoring the need for detailed research on the ecology of 

predators (and other species). 

 

 

8.3 IMPLICATIONS FOR CURLEW CONSERVATION IN SOUTH-EASTERN 

AUSTRALIA  
 

8.3.1  Habitat Management for Curlew Conservation Must be Combined with Regular Fox 

Control 

The retention of fallen timber is widely promoted for curlew conservation as it is believed to be 

a vital part of the curlew’s camouflage strategy (DSE 2004; DEC NSW 2006; Treilibs 2006).  

However, the value of fallen timber for reducing predation on curlews is not known.  The 

results from Chapter 4 indicate that overall habitat heterogeneity (i.e., the diversity of ground-

layer habitat components) had more influence on reducing hunting success by foxes than fallen 

timber alone.  This suggests that maintaining ground-layer heterogeneity is likely a better 

strategy for curlew conservation than simply retaining fallen timber.  Nevertheless, promoting 

fallen timber as a ‘flagship element’ of curlew habitat is useful because high levels of fallen 

timber will likely improve overall heterogeneity (e.g., by assisting with leaf litter retention, 

providing variable micro-climates, etc.).  Moreover, it is much simpler to advocate the retention 

of fallen timber to landholders than to promote ground-layer heterogeneity. 

 

When fox abundance is reduced, high ground-layer heterogeneity may protect curlews against 

fox predation (Chapter 4).  However, unless fox control is conducted on a regular and ongoing 

basis the protection provided to curlews is likely to be short-lived.  Moreover, ground-layer 

habitat management for curlews must also consider the need to maintain open areas with short 

sparse grass cover for nesting and to facilitate curlew surveillance for predators (Anderson 

1991; DEC NSW 2006).  This reinforces the necessity of a holistic approach to species 

management that encompasses a diversity of management practices simultaneously (sensu 

Muller 2002) rather than addressing individual factors (e.g., habitat or predation) in isolation. 
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8.3.2  Curlews Inhabiting Roadside and Riparian Habitats are Likely to be at Greatest Risk  

of Fox Predation 

In most agricultural landscapes in southern Australia the greatest percentage of native 

vegetation remains along roadsides and watercourses (Bennett 1990; Hobbs & Saunders 1994; 

van der Ree & Bennett 2001; van der Ree et al. 2003).  It is therefore not surprising that these 

locations provide important feeding grounds for curlews (Johnson & Baker-Gabb 1994) and are 

also frequently used for roost and nest sites (A. Carter, personal observation).  The results from 

my research suggest that in agricultural landscapes, roadsides and creek-lines are also important 

for foxes and this is expressed as higher predation pressure in these areas. 

 

Predation pressure in roadside and creek-line vegetation may increase in spring when foxes are 

raising cubs (and curlews are nesting).  During spring, adult foxes generally concentrate 

activities around their den(s) (Sargeant 1972; Goszczyński 1985), increasing the risk of 

predation in the immediate vicinity (Sargeant 1972; Carter & Finn 1999).  In Chapter 5  

I demonstrated that in areas where soils are unsuitable for digging earthen dens, foxes regularly 

use dens in roadside locations (in the base of very large old trees or drainage culverts).   

Creek-lines are also likely to offer many suitable non-earthen den-sites as they too generally 

contain a relatively high number of large old trees (cf., Bunn et al. 1993).  Consequently, in 

agricultural landscapes throughout south-eastern Australia, encounters between foxes and 

curlews may be increased because of the importance of roadside and riparian habitats to both 

species.  This supports my argument of the need to prioritise fox control in these habitats (see 

below).  

 

8.3.3  The Current Approach to Fox Baiting for Curlew Conservation Requires Re-evaluation 

Fox baiting with sodium monofluoroacetate (1080) is commonly recommended to aid curlew 

conservation (e.g., DEC NSW 2006; Treilibs 2006) and many baiting programs have been 

established in areas where curlews persist (e.g., Davey 2005; Hazell 2005; BBCMN 2007b; 

DSE 2008; FNPW n.d.).  Such programs are largely conducted on privately-owned agricultural 

properties and rely almost entirely on the voluntary efforts of individual farmers or collective 

groups of landholders.  However, my results indicate that the timing and intensity of these 

programs is unlikely to lead to curlew population increase, which is the fundamental purpose of 

these campaigns (Chapter 7).  To improve benefits to curlews, fox baiting needs to be 

performed (at the very least) for extended periods during spring and early summer when curlew 

nests and fledglings are present.  It is unrealistic to expect such intensive baiting programs to be 

conducted by individual landholders on a voluntary basis, especially when this period may not 

be the most beneficial time to bait for livestock protection (which is the primary reason why 

many landholders conduct baiting).  Offering monetary incentives for landholders to undertake 
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fox baiting for curlew conservation is a possible option, but I do not believe this strategy is 

advisable.  Under such a scheme it would still not be possible to safeguard against problematic 

baiting procedures (as detailed in Chapter 7) that may reduce the long-term efficacy of fox 

baiting, and bait distribution may still remain inadequate to reduce fox numbers over large 

areas.  Therefore, landholder payment schemes may simply increase the cost of fox baiting 

without increasing its effect. 

 

I suggest that the most effective way to improve curlew conservation throughout the agricultural 

landscapes of south-eastern Australia is for the majority of fox baiting to be performed by 

government agencies (with supplementary baiting performed by private landholders).  The most 

efficient and effective method of distributing fox baits over large areas is via aircraft, but this is 

unlikely to occur in eastern Australia unless a fox-specific toxin can be developed.  In the 

meantime, I posit that the best remaining alternative for a government-run fox-baiting program 

to protect curlews is to distribute (buried) baits along public roadsides.  While this may not be 

applicable in some landscapes owing to sparse public road networks, the modelling results from 

Chapter 7 indicated that the approach would deliver a uniform coverage of baits across a large 

percentage of northern Victoria.  This is significant for curlew conservation given that a 

relatively large number of curlews remain throughout this region (DSE 2004). 

 

Saunders and McLeod (2007) suggested that a key consideration in designing any large-scale 

fox-baiting program is the ability to indefinitely maintain control effort.  In this regard, a likely 

criticism of the roadside fox-baiting strategy for curlew conservation is that it would be 

susceptible to changing government funding priorities.  However, this can be said for all 

existing government-run programs designed to control exotic species.  Because curlews largely 

inhabit free-hold agricultural land, the ‘public good’ (i.e., conservation) associated with a 

government-run fox-baiting program may simply be less obvious than for species that inhabit 

National Parks or other public conservation reserves.  In both instances the merit and objectives 

of the fox control are identical, that is, threatened species conservation.  Moreover, there are 

many threatened species other than curlews that occur in agricultural landscapes that would 

likewise benefit from improved fox control (e.g., Inland Carpet Python (Morelia spilota 

metcalfei), Striped Legless Lizard (Delma impar), Malleefowl (Leipoa ocellate), etc.). 
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8.4 IMPLICATIONS  FOR  IMPROVING  FOX  MANAGEMENT  IN  

AGRICULTURAL  LANDSCAPES 
 

8.4.1  Fox-Baiting Operators Require More Information 

In Chapter 7 I demonstrated that many landholders do not follow the recommended procedures 

for fox baiting and that their actions may potentially cause problems associated with bait 

aversion and caching.  Despite these issues being well documented in the scientific literature, 

most landholders were unaware that their actions may be problematic.  Indeed, in most 

instances landholders believed their practices would improve the effectiveness of baiting.  This 

demonstrates a lack of understanding of some of the key principles of fox baiting with 1080 and 

provides a clear indication that the communication of scientific research findings needs to be 

improved.  It is essential that landholders undertaking fox baiting are acutely aware that their 

practices can have an enormous impact (both positive and negative) on the overall effectiveness 

of baiting programs.  At present, this is not the case.  

 

The effectiveness of fox-baiting campaigns is likely to improve if landholders are informed 

about basic fox ecology and the key issues that require consideration when fox baiting.  For 

instance, if landholders understand the typical home-range size of foxes in agricultural areas and 

basic information on fox densities, they will be better able to develop appropriate baiting 

strategies on their properties (e.g., by improving bait spacing, bait density, etc).  It is also 

important that landholders are kept abreast of the latest research findings associated with fox 

baiting and fox ecology.  At present, such information is mostly communicated via electronic 

newsletters (e.g., Invasive Animals CRC 2008–present), websites (e.g., Lapidge et al. 2004–

present) or government-issued pamphlets (e.g., Bloomfield & Rosier 2007).  However, these 

resources may not be readily accessible to many landholders and therefore a more effective 

approach would be to fund regional pest coordinators to oversee control programmes and 

provide current information, education and training to landholders (as previously proposed by 

Braysher 1993; Hassall and Associates 1998; Olsen 1998; Saunders & McLeod 2007).  Doing 

so would ensure fox management is adaptive and also hasten any improvements brought about 

by new information. 

 

8.4.2  Bait Station Placement Requires Greater Consideration 

My study highlights the need for more thought on where baits are located during landholder 

baiting programs.  The success of baiting campaigns largely depends on whether foxes find 

baits (Saunders et al. 1997), yet essentially the only guidance given to landholders regarding 

bait placement relates to minimum distance restrictions for baits near dwellings, watercourses, 

boundary fences and public roadways (for further details refer to Saunders & McLeod 2007).  

There is currently little information regarding the optimum places to deploy baits to encourage 



CHAPTER  8: Synthesis and conclusions 

 

Andrew Carter 226 

rapid uptake by foxes, which undoubtedly stems from a lack of data on the habitat preferences 

of foxes in agricultural landscapes (as discussed further in section 8.5.2).  This highlights an 

immediate need for additional research on the issue of optimal bait station placement in 

agricultural areas. 

 

8.4.3  Fox Den Locations Should be Used to Greater Effect 

Most landholders in my study area have detailed knowledge of the location of earthen fox dens 

on their properties (Chapter 5).  On many farms these dens are destroyed via deep ripping which 

is a commonly recommended fox management practice (Saunders et al. 1995).  However, this 

approach may not remove resident foxes; it can merely encourage them to shelter elsewhere.  

Moreover, subsequent dens may be more difficult to locate and manage (e.g., tree base, rock 

pile, etc.).  A more effective long-term fox management approach may be to leave fox dens 

intact and regularly check their occupancy (following Lockie 1964).  This would enable 

landholders to monitor fox numbers on their properties more closely and dens provide 

favourable sites for deploying 1080 baits (because foxes often visit the dens of conspecifics: 

Weber 1982). 

 

Providing the correct procedures are followed, den fumigation with carbon monoxide (CO) gas 

cartridges (DEN-CO-FUME
®
; Animal Control Technologies; Somerton, Victoria, Australia)  

is a humane and highly target-specific form of fox control (Sharp & Saunders 2004d).  

However, because fox dens are difficult to locate (Saunders et al. 1995), den fumigation is 

considered time consuming and labour intensive, and inappropriate for broad-scale fox 

management (Sharp & Saunders 2004d; Saunders & McLeod 2007).  Yet, since the landholders 

in my study area appear to already have a good knowledge of fox-den location, there is great 

potential for mapping the location of these dens within and across properties.  Fox dens could 

then be systematically surveyed (by landholders or pest control officers) during the cub-rearing 

period each spring, with natal dens fumigated to remove entire litters of fox cubs before they 

reach independence. Moreover, 1080 baits could be placed around dens to target resident or 

visiting adult foxes (placing rabies vaccine baits at den-sites has increased the immunisation rate 

of foxes in France and Switzerland: Vuillaume et al. 1997, 1998; Bugnon et al. 2004).  If this 

approach was applied in a strategic manner at a large scale, den fumigation may become a 

highly effective and efficient method of reducing fox abundance across landscapes (and develop 

into a core element of integrated fox-control programs).   
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8.4.4  Drainage Culverts Could be Used More Effectively 

Drainage culverts under roads are ubiquitous features of transport corridors (Yanes et al. 1995; 

Rodriguez et al. 1996; Clevenger et al. 2001; Ascensão & Mira 2007; Grilo et al. 2008)  

and many researchers have documented their use as den-sites by the Red Fox (Stanley 1963; 

Pielowski 1976; Storm et al. 1976; Marks & Bloomfield 2006; Gosselink et al. 2007).  During 

the current investigation, the use of culverts was confirmed by radio-tracking foxes and 

practically all culverts that were inspected throughout the study area (n ≈ 50) showed signs of 

fox use (e.g., fox scats, bones, soil excavated in the middle of the culvert to form a ‘nesting’ 

place: A. Carter, personal observation).  In countries other than Australia, researchers have 

taken advantage of this by using culverts to capture foxes for research purposes (Maurel 1983; 

Clark et al. 2005) and this approach could likewise be used by researchers in Australia to 

improve the capture-rate of foxes.  Targeting drainage culverts could also improve the 

effectiveness of fox-control programs and potentially the efficiency of coarse population 

assessments (see below). 

 

Given the abundance of drainage culverts under roads and the relative ease with which they can 

be identified, accessed and monitored, I believe that systematic surveys of roadside culverts 

during spring should be incorporated into integrated fox-control programs.  All occupied 

culverts could be fumigated with carbon monoxide (CO) gas cartridges (DEN-CO-FUME
®
)  

to destroy fox cubs before they begin foraging independently. 

 

Also, in areas with extensive road networks, systematic culvert surveys could be used as an 

indicator of relative fox abundance.  Surveys of this kind could be performed rapidly and would 

also overcome many of the restrictions such as observer skill and variable detectability 

associated with vegetation cover that affect other fox population indices (cf., Saunders & 

McLeod 2007).  While culvert surveys could be performed at any time of the year they would 

be most appropriate and effective during spring when fox cubs are present.  This method 

however, would be ineffective at times when culverts are inundated with water and 

inappropriate where culverts are systematically fumigated, as proposed above (because this 

practice may deter the use of culverts for den-sites in subsequent years: cf., Saunders et al. 

1995). 

 

8.4.5  Relevance for Future Fox Control in Australia 

I have mainly discussed the implications of my findings for 1080 fox baiting because this 

method is likely to remain the primary form of fox management in Australia for the foreseeable 

future (Gentle 2005).  Nevertheless, the implications of my findings are not confined to 1080 

fox baiting and remain relevant even if alternative substances and/or strategies replace the use of 



CHAPTER  8: Synthesis and conclusions 

 

Andrew Carter 228 

1080 in the future.  This is because fox management in Australia is likely to continue to remain 

heavily reliant on the use of meat-based baits to reach fox populations, regardless of the 

substance being administered (e.g., toxins such as Para-aminopropiophenone (PAPP), 

immunocontraceptive viruses, abortifacient drugs, rabies vaccines: cf., Bradley et al. 1998; 

Marks 2001; Saunders & McLeod 2007).  Therefore, the primary objective of fox management 

using these substances will be identical to current 1080-baiting programs; that is, ensure baits 

are available to the entire fox population and are placed in locations that encourage rapid uptake 

by foxes.  My findings are also relevant for the use of mechanical devices (e.g., ‘M-44 ejectors’, 

‘FOXBAR’: cf., van Polanen Petel et al. 2004; Saunders & McLeod 2007) that may be used 

increasingly in the future to deliver fox baits in Australia, as the likelihood of foxes 

encountering such devices will likewise depend on their placement.   

 

 

8.5  RECOMMENDATIONS  FOR  FUTURE  RESEARCH  

 

8.5.1  Detailed Study on the Spatial Ecology of Curlews 

The most immediate research priority is to obtain comprehensive data on the home range and 

habitat preferences of the Bush Stone-curlew in south-eastern Australia.  To date, the only 

detailed radio-tracking study of curlews has been conducted on Kangaroo Island in South 

Australia (Gates 2001).  However, it is unclear whether these data are representative of curlew 

movements on mainland Australia because foxes are not present on Kangaroo Island.  Any 

efforts to radio-track curlews in south-eastern Australia should utilise the sophisticated tracking 

devices now available that provide details on interactions between study organisms  

(e.g., Proximity Logger; Sirtrack
™ 

Ltd.; Havelock North, New Zealand).  Using this technology, 

curlews and foxes could be tracked simultaneously to determine the number of occasions  

(along with dates and times) that radio-collared foxes come within a certain distance (e.g., 20 m) 

of telemetered curlews (or nests).  When using some tracking systems it is also possible to 

identify the individual predator responsible for killing telemetered prey animals (for a detailed 

description of such technology refer to Kinnear et al. 2010).  If such information was combined 

with the detailed data on fox movements presented in this thesis, it would be possible to more 

accurately quantify the threats posed to curlews by foxes and develop more appropriate plans to 

alleviate those threats.  

 

8.5.2  Detailed Study on the Habitat Preferences of Foxes in Agricultural Landscapes 

The research summarised herein greatly enhances the available information on Red Fox home-

range size and movements in agricultural landscapes.  However, detailed data on the habitat 

preferences of foxes in these landscapes is still lacking.  Detecting habitat preferences in 

agricultural landscapes requires very fine-scale spatial data because apart from open paddocks 
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(which predominate), habitat generally occurs as narrow linear strips (e.g., roadsides and creek-

lines) or small isolated patches (e.g., remnant vegetation < 1 ha).  To date, obtaining the 

necessary accuracy for such a study has not been possible given the speed that foxes travel and 

the limitations of existing Very High Frequency (VHF) radio-tracking technology (as used in 

this study).  Nevertheless, the advent of automated global positioning system (GPS) tracking 

devices now enable researchers to reduce location error with more confidence and precision  

(cf., Lewis et al. 2007; Zweifel-Schielly & Suter 2007), making studies of this kind feasible 

(providing sufficient funding is available).   

 

8.5.3  Habitat Manipulation as a Non-lethal Form of Fox Management 

Some researchers have hypothesised that manipulating habitat complexity in certain areas may 

restrict predator access and provide prey species with refuge against predation (Arthur et al. 

2003).  The results from Chapter 4 are consistent with this hypothesis, suggesting high ground-

layer habitat complexity may reduce the impact of fox predation.  Given the large number of 

native terrestrial species currently threatened by foxes in Australia (cf., Coutts-Smith et al. 

2007; Van Dyck & Strahan 2008), additional research is warranted to further test this 

hypothesis. 

 

Experiments involving manipulation of ground-layer habitat complexity would be most 

applicable in agricultural landscapes where habitat regularly occurs in isolated remnants (Law et 

al. 2000; van der Ree et al. 2003).  Because these remnants are often small, it would be 

reasonably simple to rapidly increase ground-layer habitat complexity by adding fallen timber 

and/or controlling the timing and intensity of grazing (although the immediate change would be 

structural and it would take longer for functional changes to occur; e.g., changes in food 

abundance for curlews).  Nevertheless, it is paramount that any habitat manipulations are not 

detrimental to the focal species (e.g., encouraging long grass would make habitat unsuitable for 

curlews).  Following the recommendations of Arthur et al. (2003), manipulative studies of this 

kind should incorporate four treatment combinations, controlling both habitat structure and fox 

abundance to confirm that habitat structure benefits prey by reducing fox impact.  Fox 

abundance could be manipulated by varying the intensity of fox control (coupled with regular 

population monitoring). 

 

8.5.4  The Relationship Between the Geometric Configuration of Habitat and the Hunting 

Success of Foxes 

The apparently greater hunting success of foxes along roadsides and creek-lines compared to 

non-linear habitats (remnant vegetation, open paddocks) suggests that the geometric 

configuration of habitat plays an important role in determining fox predation rates.  This issue is 
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particularly relevant in the agricultural areas of south-eastern Australia where remnant 

vegetation is often confined to linear habitats such as roadsides and watercourses (Bennett 1990; 

van der Ree & Bennett 2001; van der Ree et al. 2003).  Moreover, in recent times revegetation 

has become a popular remedial activity in farming areas (Bennett et al. 2000; Freudenberger et 

al. 2004) and much of this work has occurred in linear configurations (Freudenberger et al. 

2004; Lindenmayer et al. 2007; Mac Nally et al. 2010).  Therefore, given the abundance of 

foxes in agricultural regions and the number of wildlife species susceptible to fox predation in 

these landscapes (GBCMA 2003; Lindenmayer et al. 2003), further research is required on this 

issue.  Research should aim to determine whether linear habitats in these areas are acting as 

‘ecological traps’ (Gates & Gysel 1978) by concentrating the activities of native ground-

dwelling species, but increasing predation rates by foxes.  Information of this kind would not 

only lead to more informed wildlife management in agricultural landscapes, it may also have 

important implications for the way revegetation programs are planned. 



References 

 

Andrew Carter 231 

REFERENCES 
 
Abbott, I. (2002) 'Origin and spread of the Cat, Felis catus, on mainland Australia, with a 

discussion of the magnitude of its early impact on native fauna', Wildlife Research, v. 

29, no. 1, pp. 51–74. 

Abensperg-Traun, M. (1992) 'The effects of sheep-grazing on the subterranean termite fauna 

(Isoptera) of the Western Australian wheatbelt', Austral Ecology, v. 17, no. 4, pp. 425–

432. 

Abensperg-Traun, M. & Smith, G.T. (1999) 'How small is too small for small animals? Four 

terrestrial arthropod species in different-sized remnant woodlands in agricultural 

Western Australia', Biodiversity and Conservation, v. 8, no. 5, pp. 709–726. 

Ables, E.D. (1969a) 'Activity studies of red foxes in southwestern Wisconsin', Journal of 

Wildlife Management, v. 33, no. 1, pp. 145–153. 

Ables, E.D. (1969b) 'Home-range studies of Red Foxes (Vulpes vulpes)', Journal of 

Mammalogy, v. 50, no. 1, pp. 108–120. 

Ables, E.D. (1975) 'Ecology of the red fox in North America', in The Wild Canids: Their 

Systematics, Behavioral Ecology and Evolution, ed. M.W. Fox. New York: Van 

Nostrand Reinhold Company. pp. 216–236. 

Abramsky, Z., Strauss, E., Subach, A., Riechman, A. & Kotler, B.P. (1996) 'The effect of Barn 

Owls (Tyto alba) on the activity and microhabitat selection of Gerbillus allenbyi and G. 

pyramidum', Oecologia, v. 105, no. 3, pp. 313–319. 

Abson, R. (2004) The use by vertebrate fauna of the Slaty Creek wildlife underpass, Calder 

Freeway. MEnvMgt Thesis, University of Tasmania. 

Adams, L.W. & Geis, A.D. (1983) 'Effects of roads on small mammals', Journal of Applied 

Ecology, v. 20, no. 2, pp. 403–415. 

Adkins, C.A. & Stott, P. (1998) 'Home ranges, movements and habitat associations of Red 

Foxes Vulpes vulpes in suburban Toronto, Ontario, Canada', Journal of Zoology, v. 244, 

no. 3, pp. 335–346. 

Akaike, H. (1974) 'A new look at the statistical model identification', IEEE Transactions on 

Automatic Control, v. 19, no. 6, pp. 716–723. 

Alexander, W.B. (1921) 'Bold Stone-Curlews', Emu, v. 21, no. 4, pp. 316–317. 

Allan, R.A. (1968) 'Movements and daily activities of fox as determined by visual observations 

and radio-tracking', Proceedings of the Iowa Academy of Science, v. 75, pp. 147–151. 

Allen, L.R., Fleming, P.J.S., Thompson, J.A. & Strong, K. (1989) 'Effect of presentation on the 

attractiveness and palatability to wild dogs and other wildlife of two unpoisioned wild-

dog bait types', Australian Wildlife Research, v. 16, no. 6, pp. 593–598. 

Allen, S.H. (1984) 'Some aspects of reproductive performance in female red fox in North 

Dakota', Journal of Mammalogy, v. 65, no. 2, pp. 246–255. 

Allen, S.H. & Sargeant, A.B. (1993) 'Dispersal patterns of red foxes relative to population 

density', Journal of Wildlife Management, v. 57, no. 3, pp. 526–533. 



References 

 

Andrew Carter 232 

Alto, B.W., Griswold, M.W. & Lounibos, L.P. (2005) 'Habitat complexity and sex-dependent 

predation of mosquito larvae in containers', Oecologia, v. 146, no. 2, pp. 300–310. 

Anderson, B., Bryce, M., Theobald, J., Oakley, J., Wilkes, T. & Harte, C. (2007) 'Habitat 

management for tanks and Tuans: Evolving approaches at Puckapunyal Military Area', 

Ecological Management & Restoration, v. 8, no. 1, pp. 11–25. 

Anderson, D.J. (1982) 'The home range: A new nonparametric estimation technique', Ecology, 

v. 63, no. 1, pp. 103–112. 

Anderson, G.J. (1991) 'The breeding biology of the Bush Thick-knee Burhinus magnirostris and 

notes on its distribution in the Brisbane area', Sunbird, v. 21, no. 2, pp. 33–61. 

Anderson, O. (1984) 'Optimal foraging by largemouth bass in structured environments', 

Ecology, v. 65, no. 3, pp. 851–861. 

Andrews, L. (1997) The breeding behaviour and success of the Bush Stone-curlew (Burhinus 

grallarius) on Magnetic Island. Hons Thesis, University of North Queensland. 

Andruskiw, M., Fryxell, J.M., Thompson, I.D. & Baker, J.A. (2008) 'Habitat-mediated variation 

in predation risk by the American marten', Ecology, v. 89, no. 8, pp. 2273–2280. 

Anich, N.M., Benson, T.J. & Bednarz, J.C. (2009) 'Estimating territory and home-range sizes: 

Do singing locations alone provide an accurate estimate of space use?', Auk, v. 126, no. 

3, pp. 626–634. 

Appleman, A. (1998) 'The impact of record rains during August 1998 on two bush stone-curlew 

nest sites in Townsville', Stilt, v. 33, pp. 39–40. 

Arjo, W.M., Bennett, T.J. & Kozlowski, A.J. (2003) 'Characteristics of current and historical Kit 

Fox (Vulpes macrotis) dens in the Great Basin Desert', Canadian Journal of Zoology, v. 

81, no. 1, pp. 96–102. 

Arnold, G.W., Maller, R.A. & Litchfield, R. (1987) 'Comparison of bird populations in 

remnants of Wandoo woodland and in adjacent farmland', Australian Wildlife Research, 

v. 14, no. 3, pp. 331–341. 

Arthur, A.D., Pech, R.P., Drew, A., Gifford, E., Henry, S. & McKeown, A. (2003) 'The effect of 

increased ground-level habitat complexity on mouse population dynamics', Wildlife 

Research, v. 30, no. 6, pp. 565–572. 

Arthur, M.J. (1973) 'Notes on the breeding of the southern stone curlew on the Adelaide plains', 

South Australian Ornithologist, v. 26, pp. 115–116. 

Artois, M., Aubert, M. & Stahl, P. (1990) 'Organisation spatiale du renard roux (Vulpes vulpes 

L., 1758) en zone d'enzootie de rage en Lorraine', Revue d'écologie, La Terre et la Vie, 

v. 45, no. 2, pp. 113–134. 

Ascensão, F. & Mira, A. (2007) 'Factors affecting culvert use by vertebrates along two stretches 

of road in southern Portugal', Ecological Research, v. 22, no. 1, pp. 57–66. 

Atkinson, I. (1989) 'Introduced animals and extinctions', in Conservation for the Twenty-First 

Century, eds. D. Western & M.C. Pearl. New York: Oxford University Press. pp. 54–

75. 



References 

 

Andrew Carter 233 

Atkinson, I.A.E. (1977) 'A reassessment of the factors, particularly Rattus rattus L., that 

influenced the decline of endemic forest birds in the Hawaiian Islands', Pacific Science, 

v. 31, no. 2, pp. 109–133. 

Atlas of New South Wales Wildlife. (2009) Burhinus grallarius. Location records supplied 28 

October 2009: Department of Environment, Climate Change and Water. 

Atlas of Northern Territory Wildlife. (2009) Burhinus grallarius. Location records supplied 3 

December 2009: Department of Natural Resources, Environment, The Arts and Sport. 

Atlas of Victorian Wildlife. (2007) Burhinus grallarius. Location records supplied 4 November 

2009: Department of Sustainability and Environment. 

August, P.V. (1983) 'The role of habitat complexity and heterogeneity in structuring tropical 

mammal communities', Ecology, v. 64, no. 6, pp. 1495–1507. 

Australian Department of Agriculture, Fisheries and Forestry. (2008) Exceptional 

Circumstances Drought Assistance [online]. Available: 

http://www.daff.gov.au/agriculture-food/drought/ec/victoria/northern_victoria 

[Accessed 16 August 2008]. 

Bailey, C. (1996) 'Western Shield: Bringing wildlife back from the brink of extinction', 

Landscope, v. 11, no. 4, pp. 41–48. 

Baker, P.J., Boitani, L., Harris, S., Saunders, G. & White, P.C.L. (2008) 'Terrestrial carnivores 

and human food production: Impact and management', Mammal Review, v. 38, no. 2–3, 

pp. 123–166. 

Baker, P.J., Dowding, C.V., Molony, S.E., White, P.C.L. & Harris, S. (2007) 'Activity patterns 

of urban Red Foxes (Vulpes vulpes) reduce the risk of traffic-induced mortality', 

Behavioral Ecology, v. 18, no. 4, pp. 716–724. 

Balfour, R.A. & Rypstra, A.L. (1998) 'The influence of habitat structure on spider density in a 

no-till soybean agroecosystem', Journal of Arachnology, v. 26, no. 2, pp. 221–226. 

Banks, P.B. (1997) Predator–prey interactions between foxes, rabbits and native mammals of 

the Australian Alps. PhD Thesis, University of Sydney. 

Banks, P.B. (2000) 'Can foxes regulate rabbit populations?', Journal of Wildlife Management, v. 

64, no. 2, pp. 401–406. 

Banks, P.B., Dickman, C.R. & Newsome, A.E. (1998) 'Ecological costs of feral predator 

control: Foxes and rabbits', Journal of Wildlife Management, v. 62, no. 2, pp. 766–772. 

Bas, J.M., Pons, P. & Gomez, C. (2005) 'Home range and territory of the Sardinian Warbler 

Sylvia melanocephala in Mediterranean shrubland', Bird Study, v. 52, no. 2, pp. 137–

144. 

Bate, L.J., Torgersen, T.R., Wisdom, M.J. & Garton, E.O. (2004) 'Performance of sampling 

methods to estimate log characteristics for wildlife', Forest Ecology and Management, 

v. 199, no. 1, pp. 83–102. 

Batey, I. (1907) 'On fifteen thousand acres: Its bird-life sixty years ago', Emu, v. 7, no. 1, pp. 1–

17. 



References 

 

Andrew Carter 234 

BBCMN. (2004a) Call of the Curlew (Edition 1). Quarterly Newsletter of the Broken–Boosey 

Conservation Management Network. 

BBCMN. (2004b) Call of the Curlew (Edition 2). Quarterly Newsletter of the Broken–Boosey 

Conservation Management Network. 

BBCMN. (2005) Call of the Curlew (Edition 3). Quarterly Newsletter of the Broken–Boosey 

Conservation Management Network. 

BBCMN. (2007a) Call of the Curlew (Edition 6). Quarterly Newsletter of the Broken–Boosey 

Conservation Management Network. 

BBCMN. (2007b) Call of the Curlew (Edition 8). Quarterly Newsletter of the Broken–Boosey 

Conservation Management Network. 

Beck, M.W. (1998) 'Comparison of the measurement and effects of habitat structure on 

gastropods in rocky intertidal and mangrove habitats', Marine Ecology Progress Series, 

v. 169, pp. 165–178. 

Bedggood, G.W. (1972) 'Birds of the Strathbogie Ranges', Australian Bird Watcher, v. 4, no. 4, 

pp. 116–128. 

Bedggood, G.W. (1977) 'Field notes on the southern stone-curlew in Victoria', Australian Bird 

Watcher, v. 7, no. 2, pp. 35–40. 

Bell, S.S., McCoy, E.D. & Mushinsky, H.R. eds. (1991) Habitat Structure: The Physical 

Arrangement of Objects in Space. London: Chapman and Hall. 

Bender, D.J., Tischendorf, L. & Fahrig, L. (2003) 'Using patch isolation metrics to predict 

animal movement in binary landscapes', Landscape Ecology, v. 18, no. 1, pp. 17–39. 

Bennett, A., Brown, G., Lumsden, L., Hespe, D., Krasna, S. & Silins, J. (1998) Fragments for 

the Future: Wildlife in the Victorian Riverina (the Northern Plains). East Melbourne: 

Department of Natural Resources and Environment. 

Bennett, A.F. (1990) 'Land use, forest fragmentation and the mammalian fauna at Naringal, 

south-western Victoria', Australian Wildlife Research, v. 17, no. 4, pp. 325–347. 

Bennett, A.F. (1991) 'Roads, roadsides and wildlife conservation: A review', in Nature 

Conservation 2: The Role of Corridors, eds. D.A. Saunders & R.J. Hobbs. Chipping 

Norton, NSW: Surrey Beatty & Sons. pp. 99–118. 

Bennett, A.F. (1999) Linkages in the Landscape: The Role of Corridors and Connectivity in 

Wildlife Conservation. Cambridge: IUCN. 

Bennett, A.F., Kimber, S.L. & Ryan, P.A. (2000) Revegetation and Wildlife—A Guide to 

Enhancing Revegetated Habitats for Wildlife Conservation in Rural Environments. 

Bushcare National and Research and Development Program Research Report 2/00. 

Canberra: Environment Australia. 

Bennett, A.F., Lumsden, L.F. & Nicholls, A.O. (1994) 'Tree hollows as a resource for wildlife 

in remnant woodlands: Spatial and temporal patterns across the northern plains of 

Victoria, Australia', Pacific Conservation Biology, v. 1, no. 3, pp. 222–235. 

Benshemesh, J. (2007) Draft National Recovery Plan for Malleefowl. Adelaide: Department for 

Environment and Heritage, South Australia. 



References 

 

Andrew Carter 235 

Bentley, J.M. & Catterall, C.P. (1997) 'The use of bushland, corridors, and linear remnants by 

birds in southeastern Queensland, Australia', Conservation Biology, v. 11, no. 5, pp. 

1173–1189. 

Berg, Å. & Gustafson, T. (2007) 'Meadow management and occurrence of Corncrake Crex 

crex', Agriculture, Ecosystems and Environment, v. 120, no. 2–4, pp. 139–144. 

Berg, Å. & Pärt, T. (1994) 'Abundance of breeding farmland birds on arable and set-aside fields 

at forest edges', Ecography, v. 17, no. 2, pp. 147–152. 

Berghout, M. (2000) The ecology of the Red Fox (Vulpes vulpes) in the Central Tablelands of 

New South Wales. PhD Thesis, University of Canberra. 

Berry, O., Sarre, S.D., Rarrington, L. & Aitken, N. (2007) 'Faecal DNA detection of invasive 

species: The case of feral foxes in Tasmania', Wildlife Research, v. 34, no. 1, pp. 1–7. 

Best, L.B., Freemark, K.E., Dinsmore, J.J. & Camp, M. (1995) 'A review and synthesis of 

habitat use by breeding birds in agricultural landscapes of Iowa', American Midland 

Naturalist, v. 134, no. 1, pp. 1–29. 

Beyer, E., Jr. & Haufler, J.B. (1994) 'Diurnal versus 24-hour sampling of habitat use', Journal of 

Wildlife Management, v. 58, no. 1, pp. 178–180. 

Beyer, H.L. (2004). Hawth's Analysis Tools for ArcGIS [computer program]. Available at 

http://www.spatialecology.com/htools. 

Biological Database of South Australia. (2009) Burhinus grallarius. Location records supplied 

13 October 2009: Department for Environment and Heritage. 

Blackburn, T.M., Cassey, P., Duncan, R.P., Evans, K.L. & Gaston, K.J. (2004) 'Avian 

extinction and mammalian introductions on Oceanic islands', Science, v. 305, no. 5692, 

pp. 1955–1958. 

Blakers, M., Davies, S.J.J.F. & Reilly, P.N. eds. (1984) The Atlas of Australian Birds. Carlton: 

Melbourne University Press. 

Blanchet, F.G., Legendre, P. & Borcard, D. (2008) 'Forward selection of explanatory variables', 

Ecology, v. 89, no. 9, pp. 2623–2632. 

Blanco, J.C. (1986) 'On the diet, size and use of home range and activity patterns of a red fox in 

Central Spain', Acta Theriologica, v. 31, no. 40, pp. 547–552. 

Bloomfield, T. & Rosier, M. (2007) Foxes: Integrated Fox Control. Landcare Note: LC0302. 

Melbourne: Department of Primary Industries. 

Blundell, G.M., Bowyer, R.T., Ben-David, M., Dean, T.A. & Jewett, S.J. (2000) 'Effects of food 

resources on spacing behavior of river otters: Does forage abundance control home-

range size?', in Biotelemetry 15: Proceedings of the 15
th
 International Symposium on 

Biotelemetry, eds. J.H. Eiler, D.J. Alcorn & M.R. Neuman. Wageningen, The 

Netherlands: International Society on Biotelemetry. pp. 325–333. 

Boehm, E.F. (1934) 'Ornithological observations in the Sutherlands and Mt. Mary districts, 

South Australia', South Australian Ornithologist, v. 12, pp. 154–160. 

Boehm, E.F. (1960) 'Notes on some South Australian waders. Part I', Emu, v. 60, no. 3, pp. 211–

218. 



References 

 

Andrew Carter 236 

Boitani, L., Barrasso, P. & Grimod, I. (1984) 'Ranging behaviour of the red fox in the Gran 

Paradiso National Park (Italy)', Bollettino di Zoologia v. 51, no. 3–4, pp. 275–284. 

Bomford, M. (2003) Risk Assessment for the Import and Keeping of Exotic Vertebrates in 

Australia. Canberra: Bureau of Rural Sciences. 

Bomford, M. (2008) Risk Assessment Models for Establishment of Exotic Vertebrates in 

Australia and New Zealand. Canberra: Invasive Animals Cooperative Research Centre. 

Bomford, M., Darbyshire, R.O. & Randall, L. (2009) 'Determinants of establishment success for 

introduced exotic mammals', Wildlife Research, v. 36, no. 3, pp. 192–202. 

Bomford, M. & Hart, Q. (2002) 'Non-indigenous vertebrates in Australia', in Biological 

Invasions: Economic and Environmental Costs of Alien Plant, Animal, and Microbe 

Species, ed. D. Pimentel. New York: CRC Press. pp. 25–44. 

Bone, Q. & Moore, R.H. (2008) Biology of Fishes. 3
rd

 ed. New York: Taylor & Francis Group. 

Börger, L., Franconi, N., De Michele, G., Gantz, A., Meschi, F., Manica, A., Lovari, S. & 

Coulson, T. (2006) 'Effects of sampling regime on the mean and variance of home 

range size estimates', Journal of Animal Ecology, v. 75, no. 6, pp. 1393–1405. 

Borkowski, J. (1994) 'Food composition of red fox in the Tatra National Park', Acta 

Theriologica, v. 39, no. 2, pp. 209–214. 

Boulanger, J.G. & White, G.C. (1990) 'A comparison of home-range estimators using Monte 

Carlo simulation', Journal of Wildlife Management, v. 54, no. 2, pp. 310–315. 

Bowman, G.B. & Harris, L.D. (1980) 'Effect of spatial heterogeneity on ground-nest 

depredation', Journal of Wildlife Management, v. 44, no. 4, pp. 806–813. 

Bradley, M.P., Hinds, L.A. & Bird, P. (1998) 'Oral delivery of immunocontraceptive agents for 

foxes in Australia', Proceedings of the 11
th
 Australian Vertebrate Pest Conference, pp. 

197–203. Bunbury, Western Australia: Agriculture Western Australia. 

Bravery, J.A. (1970) 'The birds of Atherton Shire, Queensland', Emu, v. 70, no. 2, pp. 49–63. 

Braysher, M. (1993) Managing Vertebrate Pests: Principles and Strategies. Canberra: Bureau 

of Resource Sciences, Australian Government Publishing Service. 

Breckwoldt, R. (1986) The Last Stand: Managing Australia's Remnant Forests and Woodland. 

Canberra: Australian Government Publishing Service. 

Brenner, G.J. (2000) Riparian and adjacent upslope beetle communities along a third order 

stream in the western Cascade Mountain Range, Oregon. PhD Thesis, Oregon State 

University. 

Bright, J. (1935) 'Some habits of the southern stone-curlew', Emu, v. 34, no. 3, pp. 159–163. 

Brooks, R.P. & Davis, W.J. (1987) 'Habitat selection by breeding Belted Kingfishers (Ceryle 

alcyon)', American Midland Naturalist, v. 117, no. 1, pp. 63–70. 

Brotons, J.M., Grau, A.M. & Rendell, L. (2008) 'Estimating the impact of interactions between 

bottlenose dolphins and artisanal fisheries around the Balearic Islands', Marine Mammal 

Science, v. 24, no. 1, pp. 112–127. 



References 

 

Andrew Carter 237 

Brown, G.W., Bennett, A.F. & Potts, J.M. (2008) 'Regional faunal decline—Reptile occurrence 

in fragmented rural landscapes of south-eastern Australia', Wildlife Research, v. 35, no. 

1, pp. 8–18. 

Brown, J.H., Mehlman, D.W. & Stevens, G.C. (1995) 'Spatial variation in abundance', Ecology, 

v. 76, no. 7, pp. 2028–2043. 

Brown, J.K. (1974) Handbook for Inventorying Downed Woody Material. USDA Forest Service 

General Technical Report (INT–16). Ogden, Utah: US Department of Agriculture. 

Brown, J.L. & Orians, G.H. (1970) 'Spacing patterns in mobile animals', Annual Review of 

Ecology and Systematics, v. 1, pp. 239–262. 

Brown, J.S., Kotler, B.P., Smith, R.J. & Wirtz, W.O., II. (1988) 'The effects of owl predation on 

the foraging behavior of heteromyid rodents', Oecologia, v. 76, no. 3, pp. 408–415. 

Brown, P.R., Singleton, G.R., Davies, M.J. & Croft, J.D. (2002) Demonstration of Best Practice 

for Mouse Control in Irrigated Summer Crops in Southern NSW. Final report to Bureau 

of Rural Sciences. Canberra: CSIRO Sustainable Ecosystems. 

Brunner, H., Lloyd, J.W. & Coman, B.J. (1975) 'Fox scat analysis in a forest park in south-

eastern Australia', Australian Wildlife Research, v. 2, no. 2, pp. 147–154. 

Bruun, M. & Smith, H.G. (2003) 'Landscape composition affects habitat use and foraging flight 

distances in breeding European starlings', Biological Conservation, v. 114 no. 2, pp. 

179–187. 

Bubela, T., Bartell, R. & Müller, W. (1998) 'Factors affecting the trappability of red foxes in 

Kosciusko National Park', Wildlife Research, v. 25, no. 2, pp. 199–208. 

Bubela, T.M. (1995) Social effects of sterilising free-ranging vixens (Vulpes vulpes L.) in 

subalpine Australia. PhD Thesis, University of Sydney. 

Buckland, S.T., Burnham, K.P. & Augustin, N.H. (1997) 'Model selection: An integral part of 

inference', Biometrics, v. 53, no. 2, pp. 603–618. 

Bugnon, P., Breitenmoser, U., Peterhans, E. & Zanoni, R. (2004) 'Efficacy of oral vaccination in 

the final stage of fox rabies elimination in Switzerland', Journal of Veterinary Medicine 

Series B, v. 51, no. 10, pp. 433–437. 

Bunn, S.E., Pusey, B.J. & Price, P. eds. (1993) Ecology and Management of Riparian Zones in 

Australia.  LWRRDC Occasional Paper Series No: 05/93. Canberra: The Land and 

Water Resources Research and Development Corporation and the Centre for Catchment 

and In-stream Research, Griffith University. 

Burbidge, A. & Friend, T. (1990) 'The disappearing mammals', Landscope, v. 6, no. 1, pp. 28–

34. 

Burbidge, A.A. & McKenzie, N.L. (1989) 'Patterns in the modern decline of Western Australia's 

vertebrate fauna: Causes and conservation implications', Biological Conservation, v. 50, 

no. 1–4, pp. 143–198. 

Burbidge, A.A. & Short, J.C. (2008) 'Burrowing Bettong', in The Mammals of Australia, eds. S. 

Van Dyck & R. Strahan. 3
rd

 ed. Sydney: New Holland Publishers. pp. 288–290. 



References 

 

Andrew Carter 238 

Burchfield, G.L. (1979) The ecology of the Red Fox, Vulpes vulpes, in south-western NSW. MSc 

Thesis, University of Sydney. 

Bureau of Meteorology. (2008) Climate Statistics for Kyabram DPI Weather Station #080091 

[online]. Available: http://www.bom.gov.au/climate/averages/tables/cw_080091.shtml 

[Accessed 10 August 2008]. 

Burgman, M.A. & Fox, J.C. (2003) 'Bias in species range estimates from minimum convex 

polygons: Implications for conservation and options for improved planning', Animal 

Conservation, v. 6, no. 1, pp. 19–28. 

Burnham, K.P. & Anderson, D.R. (2001) 'Kullback-Leibler information as a basis for strong 

inference in ecological studies', Wildlife Research, v. 28, no. 2, pp. 111–119. 

Burnham, K.P. & Anderson, D.R. (2002) Model Selection and Multimodel Inference: A 

Practical Information-Theoretic Approach. 2
nd

 ed. New York: Springer. 

Burrell, H. (1909) 'Young Stone-plovers (Burhinus grallarius) and shingle', Emu, v. 8, no. 3, p. 

150. 

Burrows, N.D., Algar, D., Robinson, A.D., Sinagra, J., Ward, B. & Liddelow, G. (2003) 

'Controlling introduced predators in the Gibson Desert of Western Australia', Journal of 

Arid Environments, v. 55, no. 4, pp. 691–713. 

Burt, W.H. (1943) 'Territoriality and home range concepts as applied to mammals', Journal of 

Mammalogy, v. 24, no. 3, pp. 346–352. 

Busana, F., Gigliotti, F. & Marks, C.A. (1998) 'Modified M-44 cyanide ejector for the baiting of 

Red Foxes (Vulpes vulpes)', Wildlife Research, v. 25, no. 2, pp. 209–215. 

Caccamise, D.F. & Hedin, R.S. (1985) 'An aerodynamic basis for selecting transmitter loads in 

birds', Wilson Bulletin, v. 97, no. 3, pp. 306–318. 

Cale, P. (1990) 'The value of road reserves to the avifauna of the central wheatbelt of Western 

Australia', Proceedings of the Ecological Society of Australia, v. 16, pp. 359–367. 

Calver, M.C. & King, D.R. (1986) 'Controlling vertebrate pests with fluoroacetate: Lessons in 

wildlife management, bio-ethics, and co-evolution', Journal of Biological Education, v. 

20, no. 4, pp. 257–262. 

Cameron, B.G., van Heezik, Y., Maloney, R.F., Seddon, P.J. & Harraway, J.A. (2005) 

'Improving predator capture rates: Analysis of river margin trap site data in the Waitaki 

Basin, New Zealand', New Zealand Journal of Ecology, v. 29, no. 1, pp. 117–128. 

Camp, M. & Best, L.B. (1993) 'Bird abundance and species richness in roadsides adjacent to 

Iowa rowcrop fields', Wildlife Society Bulletin, v. 21, no. 3, pp. 315–325. 

Campbell, A.J. (1901) Nests and Eggs of Australian Birds. Melbourne: A. J. Campbell. 

Campbell, A.J. & Barnard, H.G. (1917) 'Birds of the Rockingham Bay district, North 

Queensland', Emu, v. 17, no. 1, pp. 2–38. 

Carter, J. & Finn, J.T. (1999) 'MOAB: A spatially explicit, individual-based expert system for 

creating animal foraging models', Ecological Modelling, v. 119, no. 1, pp. 29–41. 



References 

 

Andrew Carter 239 

Carter, T. (1904) 'Birds occurring in the region of the North-west Cape. Part III ', Emu, v. 3, no. 

3, pp. 171–177. 

Caswell, H. (1978) 'Predator-mediated coexistence: A nonequilibrium model', American 

Naturalist, v. 112, no. 983, pp. 127–154. 

Catling, P.C. (1988) 'Similarities and contrasts in the diets of Foxes, Vulpes vulpes, and Cats, 

Felis catus, relative to fluctuating prey populations and drought', Australian Wildlife 

Research, v. 15, no. 3, pp. 307–317. 

Catling, P.C. & Burt, R.J. (1995a) 'Studies of the ground-dwelling mammals of Eucalypt forests 

in south-eastern New South Wales: The effect of habitat variables on distribution and 

abundance', Wildlife Research, v. 22, no. 3, pp. 271–288. 

Catling, P.C. & Burt, R.J. (1995b) 'Why are red foxes absent from some Eucalypt forests in 

eastern New South Wales?', Wildlife Research, v. 22, no. 4, pp. 535–546. 

Cavallini, P. (1992) 'Ranging behaviour of the Red Fox (Vulpes vulpes) in rural southern Japan', 

Journal of Mammalogy, v. 73, no. 2, pp. 321–325. 

Cavallini, P. (1996a) 'Ranging behaviour of red foxes during the mating and breeding seasons', 

Ethology Ecology & Evolution, v. 8, no. 1, pp. 57–65. 

Cavallini, P. (1996b) 'Variation in the social system of the red fox', Ethology Ecology & 

Evolution, v. 8, no. 4, pp. 323–342. 

Cavallini, P. & Lovari, S. (1994) 'Home range, habitat selection and activity of the red fox in a 

Mediterranean coastal ecotone', Acta Theriologica, v. 39, no. 3, pp. 279–287. 

Chalfoun, A.D., Thompson, F.R., III. & Ratnaswamy, M.J. (2002) 'Nest predators and 

fragmentation: A review and meta-analysis', Conservation Biology, v. 16, no. 2, pp. 

306–318. 

Cheney, G.M. (1915) 'Birds of Wangaratta district, Victoria', Emu, v. 14, no. 4, pp. 199–213. 

Chesness, R.A., Nelson, M.M. & Longley, W.H. (1968) 'The effect of predator removal on 

pheasant reproductive success', Journal of Wildlife Management, v. 32, no. 4, pp. 683–

697. 

Christensen, P. & Burrows, N. (1995) 'Project desert dreaming: Experimental reintroduction of 

mammals to the Gibson Desert, Western Australia', in Reintroduction Biology of 

Australian and New Zealand Fauna, ed. M. Serena. Sydney: Surrey Beatty & Sons. pp. 

199–207. 

Christensen, P.E.S. (1980) 'A sad day for native fauna', Forest Focus, no. 23, pp. 3–12. 

Clark, H.O., Jr. (2001) Endangered San Joaquin kit fox and non-native red fox: Interspecific 

competitive interactions. MSc Thesis, California State University. 

Clark, H.O., Jr., Warrick, G.D., Cypher, B.L., Kelly, P.A., Williams, D.F. & Grubbs, D.E. 

(2005) 'Competitive interactions between endangered kit foxes and nonnative red foxes', 

Western North American Naturalist, v. 65, no. 2, pp. 153–163. 

Clark, P.J. & Evans, F.C. (1954) 'Distance to nearest neighbor as a measure of spatial 

relationships in populations', Ecology, v. 35, no. 4, pp. 445–453. 



References 

 

Andrew Carter 240 

Clarke, A.A. (2006) Exploring Red Fox (Vulpes vulpes) movement and baiting strategy on the 

Eyre Peninsula of South Australia. Hons Thesis, Flinders University, South Australia. 

Clarke, D.J., Pearce, K.A. & White, J.G. (2006) 'Powerline corridors: Degraded ecosystems or 

wildlife havens?', Wildlife Research, v. 33, no. 8, pp. 615–626. 

Clavero, M. & García-Berthou, E. (2005) 'Invasive species are a leading cause of animal 

extinctions', Trends in Ecology and Evolution, v. 20, no. 3, p. 110. 

Cleland, J.B. (1906) 'Some bird observations', Emu, v. 5, no. 4, pp. 189–192. 

Cleland, J.B. (1924) 'Birds of the Encounter Bay district', South Australian Ornithologist, v. 7, 

pp. 172–184. 

Clevenger, A.P., Chruszcz, B. & Gunnison, K. (2001) 'Drainage culverts as habitat linkages and 

factors affecting passage by mammals', Journal of Applied Ecology, v. 38, no. 6, pp. 

1340–1349. 

Coen, L.D., Heck, K.L., Jr. & Abele, L.G. (1981) 'Experiments on competition and predation 

among shrimps of seagrass meadows', Ecology, v. 62, no. 6, pp. 1484–1493. 

Coman, B.J. (1973) 'The diet of Red Foxes, Vulpes vulpes, in Victoria', Australian Journal of 

Zoology, v. 21, no. 3, pp. 391–401. 

Coman, B.J. (1988) 'The age structure of a sample of Red Foxes (Vulpes vulpes) taken by 

hunters in Victoria', Australian Wildlife Research, v. 15, no. 3, pp. 223–229. 

Coman, B.J., Robinson, J. & Beaumont, C. (1991) 'Home range, dispersal and density of Red 

Foxes (Vulpes vulpes L.) in central Victoria', Wildlife Research, v. 18, no. 2, pp. 215–

223. 

Coman, B.J., Staples, L.S., McPhee, S.R. & Walker, A. (1995) 'A large-scale fox control 

program in central Victoria', Proceedings of the 10
th
 Australian Vertebrate Pest 

Conference, pp. 234–237. Hobart, Tasmania: Department of Primary Industry and 

Fisheries. 

Context Pty Ltd. (2008a) Conservation Management Networks Victoria. Brunswick, Victoria: 

Context Pty Ltd. 

Context Pty Ltd. (2008b) Strategic Plan for Conservation Management Networks in Victoria: 

Working Together to Protect Biodiversity. Brunswick, Victoria: Context Pty Ltd. 

Cook, W.L. & Streams, F.A. (1984) 'Fish predation on Notonecta (Hemiptera): Relationship 

between prey risk and habitat utilization', Oecologia, v. 64, no. 2, pp. 177–183. 

Corbett, L. (1995) The Dingo in Australia and Asia. Sydney: University of New South Wales 

Press. 

Corfield, J., Diggles, B., Jubb, C., McDowall, R.M., Moore, A., Richards, A. & Rowe, D.K. 

(2008) Review of the Impacts of Introduced Ornamental Fish Species that have 

Established Wild Populations in Australia. [n.p.]: Department of the Environment, 

Water, Heritage and the Arts. 

Courchamp, F., Langlais, M. & Sugihara, G. (1999) 'Cats protecting birds: Modelling the 

mesopredator release effect', Journal of Animal Ecology, v. 68, no. 2, pp. 282–292. 



References 

 

Andrew Carter 241 

Coutts-Smith, A.J., Mahon, P.S., Letnic, M. & Downey, P.O. (2007) The Threat Posed by Pest 

Animals to Biodiversity in New South Wales. Canberra: Invasive Animals Cooperative 

Research Centre. 

Crabtree, R.L., Broome, L.S. & Wolfe, M.L. (1989) 'Effects of habitat characteristics on 

gadwall nest predation and nest-site selection', Journal of Wildlife Management, v. 53, 

no. 1, pp. 129–137. 

Creekmore, T.E., Linhart, S.B., Corn, J.L., Whitney, M.D., Snyder, B.D. & Nettles, V.F. (1994) 

'Field evaluation of baits and baiting strategies for delivering oral vaccine to mongooses 

in Antigua, West Indies', Journal of Wildlife Diseases, v. 30, no. 4, pp. 497–505. 

Cresswell, W.J. & Smith, G.C. (1992) 'The effects of temporally autocorrelated data on methods 

of home range analysis', in Wildlife Telemetry: Remote Monitoring and Tracking of 

Animals, eds. I.G. Priede & S.M. Swift. New York: Ellis Horwood. pp. 272–284. 

Croft, D., Balogh, S. & Gentle, M. (2002) 'Extending the ‘Outfox’ landowner involvement 

program', Proceedings of the 2
nd

 NSW Pest Animal Control Conference: Practical Pest 

Animal Management, pp. 27–29. Dubbo: NSW Agriculture. 

Croft, J.D. & Hone, L.J. (1978) 'The stomach contents of Foxes, Vulpes vulpes, collected in 

New South Wales', Wildlife Research, v. 5, no. 1, pp. 85–92. 

Crooks, K. & Soulé, M. (1999) 'Mesopredator release and avifaunal extinctions in a fragmented 

system', Nature, v. 400, no. 6744, pp. 563–566. 

Cummings, D. (1999) Soil Materials for Farm Dam Construction. Landcare Note #LC0069. 

[n.p.]: Department of Sustainability and Environment. 

Czitrom, V. & Spagon, P.D. eds. (1997) Statistical Case Studies for Industrial Process 

Improvement. Philadelphia, Pennsylvania: American Statistical Association and the 

Society for Industrial and Applied Mathematics. 

Dahle, B., Støen, O.G. & Swenson, J.E. (2006) 'Factors influencing home-range size in subadult 

brown bears', Journal of Mammalogy, v. 87, no. 5, pp. 859–865. 

Davey, C. (2005) The Status of the Bush Stone-curlew (Burhinus grallarius) within the Mid-

Lachlan Catchment with Recommendations for Management. Unpublished report. 

Canberra: CSIRO Sustainable Ecosystems. 

Dayton, G.H. & Fitzgerald, L.A. (2001) 'Competition, predation, and the distributions of four 

desert anurans', Oecologia, v. 129, no. 3, pp. 430–435. 

de Tores, P., Himbeck, K., Dillon, M., Cocking, J., MacArthur, B. & Rosier, S. (1998) 'Large 

scale fox control in the northern Jarrah forest of southwest Western Australia', 

Proceedings of the 11
th
 Australian Vertebrate Pest Conference, pp. 275–281. Bunbury, 

Western Australia: Agriculture Western Australia. 

DEC NSW. (2006) NSW Recovery Plan for the Bush Stone-curlew Burhinus grallarius. Sydney: 

Department of Environment and Conservation NSW. 

Decaestecker, E., De Meester, L. & Ebert, D. (2002) 'In deep trouble: Habitat selection 

constrained by multiple enemies in zooplankton', Proceeding of the National Academy 

of Science, USA, v. 99, no. 8, pp. 5481–5485. 



References 

 

Andrew Carter 242 

DEH. (2010) National Parks and Wildlife Act 1972. Schedule 9—Rare species [online]. 

Available: 

http://www.legislation.sa.gov.au/LZ/C/A/NATIONAL%20PARKS%20AND%20WIL

DLIFE%20ACT%201972/CURRENT/1972.56.UN.PDF#page=92 [Accessed 2 March 

2010]. 

Deignan, H.G. (1964) 'Birds of the Arnhem Land Expedition', in Records of the American–

Australian Scientific Expedition to Arnhem Land, ed. R.L. Specht. Melbourne: 

Melbourne University Press. pp. 345–425. 

Dekker, D. (1983) 'Denning and foraging habits of Red Foxes, Vulpes vulpes, and their 

interaction with Coyotes, Canis latrans, in Central Alberta, 1972–1981', Canadian 

Field-Naturalist, v. 97, no. 3, pp. 303–306. 

Dekker, J.J.A., Stein, A. & Heitkonig, I.M.A. (2001) 'A spatial analysis of a population of Red 

Fox (Vulpes vulpes) in the Dutch coastal dune area', Journal of Zoology, v. 255, no. 4, 

pp. 505–510. 

del Hoyo, J., Elliott, A. & Sargatal, J. eds. (1996) Handbook of the Birds of the World, vol. 3. 

Hoatzin to Auks. Barcelona: Lynx Editions. 

Delach, A. (2006) 'Invasive species in the northwestern United States: Threats to wildlife, and 

defenders of wildlife's recommendation for prevention policies', Northwestern 

Naturalist, v. 87, no. 1, pp. 43–55. 

Dell'Arte, G.L. & Leonardi, G. (2008) 'Spatial patterns of Red Fox (Vulpes vulpes) dens in a 

semi-arid landscape of North Africa', African Journal of Ecology, v. 46, no. 2, pp. 168–

173. 

Denny, E. (2008) 'Cat', in The Mammals of Australia, eds. S. Van Dyck & R. Strahan. 3
rd

 ed. 

Sydney: New Holland Publishers. pp. 742–744. 

Denny, E.A. & Dickman, C.R. (2010) Review of Cat Ecology and Management Strategies in 

Australia. Canberra: Invasive Animals Cooperative Research Centre. 

Dexter, N. & Meek, P. (1998) 'An analysis of bait-take and non-target impacts during a fox-

control exercise', Wildlife Research, v. 25, no. 2, pp. 147–155. 

Dexter, N. & Murray, A. (2009) 'The impact of fox control on the relative abundance of forest 

mammals in East Gippsland, Victoria', Wildlife Research, v. 36, no. 3, pp. 252–261. 

Dickman, C.R. (1992) 'Predation and habitat shift in the House Mouse, Mus domesticus', 

Ecology, v. 73, no. 1, pp. 313–322. 

Dickman, C.R. (1996a) 'Impact of exotic generalist predators on the native fauna of Australia', 

Wildlife Biology, v. 2, no. 3, pp. 185–195. 

Dickman, C.R. (1996b) Overview of the Impacts of Feral Cats on Australian Native Fauna. 

Canberra: Australian Nature Conservancy Agency. 

Dickman, C.R., Glen, A.S. & Letnic, M. (2009) 'Reintroducing the dingo: Can Australia’s 

conservation wastelands be restored?', in Reintroduction of Top-order Predators, eds. 

M.W. Hayward & M.J. Somers. Oxford: Wiley-Blackwell. pp. 238–269. 



References 

 

Andrew Carter 243 

Dickman, C.R., Pressey, R.L., Lim, L. & Parnaby, H.E. (1993) 'Mammals of particular 

conservation concern in the Western Division of New South Wales', Biological 

Conservation, v. 65, no. 3, pp. 219–248. 

Dique, D.S., Thompson, J., Preece, H.J., Penfold, G.C., de Villiers, D.L. & Leslie, R.S. (2003) 

'Koala mortality on roads in south-east Queensland: The koala speed-zone trial', 

Wildlife Research, v. 30, no. 4, pp. 419–426. 

Dixon, J.M. & Huxley, L. eds. (1979) Report on the Mammalian Fauna of the Murray Valley, 

Victoria. Melbourne: National Museum of Victoria. 

Dixon, V., Glover, H.K., Winnell, J., Treloar, S.M., Whisson, D.A. & Weston, M.A. (2009) 

'Evaluation of three remote camera systems for detecting mammals and birds', 

Ecological Management & Restoration, v. 10, no. 2, pp. 156–158. 

DNRE. (1998) Box-Ironbark Timber Assessment Project: Bendigo Forest Management Area 

and Pyrenees Ranges. Forests service technical report #98-3. Bendigo, Victoria: 

Department of Natural Resources and Environment. 

Donald, P.F., Green, R.E. & Heath, M.F. (2001) 'Agricultural intensification and the collapse of 

Europe's farmland bird populations', Proceeding of the Royal Society B: Biological 

Sciences, v. 268, no. 1462, pp. 25–29. 

Donald, P.F., Sanderson, F.J., Burfield, I.J. & van Bommel, F.P.J. (2006) 'Further evidence of 

continent-wide impacts of agricultural intensification on European farmland birds, 

1990–2000', Agriculture, Ecosystems and Environment, v. 116, no. 3–4, pp. 189–196. 

Doncaster, C.P. (1990) 'Non-parametric estimates of interaction from radio-tracking data', 

Journal of Theoretical Biology, v. 143, no. 4, pp. 431–443. 

Doncaster, C.P. & Macdonald, D.W. (1991) 'Drifting territoriality in the Red Fox Vulpes 

vulpes', Journal of Animal Ecology, v. 60, no. 2, pp. 423–439. 

Doncaster, C.P. & Macdonald, D.W. (1997) 'Activity patterns and interactions of Red Foxes 

(Vulpes vulpes) in Oxford city', Journal of Zoology, v. 241, no. 1, pp. 73–87. 

Donlan, C.J. & Wilcox, C. (2008) 'Diversity, invasive species and extinctions in insular 

ecosystems', Journal of Applied Ecology, v. 45, no. 4, pp. 1114–1123. 

Downes, B.J., Lake, P.S., Schreiber, E.S.G. & Glaister, A. (1998) 'Habitat structure and 

regulation of local species diversity in a stony, upland stream', Ecological Monographs, 

v. 68, no. 2, pp. 237–257. 

DPI. (2007) Directions for Use of 1080 Pest Animal Bait Products in Victoria. Melbourne: 

Department of Primary Industries. 

Draffan, R.D.W., Garnett, S.T. & Malone, G.J. (1983) 'Birds of the Torres Strait: An annotated 

list and biogeographical analysis', Emu, v. 83, no. 4, pp. 207–234. 

DSE. (2004) Flora and Fauna Guarantee: Action Statement No. 78—Bush Stone-Curlew 

Burhinus grallarius. Melbourne: Department of Sustainability and Environment. 



References 

 

Andrew Carter 244 

DSE. (2008) Mid-Loddon Conservation Management Network [online]. Available: 

http://www.dse.vic.gov.au/DSE/nrence.nsf/LinkView/4F8197AAFE24572FCA25734A

008228B902A12DFCED217985CA2573B6001AB2A9#midloddonhttp://www.dse.vic.

gov.au/DSE/nrence.nsf/LinkView/4F8197AAFE24572FCA25734A008228B902A12D

FCED217985CA2573B6001AB2A9#midloddon [Accessed 24 February 2010]. 

DSE. (2009) Flora and Fauna Guarantee Act 1988 Threatened List. July 2009. [online]. 

Available: 

http://www.dpi.vic.gov.au/CA256F310024B628/0/4AC71110D293ED14CA257608001

32DD7/$File/20090804+FFG+threatened+list.pdf [Accessed 2 March 2010]. 

Duncan, R.P., Bomford, M., Forsyth, D.M. & Conibear, L. (2001) 'High predictability in 

introduction outcomes and the geographical range size of introduced Australian birds: A 

role for climate', Journal of Animal Ecology, v. 70, no. 4, pp. 621–632. 

ECC. (2000) Box-Ironbark Forests and Woodlands Investigation: Draft Report for Public 

Comment. Melbourne: Environment Conservation Council. 

Eglington, S.M., Gill, J.A., Smart, M.A., Sutherland, W.J., Watkinson, A.R. & Bolton, M. 

(2009) 'Habitat management and patterns of predation of northern lapwings on wet 

grasslands: The influence of linear habitat structures at different spatial scales', 

Biological Conservation, v. 142, no. 2, pp. 314–324. 

Eguchi, K. & Nakazono, T. (1980) 'Activity studies of Japanese Red Foxes, Vulpes vulpes 

japonica Gray', Japanese Journal of Ecology, v. 30, no. 1, pp. 9–17. 

Eguchi, K., Nakazono, T., Higashi, K., Doi, T. & Ono, Y. (1977) 'Tracking the Hondo Fox 

(Vulpes vulpes japonica Gray) by radiotelemetry', in Studies on methods of estimating 

population density, ed. M. Morisita. Tokyo: Tokyo University Press. pp. 216–225. 

Eide, N.E., Nellemann, C. & Prestrud, P. (2001) 'Terrain structure and selection of denning 

areas by arctic foxes on Svalbard', Polar Biology, v. 24, no. 2, pp. 132–138. 

Elith, J. (2002) 'Quantitative methods for modelling species habitat: Comparative performance 

and an application to Australian plants', in Quantitative Methods for Conservation 

Biology, eds. S. Ferson, III & M. Burgman. New York: Springer-Verlag. pp. 39–58. 

Elliott, G. & Suggate, R. (2007) Operation Ark: Three Year Progress Report. Christchurch, 

New Zealand: Department of Conservation. 

Elliott, G.P., Dilks, P.J. & O'Donnell, C.F.J. (1996) 'The ecology of Yellow-crowned Parakeets 

(Cyanoramphus auriceps) in Nothofagus forest in Fiordland, New Zealand', New 

Zealand Journal of Zoology, v. 23, pp. 249–265. 

Elton, C.S. (1958) The Ecology of Invasions by Animals and Plants. London: Methuen & Co. 

Elton, C.S. (2001) Animal Ecology. Chicago: University of Chicago Press. 

Emlen, J.M. (1966) 'The role of time and energy in food preference', American Naturalist, v. 

100, no. 916, pp. 611–617. 

Emmerich, J.M. & Vohs, P.A. (1982) 'Comparative use of four woodland habitats by birds', 

Journal of Wildlife Management, v. 46, no. 1, pp. 43–49. 

Eng, R.L. & Gullion, G.W. (1962) 'The predation of goshawks upon ruffed grouse on the 

Cloquet forest research center, Minnesota', Wilson Bulletin, v. 74, no. 3, pp. 227–242. 



References 

 

Andrew Carter 245 

Englund, J. (1970) 'Some aspects of reproduction and mortality rates in Swedish Foxes (Vulpes 

vulpes)', Viltrevy, v. 8, no. 1, pp. 1–82. 

Environment Australia. (1999) Threat Abatement Plan for Predation by the European Red Fox. 

Canberra: Department of Environment and Heritage. 

Ernst, R. & Rödel, M.-O. (2006) 'Community assembly and structure of tropical leaf-litter 

anurans', Ecotropica, v. 12, no. 2, pp. 113–129. 

Ewer, R.F. (1998) The Carnivores. Ithaca: Cornell University Press. 

Fabrigoule, C. & Maurel, D. (1982) 'Radio-tracking study of foxes' movements related to their 

home range. A cognitive map hypothesis', Quarterly Journal of Experimental 

Psychology Section B, v. 34, no. 4, pp. 195–208. 

Fairbridge, D., Anderson, R., Wilkes, T. & Pell, G. (2003) 'Bait uptake by free living Brush-

tailed Phascogales (Phascogale tapoatafa) and other non-target mammals during 

simulated buried fox baiting', Australian Mammalogy, v. 25, no. 1, pp. 31–40. 

Faithfull, I., Cleland, V. & Martin, M. (2007) Blackberry Management. Landcare Note 

#LC0381. [n.p.]: Department of Primary Industries. 

Ferner, M.C., Smee, D.L. & Weissburg, M.J. (2009) 'Habitat complexity alters lethal and non-

lethal olfactory interactions between predators and prey', Marine Ecology Progress 

Series, v. 374, pp. 13–22. 

Fieberg, J. & Kochanny, C.O. (2005) 'Quantifying home-range overlap: The importance of the 

utilization distribution', Journal of Wildlife Management, v. 69, no. 4, pp. 1346–1359. 

Finlayson, H.H. (1961) 'On central Australian mammals.  Part IV—The distribution and status 

of central Australia species', Records of the South Australian Museum, v. 14, pp. 141–

191. 

Fischer, J. & Lindenmayer, D.B. (2002a) 'The conservation value of paddock trees for birds in a 

variegated landscape in southern New South Wales. 1. Species composition and site 

occupancy patterns', Biodiversity and Conservation, v. 11, no. 5, pp. 807–832. 

Fischer, J. & Lindenmayer, D.B. (2002b) 'The conservation value of paddock trees for birds in a 

variegated landscape in southern New South Wales. 2. Paddock trees as stepping 

stones', Biodiversity and Conservation, v. 11, no. 5, pp. 833–849. 

Fischer, J. & Lindenmayer, D.B. (2002c) 'Small patches can be valuable for biodiversity 

conservation: Two case studies on birds in southeastern Australia', Biological 

Conservation, v. 106, no. 1, pp. 129–136. 

Fisher, D.O. (2000) 'Effects of vegetation structure, food and shelter on the home range and 

habitat use of an endangered wallaby', Journal of Applied Ecology, v. 37, no. 4, pp. 

660–671. 

Fisher, H.I. & Baldwin, P.H. (1946) 'War and the birds of Midway Atoll', Condor, v. 48, no. 1, 

pp. 3–15. 

Fisher, R.A., Corbet, A.S. & Williams, C.B. (1943) 'The relation between the number of species 

and the number of individuals in a random sample of an animal population', Journal of 

Animal Ecology, v. 12, no. 1, pp. 42–58. 



References 

 

Andrew Carter 246 

Flavell, K. (1992) 'Cry of the curlew', Wildlife Australia, v. Summer, pp. 6–7. 

Fleming, P., Corbett, L., Harden, R. & Thomson, P. (2001) Managing the Impacts of Dingoes 

and other Wild Dogs. Canberra: Bureau of Rural Sciences. 

Fleming, P.J. & Parker, R.W. (1991) 'Temporal decline of 1080 within meat baits used for 

control of wild dogs in New South Wales', Wildlife Research, v. 18, no. 6, pp. 729–740. 

Fleming, P.J.S. (1996) 'Ground-placed baits for the control of wild dogs: Evaluation of a 

replacement-baiting strategy in north-eastern New South Wales', Wildlife Research, v. 

23, no. 6, pp. 729–740. 

Flynn, A.J. & Ritz, D.A. (1999) 'Effect of habitat complexity and predatory style on the capture 

success of fish feeding on aggregated prey', Journal of the Marine Biological 

Association of the United Kingdom, v. 79, no. 3, pp. 487–494. 

FNPW. (n.d.) Saving the Bush Stone-Curlew Burhinus grallarius [online]. Available: 

http://www.fnpw.com.au/OurProjects/Plants_Wildlife/Bush_Stone-Curlew.htm 

[Accessed 24 February 2010]. 

Foley, J.C. (1957) 'Droughts in Australia: Review of records from earliest years of settlement to 

1955', Australian Bureau of Meteorology Bulletin, v. 43, pp. 1–13. 

Forman, R.T.T. & Alexander, L.E. (1998) 'Roads and their major ecological effects', Annual 

Review of Ecology and Systematics, v. 29, pp. 207–231. 

Forsyth, D.M., Duncan, R.P., Bomford, M. & Moore, G. (2004) 'Climatic suitability, life-history 

traits, introduction effort, and the establishment and spread of introduced mammals in 

Australia', Conservation Biology, v. 18, no. 2, pp. 557–569. 

Fox, M.W. (1970) 'A comparative study of the development of facial expressions in canids; 

wolf, coyote and foxes', Behaviour, v. 36, no. 1–2, pp. 49–73. 

Frafjord, K. (2004) 'Winter range of a Red Fox (Vulpes vulpes) group in a northern birch forest', 

Mammalian Biology - Zeitschrift fur Saugetierkunde, v. 69, no. 5, pp. 342–348. 

Frank, L.G. (1979) 'Selective predation and seasonal variation in the diet of the Fox (Vulpes 

vulpes) in N.E. Scotland', Journal of Zoology, v. 189, no. 4, pp. 526–532. 

Fraser, D.F. & Cerri, R.D. (1982) 'Experimental evaluation of predator-prey relationships in a 

patchy environment: Consequences for habitat use patterns in minnows', Ecology, v. 63, 

no. 2, pp. 307–313. 

Freudenberger, D., Harvey, J. & Drew, A. (2004) 'Predicting the biodiversity benefits of the 

Saltshaker Project, Boorowa, NSW', Ecological Management & Restoration, v. 5, no. 1, 

pp. 5–14. 

Frey, S.N. (2004) Habitat use and movements of predators on a managed waterfowl refuge. 

PhD Dissertation, Utah State University. 

Frey, S.N. & Conover, M.R. (2006) 'Habitat use by meso-predators in a corridor environment', 

Journal of Wildlife Management, v. 70, no. 4, pp. 1111–1118. 

Frey, S.N. & Conover, M.R. (2007) 'Influence of population reduction on predator home range 

size and spatial overlap', Journal of Wildlife Management, v. 71, no. 2, pp. 303–309. 



References 

 

Andrew Carter 247 

Friend, J.A. (1990) 'The Numbat Myrmecobius fasciatus (Myrmecobiidae): History of decline 

and potential for recovery', Proceedings of the Ecological Society of Australia, v. 16, 

pp. 369–377. 

Friend, J.A. (1996) 'Protecting endangered native fauna from predators', Proceedings of the 

seminar: Unwanted Aliens—Australia’s Introduced Animals, pp. 127–142. Sydney: 

Nature Conservation Council of NSW. 

Friend, J.A. (2008) 'Western Barred Bandicoot', in The Mammals of Australia, eds. S. Van Dyck 

& R. Strahan. 3
rd

 ed. Sydney: New Holland Publishers. pp. 182–184. 

Frith, H.J. ed. (1977) Reader's Digest Complete Book of Australian Birds. 2
nd 

ed. Sydney: 

Reader's Digest. 

Fritts, T.H. & Rodda, G.H. (1998) 'The role of introduced species in the degradation of island 

ecosystems: A case history of Guam', Annual Review of Ecology and Systematics, v. 29, 

no. 1, pp. 113–140. 

Fuller, R.J., Gregory, R.D., Gibbons, D.W., Marchant, J.H., Wilson, J.D., Baillie, S.R. & Carter, 

N. (1995) 'Population declines and range contractions among lowland farmland birds in 

Britain', Conservation Biology, v. 9, no. 6, pp. 1425–1441. 

Gallerani-Lawson, E.J. & Rodgers, A.R. (1997) 'Differences in home-range size computed in 

commonly used software programs', Wildlife Society Bulletin, v. 25, no. 3, pp. 721–729. 

Garland, T., Jr. (1983) 'Scaling the ecological cost of transport to body mass in terrestrial 

mammals', American Naturalist, v. 121, no. 4, pp. 571–587. 

Garnett, S. (1985) 'Nesting behaviour of the bush thick-knee', Stilt, no. 7, pp. 24–25. 

Garnett, S.T. & Crowley, G.M. (2000) The Action Plan for Australian Birds. Canberra: 

Environment Australia. 

Gaston, K.J. & Blackburn, T.M. (2000) Pattern and Process in Macroecology. Malden, 

Massachusetts: Blackwell Scientific. 

Gates, J.A. (2001) An ecological study of Bush Stone-curlews Burhinus grallarius on Kangaroo 

Island, South Australia. MSc Thesis, Adelaide University. 

Gates, J.A. & Paton, D.C. (2005) 'The distribution of Bush Stone-curlews (Burhinus grallarius) 

in South Australia, with particular reference to Kangaroo Island', Emu, v. 105, no. 3, pp. 

241–247. 

Gates, J.E. & Gysel, L.W. (1978) 'Avian nest dispersion and fledging success in field-forest 

ecotones', Ecology, v. 59, no. 5, pp. 871–883. 

Gauch, H.G. (2003) Scientific Method in Practice. New York: Cambridge University Press. 

GBCMA. (2003) A Wildlife Guide for Landholders in the Plains and Box-Ironbark Regions of 

the Goulburn Broken Catchment. Shepparton, Victoria: Goulburn Broken Catchment 

Management Authority. 

Geer, T.A. (1978) 'Effects of nesting sparrowhawks on nesting tits', Condor, v. 80, no. 4, pp. 

419–422. 



References 

 

Andrew Carter 248 

Gentle, M., Massei, G. & Saunders, G. (2004) 'Levamisole can reduce bait monopolization in 

wild Red Foxes Vulpes vulpes', Mammal Review, v. 34, no. 4, pp. 325–330. 

Gentle, M.N. (2005) Factors affecting the efficiency of Fox (Vulpes vulpes) baiting practices on 

the Central Tablelands of New South Wales. PhD Thesis, University of Sydney. 

Gentle, M.N., Saunders, G.R. & Dickman, C.R. (2007) 'Poisoning for production: How 

effective is fox baiting in south-eastern Australia?', Mammal Review, v. 37, no. 3, pp. 

177–190. 

Geoscience Australia. (2007a) Compute Sunrise, Sunset & Twilight Times [online]. Available: 

http://www.ga.gov.au/geodesy/astro/sunrise.jsp#enter [Accessed 15 July 2009]. 

Geoscience Australia. (2007b) Definitions of Astronomical Events [online]. Available: 

http://www.ga.gov.au/geodesy/astro/definiti.jsp [Accessed 15 July 2009]. 

Gese, E.M., Andersen, D.E. & Rongstad, O.J. (1990) 'Determining home-range size of resident 

coyotes from point and sequential locations', Journal of Wildlife Management, v. 54, no. 

3, pp. 501–506. 

Gittleman, J.L. & Harvey, P.H. (1982) 'Carnivore home-range size, metabolic needs and 

ecology', Behavioral Ecology and Sociobiology, v. 10, no. 1, pp. 57–63. 

Glen, A.S. (2001) Uptake of baits by target and non-target animals during control programmes 

for foxes and wild dogs. Hons Thesis, University of Sydney. 

Glen, A.S. & Dickman, C.R. (2003) 'Monitoring bait removal in vertebrate pest control: A 

comparison using track identification and remote photography', Wildlife Research, v. 

30, no. 1, pp. 29–33. 

Goldschmidt, T. (1998) Darwin’s Dreampond: Drama in Lake Victoria. Cambridge, 

Massachusetts, USA: Massachusetts Institute of Technology Press. 

Gołdyn, B. (2001) The dynamics and distribution of the red fox population and its influence on 

farmland bird community. MSc Thesis, Adam Mickiewicz University, Poland. 

Gołdyn, B., Hromada, M., Surmacki, A. & Tryjanowski, P. (2003) 'Habitat use and diet of the 

Red Fox Vulpes vulpes in an agricultural landscape in Poland', Zeitschrift für 

Jagdwissenschaft, v. 49, no. 3, pp. 191–200. 

Goodrich, J.M. & Buskirk, S.W. (1995) 'Control of abundant native vertebrates for conservation 

of endangered species', Conservation Biology, v. 9, no. 6, pp. 1357–1364. 

Gosselink, T.E. (1999) Seasonal variations in habitat use and home range of sympatric coyotes 

and red foxes in agricultural and urban areas of east central Illinois. MSc Thesis, 

University of Illinois. 

Gosselink, T.E. (2002) Social organization, natal dispersal, survival, and cause-specific 

mortality of red foxes in agricultural and urban areas of east-central Illinois. PhD 

Dissertation, University of Illinois. 

Gosselink, T.E., Deelen, T.R.V., Warner, R.E. & Joselyn, M.G. (2003) 'Temporal habitat 

partitioning and spatial use of coyotes and red foxes in east-central Illinois', Journal of 

Wildlife Management, v. 67, no. 1, pp. 90–103. 



References 

 

Andrew Carter 249 

Gosselink, T.E., van Deelen, T.R., Warner, R.E. & Mankin, P.C. (2007) 'Survival and cause-

specific mortality of red foxes in agricultural and urban areas of Illinois', Journal of 

Wildlife Management, v. 71, no. 6, pp. 1862–1873. 

Goszczyński, J. (1985) 'The effect of structural differentiation of ecological landscape on the 

predator–prey interaction', Publications of Warsaw Agricultural University. Treatises 

and Monographs, v. 46, pp. 1–80. 

Goszczyński, J. (1989a) 'Population dynamics of the red fox in central Poland', Acta 

Theriologica, v. 34, no. 1–11, pp. 141–154. 

Goszczyński, J. (1989b) 'Spatial distribution of Red Foxes Vulpes vulpes in winter', Acta 

Theriologica, v. 34, no. 12–28, pp. 361–372. 

Goszczyński, J. (2002) 'Home ranges in red fox: Territoriality diminishes with increasing area', 

Acta Theriologica, v. 47, suppl. 1, pp. 103–114. 

Gotceitas, V. & Colgan, P. (1989) 'Predator foraging success and habitat complexity: 

Quantitative test of the threshold hypothesis', Oecologia, v. 80, no. 2, pp. 158–166. 

Grant, S.G., Pettit, T.N. & Whittow, G.C. (1981) 'Rat predation on bonin petrel eggs on Midway 

Atoll', Journal of Field Ornithology, v. 52, no. 4, pp. 336–338. 

Gray, R.L. & Teels, B.M. (2006) 'Wildlife and fish conservation through the Farm Bill', Wildlife 

Society Bulletin, v. 34, no. 4, pp. 906–913. 

Green, K. & Osborne, W.S. (1981) 'The diet of Foxes, Vulpes vulpes (L.), in relation to 

abundance of prey above the winter snowline in New South Wales', Australian Wildlife 

Research, v. 8, no. 2, pp. 349–360. 

Green, R.A. (1998) Mount Mazama and Crater Lake: A study of the botanical and human 

responses to a geologic event. MA Thesis, Oregon State University. 

Greenberg, L.A., Paszkowski, C.A. & Tonn, W.M. (1995) 'Effects of prey species composition 

and habitat structure on foraging by two functionally distinct piscivores', Oikos, v. 74, 

no. 3, pp. 522–532. 

Greentree, C. (2000) Experimental evaluation of fox control and the impact of foxes on lambs. 

PhD Thesis, University of Canberra. 

Greentree, C., Saunders, G., McLeod, L. & Hone, J. (2000) 'Lamb predation and fox control in 

south-eastern Australia', Journal of Applied Ecology, v. 37, no. 6, pp. 935–943. 

Grilo, C., Bissonette, J. & Santos-Reis, M. (2008) 'Response of carnivores to existing highway 

culverts and underpasses: Implications for road planning and mitigation', Biodiversity 

and Conservation, v. 17, no. 7, pp. 1685–1699. 

Gürtler, W. & Zimen, E. (1982) 'The use of baits to estimate fox numbers', Comparative 

Immunology, Microbiology and Infectious Diseases, v. 5, no. 1–3, pp. 277–283. 

Gustavson, C.R. (1977) 'Comparative and field aspects of learned food aversions', in Learning 

Mechanisms in Food Selection, eds. L.M. Barker, M.R. Best & M. Domjam. Waco, 

Texas: Baylor University Press. pp. 22–44. 

Halpin, M.A. & Bissonette, J.A. (1988) 'Influence of snow depth on prey availability and habitat 

use by red fox', Canadian Journal of Zoology, v. 66, no. 3, pp. 587–592. 



References 

 

Andrew Carter 250 

Hansen, E.A. & Closs, G.P. (2005) 'Diel activity and home range size in relation to food supply 

in a drift-feeding stream fish', Behavioral Ecology, v. 16, no. 3, pp. 640–648. 

Hansteen, T.L., Andreassen, H.P. & Ims, R.A. (1997) 'Effects of spatio-temporal scale on 

autocorrelation and home range estimators', Journal of Wildlife Management, v. 61, no. 

2, pp. 280–290. 

Harless, M.L., Walde, A.D., Delaney, D.K., Pater, L.L. & Hayes, W.K. (2009) 'Home range, 

spatial overlap, and burrow use of the desert tortoise in the West Mojave Desert', 

Copeia, v. 2009, no. 2, pp. 378–389. 

Harmon, M.E. & Sexton, J. (1996) Guidelines for Measurements of Woody Detritus in Forest 

Ecosystems. Long Term Ecological Research (LTER) Publication No. 20. Seattle, USA: 

US LTER Network Office, University of Washington. 

Harper, J.L. (1969) 'The role of predation in vegetational diversity', Brookhaven Symposia in 

Biology, v. 22, pp. 48–62. 

Harris, S. (1979) 'Age-related fertility and productivity in Red Foxes, Vulpes vulpes, in 

suburban London', Journal of Zoology, v. 187, no. 2, pp. 195–199. 

Harris, S. (1980) 'Home ranges and patterns of distribution of Foxes (Vulpes vulpes) in an urban 

area, as revealed by radio-tracking', in A Handbook on Biotelemetry and Radio 

Tracking, eds. C.J. Amlaner, Jr. & D.W. Macdonald. Oxford: Pergamon Press. pp. 685–

690. 

Harris, S., Cresswell, W.J., Forde, P.G., Trewhella, W.J., Woollard, T. & Wray, S. (1990) 

'Home-range analysis using radio-tracking data—A review of problems and techniques 

particularly as applied to the study of mammals', Mammal Review, v. 20, no. 2–3, pp. 

97–123. 

Harris, S. & Lloyd, H.G. (1991) 'Fox Vulpes vulpes', in The Handbook of British Mammals, eds. 

G.B. Corbet & S. Harris. 3
rd

 ed. Oxford: Blackwell Scientific Publications. pp. 351–

367. 

Harris, S. & Rayner, J.M.V. (1986) 'Urban Fox (Vulpes vulpes) population estimates and habitat 

requirements in several British cities', Journal of Animal Ecology, v. 55, no. 2, pp. 575–

591. 

Harris, S. & Smith, G.C. (1987) 'Demography of two urban Fox (Vulpes vulpes) populations', 

Journal of Applied Ecology, v. 24, no. 1, pp. 75–86. 

Harris, S. & Trewhella, W.J. (1988) 'An analysis of some of the factors affecting dispersal in an 

urban Fox (Vulpes vulpes) population', Journal of Applied Ecology, v. 25, no. 2, pp. 

409–422. 

Harrison, D.J., Bissonnette, J.A. & Sherburne, J.A. (1989) 'Spatial relationships between 

coyotes and red foxes in eastern Maine', Journal of Wildlife Management, v. 53, no. 1, 

pp. 181–185. 

Harrison, R.L. (2002) 'Estimating gray fox home-range size using half-night observation 

periods', Wildlife Society Bulletin, v. 30, no. 4, pp. 1273–1275. 

Hartová-Nentvichová, M., Sálek, M., Cervený, J. & Koubek, P. (2010) 'Variation in the diet of 

the Red Fox (Vulpes vulpes) in mountain habitats: Effects of altitude and season', 

Mammalian Biology - Zeitschrift fur Saugetierkunde, v. 75, no. 4, pp. 334–340. 



References 

 

Andrew Carter 251 

Harvey, W.G. & Harvey, R.C. (1919) 'Bird notes from Mackay, Q.', Emu, v. 19, no. 1, pp. 34–

42. 

Hassall and Associates. (1998) Economic Evaluation of the Role of Bounties in Vertebrate Pest 

Management. Report prepared for the Bureau of Resource Sciences. [n.p.]: Hassall and 

Associates. 

Hayssen, V., van Tienhoven, A., van Tienhoven, A. & Asdell, S.A. (1993) 'Order Carnivora: 

Family Canidae', in Asdell's Patterns of Mammalian Reproduction: A Compendium of 

Species-specific Data. Ithaca, New York: Cornell University Press. pp. 229–247. 

Hazell, B. (2005) 'Fox baiting to protect the bush stone curlew', Proceedings of the 3
rd

 NSW 

Pest Animal Control Conference, p. 27. Orange: NSW Department of Primary 

Industries. 

He, F. & Legendre, P. (2002) 'Species diversity patterns derived from species-area models', 

Ecology, v. 83, no. 5, pp. 1185–1198. 

Heaney, L.R. (2001) 'Small mammal diversity along elevational gradients in the Philippines: An 

assessment of patterns and hypotheses', Global Ecology & Biogeography, v. 10, no. 1, 

pp. 15–39. 

Hebblewhite, M., Merrill, E.H. & McDonald, T.L. (2005) 'Spatial decomposition of predation 

risk using resource selection functions: An example in a wolf–elk predator–prey 

system', Oikos, v. 111, no. 1, pp. 101–111. 

Heck, K.L., Jr. & Orth, R.J. (1980) 'Seagrass habitats: The roles of habitat complexity, 

competition and predation in structuring associated fish and motile macroinvertebrate 

assemblages', in Estuarine Perspectives, ed. V.S. Kennedy. New York: Academic Press. 

pp. 449–464. 

Hegglin, D., Bontadina, F., Contesse, P., Gloor, S. & Deplazes, P. (2007) 'Plasticity of predation 

behaviour as a putative driving force for parasite life-cycle dynamics: The case of urban 

foxes and Echinococcus multilocularis tapeworm', Functional Ecology, v. 21, no. 3, pp. 

552–560. 

Hegglin, D., Bontadina, F., Gloor, S., Romer, J., Muller, U., Breitenmoser, U. & Deplazes, P. 

(2004) 'Baiting red foxes in an urban area: A camera trap study', Journal of Wildlife 

Management, v. 68, no. 4, pp. 1010–1017. 

Hemminga, M.A. & Duarte, C.M. (2000) Seagrass Ecology: An Introduction. Cambridge: 

Cambridge University Press. 

Heneberg, P. (2001) 'Size of sand grains as a significant factor affecting the nesting of Bank 

Swallows (Riparia riparia)', Biologia, v. 56, no. 2, pp. 205–210. 

Heneberg, P. (2009) 'Soil penetrability as a key factor affecting the nesting of burrowing birds', 

Ecological Research, v. 24, no. 2, pp. 453–459. 

Hengeveld, G.M., van Langevelde, F., Groen, T.A. & de Knegt, H.J. (2009) 'Optimal foraging 

for multiple resources in several food species', American Naturalist, v. 174, no. 1, pp. 

102–110. 

Henry, C., Poulle, M.-L. & Roeder, J.-J. (2005) 'Effect of sex and female reproductive status on 

seasonal home range size and stability in rural Red Foxes (Vulpes vulpes)', Ecoscience, 

v. 12, no. 2, pp. 202–209. 



References 

 

Andrew Carter 252 

Henry, J.D. (1977) 'The use of urine marking in the scavenging behaviour of the Red Fox 

(Vulpes vulpes)', Behaviour, v. 61, no. 1–2, pp. 82–106. 

Henry, J.D. (1986) Red Fox: The Catlike Canine. Washington D.C.: Smithsonian Institution 

Press. 

Hernandez, F., Rollins, D. & Cantu, R. (1997) 'An evaluation of Trailmaster
® 

camera systems 

for identifying ground-nest predators', Wildlife Society Bulletin, v. 25, no. 4, pp. 848–

853. 

Herr, J. (2008) Ecology and behaviour of urban Stone Martens (Martes foina) in Luxembourg. 

PhD Thesis, University of Sussex. 

Herranz, J., Yanes, M. & Suarez, F. (2002) 'Does photo-monitoring affect nest predation?', 

Journal of Field Ornithology, v. 73, no. 1, pp. 97–101. 

Hersteinsson, P. & Macdonald, D.W. (1982) 'Some comparisons between Red and Arctic Foxes, 

Vulpes vulpes and Alopex lagopus, as revealed by radio tracking', in Telemetric Studies 

of Vertebrates. Symposia of the Zoological Society of London, eds. C.L. Cheeseman & 

R.B. Mitson. London: Academic Press. pp. 259–289. 

Herzon, I. & Mikk, M. (2007) 'Farmers' perceptions of biodiversity and their willingness to 

enhance it through agri-environment schemes: A comparative study from Estonia and 

Finland', Journal for Nature Conservation, v. 15, no. 1, pp. 10–25. 

Hewson, R. (1983) 'The food of Wild Cats (Felis sylvestris) and Red Foxes (Vulpes vulpes) in 

west and north-east Scotland', Journal of Zoology, v. 200, no. 2, pp. 283–289. 

Hewson, R. (1986) 'Distribution and density of fox breeding dens and the effects of 

management', Journal of Applied Ecology, v. 23, no. 2, pp. 531–538. 

Heydon, M.J., Reynolds, J.C. & Short, M.J. (2000) 'Variation in abundance of foxes between 

three regions of rural Britain, in relation to landscape and other variables', Journal of 

Zoology, v. 251, no. 2, pp. 253–264. 

Hibbins, G. (1978) A History of the Nathalia Shire: The Good Helmsmen. Melbourne: The 

Hawthorne Press. 

Hill, G.F. (1907) 'Birds of Ararat district. Part II', Emu, v. 7, no. 1, pp. 18–23. 

Hindwood, K.A. & Hoskin, E.S. (1954) 'The waders of Sydney (County of Cumberland), New 

South Wales', Emu, v. 24, no. 4, pp. 217–255. 

Hobbs, J. & Munday, P. (2004) 'Intraspecific competition controls spatial distribution and social 

organisation of the Coral-dwelling Goby Gobiodon histrio', Marine Ecology Progress 

Series, v. 278, pp. 253–259. 

Hobbs, J.N. (1961) 'The birds of south-west New South Wales', Emu, v. 61, no. 1, pp. 21–55. 

Hobbs, R.J. & Saunders, D.A. (1994) 'Effects of landscape fragmentation in agricultural areas', 

in Conservation Biology in Australia and Oceania, eds. C. Moritz & J. Kikkawa. 

Sydney: Surrey Beatty & Sons. pp. 77–95. 

Holt, R.D. (1984) 'Spatial heterogeneity, indirect interactions, and the coexistence of prey 

species', American Naturalist, v. 124, no. 3, pp. 377–406. 



References 

 

Andrew Carter 253 

Hooge, P.N. & Eichenlaub, B. (2000) Animal Movement Extension to ArcView. Version 2.0. 

Anchorage, Alaska, USA: Alaska Science Center—Biological Science Office, U.S. 

Geological Survey. 

Hopcraft, J.G.C., Sinclair, A.R.E. & Packer, C. (2005) 'Planning for success: Serengeti lions 

seek prey accessibility rather than abundance', Journal of Animal Ecology, v. 74, no. 3, 

pp. 559–566. 

Hötker, H. & Segebade, A. (2000) 'Effects of predation and weather on the breeding success of 

Avocets Recurvirostra avosetta', Bird Study, v. 47, no. 1, pp. 91–101. 

Hough, N.G. (1980) 'The ranging behaviour of a maturing female Red Fox, Vulpes vulpes', in A 

Handbook on Biotelemetry and Radio Tracking, eds. C.J. Amlaner, Jr. & D.W. 

Macdonald. Oxford: Pergamon Press. pp. 691–696. 

Hubbard, M.W., Danielson, B.J. & Schmitz, R.A. (2000) 'Factors influencing the location of 

deer-vehicle accidents in Iowa', Journal of Wildlife Management, v. 64, no. 3, pp. 707–

713. 

Huffaker, C.B. (1958) 'Experimental studies on predation: Dispersion factors and predator–prey 

oscillations', Hilgardia, v. 27, no. 14, pp. 343–383. 

Hurst, T. (1907) 'Stone-plover in Tasmania', Emu, v. 7, no. 1, pp. 36–37. 

Hyem, E.L. (1936) 'Notes on the birds of Mernot, Barrington NSW', Emu, v. 36, no. 2, pp. 109–

127. 

Inions, G., Tanton, M. & Davey, S. (1989) 'Effect of fire on the availability of hollows in trees 

used by the Common Brushtail Possum, Trichosurus vulpecula Kerr, 1792, and the 

Ringtail Possum, Pseudocheirus peregrinus Boddaerts, 1785', Wildlife Research, v. 16, 

no. 4, pp. 449–458. 

Invasive Animals CRC. (2008–present) Feral Flyer: Fortnightly Electronic Newsletter of the 

Invasive Animals CRC. Canberra. Available: http://www.invasiveanimals.com/media-

centre/subscribe/. 

Isaksson, D., Wallander, J. & Larsson, M. (2007) 'Managing predation on ground-nesting birds: 

The effectiveness of nest enclosures', Biological Conservation, v. 136, no. 1, pp. 136–

142. 

IUCN. (2009) IUCN Red List of Threatened Species (Version 2009.2) [online]. Available: 

<www.iucnredlist.org> [Accessed 1 March 2010]. 

Jachmann, H. (2001) Estimating Abundance of African Wildlife: An Aid to Adaptive 

Management. Boston: Kluwer Academic Publishers. 

Jackson, H.H.T. (1961) Mammals of Wisconsin. Madison: University of Wisconsin Press. 

Jackson, J., Moro, D., Mawson, P., Lund, M. & Mellican, A. (2007) 'Bait uptake and caching by 

red foxes and nontarget species in urban reserves ', Journal of Wildlife Management, v. 

71, no. 4, pp. 1134–1140  

Jackson, V.L. & Choate, J.R. (2000) 'Dens and den sites of the Swift Fox, Vulpes velox', 

Southwestern Naturalist, v. 45, no. 2, pp. 212–220. 



References 

 

Andrew Carter 254 

Jackson, W., Fowler, R., Trautman, C., Carter, A., Rice, L. & Kranz, J. (1975) The Pheasant in 

South Dakota. Management report. [n.p.]: South Dakota Department of Game, Fish and 

Parks. 

James, P.L. & Heck, K.L., Jr. (1994) 'The effects of habitat complexity and light intensity on 

ambush predation within a simulated seagrass habitat', Journal of Experimental Marine 

Biology and Ecology, v. 176, no. 2, pp. 187–200. 

Jędrzejewski, W. & Jędrzejewski, B. (1992) 'Foraging and diet of the Red Fox Vulpes vulpes in 

relation to variable food resources in Białowieża National Park, Poland', Ecography, v. 

15, no. 2, pp. 212–220. 

Jędrzejewski, W., Schmidt, K., Jędrzejewska, B., Theuerkauf, J., Kowalczyk, R. & Zub, K. 

(2004) 'The process of a wolf pack splitting in Białowieża Primeval Forest, Poland', 

Acta Theriologica, v. 49, no. 2, pp. 275–280. 

Jia, J. & Ma, J. (1992) 'Principal component analysis on the dens of red fox in the western 

suburbs of Harbin', Journal of Northeast Forestry University, v. 20, no. 1, pp. 22–29. 

Jia, J., Xiao, Q., Xu, L. & Ma, H. (1991) 'A primary observation of the red fox dens', Acta 

Theriologica Sinica, v. 11, no. 4, pp. 266–269. 

Johnson, C.N. (2006) Australia’s Mammal Extinctions: A 50 000 Year History. Melbourne: 

Cambridge University Press. 

Johnson, C.N., Isaac, J.L. & Fisher, D.O. (2007) 'Rarity of a top predator triggers continent-

wide collapse of mammal prey: Dingoes and marsupials in Australia', Proceeding of the 

Royal Society B: Biological Sciences, v. 274, no. 1608, pp. 341–346. 

Johnson, C.N. & VanDerWal, J. (2009) 'Evidence that dingoes limit abundance of a 

mesopredator in eastern Australian forests', Journal of Applied Ecology, v. 46, no. 3, pp. 

641–646. 

Johnson, G. & Baker-Gabb, D. (1994) The Bush Thick-knee in Northern Victoria (Part 1): 

Conservation and Management. Arthur Rylah Institute for Environmental Research, 

Technical Report Series No. 129. East Melbourne: Department of Conservation and 

Natural Resources. 

Johnson, J.B. & Omland, K.S. (2004) 'Model selection in ecology and evolution', Trends in 

Ecology and Evolution, v. 19, no. 2, pp. 101–108. 

Johnson, M.D. & Sherry, T.W. (2001) 'Effects of food availability on the distribution of 

migratory warblers among habitats in Jamaica', Journal of Animal Ecology, v. 70, no. 4, 

pp. 546–560. 

Johnston, G. & McCarthy, P. (2007) 'Susceptibility of Bush Stone-curlews (Burhinus 

grallarius) to sodium fluoroacetate (1080) poisoning', Emu, v. 107, no. 1, pp. 69–73. 

Jones, D.B. & Theberge, J.B. (1982) 'Summer home range and habitat utilization of the Red Fox 

(Vulpes vulpes) in a tundra habitat, northwest British Columbia', Canadian Journal of 

Zoology, v. 60, no. 5, pp. 807–812. 

Jones, M. (2008) 'Eastern Quoll', in The Mammals of Australia, eds. S. Van Dyck & R. Strahan. 

3
rd

 ed. Sydney: New Holland Publishers. pp. 62–64. 



References 

 

Andrew Carter 255 

Jones, M.E. (2000) 'Road upgrade, road mortality and remedial measures: Impacts on a 

population of eastern quolls and Tasmanian devils', Wildlife Research, v. 27, no. 3, pp. 

289–296. 

Jordan, F., DeLeon, C.J. & McCreary, A.C. (1996) 'Predation, habitat complexity, and 

distribution of the crayfish Procambarus alleni within a wetland habitat mosaic', 

Wetlands v. 16, no. 4, pp. 452–457. 

Kamler, J.F. (2002) Relationships of swift foxes and coyotes in northwest Texas. PhD Thesis, 

Texas Tech University. 

Kauffman, M.J., Varley, N., Smith, D.W., Stahler, D.R., MacNulty, D.R. & Boyce, M.S. (2007) 

'Landscape heterogeneity shapes predation in a newly restored predator–prey system', 

Ecology Letters, v. 10, no. 8, pp. 690–670. 

Kauhala, K., Holmala, K., Lammers, W. & Schregel, J. (2006) 'Home ranges and densities of 

medium-sized carnivores in south-east Finland, with special reference to rabies spread', 

Acta Theriologica, v. 51, no. 1, pp. 1–13. 

Keenan, R.J. (1981) 'Spatial use of home range among Red Foxes (Vulpes vulpes) in south-

central Ontario', Proceedings of the Worldwide Furbearer Conference, pp. 1041–1067. 

Frostburg, Maryland USA: University of Maryland Press. 

Keenleyside, C. (2006) Farmland Birds and Agri-environment Schemes in the New Member 

States. A report for the Royal Society for the Protection of Birds. Anglesey: CREX. 

Keith, D.A. (2004) Ocean Shores to Desert Dunes: The Native Vegetation of New South Wales 

and the ACT. Hurstville, NSW: Department of Environment and Conservation (NSW). 

Kenward, R.E. (1992) 'Quantity versus quality: Programming for collection and analysis of 

radio tag data', in Wildlife Telemetry: Remote Monitoring and Tracking of Animals, eds. 

I.G. Priede & S.M. Swift. New York: Ellis Horwood. pp. 231–246. 

Kenward, R.E. (2001) A Manual for Wildlife Radio Tagging. rev. ed. San Diego, USA: 

Academic Press. 

Kenward, R.E., Walls, S.S., South, A.B. & Casey, N. (2008) Ranges8: For the Analysis of 

Tracking and Location Data. Wareham, UK: Anatrack Ltd. 

Kernohan, B.J., Gitzen, R.A. & Millspaugh, J.J. (2001) 'Analysis of animal space use and 

movements', in Radio Tracking and Animal Populations, eds. J.J. Millspaugh & J.M. 

Marzluff. San Diego, California: Academic Press. pp. 125–166. 

Keyser, A.J., Hill, G.E. & Soehren, E.C. (1998) 'Effects of forest fragmentation size, nest 

density, and proximity to edge on the risk of predation to ground-nesting passerine 

birds', Conservation Biology, v. 12, no. 5, pp. 986–994. 

King, A.A. ed. (1992) Proceedings of the International Conference on Epidemiology, Control, 

and Prevention of Rabies in Eastern and Southern Africa, Lusaka, Zambie. Lyon, 

France: Editions Fondation Marcel Mérieux. 

King, C.M. (1983) 'The relationships between Beech (Nothofagus sp.) seedfall and populations 

of Mice (Mus musculus), and the demographic and dietary responses of Stoats (Mustela 

erminea), in three New Zealand forests', Journal of Animal Ecology, v. 52, no. 1, pp. 

141–166. 



References 

 

Andrew Carter 256 

King, C.M., McDonald, R.M., Martin, R.D. & Dennis, T. (2009) 'Why is eradication of invasive 

mustelids so difficult?', Biological Conservation, v. 142, no. 4, pp. 806–816. 

King, D.R. (1989) 'An assessment of the hazard posed to Northern Quolls (Dasyurus 

hallucatus) by aerial baiting with 1080 to control dingos', Australian Wildlife Research, 

v. 16, no. 5, pp. 569–574. 

Kinnear, J.E. (1995) 'Rock-wallabies of Yardie Creek', Landscope, v. 11, no. 2, pp. 36–37. 

Kinnear, J.E. (2003) Eradicating the Fox in Tasmania: A Review of the Fox Free Tasmania 

Program. Unpublished report. 

Kinnear, J.E., Krebs, C.J., Pentland, C., Orell, P., Holme, C. & Karvinen, R. (2010) 'Predator-

baiting experiments for the conservation of rock-wallabies in Western Australia: A 25-

year review with recent advances', Wildlife Research, v. 37, no. 1, pp. 57–67. 

Kinnear, J.E., Onus, M.L. & Bromilow, R.N. (1988) 'Fox control and rock-wallaby population 

dynamics', Australian Wildlife Research, v. 15, no. 4, pp. 435–450. 

Kinnear, J.E., Onus, M.L. & Sumner, N.R. (1998) 'Fox control and rock-wallaby population 

dynamics—II. An update', Wildlife Research, v. 25, no. 1, pp. 81–88. 

Kinnear, J.E., Sumner, N.R. & Onus, M.L. (2002) 'The red fox in Australia—An exotic predator 

turned biocontrol agent', Biological Conservation, v. 108, no. 3, pp. 335–359. 

Kinnear, P.R. & Gray, C.D. (2008) SPSS 15 Made Simple. Hove, East Sussex: Psychology 

Press. 

Klimstra, W.D. & Roseberry, J.L. (1975) 'Nesting ecology of the bobwhite in southern Illinois', 

Wildlife Monographs, no. 41, pp. 3–37. 

Knudsen, M.E. (1963) 'A summer waterhole study at Carrizo Spring, Santa Rosa Mountains of 

southern California', Desert Bighorn Council Transactions, v. 7, pp. 185–192. 

Koen, E.L., Bowman, J., Findlay, C.S. & Zheng, L. (2007) 'Home range and population density 

of fishers in eastern Ontario', Journal of Wildlife Management v. 71, no. 5, pp. 1484–

1493. 

Kohn, A.J. & Leviten, P.J. (1976) 'Effect of habitat complexity on population density and 

species richness in tropical intertidal predatory gastropod assemblages', Oecologia, v. 

25, no. 3, pp. 199–210. 

Kolb, H.H. (1984) 'Factors affecting the movements of dog foxes in Edinburgh', Journal of 

Applied Ecology, v. 21, no. 1, pp. 161–173. 

Kolb, H.H. (1985) 'Habitat use by foxes in Edinburgh', Revue d'écologie, La Terre et la Vie, v. 

40, pp. 139–143. 

Kolb, H.H. (1986) 'Some observations on the home ranges of vixens (Vulpes vulpes) in the 

suburbs of Edinburgh', Journal of Zoology, v. 210, pp. 636–639. 

Komarek, E.V. (1939) 'A progress report on southeastern mammal studies', Journal of 

Mammalogy, v. 20, no. 3, pp. 292–299. 

Korn, T.J. & Livanos, G. (1986) 'The effect of dosing technique on the 1080 content of meat 

baits', Australian Wildlife Research, v. 13, no. 3, pp. 455–459. 



References 

 

Andrew Carter 257 

Korodaj, T. (2007) Determinants of Antechinus occurrence in a fragmented landscape: Dead 

wood matters. Hons Thesis, Charles Sturt University. 

Körtner, G., Gresser, S. & Harden, B. (2003) 'Does fox baiting threaten Spotted-tailed Quoll, 

Dasyurus maculatus?', Wildlife Research, v. 30, no. 2, pp. 111–118. 

Körtner, G. & Watson, P. (2005) 'The immediate impact of 1080 aerial baiting to control wild 

dogs on a spotted-tailed quoll population', Wildlife Research, v. 32, no. 8, pp. 673–680. 

Kotler, B.P. & Blaustein, L. (1995) 'Titrating food and safety in a heterogeneous environment: 

When are the risky and safe patches of equal value?', Oikos, v. 74, no. 2, pp. 251–258. 

Kotler, B.P., Brown, J.S. & Hasson, O. (1991) 'Factors affecting gerbil foraging behavior and 

rates of owl predation', Ecology, v. 72, no. 6, pp. 2249–2260. 

Kramer, H.L., Merrell, P.W. & Burren, B.J. (1987) 'Use of sodium fluoroacetate (compound 

1080) in the control of dingoes. I. Meat bait preparation techniques', Australian Wildlife 

Research, v. 14, no. 1, pp. 65–68. 

Krebs, C.J. (1999) Ecological Methodology. 2
nd

 ed. Menlo Park, California: 

Benjamin/Cummings. 

Krebs, C.J. (2009) Ecology: The Experimental Analysis of Distribution and Abundance. 6
th
 ed. 

San Francisco: Benjamin Cummings. 

Krekorian, C.O.N. (1976) 'Home range size and overlap and their relationship to food 

abundance in the Desert Iguana, Dipsosaurus dorsalis', Herpetologica, v. 32, no. 4, pp. 

405–412. 

Krim, P.M., Bashore, T.L. & Kirkland, G.L., Jr. (1990) 'Den site characteristics and food habits 

of the Red Fox (Vulpes vulpes) on Assateague Island, Maryland', Virginia Journal of 

Science, v. 41, no. 4A, pp. 340–351. 

Kruuk, H. (1964) 'Predators and anti-predatory behaviour of the Black-headed Gull (Larus 

ridibundus)', Behaviour, suppl. 11, pp. 1–145. 

Kubeil, T. & Castles, J. (2007) Broken–Boosey Fox Control Project: Three-year Review. 

Unpublished report. Shepparton: Goulburn-Broken Catchment Management Authority. 

Kuhlmann, M.L. (1998) 'Spatial and temporal patterns in the dynamics and use of Pen Shells 

(Atrina rigida) as shelters in St. Joseph Bay, Florida', Bulletin of Marine Science, v. 62, 

no. 1, pp. 157–179. 

Kujawa, K. & Łęcki, R. (2008) 'Does Red Fox Vulpes vulpes affect bird species richness and 

abundance in an agricultural landscape?', Acta Ornithologica, v. 48, no. 2, pp. 167–178. 

Kwiatkowski, M.A. & Sullivan, B.K. (2002) 'Mating system structure and population density in 

a polygynous lizard, Sauromalus obesus (= ater)', Behavioral Ecology, v. 13, no. 2, pp. 

201–208. 

Lagos, V.O., Contreras, L.C., Meserve, P.L., Gutiérrez, J.R. & Jaksic, F.M. (1995) 'Effects of 

predation risk on space use by small mammals: A field experiment with a neotropical 

rodent', Oikos, v. 74, no. 2, pp. 259–264. 

Lahti, D.C. (2001) 'The "edge effect on nest predation" hypothesis after twenty years', 

Biological Conservation, v. 99, no. 3, pp. 365–374. 



References 

 

Andrew Carter 258 

Land Conservation Council. (1983) Report on the Murray Valley Area. Melbourne: Land 

Conservation Council Victoria. 

Lapidge, K., Bourne, D., Braysher, M. & Sarre, S. (2004–present) Feral.org.au: Online Pest 

Animal Resource Database. [online]. Canberra: Invasive Animals CRC. Available: 

http://www.feral.org.au. 

Larivière, S. (1999) 'Reasons why predators cannot be inferred from nest remains', Condor, v. 

101, no. 3, pp. 718–721. 

Larivière, S. (2003) 'Edge effects, predator movements, and the travel-line paradox', Wildlife 

Society Bulletin, v. 31, no. 1, pp. 315–320. 

Larivière, S. & Pasitschniak-Arts, M. (1996) 'Vulpes vulpes', Mammalian Species, no. 537, pp. 

1–11. 

Larkin, R.P. & Halkin, D. (1994) 'A review of software packages for estimating animal home 

ranges', Wildlife Society Bulletin, v. 22, no. 2, pp. 274–287. 

Larsen, T. & Grundetjern, S. (1997) 'Optimal choice of neighbour: Predator protection among 

tundra birds', Journal of Avian Biology, v. 28, no. 4, pp. 303–308. 

Larter, N.C. & Gates, C.C. (1994) 'Home-range size of wood bison: Effects of age, sex, and 

forage availability', Journal of Mammalogy, v. 75, no. 1, pp. 142–149. 

Lassau, S.A., Hochuli, D.F., Cassis, G. & Reid, C.A.M. (2005) 'Effects of habitat complexity on 

forest beetle diversity: Do functional groups respond consistently?', Diversity and 

Distributions, v. 11, no. 1, pp. 73–82. 

Lauck, B., Swain, R. & Barmuta, L. (2005) 'Breeding site characteristics regulating life history 

traits of the Brown Tree Frog, Litoria ewingii', Hydrobiologia, v. 537, no. 1, pp. 135–

146. 

Lavery, H.J. (1969) 'Collisions between aircraft and birds at Townsville, Queensland', 

Queensland Journal of Agricultural and Animal Sciences, v. 26, pp. 447–455. 

Lavin, S.R., Van Deelen, T.R., Brown, P.W., Warner, R.E. & Ambrose, S.H. (2003) 'Prey use 

by Red Foxes (Vulpes vulpes) in urban and rural areas of Illinois', Canadian Journal of 

Zoology, v. 81, no. 6, pp. 1070–1082. 

Law, B.S., Chidel, M. & Turner, G. (2000) 'The use by wildlife of paddock trees in farmland', 

Pacific Conservation Biology, v. 6, no. 2, pp. 130–143. 

Layne, J.N. & McKeon, W.H. (1956) 'Notes on red fox and grey fox den sites in New York', 

New York Fish Game Journal, v. 3, no. 2, pp. 248–249. 

Le Souëf, D. (1901) 'Protective colouration of Australian birds and their nests. Part II', Emu, v. 

1, no. 3, pp. 128–132. 

Le Souëf, D. (1918) 'Queensland notes', Emu, v. 18, no. 1, pp. 43–49. 

Leach, G.J. & Recher, H.F. (1993) 'Use of roadside remnants of softwood scrub vegetation by 

birds in south-eastern Queensland', Wildlife Research, v. 20, no. 2, pp. 233–249. 



References 

 

Andrew Carter 259 

Lecomte, N., Careau, V., Gauthier, G. & Giroux, J.-F. (2008) 'Predator behaviour and predation 

risk in the heterogeneous Arctic environment', Journal of Animal Ecology, v. 77, no. 3, 

pp. 439–447. 

Lecomte, N., Gauthier, G. & Giroux, J. (2009) 'A link between water availability and nesting 

success mediated by predator–prey interactions in the Arctic', Ecology, v. 90, no. 2, pp. 

465–475. 

Lenain, D.M., Olfermann, E. & Warrington, S. (2004) 'Ecology, diet and behaviour of two fox 

species in a large, fenced protected area in central Saudi Arabia', Journal of Arid 

Environments, v. 57, no. 1, pp. 45–60. 

Letnic, M., Koch, F., Gordon, C., Crowther, M.S. & Dickman, C.R. (2009) 'Keystone effects of 

an alien top-predator stem extinctions of native mammals', Proceedings of the Royal 

Society B: Biological Sciences, v. 276, no. 1671, pp. 3249–3256. 

Lewis, B. (2002) Farm Dams: Planning, Construction and Maintenance. Collingwood, 

Victoria: Landlinks Press. 

Lewis, J.C., Sallee, K.L. & Golightly, R.T., Jr. (1993) Introduced Red Fox in California. 

Nongame bird and mammal section report 93-10. Sacramento, California: Departments 

of Fish and Game. 

Lewis, J.S., Rachlow, J.L., Garton, E.O. & Vierling, L.A. (2007) 'Effects of habitat on GPS 

collar performance: Using data screening to reduce location error', Journal of Applied 

Ecology, v. 44, no. 3, pp. 663–671. 

Lima, S.L. (2002) 'Putting predators back into behavioural predator-prey interactions', Trends in 

Ecology and Evolution, v. 17, no. 2, pp. 70–75. 

Lima, S.L. & Dill, L.M. (1990) 'Behavioral decisions made under the risk of predation: A 

review and prospectus', Canadian Journal of Zoology, v. 68, no. 4, pp. 619–640. 

Lind, B., Stigh, J. & Larsson, L. (2002) 'Sediment type and breeding strategy of the Bank 

Swallow Riparia riparia in western Sweden', Ornis Svecica, v. 12, no. 3, pp. 157–163. 

Lindenmayer, D., Claridge, A., Hazell, D., Michael, D., Crane, M., MacGregor, C. & 

Cunningham, R. (2003) Wildlife on Farms: How to Conserve Native Animals. 

Collingwood, Victoria: CSIRO Publishing. 

Lindenmayer, D., Cunningham, R., Crane, M., Michael, D. & Montague-Drake, R. (2007) 

'Farmland bird responses to intersecting replanted areas', Landscape Ecology, v. 22, no. 

10, pp. 1555–1562. 

Lindenmayer, D.B., Cunningham, R.B., MacGregor, C., Tribolet, C. & Donnelly, C.F. (2001) 

'A prospective longitudinal study of landscape matrix effects on fauna in woodland 

remnants: Experimental design and baseline data', Biological Conservation, v. 101, no. 

2, pp. 157–169. 

Lindenmayer, D.B. & Fischer, J. (2006) Habitat Fragmentation and Landscape Change: An 

Ecological and Conservation Synthesis. Collingwood, Victoria: CSIRO Publishing. 

Lindgren, E. (1971) 'Records of new and uncommon species for the island of New Guinea', 

Emu, v. 71, no. 3, pp. 134–136. 



References 

 

Andrew Carter 260 

Lindström, E.R. (1994) 'Large prey for small cubs—On crucial resources of a boreal red fox 

population', Ecography, v. 17, no. 1, pp. 17–22. 

Linhart, S.B. (1968) 'Dentition and pelage in the juvenile Red Fox (Vulpes vulpes)', Journal of 

Mammalogy, v. 49, no. 3, pp. 526–528. 

Livezey, R. & Evenden, F., Jr. (1943) 'Notes on the western red fox', Journal of Mammalogy, v. 

24, no. 4, pp. 500–501. 

Lloyd, H.G. (1980) The Red Fox. London: B. T. Batsford Ltd. 

Lockie, J.D. (1964) 'The breeding density of the golden eagle and fox in relation to food supply 

in Wester Ross, Scotland', Scottish Naturalist, v. 71, pp. 67–77. 

Long, K. & Robley, A. (2004) Cost Effective Feral Animal Exclusion Fencing for Areas of High 

Conservation Value in Australia. Report to the Department of the Environment and 

Heritage. Melbourne: Arthur Rylah Institute for Environmental Research. 

Longland, W.S. & Price, M.V. (1991) 'Direct observations of owls and heteromyid rodents: Can 

predation risk explain microhabitat use?', Ecology, v. 72, no. 6, pp. 2261–2273. 

Lord, E.A.R. (1956) 'The birds of the Murphy's Creek district, southern Queensland', Emu, v. 

56, no. 2, pp. 100–128. 

Lovari, S., Cavallini, P., Crema, G., Lazzeretti, L., Lucherini, M., Ricci-Lucchi, M. & Valier, P. 

(1991) 'Environmental variables and the use of habitat of the Red Fox Vulpes vulpes 

(L., 1758) in the Maremma Natural Park, Grosseto Province, central Italy', Hystrix, v. 3, 

pp. 21–29. 

Lovari, S., Lucherini, M. & Crema, G. (1996) 'Individual variations in diets, activity and habitat 

use of red foxes in a Mediterranean rural area', Journal of Wildlife Research, v. 1, no. 1, 

pp. 24–31. 

Lovari, S., Valier, P. & Ricci-Lucchi, M. (1994) 'Ranging behaviour and activity of Red Foxes 

(Vulpes vulpes: Mammalia) in relation to environmental variables, in Mediterranean 

mixed pinewood', Journal of Zoology, v. 232, no. 2, pp. 323–339. 

Lowe, S., Browne, M., Boudjelas, S. & De Poorter, M. (2000) 100 of the World’s Worst 

Invasive Alien Species: A Selection from the Global Invasive Species Database. [n.p.]: 

Invasive Species Specialist Group (ISSG). 

Luce, A. & Crowe, M. (2001) 'Invertebrate terrestrial diversity along a gravel road on Barrie 

Island, Ontario, Canada', Great Lakes Entomologist, v. 34, no. 1, pp. 55–60. 

Lucherini, M., Lovari, S. & Crema, G. (1995) 'Habitat use and ranging behaviour of the Red 

Fox (Vulpes vulpes) in a Mediterranean rural area: Is shelter availability a key factor?', 

Journal of Zoology, v. 237, no. 4, pp. 577–591. 

Lugton, L. (1993) 'Diet of Red Foxes (Vulpes vulpes) in south-west New South Wales, with 

relevance to lamb predation', Rangeland Journal, v. 15, no. 1, pp. 39–47. 

Lumsden, L.F., Alexander, J.S.A., Hill, F.A.R., Krasna, S.P. & Silveira, C.E. (1991) The 

Vertebrate Fauna of the Land Conservation Council Melbourne-2 Study Area. Arthur 

Rylah Institute for Environmental Research, Technical Report Series No. 115. 

Melbourne: Department of Conservation and Environment. 



References 

 

Andrew Carter 261 

Lumsden, L.F., Bennett, A.F. & Silins, J.E. (2002) 'Location of roosts of the Lesser Long-eared 

Bat Nyctophilus geoffroyi and Gould's Wattled Bat Chalinolobus gouldii in a 

fragmented landscape in south-eastern Australia', Biological Conservation, v. 106, no. 

2, pp. 237–249. 

Lyra-Jorge, M., Ciocheti, G., Pivello, V. & Meirelles, S. (2008) 'Comparing methods for 

sampling large- and medium-sized mammals: Camera traps and track plots', European 

Journal of Wildlife Research, v. 54, no. 4, pp. 739–744. 

Mac Nally, R., De Vries, L. & Thomson, J.R. (2010) 'Are replanted floodplain forests in 

southeastern Australia providing bird biodiversity benefits?', Restoration Ecology, v. 

18, no. 1, pp. 85–94. 

Mac Nally, R. & Horrocks, G. (2000) 'Landscape-scale conservation of an endangered migrant: 

The Swift Parrot (Lathamus discolor) in its winter range', Biological Conservation, v. 

92, no. 3, pp. 335–343. 

MacArthur, R.H. & Pianka, E.R. (1966) 'On optimal use of a patchy environment', American 

Naturalist, v. 100, no. 916, pp. 603–609. 

MacCracken, J.G., Lebovitz, A.D. & Lewis, J.C. (2005) 'Selection of in-stream wood structures 

by beaver in the Bear River, southwest Washington', Northwestern Naturalist, v. 86, no. 

2, pp. 49–58. 

Macdonald, D.W. (1976) 'Food caching by red foxes and some other carnivores', Zeitschrift für 

Tierpsychologie, v. 42, no. 2, pp. 170–185. 

Macdonald, D.W. (1979a) 'Helpers in fox society', Nature, v. 282, no. 5734, pp. 69–71. 

Macdonald, D.W. (1979b) 'Some observations and field experiments on the urine marking 

behaviour of the Red Fox, Vulpes vulpes L.', Zeitschrift für Tierpsychologie, v. 51, no. 

1, pp. 1–22. 

Macdonald, D.W. (1980a) 'The Red Fox, Vulpes vulpes, as a predator upon Earthworms, 

Lumbricus terrestris', Zeitschrift für Tierpsychologie, v. 52, no. 2, pp. 171–200. 

Macdonald, D.W. (1980b) 'Social factors affecting reproduction amongst Red Foxes (Vulpes 

vulpes L., 1758)', in The Red Fox: Symposium on Behaviour and Ecology, ed. E. Zimen. 

The Hague, The Netherlands: Dr. W. Junk B.V. Publishers. pp. 123–175. 

Macdonald, D.W. (1981) 'Resource dispersion and the social organization of the Red Fox 

(Vulpes vulpes)', Proceedings of the Worldwide Furbearer Conference, pp. 918–949. 

Frostburg, Maryland USA: University of Maryland Press. 

Macdonald, D.W., Ball, F.G. & Hough, N.G. (1980) 'The evaluation of home range size and 

configuration using radio tracking data', in A Handbook on Biotelemetry and Radio 

Tracking, eds. C.J. Amlaner, Jr. & D.W. Macdonald. Oxford: Pergamon Press. pp. 405–

424. 

Macdonald, D.W., Brown, L., Yerli, S. & Canbolet, A.F. (1994) 'Behaviour of Red Foxes, 

Vulpes vulpes, caching eggs of Loggerhead Turtles, Caretta caretta', Journal of 

Mammalogy, v. 75, no. 4, pp. 985–988. 

Macdonald, D.W., Courtenay, O., Forbes, S. & Mathews, F. (1999) 'The Red Fox (Vulpes 

vulpes) in Saudi Arabia: Loose-knit groupings in the absence of territoriality', Journal 

of Zoology, v. 249, no. 4, pp. 383–391. 



References 

 

Andrew Carter 262 

Macdonald, D.W. & Sillero-Zubiri, C. eds. (2004) Biology and Conservation of Wild Canids. 

Oxford: Oxford University Press. 

MacGillivray, W. (1923) 'Interesting conduct of the Southern Stone-plover (Burhinus 

magnirostris)', Emu, v. 22, no. 4, pp. 309–311. 

Mack, R.N., Simberloff, D., Lonsdale, W.M., Evans, H., Clout, M. & Bazzaz, F.A. (2000) 

'Biotic invasions: Causes, epidemiology, global consequences, and control', Ecological 

Applications, v. 10, no. 3, pp. 689–710. 

Magoulick, D. (2004) 'Effects of predation risk on habitat selection by water column fish, 

benthic fish and crayfish in stream pools', Hydrobiologia, v. 527, no. 1, pp. 209–221. 

Mahon, P.S. (2009) 'Targeted control of widespread exotic species for biodiversity 

conservation: The Red Fox (Vulpes vulpes) in New South Wales, Australia', Ecological 

Management & Restoration, v. 10, no. S1, pp. S59–S69. 

Mahon, P.S., Banks, P.B. & Dickman, C.R. (1998) 'Population indices for wild carnivores: A 

critical study in sand-dune habitat, south-western Queensland', Wildlife Research, v. 25, 

no. 1, pp. 11–22. 

Major, J.T. & Sherburne, J.A. (1987) 'Interspecific relationships of coyotes, bobcats, and red 

foxes in western Maine', Journal of Wildlife Management, v. 51, no. 3, pp. 606–616. 

Major, R.E., Christie, F.J., Gowing, G. & Ivison, T.J. (1999) 'Elevated rates of predation on 

artificial nests in linear strips of habitat', Journal of Field Ornithology, v. 70, no. 3, pp. 

351–364. 

Manatunge, J., Asaeda, T. & Priyadarshana, T. (2000) 'The influence of structural complexity 

on fish–zooplankton interactions: A study using artificial submerged macrophytes', 

Environmental Biology of Fishes, v. 58, no. 4, pp. 425–438. 

Mankin, P.C. & Warner, R.E. (1992) 'Vulnerability of ground nests to predation on an 

agricultural habitat island in east-central Illinois', American Midland Naturalist, v. 128, 

no. 2, pp. 281–291. 

Marchant, S. & Higgins, P.J. eds. (1993) Handbook of Australian, New Zealand and Antarctic 

Birds. vol. 2. Melbourne: Oxford University Press. 

Marín, A.I., Hernández, L. & Laundré, J.W. (2003) 'Predation risk and food quantity in the 

selection of habitat by Black-tailed Jackrabbit (Lepus californicus): An optimal foraging 

approach', Journal of Arid Environments, v. 55, no. 1, pp. 101–110. 

Marks, C.A. (2001) 'Bait-delivered cabergoline for the reproductive control of the Red Fox 

(Vulpes vulpes): Estimating mammalian non-target risk in south-eastern Australia', 

Reproduction, Fertility and Development, v. 13, no. 7–8, pp. 499–510. 

Marks, C.A. & Bloomfield, T.E. (1999) 'Bait uptake by Foxes (Vulpes vulpes) in urban 

Melbourne: The potential of oral vaccination for rabies control', Wildlife Research, v. 

26, no. 6, pp. 777–787. 

Marks, C.A. & Bloomfield, T.E. (2006) 'Home range size and selection of natal den and diurnal 

shelter sites by urban Red Foxes (Vulpes vulpes) in Melbourne', Wildlife Research, v. 

33, no. 4, pp. 339–347. 



References 

 

Andrew Carter 263 

Marks, C.A., Hackman, C., Busana, F. & Gigliotti, F. (2000) 'Assuring that 1080 toxicosis in 

the Red Fox (Vulpes vulpes) is humane: Fluoroacetic acid (1080) and drug 

combinations', Wildlife Research, v. 27, no. 5, pp. 483–494. 

Marlow, N.J. (1992) The ecology of the introduced Red Fox (Vulpes vulpes) in the arid zone. 

PhD Thesis, University of New South Wales. 

Martin, G.R. & Twigg, L.E. (2002) 'Sensitivity to sodium fluoroacetate (1080) of native animals 

from north-western Australia', Wildlife Research, v. 29, no. 1, pp. 75–83. 

Martin, G.R., Twigg, L.E. & Robinson, D.J. (1996) 'Comparison of the diet of feral cats from 

rural and pastoral Western Australia', Wildlife Research, v. 23, no. 4, pp. 475–484. 

Marzluff, J.M. & Restani, M. (1999) 'The effects of forest fragmentation on avian nest 

predation', in Forest Fragmentation: Wildlife and Management Implications, eds. J.A. 

Rochelle, L.A. Lehmann & J. Wisniewski. Leiden, The Netherlands: Brill Academic 

Publishing. pp. 155–169. 

Mason, N. & Olson, S. (2000) 'Sydney-north regional fox control programme: Conserving 

Sydney’s green web', Proceedings of the NSW Pest Animal Control Conference: 

Practical Solutions to Pest Management Problems, pp. 70–75. Orange: NSW 

Agriculture. 

Mathews, G.M. (1914) The Birds of Australia. vol. 3. London: Witherby and Co. 

Maurel, D. (1980) 'Home range and activity rhythm of adult male foxes during the breeding 

season', in A Handbook on Biotelemetry and Radio Tracking, eds. C.J. Amlaner, Jr. & 

D.W. Macdonald. Oxford: Pergamon Press. pp. 697–702. 

Maurel, D. (1983) 'Movements and space utilization in the Fox (Vulpes vulpes) as studied by 

radiotracking in the forest of Chizé', Proceedings of the XV Congress International 

Fauna Cinegética y Silvestre, pp. 421–433. Trujillo, Spain. 

May, M., Lawton, J. & Stork, N. (1995) 'Assessing extinction rates', in Extinction Rates, eds. 

J.H. Lawton & R.M. May. Oxford, UK: Oxford University Press. pp. 1–24. 

McCoy, E.D. & Bell, S.S. (1991) 'Habitat structure: The evolution and diversification of a 

complex topic', in Habitat Structure: The Physical Arrangement of Objects in Space, 

eds. S.S. Bell, E.D. McCoy & H.R. Mushinsky. London: Chapman and Hall. pp. 3–27. 

McCulloch, E. (1998) Stone-curlew Workshop. BOCA Report No. 10. Nunawading, Victoria: 

Bird Observers Club of Australia. 

McGill, A.R. (1944) 'An ornithological trip to north-western New South Wales', Emu, v. 44, no. 

1, pp. 50–63. 

McGilp, J.N. (1947) 'The Southern Stone-curlew (Burhinus magnirostris)', South Australian 

Ornithologist, v. 18, pp. 44–46. 

McIlroy, J., Saunders, G. & Hinds, L.A. (2001) 'The reproductive performance of female Red 

Foxes, Vulpes vulpes, in central-western New South Wales during and after a drought', 

Canadian Journal of Zoology, v. 79, no. 4, pp. 545–553. 

McIlroy, J.C. (1986) 'The sensitivity of Australian animals to 1080 poison. IX. Comparisons 

between the major groups of animals, and the potential danger non-target animals face 

from 1080-poisoning campaigns', Australian Wildlife Research, v. 13, no. 1, pp. 39–48. 



References 

 

Andrew Carter 264 

McIlroy, J.C., Gifford, E.J. & Carpenter, S.M. (1988) 'The effect of rainfall and blowfly larvae 

on the toxicity of 1080 treated meat baits used in poisoning campaigns against wild 

dogs', Australian Wildlife Research, v. 15, no. 5, pp. 473–483. 

McIntosh, D.L. (1963a) 'Food of the fox in the Canberra district', CSIRO Wildlife Research, v. 

8, no. 1, pp. 1–20. 

McIntosh, D.L. (1963b) 'Reproduction and growth of the red fox in the Canberra district', 

CSIRO Wildlife Research, v. 8, no. 2, pp. 132–141. 

McKeown, K. (1923) 'List of birds of the Murrumbidgee Irrigation Areas', Emu, v. 23, no. 1, pp. 

42–48. 

McLennan, J.A., Potter, M.A., Robertson, H.A., Wake, G.C., Colbourne, R., Dew, L., Joyce, L., 

McCann, A.J., Miles, J., Miller, P.J. & Reid, J. (1996) 'Role of predation in the decline 

of Kiwi, Apteryx spp., in New Zealand', New Zealand Journal of Ecology, v. 20, no. 1, 

pp. 27–36. 

Medellin, R.A. (1994) 'Mammal diversity and conservation in the Selva Lacandona, Chiapas, 

Mexico', Conservation Biology, v. 8, no. 3, pp. 780–799. 

Meek, P.D. (1998) The biology of the European red fox and the free roaming dog on Bherwerre 

Peninsula, Jervis Bay. MAppSc Thesis, University of Canberra. 

Meek, P.D. & Saunders, G. (2000) 'Home range and movement of Foxes (Vulpes vulpes) in 

coastal New South Wales, Australia', Wildlife Research, v. 27, no. 6, pp. 663–668. 

Meese, R.J. & Fuller, M.R. (1989) 'Distribution and behaviour of passerines around Peregrine 

Falco peregrinus eyries in western Greenland', Ibis, v. 131, no. 1, pp. 27–32. 

Meia, J.S. (1994) Organisation sociale d'une population de renards (Vulpes vulpes) en milieu 

montagnard. PhD Thesis, l'Universite de Neuchatel (Switzerland). 

Meia, J.S. & Weber, J.M. (1992) 'Characteristics and distribution of breeding dens of the Red 

Fox (Vulpes vulpes) in a mountainous habitat', Zeitschrift für Säugetierkunde, v. 57, no. 

3, pp. 137–143. 

Meia, J.S. & Weber, J.M. (1993) 'Choice of resting sites by female Foxes Vulpes vulpes in a 

mountainous habitat', Acta Theriologica, v. 38, no. 1, pp. 81–91. 

Meia, J.S. & Weber, J.M. (1995) 'Home ranges and movements of red foxes in central Europe: 

Stability despite environmental changes', Canadian Journal of Zoology, v. 73, no. 10, 

pp. 1960–1966. 

Menge, B.A. & Sutherland, J.P. (1976) 'Species diversity gradients: Synthesis of the roles of 

predation, competition, and temporal heterogeneity', American Naturalist, v. 110, no. 

973, pp. 351–369. 

Meyer, M.D. & Valone, T.J. (1999) 'Foraging under multiple costs: The importance of 

predation, energetic, and assessment error costs to a desert forager', Oikos, v. 87, no. 3, 

pp. 571–579. 

Milberg, P. & Tyrberg, T. (1993) 'Naive birds and noble savages: A review of man-caused 

prehistoric extinctions of island birds', Ecography, v. 16, no. 3, pp. 229–250. 



References 

 

Andrew Carter 265 

Millspaugh, J.J., Gitzen, R.A., Kernohan, B.J., Larson, M.A. & Clay, C.L. (2004) 

'Comparability of three analytical techniques to assess joint space use', Wildlife Society 

Bulletin, v. 32, no. 1, pp. 148–157. 

Millspaugh, J.J. & Marzluff, J.M. (2001) Radio Tracking and Animal Populations. San Diego, 

California: Academic Press. 

Minasny, B., McBratney, A.B., Field, D.J., Tranter, G., McKenzie, N.J. & Brough, D.M. (2007) 

'Relationships between field texture and particle-size distribution in Australia and their 

implications', Australian Journal of Soil Research, v. 45, no. 6, pp. 428–437. 

Molsher, R.L. (1998) 'Interactions between feral cats and red foxes in NSW: Evidence for 

competition?', Proceedings of the 11
th
 Australian Vertebrate Pest Conference, pp. 227–

231. Bunbury, Western Australia: Agriculture Western Australia. 

Molsher, R.L. (1999) The ecology of Feral Cats, Felis catus, in open forest in New South 

Wales: Interactions with food resources and foxes. PhD Thesis, University of Sydney. 

Morgan, D.R., Morriss, G. & Hickling, G.J. (1996) 'Induced 1080 bait-shyness in captive 

brushtail possums and implications for management', Wildlife Research, v. 23, no. 2, 

pp. 207–211. 

Morris, C. & Reed, M. (2007) 'From burgers to biodiversity? The McDonaldization of on-farm 

nature conservation in the UK', Agriculture and Human Values, v. 24, no. 2, pp. 207–

218. 

Morris, K. (1992) 'Return of the chuditch', Landscope, v. 8, no. 2, pp. 11–15. 

Morris, K., Johnson, B., Rooney, J. & Ward, C. (2000) 'The short-term impact of timber 

harvesting and associated activities on the abundance of medium-sized mammals in the 

Jarrah forest of Western Australia', in Nature Conservation 5: Nature Conservation in 

Production Environments—Managing the Matrix, eds. J.L. Craig, N. Mitchell & D.A. 

Saunders. Chipping Norton, NSW: Surrey Beatty & Sons. pp. 60–70. 

Morrison, M.L., Marcot, B.G. & Mannan, R.W. (2006) Wildlife–Habitat Relationships: 

Concepts and Applications. 3
rd

 ed. Washington: Island Press. 

Morton, A., Tagg, D., Wallis, R. & White, J. (2002) 'The Red Fox Vulpes vulpes L. in the 

Dandenong Creek valley: Impacts on wildlife and an integrated program for their 

control', Victorian Naturalist, v. 119, no. 6, pp. 269–275. 

Morton, S.R. (1990) 'The impact of European settlement on the vertebrate animals of arid 

Australia: A conceptual model', in Australian Ecosystems: 200 Years of Utilisation, 

Degradation and Reconstruction: Proceedings of a symposium held in Geraldton, 

Western Australia, eds. D.A. Saunders, A.J.M. Hopkins & R.A. How. Chipping Norton, 

NSW: Surrey Beatty & Sons for the Ecological Society of Australia. pp. 201–213. 

Morton, S.R. & Baynes, A. (1985) 'Small mammal assemblages in arid Australia: A 

reappraisal', Australian Mammalogy, v. 8, pp. 159–169. 

Moseby, K.E., Stott, J. & Crisp, H. (2009) 'Movement patterns of feral predators in an arid 

environment—Implications for control through poison baiting', Wildlife Research, v. 

36, no. 5, pp. 422–435. 



References 

 

Andrew Carter 266 

Mulder, J.L. (1985) 'Spatial organisation, movements and dispersal in a Dutch Red Fox (Vulpes 

vulpes) population: Some preliminary results', Revue d'écologie, La Terre et la Vie, v. 

40, pp. 133–138. 

Muller, S. (2002) 'Diversity of management practices required to ensure conservation of rare 

and locally threatened plant species in grasslands: A case study at a regional scale 

(Lorraine, France)', Biodiversity and Conservation, v. 11, no. 7, pp. 1173–1184. 

Mullin, S.J. & Cooper, R.J. (2000) 'The foraging ecology of the Gray Rat Snake (Elaphe 

obsoleta spiloides). II. Influence of habitat structural complexity when searching for 

arboreal avian prey', Amphibia-Reptilia, v. 21, no. 2, pp. 211–222. 

Mullin, S.J. & Gutzke, W.H.N. (1999) 'The foraging ecology of the Gray Rat Snake (Elaphe 

obsoleta spiloides). I. Influence of habitat structural complexity when searching for 

mammalian prey', Herpetologica, v. 55, no. 1, pp. 18–28. 

Murdoch, W.W. & Oaten, A. (1975) 'Predation and population stability', Advances in 

Ecological Research, v. 9, pp. 1–131. 

Murphy, E.C. & Dowding, J.E. (1995) 'Ecology of the stoat in Nothofagus forest: Home range, 

habitat use, and diet at different stages of the beech mast cycle', New Zealand Journal of 

Ecology, v. 19, no. 2, pp. 97–109. 

Murray, A.J., Poore, R.N. & Dexter, N. (2006) Project Deliverance—The Response of ‘Critical 

Weight Range’ Mammals to Effective Fox Control in Mesic Forest Habitats in Far East 

Gippsland, Victoria. Melbourne: Department of Sustainability and Environment. 

Nakazono, T. (1970a) 'Notes on the burrow of Vulpes vulpes japonica in Kyushu, Japan. II. 

Four examples of burrow construction', Journal of the Mammalogical Society of Japan, 

v. 5, pp. 45–49. 

Nakazono, T. (1970b) 'Researches of burrows of Vulpes vulpes japonica, in Kyushu, Japan. I. 

Examples of the burrows and the distributions', Journal of the Mammalogical Society of 

Japan, v. 5, pp. 1–7. 

Nakazono, T. & Ono, Y. (1987) 'Den distribution and den use by the Red Fox Vulpes vulpes 

japonica in Kyushu', Ecological Research, v. 2, no. 3, pp. 265–277. 

Nams, V.O. (2006) Locate III. Tatamagouche, Nova Scotia, Canada: Pacer Computer Software. 

Nathalia Wildflower Group. (1999) Flora of the Nathalia District and Barmah Forest. 

Shepparton: Prominent Press. 

Natural Resource Management Ministerial Council. (2007) Australian Pest Animal Strategy: A 

National Strategy for the Management of Vertebrate Pest Animals in Australia. 

Canberra: Natural Resource Management Ministerial Council. 

Natural Resource Management Standing Committee. (2004) Guidelines for the Import, 

Movement and Keeping of Exotic Vertebrates in Australia. Unpublished report. 

NatureMap Western Australia. (2009) Burhinus grallarius. Location records supplied 21 

October 2009: Department of Environment and Conservation. 

Nel, L., Jacobs, J., Jaftha, J. & Meredith, C. (1997) 'Natural spillover of a distinctly Canidae-

associated biotype of rabies virus into an expanded wildlife host range in southern 

Africa', Virus Genes, v. 15, no. 1, pp. 79–82. 



References 

 

Andrew Carter 267 

Newell, H.H. (1927) 'A list of species seen on Hindmarsh Island, South Australia, with remarks 

therein', South Australian Ornithologist, v. 9, pp. 29–32. 

Newman, T.J., Baker, P.J., Simcock, E., Saunders, G., White, P.C.L. & Harris, S. (2003) 

'Changes in red fox habitat preference and rest site fidelity following a disease-induced 

population decline', Acta Theriologica, v. 48, no. 1, pp. 79–91. 

Newsome, A., Parer, I. & Catling, P. (1989) 'Prolonged prey suppression by carnivores—

Predator-removal experiments', Oecologia, v. 78, no. 4, pp. 458–467. 

Newsome, T.M. (2006) Home range shifts and density estimates of the Red Fox (Vulpes vulpes) 

in relation to a control exercise. MAppSc Thesis, University of Sydney. 

Niewold, F.J.J. (1980) 'Aspects of the social structure of red fox populations: A summary', in 

The Red Fox: Symposium on Behaviour and Ecology, ed. E. Zimen. The Hague, The 

Netherlands: Dr. W. Junk B.V. Publishers. pp. 185–193. 

Norrdahl, K. & Korpimäki, E. (1998) 'Fear in farmland: How much does predator avoidance 

affect bird community structure?', Journal of Avian Biology, v. 29, no. 1, pp. 79–85. 

North, A.J. (1913) Nests and Eggs of Birds Found Breeding in Australia and Tasmania. 

Sydney: Australian Museum. 

Northcote, K.H. (1979) A Factual Key for the Recognition of Australian Soils. 4
th
 ed. Coffs 

Harbour, NSW: Rellim Technical Publications. 

Norton, D.A. & Stafford-Smith, M. (1999) 'Why might roadside mulgas be better mistletoe 

hosts?', Australian Journal of Ecology, v. 24, no. 3, pp. 193–198. 

Nowak, R.M. (1999) Walker's Mammals of the World. 6
th
 ed. Baltimore: Johns Hopkins 

University Press. 

NSW DPI. (2008) New South Wales Invasive Species Plan 2008–2015. Orange: NSW 

Department of Primary Industries. 

O'Brien, T.G. & Kinnaird, M.F. (2008) 'A picture is worth a thousand words: The application of 

camera trapping to the study of birds', Bird Conservation International, v. 18, suppl. S1, 

pp. S144–S162. 

O'Donnell, C.F.J., Dilks, P.J. & Elliott, G.P. (1996) 'Control of a Stoat (Mustela erminea) 

population irruption to enhance Mohua (Yellowhead) (Mohoua ochrocephala) breeding 

success in New Zealand', New Zealand Journal of Zoology, v. 23, pp. 279–286. 

O'Donnell, C.J.F. & Phillipson, S.M. (1996) 'Predicting the incidence of mohua predation from 

seedfall, mouse and predator fluctuations in beech forests', New Zealand Journal of 

Ecology, v. 23, pp. 287–293. 

Odum, E.P. & Kuenzler, E.J. (1955) 'Measurement of territory and home range size in birds', 

Auk, v. 72, no. 2, pp. 128–137. 

Ogilvie, S.C., Thomas, M.D., Morriss, G.A., Morgan, D.R. & Eason, C.T. (2000) 'Investigation 

of sodium monofluoroacetate (1080) bait shyness in wild Brushtail Possum 

(Trichosurus vulpecula) populations', International Journal of Pest Management, v. 46, 

no. 1, pp. 77–80. 



References 

 

Andrew Carter 268 

Olechnowski, B.F.M. & Debinski, D.M. (2008) 'Response of songbirds to riparian willow 

habitat structure in the Greater Yellowstone Ecosystem', Wilson Journal of Ornithology, 

v. 120, no. 4, pp. 830–839. 

Olsen, P. (1998) Australia’s Pest Animals: New Solutions to Old Problems. Canberra: Bureau of 

Resource Sciences. 

Olsen, S., Mason, N. & Ali, R. (2005) 'The Sydney-north regional fox control programme 

conserving Sydney’s green web', Proceedings of the 3
rd 

NSW Pest Animal Control 

Conference, pp. 93–95. Coffs Harbour: NSW Department of Primary Industries. 

Olsson, M., Wapstra, E., Swan, G., Snaith, E., Clarke, R. & Madsen, T. (2005) 'Effects of long-

term fox baiting on species composition and abundance in an Australian lizard 

community', Austral Ecology, v. 30, no. 8, pp. 899–905. 

Orell, P. (2004) 'Fauna monitoring and staff training: Western Shield review—February 2003', 

Conservation Science Western Australia, v. 5, no. 2, pp. 51–95. 

Österholm, H. (1964) 'The significance of distance receptors in the feeding behaviour of the 

Fox, Vulpes vulpes', Acta Zoologica Fennica, v. 106, pp. 1–31. 

Overskaug, K., Knutsen, B. & Broseth, H. (1995) 'Habitat and area use by Red Fox Vulpes 

vulpes vixens in mid-Norway', Fauna Norvegica: Series A, v. 16, pp. 29–33. 

Owen, J.G. (1989) 'Patterns of herpetofaunal species richness: Relation to temperature, 

precipitation, and variance in elevation', Journal of Biogeography, v. 16, no. 2, pp. 141–

150. 

Page, R.J.C. (1981) 'Dispersal and population density of the Fox (Vulpes vulpes) in an area of 

London', Journal of Zoology, v. 194, no. 4, pp. 485–491. 

Palmer, R.A. (1995) 'Diet of the Red Fox (Vulpes vulpes) in southwestern Queensland', 

Rangeland Journal, v. 17, no. 1, pp. 99–108. 

Pandolfi, M., Forconi, P. & Montecchiari, L. (1997) 'Spatial behaviour of the Red Fox (Vulpes 

vulpes) in a rural area of central Italy', Italian Journal of Zoology, v. 64, no. 4, pp. 351–

358. 

Panek, M. & Bresiński, W. (2002) 'Red Fox Vulpes vulpes density and habitat use in a rural area 

of western Poland in the end of 1990s, compared with the turn of 1970s', Acta 

Theriologica, v. 47, no. 4, pp. 433–442. 

Parker, I.M., Simberloff, D., Lonsdale, W.M., Goodell, K., Wonham, M., Kareiva, P.M., 

Williamson, M.H., Von Holle, B., Moyle, P.B., Byers, J.E. & Goldwasser, L. (1999) 

'Impact: Toward a framework for understanding the ecological effects of invaders', 

Biological Invasions, v. 1, no. 1, pp. 3–19. 

Paton, P.W. (1994) 'The effect of edge on avian nesting success: How strong is the evidence?', 

Conservation Biology, v. 8, no. 1, pp. 17–26. 

Pearse, N.H. (1929) 'Birds of Florieton district', South Australian Ornithologist, v. 10 pp. 135–

138. 

Pearson, O.P. (1959) 'A traffic survey of Microtus-reithrodontomys runways', Journal of 

Mammalogy, v. 40, no. 2, pp. 169–180. 



References 

 

Andrew Carter 269 

Peduzzi, P., Concato, J., Kemper, E., Holford, T.R. & Feinstein, A.R. (1996) 'A simulation 

study of the number of events per variable in logistic regression analysis', Journal of 

Clinical Epidemiology, v. 49, no. 12, pp. 1373–1379. 

Pereira, M. & Rodríguez, A. (2010) 'Conservation value of linear woody remnants for two 

forest carnivores in a Mediterranean agricultural landscape', Journal of Applied 

Ecology, v. 47, no. 3, pp. 611–620. 

Perrine, J.D. (2005) Ecology of the Red Fox (Vulpes vulpes) in the Lassen Peak region of 

California, USA. PhD Thesis, University of California. 

Perry, G. & Pianka, E.R. (1997) 'Animal foraging: Past, present and future', Trends in Ecology 

and Evolution, v. 12, no. 9, pp. 360–364. 

Persson, L. & Eklöv, P. (1995) 'Prey refuges affecting interactions between piscivorous perch 

and juvenile perch and roach', Ecology, v. 76, no. 1, pp. 70–81. 

Pettigrew, J.D. (1993) 'A burst of feral cats in the Diamantina—A lesson for the management of 

pest species?', Proceedings of the Cat Management Workshop, pp. 25–32. Brisbane: 

Queensland Department of Environment and Heritage. 

Phillips, M. & Catling, P.C. (1991) 'Home range and activity patterns of red foxes in Nadgee 

Nature Reserve', Wildlife Research, v. 18, no. 6, pp. 677–686. 

Phillips, R.L., Andrews, R.D., Storm, G.L. & Bishop, R.A. (1972) 'Dispersal and mortality of 

red foxes', Journal of Wildlife Management, v. 36, no. 2, pp. 237–248. 

Picman, J. (1987) 'An inexpensive camera set-up for the study of egg predation at artificial 

nests', Journal of Field Ornithology, v. 58, no. 3, pp. 372–382. 

Pielowski, Z. (1976) 'The role of foxes in the reduction of the European hare population', in 

Ecology and Management of European Hare Populations, eds. Z. Pielowski & Z. 

Pucek. Warszawa: Państwowe Wydawnictwo Rolnicze i Leśne. pp. 135–148. 

Pierce, G.J. & Ollason, J.G. (1987) 'Eight reasons why optimal foraging theory is a complete 

waste of time', Oikos, v. 49, no. 1, pp. 111–117. 

Pierce, R.J. (1986) 'Differences in susceptibility to predation during nesting between Pied and 

Black Stilts (Himantopus spp.)', Auk, v. 103, no. 2, pp. 273–280. 

Pils, C.M. & Martin, M.A. (1978) Population Dynamics, Predator–Prey Relationships and 

Management of the Red Fox in Wisconsin. Technical Bulletin No.105. Madison, 

Wisconsin: Wisconsin Department of Natural Resources. 

Poulle, M.L., Artois, M. & Roeder, J.J. (1994) 'Dynamics of spatial relationships among 

members of a Fox group (Vulpes vulpes: Mammalia: Carnivora)', Journal of Zoology, v. 

233, no. 1, pp. 93–106. 

Powell, F. & Banks, P.B. (2004) 'Do house mice modify their foraging behaviour in response to 

predator odours and habitat?', Animal Behaviour, v. 67, no. 4, pp. 753–759. 

Powell, R.A. (2000) 'Animal home ranges and territories and home range estimators', in 

Research Techniques in Animal Ecology: Controversies and Consequences, eds. L. 

Boitani & T. Fuller. New York: Columbia University Press. pp. 65–110. 



References 

 

Andrew Carter 270 

Prakash, I. (1988) 'Bait shyness and poison aversion', in Rodent Pest Management, ed. I. 

Prakash. Florida: CRC Press. pp. 321–329. 

Preston, E.M. (1975) 'Home range defense in the Red Fox, Vulpes vulpes L', Journal of 

Mammalogy, v. 56, no. 3, pp. 645–652. 

Preston, F.W. (1948) 'The commonness, and rarity, of species', Ecology, v. 29, no. 3, pp. 254–

283. 

Price, C. (2004) The Bush Stone-curlew Burhinus grallarius on the central coast of New South 

Wales: A case study in conservation management. MAppSc Thesis, University of 

Sydney. 

Priddel, D. & Wheeler, R. (1994) 'Mortality of captive-raised Malleefowl, Leipoa ocellata, 

released into a mallee remnant within the wheat-belt of New South Wales', Wildlife 

Research, v. 21, no. 5, pp. 543–552. 

Priddel, D. & Wheeler, R. (1996) 'Effect of age at release on the susceptibility of captive-reared 

Malleefowl Leipoa ocellata to predation by the introduced Fox Vulpes vulpes', Emu, v. 

96, no. 1, pp. 32–41. 

Priddel, D. & Wheeler, R. (1997) 'Efficacy of fox control in reducing the mortality of released 

captive-reared Malleefowl, Leipoa ocellata', Wildlife Research, v. 24, no. 4, pp. 469–

482. 

Priddel, D., Wheeler, R. & Copley, P. (2007) 'Does the integrity or structure of mallee habitat 

influence the degree of fox predation on Malleefowl (Leipoa ocellata)?', Emu, v. 107, 

no. 2, pp. 100–107. 

Priede, I.G. & Swift, S.M. eds. (1992) Wildlife Telemetry: Remote Monitoring and Tracking of 

Animals. New York: Ellis Horwood. 

Pringle, J.D. (1987) The Shorebirds of Australia. Sydney: Angus & Robertson. 

Ramp, D., Wilson, V.K. & Croft, D.B. (2006) 'Assessing the impacts of roads in peri-urban 

reserves: Road-based fatalities and road usage by wildlife in the Royal National Park, 

New South Wales, Australia', Biological Conservation, v. 129, no. 3, pp. 348–359. 

Ramsay, B.J. (1994) Commercial Use of Wild Animals in Australia. Canberra: Australian 

Government Publishing Service. 

Reddiex, B. & Forsyth, D.M. (2006) 'Control of pest mammals for biodiversity protection in 

Australia.  II. Reliability of knowledge', Wildlife Research, v. 33, no. 8, pp. 711–717. 

Reddiex, B., Forsyth, D.M., McDonald-Madden, E., Einoder, L.D., Griffioen, P.A., Chick, R.R. 

& Robley, A.J. (2006) 'Control of pest mammals for biodiversity protection in 

Australia.  I. Patterns of control and monitoring', Wildlife Research, v. 33, no. 8, pp. 

691–709. 

Redfern, J.V., Grant, R., Biggs, H. & Getz, W.M. (2003) 'Surface-water constraints on 

herbivore foraging in the Kruger National Park, South Africa', Ecology, v. 84, no. 8, pp. 

2092–2107. 

Reed, D., Nicholas, A. & Stratton, G. (2007) 'Inbreeding levels and prey abundance interact to 

determine fecundity in natural populations of two species of wolf spider', Conservation 

Genetics, v. 8, no. 5, pp. 1061–1071. 



References 

 

Andrew Carter 271 

Reidinger, R.F., Jr. & Mason, J.R. (1983) 'Exploitable characteristics of neophobia and food 

aversions for improvements in rodent and bird control', in Vertebrate Pest Control and 

Management Materials: Fourth Symposium, ed. D.E. Kaukeinen. Philadelphia: 

American Society for Testing and Materials. pp. 20–39. 

Reidy, J.L., Stake, M.M. & Thompson, F.R. (2008) 'Golden-cheeked warbler nest mortality and 

predators in urban and rural landscapes', Condor, v. 110, no. 3, pp. 458–466. 

Reif, J., Voříńek, P., Ńtastny, K., Bejček, V. & Petr, J. (2008) 'Agricultural intensification and 

farmland birds: New insights from a central European country', Ibis, v. 150, no. 3, pp. 

596–605. 

Reitsma, L.R., Holmes, R.T. & Sherry, T.W. (1990) 'Effects of removal of Red Squirrels 

Tamiasciurus hudsonicus and Eastern Chip-munks Tamias striatus on nest predation in 

a northern hardwood forest: An artificial nest experiment', Oikos, v. 57, no. 3, pp. 375–

380. 

Renfrew, R.B. & Ribic, C.A. (2003) 'Grassland passerine nest predators near pasture edges 

identified on videotape', Auk, v. 120, no. 2, pp. 371–383. 

Reynolds, J.C., Angelstam, P. & Redpath, S. (1988) 'Predators, their ecology and impact on 

gamebird populations', in Ecology and Management of Gamebirds, eds. P.J. Hudson & 

M.R.W. Rands. Oxford: Blackwell Scientific. pp. 72–97. 

Reynolds, J.C. & Tapper, S.C. (1995) 'The ecology of the Red Fox Vulpes vulpes in relation to 

small game in rural southern England', Wildlife Biology, v. 1, no. 2, pp. 105–119. 

Rhim, S.-J. (2006) 'Home range and habitat selection of Hazel Grouse Bonasa bonasia in a 

temperate forest of South Korea', Forest Ecology and Management, v. 226, no. 1–3, pp. 

22–25. 

Ricci, S., Colombini, I., Fallaci, M., Scoccianti, C. & Chelazzi, L. (1998) 'Arthropods as 

bioindicators of the red fox foraging activity in a Mediterranean beach-dune system', 

Journal of Arid Environments, v. 38, no. 3, pp. 335–348. 

Richards, J.D. & Short, J. (1996) 'History of the disappearance of native fauna from the 

Nullarbor Plain through the eyes of long time resident Amy Crocker', Western 

Australian Naturalist, v. 21, no. 2, pp. 89–96. 

Richards, S.H. & Hine, R.L. (1953) Wisconsin Fox Populations. Technical Bulletin No. 6. 

Madison, Wisconsin: Wisconsin Department of Natural Resources. 

Richardson, T.W., Gardali, T. & Jenkins, S.H. (2009) 'Review and meta-analysis of camera 

effects on avian nest success', Journal of Wildlife Management, v. 73, no. 2, pp. 287–

293. 

Risbey, D.A., Calver, M.C. & Short, J. (1999) 'The impact of cats and foxes on the small 

vertebrate fauna of Heirisson Prong, Western Australia. I. Exploring potential impact 

using diet analysis', Wildlife Research, v. 26, no. 5, pp. 621–630. 

Risbey, D.A., Calver, M.C., Short, J., Bradley, J.S. & Wright, I.W. (2000) 'The impact of cats 

and foxes on the small vertebrate fauna of Heirisson Prong, Western Australia. II. A 

field experiment', Wildlife Research, v. 27, no. 3, pp. 223–235. 

Ritchie, E.G. & Johnson, C.N. (2009) 'Predator interactions, mesopredator release and 

biodiversity conservation', Ecology Letters, v. 12, no. 9, pp. 982–998. 



References 

 

Andrew Carter 272 

Roberts, M.W., Dexter, N., Meek, P.D., Hudson, M. & Buttemer, W.A. (2006) 'Does baiting 

influence the relative composition of the diet of foxes?', Wildlife Research, v. 33, pp. 

481–488. 

Roberts, R.G. (1975) 'Birds of Gemmills Swamp', Australian Bird Watcher, v. 6, no. 3, pp. 61–

68. 

Robertson, A., Jarvis, A.M., Brown, C.J. & Simmons, R.E. (1998a) 'Avian diversity and 

endemism in Namibia: Patterns from the Southern African Bird Atlas Project', 

Biodiversity and Conservation, v. 7, no. 4, pp. 495–511. 

Robertson, C.P.J., Baker, P.J. & Harris, S. (2000) 'Ranging behaviour of juvenile red foxes and 

its implications for management', Acta Theriologica, v. 45, no. 4, pp. 525–535. 

Robertson, P.A., Aebischer, N.J., Kenward, R.E., Hanski, I.K. & Williams, N.P. (1998b) 

'Simulation and jack-knifing assessment of home-range indices based on underlying 

trajectories', Journal of Applied Ecology, v. 35, no. 6, pp. 928–940. 

Robinson, D. (1994) Research Plan for Threatened Woodland Birds of Southeastern Australia. 

Arthur Rylah Institute for Environmental Research, Technical Report Series No. 133. 

East Melbourne: Department of Conservation and Natural Resources. 

Robinson, D. (1998) 'Biology and status of Bush Stone-curlew Burhinus grallarius', 

Proceedings of the Stone-curlew Workshop, pp. 5–7. Nunawading, Victoria: Bird 

Observers Club of Australia. 

Robinson, N.A. & Marks, C.A. (2001) 'Genetic structure and dispersal of Red Foxes (Vulpes 

vulpes) in urban Melbourne', Australian Journal of Zoology, v. 49, no. 6, pp. 589–601. 

Rodda, G.H. & Fritts, T.H. (1992) 'The impact of the introduction of the Colubrid Snake Boiga 

irregularis on Guam's lizards', Journal of Herpetology, v. 26, no. 2, pp. 166–174. 

Rodda, G.H., Fritts, T.H. & Chiszar, D. (1997) 'The disappearance of Guam's wildlife', 

Bioscience, v. 47, no. 9, pp. 565–574. 

Rodriguez, A., Crema, G. & Delibes, M. (1996) 'Use of non-wildlife passages across a high 

speed railway by terrestrial vertebrates', Journal of Applied Ecology, v. 33, no. 6, pp. 

1527–1540. 

Rolls, E.C. (1984) They All Ran Wild: The Animals and Plants that Plague Australia. Rev. ed. 

Sydney: Angus & Robertson. 

Roman, G. (1984) 'The burrow construction strategy of foxes in the Białowieża Primeval 

Forest', Acta Theriologica, v. 29, no. 35, pp. 425–430. 

Rose, R. & Johnson, K.A. (2008) 'Tasmanian Bettong', in The Mammals of Australia, eds. S. 

Van Dyck & R. Strahan. 3
rd

 ed. Sydney: New Holland Publishers. pp. 287–288. 

Rosenzweig, M.L. (1995) Species Diversity in Space and Time. Cambridge, UK: Cambridge 

University Press. 

Rountree, G.H., III. (2004) 'Comparative study of the home range and habitat usage of red foxes 

and gray foxes in an urban setting: A preliminary report.', Proceedings of the 4th 

International Urban Wildlife Symposium, pp. 238–244. Arizona, USA. 



References 

 

Andrew Carter 273 

Roy, S., Jones, C. & Harris, S. (2002) 'An ecological basis for control of the mongoose in 

Mauritius: Is eradication possible?', in Turning the Tide: The Eradication of Invasive 

Species, eds. C. Veitch & M. Clout. Gland, Switzerland: World Conservation Union 

(IUCN). pp. 266–273. 

Ruscoe, W., Norbury, G. & Choquenot, D. (2006) 'Trophic interactions among native and 

introduced animal species', in Biological Invasions in New Zealand, eds. R.B. Allen & 

W.G. Lee. Berlin: Springer-Verlag. pp. 247–263. 

Ruxton, G.D. (2006) 'The unequal variance t-test is an underused alternative to Student's t-test 

and the Mann-Whitney U test', Behavioral Ecology, v. 17, no. 4, pp. 688–690. 

Ryan, G.E. (1976) 'Observations on the reproduction and age structure of the Fox, Vulpes vulpes 

L., in New South Wales', Australian Wildlife Research, v. 3, no. 1, pp. 11–20. 

Saltz, D. (1994) 'Reporting error measures in radio location by triangulation: A review', Journal 

of Wildlife Management, v. 58, no. 1, pp. 181–184. 

Samuel, M.D. & Fuller, M.R. (1996) 'Wildlife radiotelemetry', in Research and Management 

Techniques for Wildlife and Habitats, ed. T.A. Bookhout. 5
th
 ed. Bethseda, USA: The 

Wildlife Society. pp. 370–418. 

Samuel, M.D. & Kenow, K.P. (1992) 'Evaluating habitat selection with radio-telemetry 

triangulation error', Journal of Wildlife Management, v. 56, no. 4, pp. 725–734. 

Sanderson, G.C. (1966) 'The study of mammal movements: A review', Journal of Wildlife 

Management, v. 30, no. 1, pp. 215–235. 

Sandmann-Funke, S. (1972) 'Untersuchungen zur Anlage von Uferschwalbenkolonien in 

Abhaengigkeit von Bodentypen (Studies on the layout of Riparia riparia colonies as a 

function of soil types)', Abhandlungen aus dem Landesmuseum fuer Naturkunde zu 

Muenster in Westfalen. Muenster, v. 34, no. 4, pp. 88–94. 

Sargeant, A.B. (1972) 'Red fox spatial characteristics in relation to waterfowl predation', 

Journal of Wildlife Management, v. 36, no. 2, pp. 225–236. 

Sargeant, A.B. & Allen, S.H. (1989) 'Observed interactions between coyotes and red foxes', 

Journal of Mammalogy, v. 70, no. 3, pp. 631–633. 

Sargeant, A.B., Allen, S.H. & Fleskes, J.P. (1986) 'Commercial sunflowers: Food for red foxes 

in North Dakota', Prairie Naturalist, v. 18, no. 2, pp. 91–94. 

Sargeant, A.B., Allen, S.H. & Hastings, J.O. (1987) 'Spatial relations between sympatric 

coyotes and red foxes in North Dakota', Journal of Wildlife Management, v. 51, no. 2, 

pp. 285–293. 

Sargeant, A.B., Peeifer, W.K. & Allen, S.H. (1975) 'A spring aerial census of red foxes in North 

Dakota', Journal of Wildlife Management, v. 39, no. 1, pp. 30–39. 

Sarmento, P., Cruz, J., Eira, C. & Fonseca, C. (2009) 'Evaluation of camera trapping for 

estimating red fox abundance', Journal of Wildlife Management, v. 73, no. 7, pp. 1207–

1212. 

Saunders, D.A., Hobbs, R.J. & Arnold, G.W. (1993a) 'The Kellerberrin project on fragmented 

landscapes: A review of current information.', Biological Conservation, v. 64, no. 3, pp. 

185–192. 



References 

 

Andrew Carter 274 

Saunders, D.A. & Ingram, J.A. (1995) Birds of Southwestern Australia: An Atlas of Changes in 

the Distribution and Abundance of the Wheatbelt Fauna. Chipping Norton, NSW: 

Surrey Beatty & Sons. 

Saunders, G., Berghout, M., Key, B., Triggs, B., van de Ven, R. & Winstanley, R. (2004) 'The 

diet of Foxes (Vulpes vulpes) in south-eastern Australia and the potential effects of 

rabbit haemorrhagic disease', Wildlife Research, v. 31, no. 1, pp. 13–18. 

Saunders, G., Coman, B., Kinnear, J. & Braysher, M. (1995) Managing Vertebrate Pests: 

Foxes. Canberra: Australian Government Publishing Service. 

Saunders, G., Harris, S. & Eason, C.T. (1993b) 'Iophenoxic acid as a quantitative bait marker 

for foxes', Wildlife Research, v. 20, no. 3, pp. 297–302. 

Saunders, G., Kay, B. & McLeod, L. (1999) 'Caching of baits by Foxes (Vulpes vulpes) on 

agricultural lands', Wildlife Research, v. 26, no. 3, pp. 335–340. 

Saunders, G., Lane, C., Harris, S. & Dickman, C. (2006) Foxes in Tasmania: A Report on an 

Incursion by an Invasive Species. Canberra: Invasive Animals Cooperative Research 

Centre. 

Saunders, G., McIlroy, J., Berghout, M., Kay, B., Gifford, E., Perry, R. & van de Ven, R. (2002) 

'The effects of induced sterility on the territorial behaviour and survival of foxes', 

Journal of Applied Ecology, v. 39, no. 1, pp. 56–66. 

Saunders, G. & McLeod, L. (2007) Improving Fox Management Strategies in Australia. 

Canberra: Bureau of Rural Sciences. 

Saunders, G., McLeod, S. & Kay, B. (2000) 'Degradation of sodium monofluoroacetate (1080) 

in buried fox baits', Wildlife Research, v. 27, no. 2, pp. 129–135. 

Saunders, G., Walter, M., McLeod, L., West, P. & McLeod, S. (2005) 'Fox management and 

production outcomes in NSW—Benefits and future directions', Proceedings of the 13
th
 

Australasian Vertebrate Pest Conference, p. 20. Lincon, New Zealand: Manaaki 

Whenua Landcare Research. 

Saunders, G., White, P.C.L. & Harris, S. (1997) 'Habitat utilisation by urban Foxes (Vulpes 

vulpes) and the implications for rabies control', Mammalia, v. 61, no. 4, pp. 497–510. 

Saunders, G., White, P.C.L., Harris, S. & Rayner, J.M.V. (1993c) 'Urban Foxes (Vulpes vulpes): 

Food acquisition, time and energy budgeting of a generalized predator', in Mammals as 

Predators: Symposia of the Zoological Society of London, eds. N. Dunstone & M.L. 

Gorman. Oxford: Clarendon Press. pp. 215–234. 

Savidge, J.A. (1987) 'Extinction of an island forest avifauna by an introduced snake', Ecology, 

v. 68, no. 3, pp. 660–668. 

Savino, J.F. & Stein, R.A. (1982) 'Predator-prey interaction between largemouth bass and 

bluegills as influenced by simulated, submersed vegetation', Transactions of the 

American Fisheries Society, v. 111, no. 3, pp. 255–266. 

Savino, J.F. & Stein, R.A. (1989) 'Behavioural interactions between fish predators and their 

prey: Effects of plant density', Animal Behaviour, v. 37, no. 2, pp. 311–321. 



References 

 

Andrew Carter 275 

Sax, D.F. & Gaines, S.D. (2008) 'Species invasions and extinction: The future of native 

biodiversity on islands', Proceedings of the National Academy of Science USA, v. 105, 

suppl. 1, pp. 11490–11497. 

Scharf, F.S., Manderson, J.P. & Fabrizio, M.C. (2006) 'The effects of seafloor habitat 

complexity on survival of juvenile fishes: Species-specific interactions with structural 

refuge', Journal of Experimental Marine Biology and Ecology, v. 335, no. 2, pp. 167–

176. 

Schedvin, N.K. (2007) Distributional ecology of the Barking Owl Ninox connivens connivens in 

Victoria, Australia. PhD Thesis, Charles Sturt University. 

Schliebe, S., Rode, K.D., Gleason, J.S., Wilder, J., Proffitt, K., Evans, T.J. & Miller, S. (2008) 

'Effects of sea ice extent and food availability on spatial and temporal distribution of 

polar bears during the fall open-water period in the Southern Beaufort Sea', Polar 

Biology, v. 31, no. 8, pp. 999–1010. 

Schmitz, O.J. (1997) 'Commemorating 30 years of optimal foraging theory', Evolutionary 

Ecology, v. 11, no. 6, pp. 631–632. 

Schodde, R. & Mason, I.J. (1980) Nocturnal Birds of Australia. Melbourne: Lansdowne 

Editions. 

Schwarzkopf, L. & Rylands, A.B. (1989) 'Primate species richness in relation to habitat 

structure in Amazonian rainforest fragments', Biological Conservation, v. 48, no. 1, pp. 

1–12. 

Scott, T.G. (1943) 'Some food coactions of the northern plains red fox', Ecological 

Monographs, v. 13, no. 4, pp. 427–473. 

Scott, T.G. & Seiko, L.F. (1939) 'A census of red foxes and striped skunks in Clay and Boone 

counties, Iowa', Journal of Wildlife Management, v. 3, no. 2, pp. 92–98. 

Seaman, D.E., Millspaugh, J.J., Kernohan, B.J., Brundige, G.C., Raedeke, K.J. & Gitzen, R.A. 

(1999) 'Effects of sample size on kernel home range estimates', Journal of Wildlife 

Management, v. 63, no. 2, pp. 739–747. 

Seaman, D.E. & Powell, R.A. (1996) 'An evaluation of the accuracy of kernel density estimators 

for home range analysis', Ecology, v. 77, no. 7, pp. 2075–2085. 

Serafini, P. & Lovari, S. (1993) 'Food habits and trophic niche overlap of the red fox and stone 

marten in a Mediterranean rural area', Acta Theriologica, v. 38, no. 3, pp. 233–244. 

Serventy, D.L. & Whittell, H.M. (1976) Birds of Western Australia. 5
th
 ed. Nedlands, Western 

Australia: University of Western Australia Press. 

Servín, J., Rau, J.R. & Delibes, M. (1991) 'Activity pattern of the Red Fox Vulpes vulpes in 

Doñana, SW Spain', Acta Theriologica, v. 36, no. 3–4, pp. 369–373. 

Seto, N.W.H. & Conant, S. (1996) 'The effects of Rat (Rattus rattus) predation on the 

reproductive success of the Bonin Petrel (Pterodroma hypoleuca) on Midway Atoll', 

Colonial Waterbirds v. 19, no. 2, pp. 171–185. 

Seymour, A.S., Harris, S. & White, P.C.L. (2004) 'Potential effects of reserve size on incidental 

nest predation by Red Foxes Vulpes vulpes', Ecological Modelling, v. 175, no. 1, pp. 

101–114. 



References 

 

Andrew Carter 276 

Shalaway, S.D. (1985) 'Fencerow management for nesting birds in Michigan', Wildlife Society 

Bulletin, v. 13, no. 3, pp. 302–306. 

Sharp, T. & Saunders, G. (2004a) FOX001: Ground Baiting of Foxes with 1080. Standard 

Operating Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2004b) FOX002: Aerial Baiting of Foxes with 1080. Standard 

Operating Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2004c) FOX003: Ground Shooting of Foxes. Standard Operating 

Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2004d) FOX004: Fumigation of Fox Dens Using Carbon Monoxide. 

Standard Operating Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2004e) FOX005: Trapping of Foxes Using Padded-jaw Traps. 

Standard Operating Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2004f) FOX006: Trapping of Foxes Using Cage Traps. Standard 

Operating Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2004g) GEN001: Methods of Euthanasia. Standard Operating 

Procedure. Orange: NSW Department of Primary Industries. 

Sharp, T. & Saunders, G. (2007) Humane Pest Animal Control: Model Code of Practice for the 

Humane Control of Foxes. Orange: NSW Department of Primary Industries. 

Sheldon, W.G. (1950) 'Denning habits and home range of red foxes in New York State', Journal 

of Wildlife Management, v. 14, no. 1, pp. 33–42. 

Shilling, D. (1948) 'The birds of Upper Liveringa Station, Western Australia', Emu, v. 48, no. 1, 

pp. 64–72. 

Shimshony, A. (1997) 'Epidemiology of emerging zoonoses in Israel', Emerging Infectious 

Diseases, v. 3, no. 2, pp. 229–238. 

Short, J. (1998) 'The extinction of rat-kangaroos (Marsupialia: Potoroidae) in New South Wales, 

Australia', Biological Conservation, v. 86, no. 3, pp. 365–377. 

Short, J., Bradshaw, S.D., Giles, J., Prince, R.I.T. & Wilson, G.R. (1992) 'Reintroduction of 

macropods (Marsupialia: Macropodidea) in Australia—A review', Biological 

Conservation, v. 62, no. 3, pp. 189–204. 

Short, J. & Calaby, J.H. (2001) 'The status of Australian mammals in 1922—Collections and 

field notes of museum collector Charles Hoy', Australian Zoologist, v. 31, no. 4, pp. 

533–562. 

Short, J., Turner, B., Parker, S. & Twiss, J. (1995) 'Reintroduction of endangered mammals to 

mainland Shark Bay: A progress report', in Reintroduction Biology of Australian and 

New Zealand Fauna, ed. M. Serena. Chipping Norton, NSW: Surrey Beatty & Sons. pp. 

183–188. 

Sih, A. (1980) 'Optimal behavior: Can foragers balance two conflicting demands?', Science, v. 

210, no. 4473, pp. 1041–1043. 



References 

 

Andrew Carter 277 

Sillero-Zubiri, C., Hoffmann, M. & Macdonald, D.W. eds. (2004) Canids: Foxes, Wolves, 

Jackals, and Dogs: Status Survey and Conservation Action Plan. Gland, Switzerland: 

IUCN. 

Silva, M., Johnson, K. & Opps, S. (2009) 'Habitat use and home range size of red foxes in 

Prince Edward Island (Canada) based on snow-tracking and radio-telemetry data', 

Central European Journal of Biology, v. 4, no. 2, pp. 229–240. 

Silvert, W. (2002) 'A bifurcation model of speciation due to environmental change', 

Proceedings of the First Workshop on Information Technologies Application to 

Problems of Biodiversity and Dynamics of Ecosystems in North Eurasia (WITA ‘2001) 

Selected Papers, pp. 363–366. Novosibirsk Institute of Cytology and Genetics. 

Simberloff, D. (1995) 'Why do introduced species appear to devastate islands more than 

mainland areas?', Pacific Science, v. 49, no. 1, pp. 87–97. 

Sinclair, D.F. (1985) 'On tests of spatial randomness using mean nearest neighbor distance', 

Ecology, v. 66, no. 3, pp. 1084–1085. 

Sinclair, E.A., Danks, A. & Wayne, A.F. (1996) 'Rediscovery of Gilbert’s Potoroo Potorous 

tridactylus in Western Australia', Australian Mammalogy, v. 19, no. 1, pp. 69–72. 

Sinclair, K.E., Hess, G.R., Moorman, C.E. & Mason, J.H. (2005) 'Mammalian nest predators 

respond to greenway width, landscape context and habitat structure', Landscape and 

Urban Planning, v. 71, no. 2–4, pp. 277–293. 

Sklepkovych, B. (1994) 'Arboreal foraging by Red Foxes, Vulpes vulpes, during winter food 

shortage', Canadian Field-Naturalist, v. 108, no. 4, pp. 479–481. 

Slater, G. (1998) 'Fox-off control', Proceedings of the Stone-curlew Workshop, pp. 10–11. 

Nunawading, Victoria: Bird Observers Club of Australia. 

Smith, A.P. & Quin, D.G. (1996) 'Patterns and causes of extinction and decline in Australian 

conilurine rodents', Biological Conservation, v. 77, no. 2–3, pp. 243–267. 

Smith, G.J., Cary, J.R. & Rongstad, O.J. (1981) 'Sampling strategies for radio-tracking coyotes', 

Wildlife Society Bulletin, v. 9, no. 2, pp. 88–93. 

Soper, J.D. (1942) 'Mammals of Wood Buffalo Park, Northern Alberta and district of 

Mackenzie', Journal of Mammalogy, v. 23, no. 2, pp. 119–145. 

Soulé, M.E., Bolger, D.T., Allison, C.A., Wright, J., Sorice, M. & Hill, S. (1988) 'Reconstructed 

dynamics of rapid extinctions of Chaparral-requiring birds in urban habitat islands', 

Conservation Biology, v. 2, no. 1, pp. 75–92. 

Sovada, M.A., Sargeant, A.B. & Grier, J.W. (1995) 'Differential effects of coyotes and red foxes 

on duck nesting success', Journal of Wildlife Management, v. 59, no. 1, pp. 1–9. 

Spencer, R.-J. (2001) The Murray River Turtle, Emydura macquarii: Population dynamics, 

nesting ecology and impact of the introduced Red Fox, Vulpes vulpes. PhD Thesis, 

University of Sydney. 

Spooner, P.G. & Smallbone, L. (2009) 'Effects of road age on the structure of roadside 

vegetation in south-eastern Australia', Agriculture, Ecosystems and Environment, v. 

129, no. 1–3, pp. 57–64. 



References 

 

Andrew Carter 278 

Stanley, W.C. (1963) 'Habits of the red fox in northeastern Kansas', University of Kansas 

Miscellaneous Publications of the Museum of Natural History, v. 34, pp. 1–31. 

Staples, L., McPhee, S., Bloomfield, T. & Wright, G. (1995) 'Foxoff fox baits: Stability, lethal 

efficacy and degradation in soil', Proceedings of the 10
th 

Australian Vertebrate Pest 

Control Conference, pp. 444–445. Hobart: Department of Primary Industry and 

Fisheries, Tasmania. 

Staples, L.D. & McPhee, S.R. (1995) 'Foxoff fox baits: Target efficacy and risk to non-targets in 

different habitats', Proceedings of the 10
th
 Australian Vertebrate Pest Conference, pp. 

53–61. Hobart: Department of Primary Industry and Fisheries, Tasmania. 

Statham, M. & Mooney, N. (1991) 'The red fox in Tasmania', Proceedings of the 9
th
 Australian 

Vertebrate Pest Control Conference, pp. 169–171. Adelaide: Animal and Plant Control 

Commission of South Australia. 

Steadman, D.W. (1995) 'Prehistoric extinctions of island birds: Biodiversity meets 

zooarchaeology', Science, v. 267, no. 5201, pp. 1123–1131. 

Stearns, S.C. & Schmid-Hempel, P. (1987) 'Evolutionary insights should not be wasted', Oikos, 

v. 49, no. 1, pp. 118–125. 

Stein, R.A. & Magnuson, J.J. (1976) 'Behavioral response of crayfish to a fish predator', 

Ecology, v. 57, no. 4, pp. 751–761. 

Stephens, S.E., Koons, D.N., Rotella, J.J. & Willey, D.W. (2003) 'Effects of habitat 

fragmentation on avian nesting success: A review of the evidence at multiple spatial 

scales', Biological Conservation, v. 115, no. 1, pp. 101–110. 

Stirrat, S.C. (2003) 'Seasonal changes in home-range area and habitat use by the Agile Wallaby 

(Macropus agilis)', Wildlife Research, v. 30, no. 6, pp. 593–600. 

Storm, G.L. (1965) 'Movements and activities of foxes as determined by radio-tracking', 

Journal of Wildlife Management, v. 29, no. 1, pp. 1–13. 

Storm, G.L., Andrews, R.D., Phillips, R.L., Bishop, R.A., Siniff, D.B. & Tester, J.R. (1976) 

'Morphology, reproduction, dispersal, and mortality of midwestern red fox populations', 

Wildlife Monographs, no. 49, pp. 1–82. 

Stubbe, M. (1980) 'The Red Fox—Vulpes vulpes (L., 1758)—in Europe', in The Red Fox: 

Symposium on Behaviour and Ecology, ed. E. Zimen. The Hague, The Netherlands: Dr. 

W. Junk B.V. Publishers. pp. 27–34. 

Suckling, G.C. (1984) 'Population ecology of the Sugar Glider Petaurus breviceps in a system 

of fragmented habitats', Australian Wildlife Research, v. 11, no. 1, pp. 49–75. 

Suhonen, J., Norrdahl, K. & Korpimaki, E. (1994) 'Avian predation risk modifies breeding bird 

community on a farmland area', Ecology, v. 75, no. 6, pp. 1626–1634. 

Svenning, J.-C., Normand, S. & Skov, F. (2008) 'Postglacial dispersal limitation of widespread 

forest plant species in nemoral Europe', Ecography, v. 31, no. 3, pp. 316–326. 

Swann, D.E., Hass, C.C., Dalton, D.C. & Wolf, S.A. (2004) 'Infrared-triggered cameras for 

detecting wildlife: An evaluation and review', Wildlife Society Bulletin, v. 32, no. 2, pp. 

357–365. 



References 

 

Andrew Carter 279 

Swihart, R.K. & Slade, N.A. (1985) 'Testing for independence of observations of animal 

movements', Ecology, v. 66, no. 4, pp. 1176–1184. 

Swihart, R.K. & Slade, N.A. (1986) 'The importance of statistical power when testing for 

independence in animal movements', Ecology, v. 67, no. 1, pp. 255–258. 

Swisher, B.J., Soluk, D.A. & Wahl, D.H. (1998) 'Non-additive predation in littoral habitats: 

Influences of habitat complexity', Oikos, v. 81, no. 1, pp. 30–37. 

Tabachnick, B.G. & Fidell, L.S. (2007) Using Multivariate Statistics. 5
th
 ed. Boston, 

Massachusetts: Pearson. 

Takeuchi, M. & Koganezawa, M. (1992) 'Home range and habitat utilisation of the Red Fox 

Vulpes vulpes in the Ashio Mountains, central Japan', Journal of the Mammalogical 

Society of Japan, v. 17, no. 2, pp. 95–110. 

Takeuchi, M. & Koganezawa, M. (1994) 'Age distribution, sex ratio and mortality of the Red 

Fox Vulpes vulpes in Tochigi, central Japan: An estimation using a museum collection', 

Researches on Population Ecology, v. 36, no. 1, pp. 37–43. 

Taniguchi, H., Nakano, S. & Tokeshi, M. (2003) 'Influences of habitat complexity on the 

diversity and abundance of epiphytic invertebrates on plants', Freshwater Biology, v. 

48, no. 4, pp. 718–728. 

Tarvin, K.A. & Smith, K.G. (1995) 'Microhabitat factors influencing predation and success of 

suburban Blue Jay Cyanocitta cristata nests', Journal of Avian Biology, v. 26, no. 4, pp. 

296–304. 

Tharme, A.P., Green, R.E., Baines, D., Bainbridge, I.P. & O'Brien, M. (2001) 'The effect of 

management for red grouse shooting on the population density of breeding birds on 

heather-dominated moorland', Journal of Applied Ecology, v. 38, no. 2, pp. 439–457. 

Theodoropoulus, D. (2003) Invasion Biology: Critique of a Pseudoscience. California: Avaar 

Books. 

Thompson, J.A. & Fleming, P.J.S. (1994) 'Evaluation of the efficacy of 1080 poisoning of red 

foxes using visitation to non-toxic baits as an index of fox abundance', Wildlife 

Research, v. 21, no. 1, pp. 27–39. 

Thompson, M.B. (1983) 'Populations of the Murray River Tortoise, Emydura (Chelodina): The 

effect of egg predation by the Red Fox, Vulpes vulpes', Australian Wildlife Research, v. 

10, no. 2, pp. 363–371. 

Thomson, P.C. & Algar, D. (2000) 'The uptake of dried meat baits by foxes and investigations 

of baiting rates in Western Australia', Wildlife Research, v. 27, no. 5, pp. 451–456. 

Thomson, P.C. & Kok, N.E. (2002) 'The fate of dried meat baits laid for fox control: The effects 

of bait presentation on take by foxes and non-target species, and on caching by foxes', 

Wildlife Research, v. 29, no. 4, pp. 371–377. 

Thomson, P.C., Marlow, N.J., Rose, K. & Kok, N.E. (2000) 'The effectiveness of a large-scale 

baiting campaign and an evaluation of a buffer zone strategy for fox control', Wildlife 

Research, v. 27, no. 5, pp. 465–472. 



References 

 

Andrew Carter 280 

Thulke, H.-H., Selhorst, T., Muller, T., Wyszomirski, T., Muller, U. & Breitenmoser, U. (2004) 

'Assessing anti-rabies baiting—What happens on the ground?', BMC Infectious 

Diseases, v. 4, no. 1, pp. 1–9. 

Tinbergen, N. (1972) 'Food hoarding by Foxes (Vulpes vulpes) L.', in The Animal in its World: 

Explorations of an Ethologist. Volume 1: Field Studies. London: George Allen & 

Unwin Ltd. pp. 315–328. 

Towerton, A.L., Penman, T.D., Blake, M.E., Deane, A.T., Kavanagh, R.P. & Dickman, C.R. 

(2008) 'The potential for remote cameras to monitor visitation by birds and predators at 

malleefowl mounds', Ecological Management & Restoration, v. 9, no. 1, pp. 64–67. 

Travaini, A., Aldama, J.J. & Delibes, M. (1993a) 'Red fox capture locations in relation to home 

range boundaries', Mammalia, v. 57, no. 3, pp. 448–451. 

Travaini, A., Aldama, J.J., Laffitte, R. & Delibes, M. (1993b) 'Home range and activity patterns 

of Red Fox Vulpes vulpes breeding females', Acta Theriologica, v. 38, no. 4, pp. 427–

434. 

Treilibs, C. (2006) Recovery Plan for the Bush Stone-curlew Burhinus grallarius in the South 

Australian Murray-Darling Basin. Adelaide: Department for Environment and 

Heritage. 

Trewhella, W.J., Harris, S., Smith, G.C. & Nadian, A.K. (1991) 'A field trial evaluating bait 

uptake by an urban Fox (Vulpes vulpes) population', Journal of Applied Ecology, v. 28, 

no. 2, pp. 454–466. 

Triggs, B., Brunner, H. & Cullen, J.M. (1984) 'The food of the fox, dog and cat in 

Croajingalong National Park, south-eastern Australia', Australian Wildlife Research, v. 

11, no. 3, pp. 491–499. 

Troeh, F.R. & Thompson, L.M. (2005) Soils and Soil Fertility. 6
th
 ed. Ames, Iowa: Blackwell 

Publishing. 

Trombulak, S.C. & Frissell, C.A. (2000) 'Review of ecological effects of roads on terrestrial and 

aquatic communities', Conservation Biology, v. 14, no. 1, pp. 18–30. 

Tryjanowski, P., Gołdyn, B. & Surmacki, A. (2002) 'Influence of the Red Fox (Vulpes vulpes, 

Linnaeus 1758) on the distribution and number of breeding birds in an intensively used 

farmland', Ecological Research, v. 17, no. 3, pp. 395–399. 

Tsukada, H. (1997) 'A division between foraging range and territory related to food distribution 

in the red fox', Journal of Ethology, v. 15, no. 1, pp. 27–37. 

Tullar, B.F., Jr. (1983) 'An unusually long-lived red fox', New York Fish and Game Journal, v. 

30, no. 2, p. 227. 

Twigg, L.E. & King, D.R. (1989) 'Tolerance to sodium fluoroacetate in some Australian birds', 

Australian Wildlife Research, v. 16, no. 1, pp. 49–62. 

Twigg, L.E. & King, D.R. (1991) 'The impact of fluoroacetate bearing vegetation on native 

Australian fauna: A review', Oikos, v. 61, no. 3, pp. 412–430. 

Twigg, L.E., Kok, N.E., Kirkpatrick, W.E. & Burrow, G. (2001) 'The longevity of 1080 egg-

baits in a regularly baited nature reserve in south-western Australia', Wildlife Research, 

v. 28, no. 6, pp. 607–618. 



References 

 

Andrew Carter 281 

Twigg, L.E., Martin, G.R. & Lowe, T.J. (2002) 'Evidence of pesticide resistance in medium-

sized mammalian pests: A case study with 1080 poison and Australian rabbits', Journal 

of Applied Ecology, v. 39, no. 4, pp. 549–560. 

Uetz, G.W. (1979) 'The influence of variation in litter habitats on spider communities', 

Oecologia, v. 40, no. 1, pp. 29–42. 

Uraguchi, K. & Takahashi, K. (1998) 'Den site selection and utilization by the red fox in 

Hokkaido, Japan', Mammal Study, v. 23, no. 1, pp. 31–40. 

van der Ree, R. & Bennett, A.F. (2001) 'Woodland remnants along roadsides: A reflection of 

pre-European structure in temperate woodlands?', Ecological Management & 

Restoration, v. 2, no. 3, pp. 224–226. 

van der Ree, R., Bennett, A.F. & Gilmore, D.C. (2003) 'Gap-crossing by gliding marsupials: 

Thresholds for use of isolated woodland patches in an agricultural landscape', 

Biological Conservation, v. 115, no. 2, pp. 241–249. 

van der Wal, R. & Palmer, S.C.F. (2008) 'Is breeding of farmland wading birds depressed by a 

combination of predator abundance and grazing?', Biology Letters, v. 4, no. 3, pp. 256–

258. 

Van Dyck, S. & Strahan, R. eds. (2008) The Mammals of Australia. 3
rd

 ed. Sydney: New 

Holland Publishers. 

Van Etten, K.W., Wilson, K.R. & Crabtree, R.L. (2007) 'Habitat use of red foxes in 

Yellowstone National Park based on snow tracking and telemetry', Journal of 

Mammalogy, v. 88, no. 6, pp. 1498–1507. 

van Langevelde, F. & Jaarsma, C. (2004) 'Using traffic flow theory to model traffic mortality in 

mammals', Landscape Ecology, v. 19, no. 8, pp. 895–907. 

van Polanen Petel, A.M., Kirkwood, R., Gigliotti, F. & Marks, C. (2004) 'Adaptation and 

assessment of M-44 ejectors in a fox-control program on Phillip Island, Victoria', 

Wildlife Research, v. 31, no. 2, pp. 143–147. 

van Polanen Petel, A.M., Marks, C.A. & Morgan, D.G. (2001) 'Bait palatability influences the 

caching behaviour of the Red Fox (Vulpes vulpes)', Wildlife Research, v. 28, no. 4, pp. 

395–401. 

van Tets, G.F., Vestjens, W.J.M., D’Andria, A.H. & Barker, R. (1977) Guide to the Recognition 

and Reduction of Aerodrome Bird Hazards. Canberra: Australian Department of 

Transport & Australian Government Publishing Service. 

Vander Wall, S.B. (1990) Food Hoarding in Animals. Chicago: University of Chicago Press. 

Vernes, K. & Pope, L.C. (2001) 'Stability of nest range, home range and movement of the 

Northern Bettong (Bettongia tropica) following moderate-intensity fire in a tropical 

woodland, north-eastern Queensland', Wildlife Research, v. 28, no. 2, pp. 141–150. 

Vertebrate Biocontrol CRC. (1999) Annual Report 1998–1999. Canberra: Vertebrate Biocontrol 

Cooperative Research Centre. 

Vertebrate Pests Committee. (2007) List of Exotic Vertebrate Animals in Australia. Brisbane: 

Vertebrate Pests Committee. 



References 

 

Andrew Carter 282 

Vestjens, W.J.M. (1973) 'Wildlife mortality on a road in New South Wales', Emu, v. 73, no. 3, 

pp. 107–112. 

Vine, S., Crowther, M., Dickman, C., Lapidge, S., Mooney, N. & English, A. (2005) 'Detection 

of the Red Fox (Vulpes vulpes) at low population density', Proceedings of the 13
th
 

Australasian Vertebrate Pest Conference, pp. 87–88. Lincon, New Zealand: Manaaki 

Whenua Landcare Research. 

Vine, S.J. (2004) Detection of the Red Fox Vulpes vulpes in the southern highlands of New 

South Wales: A comparison of methods. MAppSc Thesis, University of Sydney. 

Visser, R.L., Watson, J.E.M., Dickman, C.R., Southgate, R., Jenkins, D. & Johnson, C.N. 

(2009) 'Developing a national framework for dingo trophic regulation research in 

Australia: Outcomes of a national workshop', Ecological Management & Restoration, v. 

10, no. 2, pp. 168–170. 

Vitousek, P.M., D'Antonio, C.M., Loope, L.L. & Westbrooks, R. (1996) 'Biological invasions 

as global environmental change', American Scientist, v. 84, no. 5, pp. 468–477. 

Voigt, D.R. (1987) 'Red fox', in Wild Furbearer Management and Conservation in North 

America: Section IV: Species Biology, Management and Conservation, eds. M. Nowak, 

J.A. Baker, M.E. Obbard & B. Malloch. Ontario: Ontario Ministry of Natural 

Resources. pp. 379–392. 

Voigt, D.R. & Earle, B.D. (1983) 'Avoidance of coyotes by red fox families', Journal of Wildlife 

Management, v. 47, no. 3, pp. 852–857. 

Voigt, D.R. & Macdonald, D.W. (1984) 'Variation in the spatial and social behaviour of the Red 

Fox Vulpes vulpes', Acta Zoologica Fennica, v. 171, pp. 261–265. 

Voigt, D.R. & Tinline, R.R. (1980) 'Strategies for analyzing radio tracking data', in A Handbook 

on Biotelemetry and Radio Tracking, eds. C.J. Amlaner, Jr. & D.W. Macdonald. 

Oxford: Pergamon Press. pp. 387–404. 

von Schantz, T. (1981) 'Female cooperation, male competition, and dispersal in the Red Fox 

Vulpes vulpes', Oikos, v. 37, no. 1, pp. 63–68. 

Vos, A. (2004) 'Wildlife rabies control in the Middle East', Mediterranean Zoonoses Control 

Centre Information Circular, no. 58, pp. 14–15. 

Vos, A., Selhorst, T., Schroder, R. & Mulder, J. (2008) 'Feasibility of oral rabies vaccination 

campaigns of young Foxes (Vulpes vulpes) against rabies in summer', European 

Journal of Wildlife Research, v. 54, no. 4, pp. 763–766. 

Vuillaume, P., Aubert, M., Demerson, J.M., Cliquet, F., Barrat, J. & Breitenmoser, U. (1997) 

'Vaccination trial of foxes by depositing vaccine baits at the entrance of dens', Annales 

de Médécine Vétérinaire, v. 141, no. 1, pp. 55–62. 

Vuillaume, P., Bruyère, V. & Aubert, M. (1998) 'Comparison of the effectiveness of two 

protocols of antirabies bait distribution for Foxes (Vulpes vulpes)', Veterinary Research, 

v. 29, no. 6, pp. 537–546. 

Wace, N. (1985) 'Australia—The isolated continent', in Pests and Parasites as Migrants: An 

Australian Perspective, eds. A. Gibbs & R. Meischke. Canberra: Australian Academy 

of Science. pp. 3–22. 



References 

 

Andrew Carter 283 

Wakefield, N.A. (1954) 'The rediscovery of the rock-wallaby in Victoria', Victorian Naturalist, 

v. 70, pp. 202–206. 

Walsh, E.J. (1995) 'Habitat-specific predation susceptibilities of a littoral rotifer to two 

invertebrate predators', Hydrobiologia, v. 313–314, no. 1, pp. 205–211. 

Warner, R.E. (1994) 'Agricultural land use and grassland habitat in Illinois: Future shock for 

midwestern birds?', Conservation Biology, v. 8, no. 1, pp. 147–156. 

Watson, R.T. & Razafindramanana, S. (1999) 'Nearest neighbor nest distances, home range and 

territory area of the Madagascar Fish-Eagle (Haliaeetus vociferoides)', Journal of 

Raptor Research, v. 33, no. 4, pp. 335–338. 

Weatherhead, P.J. & Blouin-Demers, G. (2004) 'Understanding avian nest predation: Why 

ornithologists should study snakes', Journal of Avian Biology, v. 35, no. 3, pp. 185–190. 

Weber, D. (1982) 'Fox den sites and the patterns of their use', Comparative Immunology, 

Microbiology and Infectious Diseases, v. 5, no. 1–3, pp. 271–275. 

Weber, J. (1996) 'Food selection by adult Red Foxes Vulpes vulpes during a water vole decline', 

Wildlife Biology, v. 2, no. 4, pp. 283–288. 

Weber, J.M. & Aubry, S. (1993) 'Predation by Foxes, Vulpes vulpes, on the fossorial form of the 

Water Vole, Arvicola terrestris scherman, in western Switzerland', Journal of Zoology, 

v. 229, no. 4, pp. 553–559. 

Webster, R. & Baker-Gabb, D. (1994) The Bush Thick-knee in Northern Victoria (Part 2): 

Population Monitoring between 1985 and 1991. Arthur Rylah Institute for 

Environmental Research, Technical Report Series No. 129. East Melbourne: 

Department of Conservation and Natural Resources. 

Weidinger, K. (2009) 'Nest predators of woodland open-nesting songbirds in central Europe', 

Ibis, v. 151, no. 2, pp. 352–360. 

West, P. & Saunders, G. (2007) Pest Animal Survey: A Review of the Distribution, Impacts and 

Control of Invasive Animals Throughout NSW and the ACT. Orange: NSW Department 

of Primary Industries. 

Wheeler, R. & Priddel, D. (2009) 'The impact of introduced predators on two threatened prey 

species: A case study from western New South Wales', Ecological Management & 

Restoration, v. 10, no. S1, pp. S117–S123. 

Wheeler, W.R. (1967) 'The birds of Cairns, Cooktown and the Atherton Tablelands', Australian 

Bird Watcher, v. 3, pp. 55–76. 

White, G.C. & Garrott, R.A. (1990) Analysis of Wildlife Radio-tracking Data. San Diego, USA: 

Academic Press. 

White, J.G., Gubiani, R., Smallman, N., Snell, K. & Morton, A. (2006) 'Home range, habitat 

selection and diet of Foxes (Vulpes vulpes) in a semi-urban riparian environment', 

Wildlife Research, v. 33, pp. 175–180. 

White, P.C.L. & Harris, S. (1994) 'Encounters between Red Foxes (Vulpes vulpes): Implications 

for territory maintenance, social cohesion and dispersal', Journal of Animal Ecology, v. 

63, no. 2, pp. 315–327. 



References 

 

Andrew Carter 284 

White, P.C.L., Saunders, G. & Harris, S. (1996) 'Spatio-temporal patterns of home range use by 

Foxes (Vulpes vulpes) in urban environments', Journal of Animal Ecology, v. 65, no. 1, 

pp. 121–125. 

White, S.A. (1925) 'Unusual and rare birds seen at ‘Wetunga’ during the autumn and winter 

1924', South Australian Ornithologist, v. 8, pp. 29–31. 

White, S.R. (1952) 'The occurrence of the quokka in the south-west', Western Australian 

Naturalist, v. 3, no. 5, pp. 101–103. 

Whitford, P.C. (1985) 'Bird behavior in response to the warmth of blacktop roads', Transactions 

of the Wisconsin Academy of Sciences, Arts and Letters, v. 73, pp. 135–143. 

Whitlock, F.L. (1921) 'Notes on Dirk Hartog Island and Peron Peninsula, Shark Bay, Western 

Australia', Emu, v. 20, no. 3, pp. 168–186. 

Whitlock, F.L. (1924) 'Journey to central Australia in search of the night parrot', Emu, v. 23, no. 

4, pp. 248–281. 

 

Whitmore, T.C. & Sayer, J.A. eds. (1992) Tropical Deforestation and Species Extinction. New 

York: Chapman & Hall. 

Whittell, H.M. (1933) 'The birds of the Bridgetown district, south-west Australia.', Emu, v. 32, 

no. 3, pp. 182–189. 

Whittell, H.M. (1938) 'The birds of the Bridgetown District, south-western Australia. Part II', 

Emu, v. 38, no. 1, pp. 54–59. 

Whittingham, M.J. (2007) 'Will agri-environment schemes deliver substantial biodiversity gain, 

and if not why not?', Journal of Applied Ecology, v. 44, no. 1, pp. 1–5. 

Whittingham, M.J. & Evans, K. (2004) 'The effect of habitat structure on predation risk of birds 

in agricultural landscapes', Ibis, v. 146, suppl. 2, pp. 210–220. 

Whittington, J., St. Clair, C.C. & Mercer, G. (2004) 'Path tortuosity and the permeability of 

roads and trails to wolf movement', Ecology and Society, v. 9, no. 1, pp. 4–18. 

Wiktander, U., Olsson, O. & Nilsson, S.G. (2001) 'Seasonal variation in home-range size, and 

habitat area requirement of the Lesser Spotted Woodpecker (Dendrocopos minor) in 

southern Sweden', Biological Conservation, v. 100, no. 3, pp. 387–395. 

Wilcove, D.S., Rothstein, D., Dubow, J., Phillips, A. & Losos, E. (1998) 'Quantifying threats to 

imperiled species in the United States: Assessing the relative importance of habitat 

destruction, alien species, pollution, overexploitation, and disease', Bioscience, v. 48, 

no. 8, pp. 607–615. 

WildNet Queensland. (2009) Burhinus grallarius. Location records supplied 4 December 2009: 

Department of Environment and Resource Management. 

Wilkinson, E.B. & Feener, D.H., Jr. (2007) 'Habitat complexity modifies ant-parasitoid 

interactions: Implications for community dynamics and the role of disturbance', 

Oecologia, v. 152, no. 1, pp. 151–161. 

Williamson, R., Faithfull, I. & Martin, M. (2007) Sweet Briar. Landcare Note #LC0194. [n.p.]: 

Department of Primary Industries. 



References 

 

Andrew Carter 285 

Willson, M.F., Morrison, J.L., Sieving, K.E., De Santo, T.L., Santisteban, L. & Díaz, I. (2001) 

'Patterns of predation risk and survival of bird nests in a Chilean agricultural landscape', 

Conservation Biology, v. 15, no. 2, pp. 447–456. 

Wilson, G., Dexter, N., O'Brien, P. & Bomford, M. (1992) Pest Animals in Australia: A Survey 

of Introduced Wild Mammals. Kenthurst, NSW: Bureau of Rural Resources & 

Kangaroo Press. 

Wilson, P.R., Karl, B.J., Toft, R.J., Beggs, J.R. & Taylor, R.H. (1998) 'The role of introduced 

predators and competitors in the decline of Kaka (Nestor meridionalis) populations in 

New Zealand', Biological Conservation, v. 83, no. 2, pp. 175–185. 

Wong, D.H., Kirkpatrick, W.E., Kinnear, J.E. & King, D.R. (1991) 'Defluorination of sodium 

monofluoroacetate (1080) by microorganisms found in bait materials', Wildlife 

Research, v. 18, no. 5, pp. 539–545. 

Woollard, T. & Harris, S. (1990) 'A behavioural comparison of dispersing and non-dispersing 

Foxes (Vulpes vulpes) and an evaluation of some dispersal hypotheses', Journal of 

Animal Ecology, v. 59, no. 2, pp. 709–722. 

Worton, B.J. (1987) 'A review of models of home range for animal movement', Ecological 

Modelling, v. 38, no. 3–4, pp. 277–298. 

Worton, B.J. (1989a) 'Kernel methods for estimating the utilization distribution in home-range 

studies', Ecology, v. 70, no. 1, pp. 164–168. 

Worton, B.J. (1989b) 'Optimal smoothing parameters for multivariate fixed and adaptive kernel 

methods', Journal of Statistical Computation and Simulation, v. 32, no. 1, pp. 45–57. 

Worton, B.J. (1995a) 'A convex hull-based estimator of home-range size', Biometrics, v. 51, no. 

4, pp. 1206–1215. 

Worton, B.J. (1995b) 'Using Monte Carlo simulation to evaluate kernel-based home range 

estimators', Journal of Wildlife Management, v. 59, no. 4, pp. 794–800. 

Wozencraft, W.C. (2005) 'Order Carnivora', in Mammal Species of the World: A Taxonomic and 

Geographic Reference, eds. D.E. Wilson & D.M. Reeder. vol. 1, 3
rd

 ed. Baltimore: 

Johns Hopkins University Press. pp. 532–722. 

Wray, S., Cresswell, W.J., White, P.C.L. & Harris, S. (1992) 'What, if anything, is a core area? 

An analysis of the problems of describing internal range configurations', in Wildlife 

Telemetry: Remote Monitoring and Tracking of Animals, eds. I.G. Priede & S.M. Swift. 

New York: Ellis Horwood. pp. 256–271. 

Wretenberg, J., Lindström, Å., Svensson, S., Thierfelder, T. & Pärt, T. (2006) 'Population trends 

of farmland birds in Sweden and England: Similar trends but different patterns of 

agricultural intensification', Journal of Applied Ecology, v. 43, no. 6, pp. 1110–1120. 

Yahner, R. & Scott, D. (1988) 'Effects of forest fragmentation on depredation of artificial nests', 

Journal of Wildlife Management, v. 52, no. 1, pp. 158–161. 

Yahner, R.H. (1996) 'Forest fragmentation, artificial nest studies, and predator abundance', 

Conservation Biology, v. 10, no. 2, pp. 672–673. 



References 

 

Andrew Carter 286 

Yakobson, B., Manalo, D.L., Bader, K., Perl, S., Haber, A., Shahimov, B., Shechat, N. & 

Orgad, U. (1998) 'An epidemiological retrospective study of rabies diagnosis and 

control in Israel, 1948–1997', Israel Journal of Veterinary Medicine, v. 53, no. 4, pp. 

114–127. 

Yamanaka, T., Tanaka, K., Hamasaki, K., Nakatani, Y., Iwasaki, N., Sprague, D.S. & 

Bjørnstad, O.N. (2009) 'Evaluating the relative importance of patch quality and 

connectivity in a damselfly metapopulation from a one-season survey', Oikos, v. 118, 

no. 1, pp. 67–76. 

Yanes, M., Velasco, J.M. & Suárez, F. (1995) 'Permeability of roads and railways to 

vertebrates: The importance of culverts', Biological Conservation, v. 71, no. 3, pp. 217–

222. 

Yuan, H.W., Burt, D.B., Wang, L.P., Chang, W.L., Wang, M.K., Chiou, C.R. & Ding, T.S. 

(2006a) 'Colony site choice of blue-tailed bee-eaters: Influences of soil, vegetation, and 

water quality', Journal of Natural History, v. 40, no. 7–8, pp. 485–493. 

Yuan, H.W., Wang, M.K., Chang, W.L., Wang, L.P., Chen, Y.M. & Chiou, C.R. (2006b) 'Soil 

composition affects the nesting behavior of Blue-tailed Bee-eaters (Merops philippinus) 

on Kinmen Island', Ecological Research, v. 21, no. 4, pp. 510–512. 

Zar, J.H. (2010) Biostatistical Analysis. 5
th
 ed. London: Pearson Prentice Hall. 

Zhang, L., Zhang, M., Wang, X., Wang, W., Zhang, L. & Gao, Z. (1999) 'Denning selection by 

red fox during the breeding period in northeastern Inner Mongolia', Acta Theriologica 

Sinica, v. 19, no. 3, pp. 176–182. 

Zhou, W., Wei, W. & Biggins, D.E. (1995) 'Activity rhythms and distribution of natal dens for 

red foxes', Acta Theriologica Sinica, v. 15, no. 4, pp. 267–272. 

Zimen, E. (1984) 'Long range movements of the Red Fox, Vulpes vulpes L', Acta Zoologica 

Fennica, v. 171, pp. 267–270. 

Zimmerman, B.L. & Bierregaard, R.O. (1986) 'Relevance of the equilibrium theory of island 

biogeography and species-area relations to conservation with a case from Amazonia', 

Journal of Biogeography, v. 13, no. 2, pp. 133–143. 

Zuria, I., Gates, J.E. & Castellanos, I. (2007) 'Artificial nest predation in hedgerows and scrub 

forest in a human-dominated landscape of central Mexico', Acta Oecologica, v. 31, no. 

2, pp. 158–167. 

Zweifel-Schielly, B. & Suter, W. (2007) 'Performance of GPS telemetry collars for Red Deer 

Cervus elaphus in rugged alpine terrain under controlled and free-living conditions', 

Wildlife Biology, v. 13, no. 3, pp. 299–312. 



Appendices 

 

Andrew Carter 287 

APPENDICES 
 
Appendix 4.1.  Logistic regression model selection summary for annual- and no fox-control treatments 

combined, at the roadside scale.  Table includes, –2 Log likelihood, number of parameters (K), Akaike’s 

Information Criterion adjusted for small sample sizes (AICc), difference in AICc (∆i), Akaike weights 

(ωi), and Hosmer-Lemeshow χ²
 
goodness-of-fit test for the global model (χ², d.f., P).  Only models with ∆i 

≤ 2 are shown (with the exception of the global model).   

 

Summed Akaike weights (∑ωi) for each parameter from all models are also provided.  Symbols in 

parentheses indicate the direction of the relationship between parameters and bait uptake based on 

Spearman’s Rank Correlation Coefficients (rs) (the magnitude of these correlations is detailed in 

Appendix 4.2).  Note that the direction of correlations for History and PREDTREE are not provided as 

these were categorical variables. 
 

History 129.698 2 133.800 0 0.431

History + TIMDEN 129.478 3 135.685 1.885 0.168

GLOBAL 127.732 6 140.476 6.675 0.015

History: 0.999  (–)

RSWidth: 0.262  (+)

TIMDEN: 0.287  (–)

PREDTREE: 0.189  (–)

History + RSWidth + TIMDEN 137.757 4 146.105 0 0.294

History + RSWidth 139.917 3 146.123 0.019 0.291

History 143.480 2 147.583 1.478 0.140

GLOBAL 137.394 6 150.137 4.032 0.039

History: 1.000  (–)

RSWidth: 0.664  (–)

TIMDEN: 0.477  (–)

PREDTREE: 0.172  (–)

History + TIMDEN + PREDTREE 120.223 5 130.749 0 0.179

History + RSWidth + TIMDEN 122.923 4 131.270 0.521 0.138

History + TIMDEN 126.191 3 132.398 1.649 0.079

TIMDEN + PREDTREE 124.114 4 132.462 1.712 0.076

History + PREDTREE 124.176 4 132.523 1.774 0.074

RSWidth + TIMDEN 126.332 3 132.539 1.790 0.073

GLOBAL 119.870 6 132.614 1.864 0.071

History: 0.684  (–)

RSWidth: 0.466  (–)

TIMDEN: 0.681  (–)

PREDTREE: 0.524  (–)
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Appendix 4.2.  Spearman’s Rank Correlation Coefficients (rs) for roadside scale, in relation to 

coordinated fox-control history and sampling period.  Shaded bars (  ) = no fox control;  

hatched bars (      ) = annual fox control.  Letters in parentheses refer to sampling periods: (P) = pre-1080; 

(I) = immediately post-1080; (S) = six weeks post-1080. 
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Appendix 4.3.  Spearman’s Rank Correlation Coefficients (rs) for macro bait-site scale, in relation to coordinated fox-control history and sampling period.  Shaded bars  

(      ) = no fox control; hatched bars (      ) = annual fox control.  Letters in parentheses refer to sampling periods: (P) = pre-1080; (I) = immediately post-1080; (S) = six weeks 

post-1080. 
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Appendix 4.4.  Spearman’s Rank Correlation Coefficients (rs) for micro bait-site scale, in relation to coordinated fox-control history and sampling period.  Shaded bars  

(      ) = no fox control; hatched bars (      ) = annual fox control.  Letters in parentheses refer to sampling periods: (P) = pre-1080; (I) = immediately post-1080; (S) = six weeks 

post-1080.
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Appendix 4.5.  Logistic regression model selection summary for ‘across scales’ analysis for roadside- 

and macro bait-site scale.  Results are shown separately for each sampling period in the annual- (next 

page) and no fox-control (current page) treatments.  Table includes, –2 Log likelihood, number of 

parameters (K), Akaike’s Information Criterion adjusted for small sample sizes (AICc), difference in AICc 

(∆i), Akaike weights (ωi), and Hosmer-Lemeshow χ²
 
goodness-of-fit test for the global model (χ², d.f., P).  

Only models with ∆i ≤ 2 are shown (with the exception of the global model).   

 

Summed Akaike weights (∑ωi) for each parameter from all models are also provided; symbols in 

parentheses indicate the direction of the relationship between parameters and bait uptake based on 

Spearman’s Rank Correlation Coefficients (rs) (the magnitude of these correlations is detailed in 

Appendix 4.8).  Appendix 4.7 illustrates ∑ωi values for each variable, pooled across all sampling periods. 

 

44.699 2 48.910 0 0.204

43.632 3 50.060 1.151 0.115

44.076 3 50.505 1.596 0.092

46.315 2 50.526 1.616 0.091

46.417 2 50.627 1.718 0.086

42.613 5 53.724 4.814 0.018

RSwidth: 0.631  (+) MACROcover: 0.412  (+)

RStimden: 0.308  (+) MACROvegHEIGHT: 0.384  (–)

61.594 2 65.804 0 0.201

62.473 2 66.683 0.879 0.129

62.572 2 66.783 0.978 0.123
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RSwidth: 0.488  (–) MACROcover: 0.360  (–)
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50.704 3 57.133 0.757 0.100
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Appendix 4.5.  Continued… 

 

81.092 2 85.302 0 0.174

81.679 2 85.889 0.587 0.130

81.832 2 86.043 0.741 0.120

82.497 2 86.707 1.405 0.086

80.282 3 86.711 1.408 0.086

80.296 3 86.724 1.422 0.085

79.736 5 90.847 5.545 0.011

RSwidth: 0.405  (+) MACROcover: 0.319  (+)

RStimden: 0.388  (–) MACROvegHEIGHT: 0.509  (+)

74.886 3 81.315 0 0.185

72.930 4 81.657 0.343 0.156

78.246 2 82.457 1.142 0.104

74.283 4 83.011 1.696 0.079

76.599 3 83.027 1.713 0.078

78.987 2 83.197 1.883 0.072

72.438 5 83.549 2.235 0.060

RSwidth: 0.725  (–) MACROcover: 0.295  (+)

RStimden: 0.646  (–) MACROvegHEIGHT: 0.466  (+)

72.576 2 76.787 0 0.209

70.761 3 77.190 0.403 0.171

74.248 2 78.459 1.672 0.091

70.565 5 81.676 4.890 0.018
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Appendix 4.6.  Logistic regression model selection summary for ‘across scales’ analysis for roadside- 

and micro bait-site scale.  Results are shown separately for each sampling period in the annual- (next 

page) and no fox-control (current page) treatments.  Table includes, –2 Log likelihood, number of 

parameters (K), Akaike’s Information Criterion adjusted for small sample sizes (AICc), difference in AICc 

(∆i), Akaike weights (ωi), and Hosmer-Lemeshow χ²
 
goodness-of-fit test for the global model (χ², d.f., P).  

Only models with ∆i ≤ 2 are shown (with the exception of the global model).   

 

Summed Akaike weights (∑ωi) for each parameter from all models are also provided; symbols in 

parentheses indicate the direction of the relationship between parameters and bait uptake based on 

Spearman’s Rank Correlation Coefficients (rs) (the magnitude of these correlations is detailed in 

Appendix 4.8).  Appendix 4.7 illustrates ∑ωi values for each variable, pooled across all sampling periods. 

 

43.801 2 48.012 0 0.176

41.655 3 48.083 0.072 0.169

44.699 2 48.910 0.898 0.112

42.634 3 49.063 1.051 0.104

40.639 4 49.366 1.354 0.089

40.622 5 51.733 3.722 0.027

RSwidth: 0.545  (+) microCOVER: 0.273  (+)

RStimden: 0.355  (+) microVEGheight: 0.712  (–)

61.594 2 65.804 0 0.208

62.572 2 66.783 0.978 0.127

62.704 2 66.915 1.111 0.119

62.708 2 66.918 1.114 0.119

61.414 5 72.525 6.721 0.007

RSwidth: 0.496  (–) microCOVER: 0.336  (–)

RStimden: 0.353  (–) microVEGheight: 0.339  (–)
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50.787 3 57.216 1.540 0.069
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Appendix 4.6.  Continued… 

 

80.912 2 85.123 0 0.135

81.079 2 85.289 0.166 0.124

79.405 3 85.833 0.710 0.094

81.679 2 85.889 0.766 0.092

81.832 2 86.043 0.920 0.085

79.871 3 86.300 1.177 0.075

79.976 3 86.404 1.281 0.071

80.186 3 86.615 1.492 0.064

80.417 3 86.845 1.722 0.057

78.022 5 89.133 4.010 0.018

RSwidth: 0.390  (+) microCOVER: 0.499  (–)

RStimden: 0.367  (–) microVEGheight: 0.493  (+)

74.886 3 81.315 0 0.259

78.246 2 82.457 1.142 0.146

78.987 2 83.197 1.883 0.101

74.636 5 85.747 4.432 0.028

RSwidth: 0.721  (–) microCOVER: 0.278  (–)
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Appendix 4.7.  Summed Akaike weights (∑ωi) for each variable during the ‘across scales’ analysis.  Values are pooled across all sampling periods (i.e., pre-1080 ωi + 

immediately post-1080 ωi + six weeks post-1080 ωi).  Shaded bars (      ) = no fox control; hatched bars (      ) = annual fox control. 
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Appendix 4.8.  Spearman’s Rank Correlation Coefficients (rs) for ‘across scales’ analysis, in relation to coordinated fox-control history and sampling period.  Shaded bars  

(      ) = no fox control; hatched bars (      ) = annual fox control.  Letters in parentheses refer to sampling periods: (P) = pre-1080; (I) = immediately post-1080; (S) = six weeks 

post-1080.
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Appendix 4.9.  Mean values (± SD) of environmental variables measured at bait stations; according to  

habitat complexity treatments (refer to Table 4.2 for a description of variables).  * = significant at  

P = < 0.05, calculated using an unequal variance t-test (t’).  n = sample size.  Note PREDTREE values 

refer to the percentage of baits located in each of three tree species classes (significance values for this 

category were calculated using a two-tailed Fisher’s Exact Test). 

 

RSWidth

 (m) 11.96 (± 8.38) 10.44 (± 6.57) P  = 0.270

TIMDEN

 (#/ha) 1918.00 (± 740.69) 466.00 (± 407.37) P  = < 0.001*

PREDTREE

Eucalyptus microcarpa 70.00 % – 53.33 % – P  = 0.091

E. camaldulensis 11.67 % – 36.67 % – P  = 0.002*

E. largiflorens & E. melliodora 18.33 % – 10.00 % – P  = 0.295

TIMDEN

 (#/ha) 5953.33 (± 2126.94) 173.33 (± 399.09) P  = < 0.001*

Leaf.Litter

 (% cover) 38.68 (± 9.73) 47.62 (± 12.54) P  = < 0.001*

Bark

 (% cover) 12.39 (± 7.36) 10.50 (± 8.00) P  = 0.181

FineWD

 (% cover) 28.13 (± 5.84) 15.76 (± 7.65) P  = < 0.001*

GVEG

 (% cover) 6.64 (± 8.02) 9.43 (± 5.63) P  = 0.030*

GvegHEIGHT

 (mm) 42.64 (± 24.22) 41.31 (± 14.50) P  = 0.717

Leaf.Litter

 (% cover) 32.88 (± 9.93) 42.35 (± 14.04) P  = < 0.001*

Bark

 (% cover) 11.70 (± 6.98) 8.43 (± 7.29) P  = 0.014*

FineWD

 (% cover) 28.68 (± 9.89) 15.30 (± 8.11) P  = < 0.001*

CoarseWD

 (% cover) 14.52 (± 7.76) 0.12 (± 0.69) P  = < 0.001*

GVEG

 (% cover) 4.77 (± 7.96) 8.55 (± 8.24) P  = 0.012*

GvegHEIGHT

 (mm) 48.16 (± 38.97) 36.87 (± 21.60) P  = 0.053
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Appendix 4.10.  Mean values (± SD) of environmental variables measured at bait stations; according to  

coordinated fox-control history (refer to Table 4.2 for a description of variables).  * = significant at  

P = < 0.05, calculated using an unequal variance t-test (t’).  n = sample size.  Note PREDTREE values 

refer to the percentage of baits located in each of three tree species classes (significance values for this 

category were calculated using a two-tailed Fisher’s Exact Test). 

 

RSWidth

 (m) 12.40 (± 7.84) 9.99 (± 7.09) P  = 0.080

TIMDEN

 (#/ha) 1145.33 (± 884.73) 1238.67 (± 999.71) P  = 0.589

PREDTREE

Eucalyptus microcarpa 60.00 % – 63.33 % – P  = 0.851

E. camaldulensis 23.33 % – 25.00 % – P  = 0.999

E. largiflorens & E. melliodora 16.67 % – 11.67 % – P  = 0.602

TIMDEN

 (#/ha) 2900.00 (± 3118.99) 3226.67 (± 3447.91) P  = 0.587

Leaf.Litter

 (% cover) 41.92 (± 12.84) 44.38 (± 11.17) P  = 0.266

Bark

 (% cover) 12.09 (± 7.31) 10.79 (± 8.11) P  = 0.358

FineWD

 (% cover) 21.66 (± 8.45) 22.23 (± 9.94) P  = 0.732

GVEG

 (% cover) 8.12 (± 8.23) 7.95 (± 5.68) P  = 0.894

GvegHEIGHT

 (mm) 39.82 (± 19.38) 44.13 (± 20.32) P  = 0.236

Leaf.Litter

 (% cover) 35.87 (± 13.09) 39.37 (± 12.79) P  = 0.141

Bark

 (% cover) 11.07 (± 6.76) 9.07 (± 7.71) P  = 0.134

FineWD

 (% cover) 20.82 (± 9.37) 23.17 (± 12.80) P  = 0.254

CoarseWD

 (% cover) 8.28 (± 9.65) 6.35 (± 8.43) P  = 0.245

GVEG

 (% cover) 7.02 (± 9.77) 6.30 (± 6.54) P  = 0.638

GvegHEIGHT

 (mm) 39.31 (± 30.88) 45.72 (± 32.80) P  = 0.273
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Appendix 4.11.  Mean values (± SD) of environmental variables measured at bait stations; according to  

bait uptake (refer to Table 4.2 for a description of variables).  Results are shown separately for each 

sampling period; pre-1080 (current page), immediately post-1080 (p. 300), six weeks post-1080 (p. 301).   

* = significant at P = < 0.05, calculated using an unequal variance t-test (t’).  n = sample size.  Note 

PREDTREE values refer to the percentage of baits located in each of three tree species classes 

(significance values for this category were calculated using a two-tailed Fisher’s Exact Test). 

 

RSWidth

 (m) 10.87 (± 6.94) 12.00 (± 8.90) P  = 0.504

TIMDEN

 (#/ha) 1178.82 (± 963.93) 1224.00 (± 896.22) P  = 0.807

PREDTREE

Eucalyptus microcarpa 64.71 % – 54.29 % – P  = 0.308

E. camaldulensis 23.53 % – 25.71 % – P  = 0.817

E. largiflorens & E. melliodora 11.77 % – 20.00 % – P  = 0.258

TIMDEN

 (#/ha) 3002.35 (± 3409.02) 3211.43 (± 2976.75) P  = 0.739

Leaf.Litter

 (% cover) 43.86 (± 12.33) 41.42 (± 11.30) P  = 0.298

Bark

 (% cover) 11.29 (± 7.38) 11.83 (± 8.57) P  = 0.745

FineWD

 (% cover) 21.85 (± 9.31) 22.17 (± 9.03) P  = 0.862

GVEG

 (% cover) 3.95 (± 1.02) 4.18 (± 3.95) P  = 0.803

GvegHEIGHT

 (mm) 35.04 (± 1.86) 35.75 (± 7.40) P  = 0.861

Leaf.Litter

 (% cover) 38.09 (± 12.97) 36.46 (± 13.20) P  = 0.537

Bark

 (% cover) 9.87 (± 7.15) 10.54 (± 7.70) P  = 0.659

FineWD

 (% cover) 22.01 (± 11.72) 21.94 (± 10.12) P  = 0.974

CoarseWD

 (% cover) 6.80 (± 9.09) 8.57 (± 9.03) P  = 0.334

GVEG

 (% cover) 3.06 (± 0.74) 3.99 (± 4.18) P  = 0.392

GvegHEIGHT

 (mm) 29.32 (± 0.52) 29.53 (± 5.40) P  = 0.969

Variable
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Appendix 4.11.  Continued… 

 

RSWidth

 (m) 9.80 (± 6.14) 13.22 (± 8.88) P  = 0.022*

TIMDEN

 (#/ha) 1128.45 (± 956.44) 1284.08 (± 920.51) P  = 0.372

PREDTREE

Eucalyptus microcarpa 63.38 % – 59.18 % – P  = 0.704

E. camaldulensis 26.76 % – 20.41 % – P  = 0.517

E. largiflorens & E. melliodora 9.86 % – 20.41 % – P  = 0.117

TIMDEN

 (#/ha) 2676.06 (± 3253.54) 3624.49 (± 3264.36) P  = 0.120

Leaf.Litter

 (% cover) 44.04 (± 11.21) 41.86 (± 13.18) P  = 0.346

Bark

 (% cover) 11.17 (± 7.54) 11.84 (± 8.02) P  = 0.650

FineWD

 (% cover) 20.73 (± 9.28) 23.71 (± 8.86) P  = 0.079

GVEG

 (% cover) 4.39 (± 2.42) 3.48 (± 1.37) P  = 0.156

GvegHEIGHT

 (mm) 36.74 (± 1.61) 33.07 (± 0.35) P  = 0.247

Leaf.Litter

 (% cover) 38.90 (± 13.13) 35.76 (± 12.73) P  = 0.192

Bark

 (% cover) 9.37 (± 6.95) 11.08 (± 7.72) P  = 0.216

FineWD

 (% cover) 20.82 (± 11.21) 23.69 (± 11.17) P  = 0.169

CoarseWD

 (% cover) 5.49 (± 8.02) 9.96 (± 9.92) P  = 0.010*

GVEG

 (% cover) 3.82 (± 2.19) 2.62 (± 1.88) P  = 0.114

GvegHEIGHT

 (mm) 30.92 (± 6.49) 27.15 (± 7.17) P = 0.380

Scale Variable

Immediately Post-1080

M
a
c
r
o

 B
a
it

 S
it

e
M

ic
r
o

 B
a
it

 S
it

e

Sig.
Bait NOT Removed

n = 49

R
o

a
d

s
id

e
Bait REMOVED

n = 71

 



Appendices 

 

Andrew Carter 301 

Appendix 4.11.  Continued… 

 

RSWidth

 (m) 10.48 (± 6.90) 13.45 (± 9.04) P = 0.112

TIMDEN

 (#/ha) 1117.36 (± 960.97) 1426.21 (± 849.35) P  = 0.105

PREDTREE

Eucalyptus microcarpa 63.74 % – 55.17 % – P  = 0.511

E. camaldulensis 26.37 % – 17.24 % – P  = 0.456

E. largiflorens & E. melliodora 9.89 % – 27.59 % – P  = 0.029*

TIMDEN

 (#/ha) 2813.19 (± 3290.09) 3848.28 (± 3166.63) P  = 0.135

Leaf.Litter

 (% cover) 44.23 (± 11.88) 39.77 (± 12.13) P  = 0.090

Bark

 (% cover) 11.44 (± 8.02) 11.47 (± 6.78) P  = 0.981

FineWD

 (% cover) 20.73 (± 9.17) 25.77 (± 8.29) P  = 0.008*

GVEG

 (% cover) 3.90 (± 0.57) 4.39 (± 5.50) P  = 0.634

GvegHEIGHT

 (mm) 36.11 (± 1.74) 32.54 (± 8.28) P  = 0.472

Leaf.Litter

 (% cover) 38.19 (± 13.21) 35.83 (± 12.41) P  = 0.384

Bark

 (% cover) 9.40 (± 7.39) 12.17 (± 6.64) P  = 0.062

FineWD

 (% cover) 21.46 (± 11.85) 23.66 (± 9.02) P  = 0.297

CoarseWD

 (% cover) 6.57 (± 8.78) 9.66 (± 9.73) P  = 0.136

GVEG

 (% cover) 3.15 (± 0.87) 3.88 (± 4.91) P  = 0.510

GvegHEIGHT

 (mm) 30.01 (± 0.83) 27.40 (± 8.13) P  = 0.662
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Appendix 4.12.  Mean values (± SD) of environmental variables measured at bait stations; according to 

predominant tree species (PREDTREE: refer to Table 4.2 for a description). 

 

RSWidth

 (m) 9.90 (± 5.89) 8.88 (± 3.03) 20.80 (± 11.54)

TIMDEN

 (#/ha) 1440.00 (± 1027.25) 711.72 (± 601.17) 931.76 (± 605.43)

TIMDEN

 (#/ha) 3648.65 (± 3492.11) 1200.00 (± 1801.58) 3694.12 (± 3207.89)

Leaf.Litter

 (% cover) 40.31 (± 11.44) 46.99 (± 8.92) 48.98 (± 15.58)

Bark

 (% cover) 11.24 (± 5.82) 15.13 (± 10.18) 6.06 (± 7.17)

FineWD

 (% cover) 23.32 (± 9.24) 17.44 (± 7.82) 23.65 (± 9.10)

GVEG

 (% cover) 8.26 (± 5.97) 7.06 (± 4.83) 8.75 (± 12.75)

GvegHEIGHT

 (mm) 42.36 (± 18.46) 37.69 (± 14.32) 47.59 (± 30.99)

Leaf.Litter

 (% cover) 34.66 (± 12.60) 42.28 (± 10.01) 42.53 (± 15.90)

Bark

 (% cover) 9.93 (± 6.27) 12.34 (± 8.46) 6.76 (± 8.37)

FineWD

 (% cover) 23.73 (± 11.54) 17.03 (± 9.62) 22.88 (± 10.50)

CoarseWD

 (% cover) 8.41 (± 9.24) 4.03 (± 7.88) 8.18 (± 9.40)

GVEG

 (% cover) 7.32 (± 8.01) 4.72 (± 4.47) 7.06 (± 13.18)

GvegHEIGHT

 (mm) 45.44 (± 29.48) 30.71 (± 24.62) 49.90 (± 46.73)
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Appendix 5.1.  Approximate clay content (following Northcote 1979) of soil samples collected at earthen 

fox dens (       ) and non-earthen fox dens (       ).  Y-axis signifies the percentage of samples in each clay 

content category.  Sample size is shown in parentheses. 
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Appendix 5.2.  Nearest source of water according to broad den form and paired random sites.  n = sample 

size. 

 

Dam

Domestic Stock Trough

Creek / River

Irrigation Channel 1

Nearest Water Source

Random 

Site

( n  = 56 ) ( n  = 56 ) ( n  = 20 ) ( n  = 20 )

Earthen 

Den

Random 

Site

Non-Earthen 

Den

26

2 5 0

0

1218

18182726

2 6 0
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Appendix 6.1.  Map of Australia showing the location of Bush Stone-curlew (Burhinus grallarius) atlas 

records (    ) and study sites where foxes have been radio-tracked to estimate home-range size (     ).  Also 

shown is the location of the present study (     ).   

 

Key to study site numbers:      1 & 2 = Coman et al. (1991);     3 = Phillips & Catling (1991);      

4 = Marlow (1992);     5 = Bubela (1995);     6 = Banks (1997);     7 = Meek (1998), Meek & Saunders 

(2000);     8 = Berghout (2000);     9, 10 & 11 = Saunders et al. (2002);     12 = Burrows et al. (2003);     

13 = Clarke (2006);     14 = Marks & Bloomfield (2006);     15 = Newsome (2006);     16 = White et al. 

(2006);     17 = Moseby et al. (2009). 

 

Curlew records sourced from: Atlas of Victorian Wildlife (2007); Atlas of New South Wales Wildlife 

(2009); Atlas of Northern Territory Wildlife (2009); Biological Database of South Australia (2009); 

NatureMap Western Australia (2009); WildNet Queensland (2009). 
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Appendix 6.2.  Minimum Convex Polygon (100 %) home-range areas (in hectares) at 10-fix increments 

for foxes radio-tracked during 2007–2008.  The cumulative tracking period (in days) at each 10-fix 

increment is presented in parentheses.  Note that home-range estimates do not include a buffer to 

compensate for telemetry error. 

 

Fox ID

MA 2 69 (11) 277 (18) 277 (25) 277 (41) 277 (49) 353 (54) 377 (63)

MA 3 15 (3) 31 (17) 243 (25) 256 (34) 256 (41) 261 (48) 289 (54)

MA 4 43 (10) 126 (16) 223 (21) 229 (29)

MA 5 20 (4)

MA 6 197 (7) 683 (11) 1120 (16) 1133 (25)

MA 7 51 (3) 296 (7) 995 (11) 995 (17) 2204 (19) 2497 (23) 3149 (25)

FA 1 41 (3) 131 (7) 173 (27) 221 (32) 283 (36) 304 (41) 307 (44)

FA 2 45 (3) 54 (6)

MS 8 129 (2) 177 (5) 197 (9) 197 (13) 210 (16) 223 (24) 404 (29)

MS 9 101 (3) 101 (7) 101 (11) 116 (14) 122 (22) 344 (27) 344 (30)

MS 10 40 (3) 42 (7) 58 (10) 135 (18) 184 (21) 229 (25) 229 (27)

FS 3 304 (3)

FS 4 69 (4) 160 (7) 530 (10) 530 (17) 755 (20) 755 (23) 839 (25)

50 Fixes 60 Fixes 70 Fixes10 Fixes 20 Fixes 30 Fixes 40 Fixes

Home-range Size (and Cumulative Tracking Period)

 
 

 

 

 

Fox ID

MA 2 443 (69) 443 (74) 443 (79) 443 (101) 443 (107) 443 (112) 443 (117)

MA 3 348 (61) 379 (84) 379 (89) 382 (95) 382 (100) 382 (105) 382 (110)

MA 4

MA 5

MA 6

MA 7 3149 (27) 3284 (30) 3284 (44) 3284 (45) 3284 (48) 3284 (52) 3284 (52)

FA 1 311 (48) 311 (51) 338 (55) 347 (59) 347 (63) 355 (69) 355 (75)

FA 2

MS 8 796 (32) 930 (34) 988 (35) 1018 (37) 1038 (38) 1048 (39) 1068 (41)

MS 9 360 (32) 361 (33) 380 (34) 433 (36) 438 (37) 443 (39) 455 (40)

MS 10 303 (28) 303 (30) 383 (31) 513 (33) 537 (34) 547 (36) 547 (37)

FS 3

FS 4 839 (27) 858 (28) 858 (30) 858 (31) 858 (33) 858 (34) 864 (36)

130 Fixes 140 Fixes90 Fixes 100 Fixes 110 Fixes 120 Fixes80 Fixes

Home-range Size (and Cumulative Tracking Period)
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Appendix 6.2.  Continued… 

 

Fox ID

MA 2 443 (122) 443 (127) 443 (133) 443 (137) 443 (145) 449 (150) 449 (161)

MA 3 382 (116) 382 (121) 405 (128) 405 (133) 405 (144) 405 (150) 405 (154)

MA 4

MA 5

MA 6

MA 7 3330 (59) 3331 (59) 3331 (60)

FA 1 355 (81) 361 (91) 397 (97) 398 (101) 398 (102) 405 (104) 414 (105)

FA 2

MS 8 1068 (42) 1068 (44) 1068 (46) 1068 (47) 1303 (48) 1303 (50) 1303 (51)

MS 9 476 (42) 476 (44) 516 (45) 516 (47) 537 (48) 537 (49) 537 (51)

MS 10 547 (39) 560 (40) 560 (42) 577 (43) 584 (45) 632 (46) 642 (48)

FS 3

FS 4 881 (38) 881 (39) 881 (40) 881 (42) 882 (43) 882 (45) 882 (47)

210 Fixes170 Fixes 180 Fixes 190 Fixes 200 Fixes150 Fixes 160 Fixes

Home-range Size (and Cumulative Tracking Period)

 
 

 

 

 

Fox ID

MA 2 457 (167) 469 (170) 474 (172) 474 (174) 474 (175) 537 (180) 537 (181)

MA 3 405 (157) 405 (159) 411 (160) 495 (165) 714 (168) 714 (169) 714 (203)

MA 4

MA 5

MA 6

MA 7

FA 1 429 (111) 437 (113) 464 (114) 464 (150) 464 (191) 464 (201) 464 (211)

FA 2

MS 8 1303 (53)

MS 9 537 (53) 537 (54) 543 (56) 543 (57) 636 (59) 636 (74)

MS 10 706 (50) 738 (51) 738 (52) 738 (57)

FS 3

FS 4 882 (48) 882 (49) 882 (50) 882 (53) 882 (63)

250 Fixes 260 Fixes 270 Fixes 280 Fixes220 Fixes 230 Fixes 240 Fixes

Home-range Size (and Cumulative Tracking Period)
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Appendix 6.2.  Continued… 

 

Fox ID

MA 2 537 (184) 537 (213)

MA 3 966 (247) 1036 (257) 1036 (267) 1036 (275)

MA 4

MA 5

MA 6

MA 7

FA 1 467 (219)

FA 2

MS 8

MS 9

MS 10

FS 3

FS 4

290 Fixes 300 Fixes 310 Fixes 320 Fixes

Home-range Size (and Cumulative Tracking Period)
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Appendix 6.3.  Minimum Convex Polygon (MCP) estimates (in hectares) for foxes not included in 

principal analyses due to insufficient sample size. Data are presented separately for home range, nocturnal 

range and diurnal range at 5 % isopleth intervals.  Note that results for MA 1 are not included as too few 

fixes were obtained to calculate a MCP.  Insufficient data also prevented use of the Kernel Contours 

method.  n = sample size (following the removal of fixes that exceeded threshold values: see section 

6.2.4.1). 

 

HOME 

Range

NOCTURNAL 

Range

DIURNAL 

Range

HOME 

Range

NOCTURNAL 

Range

DIURNAL 

Range

n  = 16 n  = 7 n  = 9 n  = 27 n  = 17 n  = 10

100 50.7 37.6 11.8 100 70.4 63.8 20.0

95 40.2 37.6 11.8 95 68.8 48.0 16.3

90 39.3 27.1 8.0 90 48.3 32.2 16.3

85 39.3 27.1 8.0 85 32.6 28.7 5.3

80 14.1 27.1 6.0 80 29.0 28.7 5.3

75 9.4 26.2 6.0 75 9.2 21.4 4.9

70 7.4 26.2 3.2 70 8.5 9.1 4.9

65 4.6 26.2 3.2 65 8.2 6.8 4.5

60 4.6 2.8 3.0 60 7.0 4.2 4.5

55 3.8 2.8 3.0 55 4.3 3.7 2.0

50 3.5 1.5 1.7 50 3.1 2.9 2.0

45 3.2 1.5 1.7 45 3.1 2.9 1.8

40 2.2 1.5 1.7 40 2.8 2.7 1.8

35 2.2 0.8 1.3 35 1.7 1.6 1.6

30 2.1 0.8 1.3 30 1.6 1.4 1.6

25 1.7 0.8 0.8 25 1.6 1.3 1.4

20 1.1 0.5 0.8 20 1.5 0.9 1.4

15 0.8 0.5 0.5 15 1.2 0.9 0.5

10 0.8 0.5 0.5 10 0.9 0.7 0.5

5 0.5 0.5 0.5 5 0.5 0.5 0.5

HOME 

Range

NOCTURNAL 

Range

DIURNAL 

Range

n  = 17 n  = 11 n  = 6

100 1491.7 1325.5 1045.4

95 1479.7 1314.8 1045.4

90 1468.9 1314.8 417.1

85 1352.2 1198.0 417.1

80 1352.2 1198.0 417.1

75 1177.8 1023.7 143.1

70 1123.1 1023.7 143.1

65 604.8 541.0 143.1

60 334.6 541.0 143.1

55 203.2 209.2 21.0

50 145.2 107.0 21.0

45 145.2 107.0 21.0

40 94.8 64.4 2.9

35 90.4 64.4 2.9

30 41.9 17.1 2.9

25 34.1 17.1 0.5

20 32.7 7.9 0.5

15 32.7 7.9 0.5

10 8.3 0.5 0.5

5 0.5 0.5 0.5

MCP 

%

FS 3

MA 5 FA 2

MCP 

%

MCP 

%
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Appendix 6.4.  Minimum Convex Polygon (MCP) and Kernel Contour estimates (in hectares) for the six 

adult foxes used in home-range analysis.  Data are presented separately for home range, nocturnal range 

and diurnal range at 5 % isopleth intervals.  Note that results are not presented on foxes for which < 50 

telemetry fixes in total were obtained.  n = sample size (number of fixes).  Kernel results are not 

presented where < 40 fixes existed. 

 
 

% MCP Kernel MCP Kernel MCP Kernel

100 585.2 – 478.7 – 306.6 –

95 427.4 264.5 309.7 324.7 173.0 116.6

90 296.0 176.4 257.1 252.8 115.9 81.4

85 263.1 104.2 243.4 213.3 115.1 58.4

80 239.5 71.5 227.2 147.1 84.6 43.5

75 211.5 47.8 210.4 106.9 79.1 31.8

70 194.5 34.1 193.0 75.6 68.1 24.4

65 186.4 24.4 188.5 49.6 50.4 21.4

60 143.8 17.8 176.4 27.9 36.5 18.7

55 112.9 15.5 165.0 19.8 26.1 16.3

50 106.1 13.6 135.2 16.3 17.3 14.4

45 86.7 11.7 121.2 12.9 13.0 12.5

40 70.5 9.9 110.0 9.8 9.6 10.7

35 46.0 8.4 86.2 7.3 8.3 9.0

30 25.3 6.9 69.6 6.1 6.8 7.5

25 17.6 5.6 40.5 4.9 6.3 6.1

20 13.0 4.3 19.5 3.8 4.8 4.7

15 9.0 3.2 11.2 2.8 4.1 3.4

10 6.2 2.1 5.4 1.8 3.6 2.2

5 4.9 1.0 2.3 0.9 1.4 1.1

% MCP Kernel MCP Kernel MCP Kernel

100 1290.5 – 629.4 – 1167.5 –

95 566.5 290.9 233.8 214.0 562.1 231.6

90 499.7 231.3 157.2 162.7 410.6 147.8

85 420.5 197.5 140.7 137.5 399.5 114.5

80 360.2 169.0 125.8 117.8 329.1 91.6

75 315.8 138.4 109.3 104.9 317.6 77.5

70 200.5 112.7 94.6 92.8 289.5 65.7

65 190.5 88.8 92.0 78.8 239.7 55.5

60 166.8 66.0 82.1 64.8 202.2 46.4

55 139.5 46.0 73.5 51.9 112.7 38.1

50 109.2 35.3 64.3 41.3 43.7 31.6

45 95.3 24.0 58.6 32.7 30.7 24.5

40 75.4 19.4 46.2 26.6 24.7 19.2

35 50.8 16.3 35.2 21.5 21.5 16.2

30 39.1 13.4 27.0 16.9 18.4 13.4

25 29.9 10.8 19.5 12.8 14.3 10.7

20 21.1 8.3 15.1 9.0 12.3 8.3

15 12.7 6.1 11.7 6.3 8.6 6.0

10 9.1 4.0 9.0 4.1 6.3 3.9

5 5.6 1.9 3.5 2.0 3.0 1.9

DIURNAL Range

n  = 149 n  = 180

NOCTURNAL Range

n  = 329

HOME Range

MA 3

MA 2

HOME Range NOCTURNAL Range DIURNAL Range

n  = 307 n  = 161 n  = 146
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Appendix 6.4.  Continued… 

 

% MCP Kernel MCP Kernel MCP Kernel

100 257.9 – 187.1 176.5

95 217.6 150.5 168.2 148.8

90 173.1 93.3 152.7 133.3

85 138.5 56.6 132.1 100.6

80 114.2 40.5 89.1 78.7

75 78.1 29.5 65.5 46.9

70 62.1 22.6 56.3 25.8

65 54.6 17.3 55.9 19.7

60 48.9 14.3 50.1 14.0

55 45.9 12.5 43.1 7.8

50 29.7 11.0 28.9 6.7

45 20.8 9.5 20.8 5.2

40 14.4 8.2 17.0 4.9

35 10.3 6.9 11.3 3.3

30 9.3 5.7 10.4 3.2

25 7.3 4.6 7.6 2.4

20 5.2 3.6 4.6 2.0

15 2.7 2.6 2.7 1.6

10 1.5 1.7 1.9 0.9

5 0.8 0.8 0.5 0.5

% MCP Kernel MCP Kernel MCP Kernel

100 1193.1 – 1079.3 694.4

95 1079.3 936.0 1076.0 618.7

90 1013.3 648.5 758.5 553.2

85 868.4 452.7 704.7 468.4

80 839.2 289.6 182.4 462.1

75 739.2 208.3 83.2 443.9

70 421.9 184.1 78.0 443.9

65 193.2 163.6 67.8 194.1

60 99.9 145.3 47.4 113.1

55 74.9 128.8 44.7 82.4

50 58.6 116.0 31.1 16.3

45 34.2 101.6 25.3 6.9

40 23.4 88.1 16.5 5.9

35 17.3 75.3 11.4 5.1

30 13.0 63.1 8.1 2.0

25 8.6 51.4 7.0 1.8

20 7.3 40.3 7.0 1.8

15 3.7 29.7 3.3 1.1

10 2.7 19.4 1.8 0.8

5 1.3 9.5 0.5 0.5

MA 4

HOME Range NOCTURNAL Range DIURNAL Range

n  = 29 n  = 20n  = 49

MA 6

HOME Range NOCTURNAL Range DIURNAL Range

n  = 23 n  = 18n  = 41
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Appendix 6.4.  Continued… 

 

% MCP Kernel MCP Kernel MCP Kernel

100 3451.1 – 3436.1 – 1876.8 –

95 2925.9 3196.1 2697.9 3291.9 1838.8 3514.3

90 2831.2 2238.9 2603.7 2341.8 1813.2 2750.0

85 2829.6 1693.9 2551.9 1681.5 1791.0 2219.4

80 2791.2 1335.4 2376.3 1277.3 1789.7 1866.9

75 2208.5 1120.0 2137.5 1046.4 1349.0 1541.0

70 1781.1 941.4 1842.6 851.0 953.6 1258.5

65 1744.1 785.3 1740.9 690.8 620.9 1020.8

60 1589.1 653.1 1584.7 578.9 615.0 824.0

55 1485.1 559.9 1431.4 476.9 542.9 649.8

50 1425.1 488.9 1368.8 399.5 222.5 523.1

45 1207.5 408.0 1160.0 310.7 216.8 406.3

40 1054.8 332.4 1010.9 227.3 94.0 319.0

35 811.0 261.3 745.0 149.0 88.8 238.1

30 726.4 193.8 135.7 106.7 81.6 177.7

25 95.4 131.3 68.4 86.8 45.0 143.6

20 54.1 90.9 54.7 67.9 17.2 111.5

15 43.7 52.8 46.1 49.8 14.5 81.3

10 21.2 30.3 22.6 32.5 9.7 52.8

5 11.0 14.8 9.6 15.9 0.6 25.8

% MCP Kernel MCP Kernel MCP Kernel

100 504.8 – 502.5 – 313.6 –

95 431.6 186.6 436.2 364.9 245.2 142.0

90 362.1 116.3 407.2 245.6 229.3 91.0

85 350.2 82.6 351.9 166.6 220.3 73.6

80 332.0 64.3 321.3 126.5 217.1 61.1

75 314.9 52.3 315.7 104.1 203.4 50.6

70 217.4 43.9 228.4 84.8 75.0 41.4

65 150.6 36.5 191.5 67.8 50.2 33.1

60 110.8 30.0 144.9 54.6 39.7 25.6

55 91.7 24.0 123.7 43.9 37.6 18.8

50 61.0 19.3 104.5 36.1 37.1 14.9

45 49.3 14.3 83.4 29.1 30.0 11.3

40 44.7 11.1 60.6 21.6 4.7 9.6

35 41.6 8.2 40.4 15.5 4.4 8.2

30 15.1 6.2 36.5 11.5 4.2 6.8

25 11.1 5.0 31.3 7.9 3.8 5.6

20 10.2 3.9 20.2 5.3 1.8 4.3

15 8.0 2.8 12.5 3.8 1.5 3.2

10 5.7 1.8 8.0 2.5 1.3 2.1

5 4.7 0.9 3.5 1.2 1.0 1.0

DIURNAL Range

FA 1

HOME Range NOCTURNAL Range DIURNAL Range

HOME Range NOCTURNAL Range

n  = 172 n  = 125 n  = 47

MA 7

n  = 291 n  = 148 n  = 143
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Appendix 6.5.  Minimum Convex Polygon (MCP) and Kernel Contour estimates (in hectares) for the 

four sub-adult foxes used in home-range analysis.  Data are presented separately for home range, 

nocturnal range and diurnal range at 5 % isopleth intervals.  Note that results are not presented on foxes 

for which < 50 telemetry fixes in total were obtained.  n = sample size (number of fixes). 

 

% MCP Kernel MCP Kernel MCP Kernel

100 1368.8 – 1368.8 – 140.4 –

95 1103.2 529.7 1104.2 654.2 89.9 85.1

90 1059.2 414.4 1070.6 488.4 84.2 60.2

85 1007.9 343.8 1041.0 406.3 44.0 43.1

80 694.7 288.0 951.4 348.3 36.6 31.0

75 334.4 242.4 607.4 300.9 32.4 24.7

70 305.2 213.6 332.7 257.4 27.8 20.1

65 289.5 188.7 271.4 220.9 23.5 16.3

60 198.6 166.1 230.2 194.7 19.6 13.7

55 143.6 145.1 181.4 171.8 19.1 11.9

50 124.3 128.1 170.1 154.5 17.1 10.4

45 103.5 107.8 140.1 135.6 15.4 8.9

40 85.6 85.3 107.9 117.9 12.9 7.3

35 74.1 69.0 82.4 100.8 7.3 5.7

30 54.7 55.4 69.0 83.9 5.7 4.0

25 45.1 42.6 61.5 66.5 3.1 3.1

20 38.6 26.7 50.7 46.2 2.1 2.4

15 33.4 15.7 41.4 30.0 1.4 1.7

10 22.1 9.9 20.2 16.1 0.8 1.1

5 10.6 4.8 7.0 6.7 0.6 0.5

% MCP Kernel MCP Kernel MCP Kernel

100 740.8 – 740.8 – 105.5 –

95 683.0 215.2 683.9 210.0 77.3 91.8

90 439.1 133.7 607.2 118.3 76.0 63.3

85 228.1 90.0 288.0 77.0 73.0 47.3

80 198.0 58.6 190.4 58.0 69.4 37.7

75 175.7 43.2 160.2 45.4 68.7 29.2

70 146.3 34.8 116.3 37.2 64.1 24.6

65 111.1 29.2 85.0 31.4 61.2 20.7

60 82.3 25.0 71.2 27.0 52.5 17.5

55 63.2 21.5 55.7 23.4 47.6 14.6

50 51.9 18.9 46.7 20.7 21.2 12.2

45 45.8 16.3 38.2 17.9 11.0 9.8

40 36.1 13.9 29.9 15.4 5.9 7.5

35 28.0 11.8 17.0 13.1 3.9 5.5

30 16.3 9.8 10.5 10.9 3.4 4.5

25 9.8 7.9 8.0 8.9 2.8 3.7

20 6.8 6.2 6.8 7.0 2.3 2.9

15 4.9 4.5 5.2 5.1 1.7 2.1

10 3.6 3.0 3.4 3.4 1.4 1.4

5 2.1 1.4 2.0 1.7 0.9 0.7

n  = 216 n  = 55

NOCTURNAL Range DIURNAL Range

n  = 180 n  = 44

n  = 271

MS 8

HOME Range

n  = 224

MS 9

HOME Range NOCTURNAL Range DIURNAL Range
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Appendix 6.5.  Continued… 

 

% MCP Kernel MCP Kernel MCP Kernel

100 785.3 – 785.3 – 69.5 –

95 506.1 161.7 513.6 205.4 49.7 17.0

90 306.1 94.0 367.3 122.2 46.3 10.2

85 216.0 58.0 243.9 74.1 43.7 7.1

80 176.1 45.2 202.4 46.2 39.8 5.4

75 139.8 37.7 162.0 35.7 25.8 4.7

70 123.7 31.7 145.6 27.7 8.1 4.2

65 100.1 26.7 125.9 22.8 5.5 3.7

60 80.0 22.4 103.8 19.4 3.8 3.3

55 63.3 19.1 83.2 16.6 3.0 2.9

50 48.6 16.6 61.8 14.5 2.5 2.6

45 36.9 14.1 50.4 12.4 2.2 2.2

40 24.7 11.8 35.5 10.5 2.0 1.9

35 18.7 9.8 24.0 8.8 1.8 1.6

30 15.2 8.0 15.9 7.2 1.6 1.4

25 12.8 6.4 12.6 5.8 1.5 1.1

20 10.9 4.9 10.2 4.5 1.2 0.9

15 8.1 3.5 6.9 3.2 1.1 0.6

10 5.4 2.2 4.2 2.1 0.8 0.4

5 2.7 1.1 2.2 1.0 0.7 0.2

% MCP Kernel MCP Kernel MCP Kernel

100 1009.9 – 1009.9 – 272.8 –

95 923.0 454.7 973.9 545.5 239.5 135.0

90 722.0 319.3 811.0 409.4 236.6 93.6

85 593.1 238.0 677.7 322.8 202.5 74.5

80 384.9 182.5 453.4 261.8 68.1 59.3

75 296.4 144.6 291.1 218.0 40.1 46.5

70 238.6 121.3 226.8 186.0 34.4 39.1

65 150.1 101.4 185.0 159.0 26.2 34.0

60 126.9 85.0 155.3 136.1 20.4 29.8

55 111.5 67.8 126.8 119.9 14.7 26.0

50 94.2 57.6 107.1 107.1 13.4 23.0

45 82.4 46.7 91.9 92.4 11.6 19.9

40 72.0 36.5 85.8 80.0 10.0 17.0

35 59.3 27.2 77.0 62.0 8.1 14.3

30 50.5 20.5 66.2 47.8 7.3 11.7

25 35.2 15.3 51.3 35.4 6.4 9.4

20 27.8 11.5 33.0 21.6 4.8 7.2

15 20.9 8.2 24.6 13.2 4.3 5.2

10 11.7 5.2 18.1 8.3 4.1 3.3

5 4.5 2.4 9.8 3.9 1.4 1.6

FS 4

MS 10

HOME Range NOCTURNAL Range DIURNAL Range

n  = 256 n  = 204 n  = 52

DIURNAL RangeHOME Range NOCTURNAL Range

n  = 49n  = 265 n  = 216
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Appendix 7.1.  Fox management techniques commonly used in Australia. 

 
Application

Ground Baiting     

with 1080 (sodium 

monofluoroacetate)

• 1080 poison is impregnated into 

cubes of dried or fresh meat, dried 

meat sausages, chicken heads or 

wings, day-old chicks or eggs.

• Baits are buried in shallow 

depressions or raised mounds of 

dirt at regular intervals along 

trails, fence-lines or other areas 

thought to be visited by foxes.

• Cost-effective.

• Baits are readily available to 

foxes 24 hours a day.

• Can be conducted year-round.

• Foxes are extremely susceptible 

to 1080 poison.

• Is time consuming when used 

over large areas.

• Potential risk of poisoning non-

target species.

• Foxes may take and cache 

multiple baits—increasing 

exposure to non-target animals.

• The most effective and widely 

used technique currently available 

for broad-scale fox control in 

south-eastern Australia.

• Suitable for most areas except: 

in remote locations where access 

is limited, near human habitation, 

or where risk of non-target 

poisoning is unacceptably high 

(e.g., near some Quoll (Dasyurus 

spp.) populations).

Aerial Baiting       

with 1080 (sodium 

monofluoroacetate)

• 1080 poison is impregnated into 

cubes of dried meat or sausages 

and dropped from low-flying 

aircraft at prescribed intervals 

along pre-determined transects 

over large tracts of remote land.

• Cost-effective.

• Baits are readily available to 

foxes 24 hours a day.

• Can be conducted year-round.

• Foxes are extremely susceptible 

to 1080 poison.

• Covers large, sparsely 

populated, remote areas that are 

otherwise practically inaccessible.

• Increased risk of poisoning non-

target species because uneaten 

baits cannot be collected and dried 

meat baits remain toxic for longer 

periods than fresh meat baits.

• Effective for broad-scale fox 

control in remote areas. 

• Most applicable in Western 

Australia were native animals are 

more resistant to 1080 than 

animals in eastern Australia.

• Used in areas of the Northern 

Territory and Queensland, and 

sometimes under special permits 

in South Australia and NSW where 

endangered species occur on 

public land.

Technique Procedure Advantages Disadvantages
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Appendix 7.1.  Continued… 

 

Application

Ground Shooting • Usually done from a vehicle at 

night with the aid of a spotlight, 

but can also be done during the 

day.

• In rural areas ‘battues’ (fox 

drives) are sometimes used; 

where a line of people making lots 

of noise walk through a small area 

of likely fox habitat (e.g., dry 

swamp) to flush foxes into a line 

of armed hunters.

• Very target specific.

• 'Battues' may be effective at 

removing foxes that escape other 

control methods.

• Both methods are time 

consuming and labour intensive.

• Shooting is biased toward 

removing younger, less wary foxes 

which does not necessarily result 

in reduced fox impact or long-term 

population declines.

• Shooting is not suitable close to 

human habitation or in areas of 

dense cover.

• ‘Battues’ can only cover very 

small areas.

• Produces only temporary and 

localised reduction in fox numbers 

and impact.

• Inefficient for large-scale fox 

control aimed at significant longer-

term reduction of fox numbers.

• Most suited for small-scale 

operations and as a 

complementary approach to other 

techniques.

Hunting                  

with Dogs

• Small dogs (e.g., terriers) are 

placed in dens to flush-out foxes.

• Fleeing foxes are either killed 

with shotguns or coursed with 

larger dogs.

• Can be used to remove nuisance 

foxes from sensitive areas (e.g., 

near lambing paddocks).

• Time consuming and labour 

intensive.

• Requires knowledge of active 

den locations.

• Inhumane.

• Not effective as a general fox 

control method.

• Produces only temporary and 

localised reduction in fox numbers 

and impact.

• Cannot be condoned due to 

animal welfare concerns.

Trapping              

with                    

Cage Traps

• Olfactory lures are placed inside 

wire mesh cage traps (typical 

dimensions: 900 mm x 450 mm x 

450 mm) equipped with spring-

loaded doors.  The traps are 

activated when foxes stand on a 

treadle plate or move a hook 

mechanism connected to the lure.

• Trapped foxes are either 

euthanased by shooting at the site 

of capture or taken to an 

appropriate location away from 

residential areas to be shot.

• Results in fewer injuries than 

other forms of traps.

• Non-target animals can generally 

be released unharmed.

• Time consuming and labour 

intensive.

• Generally ineffective in rural 

environments where foxes are 

more suspicious of human 

structures and scent.

• Success is largely dependent on 

the expertise of the operator.

• Traps must be inspected daily to 

prevent prolonged suffering.

• Not suitable in adverse weather 

conditions.

• Not effective as a general fox 

control method.

• Most suited for controlling 

nuisance animals in urban areas 

where foxes are less wary of 

human scent and entering 

restricted spaces.

Technique Procedure Advantages Disadvantages
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Appendix 7.1.  Continued… 

 
Application

Trapping               

with                  

Padded-jaw         

Foot-hold Traps

• Foot-hold traps with padded 

jaws are buried in shallow holes 

and carefully camouflaged with 

leaves etc.  

• Traps are placed in areas 

frequented by foxes and anchored 

with short lengths of chain to 

stakes or fixed objects such as 

rocks or logs.

• Olfactory lures are placed in 

locations where foxes are likely to 

step on the trap’s treadle plate 

when attempting to smell the lure.

• When successfully set-off, the 

traps hold the animal by the foot, 

preventing its escape. 

• Trapped foxes are euthanased 

by shooting whilst held by the 

trap.

• Can be used to remove nuisance 

foxes (e.g., at poultry sheds).

• Time consuming and labour 

intensive.

• Only suitable at locations where 

foxes can be killed by shooting 

while still held in the trap.

• Success is largely dependent on 

the expertise of the operator.

• Potential to cause significant 

suffering and distress.

• Traps must be inspected at least 

daily to prevent prolonged 

suffering.

• Not suitable in adverse weather 

conditions.

• Traps are not target specific—a 

wide range of non-target species 

may be caught and injured.

• Not effective as a general fox 

control method.

• Most suited for controlling 

nuisance animals or for research 

purposes where live capture is 

required.

Bounty Systems • A financial incentive is offered to 

hunt and destroy foxes, whereby a 

payment is provided when part or 

all of a fox is presented as proof of 

its death (e.g., scalp, tail etc.).

• Raises awareness of the impact 

of foxes.

• Provides added incentive and 

increases participation in fox 

control.

• Extremely expensive.

• Vulnerable to fraudulent 

practices.

• Encourages the use of inefficient 

methods. 

• Creates a source of income that 

offers little incentive for long-term 

reduction in fox numbers.

• Mostly removes young, naïve or 

decrepit foxes which does not 

necessarily lead to reduced fox 

impact or damage.

• Have frequently been used 

against foxes but with little impact 

on overall numbers.

• Not effective as a general fox 

control method.

• Not recommended.

Technique Procedure Advantages Disadvantages
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Appendix 7.1.  Continued… 

 
Application

Den Fumigation 

using Carbon 

Monoxide

• The entrances of a natal fox den 

are blocked-off and a carbon 

monoxide cartridge is placed 

inside.

• The cartridge contains a fuse, 

which once ignited, actives 

components to produce carbon 

monoxide and kill the den’s 

inhabitants.

• Economical.

• Is target specific if den is 

monitored for non-target use prior 

to fumigation.

• Can eliminate an entire fox litter 

simultaneously.

• Appears to be humane provided 

procedures are correctly followed.

• Not affected by adverse weather 

conditions.

• Requires knowledge of active 

den locations.

• Not suitable for use in areas 

where fire risk is high.

• Not effective as a general fox 

control method.

• May locally reduce fox numbers 

and/or remove nuisance animals.

• Most suitable where other 

management techniques are not 

appropriate.

• Should be strategically used as a 

complementary technique during 

coordinated fox control 

campaigns.

Predator-exclusion 

Fencing

• Tall mesh and/or electrified 

fences are placed around areas 

containing vulnerable animals to 

act as a barrier to foxes and other 

predatory species.

• Not affected by weather.

• Provide constant protection.

• Can be used in areas close to 

human habituation.

• Are humane provided they are 

correctly designed and 

constructed.

• Extremely expensive.

• Require ongoing and regular 

maintenance.

• Can prevent movement and 

affect foraging behaviour of native 

species such as echidnas and 

goannas.

• Cannot guarantee exclusion of 

foxes.

• If fences are breached, surplus 

killing by foxes may occur with 

potentially catastrophic 

consequences where endangered 

species are being protected.

• Can be visually intrusive in 

urban/semi-urban areas.

• Useful for protection of 

threatened wildlife species and 

other valuable animals.

• Generally impractical for broad-

scale application owing to the 

extreme cost.

• For private agricultural 

enterprises, mainly restricted to 

small paddocks and poultry 

enclosures.

Technique Procedure Advantages Disadvantages
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Appendix 7.1.  Continued… 

 
Application

Guard/      

Companion Animals 

• Animals (e.g., maremma dogs, 

alpacas, donkeys) are trained to 

live with species that are 

vulnerable to fox predation.

• The guard/companion animals 

are encouraged to form strong 

social bonds with the vulnerable 

species and act as deterrents to 

foxes.

• Economical.

• Do not require constant 

supervision.

• Alpacas and donkeys are 

herbivorous and do not require 

separate feeding.

• Guard dogs may occasionally 

chase or attack the vulnerable 

species they are designed to 

protect.

• Guard dogs may cross fences 

and roam beyond the area they 

are intended to protect.

• Guard dogs must be fed daily.

• May cause mismothering by 

interfering with vulnerable species 

during birthing.

• Most suited for small to medium-

scale operations and as a 

complementary approach to other 

techniques.

• More appropriate for livestock 

protection than for wildlife 

conservation.

References for Appendix 7.1:  Saunders et al. (1995); Sharp & Saunders (2004a, 2004b, 2004c, 2004d, 2004e, 2004f, 2007); Saunders & McLeod (2007).

Technique Procedure Advantages Disadvantages
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Appendix 7.2.  The bait-uptake recording sheet completed by landholders participating in the 2008 BBCMN Community Fox-Baiting Program. 

 

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20

Mon 3 March

Tue 4 March

Wed 5 March

Thur 6 March

Fri 7 March

Sat 8 March

Sun 9 March

Mon 10 March

Tue 11 March

Wed 12 March

Thur 13 March

Fri 14 March

Sat 15 March

Sun 16 March

Mon 17 March

Tue 18 March

Wed 19 March

Thur 20 March

Fri 21 March

Sat 22 March

Sun 23 March

Mon 24 March

Tue 25 March

Wed 26 March

Thur 27 March

Fri 28 March

Sat 29 March

Sun 30 March

Mon 31 March

Tue 1 April

Wed 2 April

Thur 3 April

Bait Stations
D

a
te

 C
h

e
c
k

e
d

LEGEND

           = Fresh Bait Laid              T = Bait Taken              N = Bait NOT Taken              E = Bait EXPOSED but NOT Taken              ? = Station Disturbed by Stock: Unable to Locate Bait                        = Fox Poo Present
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Appendix 7.3.  The number of telemetry fixes situated within 100 m distance bands from public roads 

within the study area.  Figures in parentheses refer to the percentage of fixes (total number = 2205) 

occurring within each distance band.  For comparative purposes, the number of random locations 

positioned within each distance band is also provided.  For additional details on radio-tracking methods 

refer to Chapter 6. 

 

Number of TELEMETRY 

FIXES Within Distance 

of Public Road

Number of RANDOM 

LOCATIONS* Within 

Distance of Public 

Road

100 300   (13.6) 403   (18.3)

200 763   (34.6) 748   (33.9)

300 1121   (50.8) 1046   (47.4)

400 1457   (66.1) 1335   (60.5)

500 1660   (75.3) 1589   (72.1)

600 1855   (84.1) 1769   (80.2)

700 1975   (89.6) 1919   (87.0)

800 2078   (94.2) 2033   (92.2)

900 2128   (96.5) 2107   (95.6)

1000 2173   (98.5) 2154   (97.7)

1100 2194   (99.5) 2186   (99.1)

1200 2205   (100) 2205   (100)

Distance (m) 

From Public 

Road

* The position of random locations was determined by calculating a

100 % Minimum Convex Polygon (MCP) around each fox's telemetry

fixes (with no buffer to account for telemetry error: for additional details

see Chapter 6). Using Hawth's Analysis Tools for ArcGIS (Beyer 2004),

I then generated the same number of random points within each fox's

100 % MCP as there were telemetry fixes for that fox. For example, fox

FA 1 had 291 telemetry fixes so I generated 291 random locations within

her 100 % MCP. After doing this for all foxes, I then combined all

random points into one GIS layer (ArcMAP™ 9.3) and calculated the

number of random locations within each distance band of public roads.
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Appendix 7.4.  The length of public road (km) contained within the 95 % Minimum Convex Polygon 

(MCP) home-range areas of foxes radio-tracked throughout the study area during 2007–2008.  Note that 

results are not presented for foxes on which < 50 telemetry fixes were collected.  Refer to Chapter 6 for 

additional details on radio-tracking methods. 

 

MA 2 466 4.6

MA 3 605 6.2

MA 4 245 2.8

MA 6 1136 11.1

MA 7 3033 34.6

FA 1 467 5.5

MS 8 1167 8.7

MS 9 728 5.2

MS 10 547 2.4

FS 4 974 9.0

Mean 9.0

 ± SD ± 9.4

Range 2.4–34.6

Length of Road (km) 

Within 95 % MCP

95 %  MCP Home-

range Area (ha)
Fox ID
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Appendix 7.5.  Detailed description of the movements of fox MS 8 prior to his death (as determined by 

radio-tracking). 

 
Between the hours of 2030 and 2130 on the 25/03/2008, fox MS 8 travelled 5.3 km in an 

uncharacteristically direct and rapid manner.  After travelling 2.7 km beyond his home-range 

boundary (100 % MCP), the movement of MS 8 stopped abruptly at approximately 2200 hrs.  

For the next three hours his collar continued to transmit an ‘active signal’ but he remained in an 

unusually small area (≈ 2 ha).  Between the hours of 0100 and 0700 (26/03/2008),  

no further movement was detected and his collar transmitted an ‘inactive signal’.  At this point  

I suspected MS 8 had consumed a 1080 bait and died.  However, at 0730 hrs his collar began 

transmitting an active signal, so I subsequently assumed he was alive.  I returned to the same 

location later that evening and remotely monitored the activity of MS 8 from approximately 

1900 hrs to 0700 hrs.  During this entire period, no movement was detected and the collar 

transmitted an inactive signal.  However as was the case the previous day, at approximately 

0730 hrs (27/03/2008) his collar began transmitting an active signal.  I returned later that day to 

directly investigate and upon travelling to the location where the signal had been transmitting 

for the previous 36 hours (a large open paddock), the only remaining evidence of MS 8 was his 

skull and cervical vertebrae (with the radio-transmitter collar attached) (Plate A1).  Subsequent 

discussions with the landholder confirmed the presence of a pair of Wedge-tailed Eagles (Aquila 

audax) feeding in the paddock during the previous two days (pers. communication,  

C. Lancaster, 28 March 2008).  

 

Based on this sequence of events I suspect that MS 8 ingested a 1080 bait sometime before 2030 

hrs on the evening of the 25/03/2008 and died sometime between 0100–0700 hrs  

(26/03/2008).  Moreover, the active signal from the radio-transmitter collar following sunrise on 

the 26/03/2008 and 27/03/2008 was almost certainly caused by Wedge-tailed Eagles feeding on 

MS 8’s carcass. 

 

 

 
Plate A1.  The remains of fox MS 8; suspected of ingesting a 1080 bait and subsequently being consumed 

by Wedge-tailed Eagles (Aquila audax). 


