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Abstract 

Kakadu National Park is nationally and internationally recognised for its natural and 

cultural heritage assets, including its exceptional biodiversity. In recent years, there has 

been growing evidence to suggest that elements of Kakadu's biodiversity, particularly 

the small-medium sized mammals, may be undergoing substantial change. In this thesis 

I seek to investigate further the extent and magnitude of these changes. I also explore 

the role of a number of key threatening processes (fire regimes, feral cats and cane 

toads) in these changes. Finally I give detailed consideration to the current biodiversity 

monitoring programs in Kakadu National Park, the appropriateness and adequacy of 

these programs and how they can be improved to better inform management in the 

future. 

Changes in mammal populations were originally identified at the Kapalga Research 

Station in the north of the Park. Significant and rapid declines were recorded for a 

range of taxa including rodents, dasyurids, possums and the only bandicoot species 

known to occur there. During this study I have demonstrated that mammal populations 

elsewhere in Kakadu are also changing, but the species involved and the direction and 

magnitude of these changes is not uniform. I have found that some species, such as the 

Arnhem rock rat, appear to be declining across the Park and these species need to be the 

focus of dedicated conservation programs in the future. I have also shown that fire 

regimes are an important determinant of the distribution and abundance of some 

mammal species in Kakadu and that the current regimes in Kakadu are contributing to at 

least some of the observed changes in mammal populations. In addition I have 

demonstrated the short term impacts of cane toad colonisation on biodiversity in the 

Park, and have provided a preliminary assessment of the distribution and density of feral 

cats in the Park, both key threatening processes that continue to demand further 

consideration as part of attempts to address the current changes in mammal status in 

Kakadu and the region more broadly. 

Prior to the commencement of this study the extent and cause of changes in mammal 

populations were unclear. As a result the response from management was delayed and 

generally non-strategic. A primary reason for the uncertainty in both cases was the lack 

of ongoing information about the status of mammal populations (and biodiversity in 

general) over time, and the factors affecting it. The absence of monitoring programs 
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that could provide this information has been a fundamental hurdle to the management 

and conservation of biodiversity in the Park. I propose in this thesis that current 

monitoring programs (of which there are few) need to be expanded and enhanced to 

provide management with adequate and robust information about biodiversity (and 

particularly threatened species and those undergoing change such as small mammals) 

and how that biodiversity is affected by key threatening processes and management 

programs 
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Introduction 

In this thesis I describe a broadscale investigation into the current status of small 

mammals in Kakadu National Park, and explore the relationship between temporal 

changes in mammal populations and a range of threatening processes currently acting in 

Kakadu National Park. Like much of the Northern Territory, Kakadu National Park is 

characterised by large tracts of what is considered to be relatively undisturbed native 

vegetation supporting an intact native fauna. Yet recent evidence suggests that all may 

not be well in Kakadu, and parts of that diverse fauna, namely the small-medium sized 

mammals may be in decline. There are similarities between these observed declines of 

mammals in Kakadu and those recorded from elsewhere in Australia. Most striking 

amongst these is the difficulty faced by managers in identifying the cause/s of decline 

from the many, potentially interacting, processes that may threaten native mammals. 

This introductory chapter provides background into the broader issue of mammal 

decline in Australia, before considering the current situation in Kakadu and the role of 

long-term monitoring in improving our understanding of changing mammal populations 

and the factors that may be contributing to that change. This discussion will set the 

scene for the following chapters in which changes in the small mammals of KNP will be 

assessed through the re-sampling of a set of historical surveys undertaken in the Park 

over the last 30 years or so, and the impact of some of the main threatening processes at 

work in the Top End on the mammal fauna of Kakadu National Park are investigated. 

To complete this body of work I then investigate some of the issues associated with 

developing and implementing a monitoring program that will inform managers of the 

status of small-medium sized mammals and the factors that are influencing their 

ongoing conservation in the Park, taking into account the challenges involved with 

developing programs that are capable of both detecting change and providing reliable 

insight into the cause of that change. 

Biodiversily loss in Australia 
Australia has a depressing history of biodiversity loss, despite an apparent pride in its 

reputation as a nation concerned about environmental management and conservation 

(Whitehead 2000). Since European settlement some 200 years ago, many native fauna 

species have suffered extensive range contractions and in many cases extinctions. The 

loss of species has been distributed unevenly amongst the major taxonomic groups. 
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There are no confirmed extinctions of reptiles in Australia. despite a number of species 

being highly restricted geographically (Morton 1990). A total of 24 bird species or 

subspecies are considered extinct in Australia (though 21 of these formerly occurred on 

Australia's island territories (Garnett and Crowley 2000) and a range of bird species 

have declined in arid and semi-arid areas, temperate grasslands and woodlands, and the 

northern savannas (Franklin 1999; Franklin el al. 2005). However, by far the greatest 

and most devastating changes on mainland Australia have occurred within the 

mammalian fauna (Woinarski et al. 2001a; Sattler and Creighton 2002). 

Australia's terrestrial mammalian fauna consists of 305 indigenous species and a 

further 26 exotic species (Sattler and Creighton 2002). Of the indigenous species, a very 

high proportion (258 species (85%)) are endemic, with most of the remaining 47 

species also occurring in New Guinea and/or nearby islands. Australia also has the 

unfortunate distinction of the worst record for mammalian conservation of any country 

or continent (Ceballos and Brown 1995). Of all mammal extinctions recorded 

worldwide in the past 200 years, nearly fifty percent have occurred in Australia (Short 

and Smith 1994). In total, twenty-two species of mammals have become extinct in 

Australia in this period and a further eight species currently persist only on coastal 

islands (Sattler and Creighton 2002) (Table 1.1 and Table 1.2). An additional two 

rodents have become extinct on Christmas Island (one of Australia's island territories). 

In addition to this unparalleled number of extinctions, very extensive contractions in 

geographical distributions have also been recorded for many species (Woinarski ci al. 

2001a; Sattler and Creighton 2002). 

The mammal fauna of Australia has suffered significant declines during the recent 

geological past, with 67 species becoming extinct over the last one hundred thousand 

years (Johnson 2006). These extinctions occurred in three distinct waves: in the late 

Pleistocene (between 130,000 and 10,000 years ago), during the Holocene (10,000 to 

200 years ago) and then in the period following European settlement some 200 or so 

years ago. During the Pleistocene extinctions, over 50 species of mainly large 

marsupials ('the megafauna") were lost. In the Holocene it was the last of the 

remaining large carnivores lost from the mainland, and in the most recent wave of 

extinctions (post European settlement) an additional ten marsupials and eight rodents 
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have been lost. In addition, Maxwell et al. (1996) suggest that one quarter of remaining 

marsupials are now threatened with extinction. 

Table 1.1 Extinct Australian mammals species, ignoring translocations (modified 
from Sattler and Creighton, 2002). 

•Ext inct Australian•mammal species SpeciesFInow persisting only on islands  
Family Thylacinidae Family Peramelidae 
Thy/ucinus cynocepha/us Tasmanian Tiger Perameles bougainville Western Barred 

bandicoot 
Family Peramelidae 
Perameles eremiana Desert Bandicoot 
Chaeropus ecaudatus Pig-footed Bandicoot 
Macrotis leucura Lesser Bilby 
Family Potoroidae 
Bettongia pusilla Nullarbor Dwarf Bettong 
Caloprymnus campestris Desert Rat-kangaroo 
Potorous plalyops Broad-faced Potoroo 

Family Macropodidae 

Family Potoroidae 
Bettongia gaimardi Tasmanian Bettong 
Bettongia lesueur Burrowing Bettong 
Family Macropodidae 
Lagorchestes hirsutus Rufous Hare-wallaby 
Lagostrophusfasciatus Banded Hare-wallaby 
Family Muridae 
Leporil/us conditor Wopikara, Greater Stick-
nest Rat 
PseudoniysjIeldi Djoongari, Shark Bay 
Mouse 

Lagorchestes asomatus Central Hare-wallaby 
Lagorchestes leporides Eastern Hare-wallaby 
Macropus greyi Toolache Wallaby 
Onvchoga/ea lunata Crescent Nail-tail Wallaby 
Family Muridae 
Coni/urus albipes Parroo. White-footed Tree-rat 
Lepori/lus apica/is Djooyalpi, Lesser Stick-nest Rat 
Notomys amp/us Yoontoo, Short-tailed Hopping Mouse 
Notomys longicaudatus Koolawa, Long-tailed Hopping 
Mouse 
Notomys niacrotis Noompa, Big-eared Hopping Mouse 
Notomvs niordax Payi, Darling Downs Hopping Mouse 
Notomys sp. Great Hopping-mouse 
Pseudomys glaucus Blue-Grey Mouse 
Pseudomys gouldii Koontin, Gould's Mouse 
Pseudomys sp. Basalt Plains Mouse 
Family Pteropodidae 
Pteropus brunneus Percy Island Flying-fox 

The third period of mammalian species loss in Australia began with the arrival of 

European settlement in 1788 and is apparently continuing today. Evidence of the nature 

and timing of this change comes from a number of sources including early scientific 

records, analysis of subfossil material and chronicling of local Aboriginal knowledge 

(Burbidge etal. 1988; Baird 1991; Archer etal. 1998; Woinarski etal. 2001b). Declines 

in mammal populations across most of the country appear to follow the expansion of 

3 
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pastoral activities. Early scientific collections indicate that in western New South 

Wales waves of mammal decline occurred after initial European contact in the late 

I 700s and again at the turn of the twentieth century (Dickman et al. 1993; Dickman 

1994). 

The timing of the onset of mammal declines in Central Australia has been estimated 

using detailed information collected during a number of expeditions (the 1896 Horn 

Expedition and subsequent re-visits by some of the participants of that expedition; and 

the expeditions of H.H. Finlayson in 1931 and 1935 and again in 1950-1956) (Spencer 

1896; Finlayson 1961). These expeditions provided documentation of a fauna suffering 

massive declines. Finlayson (1961) noted that these declines were not uniform across 

the landscape, rather showing some correlation with the distribution of rabbits, foxes 

and/or pastoralism. In all areas, changes to the mammalian fauna have been 

characterised by a rapid and dramatic decline in species diversity, with the status of 

many species changing from relatively common to rare or extinct within one to two 

decades (Woinarski ci al. 2001a). 

Patterns of mammal decline and extinction 

Taxonomic and ecological patterns of decline 
Not all Australian mammals appear to be equally vulnerable to decline or extinction. 

The most affected taxonornic groups have been the small to medium sized macropods 

and the larger dasyurids. bandicoots and rodents (see Table 1.1 and 1.2 and Figure 1.1) 

(Woinarski ci al. 2001a; Sattler and Creighton 2002). Ecological traits, habitat and 

dietary preferences also contribute to a species' vulnerability. Ground dwelling species 

(i.e. those that inhabit or live predominantly on the ground surface) have been affected 

more than flying species, arboreal species and those that burrow or utilise rockpiles for 

shelter (Burbidge and McKenzie 1989; Morton 1990; Short and Smith 1994; Smith and 

Quinn 1996; Sattler and Creighton 2002). For example, amongst the small to medium 

sized macropods. the rocky habitat specialists of the genus Peiro gale appear to be 

generally stable and have not suffered major declines or extinctions in any region in 

Western Australia (Burbidge and McKenzie 1989). though there have been some 

significant declines recorded for some populations in southern Australia eg. Petrogale 

lateralis (Kinnear ci al. 1988). This is in stark contrast with species of similar size that 

nest and forage on the surface of the ground or in very shallow burrows (including 

'A' 
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bettongs, nail-tail wallabies and hare wallabies) that have suffered major declines and 

extinctions in Western Australia and central Australia (Burbidge and McKenzie 1989; 

Short and Smith 1994). In addition, herbivores and omnivores appear to be more 

susceptible to decline or extinction than carnivores (Burbidge and McKenzie 1989; 

Morton 1990; Short and Smith 1994), presumably as a result of their sensitivity to 

changes in vegetation structure and composition. 

Geographic patterns 

Figure 1.2 illustrates the number of mammal extinctions recorded in each of the 85 

IBRA bioregions in Australia. The highest numbers of extinctions have been recorded 

in the and and semi-arid areas of South Australia, Western Australia and the Northern 

Territory. Relatively high numbers of extinctions have also occurred around the Pilbara 

area of Western Australia, in the rangeland areas of western Victoria and New South 

Wales and along the eastern seaboard straddling the New South Wales/Queensland 

border. In contrast, the tropical north of the country, all but the south-western districts 

of Queensland, the mesic northeast and coastal fringes of New South Wales and 

Victoria and the entirety of Tasmania appear to be largely unaffected by local 

extinctions (Short and Smith 1994; Sattler and Creighton 2002). 

5 
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Figure 1.1 Patterns of attrition in different types of mammals in each IBRA region. 
A high mammal attrition index means most species are extinct or declined in the 
region (taken from Sattler and Creighton, 2002). Note: IBRA regions are the 
reporting unit for assessing the status of native ecosystems and their protection in 
the Australia's National Reserve System (Thackway and Creswell. 1995). 
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Figure 1.2. Australia, showing number of mammal extinctions in each IBRA 
region since European colonisation. (From Sattler and Creighton, 2002). 
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Areas of high mammalian species loss (or extensive range contractions) generally fall 

within Australia's rangelands. The rangelands of Australia are characterised by low or 

erratic rainfall and as such are unsuitable for agricultural cropping or improved pastures. 

However, livestock is successfully grazed on native vegetation throughout most of the 

rangelands (National Rangeland Management Working Group 1996). As a result of 

these factors, introduced herbivores and climatic patterns have been implicated in the 

decline of mammals. Indeed patterns of species loss are strikingly similar to the 

observed pattern of rainfall across the continent: the drier the region, the greater the 

extent of mammalian species loss (Sattler and Creighton 2002). These and other factors 

potentially contributing to mammalian extinctions will be discussed further in the 

following sections. 

Potential Causes of Mammal Decline 

The most comprehensive review of mammal status in Australia to date (The Australian 

Terrestrial Biodiversity Assessment (Sattler and Creighton, 2002)) found that patterns 

of mammal attrition are most closely related to rainfall patterns, with body weight, 

ability to fly and landscape stress significant interacting factors. In this review, 

landscape stress was a cumulative measure, representing the effect of pastoral use, 

vegetation clearing, altered fire regimes, coverage of indigenous plant species, 

introduced animals (herbivores and predators), invasive weeds and salinity (Sattler and 

VA 
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Creighton 2002). Of these, impacts of pastoral use, vegetation clearing, altered fire 

regimes and introduced species have been previously identified as the most likely 

factors leading to mammal decline in Australia (Braithwaite el at. 1984; Friend and 

Taylor 1984; Kinnear ci al. 1988; Burbidge and McKenzie 1989; Morton 1990; Short 

and Smith 1994; Smith and Quinn 1996; Braithwaite and Muller 1997; Kinnear ci at. 

1998; Woinarski ci al. 2001b) so the analysis presented in Sattler and Creighton (2002) 

did little to elaborate on what has already been reported in the scientific literature. The 

report did however illustrate the difficulty associated with isolating important causal 

factors and highlighted the likely involvement of many, if not all of these factors, in the 

decline of many mammal species. Various authors have made some attempt at isolating 

the role of each of these factors in the decline of some species, and it is useful to 

consider these cases briefly here. 

The Critical Weight Range 

As discussed in preceding sections. some taxa appear to be more prone to decline than 

others. Within these major taxonomic groups vulnerability to extinction appears to be 

related to body weight. Through analysis of species loss in Western Australia. Burbidge 

and McKenzie (1989) noted that almost all mammals that had suffered decline or 

extinction were confined within the weight range of 35 g to 4200 g. Expanding their 

analysis beyond Western Australia. Burbidge and McKenzie found that this "Critical 

Weight Range (CWR)" for the rest of Australia is 35 g to 5500 g. 

Why species within this CWR are so vulnerable is unclear, although it has been 

suggested that the metabolic demands of species of this size are so high that it makes 

them particularly susceptible to changes in habitat availability and quality (Burbidge 

and McKenzie 1989). In their hypothesis, Burbidge and McKenzie suggest that 

vulnerability is associated with resource availability. Disturbance of any kind that alters 

the resources available within a particular habitat will primarily affect those species 

whose metabolic demands require constant access to food resources. Species whose 

mean body weight lies above the CWR are thought to be capable of expanding their 

range to overcome local shortages, while those below the CWR are thought to be able to 

more successfully occupy smaller areas of habitat with fewer resources. The CWR 

species lack the mobility of larger species but require larger patches of more resource-

rich habitat than smaller mammals. The result is a greater sensitivity to change in the 

8 
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amount and quality of habitat available and ultimately increased vulnerability to decline 

or extinction. In addition, the upper limit of the CWR may reflect a maximum weight 

at which mammals are still susceptible to predation by cats, a factor frequently 

implicated in the modern decline of Australia's mammal fauna (Dickman 1996; Risbey 

et al. 1999; Johnson 2006). 

Although generally accepted by the scientific community for some time, the CWR 

concept has come under scrutiny, following a re-analysis of the data (Cardillo and 

Bromham 2001). In their review of the data available from the literature, Cardillo and 

Bromham found that the significance of the CWR may really be an artefact of the 

apparent lower susceptibility to extinction of smaller mammals, rather than the 

proneness to extinction of medium sized mammals (ie. those in Burbidge and 

McKenzie's CWR). Brook and Bowman (2005) showed that this susceptibility results 

from allometric relationships whereby maximal population increase is scaled to body 

mass (W) by W °25  and generation length is scaled W°25. As a result, larger species are 

able to persist if chronic mortality occurs at a generational length, but if it occurs at 

annual rate they are more likely than smaller species to go extinct (Brook and Bowman 

2005). This relationship explains the size bias of the Pleistocene megafauna extinctions 

and may also explain why some species appear to be more susceptible to the processes 

driving the modern declines in mammals. Further recent analysis (Johnson and Isaac 

2009) has shown that aong ground-dwelling species and those from low rainfall areas, 

declines and extinctions have been strongly size-selective and focused within the CWR. 

Torpor and Hibernation 

The maintenance of body temperature, particularly for small mammals, is a highly 

energy intensive process, demanding continuous availability of energy. For species 

who employ a wholly homeothermic pattern (ie. maintain a constant high body 

temperature) this requires ongoing foraging efforts and therefore potentially prolonged 

periods of exposure to predation. Geiser and Turbill (2009) demonstrated that species 

that employ periods of torpor have lower energy demands, require shorter foraging 

periods and are therefore less vulnerable to predation. Their research showed that 

amongst the 61 recently extinct species studied, 93.5% were homeothermic. In 

Australia, all species that have become extinct in the past 200 years were 
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homeothermic. The research shows that the use of periods of torpor may be an 

important attribute of small mammals for avoiding extinction (Geiser and Turbill 2009). 

Introduced species - herbivores 

Introduced animals, both herbivores and predators, have been significantly implicated in 

mammal declines, particularly in the arid regions of Australia. Introduced herbivores 

include cattle, sheep, donkeys. horses, camels, goats, pigs and rabbits. Amongst the 

herbivores, all but the rabbit and the camel are hoofed species, a characteristic that no 

native Australian species possess. Rabbits directly compete with native species for food 

and burrow sites and as such they have been implicated in the mainland extinction of 

the burrowing bettong Beltongia lesueur (Morton 1990). In addition, high density 

rabbit populations can support high numbers of predators, particularly cats that will also 

prey on native species (Morton 1990). 

The most dramatic loss of mammals has generally occurred within the rangelands of 

Australia. where livestock are managed on pastoral leases where they graze on native 

vegetation as opposed to paddocks of cultivated pasture grasses. Aside from competing 

with native species for food resources these hoofed species can cause severe 

degradation to the landscape, including massive changes to vegetation composition and 

structure and compaction and erosion of soil, particularly around watering areas where 

densities are often greatest (Morton 1990). The removal of surface vegetation also robs 

many surface dwelling native species of shelter sites, a factor that may increase their 

vulnerability to predation. 

Morton (1990) developed an explanation for the decline of central Australian mammals 

that implicates both introduced herbivores (cattle and rabbits) and erratic rainfall 

patterns. The hypothesis is based on the idea that within a native species' range there 

are pockets of high quality habitat (in terms of food and shelter) located within a mosaic 

of poorer quality habitat. These resource-rich patches become particularly important 

during drought periods. However at such times, these patches (which are often located 

near permanent water) also become particularly attractive to introduced animals, 

including livestock and rabbits. Competition for food then develops between introduced 

and native species, and burrowing sites and shelter may be disturbed or trampled. In 

addition. the concentration of animals in this high quality habitat may attract feral 

predators like cats or foxes, leading to increased predation. Ultimately, local native 

10 
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species may suffer localised extinctions as a result of their inability to compete with 

introduced herbivores and greater susceptibility to introduced predators (or both). The 

greatest impact is felt by the medium-sized mammals (those in the CWR), as larger 

species are more capable of moving between these refugia and smaller species are able 

to survive in smaller patches that are less attractive to large herbivores or too small to 

prompt an aggregation of predators. Regional extinction may result if this pattern is 

repeated across the range of a species. 

Introduced species - carnivores 

The number of introduced carnivores in Australia is essentially limited to cats and foxes 

(Sattler and Creighton 2002), although the dingo which is now generally accepted as a 

naturalised species was introduced to the country only 4000-5000 years ago (Corbett 

1995a). Introduced predators have been implicated in the demise of many native 

mammal species (Kinnear el al. 1988; Lundie-Jenkins el al. 1993; Gibson ci al. 1994; 

Southgate and Possingham 1995; Dickman 1996; Risbey et al. 2000; Johnson 2006; 

Moseby et al. 2009) . Fox-control experiments and re-introductions of mammals to fox-

free areas have provided the strongest evidence that foxes can exterminate at least 

remnant populations of native mammals (Kinnear el al. 1988; Kinnear ci al. 1998). In 

addition, foxes are noticeably absent from Tasmania (at least until very recently), the 

northern-most parts of the Northern Territory. Western Australia and Queensland and 

many offshore islands, all areas that have so far suffered least mammal decline and 

extinction. Like foxes, feral cats have also been implicated in at least the local 

extinction of some small mammals (eg a remnant population of malas Lagorchestes 

hirsutus in the Tanami desert (Gibson et al. 1994). When considering extinctions among 

Australia's conilurine rodents, Smith and Quinn (1996) developed the "hyperpredation 

hypothesis" suggesting that declines were most frequent in areas where the abundance 

of predators (cats, foxes and dingoes) is elevated by the presence of large numbers of 

rabbits or introduced house mice. Severe declines in species with low reproductive 

rates also occurred in areas where rabbits and mice were scarce or where grazing or fire 

regimes had resulted in significant habitat modification. 

Cats are found to have the greatest impact on native mammals in the absence of dingoes 

and foxes (Dickman 1996; Smith and Quinn 1996). The role of cats as a primary cause 

of mammal extinctions across Australia has been contested on the grounds that they 
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have been present in many areas of Australia for relatively long periods of time before 

mammal extinctions have become evident, e.g.cats have inhabited areas such as Arnhem 

Land in the Northern Territory for over 150 years. Although there is little or no 

quanitative evidence for any impact of cats on the native wildlife in areas like Arnhem 

Land, (Abbott 2002) evidence of rapid decline of some species following European 

colonisation could possibly be attributed to the initial arrival of cats. Evidence from 

ethnoecological studies in Central Australia has revealed that Aboriginal people may 

have extensively utilised cats as a food source in the past, and this may have limited 

their historical impact on native fauna (Burbidge ci al. 1988). But as Aboriginal people 

left, or were removed from their traditional lands, the impact of cats increased. Studies 

on a range of native species including the numbat Myrmecobiusfasciatus (Friend 1990), 

brushtail possum Trichosurus vulpecula (Kerle ci al. 1 992) and small to medium sized 

macropods (Kinnear el al. 1988) have conclusively demonstrated the significance of the 

role of feral predators in the decline of mammals, at least in some arid and semi-arid 

areas. 

The use of exclosures in and and semi-arid regions of Australia. has demonstrated quite 

conclusively that native mammals have the capacity to re-colonise areas and 

dramatically increase in numbers when introduced herbivores and predators have been 

removed or at least controlled (Risbey et al. 1999: Risbey ci al. 2000: Moseby and Read 

2006: Moseby ci al. 2009). At the Arid Recovery Reserve in central South Australia, 

spinifex hopping mice Notornys alexis are up to 10 times more abundant inside the feral 

animal exciosure compared with outside the reserve. Re-introduced species, including 

the burrowing bettong and greater bilby Macrotis lagotis have also increased 

dramatically in the reserve in the absence of introduced herbivores and predators 

(Moseby and Read 2006: Moseby ei al. 2009). Similar results have been recorded at the 

Useless Loop Biosphere Project in Western Australia, but in this instance rabbits are 

still present in the area and predators (cats and foxes) have not been completely 

removed (Risbey ci al. 1999: Risbey ci al. 2000). 

In his recent book, Johnson (2006) also advocates the role of feral predators in the 

demise of native mammals. He concludes that predation by introduced foxes and to a 

lesser extent cats, is the central and most destructive impact on native mammals, with 

other factors such as pastoralism, rabbits, the removal of the dingo, and increased 
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burning and/or land clearing leading to habitat simplification, acting simultaneously to 

intensify the impact of predation. 

Disease 

Although disease has been implicated in the decline of at least two mammal species (eg 

eastern quoll Dasyurus viverrinus and spotted-tailed quoll D. maculatus on mainland 

eastern Australia (Archer 1984)) there is only anecdotal evidence to support this claim. 

Toxoplasmosis, a disease transmitted by the protozoal parasite Toxoplasma gondii was 

thought to have been the cause, but no empirical evidence could be found to support that 

claim. Toxoplasmosis was probably introduced to Australia with the arrival of cats, the 

only known definitive host of this parasite (Obendorf and Munday 1990). It is common 

in marsupials as both a sub-clinical infection and an overt disease and it has been 

recorded in wild populations of eastern-barred bandicoot Perameles gunnhi, macropods 

in southern Australia and kowari Dasyuroides byrnei in Queensland (Obendorf and 

Munday 1990; Oakwood and Pritchard 1999). 

The recent rapid and substantial decline of the Tasmanian devil Sarcophilus harrisii as a 

result of the devil facial tumour disease has provided evidence that disease can be 

highly effective at causing decline in individual species (Hawkins et al. 2006; Shelly et 

al. 2007; McCallum 2008). This debilitating disease has caused a decline of almost 

70% of the wild Tasmanian devil population, but has not been found in any other native 

or introduced species in Tasmania. 

There is the possibility that disease transmitted from introduced species (e.g. 

toxoplasmosis and feral cats) could infect native species, but a number of factors 

suggest that this process is not responsible for the widespread decline of many 

Australian mammals. Firstly, it is unlikely that disease would selectively act upon the 

CWR species that constitute so many of the declining or extinct mammal species. 

Secondly, the declining mammals come from a number of unrelated groups that would 

likely exhibit varying susceptibility to disease. Therefore, for disease to be a major 

factor in mammal declines it is likely that there would need to be (a) multiple pathogens 

acting simultaneously to affect a range of native species; or (b) there would have to be 

an interaction between the pathogenls and other threatening processes described above. 
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Altered fire regimes 

Fire has been extensively used as a land management tool by Aboriginal people for 

thousands of years (Russell-Smith ci al. 1997a). The manner in which Aboriginal 

people utilised fire is inherently different to that of Europeans (Russell-Smith et al. 

1997a; Yibarbuk et al. 2001; 2002). The arrival of European settlers in the Australian 

landscape. and the associated displacement of Aboriginal people has led to a loss of the 

small-scale, low-intensity patchwork pattern of burning characteristic of Aboriginal land 

management practices (Whelan 1995; Russell-Smith et al. 1997a; Yibarbuk ci al. 2001: 

Bradstock ci al. 2002). This mosaic burning strategy has been replaced by less 

frequent, often more intensive and more uniform burning or at the other extreme, 

attempts to totally exclude fire from the environment (Whelan 1995; Russell-Smith et 

al. 1997a; Yibarbuk et al. 2001; Bradstock et al. 2002). Both of these regimes lead to a 

more homogenous landscape, lacking the locally multi-seral vegetation structure that is 

thought to have characterised the landscape as it existed under Aboriginal management 

(Russell-Smith ci al. 1997a: Yibarbuk ci al. 2001; Bradstock ci al. 2005). 

Accumulating evidence from arid Australia suggests that within their preferred habitats, 

many species are dependent upon particular seral stages for the provision of food 

resources (Bolton and Latz 1978). Uniform burning patterns alter the temporal and 

spatial distribution of these food resources and reduce habitat complexity (Low 1986; 

Latz 1995), making it more difficult for mammals to locate these food resources and 

increasing the risk of predation as a result of loss of cover. 

The change in fire regimes across much of Australia and particularly in Central 

Australia led to the development of the Vegetation Mosaic Hypothesis (Bolton and Latz 

1978). This hypothesis suggests that altered fire regimes, particularly the removal of 

traditional fine-scale Aboriginal burning (Latz and Griffin, 1978; Kimber. 1983; Low, 

1 986; Latz, 1995) are a primary cause of mammal extinction. Specifically, the intricate 

burning implemented by Aboriginal people would have resulted in the complete range 

of resources required by local animal populations being available in both space and 

time. Without this spatial and temporal heterogeneity of resources, these populations 

would quickly begin to decline. This hypothesis is supported by research on the mala in 

the Tanami Desert (Lundie-Jenkins ci al. 1993) but further research looking at the 

population dynamics of several species of marsupials on two Western Australian islands 

found that these species did not respond in a manner predicted by the Vegetation 
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Mosaic Hypothesis (Short and Turner 1994). However, as this study was primarily 

investigating the impacts of mining on mammals and considered habitats with minimal 

variability, it should not necessarily be viewed as a rigorous examination of the 

Vegetation Mosaic Hypothesis. 

The role of altered (and inappropriate) fire regimes in the decline of biodiversity across 

Australia has been highlighted further by the recent nomination of inappropriate fire 

regimes as a Key Threatening Process under the Environment Protection and 

Biodiversity Conservation Act. 

Background to this study 

In this study I investigate components of the fauna of one of Australia's most 

biologically diverse and significant conservation reserves, Kakadu National Park 

(hereafter referred to as KNP). Located in the wet-dry tropics of the Northern Territory, 

KNP includes within its boundaries a diverse array of landforms, ranging from the 

ancient sandstone escarpment of the Arnhem Land Plateau to the extensive eucalypt 

dominated savannas and vast seasonal floodplains. Each of these landforms supports its 

own floral and faunal assemblages, contributing to the extraordinary diversity that has 

contributed to KNP's World Heritage listing for natural heritage. The national and 

international recognition (including World Heritage listing) of the biological 

significance of KNP brings with it many obligations and responsibilities, including the 

maintenance of an intact biota. 

Until recently it was a commonly held belief among the scientific community that the 

fauna of KNP (and northern Australia in general) was intact and free of the dramatic 

loss of species (particularly mammals) that had occurred elsewhere across Australia 

(Burbidge and McKenzie 1989; Morton 1990; Short and Smith 1994; Smith and Quinn 

1996; Woinarski et al. 2001b). However, evidence is now accumulating to suggest that 

this may not be the case. Recent analysis of trends in the distribution and abundance of 

granivorous birds (Franklin 1999; Fabrig 2002; Franklin et al. 2005) and north 

Australian mammals (Burbidge and McKenzie 1989; Woinarski et al. 2001 b; Sattler 

and Creighton 2002) have shown dramatic declines in a number of species. These 

changes appear to be widespread across northern Australia. The evidence of change in 

the fauna of KNP and adjacent areas comes from a number of historical and 
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contemporary sources and shows some striking similarities to the patterns of change 

described from elsewhere in Australia: the change appears to have occurred rapidly 

(within a few decades), and amongst the small-medium sized mammals it has 

apparently affected the larger species of rodents, dasyurids and the two bandicoots in 

the region (Woinarski ci al. 2001b; Fitzsimmons et al. 2010). 

Firstly, comparison of the records of early visits to the area by natural historians with 

records collected in recent research demonstrates dramatic changes in the abundance 

and distribution of some species. For example, Dahl (1897) observed that the brush-

tailed rabbit rat Conilurus penicillatus "...in Arnhem Land is everywhere common in 

the vicinity of water". Similarly, Collett (1897) described the species as "numerous all 

over Arnhem Land, and in great numbers on the rivers on the lowlands". Furthermore a 

large number of the species were collected from the Alligator Rivers Region in 1902-

1903 (Thomas 1904). Although still common on the Cobourg Peninsula and some 

islands, the species is highly localised, uncommon and showing signs of continued 

decline on the Northern Territory mainland. Similarly, the brush-tailed phascogale 

Phasco gale pirata was apparently widespread and abundant across the Top End of the 

Northern Territory at the end of the 19th  century. Again Dahi (1897) noted that "...on 

the rivers Mary and Katherine it was frequently observed. In fact, nearly everywhere 

inland it was very constant, and on a moonlight walk one would generally expect to see 

this little animal". Except for a few isolated populations within KNP, this species is 

now rarely reported from the Northern Territory mainland, and has only been reported 

from three of 3000 trapping locations across the Top End (Woinarski etal. 2001b). 

The golden bandicoot Isoodon auratus also appears to have disappeared from most of 

the mainland of the Northern Territory, including KNP, surviving only on one island 

and possibly in the far northeast of Arnhem Land (Southgate ci al. 1998; Palmer ci al. 

2003). Likewise the golden backed tree-rat Mesembriomys macrurus (known from only 

three specimens collected in the Top End with the most recent in KNP in 1969) has not 

been recorded in any of many recent surveys, suggesting that if it still inhabits the 

mainland it is now very rare (Palmer ci al. 2003). 

More recent, quantitative evidence comes from detailed trapping carried out at the 

Kapalga Research Station, located in the northern lowlands of KNP. Braithwaite and 

Muller (1997) noted dramatic declines in the abundance of a number of mammals (fawn 
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antechinus Antechinus bellus, pale field rat Rattus tunneyi, northern quoll Dasyurus 

hallucatus) between 1986 and 1993. They also noted that this period of decline 

coincided with a transition from a period of relatively good wet seasons to a run of 

poorer wet seasons. They postulated a link between mammal abundance and 

cumulative rainfall, best correlated with an 8-year rulming mean of annual rainfall 

(Braithwaite and Muller 1997). After a period of improved rainfall seasons Woinarski 

et al. (2001b) repeated the trapping at the Kapalga site to assess if the patterns of 

decline were continuing, or if as predicted by Braithwaite and Muller (1997) the 

mammals had recovered after the good wet seasons. 

Despite the improved rainfall conditions, Woinarski et al. (2001b) recorded further 

significant declines in the abundance of fawn antechinus and the pale field rat (neither 

of which were recorded in their repeat survey in 1999), northern quoll, northern brown 

bandicoot Isoodon macrourus, northern brushtail possum Trichosurus vulpecula, black-

footed tree-rat Mesembriomys gouldii and dusky rat Rattus colletti and total mammal 

abundance between their sampling and the original sampling of Braithwaite and Muller 

(1997). The hypothesis that the initial declines observed by Braithwaite and Muller 

were in response to a string of poor wet seasons was rejected on the grounds of the 

continued trend of decline despite increasing annual rainfall in the years between the 

two sampling periods. Subsequent re-analysis of the mark-recapture data for northern 

brown bandicoot (Pardon et al. 2003), has also shown no support for the groundwater 

hypothesis of Braithwaite and Muller (1987), instead providing compelling evidence of 

the role of fire. 

Possible causes of change in Kakadu 's small mammal populations. 

The findings of Braithwaite and Muller (1997) and Woinarski et al. (2001b) provided 

the first quantitative evidence of changes in the mammal fauna of the lowlands of KNP, 

however the mechanism causing this change remained unclear. Woinarski et al. 

suggested that some of the processes responsible for mammal decline elsewhere in the 

country may also be responsible for the changes observed in KNP. They considered the 

most likely agents of change were (a) habitat modification resulting from changed fire 

regimes caused by the loss of traditional Aboriginal burning practices; (b) disease; (c) 

predation by feral species. However, there are a number of other factors that may 

contribute to the status of small mammal populations in KNP. Some of these factors 
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were considered in earlier sections of this chapter, however in the following section I 

give particular consideration to each with respect to KNP. 

Introduction of exotic diseases 

There has been little attention given to the role of disease in mammal decline in 

northern Australia. A single study investigating the prevalence of toxoplasmosis in the 

northern quoll in KNP found no histological evidence of the disease and concluded that 

there was no support for the role of the disease in observed changes in quoll populations 

(Oakwood and Pritchard 1999). Despite the potential for toxoplasmosis to infect a 

range of native mammal species including bandicoots and macropods there has been no 

other research into the role of this or other potential pathogens in the decline of 

mammals in KNP. 

Predation by feral species 

Although foxes have successfully occupied much of the Australian mainland they are 

yet to become established in the Top End of the Northern Territory, possibly as a result 

of the climate of the region. Consequently they can be omitted as a potential cause of 

decline in small mammals in KNP. In contrast. feral cats are known to have been in the 

Kapalga and Deaf Adder Creek regions of KNP as early as 1920 (Braithwaite el al. 

1 984) and it is speculated that they may have been introduced to the region as early as 

1650 by trepang traders from Asia, though this contention has been strongly refuted in 

the literature (Abbott 2002). Anecdotal evidence from long-term residents of KNP 

(including Aboriginal traditional owners and park rangers) indicates that cats are sighted 

rarely in Kakadu, with most sightings restricted to individual animals stranded in 

vegetation during wet season flooding (B. Salau. D. Lindner, G.Mattson, J. Nadji. pers. 

comm.). Cats are also seen along floodplain fringes, although these sightings are also 

relatively rare. 

Despite an increasing research effort in arid Northern Territory and elsewhere in 

Australia, there has been very little research (only two studies to date) into the 

distribution and abundance of feral cats in the Top End of the Northern Territory. These 

studies reported that mammals constituted 86% of the stomach contents of feral cats 

collected from the coastal floodplains of the Top End of the Northern Territory 

(including 10 specimens from Kakadu) and from Kapalga (Cameron 1994; Corbett 

I 995a). Reptiles were also common dietary items in both studies. Although it is clear 
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that feral cats prey on the native fauna of Kakadu, the lack of any estimate of density or 

abundance of cats in the Top End limits any attempt to estimate or predict the impact of 

these predators on native mammal populations. However, the apparently low densities 

of cats in KNP have led to the assumption that they would exert a low impact on native 

fauna. In addition, given the extended period of time that they have been present in the 

Park it is thought to be unlikely that they would suddenly invoke a decline in mammal 

populations of the magnitude observed at Kapalga, when there appears to have been no 

such impact prior to that time in KNP, or elsewhere in the region. 

Invasion by the cane toad, Rhine/la marina. 

The cane toad, Rhine/la marina, entered KNP via the Katherine River in the south and 

across the escarpment and into the Jim Jim Falls area during the wet season of 200 1-02. 

As predicted by van Dam et al (2002) cane toads have successfully invaded almost 

every habitat type in KNP, with dispersal following major river systems and transport 

corridors (van Dam ci al. 2002). Although there remains some debate about the extent 

of impacts of cane toads on native fauna populations (as opposed to the accepted 

occurrence of impacts on individuals of a species), it is expected that cane toads may 

impact on native populations via three possible mechanisms: effects on predators, 

effects on prey and through competition for food, shelter and breeding sites (Freeland 

and Martin 1985; Freeland and Kerin 1988; Catling ci al. 1998; van Dam ci al. 2002). 

Quantitative evidence of the impacts of cane toads on native fauna populations outside 

of the Northern Territory is relatively rare (Doody ci al. 2006). Anecdotal evidence and 

studies from Queensland and elsewhere in the Northern Territory have shown that 

ingestion of toads can be fatal in Western Quolls Dasyurus geoffroii (Covacevich and 

Archer 1975), the Sand Goanna Varanus gouldii (Burnett 1997) and some colubrid 

snakes (Burnett 1997; van Dam ci al. 2002). Anecdotal evidence of declines in 

populations of the sand goanna and some elapid snakes (of the genera Pseudechis, 

Acanihopis and Pseudonaja) have also been recorded in Queensland (Covacevich and 

Archer 1975; Mirtschin and Davis 1982; Shine and Covacevich 1983), presumably as a 

result of mortality due to poisoning. 

Quantitative evidence of the impact of cane toads is now being collected in the Northern 

Territory. Doody ci al. (2006) and Griffiths and Holland (2004) have showed a 

significant decline in the yellow-spotted monitor V. panoptes and the sand goanna V. 
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gouldii following the invasion of their study sites by cane toads. Similarly, Griffiths 

and McKay (2007) also demonstrated a decline in the abundance of another varanid, 

Merten's Water Monitor V. merlensi immediately after the arrival of cane toads. Both 

studies attributed the observed declines to the susceptibility of both varanid species to 

cane toad toxins. Studies in KNP have also provided evidence of correlation between 

cane toad colonisation and the decline, and apparent local extinction, of the northern 

quoll (Oakwood 2002). 

In their comprehensive risk assessment of the arrival of cane toads in Kakadu, van Dam 

ci at. (2002) categorised potential cane toad predators of Kakadu according to their 

susceptibility to cane toad toxin. The report identified the northern quoll as being 

definitely susceptible to cane toad toxin with population level effects likely to result 

from cane toad invasion. Five goanria species, three snakes and the dingo were also 

identified as definitely susceptible to toad toxin with population level changes likely to 

occur (van Dam ci at. 2002). Many other small mammals, including small dasyurids. 

the northern bandicoot and native burrowing rodents could reasonably be expected to be 

impacted by the arrival of the cane toad either through mortality caused by ingestion of 

toxins or competition for burrowing sites. Since cane toads have only arrived in KNP in 

the wet season of 2001-02, they could not have played a part in the declines of small 

mammals at Kapalga during the 1990s. They are included in this discussion because 

they do pose a serious threat to mammal populations in the future and will be 

considered during this study. 

Livestock and feral animals 

Feral species, including cattle. buffalo, horses, donkeys and pigs are found in almost all 

habitat types in KNP. Their impacts on the environment are variable depending on the 

characteristics of the habitat and the densities at which they occur (Bradshaw ci at. 

2007). Feral animals, particularly buffalo and pigs tend to favour particular habitat 

types, especially moister areas on or near fioodplains. For example, during the early 

1980s   the density of buffalo in forest vegetation along floodplain margins in KNP was 

estimated to be 34 animals/km2, compared with a mean density of 15/km2  for 

Eucalyptus dominated habitats (Braithwaite el al. 1984). 
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Buffalo and pigs have been identified as the two most significant introduced species in 

KNP (Field et al. 2006). The impacts of pigs and buffalo on soil and flora 

characteristics is obvious, especially in moister habitats where tracks and wallows 

readily develop and this has been considered in some detail in a number of studies 

(Braithwaite et al. 1984; Friend and Taylor 1984; Taylor and Friend 1984; Skeat el al. 

1996). Primary impacts due to buffalo grazing include a reduction in vegetation 

biomass, changes in species composition (including the replacement of perennial grass 

species with annuals) (Skeat et al. 1996), weed dispersal (Griffiths et al. 1997) and in 

some cases the complete removal of vegetation (Skeat et al. 1996). Braithwaite el al. 

(1984) also found that the presence of buffalo in the dry season reduced the understorey 

(vegetation less than 3m in height) in monsoon patches and also led to an increase in 

weedy species. 

Habitat modification resulting from feral animals can have significant impacts on native 

fauna. A shift from perennial to annual dominated grass communities can increase 

erosion, increase the frequency and intensity of dry season fires and affect seed 

availability for granivorous birds and small mammals (Skeat et al. 1996)). Ground 

layer vegetation also provides small mammals and birds some protection from predators 

and this would be reduced through vegetation thinning or removal. Compaction of soils 

and the creation of wallows by buffalo and pigs can also impact on the nesting and 

feeding habits of magpie geese 

Buffalo numbers in KNP were dramatically reduced in the 1980s following the 

Brucellosis and Tuberculosis Eradication Campaign (BTEC), when feral livestock were 

removed from much of the Northern Territory to reduce the threat of these diseases to 

domestic herds. The removal of buffalo and other cattle from Kakadu may have had a 

profound impact on savanna vegetation across the Park. It is postulated that the 

removal of buffalo in the 1980's may have led to an increase in the distribution and 

density of annual speargrass species Sargha spp. and this in turn has led to an increase 

in the frequency and intensity of fires in the Park, potentially having negative affects on 

the native mammal fauna (Miles 2003). The presence of buffalo may have kept these 

annual grasses in check, and indirectly moderated the impacts of fire on the system. In 

the absence of this bovine activity, both grass density and fire intensity may have 

21 



Chapter 1 Introduction 

increased and as a result in some areas, tree recruitment and survival rates have declined 

(Miles 2003; Werner 2005; Petty ci al. 2007b). 

However, there are still some animals present in the Park and it appears that their 

numbers may be on the increase, especially in the south (Bradshaw ci al. 2007). The 

control and management of buffalo in KNP is a sensitive and complicated issue. Many 

Aboriginal people from the Kakadu area were involved with the buffalo industry and as 

such have a strong cultural attachment to the species. It is also a valuable source of 

meat that has become a central part of many Aboriginal people's diet (Field etal. 2006). 

For these reasons, buffalo are considered by some Aboriginal traditional owners to be a 

natural part of the landscape that should be maintained (Robinson etal. 2005; Field et 

al. 2006; Bradshaw ci al. 2007). Despite these values, the environmental harm caused 

by buffalo must be taken into account, particularly in light of the Park's World Heritage 

listing and the obligations of environmental protection that this listing imposes on Park 

managers (Field ci al. 2006). 

There has been little research into the impacts of the other feral animals currently found 

in Kakadu (Field etal. 2006). Soil compaction is a likely impact of horses, donkeys and 

cattle and this type of degradation would be most obvious around watering holes and 

rivers. Unfortunately Kakadu has a long history of occupation by livestock and feral 

animals and there has been little or no quantification of densities and periods of 

occupation of most of these species. As a result there is potentially a long history of 

impact on native mammal populations that is now almost impossible to quantify and 

distinguish from other impacts. 

Weeds 

Weeds (defined as introduced plants not native to the Kakadu region that have become 

established and are propagating in the wild (Kakadu National Park Board of 

Management and the Director of National Parks 2007)) pose a major potential threat to 

the native floral and faunal communities of Kakadu. In a comprehensive survey of plant 

species recorded in Kakadu, 5.7% (96 of 1682) were found to be weeds (Brerman 1991). 

Severe infestations of some species, including para grass Brachiaria mutica have also 

been found in habitats disturbed by feral animals, such as buffalo and pigs (Braithwaite 

ci al. 1984; Skeat ci al. 1996). Of all habitats in the Park, sandstone heath communities 

are the least disturbed by weeds (Brennan 1991). 
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Grass species represent the greatest proportion of introduced weeds (Brennan 1991). 

The most common and widespread weeds in KNP are shrubs or herbs including Hyplis 

suaveoloens, Sida acuta, Sida cordfolia, Alysicarpus vagina/is, Euphorbia hirta and the 

perennial vine, Passflorafoetida. The weeds that pose the biggest threat to the natural 

communities of Kakadu are yet to become widely established in the Park, although they 

have been recorded at some locations. These include Mimosa pigra, Salvinia molesta 

and Brachi aria mutica which all threaten the floodplains and waterways of Kakadu, and 

the perennial dry-land grass Pennisetum polystachion that threatens the woodland 

communities. 

The establishment of Pennisetum polystachion (and other perennial grassy weeds like 

Andropogon gayanus) leads to an increase in dry season fuel loads, potentially leading 

to more intense and destructive dry season fires (Woinarski et al. 2001b) that can 

severely disadvantage some mammal species. Fires fuelled by dense exotic grasses tend 

to be hot and destructive and often lead to canopy scorch and higher than normal tree 

mortality, and as a result the loss of resources required for the survival of many 

mammal species. In the Mary River catchment in the Northern Territory, areas infested 

with exotic grasses supported a less diverse and abundant vertebrate fauna than nearby 

sites not infested with the weeds (Beggs 2010). 

Altered fire regimes 

The landscape of Kakadu is dominated by three major landforms: the rugged sandstone 

uplands, adjoining eucalypt lowlands and the alluvial floodplains. The latter two 

landforms are very uniform and provide few topographic barriers to the spread of fire 

(Price ci al. 2005a). Under traditional Aboriginal land management practices, fire 

regimes are thought to have typically involved small low intensity fires lit at various 

times through the year and usually supervised by the people (Russell-Smith et al. 

1997a; Yibarbuk et al. 2001; Whitehead et al. 2003a; Bradshaw et al. 2007). The result 

was a landscape consisting of a mosaic of burnt and unburnt patches that provided some 

barriers to the spread of large wildfires ignited by storms late in the year. It is generally 

considered that this patchiness has contributed to the maintenance and conservation of 

the diverse array of plants and animals found in the northern savannas through the 

provision of a spatially heterogenous array of resources (Woinarski et al, 2004.). 
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Settlement by Europeans. development of the pastoral industry and the loss of 

traditional Aboriginal land management practices have had a profound effect on fire 

regimes in the Top End of the Northern Territory (Russell-Smith 2002; Russell-Smith et 

at. 2003b; Whitehead et al. 2003a). In contrast to the fire regimes used by Aboriginal 

land managers, contemporary regimes range from total exclusion of fire to the 

application of frequent (often annual) hot fires in the late dry season (Russell-Smith 

2002; Russell-Smith ci at. 2003b; Whitehead ci al. 2003a). As a result of this there has 

been a loss of the fine-scale patchiness created under traditional Aboriginal burning 

regimes (Yibarbuk et al. 2001). 

Research carried out at the Kapalga Research Station and across KNP has shown that a 

change to frequent late season fires can alter the structure and composition of the 

savanna vegetation (Braithwaite and Estbergs 1985; Williams and Cook 1998; Williams 

ci at. 1999; Werner 2005; Prior ci al. 2006; Lehmaim ci al. 2008; Murphy and Russell-

Smith 2010; Murphy ci al. 2010). Most notably, there tends to be a change from 

perennial to annual grasses which provide a much higher fuel load contributing to the 

increased intensity of fires. especially late in the dry season. as well as a thinning of the 

mid-layer woody vegetation. In addition, the abundance of resources valuable to small 

mammals (e.g. standing tree hollows, fallen logs, fruit bearing trees) may he reduced by 

the occurrence of frequent fires in an area (Prior ci al. 2006). The continued application 

of this type of burning regime over large areas provides little heterogeneity in the 

distribution of resources for small mammals (Woinarski et al. 2001b) 

Changing mammal populations in KNP: implications for conservation and 
management of biodiversity in conservation reserves. 

The pattern of decline observed by Braithwaite and Muller (1997) and Woinarski ci al. 

(2001) amongst the mammal fauna of the lowlands of KNP showed striking similarities 

to the patterns of decline observed elsewhere in Australia: species were declining from 

relatively common to locally extinct over a very short period, often less than one to two 

decades. In addition the species in question have in some cases suffered similar 

declines elsewhere in their geographic range. Finally all of the species showing 

evidence of decline in these studies possess at least one of the major characteristics of 

many species that have suffered extinction elsewhere. That is, they either fall within the 

critical weight range for mammal extinctions, they are herbivorous or omnivorous and 
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all are non-flying species. Clearly the results of these studies suggest that there is strong 

evidence of change amongst the mammal fauna of KNP. The results warrant further 

investigation to determine if (1) the changes in mammal populations observed in these 

studies have persisted; (2) the changes are more pervasive across habitat types and over 

larger geographic areas; and (3) what factors are contributing to these changes. 

In addition to providing the framework for this study, these questions pose some serious 

challenges to the management and conservation of KNP's biodiversity and provide 

strong evidence for the role of, and need for biodiversity monitoring programs in 

contemporary environmental management regimes. Interpretation of the results of the 

two studies at Kapalga is made difficult because of the lack of basic information about 

the population dynamics of the species studied. For example, we do not know if the 

small mammal populations at Kapalga undergo regular cyclical changes in abundance 

or distribution. We also do not know at what time the decline began, though it appears 

to have started before the imposition of the Kapalga Fire Experiment. Had regular 

collection of data relating to abundance of these mammals been occurring at these sites 

prior to and after the experiment, some light may have been shed on these outstanding 

issues. 

Monitoring and maintenance of biodiversity in KNP is a requirement not only of 

Australian federal legislation but also of international conservation treaties to which 

Australia is a signatory (e.g. the World Heritage Convention (WHC) and the Ramsar 

Convention. The Convention on Biological Diversity (which Australia, along with 167 

other countries, has signed) commits parties to undertake inventory and monitoring of 

components of biological diversity as well as the effects of threatening processes on 

these components (United Nations 1992). Specifically the Convention commits parties 

to: 

Monitor through sampling and other techniques the components of biological 

diversity ... ... .and to 

• Identify processes and categories of activities which have, or are likely to have 

significant adverse impacts on the conservation and sustainable use of 

biological diversity, and monitor their effects... 
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Likewise the National Strategy for Conservation of Australia's Biological Diversity 

(National Biodiversity Strategy (Department of the Environment Sport and Territories 

(DEST) 1996)) (which was endorsed by all State and Territory Governments as well as 

the Federal Government) also recognises the importance of long-term monitoring in 

improving our understanding of Australia's biodiversity and the processes that threaten 

it. The National Biodiversity Strategy encourages the establishment of: 

A national co-ordinated program of long-term ecological monitoring to document 

patterns of change or lack of change in order to establish a baseline for understanding 

the impact of such change or lack of it on natural communities, ecosystems and 

ecological processes, and to detect changes in biological diversity and their causes." 

The National Biodiversity Strategy encourages, among other things, the use of national 

standardised monitoring protocols using a combination of remote sensing and field 

based monitoring techniques in representative habitats to achieve this goal. It also 

encourages ongoing research into new methods of monitoring and the integration of 

monitoring activities with ecological research to improve our understanding of long-

term ecological processes. 

In 2006. the National Biodiversity Strategy, along with the objectives and targets 

underlying it were reviewed. The outcomes of this process, combined with other 

findings (e.g. the last State of the Environment Report (Beeton et al. 2006)) have led to 

the development of Australia's Biodiversity Conservation Strategy (2010-2030) 

(Natural Resource Management Ministerial Council 2010). This document also 

highlights the need for biodiversity monitoring within its operational targets. 

Specifically, this strategy states as a national target: 

"By 2015, establish a national long-term biodiversity monitoring and reporting 
system ". 
(Natural Resource Management Ministerial Council 2010) 

The statements contained in the International Convention on Biological Diversity and 

the Australia's Biodiversity Conservation Strategy 2010-2015, outline Australia's 

obligation to monitor a wide range of elements of biological diversity and the effect of 

threatening processes (potential and actual) on these elements. The Environment 

Protection and Biodiversity Conservation Act (EPBC Act) (Commonwealth of 
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Australia, 1999) provides the statutory basis for the implementation of the International 

Convention on Biological Diversity and the National Strategy for Conservation of 

Australia's Biological Diversity. 

The policy framework outlined above illustrates the intention of the governments of 

Australia to support the establishment of long-term monitoring programs to assess the 

ongoing status of biodiversity and the processes that threaten it. However, to date 

implementation of these policies has not kept pace with the rhetoric, a fact illustrated by 

the sparsity of formal monitoring programs in most of Australia's established 

conservation reserves and confirmed by a recent review of the performance of 

Commonwealth national parks and reserves in Australia (Australian National Audit 

Office 2002). In its assessment the Australian National Audit Office (ANAO) 

recommended that a more systematic approach to monitoring natural resources 

(including wildlife) was required in order to meet the requirements of Australian 

legislation (namely the EPBC Ac!) and international treaties such as the WHC and the 

Ramsar Convention. The ANAO report noted that "while Parks Australia has some 

good baseline data. monitoring of wildlife and threats to biodiversity currently tends to 

be opportunistic and focussed on specific operational issues, rather than occurring 

systematically at the landscape scale or linked to long-term trends. Consequently, it is 

very difficult to make any broad assessment of changes (if any) in the condition of the 

parks over time." These findings are particularly relevant to KNP, which is listed under 

both the WHC and Ramsar Convention and is recognised under the EPBC Act as a 

significant conservation site. 

In addition to the requirements of national legislation and international treaties, KNP 

identifies within its own plan of management ongoing biodiversity monitoring as a 

priority for park management (Kakadu Board of Management and Parks Australia 

1999). In reality however, this obligation for biodiversity monitoring has not been 

matched by substantial management effort directed towards the development of a 

systematic and ongoing biodiversity monitoring program in KNP. 

This is not to say that there have not been some monitoring activities undertaken in 

KNP. A comprehensive monitoring program aimed at assessing the impacts of fire on 

vegetation was established in KNP in the mid 1990s and continues today (Russell-Smith 

and Ryan 1996; Turner et al. 2001). However, although a complementary vertebrate 
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monitoring program has now been implemented at these sites it has to date not been as 

consistently funded or rigorously implemented as the vegetation monitoring In this 

respect vertebrate monitoring has been limited to (a) a small number of recording 

stations established to assess the response of native frog communities to the arrival of 

the cane toad Rhine/la marina and (b) ongoing assessment of the distribution and 

abundance of the estuarine crocodile Crocodylus porosus, largely as a result of the 

potential threat to humans posed by this species. Beyond these activities, investigation 

into the status of the vertebrate fauna has been restricted to inventory surveys 

(Braithwaite. 1985: Woinarski and Braithwaite. 1990. 1991): the assessment of status 

and habitat relationships for particular species at discrete locations within the Park 

(Begg 1981a; Begg I98Ic; Begg 1981b; Friend 1985; Kerle 1985; Friend 1987; Kerle 

1998) and the response of individual species to management actions or threatening 

processes. particularly fire (Begg ci al. 1981; Griffiths and Christian 1996; Fraser 

2000). Although informing management responses to specific problems, the 

idiosyncratic methods and short duration of many of these studies means that they 

contribute little to the understanding of the long-term trends in wildlife populations in 

KNP, the processes that may threaten them at a population or landscape scale or the 

effectiveness of management programs targeting these issues. 

Although monitoring programs provide a valuable tool to increase understanding of 

long-term trends in wildlife populations, they can only do so if designed appropriately 

and if effectively integrated with management programs. In the following section I 

address some of the important issues relating to the design and implementation of 

biodiversity monitoring programs, with particular reference to KNP. 

What is biodiversity monitoring? 

Elzinga et al. (2001) explicitly consider monitoring within an adaptive management 

framework, defining it as "the collection and analysis of repeated observations or 

measurements to evaluate changes in condition and progress toward meeting a 

management objective". Yoccoz ci al. (2001) define two classes of monitoring 

programs, based on the specific program objectives: those with management objectives 

(the equivalent of Elzinga ci al. 's definition) and those with broader scientific objectives 

that focus on learning and enhancing understanding of the monitored system. Since 

monitoring is rarely, if ever, undertaken outside of some kind of management 
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framework this dichotomy appears somewhat artificial, as all monitoring programs 

should enhance the understanding of the system being monitored. 

There are many issues to be considered during the establishment of a biodiversity 

monitoring program. Although there are no hard-and-fast rules that define an 

acceptable monitoring program (primarily because monitoring programs have different 

objectives) there are some basic principles that should be addressed for all monitoring 

programs. Essentially, when designing a monitoring program the following four 

questions should be considered: 

Why monitor? 

What should be monitored? 

How should monitoring be carried out? 

How will the monitoring data be analysed? 

In their review of the adequacy of biodiversity monitoring programs being used around 

the world, Yoccoz et al. (2001) concluded that many programs have been designed 

without sufficient consideration being given to these fundamental questions. In the 

following section I use these four questions to discuss a number of issues related to the 

design and implementation of biodiversity monitoring programs. 

Why monitor? 

The impetus for many monitoring programs has a basis in agency mandates or 

legislative/policy frameworks (as discussed previously) but the reason for the inclusion 

of monitoring requirements within these frameworks is based on the recognition that 

ecosystems around the world are changing in ways and at a rate never seen before 

(Davis 1993). Without historical and contemporary data it is difficult, if not impossible, 

to define the nature and extent of these changes (Orians 1986) and to what extent they 

are driven by human activity as opposed to natural system variation. Long-term 

monitoring programs offer a potentially powerful tool for assessing this variation and, if 

suitably designed, to identify the factors contributing to that change. Monitoring 

programs also offer a means of measuring the response of biodiversity to land 

management practices and as such they are becoming more broadly accepted as an 

integral part of any natural resource management program. 
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Although individual biodiversity monitoring programs are established to answer 

specific questions and meet particular objectives, the basic reasons for monitoring are 

generally the same everywhere (Davis 1993). They are to: 

• Assess the current status of the species or ecosystem being monitored. 

• Establish the extent of normal. i.e. natural, variation in the system. 

• Diagnose and estimate abnormal" variation. 

• Identify potential agents of this abnormal change. 

Within this framework monitoring programs can be developed for a wide range of 

applications (Caughley 1977; Witmer 2005). For example, monitoring programs have 

been established to: assess changes in populations of species used for commercial or 

recreational activities; assess the status of pest or endangered species; assess the effects 

of a management action or pattern of land use on an indicator species; or to define the 

biological diversity of an area and monitor changes over time. If the purpose of the 

monitoring program is to provide an early warning of system change and an appropriate 

indicator of this change has been selected, then monitoring programs can alert managers 

to an impending environmental decline (Noon 2003). From these examples, it is clear 

that monitoring programs are purpose driven activities, designed to address very 

specific objectives (Ringold et al. 1996). Identifying these objectives is the first and 

most crucial step in developing monitoring programs. 

The development of well articulated and explicit objectives will greatly improve the 

success of any monitoring program (Ringold ci at. 1996). Ideally, these objectives 

should describe a desired state of the parameter or indicator that management is 

intended to reach (Gibbs el al. 1999). The objectives should also guide what, where and 

how often things are to be measured and should be underpirmed by clear and logical a 

priori hypotheses. Such explicit objectives can help to ensure that the monitoring 

design can actually answer the questions posed by the program at suitable spatial and 

temporal scales, and within operational limitations. 

In developing appropriate objectives for a monitoring program it is essential that the 

program developers recognise what a monitoring program cannot do. A program 

developed to measure change in a biodiversity value can not unambiguously ascertain 

the cause of an observed change, even if some measures of a potential cause of change 
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are incorporated into the program. Causation can seldom be inferred from the results of 

monitoring studies alone (Noon 2003). Such correlative relationships between 

biodiversity values and measures of change may not be sufficient grounds for the 

development of potentially costly responses. More robust experimental studies capable 

of providing much stronger inference may well be required (Whitehead 2001; Noon 

2003). Monitoring programs can however guide the development of hypotheses to be 

tested by such studies. They can also measure the response of a system to any 

management action and may therefore be a particularly useful tool to measure the 

efficacy of management if designed appropriately. 

From this discussion it can be seen that the specific objectives of a monitoring program 

have very significant implications for the design of that program, specifically what 

needs to be monitored, how it should be monitored and the statistical treatments that 

should be applied to that data (Silsbee and Peterson 1993). The need to give sufficient 

consideration to the definition of suitable objectives cannot be overstated. This process 

should not simply be a matter of listing all of the things that can be gained from a 

monitoring program (Silsbee and Peterson 1993). It should be a decision about what is 

to be achieved by the program and prioritising these outcomes. Only when objectives 

are defined in this manner can the real business of designing the program begin. 

What to monitor? 

Clearly defined objectives should guide the selection of what should be measured by a 

monitoring program. Attempting to measure every component of an ecosystem is a 

costly and time consuming exercise, and most likely an impossible goal: there are 

simply too many components that can be measured. In most instances, such a goal 

would be unnecessary as many of these system components may well be irrelevant to 

the objectives of the program. The selection of species to be measured is therefore a 

matter of reducing the huge number of possibilities to an achievable and suitable few 

and this must be done in a manner that will provide the information required to meet the 

program objectives (Johnson and Bratton 1978; Silsbee and Peterson 1993). 

Biodiversity monitoring can be undertaken at many levels, from individual organisms to 

entire ecosystems (Hinds 1984). Hinds (1984) suggest that monitoring is simpler and 

cheaper to achieve at lower levels of complexity such as individuals or populations, and 

results from these types of monitoring are easier to interpret and communicate. The 
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effects of any stress or threatening process may also appear sooner at these levels as 

opposed to the community or ecosystem level (Odum 1985). However, monitoring 

ecosystem function (incorporating a wide array of species and processes) may allow the 

detection of changes that are beyond the scope of a program directed at one or a few 

species (Silsbee and Peterson 1993) and may therefore also be a valid approach to some 

problems. 

For any particular monitoring program, the parameters to be measured should be chosen 

to represent the value of the area to be monitored or the purpose for which it is used. In 

the case of conservation reserves, the area is generally used to preserve the species 

present in the area and the habitats that they require for their ongoing survival. A 

biodiversity monitoring program for such an area should therefore include populations 

of these species, attributes of their habitats and factors that may influence them. Still, in 

an area such as Kakadu National Park, the options for selecting the attributes to be 

measured are enormous and this poses a problem: there are too many things to measure. 

There are a number of criteria that can be used to reduce and prioritise these options 

(Landres et al. 1 988: Noss 1990. Landsberg et al. 1999: Hilty and Merenlender 2000). 

I) Species that must be monitored as a result of regulation. in Australia. there are 

legislative responsibilities for managing species that are formally listed as 

endangered, vulnerable or rare under the Environment Protection and 

Biodiversily Conservation Act, as well as those that are included in bilateral or 

international treaties such as the Ramsar Convention. 

Indicator species. A number of methods have been suggested to identify species 

that can be measured as surrogates for a broader group of species. These 

methods include ecological indicators, umbrella species, keystone species, focal 

species and flagship species. The underlying assumption is that measuring these 

species provides a reliable indication of the condition of other components of 

biodiversity. 

Representativeness. Species should be chosen to represent a wide variety of life 

forms and ecological roles, with the assumption that this will provide insight 

into changes in a wider array of taxa. 
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Species that are known (or suspected) to be in flux. It seems sensible to target 

species that are known or thought to be undergoing change, on the basis of 

information from other areas. 

Charismatic or special interest species. Recognisable species that may be easier 

to monitor because of public interest and support. Some species may also be of 

cultural significance, e.g. for indigenous people and these may require 

monitoring to ensure that their abundance is maintained for hunting or totemic 

purposes. 

Some of these criteria are self-explanatory and unambiguous. For example, reference to 

relevant legislation, treaties and conventions can identify regulated species that should 

be monitored. Likewise, charismatic and culturally significant species can be chosen 

after consultation with relevant authorities. The selection of a representative group of 

species or those that are in flux must be based on existing information about the system 

or inferred from information collected from a similar system. 

The selection of indicator species can be a much more complicated process. Indicators 

are measurable surrogates for other biodiversity attributes, based on the assumption that 

the status of the indicator reliably reflects changes in the other attributes (Landres ci al. 

1988; Noss 1990). For this reason, an indicator should have a clear and established 

relationship with the actual parameter of interest (Landres etal. 1988; Noss 1990; Hilty 

and Merenlender 2000). Substantial information is required if this assumption is to be 

met, and this is where the indicator concept often stumbles. Nevertheless, the use of 

indicator species to monitor environmental conditions is firmly established in ecology 

and wildlife and range management (Noss 1990; Skalski 1990). 

Indicator species used to measure change at the species or population level can be 

grouped into a number of categories, based upon the role they play in a particular 

system (Landres et al. 1988; Noss 1990; Hilty and Merenlender 2000). Keystone 

species are a pivotal component of a community upon which a large part of its diversity 

is dependent. Umbrella species are those that require large areas of habitat, which if 

suitably managed or protected will presumably afford protection to many other species. 

Flagship species on the other hand are those that are well-known and popular 

(particularly in the broader community) and therefore serve as icons for the protection 

of the system in which they are found. Noss (1990) also identifies ecological indicators 
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as an additional type of indicator. These species are likely to signal the effects of 

disturbances on a number of species with similar habitat requirements. Noss (1990) 

advocates the monitoring of one or more species from each of these groups as a 

surrogate for measuring all the species present in the system to be monitored. 

In addition to species indicators, monitoring programs may include habitat or threat 

indicators, particularly if management efforts are directed at protecting or improving 

habitat or mitigating a particular threat to a species. Measuring attributes of habitat, 

such as the size, number and quality of habitat patches may be a more useful measure of 

the efficacy of a management program than measuring the response of the target species 

itself to that management action (Elzinga etal. 2001). Habitat indicators may also be 

useful in that they can be monitored by a number of techniques including remote 

sensing, and this can reduce the time and resources required for the monitoring program 

(Salafsky and Margoluis 1999). However, monitoring habitat indicators does not 

remove the need for some monitoring of the species since the presence of suitable 

habitat does not guarantee the presence of the species. Factors other than habitat 

availability may influence the distribution and abundance of a species e.g. dominance 

hierarchies within a population, dispersal of recruits to less favourable habitats as a 

result of intraspecific competition. Monitoring of habitat indicators should therefore be 

supported with some monitoring of the species in question, and this may negate any 

apparent economies associated with the use of habitat indicators (Salafsky and 

Margoluis 1999). 

Similarly, Salafsky and Margoulis (1999) advocate monitoring change in extent or 

intensity of threats as a useful indicator, particularly when monitoring is aimed at 

assessing the efficacy of a management action aimed at threat abatement or mitigation. 

They argue that measuring a threat indicator provides a more direct and rapid 

assessment in comparison with measuring a response by a species to a change in that 

threat which may take many years (Salafsky and Margoluis 1999). Both of these 

approaches suffer the same criticisms as species indicators: it is very difficult to 

quantify the relationship between the selected indicator and the species or population of 

interest. There are few examples in the literature of validated indicators and this has 

resulted in much debate and little agreement on the usefulness of indicators in 

biodiversity monitoring. 
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An additional important consideration when choosing the attributes to be measured is 

the ease, accuracy and cost of measurement. Easily measured parameters may provide 

useful surrogates for others that may be too difficult or expensive to include in a 

program (Field el al. 2005). Although this may result in fewer attributes being 

measured, it may mean that more sites can be sampled with greater precision, leading to 

an improvement in the ability of the program to detect change. Finally, where possible 

it is useful to choose attributes used in other monitoring programs in order to facilitate 

ongoing comparison of data (Field ci al. 2005; Griffiths ci al. 2007). 

Multi-species approaches to monitoring 

In Australia and around the world, loss of biodiversity is generating ever-increasing 

levels of concern. In the United States, ecoregional assessments conducted by 

government agencies have indicated that between 29 and 46% of all vertebrate species 

(ranging from 90 to 200 species in a given ecoregion) are at risk of population decline 

(Manley et al. 2005). Likewise in Australia, recent reviews (Sattler and Creighton 

2002: Beeton et al. 2006) have demonstrated substantial geographic declines of many 

native species, particularly mammals, but also some bird species. In addition, in excess 

of 20 native mammal species are known to have become extinct since European 

colonisation of Australia a little over 200 years ago (Sattler and Creighton 2002). With 

such broadscale change occurring for multiple species, it is becoming more widely 

accepted that single species approaches to conservation, management and monitoring 

are not sufficient to deal with the extent of change in biodiversity currently being 

observed (Manley et al. 2005). Multiple species, ecosystem based monitoring programs 

offer a more suitable alternative that may be used to provide insight into changes in the 

status of populations, communities and biological diversity as a whole (Manley et al. 

2005). These types of programs adopt strategies that allow the measurement of the 

diversity of species present in an area, rather than targeting a particular species or group 

of species. 

Multiple species monitoring programs offer a number of benefits over single-species 

approaches, the most notable of which is the inclusion of a full range of species over a 

broad range of environments in a single program. One of the limitations of such an 

approach is its relative inability to provide sufficient information about rare or 

threatened species (Griffiths et al. 2007). Such limitations can be overcome by 
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complementing a multi-species program with targeted activities directed at these rarer 

species. Manley ci at. (2005) advocate the use of presence/absence of a species as an 

indicator of change in multi-species monitoring programs. However, other indices of 

abundance, such as trap success rate, may be equally useful and obtainable if a 

standardised methodology is utilised. Although still in their infancy, the development 

of multi-species monitoring programs is rapidly advancing, aided by developments in 

statistical analysis techniques that better deal with the types and amount of data that 

these types of programs are likely to produce (Griffiths ci at. 2007). If the aim of a 

monitoring program is to assess change in the biodiversity of an area, broad-scale multi-

species approaches appear to be a particularly useful and appropriate approach. 

How to monitor? 

Once the objectives of the monitoring program have been defined and the attributes to 

be measured have been selected, the monitoring methodology must be developed. This 

process should be underpinned by clear and logical a priori hypotheses, and should 

have a sound statistical and methodological foundation (Rose and Smith 1992: Green 

1993: Thompson el al. 1998: Yoccoz etal. 2001: Field etal. 2005: Field el al. 2007). 

Data collected from standardised, repeatable methods are most useful in allowing 

comparison with other monitoring activities, both locally and regionally (Stork and 

Samways 1995). Simplicity and economy should also be important considerations when 

choosing methods, as these will aid the programs longevity, even in light of changes of 

personnel and funding opportunities. However, this simplicity and economy should not 

compromise the statistical rigour of the program and consequently the method of data 

analysis should also be a significant concern at this stage of the development of the 

monitoring program (Elzinga etal. 2001). 

Monitoring can be undertaken using both qualitative and quantitative methods (Elzinga 

ci al. 2001). Both methods require detailed and explicit consideration of monitoring 

frequency, identification of sampling unit, data analysis techniques and required 

resources. Where well-defined and widely accepted sampling methods exist for species 

of interest they should be used (Davis 1993). Changes in abundance and distribution of 

plants and animals can be measured through direct counts of abundance or 

presence/absence within a sampling area or through measures of performance, such as 

percentage cover or reproductive output (Elzinga ci al. 2001). For shy, cryptic or 
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difficult to capture species, other indices of abundance, such as tracks, burrows or scats 

may be used (with caution, as the relationship between these indices and the abundance 

of a particular species must be well understood). 

Once appropriate indicator species have been identified for a monitoring program 

further consideration must be given to what exactly will be measured for each species. 

Species can be monitored directly through counts or measures of performance e.g. 

percentage cover or reproductive success, or through indirect indices of abundance, 

such as track or scat counts, nesting sites or bait station visits (Breckenridge et at. 1995; 

Elzinga c/ at. 2001; Witmer 2005). Direct and complete censusing of some species is 

difficult, due to cryptic behaviour, elusive individuals within a population e.g. mothers 

and young, inaccessible habitat or low population numbers, and for this reason the use 

of indices of abundance can be particularly useful. However, as with the selection of 

indicator species, the selection of indices of abundance must be made carefully and 

should be based on a clear and established relationship between the index and the 

presence or abundance of the species. 

In addition to determining the attributes to be measured, it is important that adequate 

consideration is also given to clarify other attributes of the monitoring design, including 

the identification of sampling units (plots, line transects, individual plants etc), whether 

sampling plots are to be permanent or temporary, and how many units are required 

(Skalski 1990; Green 1993; Silsbee and Peterson 1993; Whitehead et at. 2001; Yoccoz 

et at. 2001; Nichols and Williams 2006; Field et at. 2007). This last factor is 

intrinsically linked to the desired power of the monitoring program, that is, with what 

level of confidence can a given level of change be detected by the program (Green 

1993; Field el at. 2005; Nichols and Williams 2006; Field el at. 2007), and is one of the 

most important factors to be considered during the design of a monitoring program. 

Determining the power of a monitoring program is a difficult but essential activity. 

Rather than undertaking a completely separate pilot study to assess the power and 

precision of the program, the first use of the methodology, or baseline sampling period, 

can be used to assess the methodology in terms of the suitability of the number, size and 

location of sampling units and appropriateness and efficiency of sampling methods 

(Skalski 1990; Silsbee and Peterson 1993; Yoccoz et at. 2001). 
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How will the monitoring data be analysed? 

The methods that are to be used to analyse the data also need to be carefully considered 

during the design of the sampling strategy. Traditional frequentist (parametric) statistics 

are often used to investigate whether significant changes have occurred in the species of 

interest and to investigate correlations between these changes and measures of habitat or 

threats (Field el al. 2005; Nichols and Williams 2006; Field el al. 2007). Multivariate 

techniques such as ordination and cluster analysis can provide insight into changes in 

community composition and these are commonly used to examine the state of a 

community from one sampling period to another (Clarke and Warwick 2001; Elzinga el 

al. 2001). However, optimal designs for monitoring programs incorporating replicates 

of both before and after treatment or impact sites, repeatedly surveyed over time, are 

often in violation of the basic assumptions of independence that underpin traditional 

parametric statistical tests (e.g. sites are not spatially or temporally independent) (Krebs 

1989; Skalski 1990; Green 1993). Skalski (1990) advocates the use of partial 

replacement of sites to overcome the problem of spatial autocorrelation of samples. 

However, alternative statistical approaches. such as those based on likelihood estimation 

(e.g. Bayesian statistics and information theoretic inference), are now being used more 

frequently, as they are better able to deal with large data sets that do not meet the 

assumptions of traditional parametric analysis techniques (Clarke and Warwick 2001; 

Elzinga ci al. 2001; Field ci al. 2005; Field ci al. 2007). They are also very useful in that 

they are based on the inclusion of prior probabilities and likelihoods calculated from the 

data at hand and are therefore better able to utilise the information contained within 

large, long term data sets. 

In addition to these issues of independence, monitoring programs should be robust 

enough to adequately characterise the many sources of variation that will be present 

within their data set. Some of these sources of variation include differences in detection 

probability between species and habitats. observer bias and natural patterns of change 

within the system or population being monitored (Elzinga et al. 2001; Field et al. 2005; 

Griffiths el al. 2007). Ultimately the data from a monitoring program must be analysed 

in a manner that enables the disentanglement of stochastic from deterministic change. 

The ability to quantify or at least estimate the contribution of these sources of variation 

to observed changes in the measured parameter is particularly important if the objective 
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of the monitoring program is to detect change resulting from a particular management 

action or threatening process. 

Scope of this study 

As mentioned above studies demonstrating change in mammal populations in Kakadu 

have been restricted to the Eucalyptus dominated lowland habitats. In contrast, very 

little information exists about the current status of the mammal (and vertebrate fauna in 

general) and the processes that may threaten them in other habitats of KNP, such as the 

sandstone escarpment areas. There is also little information available as to what factors 

are important in maintaining these populations and how they may be affected by current 

management strategies or threatening processes that are present in KNP. A well 

designed monitoring program could provide this information and assist in the 

development of appropriate management activities. 

The various components of this project have been developed to provide exploratory 

evidence of changing mammal populations across KNP, in a maimer complementary to 

the experimental work undertaken at the Kapalga Research Station by the CSIRO. 

These discrete studies are not intended to demonstrate cause-and-effect in relation to 

changes in mammal populations and therefore do not incorporate experimental activities 

to test these relationships. 

With this in mind the underlying question to be answered by this thesis is: 

Is the status of the terrestrial vertebrate fauna (particularly the mammals) of Kakadu 

National Park changing and how can broad-scale biodiversity monitoring be used to 

identify these changes and the factors contributing to them? 

In an attempt to answer this question I have identified the following specific aims: 

To collate and synthesise existing information, and to repeat historical surveys to 

assess the current status of mammal populations across Kakadu National Park. 

To use correlative studies to investigate the role of a number of possible causal 

factors, in particular fire regimes, the invasion of the cane toad and the presence 

of feral cats, in any observed changes in mammal populations and identify 

ecological, phylogenetic and geographic patterns in these changes. 
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3. To draw on the experience and outcomes from repeated surveys and their 

analysis (used to achieve aim (1) above), to investigate the design requirements 

of a terrestrial vertebrate fauna monitoring program for Kakadu National Park. 

Structure of thesis 

In Chapters two, three, four and five I describe the re-sampling of four landmark fauna 

surveys carried out in KNP. The aim of re-surveying these sites was to measure change 

in mammal populations between the original and repeat surveys. In taking this 

approach. I recognise that there are some inherent weaknesses with the methodology. 

These weaknesses primarily relate to the absence of any long-term monitoring of these 

sites and the resulting lack of information about the fate of mammal populations during 

the intervening 20 or so years between the original sampling and the re-sampling 

described here. However, given the absence of any monitoring or surveying during this 

period, there appears to be no alternative method of assessing change in mammal 

populations. 

Chapter 2 describes the re-survey of 263 sites that were originally sampled in 1988-

1990 during CSIRO survey of the Stage 3 area of KNP (Woinarski and Braithwaite 

1991). During the original survey, a total of 380 quadrats were surveyed for birds. 

mammals and reptiles. Between February and November 2001. 263 of these quadrats 

were re-sampled, the remaining 117 were not re-surveyed because they were either 

inaccessible (due to degradation of tracks) or too difficult to re-locate with sufficient 

accuracy. Although the methods used in each of the two sampling periods differ slightly 

(this difference is quantified and discussed in Chapter 3) the information collected 

during the re-survey of these sites provides valuable insight into the status of small 

mammals in this section of KNP. 

Chapter 3 provides the results of the re-sampling of the Kakadu Fauna Survey 

(Braithwaite 1985). This survey was carried out in Stage I and II (now referred to as 

Jim Jim, Nourlangie. East and South Alligator districts) of KNP between 1980 and 

1983. In the original survey, 30 sites located in five habitats were sampled during the 

wet and dry seasons of 1980-1983. Due to time, cost and access constraints, only 16 of 

these 30 sites were re-sampled during this project. Most of the sites that were omitted 

from the re-survey were located in the sandstone uplands and accessible only by 
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helicopter. Each of the 16 re-sampled sites was visited once in 2002 and the data 

collected at this time were compared to those collected at the same sites in the dry 

season of 1983. 

In Chapter 4 and 5 I discuss the results of the re-sampling of two further surveys 

conducted in the northern half of KNP. Chapter 4 describes the results from the re-

sampling of a set of sites located on the Jabiluka mining lease in the north of KNP 

(Kerle 1983; Kerle and Burgman 1984). These sites were established as part of the 

environmental impact assessment that preceeded the development of the uranium mine 

at Jabiluka. A total of 16 sites were established across the lease and sampled for small 

mammals between 1979 and 1981. During 2003, all but one of these sites was re-

sampled using the same methodology. In addition to this set of 16 sites, Kerle (1983) 

surveyed three other sites for an intensive study of the population dynamics of the 

Northern Brushtail Possum. One of these sites was also re-sampled in 2003 with the 

view to investigating the status of the possum population there. 

Chapter 5 describes the results of the re-sampling of the mammal fauna of Nawurlandja 

(also known as Little Nourlangie Rock), an outlier of the rugged Arnhem Land Plateau 

(Begg 1981a; Begg 1981b; Begg 1981c; Begg et at. 1981; Dunlop and Begg 1981). 

The original sampling was carried out by Begg et at. between 1979 and 1981. This 

survey represents one of the only pieces of research to consider in detail the mammals 

of the sandstone habitats of KNP. In 2002 I re-sampled the mammals at Nawurlandja, 

using the same methods and site locations as the original study. At the completion of 

the original sampling in 1980, the study site was burnt and a further sampling period 

completed to assess the impacts of fire on the species studied. I also investigated the 

role of fire in the results of my trapping and this is discussed in detail in this chapter. 

In Chapter 6 I describe how I investigated the role of spatial and temporal variability in 

fire regimes in determining the distribution and abundance of small mammals in KNP. 

In this section of my project I selected 12 sampling sites based on a number of fire 

regime descriptors (calculated from a 21 year fire history of KNP (Russell-Smith ci at. 

1 997b). Using small mammal capture rates and detailed habitat information collected at 

each site I model the distribution of small mammals in relation to a range of fire history 

and habitat variables. 
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Chapter 1 Introduction 

In many parts of Australia introduced predators, such as feral cats and European foxes, 

have been implicated in the decline or extinction of native species (Short and Smith, 

1994). Although foxes are not present in KNP, feral cats have been in the area for some 

time. There has been very little work aimed at assessing the impacts of cats on native 

species in these habitats, primarily because of the commonly held belief that cats are not 

present in sufficient numbers to cause any serious impacts on native populations. In 

Chapter 7 I report on the findings of the first dedicated attempt to assess the distribution 

and relative abundance of feral cats in KNP and discuss the implications of the findings 

for the conservation of small mammals. 

The cane toad (Rhine/la marina) was first recorded in the south-eastern corner of KNP 

in the wet season of 2001. During the following 12 months toads colonised many of the 

sites sampled during the Stage III re-survey described in Chapter 3. This scenario 

provided a unique opportunity to assess the short term impacts of the arrival of cane 

toads on the native fauna in Stage III of KNP. In 2002 I re-surveyed 110 of the Stage 

III sites, 77 of which had been invaded by cane toads. In Chapter 8. I report on the 

short-term impacts of cane toads on the bird, mammal and reptile fauna at these sites. 

In the final chapter of this thesis I present a synthesis of the findings of the seven data 

chapters of this thesis and a summary of the current status of small mammals in Kakadu 

National Park. In particular I present a collation and comparison of the results of the 

results of Chapters Two. Three. Four and Five of this thesis to discuss the nature and 

extent of change in mammals across KNP and discuss the role of various threatening 

processes in those changes. I also address the topic of biodiversity monitoring in KNP 

and provide a critique of the current approach to biodiversity monitoring in the Park and 

provide some suggestions as to how this might be impoved in the future. 
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Chapter 2. Re-survey of Stage III. 

Introduction 

Changes in the fauna of Australia's rangelands have been the subject of considerable 

review over the last decade (Whitehead et al. 2001; Sattler and Creighton 2002). These 

reviews show that the extent of change has varied greatly between taxa and between 

regions, with the most marked changes, especially decline in abundance and 

distribution, and extinction, affecting small-medium sized mammals, particularly from 

the and interior. Until recently it was thought that the changes that have decimated the 

mammal fauna of inland Australia had not occurred in the northern parts of the country. 

However, recent studies (Braithwaite and Muller 1997; Woinarski et al. 2001b) have 

indicated that this perceived security may be false and that faunal communities in the 

wet-dry tropics of the Northern Territory may also be changing. However, 

discriminating between the high levels of natural variation characteristic of the fauna of 

this region and changes resulting from external factors is difficult, especially in the 

absence of ongoing, broadscale surveys or monitoring programs. 

With the exception of some notable landmark surveys (Kirkpatrick 1966; Kirkpatrick 

1967; Kirkpatrick 1968; Lavery and Johnson 1968; Frith and Calaby 1974; Miles and 

Burbidge 1975; Kabay and Burbidge 1977; Kitchener 1978; Kirkpatrick 1979; 

McKenzie 1981; Western Australian Museum 1981; McKenzie 1983; Braithwaite 1985; 

McKenzie et al. 1991; Woinarski 1992) the faunal communities of northern Australia 

are relatively poorly known. These surveys have generally been limited to one-off 

inventory or exploratory exercises or short-term studies that have provided limited 

characterisation of temporal and spatial patterns of change in faunal assemblages. They 

have rarely been designed with the explicit intention of repeated sampling for the 

assessment of temporal or spatial change in faunal communities. However, these 

surveys can provide large amounts of information, often for areas that may have 

subsequently undergone dramatic change or been subjected to environmental or 

management pressure and for which there is little or no other information describing the 

system prior to such change (Woinarski et al., 2006). In such cases, inventory surveys 

may provide the only "baseline" against which change in the system can be measured. 

The few long-term studies completed in northern Australia have demonstrated that 

components of the faunal assemblages of this region (particularly birds but also some 

mammals) can be extremely dynamic, characterised by marked change in species 
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composition, distribution and abundance between seasons and years (Begg et at. 1981; 

Braithwaite 1985; Woinarski and Tidemann 1991; Woinarski et at. 2000b; Woinarski ci 

at. 2001 b). Such high variation limits the interpretation of one-off inventory surveys as 

an assessment of the health or status of a system, and casts doubt on the validity of 

management programs guided only by the interpretation of these results. 

The situation in Kakadu National Park (KNP) is like that of the rest of northern 

Australia. with few documented long-term studies of the terrestrial fauna. However, 

major inventory studies have been undertaken across the Park, the most extensive of 

these being the CSIRO survey of Stage I and II (Braithwaite, 1985) and Stage III (the 

Mary River District) (Woinarski and Braithwaite 1991). The most geographically 

extensive inventory of terrestrial fauna in KNP was undertaken in the southern parts of 

the Park, in Stage III (now referred to as the Mary River District) (Woinarski and 

Braithwaite 1991). This study, undertaken from 1988-1990 revealed a rich mammal 

fauna consisting of 56 native species, including 25 bats. 11 rodents, seven macropods, 

seven dasyurids, three possums, one bandicoot. one monotreme and the dingo. This 

fauna includes 60% of mammal species known from north-western Australia 

(Woinarski ci at. 1992) and includes only a few less species than Stage I and II of KNP 

combined (Woinarski and Braithwaite 1991; Woinarski ci at. 1992) 

Other studies including that undertaken at Nawurlandja (also known as Little 

Nourlangie Rock) (Begg 1981a; Begg 1981b; Begg 1981c; Begg et at. 1981), on the 

Jabiluka Mining Lease (Kerle and Burgman 1984) and at the Kapalga Research Station 

(Andersen ci at. 2003) covered a much smaller area and in the case of the Nawurlandja 

research, targeted a smaller and more particular suite of species. Although providing a 

relatively comprehensive record of the vertebrate fauna of some parts of KNP. these 

surveys were not designed with the primary intention of re-sampling in order to assess 

temporal changes in faunal communities over the long term. Despite this, they 

represent a valuable set of baseline information to which contemporary data can be 

compared, an approach demonstrated for a survey carried out in the Emerald District in 

Queensland (Woinarski et at. 2006b). 

Notable amongst these other studies is the six-year study undertaken at the Kapalga 

Research Station (Andersen ci at. 2003). This landscape scale study was designed to 

explicitly investigate the impacts of a range of fire regimes on the flora and fauna of the 
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savanna woodlands of Kakadu. The intensive trapping regime and relatively long 

duration of the study provided valuable insight into temporal patterns in the distribution 

and abundance of native mammals in the area, along with testing some important ideas 

about the processes that might be threatening these populations including a range of fire 

regimes and impacts from feral herbivores, mainly Asian water buffalo (Corbett et al. 

2003). 

In addition to characterising species diversity, the studies at Kapalga revealed a 

mammal fauna undergoing substantial levels of change in abundance. Over a seven 

year trapping period, significant declines in abundance were observed for all mammals 

combined and for many individual species including the northern quoll Dasyurus 

hallucatus, fawn antechinus Antechinus bellus, pale field rat Rattus tunneyi, northern 

brushtail possum Trichosurus vulpecula, northern brown bandicoot Jsoodon macro urus, 

dusky rat Rattus colleiti and black-footed tree-rat Mesembriomys gould/i (Braithwaite 

and Muller 1997 Woinarski el al. 2001b). Other species, including the red-checked 

dunnart Sminihopsis virginiae, delicate mouse Pseudomys delicatulus, western chestnut 

mouse Pseudomys nanus and grassland melomys Melomys burioni, showed a significant 

increase in abundance over the same period (Braithwaite and Muller 1997; Woinarski et 

al. 2001b). The changes observed in the mammal fauna of Kapalga have some 

similarities with those observed elsewhere in Australia. Most notable is the decline of 

Kapalga's larger dasyurids and rodents and the single bandicoot and possum, which 

echoes the susceptibility of these species or groups of species to decline and extinction 

elsewhere. The changes were also rapid, with species going from relatively common to 

rare in a short period of time (in this case within one to two decades). 

The evidence of recent change in mammal communities in KNP is not restricted to the 

Kapalga area. The golden bandicoot Isoodon auratus was last reported from Kakadu 

Stage III in 1967, from near Old Goodparla homestead (Palmer et al.. 2003), and despite 

substantial trapping effort in the area (Woinarski and Braithwaite 1990; Woinarski and 

Braithwaite 1991; Woinarski et al. 1992) has not been seen in KNP since. The golden-

backed tree rat Mesembriomys macrurus has also not been seen in the Park since the 

late 1960's, although an unconfirmed sighting was recorded from near Gerowie Creek 

in Stage III in c. 1998 (Woinarski 2002; Palmer et al. 2003). If these species have 
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indeed disappeared from Stage III, are others, including those that have declined at 

Kapalga, following the same pattern of decline in this area too? 

A hypothesis for mammal decline in Kakadu 

In their original assessment of the observed changes at Kapalga. Braithwaite and Muller 

(1997) argued a correlation between groundwater levels and mammal abundance. 

However after refuting this explanation Woinarksi et al (2001) suggested that the most 

likely explanation for changes in native mammal populations at Kapalga was the 

replacement of fine-scale traditional Aboriginal burning practices with a contemporary 

regime characterised by a higher frequency of extensive and more destructive fires. 

Impacts of fire upon biodiversity (and particularly mammal populations) have been 

documented from a diversity of Australian habitats including the heathlands of the 

Otway Ranges in Victoria (Wilson et al. 2001), tall Eucalypt forests in Victoria and 

New South Wales (Catling et al. 2001: van der Ree and Loyn 2002; Lindenmayer et al. 

2008), the deserts of Central Australia (Masters 1993; Masters 1996: MacKenzie 2005). 

rocky habitats of the Gulf of Carpentaria (Brook et al. 2002) and from the savannas and 

rocky habitats of KNP itself (Begg et al. 1981: Kerle 1985: Braithwaite and Griffiths 

1996: Andersen and Muller 2000; Orgeas and Andersen 2001: Andersen et al. 2003: 

Pardon et al. 2003: Andersen et al. 2005). At the Kapalga Research Station in northern 

Kakadu. late dry season fires have been explicitly demonstrated to be a key factor in the 

decline of at least one species. the northern brown bandicoot (Pardon et al. 2003). 

Contemporary fire regimes are thought to lead to a reduction in the abundance of habitat 

features critical for mammal survival, including large hollow trees, fallen logs and litter 

(Woinarski ci al. 2005), and may alter the composition, productivity and phenology of 

grasses, shrubs and trees (Fensham 1990; Setterfield 1997; Werner 2005; Prior ci al. 

2006: Lehmann ci al. 2008; Murphy and Russell-Smith 2010: Murphy ci al. 2010). The 

lack of topographic diversity in the lowland savannas of KNP provides few barriers to 

the spread of fires (Price ci al. 2005a), increasing the risk of large areas of habitat being 

uniformly devoid of these critical resources and as a result unable to support some 

species of small-medium sized mammals. 

Rocky habitats on the other hand are thought to provide some small-medium sized 

mammals a buffer against the impacts of fire. either through direct shelter from the 
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flames or through the protection of food resources that may accumulate between rocks, 

out of reach of fires (Burbidge and McKenzie 1989). However, some vegetation 

communities found in rocky areas, such as heathlands and monsoon forest patches may 

be particularly sensitive to fire (Bowman and Fensham 1991; Russell-Smith et al. 1993; 

Bowman 1994a; Russell-Smith et al. 1998; Banfai and Bowman 2007; Russell-Smith et 

al. 2009). Mammals that occupy these habitats may therefore be susceptible to impacts 

resulting from inappropriate fire regimes. Given the extensive use of fire as a land 

management tool throughout KNP, it is important that this possible relationship 

between fire regimes and changes in mammal populations be investigated further. 

However it is equally important to consider the possible contribution of other processes 

to changes in mammal populations. Kakadu has a mixed history of land use, ranging 

from mining of gold and uranium to pastoral activities and more recently extensive 

tourism (Press ci al. 1995). During the 1900's a number of pastoral stations were 

located within the boundaries of what is now KNP (Press ci al. 1995). There were also 

extensive herds of feral Asian water buffalo Bubalus bubalis in the Park that for some 

time supported a hide and meat export industry (Freeland 1990; Press ci al. 1995; Field 

ci al. 2006). The few studies that have considered the impacts of buffalo on the fauna 

of KNP have found a variety of responses but for the few mammals that were 

considered , high buffalo density was found to have a negative impact on both 

distribution and abundance (Braithwaite ci al. 1984; Skeat ci al. 1996). During the 

1980's feral livestock across northern Australia were systematically eradicated as part 

of a program to prevent the potential spread of tubercullosis and brucellosis to domestic 

herds (Bayliss and Yoemans 1989). In Kakadu, this program resulted in a spectacular 

decline in the number of livestock across the Park. The potential impact on native fauna 

of such a rapid and extensive decline has been given only limited attention, but there has 

been considerable research into the impacts of this decline on the vegetation of Kakadu. 

The impact of buffalo on the vegetation of KNP occurred in two distinct phases: (1) the 

period of considerable increase in buffalo numbers between 1960-1980; and (2) the 

period of dramatic decline in buffalo densities between 1980-1994 (Petty et al. 2007b). 

Increasing buffalo numbers directly altered the abundance and composition of ground 

cover, leading in some places to the complete stripping of ground vegetation as carrying 

capacity was reached (Skeat ci al. 1996; Petty ci al. 2007b). Compaction of soil and 

47 



Chapter 2. Re-survey of Stage III. 

increased erosion also accompanied these changes in vegetation (Taylor and Friend 

1984; Skeat ci al. 1996; Petty el al. 2007b). On the other hand, the decline of buffalo 

relieved ground cover, especially grasses. from the considerable grazing pressure 

imposed by buffalo. The indirect effects of these processes were changes in the 

competitive relationships between trees, grasses and forbs and a significant alteration to 

fuel loads and fire regimes, particularly when buffalo declined (Werner 2005; Prior ci 

al. 2006; Werner cial. 2006). The consequence of this effect has been further alteration 

in the overall structure and species composition of the vegetation across the Park. 

These changes in vegetation have considerable implications for native fauna. In savanna 

woodlands and other lowland habitats the accumulation of grass could be beneficial to 

some ground-dwelling species (e.g. northern brown bandicoot, pale field rat) by 

providing additional and more prolonged food resources and nesting materials, and by 

providing some protection from predators such as the feral cat. However, such an 

accumulation of grasses represents a significant fuel load with the potential to carry 

hotter and more extensive fires that are considered by many researchers to be generally 

undesirable for the conservation of small mammals (Andersen ci al. 2005). The 

removal of buffalo from the system has also released additional resources to other 

introduced species (e.g. the feral pig Sits scrofa) which have increased considerably in 

number over the last two decades (Corbett I 995b; Field ci al. 2006). 

Studies of the impacts of buffalo on native fauna have almost exclusively been carried 

out in the floodplains and surrounding habitats of the northern and central parts of KNP 

where buffalo densities were historically very high (Braithwaite ci al. 1984: Friend and 

Taylor 1984; Skeat ci al. 1996). Research into the impacts of buffalo on native 

vegetation has had a similar bias, generally concluding that the most severe detrimental 

impacts of buffalo have been concentrated in the north and central parts of the Park 

(Friend and Taylor 1984: Taylor and Friend 1984; Skeat ci al. 1996; Petty ci al. 2007b). 

A few recent studies have given more detailed consideration into the role of buffalo in 

landscape scale changes in vegetation right across KNP (Werner 2005; Prior ci al. 2006; 

Werner ci al. 2006; Banfai and Bowman 2007; Petty ci al. 2007b; Lehmann ci al. 

2008). These studies have concluded that the impacts of buffalo in the southern end of 

KNP may have historically been underestimated and although subtle, may have in fact 

been as great as those suffered in the north. 
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These impacts have included increased erosion along creek lines (Skeat et al. 1996), 

physical damage to vegetation in riparian corridors and monsoon forests (Petty et al. 

2007b) and changes in fire activity leading to increased damage in monsoon forests 

(Russell-Smith 1984). Petty et al. (2007b) suggest that this is due to lower rainfall and 

plant productivity in the southern end of KNP, a range of vegetation communities that 

are less resilient to the types of ecological disturbance resulting from buffalo activity 

combined with long-sustained buffalo populations. The flow-on effects of buffalo on 

the small mammals of this region are yet to be given the consideration that has now 

been afforded to the vegetation of the area. 

Objectives of this study. 

In this chapter I describe the re-surveying of the mammal fauna of 263 sites previously 

surveyed in 1988-90 as part of the CSIRO survey of Stage III (Woinarski and 

Braithwaite 1991). Although not designed for this purpose, the survey provides a useful 

baseline to which the current mamma/fauna can be compared to determine if changes, 

such as those recorded al Kapalga, have also occurred in the southern end of the Park. 

The broad diversity of habitats sampled during the original survey and the re-survey 

described here also allow the assessment of change across a variety of habitat types 

and f/re histories, an exercise not yet undertaken anywhere else in the Park. There/ore 

the/our questions to be addressed in this chapter are: 

. Has the abundance and distribution of small-medium sized mammals in Stage III 

of KNP changed between the 1988-90 baseline survey and the 2001 re-survey, 

and if so how does this change compare with that recorded in Kapalga in 

northern Kakadu? 

• Does habitat type influence the pattern of change for individual mammal 

species, total mammal abundance and species richness? 

• Does the number of fires that a site has been exposed to influence the change in 

abundance of individual mammal species, total mammal abundance and species 

richness? 

• Does the dramatic decline in the abundance of livestock (buffalo and cattle) 

influence the pattern of change in abundance of individual mammal species, 

total mammal abundance and species richness? 
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Methods 

Siudy Area 

Stage III of KNP is situated on the southern boundary of the Park and covers an area of 

approximately 6685 km2  encompassing the headwaters of the South Alligator, Mary and 

Katherine River systems (Figure 2.1). The area has an intermittent history of pastoral 

use (including cattle and buffalo grazing) as well as extensive mining activity, but these 

activities ceased prior to or just after the declaration of the area as the third stage of 

KNP in 1987 (Press ci at. 1995). Feral livestock are still present in the area, though at 

relatively low numbers. Recent surveys in the area suggest that numbers, particularly 

buffalo, may be increasing as animals enter KNP via Arnhem Land (Tracey ci at. 2009). 

The topography of Stage III is dominated by the south-western corner of the Arnhem 

Land Plateau and the relief varies from 18 to 455 m above sea level. Twenty-two 

vegetation types have been mapped in Stage Ill, defined by vegetation structure, 

floristics and environmental characteristics (Schodde ci at. 1987). The area is 

characterised by a greater abundance of foothill woodlands than both Stage I and II of 

the Park. There are also notably fewer lowland monsoon forests, floodplains and a total 

absence of mangroves. As with the rest of KNP, Stage III is subjected to a monsoonal 

climate characterised by a long dry season (May—November) and a short wet season 

(December—April). Most (85-90%) of the average armual rainfall (1565mm) falls 

during the wet season. Temperatures are high year round, with maximum temperatures 

varying from 22.4° C in June-July to 34° C in November (Press ci al. 1995). 

Baseline survey 

The baseline survey of Stage III was carried out during three periods: September-

November 1988, February-June 1989 and March-August 1990. The survey 

methodology is described in detail in Woinarski and Braithwaite (1990) and Woinarski 

ci al. (1992) and summarised here. A total of 380 quadrats were surveyed for mammals, 

birds, reptiles and frogs (and plants). The 380 quadrats were arranged in twenty groups 

of 15 quadrats, two groups of five quadrats and a set of 70 quadrats within the 

Conservation Zone" (a small area of approximately 48 km2  located at the centre of 

Stage III in which a number of mining proposals, including the well-known Coronation 

Hill site, were under investigation at the time). The original survey was designed 

primarily as an inventory exercise and as such the sites were chosen to represent as 
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many of the main vegetation types present in the area as possible. In addition to 

representativeness, the selection of the sites was influenced by accessibility and 

avoidance of aboriginal sacred sites (Woinarski and Briathwaite, 1990). 

At each of the 20 main sites, three 900 in transects were established, each with five 

equally spaced quadrats (100 x 100 m) along its length. The transects were established 

such that one was positioned entirely within the dominant local vegetation type, the 

second was positioned to sample the range of vegetation types locally present and the 

third was randomly positioned from a fixed starting point, with the only constraint being 

that it did not intersect either of the other two. Within each of these large quadrats a 

smaller core quadrat of 80 x 20 in was established and used as the main trapping area. In 

the Conservation Zone, the transects were of variable length, included between three 

and 19 main quadrats and were not arranged in clusters of three. 

Twenty traps were located at regular intervals along the perimeter of each of the core 

quadrats. These traps consisted of 16 medium-sized Elliott traps (32x9x9 cm) and four 

larger traps (a mixture of large Elliott traps (46x I 6x 16 cm) or wire cage traps 

(56x20x20 cm). Traps were baited with a mixture of peanut butter and oats and 

checked early each morning. In addition, two pitfall traps consisting of a 36 cm depth x 

28 cm diameter plastic bucket with an 8 in long x 25 cm high drift fence, were set 

within each core quadrat. The traps and pitfalls were set for four consecutive nights. 

The number of large mammals (macropods, feral ungulates and dingoes/dogs) observed 

on the quadrats were recorded during two nocturnal and three diurnal visits to every 

quadrat Where these (or other species) were known to be present in a quadrat from 

records of tracks, scats, hair, bones or incidental observations (outside of the quadrat 

area) they were assigned an arbitrary abundance value of 0.1. 

Relative abundance measures were assigned to each species in every quadrat by tallying 

the number of individuals trapped plus the number observed during all censuses for that 

quadrat. 

Figure 2.1 (Following page) The Mary River District of Kakadu National Park, showing 
location of sampling sites. 
Note that not all sites re-sampled during 2001 are presented on map. Some points may 
represent more than one sampling site due to the physical proximity of sites and the resolution 
of available mapping products. 
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2001 Re-survey 

Between February and November 2001, I re-sampled 263 of the 380 quadrats sampled 

during the baseline survey (Table 2.1 and Figure 2.1). The remaining quadrats were not 

re-sampled due to problems with access (e.g. old vehicle tracks had become impassable 

over the 10-12 years between sampling), inability to relocate quadrats with sufficient 

accuracy and/or limits on personnel. At the time of the original sampling, the locations 

of the quadrats were not permanently marked nor were accurate grid references 

recorded. In 2001 these quadrats were re-located as accurately as possible by using 

personnel present on the original survey and by accessing detailed archived site 

descriptions. Upon completion of the 2001 re-sample the locations of all sites were 

recorded using hand held Garmin Geographic Positioning Systems (GPS). 

Each quadrat consisted of a 50 x 50 in square core area. A total of 24 traps, consisting 

of 20 small Elliott traps (five on each side of the square) and four large Elliott or wire 

cage traps (at each corner) were positioned around the perimeter of this square. Two 

pitfall traps, consisting of a 20 litre bucket with 10 m of drift fence were located in the 

centre of the quadrat. Traps were baited with a mixture of peanut butter, rolled oats and 

honey and left open for three consecutive nights. Large mammals were recorded during 

three diurnal and two nocturnal visits to the quadrat. Birds and herpetofauna were also 

sampled with the mammals. As per the original survey, all species were given a relative 

abundance value calculated as the sum of the number of individuals caught in traps and 

observed during searches. 

Although the same arrangement of quadrats was maintained at each site, the sampling 

procedures adopted in the 2001 re-survey of Stage III differed slightly from the methods 

used in the original survey. The differences equate to 10% less Elliott and cage trap-

nights per quadrat and 25% less pitfall trap-nights per quadrat in the 2001 sampling. 

Procedures adopted in 2001 follow the standard fauna survey techniques currently used 

by the Biodiversity Conservation Section of the Department of Natural Resources, 

Environment, the Arts and Sport of the Northern Territory Government making the data 

collected from this survey comparable with those now being collected elsewhere across 

the Top End of the Northern Territory. 
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Statistical Analysis 

To investigate whether the abundance (measured as number of animals caught (or 

observed) per trap-night I have used non-parametric tests in a hypothesis testing 

framework. These methods allow the direct comparison of the trapping results from the 

two survey periods while providing some measure of the significance of any differences 

between the results of the two sampling periods. 

The information-theoretic modelling approach adopted in this chapter and throughout 

this thesis is based on Kuliback-Leibler (K-L) information, which assigns relative 

strengths of evidence to a set of competing models, all developed a priori from existing 

information or hypotheses (Anderson and Burnham 2000: Anderson ci al. 2001; 

Anderson and Burnham 2002; Burnham and Anderson 2002). The Akaike Information 

Criterion (AIC) (or it's derivatives) is then used as an objective means of selecting the 

best model from the candidate set. Using maximum log-likelihood, this process 

identifies the model that is most parsimonious and loses the least information. The 

process accepts that there is no one correct model to describe a system, instead 

providing a framework in which a number of plausible hypotheses can be compared to 

identify the model that best describes the system given the data at hand (Burnharn and 

Anderson 2002). For these reasons, this modelling approach is a powerful method for 

the comparison of the importance of a number of potential causes of change in a 

parameter of interest (in this case, change in abundance or presence/absence of small 

mammals). 
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Table 2.1. Location of fauna survey sites, number of quadrats and date of sampling at each site in the 1988-1990 baseline 
sampling and the 2001 re-sampling of Stage III sites (also refer to figure 2.1). * bracketed tallies refer to re-sampled 
quadrats which were located with insufficient precision: these have been excluded from all analyses 

I Coirwong 15 5-9 Sept 1988 13 24-28 Sept 2001 
2 Mundogie Hills 15 10-14 Sept 1988 10 1-5 Nov 2001 
3 Sleisbeck Plateau 15 21-25 Sept 1988 12 (+2) 29 Sept-2 Oct 2001 
4 Upper Katherine 15 26-30 Sept 1988 13 3-7 Oct 2001 
5 El Sherana 15 1-5 Oct 1988 12 17-20 Nov 2001 
6 Inbarin Hills 15 11-15 Oct 1988 9 5-10 Nov 2001 

7 Bukbukluk 15 16-20 Oct 1988 11 22-25 Nov 2001 
8 Marrawal Plateau 15 27-31 Oct 1988 - - 

9 Koolpin Gorge 15 5-10 Nov 1988 11 14-17 Nov 2001 

10 MaryRiver 15 11-15 Nov 1988 8 11-14 Nov 2001 

11 Plurntree Creek 15 23-27 Feb 1989 15 23-27 Feb 2001 

12 Billiard Creek Rd 15 1-4 March 1989 15 27-30 Feb. 12-15 Mar2001 

13 Gerowie 15 16-20 Mar 1989 15 20-24 Feb 2001 

14 Mt Evelyn 15 4-9 April 1989 (7) May 2001 

15 Bloomfield Springs 15 10-15 April 1989 14 26-30 April 2001 
CD 

16 Snake Plain 15 6-11 May 1989 15 8-12 June 2001 

17 Birdie Creek 15 19-23 April 1990 12 19-22 April 2001 

18 Turnoff Creek 15 24-28 April 1990 15 22-26 April 2001 

19 Blackiungle Spring 15 10-14 May 1990 14 13-17June 2001 

20 Sleisbeck Plateau 15 15-19 May 1990 (12) May 2001 
CD 

X Koolpin Gorge 5 17-21 May 1989 4 May 2001 

Y Shovel Billabong 5 22-25 May 1989 5 4-7 June 2001 
conservation zone 70 17July-4Aug 1990 40 31 Aug- 12 Sept 2001 CD 
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Assessing Change in Mammal Populations 

Changes in abundance of the mammal fauna at the Stage III survey sites were 

investigated by comparing the relative abundance estimate for each individual species, 

total mammal abundance and species richness in each quadrat. The method of 

comparison was a Wilcoxon Matched Pairs Test. As the name implies this test allows 

the comparison of matched pairs of observations (Zar 1999). In this case, the 

abundance measures for any species recorded from the same quadrat during the baseline 

survey and the 2001 re-survey can be directly compared without unwanted variation 

resulting from environmental or locational sources (Zar 1999; Crawley 2002). This 

analysis was repeated for all mammal species that were recorded in ten or more 

quadrats. 

Relationships between the abundance of individual species was assessed by calculating 

Spearman's Rank Correlation Co-efficients for all pairs of mammal species. Wilcoxon 

Matched Pairs Tests and correlation analyses were carried out using Statistica 6.0 

software (Statsofi 2004). 

The difference in trap numbers and the duration of trapping are likely to have at least 

some effect on the comparison of trap success rates. In the following sections I present 

two sets of analyses, undertaken in an effort to quantify this potential effect. In the first 

analysis, capture rates for each species are converted to a trap success rate as a means of 

standardising the different number of trapping nights in each survey period. Trap 

success rate for the original survey was calculated by multiplying the number of 

captures/observations of each species by 100/88 (88 being the total number of trap-

nights at each site in the original survey). For the 2001 sampling, the number of 

captures was multiplied by 100/78, where 78 is the total number of trap-nights at each 

site in 2001).17.10.12 
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Table 2.2. Relative trap efficiency for small and medium-sized mammals recorded 
at Stage Iti (Mary River district) sites. Figures are based on results reported for over 
10,000 captures in the region Note that all species are each standardised to a trap 
efficiency of 1.0 for the trap type with greatest success rate for that species. A value of 
0.1 for a second trap type for that species implies that 10 traps of that second type would 
be needed to have the same probability of capture for that species as one trap of the first 
type. 

Northern quoll 
Brush-tailed phascogale 
Fawn antechinus 
Sandstone antechinus 
Northern brown bandicoot 
Northern brushtail possum 
Pale field-rat 
Black-footed tree-rat 
Common rock-rat 
Arnhem rock-rat 
Grassland melomys 
Western chestnut mouse 
Delicate mouse 
Kakadu pebble mound 
mouse 
Leggadina 
Kakadu dunnart 
Red-cheeked dunnart 
Common planiale 

0.4 0 1.0 41.6 36 
0.9 0 0.8 70.4 63.6 
1.0 0 0.9 78.4 70.8 
1.0 0 0.8 76.8 69.6 
0.4 0 1.0 41.6 36 
0.1 0 1.0 22.4 18 
1.0 0 0.6 73.6 67.2 
0.2 0 1.0 28.8 24 
1.0 0 0.6 73.6 67.2 
1.0 0 0.8 76.8 69.6 
1.0 0 0.8 76.8 69.6 
1.0 0 0.7 75.2 68.4 
1.0 0.7 0.1 71.2 65.4 

1.0 0.2 0 65.6 61.2 

1.0 0.8 0 70.4 64.8 
1.0 0.9 0 71.2 65.4 
1.0 0.1 0 64.8 60.6 
0.2 1.0 0 20.8 18 

In the second analysis species-specific trap efficiency rates are used to calibrate for the 

difference in the number and type of traps used in each survey period. These indices 

(Table 2.2) were calculated from over 10,000 captures of these species from this region 

over the last decade (J. Woinarski pers. comm. 2003). A corrected species specific 

trapping effort was then calculated for each trapping period by multiplying the number 

of traps of each type by it's respective efficiency (Table 2.2) and then multiplying this 

by the number of captures/observations for each species (except large mammals, 

including macropods). 

In carrying out multiple tests such as this there is an elevated risk that Type I errors 

(concluding a change has occurred when it actually has not) may occur. Throughout the 

literature, statistical authors advocate the use of corrective factors (eg. the Bonferroni 
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Correction or sequential Bonferroni Correction (Cabin and Mitchell 2000; Elzinga et al. 

2001; Moran 2003) ) where the critical probability level is divided by the number of 

subset comparisons chosen a priori to protect against such false change" conclusions 

Where many tests are performed such correction factors can result in the critical 

probability level being so low as to make a significant result" almost impossible to 

achieve (Cabin and Mitchell 2000; Moran 2003). For example, if as in this instance the 

critical significance level is p=0.05, the Type I error rate is also 0.05 or 5%. In this 

study 18 Wilcoxon Matched Pairs Tests were carried out. and if the Bonferroni 

correction factor were to be applied, the resultant critical probability level would be 

reduced to 0.003. which is an order of mangitude lower than it needs to be to 

compensate for a Type I error rate of 5%. While lowering the likelihood of Type I 

errors, such correction factors also inflate the possibility of committing Type II errors 

(whereby a conclusion of no change is made when a change actually has occurred). 

In this chapter (and throughout this thesis) I have chosen to adopt the conventional 

critical probability level of 0.05 rather than apply factors such as Bonferroni's 

Correction to minimise Type I errors. In doing so I accept that my results may contain 

some instances of Type I error. However, as some authors suggest that Bonferroni's 

corrections are unnecessary or invalid where the multiple tests involve different species 

(as is the case here) as opposed to repeat testing of similar variables on the same species 

(Yoccoz ci al. 2001) I believe this to be a valid decision. The conventional critical 

probability threshold of 0.05 provides a relatively pragmatic compromise in that it is 

usually considered a "small enough" chance of committing a Type I error, while not 

being so small as to result in "too large a chance" of a Type II error (Zar 1999). 

Geographic trends in change in mammal abundance 

Geographic patterns in the change in abundance of mammals were investigated by 

calculating the direction and magnitude of change in abundance for each species in each 

quadrat from 1988-90 to 2001. and mapping these values. Quadrats where the 

difference in abundance was zero were not included in the subsequent maps. A 

consideration of geographic pattern may provide some inference about factors involved 

in change in abundance. Some factors that may impact on abundance, for example, 

disease. localised high densities of predators, or particular land management practices 

such as a consistent burning regime, could be expected to be distributed patchily. As a 

ZE 
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result species may decline in some areas while remaining stable or increasing in others. 

This mapping (presented in Figure 2.4), combined with further analyses described 

below, may provide some indication of the factors contributing to change in species 

distribution and abundance. 

For each species recorded in 10 or more quadrats, I examined for differences among six 

habitat categories in the extent of change in abundance over the two sampling periods 

using one-way analysis of variance. Woinarski et al. (1992) used an environmental 

gradient analysis to identify three distinct assemblages (based on habitat) within the 

Stage III mammal fauna: a rocky upland assemblage, a lowland monsoon rainforest-

swamp assemblage and an open forest woodland assemblage. For the purpose of this 

analysis, these three broad habitat units have been further categorised into six broad 

habitat types: 

• rocky areas; 

• eucalypt open forests (dominated by Eucalyptus niiniata and E.tetrodonta); 

• riparian strips, swamps and rainforests 

• woodlands on stony hills (dominated by a range of species including Eucalyptus 

phoenicea, E. tect?fica,  E. dichroniophloia and E. tintinnans); 

• lowland open woodlands (dominated by a range of species including Melaleuca 

nervosa, Petalostignia spp. and Eucalyptus granc/(folia); 

• grasslands and open plains (see Figure 2.2) 
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Modelling change in the distribution and abundance of mammals from 1988-90 to 2001 

The information-theoretic approach described by Burnham and Anderson (2002) was 

used to model the data, based on the second order Akaike Information Criterion 

corrected for small sample size (AIC). Akaike weights (w), which provide an 

indication of the weight of support for a candidate model being the best amongst the set 

of models considered were calculated for each model (Burnham and Anderson, 2002). 

These weights are relative model likelihoods normalised to sum to one. 

Over-dispersion of data can limit inferences made from models with binomial and 

Poisson distributions (Crawley 2002; Venables and Ripley 2002). For some models, the 

ratio of residual deviance to degrees of freedom for the global model was high, 

indicating the possibility of overdispersion of the data (Crawley 2002). Where this was 

the case, an overdispersion (inflation) parameter (c) was calculated using the ratio of 

the residual deviance to degrees of freedom for the global model for each species. 

Model selection was then based on QAICc (AIC value corrected for both small sample 

size and overdispersion of data (Burnham and Anderson 2002)) rather than AICc, with 

an additional parameter included in each model for the inflation factor (Burnham and 

Anderson 2002). For some species, there was no overdispersion so AlCc  was used in the 

model selection process. Model construction and calculation of A1C and QAICc values 

were conducted using the '1me4' package in Program R 2.5.1 (R Development Core 

Team 2007). 

Generalised Linear Modelling (GLM) was used to investigate the effects of change in 

abundance of livestock (buffalo and cattle), habitat type and fire history on change in 

abundance of individual species, change in total mammal abundance and species 

richness. The individual mammal species for which this modelling was undertaken was 

limited to those species that were recorded in 20 or more quadrats over the combined 

1988-90 and 2001 surveys. These species were: the agile wallaby Macropus agilis, the 

euro Macropus robustus, the common rock rat Zyzomys argurus, the Arnhem rock rat 

Zyzomys ma/ni, Kakadu pebble mound mouse Pseudomys calabyi, delicate mouse, 

western chestnut mouse, grassland melomys, pale field rat, red-cheeked dunnart, 

northern quoll and northern brown bandicoot. Given that the dependent variable for 

each model (change in abundance) is based on count data, a Poisson distribution with a 

log link (Crawley 2002) was assumed in the model building process. 

roil 
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Change in the distribution of this same subset of small mammals was investigated by 

modelling change in presence/absence of individual species at each quadrat between 

1988-90 and 2001. Each species was allocated a value of zero if it was recorded in a 

quadrat in 1988-90 but not in 2001, and a value of one for a quadrat if the species was 

not present in 1988-90 but was recorded in 2001. Quadrats where species were 

recorded as present or absent in both sampling periods were not included in the analysis. 

The effect of habitat, fire impact in 2001, the number of fires and the change in 

abundance of buffalo (and cattle) in the intervening period between sampling events 

was modelled using GLM. with a binomial distribution and logit link. The co-efficients 

and standard error terms were examined for the best model to determine the strength 

and direction of the relationships. 

Variable selection 

Each quadrat was assigned one of the six broad habitat categories (see page 69) and 

these categories were used as the levels of the habitat variable in model construction. 

The habitat in which a species is primarily found may influence the type and extent of 

threats faced by that species. For example, rocky habitats are thought to provide 

protection from fire and predation while open forests and savanna woodlands may not 

offer such refuges. 

A decline in the abundance of livestock (primarily buffalo but also cattle) is one of the 

most significant land use changes to occur in KNP (Petty et al. 2007b) and may have 

had a significant impact on small mammal communities. For this modelling exercise, 

the effect of this change on mammal communities is being tested by including a model 

parameter that describes the change in the abundance of livestock (buffalo and cattle) 

between the original survey and the 2001 re-survey, calculated as the difference in 

abundance between the 1988-90 and 2001 sampling periods. 

Fire history is considered one of the most likely factors to have influenced change in 

mammal populations in Kakadu (Woinarski el al. 2001b). Fire data have been collected 

in Kakadu since 1990 (from satellite imagery and ground truthing) and this library of 

interpreted imagery was used to derive an 11-year (1990-2000) fire history for each of 

the 263 re-sampled quadrats. This fire history was based on fine resolution (pixels of 

0.06 ha) LANDSAT-TM monitoring for the period 1996-2000. Over each year of this 

period, each quadrat was scored as burnt or unburnt over two time periods - early dry 
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season (May-July) and late dry season (August-November). Fire history over the period 

1990-1995 was based on coarser resolution (pixel size 0.5 ha) LANDSAT-MSS satellite 

monitoring (Russell-Smith et al. 1997). Fires in this period were also divided into early 

and late dry season. This distinction between early and late dry season fires may be 

important for mammals as research indicates that late season fires tend to be larger and 

more intense (Williams et al. 2003; Russell-Smith et al. 2010) and presumably more 

destructive to key habitat features. Early dry season fires on the other hand are often 

characterised by their smaller size and patchier burning pattern, resulting in the presence 

of both burnt and unburnt patches within a fire-affected area (but this internal patchiness 

is not always detectable from satellite imagery) (Williams et al. 2003; Yates et al. 2008; 

Russell-Smith et al. 2010). For the prurpose of this study, seasonality of fire is 

therefore a useful proxy for both size and homogeneity of fires. 

From this data, four summary variables were derived to represent the fire history of 

each quadrat. These summary variables were: 

• the total number ofyears in which the quadrat was burnt (TFIRE); 

• the number of late dry season fires (TLATEFIRE); 

• the longest run ofyears without fire (FFREEINT); and 

• the number of years since the last fire at the lime of re-sampling 

(LASTFIRE). 

Since the precision of fire mapping for the period 1996-2000 was substantially 

improved as a result of the use of finer resolution imagery, two additional variables 

were calculated for this period: 

• total number of years in which the quadrat was burnt during the period 

1996-2000 (TFIRE9600); and 

• the number of late dry season fires during the period 1996-2000 

(LFIRE9600). 

I examined correlations between these six variables using Pearson's r and found strong 

correlations between all six variables. Highly correlated variables do not contribute to 

the explanatory power of models and should therefore not be used (Burnham and 

Anderson 2002). The variable describing the total number of fires between 1990 and 

2001 was chosen for inclusion in the models as fire frequency is frequently cited in the 
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literature as an important determinant of fauna populations in north Australian habitats, 

and because this variable best captured the variability in fire history amongst the six 

possible variables. 

In addition, a variable describing the severity of fire damage in the quadrat at the time 

of the 2001 re-sampling was included in the modelling as recent studies have shown that 

the extent of fire damage at the time of sampling can be an important determinant of 

mammal presence and abundance at a site (Legge et al. 2008). 

The number of fires was calculated for each quadrat using fire history data (from 

satellite imagery and ground truthing) that has been collected in Kakadu since 1990 

(Russell-Smith and Ryan 1996; Russell-Smith et al. I 997b). There are a number of 

caveats to the use and interpretation of derived fire history variables such as those 

described here. There is an inherent risk of error involved with the identification of fire 

scars from satellite imagery, with some fire scars not being identified or unburnt areas 

being incorrectly coded as burnt (Russell-Smith et al. 1 997b). If, as is the case here, fire 

history is calculated over an extended period, these errors are compounded. So 

although the probability of correctly coding a quadrat as burnt in any one year may be 

0.9. the probability of correctly deriving a ten-year fire history is (0.9)10. or 35%. A 

further issue arises when attempting to ascribe fires at the quadrat-scale, especially 

when the pixel size of the satellite imagery is comparable to the size of the sampling 

quadrats. as is the case for the Landsat-MSS imagery used to derive fire histories for 

KNP over the period 1990-95 (Russell-Smith et al. 1 997b). 

Results 

The pattern of change across the 263 quadrats was noisy, with some quadrats exhibiting 

dramatic increases in the total number of mammals and other quadrats exhibiting 

substantial decrease (Figure 2.3). There was no clear evidence of a relationship 

between change in mammal abundance and any particular habitat type, but total 

mammal abundance was lower in 200 lat a majority of rocky sites, eucalypt open forests 

and open woodlands. 
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Figure 2.3. The abundance of all native mammals in individual quadrats sampled 
in both 1988-90 and 2001. (Trend line y=x). 

Geographic trends in change in mammal abundance 
An examination of geographic trends in change in abundance of individual species and 

total mammal abundance identified disparity in the pattern of change for some species. 

Areas of decline in abundance for many species were located in and around the 

"Conservation Zone" between Koolpin Gorge and Coronation Hill. This area is 

dominated by the edge of the Arnhem Land Plateau and many quadrats sampled here 

were located in or adjacent to rocky habitats, or in eucalypt woodlands on stony hills. 

Conversely, quadrats in which species were found to increase tended to be found in low 

lying habitats, particularly between Mary River Ranger Station and Gerowie Creek, 

along the Kakadu Highway (refer to Figure 2.1 for detailed map of Stage III). 

A total of six native species (antilopine wallaroo, northern nailtail wallaby Onychogalea 

ungufera, short-eared rock-wallaby Petrogale brachyotis, common planigale Planigale 

maculata, Lakeland Downs mouse Leggadina lakedownensis and echidna Tachyglossus 

aculeatus) that were recorded in the original sampling of these 263 quadrats, were not 

recorded in any quadrats during the 2001 re-survey. However, three of these species 

(northern nail-tailed wallaby, short-eared rock wallaby and echidna), were recorded so 

few times during the original sampling that no conclusion can be made from their 

absence in the subsequent survey in 2001. The brush-tailed phascogale Phascogale 
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pirata was the only native species recorded in the 2001 sampling (from only one 

quadrat) that was not recorded in the 1988-90 sampling. 

Two non-native mammal species (donkey Equus asinus and black rat Rattus rattus) were 

recorded in the 2001 sampling but not in the 1988-90 sampling, however the donkey 

was recorded in other quadrats sampled in 1988-90 which were not re-sampled in 2001. 

No black rats were recorded over the total 380 quadrats sampled in 1988-90. Note that 

the 2001 records for this species were both distant from areas of relatively intense 

disturbance or human impact, at Snake Plain and Black Jungle Springs. 

Table 2.3. Change in trap success (or other abundance measure, for large 
mammals) from original 1988-90 survey to 2001 re-sampling. Note that trap success 
rate (or abundance measure) is averaged across all 263 sites sampled. Analysis A - 
without correction for difference in number of traps and trap-nights. 

Agile wallaby 0.104 (20) 0.088 (15) 0.599 0.549 
Antilopine wallaroo 0.122 (12) 0 (0) 3.059 0.002 Decline 
Euro 0.069 (13) 0.054(9) 0.633 0.527 
Dasyurids - 

Northern quoll 0.475 (43) 0.434 (34) 0.290 0.772 
Fawn antechinus 0.069 (5) 0.054 (6) 0.00 1.00 
Common planigale 0.069 (10) 0 (0) 2.803 0.005 Decline 
Red-cheeked dunnart 0.060 (14) 0.068 (14) 0.224 0.823 
Kakadu dunnart 0.035 (8) 0.039(6) 1.036 0.300 

4JUtP 
Pale field-rat 1.776 (61) 1.833 (101) 1.705 0.088 
Black-footed tree-rat 0.017(2) 0.049(8) 1.07 0.284 
Common rock-rat 0.972 (38) 0.834 (45) 0.031 0.975 
Arnhem rock-rat 0.255 (18) 0.049(2) 2.725 0.006 Decline 
Grassland melomys 0.264 (17) 0.619 (20) 1.103 0.270 
Delicate mouse 0.277 (37) 0.073 (13) 3.065 0.002 Decline 
Kakadu pebble mound mouse 0.095 (18) 0.102 (10) 0.067 0.946 
Lakeland Downs mouse 0.056 (13) 0 (0) 3.180 0.001 Decline 
Western chestnut mouse 0.150 (19) 0.205 (21) 1.581 0.114 
Other native mammals 
Northern brown bandicoot 0.069 (12) 0.288 (35) 4.66 0.000 Increase 
Total abundance for all 

4.456 3.817 0.247 0.805 species 
Species richness 1.728 1.706 0.383 0.702 
Abundance of non-nasivesped 
Dingo 0.043 (10) 0.015(3) 1.177 0.239 
Horse 0.052(6) 0.019(4) 0.255 0.799 
Pig 0.069 (7) 0.122 (25) 2.900 0.004 Increase 
Water buffalo 0.264 (47) 0.005 (1) 5.662 0.0000 Decline 
Cattle 0.109(40) 0(0) 5.511 0.0000 Decline 
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Despite the differences in the total number of trap nights and traps, the results of the 

Wilcoxon Matched Pairs tests were surprisingly consistent (Table 2.3 and 2.4). In both 

analyses (with and without correction for number and type of traps), the abundance of 

the northern brown bandicoot increased significantly. Both analyses showed a 

significant decline in abundance for four species, the Arnhem rock rat, delicate mouse. 

Lakeland Downs mouse and common planigale, and Analysis A showed a significant 

decline for the antilopine wallaroo. Of 5 feral mammal species which were recorded 

from at least 10 quadrats in the combined 1988-90 and 2001 sampling, two species 

(buffalo Bubalus bubalis and cattle Bos taurus) declined significantly and the pig Sus 

scrofa increased significantly. This set of changes is unlikely to be due to different 

trapping effort between the original and subsequent sampling. There were no 

differences in sampling procedure or effort for the macropods or large feral animals. 

Table 2.4. Change in trap success from original 1988-90 survey to 2001 re-
sampling for native mammals. Note that trap success rate (or abundance measure) is 
averaged across all 263 sites sampled. Analysis B - with correction for species specific 
trap efficiency. 

Dasyurids 
Northern quoll 1.005 (43) 0.904 (34) 0.278 0.781 
Fawn antechinus 0.078 (5) 0.059(6) 0.00 1.00 
Common planigale 0.292(10) 0 (0) 2.803 0.005 Decline 
Red-cheeked dunnart 0.082 (14) 0.088 (14) 0.224 0.823 
Kakadu dunnart 0.043(8) 0.047(6) 1.036 0.3 00 

Western chestnut mouse 0.172(19) 0.233 (21) 1.581 0.114 
Palefield-rat 2.123(61) 2.127(101) 1.614 0.106 
Black-footed tree-rat 0.053(2) 0.158(8) 1.07 0.284 
Common rock-rat 1.162 (38) 0.968 (45) 0.109 0.913 
Arnhem rock-rat 0.292 (18) 0.055 (2) 2.725 0.006 Decline 
Grassland melomys 0.302 (17) 0.694 (20) 1.103 0.270 
Delicate mouse 0.342 (37) 0.087 (13) 3.065 0.002 Decline 
Kakadu pebble mound mouse 0.126 (18) 0.130 (10) 0.067 0.946 
Lakeland Downs mouse 0.070 (13) 0 (0) 3.180 0.001 Decline 

i'e mamma1j 
Northern brown bandicoot 0.146 (12) 0.623 (35) 4.66 0.000 Jncrease 
Total abundance for all 6.332 6.248 1.104 0.270 
species above 
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Habitat 

A comparison of the change in abundance of individual species across the six broad 

habitat categories showed that only one species recorded from 10 or more quadrats 

showed significant variation among these habitat types (Table 2.5). Fawn antechinus 

decreased in eucalypt open forests and woodlands on stony hills, but increased in 

lowland woodlands and riparianlswamps/wetlands. The northern quoll and delicate 

mouse decreased in all habitat types, but there was no significant difference in the 

extent of change between habitat types. Total mammal abundance declined in all habitat 

types except for riparianlswamp/rainforest and woodlands on stony hills. 

Fire History 

The calculation of the six fire parameters revealed a highly variable suite of fire history 

characters amongst the 263 quadrats (Figure 2.4). Some quadrats burnt annually 

between 1990 and 2000, while others had not been burnt at all during that period. For 

about half of the quadrats, less than one year had elapsed since the last fire event and for 

about half of the quadrats, the longest fire free interval was between two and four years. 

Fire frequency also varied greatly between each of the six broad habitat categories 

(Figure 2.5). In the rocky areas, the most number of times that a quadrat was burnt in 

the 11 year period was 8 times, with 7% of rocky quadrats exposed to this fire 

frequency. Almost one quarter of rocky quadrats were burnt once in the 11 year period 

and only 12% remained unburnt. Over 30% of rocky quadrats burnt five or more times 

between 1990 and 2000. For the woodlands on stony hills, lowland open woodlands and 

grasslands and open plain habitats, no quadrats remained unburnt for the 11 year period 

and less than 20% of quadrats in each of these categories burnt three or fewer times 

during that period. Over 70% of the riparian quadrats burnt at least four times between 

1990 and 2000, and 14% of the lowland open woodland quadrats burnt 8 or more times. 

These data show that fire is a frequent event across each of the six habitat categories 

sampled during this study. 

70 



Western chestnut mouse 

Delicate mouse 

Kakadu pebble-mound mouse 

Lakeland Downs mouse 

-1.0(2) -2.0(1) 

-1.0(5) -0.5(12) 

0(7) 0.7(3) 

-1.0(1) -(0) 

-0.5 (2) 0.83 (6) 

-0.3 (4) -2.25 (8) 

-1.0(1) 0.8(5) 

-(0) -1.0(1) 

Table 2.5. Variation among habitats in change of abundance between the sampling periods of 1988-90 and 2001. Negative values 
indicate decline. Only species recorded from 10 or more quadrats during the combined sampling period are listed. Values listed in 
table are mean change in abundance across the quadrats in each habitat type (n quadrats). 

Macropods 
\iIc \\allah\ (2) -0.8(8) -u. (0) 0(8) - (0) ((.08 0.01 

Antilopine wallaroo -3.0 (3) - (0) -4.0 (2) -1(3) -1.5 (4) - 3.6 0.07 
Euro o (9) -(0) -1.0 (2) -0.3 (6) -0.2 (5) -(0) 0.27 0.84 TI da . 

Northern quoll -0.07 (28) -1.0(4) -0.4(8) -0.4 (10) -0.4(20) -(0) 0.08 0.99 

Fawn antechinus - (0) -4.0(1) 1.0(3) -3.7 (3) 2.0(3) 1.0(1) 4.64 0.048 
Kakadu dunnart -(0) -(0) 1.0(1) -0.3 (6) 0.3(6) -1.0(1) 0.67 0.59 

Red-checked dunnart -(0) -1.0 (2) -(0) 0(1) 0.2(10) 0(7) 0.31 0.82 

Common planigale 

_ 

-2.0 (2) -(0)  -1.0(1) -1.0(1) -2.0 (3) -1.3 (3) 0.25 0.90 

Black-footed tree-rat 
- - 

0.8(4) -(0) I() (1) 1.0(2) 0(3) -(0) 0.18 0.91 

Pale field-rat -1.4 (27) 1.2(6) 0.7(18) 2.0(21) -1.3 (44) -(0) 1.26 0.29 

Grassland melomys - (0) -2.0 (1) 2.9(24) -1.5 (2) 0.3(7) - (0) 0.33 0.80 

Common rock-rat -0.7(36) -4.0(2) 0.3(4) 1.20 (10) -3.3 (10) -(0) 1.29 0.28 

Arnhem rock-rat -2.7 (17) -(0) -(0) -(0) -1.0 (3) -(0) 0.42 0.53 

0.42 (19) 0(4) 0.44 0.82 

-1.1(17) -(0) 2.09 0.12 

-0.6 (8) -1.0(1) 0.40 0.84 

-1.0(10) -1.0(1) - - 

I 



Other native mammals 
i'\0rli1eI0 hwmi I)III.I cool 

Introduced mammals 
\Aaler ha hi Ii) 

Pig 

I lorse 

l)ingo/dog 

Total native mammals 
A ha a dance 

No. oI species 

0.91 (II) 3.5 (2) (L83 )6) .60(5) 0.81 (16) - (0) 1.55 0.21 

-3.0(1) -1.8(1 I) -1.7 (9) -1.5 (13) -1.2 (9) -2.3 (3) 0.50 0.77 
-(0) -2.3 (7) -1.4 (8) -1.3 (12) -1.0(4) -(0) 0.70 0.56 
- (0) 1.0(4) -1.3 (8) 1.0(3) 0.9 (15) -1.0(1) 4.83 0.005 

0(2) -1.0 (6) -1.0 (2) 0.11 0.90 
1.0(1) -(0) -1.0(4) -(0) -0.4 (5) -1.0 (2) 3.10 0.09 

; 
-3.1(42) -0.5 (23) 2.1(36) 0.5 (44) -1.7 (68) -0.3 (13) 1.97 0.08 
-0.5 (42) 0.1(23) ((.3 (36) -0.2 (44) -0.2 (68) -0.3 (13) 0.82 0.54 
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Figure 2.4 Summary of fire histories of the 263 re-sampled quadrats, over the period 1990-2000. Histograms show the number of 
quadrats within each value for each of four fire parameters: (a) the longest fire-free interval; (b) the number of years elapsed since the 
last fire, at the time of sampling in 2001; (c) the number of late dry season fires; and (d) the total number of fires between 1990 and 2000. 
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Figure 2.5 Comparison of fire frequency in each of the six broad habitat categories sampled in Stage M. 
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Chapter 2. Re-survey of Stage III. 

Modelling change in abundance of mammals from 1988-90 to 2001 

Overdisperion was found to be present in the data for all species (except euro, agile 

wallaby, delicate mouse and northern brown bandicoot) and for total mammal 

abundance, requiring the calculation of QAICc values instead of AICc (results are 

shown separately in Tables 2.6 and 2.7 below). For northern brown bandicoot, agile 

wallaby. Kakadu pebble mound mouse and species richness the null model was found to 

be the best amongst the set of candidate models. In all three cases the low AAICc 

values (AQAICc for Kakadu pebble mound mouse) (less than 3 for the five best 

models) indicate that the null model is not convincingly best, and that model uncertainty 

is high i.e.. a high degree of variation could be expected in the best model from sample 

to sample (Burnham and Anderson 2002). 

For the pale field rat, the global model was found to be the best (Table 2.6) with a high 

degree of support over the next best model (AQAICc  = 7.526, and Akaike weight = 

0.894). This model explained 14.13% of the deviance in the data set. This model was 

also the best for the northern quoll but the AQAICc and Akaike weights show that there 

is a high degree of model uncertainty and that this model is not obviously better than 

any others in the candidate set. For the remaining species and for total mammal 

abundance, no one model was clearly best from the candidate set. The best models for 

all species and for total mammal abundance performed modestly explaining between 3 

and 22% of the deviance. 

Inspection of model co-efficients in the highest ranked model showed that the best 

model for grassland melomys, delicate mouse, common rock rat, Arnhem rock rat, pale 

field rat, northern quoll and total mammal abundance contained significant terms (Table 

2.8). For grassland melomys both habitat and total fire were significant showing that 

this species decreased with increasing total fires. The best model for the delicate mouse 

also included significant terms for habitat and total fire, but the abundance of this 

species increases with increasing total fire. The model for the common rock rat 

included significant terms for habitat, total fire and fire impact. Abundance of the 

common rock rat showed a positive relationship with total number of fires, but a 

negative one with the current fire impact. The only significant term in the best model for 

the Amhem rock rat was total fire and this was positively related to abundance. The 

term for habitat and an interactive term for habitat and livestock were both positive in 
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Chapter 2. Re-survey of Stage III. 

the best model for the pale field rat. In isolation habitat was positively related to pale 

field rat abundance, but when livestock and habitat were interacting there was a 

negative association with abundance. For total mammal abundance the best model 

included significant terms for total number of fires, fire impact and livestock. Change in 

total mammal abundance increased with increasing total fire, but decreased with 

increasing fire impact and livestock. 
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Northern brown bandicoot I Null -95.290 1 192.68 0 0.277 16.38 
2 TF -94.576 2 193.458 0.778 0.188 14.95 
3 Fimp -94.964 2 194.238 1.558 0.127 15.73 
4 L -95.143 2 194.598 1.918 0.106 16.09 
5 H -95.290 2 194.888 2.208 0.092 16.38 
6 TF+Fimp -94.369 3 195.372 2.692 0.072 14.54 
7 TF+L -94.474 3 195.582 2.902 0.065 14.75 
8 H+TF -94.480 3 195.592 2.912 0.065 14.76 
9 H+Fimp -94.964 3 196.562 3.882 0.040 15.73 
10 H+L -95.142 3 196.912 4.231 0.033 16.08 
11 H+TF+Fimp -94.296 4 197.671 4.991 0.023 14.39 
12 H+TF+Fimp+L -94.107 5 199.877 7.197 0.007 14.01 
13 H*TF*Fimp*L -93.281 16 230.32 37.64 0.000 12.36 

Delicate mouse I H+TF -105.164 3 216.901 0 0.325 21.54 
2 H -106.820 2 217.919 1.018 0.196 13.59 
3 H+TF+Fimp -104.763 4 218.506 1.604 0.146 23.46 
4 H+Fimp -106.544 3 219.701 2.8 0.080 14.72 
5 H+L -106.807 3 220.181 3.28 0.063 13.65 
6 TF -108.257 2 220.789 3.888 0.047 6.69 
7 H+TF+Fimp+L -104.756 5 221.01 4.109 0.042 23.50 
8 Null -109.652 1 221.391 4.489 0.034 
9 TF+Fimp -107.797 3 222.161 5.26 0.023 8.90 
10 TF+L -108.212 3 222.991 6.09 0.015 6.91 
11 Fimp -109.361 2 222.999 6.098 0.015 1.40 
12 L -109.544 2 223.369 6.468 0.013 0.52 
13 H*TF*Fimp*L -100.906 16 248.569 31.667 0.000 41.97 

Agile wallaby I Null -47.073 1 96.276 0 0.278 
2 TF -46.613 2 97.627 1.351 0.141 14.84 
3 H -46.660 2 97.72 1.444 0.135 13.35 
4 L -47.030 2 98.46 2.184 0.093 1.42 
5 Fimp -47.047 2 98.494 2.218 0.092 0.86 
6 H+TF -46.380 3 99.588 3.312 0.053 22.37 
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Table 2.6 Results of AIC -based model selection for change in abundance of individual mammal species, total mammal abundance and 
species richness showing maximised log-likelihood function (log(L)), number of predictor variables (K), AICc values, AIC differences (At) 
and Akaike weights (w1). % deviance is the deviance explained by each model compared to the null model. a  Models include variables: 
TF, total fires 199 1-2000; Fimp, current fire impact; 11, habitat tpe; L, Livestock. 



l LI ti A. liuJ1 
7 TF--Fimp -46.404 3 99.637 3.361 0.052 21.59 
8 H+L -46.553 3 99.933 3.657 0.045 16.80 
9 TF+L -46.559 3 99.945 3.669 0.044 16.61 
10 H+Fimp -46.566 3 99.960 3.684 0.044 16.37 
11 H+TF+Fimp -46.122 4 101.669 5.393 0.019 30.71 
12 H+TF+Fimp+L -46.087 5 104.392 8.116 0.005 31.83 
13 H*TF*Fimp*L -45.775 16 151.55 55.274 0.000 41.89 

Euro I Fimp -43.591 2 91.781 0 0.256 10.94 
2 Null -44.929 1 92.049 0.267 0.223 
3 L -44.616 2 93.832 2.051 0.092 2.56 
4 TF -44.672 2 93.944 2.163 0.087 2.10 
5 H+Firnp -43.451 3 94.164 2.383 0.078 12.09 
6 H -44.800 2 94.200 2.419 0.076 1.05 
7 TF+Firnp -43.584 3 94.432 2.651 0.068 10.99 
8 TF+L -44.279 3 95.821 4.040 0.034 5.31 
9 H+TF -44.293 3 95.848 4.067 0.033 5.20 
10 H+L -44.502 3 96.266 4.485 0.027 3.50 
11 H+TF+Fimp -43.374 4 96.969 5.188 0.019 12.72 
12 H+TF+Fimp+L -42.853 5 99.236 7.455 0.006 16.96 
13 11*TF*Fim p*L -39.933 16 190.34 98.753 0.000 40.84 

Species Richness I Null -504.438 1 1010.918 0 0.224 
2 TF -503.867 2 1011.754 0.836 0.147 0.85 
3 Fimp -503.946 2 1011.954 1.036 0.133 0.74 
4 L -504.298 2 1012.654 1.736 0.094 0.21 
5 TF+Fimp -503.407 3 1012.908 1.990 0.083 1.53 
6 H -504.438 2 1012.954 2.036 0.081 0 
7 TF+L -503.746 3 1013.608 2.690 0.058 1.04 
8 H+TF -503.802 3 1013.708 2.790 0.055 0.95 
9 H+fimp -503.946 3 1014.008 3.090 0.048 0.74 
10 H+L -504.297 3 1014.708 3.790 0.034 0.21 
11 H+TF+Fimp -503.339 4 1014.881 3.963 0.031 1.64 
12 H+TF+Fimp+L -503.256 5 1016.773 5.855 0.012 1.77 
13 H*TF*FirnD*L -499.992 16 1034.603 23.685 0.000 6.62 
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Arnhem rock rat I TF -65.632 3 42.928 0 0.213 18.94 
2 H+TF -65.588 4 43.694 0.766 0.145 19.09 
3 TF+Fimp -65.624 4 43.717 0.789 0.143 19.87 
4 TF+L -65.632 4 43.723 0.794 0.143 18.94 
5 H+TF+Fimp -65.588 5 44.861 1.932 0.081 19.09 
6 Fimp -69.872 3 45.656 2.727 0.054 4.86 
7 H+Fimp -69.212 4 46.026 3.097 0.045 7.05 
8 Null -71.346 2 46.121 3.192 0.043 
9 H -71.016 3 46.392 3.464 0.038 1.06 
10 H+TF+Fimp+L -65.588 6 46.480 3.551 0.036 19.09 
11 L -7 1.346 3 46.604 3.676 0.034 0 
12 H+L -71.016 4 47.186 4.258 0.025 1.06 
13 H*TF*Fimp*L -62.986 17 221.854 178.925 0.000 27.73 

Kakadu pebble I Null -63 .072 2 36.093 0 0.111 
mound mouse 2 H -62.479 3 36.127 0.034 0.110 1.99 

3 L -62.604 3 36.198 0.105 0.106 0.57 
4 Fimp -63.01 1 3 36.430 0.337 0.094 0.21 
5 TF -63.034 3 36.443 0.350 0.094 0.13 
6 H+L -62.162 4 36.543 0.450 0.089 3.06 
7 H+TF -62.273 4 36.607 0.514 0.086 2.69 
8 H+Fimp -62.404 4 36.682 0.589 0.083 2.24 
9 TF+L -62.595 4 36.791 0.697 0.079 1.60 
10 TF+Fimp -62.981 4 37.010 0.917 0.070 0.31 
11 H+TF+Fimp -62.218 5 37.433 1.340 0.057 2.87 
12 H+TF+Fimp+L -61.946 6 39.436 3.343 0.021 3.79 
13 H*TF*Fimp*L -57.927 17 100.989 64.896 0.000 17.31 

Western chestnut I H+L -85.363 4 90.482 0 0.112 5.69 
mouse 2 H -85.761 3 90.488 0.170 0.111 4.03 

3 H+Fimp -85.682 4 90.818 0.286 0.094 4.36 
4 H+TF -85.741 4 90.880 0.376 0.091 4.12 
5 L -86.289 3 91.042 0.436 0.084 1.84 
6 TF+L -85.962 4 91.111 0.449 0.082 3.20 
7 TF -86.430 3 91.190 0.453 0.078 1.44 
8 Null -86.729 2 91.246 0.471 0.076 
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Table 2.7 Results of QAICC  -based model selection for change in abundance of individual mammal species, total mammal abundance 
and species richness showing maximised log-likelihood function (log(L)), number of predictor variables (K), QAICc values, QAIC 
differences (b.) and Akaike weights (w). % deviance is the deviance explained by each model compared to the null model. a  Models 
include variables: TF, total fires 1991-2000; Fimp, current fire impact; H, habitat type; L, Livestock. 



•,rt. AT Wi % 17triiw 
9 H+TF+Fimp -85.659 5 91.372 0.578 0.072 4.46 
ID Fimp -86.603 3 91.372 0.615 0.072 0.53 
11 TF+Fimp -86.303 4 91.470 0.708 0.068 1.78 
12 H+TF+Fimp+L -85.314 6 91.774 0.763 0.059 5.98 
13 H*TF*Fi m p*L -84.606 17 120.888 23.025 0.000 8.84 

Common rock rat 1 H+TF+Fimp -237.418 5 133.890 0 0.138 4.30 
2 H+TF+Fimp-L -237.228 6 134.146 0.256 0.121 4.50 
3 TF+Fimp -239.023 4 134.507 0.618 0.101 2.60 
4 H+Fimp -297.378 4 134.706 0.817 0.092 2.23 
5 Fimp -240.072 3 134.889 0.999 0.084 1.49 
6 H+TF -239.745 4 134.912 1.023 0.083 1.84 
7 TF -240.711 3 135.247 1.358 0.070 0.02 
8 TF+L -240.52 4 135.346 1.457 0.067 1.02 
9 H -241.055 3 135.440 1.551 0.063 0.46 
10 H+L -240.831 4 135.521 1.631 0.061 0.70 
II Null -241.489 2 135.549 1.660 0.060 
12 L -241.253 3 135.551 1.662 0.060 0.25 
13 H*TF*Fi nlp*L -235.919 17 144.185 10.295 0.000 5.88 

Grassland I H+TF -213.042 4 432.08 0 0.103 4.12 
melomys 2 TF+L -213.892 4 433.78 0.170 0.095 3.56 

3 H+TF+Fimp+L -207.753 6 125.51 0.286 0.090 7.59 
4 TF -216.992 3 437.98 0.376 0.086 1.52 
5 H+TF+Firnp -212.322 5 432.64 0.436 0.083 4.59 
6 H -217.354 3 438.71 0.449 0.083 1.28 
7 L -2 17.376 3 438.75 0.453 0.082 1.27 
8 H+L -215.401 4 436.8 0.471 0.082 2.57 
9 Null -219.312 2 440.62 0.578 0.077 
10 TF+Fimp -216.122 4 438.24 0.615 0.076 2.09 
II Fimp -2 18.650 3 441.3 0.708 0.073 0.43 
12 H+Fimp -216.862 4 439.72 0.763 0.071 1.61 
13 H*TF*Fim p*L -172.12 17 370.24 23.025 0.000 30.98 
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Pale field rat I H*TF*Fimp*L -461.237 17 287.610 0 0.894 14.13 
2 TF+L -482.266 4 295.136 7.526 0.021 2.96 
3 H+TF+Fimp+L -482.147 6 295.397 7.787 0.018 3.04 
4 L -484.428 3 296.349 8.739 0.011 1.83 
5 H+L -484.428 4 296.458 8.847 0.011 1.83 
6 TF+Fimp -485.546 4 297.141 9.531 0.008 1.23 
7 TF -485.821 3 297.200 9.590 0.007 1.09 
8 H+TF+Fimp -485.428 5 297.217 9.606 0.007 1.30 
9 H+TF -485.725 4 297.251 9.640 0.007 1.14 
10 Fimp -487.757 3 298.385 10.774 0.004 0.06 
11 Null -487.877 2 298.386 10.776 0.004 
12 H -487.877 3 298.458 10.487 0.004 0 
13 H+Fimp -487.757 4 298.494 10.883 0.004 0.06 

Northern Quoll I H*TF*Fimp*L -272.186 17 146.911 0 0.302 21.38 
2 H+TF+Fimp+L -293.975 6 148.523 1.612 0.135 5.74 
3 TF+L -296.190 4 149.062 2.150 0.103 4.15 
4 H+L -296.410 4 149.172 2.261 0.098 3.99 
5 L -296.944 3 149.256 2.345 0.094 3.61 
6 H+TF -299.562 4 150.754 3.843 0.044 1.73 
7 H+TF+Fimp -299.457 5 150.953 4.042 0.040 1.81 
8 TF -300.699 3 151.141 4.230 0.036 0.92 
9 TF+Fimp -300.537 4 151.243 4.333 0.035 1.03 
10 Fimp -301.600 3 151.593 4.682 0.029 0.27 
11 H+Fimp -301.474 4 151.651 4.740 0.028 0.45 
12 Null -301.975 2 151.661 4.750 0.028 
13 H -301.737 3 151.661 4.750 0.028 0.17 

Red-cheeked 1 L -42.136 3 19.754 0 0.141 10.90 
dunnart 2 TF+L -41.172 4 20.112 0.358 0.118 13.93 

3 H+L -41.338 4 20.188 0.433 0.113 13.41 

4 TF -44.085 3 20.635 0.881 0.091 4.48 

5 H -44.227 3 20.699 0.945 0.088 4.35 

6 Null -45.613 2 20.842 1.088 0.082 

7 Fimp -44.550 3 20.846 0.091 0.082 3.33 

8 TF+Fimp -43.380 4 21.111 0.357 0.071 7.00 

9 H+TF -43.436 4 21.136 1.382 0.071 6.82 

10 H+Fimp -43.768 4 21.286 1.532 0.065 5.79 
11 H+TF+Fimp -43.022 5 22.226 2.362 0.043 8.12 
12 H+TF+Fimp+L -40.351 6 22.527 2.773 0.035 16.50 

13 H*TF*Fimp*L -38.056 17 198.537 178.783 0.000 23.70 
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Species Model No. Modela log(L) K QAIC. A, w, % deviance 
Total Mammal I H+TF'--Eimp--L -1084.461 6 513.170 0 0.284 3.04 
Abundance 2 H+TF+Fimp -1086.492 5 514.039 0.869 0.184 2.62 

3 TF+Fimp -1087.877 4 514.621 1.451 0.138 2.33 
4 TF+L -1088.277 4 514.81 1.640 0.125 2.24 
5 H+TF -1089.479 4 515.379 2.209 0.094 1.99 
6 TF -1090.851 3 515.973 2.803 0.070 1.70 
7 Fimp -1095.687 3 518.260 5.09 0.022 0.69 
8 H+Fimp -1095.656 4 518.300 5.130 0.022 0.69 
9 L -1096.075 3 518.444 5.274 0.020 0.61 
10 H+L -1096.067 4 518.494 5.324 0.019 0.61 
11 Null -1098.956 2 519.771 6.601 0.010 
12 H -1098.93 3 519.794 6.624 0.010 0.01 
13 H*TF*Fimp*L -1066.464 17 566.988 53.818 0.000 6.82 
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mouse Int 
Estimate 3.516# 
S.C. 2.076 
Common 
rock rat Int 
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Arnhem 
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0.025 
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H TF 
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Fimp 
-0.207 
0.130 

Fimp 
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0.042 

Fimp L If TF H:Fimp TF:Fimp H:L TF:L Fimp:L H:TF:Fimp 
6.884 1.829 - -3.316 -0.465 - - -0.691 0.428 
17.916 1.378 0.740 4.409 3.824 0.614# 0.220 1.791 0.914 

0.585 -0.335 0.252 

Fimp L H:T'F H:Fimp TF:Fimp H:L TF;l, Fimp:L l-1;TF;Fimp 
77.873 7.125 - -1.099 -12.572 -0.042 - -7.827 -0.004 
53.250 5.464 0.076 2.946 7.805 0.404 1.212 5.325 0.012 

0.408 0.808 

H:T:L H:Fimp:L 
0.073 0.335 
0.058 0.440 

H:T:L H:Fimp:L 
0.009 0.119 
0.041 0.295 

TF:Fimp: L 
0.042 
0.382 

TF:Fimp:L 
1.261 
0.781 

H:TF:Fimp:L 
-0.042 
0.091 

H:TF"Fimp:L 
NA 
NA 

-s 
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CID 
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ct 

Table 2.8 Regression co-efficient and standard error estimates for the best models for the change in abundance of individual species and 
total mammal abundance between 1989-90 and 2001. Only those species for which the best model was not the null are included. (*** 

significant at p0.00I **significant  at pO.Ol, *significant at p=0.05. 4significait at pO.1). 

Grassland 
melomys Int II TF 
Estimate 2.904*** 0. 170** 0.066** 
S.C. 0.203 0.062 0.023 
Delicate 
mouse Int 11 TF 
Estimate 2.143 _0.086* 0.053# 
S.C. 0.180 0.035 0.029 
Western 
chestnut 



specics Var Va r Var I Wr Lslii Iji, 

- IotuI 
Mammal 
Abundance mt ii TF Fimp I 
[stimate 3.910*** -0.011 0.020*** - - 

S.C. 0.093 0.007 0.005 0. 025* 0.019* 
0.011 0.009 

rt 
Cl) 

(t 

C 

If) 
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Chapter 2. Re-survey of Stage III. 

Modelling change in the presence/absence of mammals from 1988-90 to 2001. 

The models for common rock rat, western chestnut mouse, northern quoll and agile 

wallaby were found to be overdispersed and as a result, QAICc scores were used in 

preference to AICc scores. (Results are shown separately in Tables 2.9 and 2.10 below). 

For all species model uncertainty was high, as evidenced by low \AICc (or AQAICc) 

values and Akaike weights. For the common rock rat, western chestnut mouse, northern 

brown bandicoot, northern quoll and agile wallaby, the null model was found to be the 

best amongst the set of candidate models. 

For the pale field rat and the euro, the best model included a term for fire impact, but 

support for this as the best model was relatively low in both cases with L\ATCC  values of 

less than 3 for the best three models in each set. The models performed only modestly 

explaining 14.6 1% of the deviance for change in presence/absence of the pale field rat, 

and 11.09% for the euro (Table 2.9). The best model for the grassland melomys and the 

Amhem rock rat included terms for habitat, total fire and fire impact. Model 

uncertainty was also high for both of these species with low Akaike weights and AAIC 

values. The model for grassland melomys explained 26.5% of the deviance, while the 

results of the analysis suggest that the best model for the Arnhem rock rat explained 

100% of the deviance (a highly unlikely result that suggests some misfit within the 

model construction). The best model for the delicate mouse included a term for total 

number of fires. This model explained only 5.88% of the deviance. Finally for the 

Kakadu pebble mound mouse, the best model included a term for change in livestock 

abundance. This model explained 11.63% of the deviance, but again model uncertainty 

is high suggesting little support for this as the best model. 

Inspection of the model coefficients for the highest ranked models for each species 

shows that only the best models for pale field rat and grassland melomys contain 

significant terms (Table 2.11). For grassland melomys both habitat and fire impact were 

significant terms, with fire impact having a negative relationship with melomys 

presence at a site. For the pale field rat fire impact was also a significant term in the 

best model and once again it had a negative impact with the presence of the pale field 

rat at a site. 
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Table 2.9 Results of AIC -based model selection for change in presence/absence of individual mammal species showing maximised 
log-likelihood function (log(L)), number of predictor variables (K), AICc  values, AIC differences (At) and Akaike weights (wi ). % 
deviance is the deviance explained by each model compared to the null model. a  Models include variables: TF, total fires 1991-2000; 
Fimp, current fire impact; H, habitat type; L, Livestock. 

Northern brown bandicoot I Null -14.036 1 30.201 0.000 0.217 - 

2 TF -13.077 2 30.554 0.353 0.182 6.83 
3 L -13.331 2 31.062 0.861 0.141 5.02 
4 TF+L -12.506 3 31.839 1.638 0.096 10.90 
5 Fimp -13.930 2 32.261 2.060 0.077 0.75 
6 H -14.031 2 32.462 2.261 0.070 0.04 
7 H+TF -12.844 3 32.515 2.314 0.068 8.50 
8 TF+Fimp -13.052 3 32.932 2.731 0.055 7.01 
9 H+L -13.316 3 33.459 3.258 0.043 5.13 
10 H+Fimp -13.923 3 34.675 4.474 0.023 0.80 
11 H+TF+Fimp -12.823 4 35.075 4.874 0.019 8.64 
12 H+TF+Fimp+L -12.122 5 36.467 6.266 0.009 13.63 
13 H*TF*Fimp*L -8.783 16 73.567 43.366 0.000 37.42 

Delicate mouse I TF -20.539 2 45.387 0 0.167 5.88 
2 H+TF -19.402 3 45.437 0.050 0.163 11.09 
3 H -20.686 2 45.681 0.294 0.144 5.21 
4 Null -21.822 1 45.745 0.358 0.139 - 

5 TF+L -20.489 3 47.610 2.223 0.055 6.11 
6 H+L -20.496 3 47.623 2.237 0.054 6.08 
7 TF+Fimp -20.499 3 47.630 2.243 0.054 6.06 
8 L -21.690 2 47.689 2.302 0.053 0.60 
9 H+TF+Fimp -19.3 19 4 47.719 2.332 0.052 11.47  CD 

10 Fimp -21.725 2 47.757 2.37 0.051 0.45 0 
11 H+Fimp -20.570 3 47.772 2.385 0.050 5.74 
12 H+TF+Fimp+1 -19.232 5 50.131 4.744 0.016 11.87  SID 

13 H*TF*Fim p*L -3.874e 9  16 53.760 8.373 0.003 100 



00 

Kakadu I L -11.813 2 28.293 0 0.274 11.63 
pebble-mound mouse 2 Null -13.367 1 29.945 0.652 0.198 - 

3 H+L -11.345 3 30.101 1.808 0.111 15.13 
4 H -12.721 2 30.109 1.816 0.111 4.83 
5 TF+L -11.786 3 30.986 2.683 0.071 11.82 
6 TF -13.194 2 31.050 2.757 0.069 1.31 
7 Fimp -13.367 2 31.401 3.108 0.058 0 
8 H+TF -12.201 3 31.814 3.521 0.047 8.72 
9 H+Fimp -12.721 3 32.853 4.560 0.028 4.84 
10 TF+Fimp -13.188 3 33.788 5.495 0.017 1.34 
11 H+TF+Fimp -12.194 4 34.888 6.595 0.010 8.78 
12 H+TF+Fimp+L -11.148 5 36.295 8.002 0.005 16.60 
13 H*TF*Fimp*L -4.621 16 167.242 138.949 1 .8 31  65.43 

Grassland melomys I H+TF+Fimp -15.672 4 40.881 0 0.294 26.57 
2 H+Fimp -17.215 3 41.320 0.438 0.236 19.34 
3 Fimp -19.068 2 42.564 1.682 0.127 10.66 
4 H+TF+Fimp+L -15.626 5 43.653 2.772 0.074 26.78 
5 H+TF -18.563 3 44.015 3.133 0.061 13.02 
6 TF+Fimp -18.578 3 44.044 3.162 0.061 12.95 
7 I-I -20.065 2 44.559 3.677 0.047 5.98 
8 Null -21.342 1 44.822 3.940 0.041 - 

9 TF -20.772 2 45.973 5.091 0.023 2.67 
10 H+L -20.051 3 46.992 6.110 0.014 6.05 
11 L -21.286 2 47.001 6.119 0.014 0.26 
12 TF+L -20.541 3 47.970 7.088 0.009 3.75 
13 F*TF*Fimp*L -2.284985e 9  16 64.587 23.976 1.83e 6  100 

Arnhem rock rat I H+TF+Fimp 1 .159e 9  4 10.667 0 0.404 100 
2 H+TF+Fimp+L -1.159 5 12.286 1.619 0.180 100 
3 TF -4.255 2 12.216 2.549 0.113 34.55 
4 TF+L -4.255 3 14.010 3.343 0.076 34.55 
5 TF+Fimp -3.551 3 14.603 3.936 0.056 45.37 
6 H+TF -3.637 3 14.774 4.107 0.052 44.06 
7 Null -6.502 1 15.225 4.559 0.041 - 

8 L -6.502 2 15.709 5.042 0.033 0 
9 H -6.158 2 17.021 6.354 0.017 5.29 
10 Fimp -6.429 2 17.564 6.897 0.013 1.12 

id 
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CD 
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CD 
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II H+L -6.158 3 17.815 7.148 0.011 5.29 
12 H+Fimp -6.120 3 19.740 9.073 0.004 5.87 
13 H*TF*Fimp*L -8.345 16 193.333 182.667 0.000 100 

Palefieldrat I Fimp -31.056 2 66.291 0 0.453 14.61 
2 H+Fimp -30.604 3 67.571 1.280 0.239 15.85 
3 TF+Fimp -30.977 3 68.317 2.026 0.165 14.83 
4 H+TF+Fimp -30.567 4 69.750 3.459 0.080 15.96 
5 H+TF+Fimp+L -30.120 5 71.178 4.886 0.039 17.19 
6 Null -36.371 1 74.780 8.509 0.006 - 

7 L -35.488 2 75.154 8.863 0.005 2.43 
8 H -35.808 2 75.795 9.504 0.004 1.55 
9 H+L -34.971 3 76.306 10.014 0.003 3.85 
10 TF -36.370 2 76.919 10.628 0.002 0.00 
II TF+L -35.467 3 77.298 11.007 0.002 2.48 
12 H+TF -35.805 3 77.974 11.682 0.001 1.56 
13 H*TF*Firnp*L -25.045 16 92.354 26.063 9.9e 7  31.14 

Euro I Fimp -13.367 2 31.097 0 0.304 11.09 
2 Null -13.367 1 31.967 0.870 0.197 - 

3 H+Fimp -12.721 3 33.116 2.020 0.111 13.38 
4 H -12.721 2 33.718 2.621 0.082 2.29 
5 TF+Fimp -13.188 3 33.760 2.664 0.080 11.22 
6 TF -13.195 2 34.229 3.132 0.064 0.57 
7 L -11.813 2 34.235 3.138 0.063 0.55 
8 H+TF -12.201 3 35.807 7.711 0.029 4.34 
9 H+TF+Firnp -12.194 4 36.108 5.011 0.025 13.48 
10 H+L -11.344 3 36.218 5.122 0.023 2.96 
11 TF+L -11.787 3 36.817 5.721 0.017 0.95 
12 H+TF+Fimp+l -11.148 5 39.495 8.398 0.005 13.51 CD 

13 H*TF*Fim p*L -4.621 16 146.254 115.157 3e 2 ' 74.96 

p 
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Table 2.10 Results of QAICC  -based model selection for change in presence/absence of individual mammal species, showing 
maximised log-likelihood function (log(L)), number of predictor variables (K), QAICc values, QAIC differences (4&)  and Akaike 
weights (w,). % deviance is the deviance explained by each model compared to the null model. a  Models include variables: TF, total 
fires 1991-2000; Fimp, current fire impact; H, habitat type; L, Livestock. 

Common rocL rat I Null -27.819 2 4.067 0 0.332 - 

2 H -26.045 3 6.155 2.088 0.117 6.38 
3 TF -26.093 3 6.159 2.091 0.117 6.20 
4 L -26.915 3 6.217 2.149 0.113 3.25 
5 Fimp -27.233 3 6.239 2.172 0.112 2.10 
6 H+TF -21.624 4 8.176 4.109 0.043 22.27 
7 H+Fimp -25.186 4 8.427 4.360 0.038 9.46 
8 TF+L -25.344 4 8.438 4.371 0.037 8.90 
9 H+L -25.370 4 8.440 4.373 0.037 8.80 
10 TF+Fimp -25.507 4 8.450 4.383 0.037 8.31 
11 H+TF+Fimp -20.695 5 10.573 6.505 0.013 25.61 
12 H+TF+Fimp+L -20.378 6 13.153 9.086 0.004 26.75 
13 H*TF*Fimp*L -396.480 17 82.667 78.560 2.84e 8  0.00 

Western chestnut mouse I Null -19.337 2 3.048 0 0.355 - 

2 L -15.746 3 5.208 2.160 0.120 18.57 
3 H -17.363 3 5.283 2.235 0.116 10.21 
4 TF -17.602 3 5.294 2.246 0.115 8.97 CD 

5 Fimp -19.236 3 5.369 2.321 0.111 0.52 
6 TF+L -13.319 4 7.616 4.568 0.036 31.12 
7 H+L -13.666 4 7.632 4.584 0.036 29.33 
8 H+TF -16.612 4 7.768 4.720 0.033 14.09 
9 H+Fimp -17.200 4 7.795 4.747 0.033 11.05 
10 TF+Fimp -17.425 4 7.806 4.758 0.033 9.89 
11 H+TF+Fimp -16.350 5 10.495 7.447 0.009 15.44 
12 H+TF+Fimp+L -10.680 6 13.221 10.173 0.002 44.77 
13 H*TF*Fimp*L -324.393 17 96.455 93.407 1.85e 21  0.00 

00 



Northern quoll I Null -43.023 2 64.105 0 0.233 - 

2 TF -42.015 3 64.786 0.681 0.166 2.34 
3 L -42.468 3 65.439 1.334 0.119 1.29 
4 Fimp -42.989 3 66.190 2.086 0.082 0.078 
5 H -43.000 3 66.206 2.101 0.081 0.052 
6 H+TF -41.496 4 66.244 2.139 0.080 3.55 
7 TF+L -41.634 4 66.443 2.339 0.072 3.23 
8 TF+Fimp -41.904 4 66.831 2.727 0.060 2.61 
9 H--L -42.421 4 67.577 3.472 0.041 1.40 
10 H+TF--Firnp -41.380 5 68.360 4.255 0.028 3.82 
11 H+Fimp -42.970 4 68.369 4.264 0.028 0.12 
12 H+TF+Fimp+L -4 1.050 6 70.247 6.142 0.011 4.59 
13 H*TF*Fi rn p*L -32.594 17 90.826 26.721 3.67e 7  24.24 

Agile wallaby I Null -21.083 2 25.082 0 0.310 - 

2 Fimp -20.667 3 26.932 1.850 0.123 1.92 
3 TF -20.684 3 26.939 1.857 0.122 1.89 
4 L -20.719 3 26.978 1.895 0.120 1.72 
S H -2 1.082 3 27.372 2.290 0.099 0.002 
6 TF+Fimp -19.869 4 28.513 3.430 0.056 5.76 
7 TF-1, -20.322 4 29.006 3.924 0.044 3.60 
8 H+Fimp -20.664 4 29.378 4.295 0.036 1.99 
9 H+TF -20.674 4 29.388 4.306 0.036 1.94 
10 H+L -20.694 4 29.411 4.329 0.036 1.84 CD 

11 H+TF+Fimp -19.868 5 31.161 6.078 0.015 5.76 
12 H+TF 1Fimp+L -19.723 6 33.844 8.762 0.004 6.45 
13 H*TF*Fimp*L -15.620 17 62.774 62.775 7.24e 5  25.91 
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Chapter 2. Re-survey of Stage III. 

Table 2.11 Regression co-efficient and standard error estimates for the best 
models for the change in presence/absence of individual species between 
1989-90 and 2001. Only those species for which the best model was not the 
null are included. (*** significant at pO.00l **significant  at p0.01, 
*significant at p=0.05, #significant  at pO.l). 

Grassland 
melomys Intercept H TF Fimp 
Estimate -1.875 1.406* -0.384 _0.935* 
s.e. 1.979 0.686 0.239 0.449 

Delicate mouse Intercept TF 
Estimate 0.155 -0.335 
s.e. 0.963 0.216 

Arnhem rock Intercept H TF Fimp 
rat -173.14 -22.77 43.77 -44.27 
Estimate 155224.42 40925.56 36484.47 41746.47 
s.e. 

Pale field rat Intercept Fimp 
Estimate 3.140*** 1.064** 
s.e. 0.755 0.360 

Kakadu pebble Intercept L 
mound mouse 
Estimate 4.748 -0.5760 
s.e 5.244 0.539 

Euro Intercept Fimp 
Estimate 0.983 -0.93 8 
s.e 0.915 0.592 

Discussion 

Changes in mammal populations 

This study reports change in the abundance of small-medium sized mammals from 

Stage 3 (the Mary River District) of Kakadu National Park, as determined by the 

comparison of an inventory study undertaken in 1988-90 with re-sampling undertaken 

in 2001. This study also provides an opportunity to compare changes in the mammal 

populations of this southern part of KNP with those observed at the Kapalga Research 

Station in the north of the Park. Although the original survey was not intended to 

provide the basis for such comparison, the data collected provides the only "baseline" to 

which current information can be compared. This comparison shows that the mammal 

fauna of Stage III has undergone considerable change between 1988-90 and 2001. 



Chapter 2. Re-survey of Stage III. 

The pattern of change observed for some rodents in Stage III differed to that observed in 

Kapalga. Amongst the rodents recorded in this study. declines in abundance were 

recorded for Arnhem rock rat. common rock rat, delicate mouse and Lakeland Downs 

mouse. Of these species the Arnhem rock rat, common rock rat and Lakeland Downs 

mouse were not recorded from Kapalga, providing no opportunity for comparison. 

However, significant studies from elsewhere in Kakadu (including research described in 

chapter 4 and 5 of this thesis) and from Western Australia have shown similar declines 

for the Arnhem rock rat and common rock rat (Begg 198 Ic; Kerle and Burgman 1984; 

Begg and Dunlop 1985). The increase in the pale field rat. western chestnut mouse, and 

grassland melomys in Stage III is not consistent with the results from Kapalga 

(Braithwaite and Muller 1997; Woinarski et al. 2001b) where these species were barely 

recorded by the end of the surveys there. The increase in the pale field rat and western 

chestnut mouse is however consistent with the results recorded from Stage I and II in 

2002 (see Chapter 3, this thesis) where both of these species were found to have 

increased. 

In contrast though, the delicate mouse which declined significantly in Stage III was one 

of the few species that increased at Kapalga (Braithwaite and Muller 1997; Woinarski el 

al. 2001 b), a result thought to have been brought about by its apparent preferences for 

disturbed habitats and the decline of other rodent species with which it would not 

usually be able to compete (Braithwaite and Brady 1993; Woinarski ci al. 2001b). As 

some of these other competitively superior species (e.g. pale field rat, western chestnut 

mouse) have increased here, and other species such as the Kakadu pebble mound mouse 

are more abundant in Stage III it may be possible that the delicate mouse is unable to 

compete with these more abundant species. In addition, habitats in Stage III appear to 

be managed under a regime of less frequent and severe fires and have a history of less 

severe disturbance from feral herbivores, particularly buffalo, than those in the north of 

the Park and this may also have been to the benefit of species other than the delicate 

mouse. 

Patterns of change amongst the dasyurids in Stage III were more consistent with the 

results from Kapalga, with most species declining or showing no change in abundance 

from 1988-90 to 2001. However, these declines were nowhere near as dramatic as those 

recorded in Kapalga, particularly for the northern quoll and fawn antechinus (Friend 
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1985; Braithwaite and Muller 1997; Woinarski et al. 2001b). The decline of the 

northern quoll in Stage III and at Kapalga is consistent with the fate of this species 

elsewhere in northern Australia. It is thought to have suffered significant declines in the 

south-east Kimberley region and in northern Queensland (Braithwaite and Griffiths 

1994). Previous studies in KNP (Oakwood and Pritchard 1999), have suggested that 

declines in this species have been the result of habitat modification resulting from 

changing fire regimes. Begg et al (1981) also demonstrated significant declines in the 

northern quoll at Little Nourlangie Rock in central KNP, and these declines appear to 

have continued at that site (see chapter 5, this thesis). Elsewhere, particularly in 

northern Queensland, declines in the northern quoll have been attributed to the arrival of 

the cane toad Rhinella marina, whose toxins are fatal to the northern quoll if ingested 

(Burnett 1997; Catling et at. 1999; van Dam et at. 2002). Cane toads were not present 

at any of the sites sampled in 2001 and cannot therefore be implicated in the decline 

reported here. Oakwood (1997) reported declines in the northern quoll in KNP and 

attributed these changes to a decline in habitat quality, possibly as a result of 

inappropriate fire regimes. Similarly, Braithwaite and Griffiths (1994) have also 

described demographic changes and range contractions for the species, probably as a 

result of habitat modification (particularly in areas where cane toads are not present). It 

should be noted that studies completed subsequent to this work have confirmed the role 

of cane toads in the decline of the northern quoll in the East Alligator and Mary River 

areas of KNP (Oakwood 2002) and further re-sampling of some of the sites used in this 

study confirmed a further decline in northern quolls following the arrival of cane toads 

there (see Chapter 7 of this thesis). 

The northern brown bandicoot significantly increased in Stage III, in stark contrast to its 

dramatic decline at Kapalga (Braithwaite and Muller 1997; Woinarski et at. 2001b; 

Pardon et al. 2003) and declines recorded in the Gulf of Carpentaria (Parker 1973; 

Johnson and Southgate 1990). Bandicoots have been particularly vulnerable to decline 

and extinction elsewhere in the country, especially in the and zone and semi-arid 

Australia. There is also other evidence of decline of bandicoots in KNP, with the 

golden bandicoot thought to have disappeared from Stage III some time ago (Palmer et 

al. 2003). The increase in abundance of the northern brown bandicoot in Stage III was 

an unexpected result given the apparent susceptibility of this species and bandicoots as a 

group to decline and extinction. The reasons for the increase in this species in this part 
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of Kakadu are unclear, but it may reflect a response to the heterogenous environments 

of Stage III. Pardon et al (2003) hypothesised that spatially and temporally 

homogenous environments resulting from inappropriate fire regimes may have been the 

cause of the decline of the northern brown bandicoot at Kapalga. The increase in the 

species in Stage III may reflect a positive response to current management practices 

(including the decline of feral herbivores and subsequent recovery of riparian and 

lowland habitats (Petty el al. 2007b)). 

All of the macropod species recorded in Stage III declined between the two sampling 

periods, with the most significant decline being recorded for the antilopine wallaroo. Of 

the other five species recorded, the black wallaroo. short-eared rock wallaby and 

northern nail-tailed wallaby were recorded at very few quadrats in the first sampling 

period making any interpretation of the results of the re-sampling difficult. In addition. 

recording of seats and tracks of macropods during the 2001 re-survey may not have 

been as rigorous as during the original sampling (primarily due to the involvement of 

volunteers in this aspect of the fieldwork) and this may have introduced an element of 

bias in this result. 

The abundance of macropod species at Kapalga was not discussed by Braithwaite and 

Muller (1 997) or Woinarski el al. (2001), and until very recently there has been little 

consideration of this group across much of northern Australia. However, there is some 

indication that the antilopine wallaroo (E. Ritchie, pers. comm.. 2008) and some rock 

wallabies (Peirogale spp.) may be declining, a trend that may be being echoed in at 

least the southern parts of KNP. Across its entire range. abundance of the antilopine 

wallaroo is positively correlated with frequency of fire while at a local scale, 

populations are determined more by the structure and composition of vegetation 

communities (Ritchie ci al. 2008). However, the species appears to be flexible in its 

habitat preferences across its range. Ritchie c/ al. (2008) particularly noted that 

antilopine wallaroos were more abundant at sites that had been exposed to two or more 

late dry season fires, and that these sites were characterised by an understorey of mixed 

grasses and forbes. In KNP. the prevailing fire regime is dominated by early dry season 

fires which in many areas lead to an increase in the cover of annual speargrass Sarga sp. 

(usually to the detriment of other grasses, particularly perennial species). This less 

diverse understorey may in fact be to the detriment of antilopine wallaroos in KNP and 
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may explain the apparent contradiction between the results of this study and those of 

Ritchie et al. (2008). 

Habitat 

Previous studies of the causes of changes in the distribution and abundance of small-

medium size mammals have suggested that the preferred habitat type of a species may 

be an important determinant of the susceptibility of a species to decline or extinction. 

This study has shown that in Stage III of KNP, changes in total mammal abundance 

between 1990 and 2001 differed between major habitat types, with increases recorded in 

riparianlswamp/rainforest and woodlands on stony hills and a decrease in abundance 

recorded in rocky, open eucalypt forests and in grasslands. 

Amongst those individual mammal species that were found to have declined in 

abundance between 1990 and 2001, many were rocky habitat specialists, (including the 

Amhem rock rat, common rock rat, black wallaroo and sandstone antechinus ) or at 

least show some preference for rocky or stony hill habitats (the northern quoll and 

common planigale). These results were consistent with other studies from the region 

which have also showed at least localised declines of these species in similar habitats 

(Begg 1981a; Begg 1981b; Begg 1981c; Begg et al. 1981; Kerle and Burgman 1984; 

Braithwaite and Muller 1997), and other components of this thesis (see Chapters 4 and 

5) but were inconsistent with the broader literature on this topic, which suggests that 

species occupying these habitats appear to be less prone to decline (Burbidge and 

McKenzie 1989). 

Fewer species with closer affiliations with lowland habitats, including open forests, 

lowland woodlands and grasslands declined during this study. Somewhat perplexingly, 

many of these lowland species exhibited decline in Kapalga and elsewhere in the 

northern parts of KNP (Kerle 1985; Friend 1987; Braithwaite and Muller 1997; Kerle 

1998; Woinarski ci al. 2001b; Pardon ci al. 2003). Habitat was found to be a significant 

term in the models explaining change in abundance or presence/absence for a number of 

species, indicating that it is an important factor influencing changes in mammal 

populations. However, in most of these results the interaction between habitat type and 

fire has been the significant term indicating that there is some difference in the way that 

processes such as fire affect animals in different habitats. 
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The pattern of decline of rocky habitat dwelling species in this study and others from 

elsewhere in Kakadu contradicts some of the recent assertions by Johnson (2006) and 

Burbidge and Mackenzie (1989) that species occupying these habitats are less prone to 

decline and ultimately extinction than their lowland and and area counterparts, 

primarily because their habitat provides refuges from predation by cats and/or foxes 

(where the latter is present), even after fire events have removed ground cover. The fox 

has not been recorded as far north as KNP, and with little or no information available 

about the density of other predators in these systems (notably the feral cat but also 

dingoes) it is difficult to speculate as to what role predation may have in the decline of 

these species here. During this study only one feral cat was observed and there was 

little evidence of predators recorded at survey sites, indicating that their abundance is 

likely to be low. However, as these species are by nature shy and cryptic, and the 

survey methods utilised here are not particularly suited to detecting them, an assessment 

of their status cannot be certain and therefore their potential role in this decline is 

difficult to assess. 

Begg et al. (1981) and Kerle and Burgman (1984) described a gradual decline of the 

northern quoll. Arnhem rock rat, common rock rat and sandstone antechinus in the years 

following a fire event at Little Nourlangie Rock and at Jabiluka in the north of Kakadu, 

implicating a decline in reproductive success after a loss of food resources rather than 

predation as the most important factor. These species (with the exception of the 

sandstone antechinus) appear not to have recovered at Little Nourlangie Rock, which is 

now characterised by a vegetation community that is drastically different from that 

which was described by Begg ci al. (1981). 

The decline of rocky species. particularly the Arnhem Rock Rat in Stage III (and also at 

Little Nourlangie Rock and Jabiluka) may be in part a consequence of the naturally 

fragmented distribution of the species and its preferred habitat. Arnhem rock rats 

typically occupy monsoon rainforest patches but may also utilise habitats adjacent to 

these patches, including sandstone heathlands and hummock grasslands (Begg 1981 c; 

Woinarski ci al. 1992). The maintenance of an intricate mix of these habitats may be 

important determinant of persistence of the species through the provision of adequate 

food resources throughout the year (Begg 1981 c; Freeland c/ al. 1988). Under current 

fire regimes in KNP (where sandstone communities are burnt one out of every three 
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years (Russell-Smith and Bowman 1992; Russell-Smith ci al. 1993; Russell-Smith ci al. 

1998; Russell-Smith et al. 2002; Russell-Smith ci al. 2003b)) patches of previously 

suitable habitat may be quickly rendered unsuitable, resulting in at least local 

extinctions of species like the Arnhem rock rat. The resilience of these vegetation 

communities (i.e. their ability to recover after disturbance like fire) is compromised by 

their isolation and the high number of obligate seeders, and as a result they may be 

quickly succeeded by other less suitable habitats for species like the Arnhem rock rat 

(Begg ci' al. 1981) (see discussion of fire impacts below). 

The impact of fire 

Fire is a frequent and widespread occurrence across most of the Top End of the 

Northern Territory, often used as a land management tool both on and off reserve areas. 

Fire regimes have been suggested as an important determinant of faunal communities at 

a local and regional scale, as well as a contributor to the composition, location and 

extent of vegetation communities in the region. Despite much debate and a growing 

body of research, few, if any simple relationships between changes in mammal 

populations and burning patterns have been demonstrated, most likely because the 

relationships were complicated in the first place (Andersen et al. 1998; Woinarski ci al. 

2001b; Andersen ci' al. 2005; Woinarski ci al. 2005). Woinarski ci al. (2001) 

hypothesise that spatial and temporal heterogeneity in fire regimes assists the survival of 

small-medium mammals by maintaining a diverse and complete complement of 

resources (including food and shelter sites), in much the same way as the intricate 

burning patterns utilised by Aboriginal people in Northern Australia. Broadscale and 

frequent fires serve to homogenise and diminish this resource base, through space and 

time, resulting ultimately in habitats that are unsuitable for many species (Woinarski ci' 

al. 2005). 

The frequency with which fire has occurred in some of the sites surveyed during this 

study is consistent with regimes that have been found to lead to dramatic changes in 

vegetation in similar habitats elsewhere in Arnhem Land (Russell-Smith et al. 1993; 

Russell-Smith ci al. 1998; Russell-Smith ci al. 2002; Russell-Smith ci al. 2003b) and 

this could inevitably lead to significant changes in the resource base (particularly food 

resources) available to the fauna of this area. Frequent fire can lead to significant 

changes in the composition and structure of the understorey of monsoon forest patches 
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and sandstone heath communities, including the loss of obligate seeding species such as 

Northern cypress pine Cal/uris intratropica and a possible decline in the soil seed bank 

(Russell-Smith ci' al. 1998). The frequency and extent of fires recorded in this area 

could potentially result in a decline of native fauna species similar to that observed at 

both Nawurlandja (Begg el al. 1981) and Jabiluka (Kerle 1985). Indeed at 

Nawurlandja, a single fire event led to a substantial change in the habitat of the study 

sites with a new suite of species becoming established at the study site after the 

application of a fire to the entire study area (Begg c/ al. 1981). In the years since that 

study, fire has become far more frequent at the site and as a result the vegetation 

community has changed substantially with a number of species that were common in 

the original study now absent in the area, replaced by almost monospecific stands of 

Acacia plants (K. Brennan. pers. comm.. 2002). Many of the species lost from 

Nawurlandja were important sources of seeds for the Amhem rock rat, which now 

appears to have become locally extinct at the site (see Chapter 5). 

However, the relationship between fire regimes and biodiversity is not uniform: some 

species appear to be less favoured by frequent fire while others may benefit from it 

(Woinarski et al. 2005). In the rocky habitats of Kakadu, an increase in the frequency 

and extent of fire events has been to the detriment of some vegetation communities 

(notably sandstone heath communities, Call/iris iniratropica and Allosyncarpia ternata 

stands) (Bowman el al. 1990; Bowman 1994a; Russell-Smith et al. 1998; Russell-Smith 

et al. 2002) and presumably to the faunal communities that utilise them. In lowland 

areas, the exclusion of fire can lead to a change in vegetation to a system supporting a 

higher number of rainforest associated plant species (Russell-Smith el al. 2003a). and 

rainforest associated fauna. This process has been studied at length by Russell-Smith ci 

al. (2003a) at Munmarlary in the north of Kakadu where the exclusion of fire for a 

period of 23 years led to an increase in the number of stems of rainforest associated 

plant species. Similar results were reported by Woinarski et al. (2005) at the Solar 

Village site near Darwin where long unburnt sites had a higher proportion of rainforest 

associated plants than frequently burnt sites where the vegetation community was 

dominated by understorey annual grasses. The fauna of the two treatment types also 

differed, with northern brushtail possums and black-footed tree rats being more 

common in the unburnt sites, with seed-eating species like the pale-field rat showing 

some preference for the annually burnt habitat. 
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In Kakadu, fire regimes, and particularly the frequency and timing of fires, has been 

implicated in the decline of a number of native mammals including the northern 

brushtail possum, the northern brown bandicoot, the Amhem rock rat, the northern 

quoll, fawn antechinus and the black-footed tree rat (Begg et al. 1981; Friend 1985; 

Kerle 1985; Friend 1987; Kerle 1998; Pardon et al. 2003). However, some authors have 

suggested that other species that favour more disturbed environments, such as the 

delicate mouse, may benefit from such fire regimes (Braithwaite and Brady 1993). The 

results of modelling described here is inconclusive for this species, as it suggests that 

the abundance of the delicate mouse is positively associated with the total number of 

fires but the presence/absence of the species is negatively related to total fires. The 

results of this modelling and that described elsewhere in this thesis shows that it may be 

misleading to consider fire frequency in isolation as its impacts may vary significantly 

between habitats. 

The results here are consistent with conclusions from other research (notably Woinarski 

et al. 2005) that have shown that small mammals exhibit a range of preferences when it 

comes to fire frequency, with some species preferring, or at least tolerating frequent 

(including annual) fires while others can not continue to persist under such a regime. 

This has often been given as evidence of the need for spatially and temporally 

heterogenous fire regimes as a means of maintaining an appropriate arrangement of 

resources for a diverse mammal fauna, and the results here seem to support that notion. 

The proximity of burnt patches to unburnt pockets of habitat appears to be an important 

determinant of the ability of some species to persist under a regime of frequent fire. This 

assertion is supported by the results of Legge et al. (2008), who found that the western 

chestnut mouse and pale field rat both significantly declined at sites burnt by an intense 

fire but were quick to re-colonise burnt areas that were adjacent to patches that had 

remained unburnt during the fire. Where unburnt patches were absent, neither species 

became re-established at the burnt sites. 
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The impact of buffalo removal 

The removal of buffalo from KNP represents a major change in land use that could have 

significant ecological consequences for the native flora and fauna of the Park. Buffalo 

are believed to have played an important role in determining the composition of 

vegetation communities (particularly grasses, shrubs and forbs) and may have also 

played a significant role in regulating tree growth and recruitment rates in KNP 

(Williams et al. 1999; Werner 2005; Prior et al. 2006; Werner et al. 2006). 

One of the most critical impacts of buffalo in relation to the native fauna is their 

influence on grass communities, particularly the ratio of annual to pereimial grasses, and 

the subsequent impacts that this has had on fire regimes in KNP (Minchin and Dunlop 

1989). Preferential grazing of perennial grasses over annuals is thought to have led to a 

regional proliferation and ecological dominance of the annual grass Sarga intrans (Petty 

et al. 2007a). Since the eradication of buffalo from KNP, annual sorghum has 

proliferated and is now the most dominant native grass in the system. It is also both fire 

loving and fire promoting, and represents a very considerable component of the annual 

fuel load (Cook ci al. 1996). The abundance of sorghum in the understorey is strongly 

related to fire frequency, and efforts to manage this fast-curing component of the fuel 

load are central to the prevailing fire regime of frequent early season fires in KNP (Petty 

et al. 2007a). 

Buffalo (and particularly their removal) has had a major influence on fire regimes in 

KNP and through this relationship they may have also indirectly affected small mammal 

populations right across the Park. As a result of the complicated relationship between 

buffalo, grass communities and fire regimes in KNP it may be difficult to specifically 

identify direct relationships between buffalo and native fauna, rather they may be 

contributing to relationships between fire and fauna. The lack of historical information 

about the fauna of this system prior to the arrival of the buffalo, during peak buffalo 

numbers, and post buffalo eradication make it difficult to discern any direct 

relationships between buffalo and native fauna. However, it is clear that the removal of 

buffalo has had a considerable impact on a range of vegetation communities across 

KNP, and it is highly improbable that the fauna occupying these vegetation 

communities has not been similarly impacted. 
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Studies suggest that in the Mary River District of KNP, the impacts of buffalo would 

have been most severe in monsoon forest patches in both the lowlands and rocky 

uplands and in pockets of dense vegetation along creeklines where buffalo would have 

sought shelter and spent much of their time (Bayliss and Yoemans 1989; Petty et al. 

2007b). In these areas, impacts would have included soil compaction and erosion, 

creation of wallows and physical damage to vegetation caused by buffalo movements 

(Braithwaite et al. 1984; Taylor and Friend 1984; Skeat et al. 1996). With the removal 

of buffalo, many of these areas may have recovered from these impacts. This may have 

contributed to the increases of some species in lowland habitats that have been revealed 

in this study (e.g. fawn antechinus and northern brown bandicoot). Such an increase 

could have resulted through two potential mechanisms: (1) increased protection from 

predators (e.g. feral cats and/or dingoes) as a result of denser ground cover: and/or (2) 

access to more abundant and diverse food resources as a result of decreased grazing 

pressure. The latter would be consistent with the findings of Skeat et al. (1996) who 

reported a negative relationship between high densities of buffalo and a group of small 

vertebrates (including the northern brown bandicoot), most probably as a result of the 

destruction of food resources and shelter caused by buffalo. 

In this study, the decline in livestock abundance was found to be a significant term in 

the model describing change for only one species, the Kakadu pebble mound mouse. 

This species is restricted to lowland rocky habitats (often on the low stony hills of Stage 

III) where it makes small stone mounds around the entrance to its burrow. The negative 

relationship between the presence/absence of the Kakadu pebble mound mouse and 

buffalo may be a result of higher buffalo numbers causing soil compaction and erosion, 

damage to vegetation and a reduction in seed resources in areas occupied by the pebble 

mound mouse. The subsequent removal of these pressures may explain the slight 

increase in abundance that has been observed for this species. 

Study limitations 

In this study, I have used the data collected during a broadscale inventory study of Stage 

III of KNP for a purpose for which it was not intended: as the baseline for assessing 

change in abundance. However, as demonstrated by Woinarski et al.. (2004, 2006) 

inventory studies of this type are often the only source of broadscale information 
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available for some locations providing the only useful baseline to which current data 

can be compared. I do however, recognise the limitations of taking this approach. 

The assessment of change in abundance of individual species and total mammal 

abundance is based on the comparison of data collected from two sampling periods with 

an intervening period of greater than 10 years. Underlying this comparison is the 

assumption that the probability of capture of mammals in this study was equal in both 

trapping periods. There are sources of variation that may have affected the abundance 

estimates (ie. the capture rates) during each of these sampling periods. Some of these 

are: observer error, weather conditions prior to and during trapping, changes in survey 

methodology, re-location of survey sites and changes in staff. Steps were taken to 

minimise some of these sources of variation, for example by employing some of the 

original survey staff during the 2001 re-survey to assist with site re-location and by 

carrying out the 2001 re-survey at the same time of the year (+1- 2-4 weeks) as the 

original survey to minimise seasonal differences. Changes in survey methodology were 

quantified according to trap type and the potential implications of these changes were 

discussed above (refer to methods section). 

Pardon et al. (2004) have shown that detailed mark-recapture data can be used to 

calculate probability of capture for small mammals in northern Australia and this is a 

very powerful method of investigating relationships with habitat and land management 

impacts. However, such analysis is based on the repeated collection of data that would 

be prohibitively expensive for an area as large as that studied here. Assuming that 

logistical and seasonal sources of variation are minimised, and that species specific 

characteristics that may influence probability of capture (such as age, sex, reproductive 

status etc) would remain the same for each trapping period, it seems reasonable that an 

assumption of equal probability of capture in each trapping period is a reasonable 

approach in this instance. 

The data described in this chapter are noisy, that is there is considerable variation in the 

direction and magnitude of change in the distribution and abundance of many species. 

This variability is reflected in the results of the model selection process. The inability 

of the model selection process to identify a best model (other than the null) to describe 

change in abundance and distribution of individual species is indicative of a highly 

variable data set (Burrtham and Anderson 2002). Additional sampling of these sites and 
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the inclusion of more complicated models in the set of candidate models may further 

inform this modelling process. 

The comparison described here does not provide any insight into patterns of change in 

populations in the intervening period between the two trapping events, nor does it allow 

us to be sure that the changes that have been recorded in this study reflect a real decline 

or increase of the species over the 11 year interval between the sampling episodes, or 

are merely part of "natural" population cycles for those species. Although the lack of 

ongoing data for most of the species studied here makes this difficult to prove, evidence 

of change for some of these species from elsewhere in Kakadu (see Chapters three, four 

and five of this thesis and references therein) and elsewhere within their range provides 

some support that the changes observed in Stage III may in fact be part of a broadscale 

change in small-medium sized mammals across northern Australia. 

Conclusions 

In this chapter I set out to answer four main questions: 

• Has the abundance and distribution of small-medium sized mammals in Stage III 

of KNP changed between the 1988-90 baseline survey and the 2001 re-survey, 

and if so how does this change compare with that recorded in Kapalga in 

northern Kakadu? 

I have shown the abundance of some small-medium sized mammals has changed 

between 1988-90 and 2001. However, the species that have declined in Stage III are not 

the same as those that were found to have declined at Kapalga. Three species, the 

Arnhem rock rat, Lakeland Downs mouse and common planigale that were not recorded 

in Kapalga declined significantly in Stage III. 

• Does habitat type influence the pattern of change for individual mammal 

species, total mammal abundance and species richness? 

Many of the declining species have associations with the rocky habitats of Stage III and 

this result is consistent with the results reported from Nawurlandja and the Jabiluka 

Lease (see chapters four and five of this thesis). Amongst those species that have 

increased, more had affiliations with lowland habitats including open woodlands, 

riparian and grassland habitats. 
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• Does the number offIres that a site has been exposed to influence the change in 

abundance of individual mammal species, total mammal abundance and species 

richness? 

Fire frequency was found to be an important determinant of change for some species 

and was a parameter common to the best models describing change for many species. 

• Does the dramatic decline in the abundance of livestock (buffalo and cattle) 

influence the pattern of change in abundance of individual mammal species, 

total mammal abundance and species richness? 

The reduction in livestock was not found to have a direct relationship with the change in 

abundance of small mammals, but it is possible that the impact of this reduction has 

been manifested through relationships between small mammal abundance and fire, 

which is now believed to be intrinsically linked with buffalo decline. 

Overall, the results from this study, like those found at Kapalga, suggest that more of 

the mammal fauna in Stage III is declining than is increasing. However, the patterns of 

change, in particular the decline of more rocky habitat species and increase in lowland 

habitat species may suggest a response to unfavourable management of the former and 

favourable management of the latter habitats in the southern parts of Kakadu. In the 

final chapter of this thesis I will provide a comparison of the results of this and the 

following chapters to provide an overall picture of mammal populations across KNP. 

104 



Chapter 3. Re-sampling of the CSIRO Kakadu Fauna Survey Stage I 

and II. 



Introduction 

The Kapalga Research Station in the north of Kakadu National Park (KNP) has 

provided the most compelling evidence of recent change in the mammal fauna of the 

Top End of the Northern Territory (Braithwaite and Muller 1997; Woinarski et al. 

2001b). Although research in that area showed extensive temporal changes in the 

abundance of small mammals within the boundaries of the research station, there has 

been little work done to investigate whether that change was also occurring in the 

broader landscape of KNP. 

In the previous chapter 1 described the results of a repeat survey in 2001 of sites in the 

Mary River District in southern Kakadu that were previously surveyed in 1988-90 that 

provided evidence of some change in the mammal fauna of that area. Although a 

number of small mammal species were found to have declined there, they were not the 

same species found to have declined at Kapalga. Many of the declining species in the 

Mary River district inhabited or utilized rocky habitats, while there was a general 

pattern of increase or stability in species more commonly found in the lowland habitats. 

including riparian strips, lowland monsoon patches and open plains and grasslands. 

Despite the fact that other substantial studies have been undertaken in the northern parts 

of Kakadu (Kerle 1983; Kerle and Burgman 1984; Braithwaite 1985; Friend 1985; 

Friend and Taylor 1985; Kerle 1985; Friend 1987), none have attempted to explicitly 

investigate temporal changes in small mammal populations beyond the Kapalga site. 

These studies do however provide a valuable baseline against which change can be 

measured, as they have been well documented and are therefore repeatable. In this 

chapter I describe the results of the repeat sampling of the CSIRO Kakadu Fauna 

Survey of Stage I and II of KNP (Braithwaite 1985). 

The Kakadu Fauna Survey, conducted between 1980 and 1983, is the most extensive 

survey of the wildlife of northern Kakadu. The three year survey was primarily 

designed to quantitatively sample the vertebrates of the major non-wetland habitats of 

Stages I and II of the Park (Braithwaite 1985; Brooker and Braithwaite 1988). Some of 

the particular aims of the survey of Stage I and II (as detailed by Braithwaite (1985)) 

were to: 
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Provide a description of the distribution and abundance of the plant and 

animal species and their habitat preferences; 

Identify rare and potentially endangered species; 

Assess the stability of the vertebrate fauna; 

Elucidate problems for Park management (e.g. Asian water buffalo Bubalus 

bubalis and fire); and 

Provide recommendations for future research and better management 

The 30 sites censused during the three-year survey were predominantly lowland sites 

with only three located in rocky escarpment habitats. The imbalance in the composition 

of the 30 sites represented an acknowledgement of the absence of knowledge of the 

fauna of some habitat types (particularly forest and woodland sites), and the anticipation 

of future management problems in these lowland habitats (Braithwaite 1985). 

During the three-year survey, a total of 27 native non-volant species (including the 

dingo). 16 bats and five introduced mammals were recorded. Correspondence analysis 

of mammal communities revealed a strong dichotomy into lowland and escarpment 

groups. reflecting, albeit more coarsely, the pattern of mammal assemblages described 

for Stage Ill (Woinarski el al. 1992). and for the Jabiluka area of Stage I (Kerle and 

Burgrnan 1984). The study also highlighted the large number of feral animals. 

particularly Asian water buffalo present in the area at the time. 

Asian water buffalo entered KNP in the late 9 century, reaching carrying capacity in 

the 1950s. Numbers declined significantly in the 1980s due to an extensive eradication 

program across the Top End of the Northern Territory. Petty ci al. (2007) describe the 

impacts of the introduction of this large herbivore and its subsequent removal as two 

ecological cascades" that altered ground cover abundance and composition and 

subsequently affected fuel loads and altered fire regimes. The ecological impacts of 

buffalo followed a north-south gradient across KNP, corresponding to patterns in 

precipitation, Iandform and vegetation type. However, this pattern was also contingent 

on the history of buffalo harvest across the region (Petty ci al. 2007b). 

The impacts of increasing numbers of buffalo were greatest on the floodplain habitats 

associated with the East, South and West Alligator Rivers in central and northern KNP. 
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However, following the removal of buffalo, these areas were relatively quick to self-

repair: grasses that had declined in the presence of buffaloes returned, wallows and 

swim channels were reclaimed by vegetation, and erosion and siltation rates declined as 

the re-vegetation of the floodplains stabilised the soil and reduced the influence of tidal 

flows. 

Buffalo also had a measurable impact on woody vegetation on the floodplains and in 

other habitats such as savanna woodlands, and lowland and sandstone monsoon forest 

patches (Braithwaite et at. 1984; Petty et at. 2007b). The impacts of increasing buffalo 

numbers in these habitats were less visible than on the floodplains, but may have been 

more long term. In the woodlands there were few visible impacts due to increasing 

numbers of buffalo, but their removal led to a decline in recruitment of juvenile trees 

into the canopy, and a dramatic increase in the abundance of annual grasses, particularly 

Sarga spp. (Miles 2003; Werner 2005). Both the removal of buffalo, and the frequent 

application of prescribed fires have contributed to this change in vegetation structure 

(Werner 2005; Petty ci at. 2007b). Despite the extent of these impacts on the 

vegetation, there has been only limited consideration of the impacts of water buffalo on 

the native fauna of KNP, and what research has been done has focused on fauna 

occupying floodplains and adjacent habitats, including monsoon rainforest patches. The 

fate of the fauna of savanna woodlands has not been considered, despite researchers 

recognizing that the use of these woodlands was an integral part of the buffaloes' 

seasonal pattern of habitat use (Tulloch 1970; Tulloch and Cellier 1986). 

Few studies have dealt explicitly with the impacts of buffalo on native fauna, although 

some have inferred changes in abundance and diversity of fauna as a consequence of 

changes to vegetation (Friend and Taylor 1984). Fauna of floodplain and riparian 

habitats have been the focus of the most notable studies with only a small amount of 

research focusing on the fauna of monsoon forests or savannas. On the floodplains, 

buffalo have been shown to alter nesting behaviour in magpie geese Anseranas 

semipatmata (Skeat et at. 1996), and when present in high numbers to negatively impact 

the distribution and abundance of dusky rats Rattus cottetti and other small vertebrates 

(including northern brown bandicoot Isoodon macro urus, grassland melomys Metomys 

burtoni, common planigale Planigale macu/ala, slaty-gray snakes Ste gonotus 

cucullatus, keelback snake Tropidonophis mairii, spotted tree monitor Varanus scataris, 
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the skink Glaphymorphus douglasi and the frogs ('yclorana australis, Litoria dahli and 

the rocket frog Litoria nasuta) (Skeat et al. 1996). 

In a targeted study of monsoon forest fauna, Braithwaite et al. (1984) showed a variety 

of responses to the presence of buffaloes. At high buffalo densities, the abundance of 

grassland melomys and dusky rat were severely depressed. However in contrast to the 

later study by Skeat et al. (1996) they reported no impact of buffalo on northern brown 

bandicoots in monsoon forest. Friend and Taylor (1984) found significant relationships 

between the ground surface impacts of buffalo and a range of bird, reptile, amphibian 

and orthopteran species. Some species appeared to benefit from the ground impacts of 

buffalo, predominantly as a result of food resources that were created by dung pats and 

pug marks. Small mammals were not considered in that study due to their low diversity 

and abundance in the study area at Kapalga (Friend and Taylor 1984). 

In the previous chapter 1 considered the potential role of the removal of livestock from 

Stage III of Kakadu on small mammal populations in that area. That analysis suggested 

that buffalo had a negative impact on the abundance of the pale field rat Raitus Iunneyi 

and of all mammals combined, and a negative relationship with the presence of the 

Kakadu pebble mound mouse Pseudoniys ca!ahyi. Historically, buffalo numbers in 

Stage III were considerably lower than in the northern parts of Kakadu but recent 

studies suggest that some of the impacts of buffalo in the habitats of southern Kakadu 

may have been more long lasting than the obvious impacts recorded in the floodplain 

and adjacent habitats of northern Kakadu. 

The broadscale eradication of buffalo in KNP is now considered to have played an 

important role in determining the current fire management regime in KNP. Preferential 

grazing of perennial grasses by buffalo shifted the relative proportions of annual and 

perennial grasses in favour of the former (Minchin and Dunlop 1989) and this led to a 

dramatic increase in the native annual speargrass. This species is fire promoting and fire 

dependent and the abundance of the species is strongly associated with fire frequency 

(Cook et al. 1996). Annual spear grass constitutes about 40-50% of the fuel load of dry 

season fires in KNP (Miles 2003) and is therefore a major determinant of fire intensity. 

At Kapalga, researchers found that in areas where buffalo had been absent for nine 

years, and fire excluded for three years. there was an abundance of eucalypt juveniles 

and saplings (Prior ci al. 2006). In contrast, in areas where buffalo had been removed 
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and annual fires had occurred over a period of 13 years, the understorey was dominated 

by annual sorghum, with few Eucalyptus saplings (Werner 2005). The implications of 

these changes for small mammals are unclear, but it is likely that such changes could 

lead to less diverse vegetation communities that lack the suite of shelter and food 

resources necessary to support a diverse mammal fauna. 

Current fire regimes in KNP are characterised by high frequencies (fire-return intervals 

of one to two years in woodlands (Price et al. 2005a)) and a tendency for early dry 

season ignition (Russell-Smith et al. I 997b), possibly as a result of the early curing of 

annual grasses. The results of the landscape scale fire experiment at Kapalga suggest 

that such frequent fires may be detrimental to at least some components of the native 

fauna of the savanna woodlands (Andersen et al. 2005), and this has been further 

supported by other studies from KNP and elsewhere in the Top End of the Northern 

Territory (Kerle and l3urgman 1984; Kerle 1998; Pardon et al. 2003; Woinarski et al. 

2005). However, it has proven difficult for researchers to show definitive links between 

fire regimes and changes in mammal abundance, primarily because these relationships 

are apparently complex and differ substantially for individual species. 

In the previous chapter I used generalized linear modeling to show that fire frequency 

had a role in determining the change in abundance and presence/absence of some small 

mammal species and that declines in the abundance of water buffalo were also an 

important factor for some species. In light of those results, as well as the historically 

high densities of buffalo and current fire regimes in the region, it is pertinent to 

investigate the role of fire frequency and the decline in buffalo numbers in Stage I and II 

on the mammal populations of that area as well. 

In this chapter I investigate three key questions: 

Have the mammal populations at sites surveyed during the CSIRO Survey of 

Stage I and II changed between the original survey in 1980-83 and 2002. 

Is there a correlation between changes in the mammal populations of these sites 

and the frequency of fire at those sites in the intervening 19 year period? 

Is there a correlation between changes in the mammal populations and the 

decline of Asian water buffalo at those sites? 
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Methods 

Baseline Sampling. 

The original CSIRO survey of Stage I and II of KNP was undertaken over a three year 

period from 1980 to 1983 (Braithwaite 1985). During the course of the three year 

survey. 30 sites were sampled twice a year, in the wet and dry season, giving a total of 6 

repeat samples. The 30 sites were stratified by location (in the south, east and west of 

Stages I and II of KNP), habitat (woodland. open forest, escarpment and monsoon 

forest) and according to "remoteness" (used as a surrogate measure of disturbance due 

to tourism. (Braithwaite 1985)) (Figure 3.1). Each site comprised three subsites. 

positioned 300 m apart at the points of a triangle. 

The trapping methodology adopted during the survey is described in detail by Brooker 

and Braithwaite (1988) and summarized here. Twenty Elliott traps were placed around 

the perimeter of a 20 x 80 m quadrat. with six of the traps located in elevated positions 

such as tree trunks or branches. During the first of the six trapping sessions wire cage 

traps were substituted for four of the Elliott traps, however in subsequent trapping 

periods only Elliott traps were used as it was deemed that the wire cages were bulky and 

difficult to transport and did not lead to the capture of any species that were not 

adequately sampled with Elliott traps and/or spotlighting (Brooker and Braithwaite 

1988). Traps were baited with a mixture of peanut butter, honey and rolled oats and set 

for two consecutive nights. Eight small pitfall traps were located in the centre of the 

quadrat. The total Elliott and cage trapping effort over the three years of dry season 

sampling for the 16 sites used in re-sampling was 5760 trap-nights. 

Larger mammals (e.g. macropods and feral ungulates) were recorded by incidental day-

time observations, specific spotlighting searches and detection of signs (e.g. faeces, 

tracks, wallows). Signs recorded inside the sampling quadrats were given a score of 0.1 

and added to the total number of individuals observed to give the relative abundance of 

each species. The number of each species trapped or observed in the three sub-sites was 

pooled to give an index of abundance for each individual species for each of the 30 

sites. Results for each of the six visits are given in Appendix V of Braithwaite (1985): 

note that this infonnation is reported at the site level (i.e. with data from subsites 

pooled). 
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2002 Re-sampling 

Sixteen of the 30 original sites were re-sampled once in the dry season of 2002 (Figure 

3.1). Of the remainder, some are no longer precisely locatable, and there are access 

problems with others. The 16 sites selected comprised seven of the original nine 

eucalypt open forest sites, seven of the original nine eucalypt woodland sites, two of the 

original four escarpment sites and none of the original eight monsoon rainforest sites. 

The emphasis on eucalypt woodland and open forest sites was deliberate, as change in 

mammal fauna appears to have affected these habitats particularly, and also monsoon 

forest patches are recognised for their low diversity and abundance of mammals anyway 

(Menkhorst and Woinarski 1992; Bowman and Woinarski 1996). 

Trapping was undertaken in the same month of the year as the original survey in an 

attempt to minimize seasonal effects on trapping results. The standard survey approach 

adopted during the re-survey of Stage III of KNP (see Chapter 2 for full description of 

methods) was used at these sites in order to allow consistent comparisons with that 

work and other surveys now being routinely undertaken across the Top End of the 

Northern Territory. This method comprises 20 Elliott traps set around the perimeter of 

a 50 x 50 m quadrat. A wire cage trap or large Elliott trap was placed at each of the 

corners and two pitfall traps (with a 20 litre bucket and 10 m pitfall fence) in the centre 

of the quadrat. Each quadrat was centred on the points of the triangle used in the 

original sampling. Traps were baited with a mixture of peanut butter, honey and oats 

and set for three nights. The total trapping effort over the 16 re-sampled sites in 2002 

was 3456 trapnights. 

The methods adopted during 2002 differed in a number of ways from those used in the 

original survey, primarily in relation to the type and positioning of traps and the number 

of pitfall traps. In the 2002 re-survey four wire cage traps were used at each of the sub-

sites. These traps have an appreciably higher success rate for medium-sized mammals, 

such as the northern quoll Dasyurus hallucatus, northern brushtail possum Trichosurus 

vulpecula, black-footed tree rat Mesembriomys gouldii, brush-tailed phascogale 

Phasco gale pirata and northern brown bandicoot Isoodon macro urus. and as a result the 

2002 re-sample may have some bias to these species. 
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During the baseline survey a proportion of the traps (six at each subsite) were placed 

above the ground, usually in trees. This arrangement may have increased the likelihood 

of trapping arboreal species such as the brush-tailed phascogale, black-footed tree rat, 

northern brushtail possum and (possibly) the brush-tailed rabbit rat Conilurus 

penicillatus. In the 2002 re-sample all traps were set at ground level, possibly reducing 

(slightly) the capture rates for these species. However, in keeping traps at ground level, 

the probability of trapping strictly terrestrial species, such as northern brown bandicoot, 

pale field rat, dusky rat, western chestnut mouse Pseudomys nanus, common rock-rat 

Zyzomys argurus, red-cheeked dunnart Sminthopsis virgin iae and Kakadu dunnart 

Sminthopsis bindi, amongst others, could increase by approximately 30% (6/20 traps). 

The number of pitfalls used in the baseline survey was substantially greater than that 

used in 2002 (eight small buckets in 1980-83 compared with two larger buckets in 

2002). Only small mammals such as the red-checked dunnart. Kakadu dunnart, delicate 

mouse Pseudomys delicatulus. long-tailed planigale Plan igale ingraini and common 

planigale are usually trapped in pitfall traps. Even with a higher number of traps, 

captures of these species were so low in the baseline survey (and the 2002 re-sample) 

that no meaningful assessment of change in trap success could be carried out anyway. 

Figure 3.1 (following page) Location of sites used in the original CSIRO Kakadu 

Fauna Survey(of Stages I and II) and those re-surveyed in 2002. 
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Analysis 

Changes in occupancy 

Changes in the number of sites occupied by each species were compared using two-

tailed Fisher's Exact Test. This test allows the comparison of proportions collected 

from non-independent sites when some proportions are less than five (Zar 1999). 

Changes in trap success rate 

Wilcoxon Matched Pairs Tests were used to compare trap success rate for individual 

species (recorded from five or more sites) and total mammal abundance across the 16 

sampled sites. The capture rates of each species from each trapping period were 

converted to a trap success rate as a means of calibrating the different number of trap 

nights used in the original survey and the 2002 re-survey. Trap success rate for the 

original survey was calculated by averaging the number of captures across the three dry 

season samples, and then multiplying this by 100/120 (the 120 being the pooled number 

of trapnights across each group of three subsites in the original survey). For the repeat 

sampling, the number of captures was multiplied by 100/216, where the 216 is the 

pooled number of trapnights across the three subsites in 2002). 

The difference in trap numbers and placement between the two survey periods are likely 

to have had consequences for the comparison of trap success rates. Two analyses are 

presented, one which makes no correction for the differences in trapping methods 

(Analysis A) and a second (Analysis B) that utilises species-specific relative trapping 

efficiency indices to make some adjustment for these differences. These indices have 

been calculated from over 10,000 captures of these species from this region over the last 

decade (J. Woinarski pers.comm., 2003). These indices were then used to calculate an 

adjusted trapping effort for each species, by multiplying the number of each type of trap 

by the respective efficiency of that trap (Table 3.1). The number of captures were then 

expressed as a percentage of this corrected trapping effort. Species recorded in pitfall 

traps were excluded from this analysis. 
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Table 3.1. Relative trap efficiency for small and medium-sized mammals recorded 
at CSIRO Kakadu Stages 1&II sites, based on results reported for over 10,000 
captures in the region. Note that all species are each standardised to a trap efficiency 
of 1.0 for the trap type with greatest success rate for that species. A value of 0.1 for a 
second trap type for that species implies that 10 traps of that second type would be 
needed to have the same probability of capture for that species as one trap of the first 
type. 

Northern quoll 0.4 0.3 1.0 147.6 108 
Brush-tailed phascogale 0.9 1.0 0.8 332.4 190.8 
Fawn antechinus 1.0 1.0 0.9 357.6 212.4 
Sandstone antechinus 1.0 0 0.8 247.2 208.8 
Northern brown baiidicoot 0.4 0 1.0 115.2 108 
Northern brushtail possum 0.1 0.1 1.0 57.6 54 
Pale field-rat 1.0 0 0.6 242.4 201.6 
Black-footed tree-rat 0.2 0.2 1.0 91.2 72 
Brush-tailed rabbit-rat 0.4 0.4 1.0 158.4 108 
Common rock-rat 1.0 0 0.6 242.4 201.6 
Arnhem rock-rat 1.0 0 0.8 247.2 208.8 
Grassland melomys 1.0 0.9 0.8 344.4 208.8 
Western chestnut mouse 1.0 - 0 0.7 244.8 205.2 

Relationship between change in small mammal abundance, fire history and Asian water 

buffalo abundance. 

The small number of sites sampled in both survey periods along with the relatively low 

numbers of animals recorded placed limitations on the type of analysis that could be 

used to investigate the role of some factors in the changes in trap success for some 

mammal species. As a result, the relationship between change in small mammal 

abundance, the frequency of fires at each site in the 19-year interval between the 

sampling periods and the change in abundance of Asian water buffalo was investigated 

by calculating a correlation matrix (based on Spearman Rank correlations) of these three 

factors across each of the 16 sites. This analysis was carried out in Statistica Version 

6.0 (Statsoft 2004). 

Fire frequency in each quadrat (i.e. each of the three sub-sites at each trapping location) 

was calculated from the library of interpreted satellite imagery for KNP. Fire history 

data are based on coarse Landsat-MSS imagery (pixel size 0.5 ha) for the period 1983-

1995 and finer resolution Landsat-TM imagery (pixel size 0.06 ha) for the period 1996- 
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2002. For each year between 1983 and 2002, each sub-site was scored as burnt or 

unburnt over the early dry season (May-July) and the late dry season (August-

November). Fire frequency is calculated as the number of years in which each site was 

scored as burnt in either the early or late dry season. 

Change in buffalo abundance (the total number of individuals and sign) at each sub-site 

was simply calculated as the difference between the abundance of water buffalo in the 

original survey and the 2002 re-survey corrected for the difference in the number of 

sampling nights in the two sampling periods. Buffalo abundance was calculated as the 

sum of the number of individuals recorded on the site during diurnal and nocturnal 

searches and the sum of the recorded sign of buffalo on the site (ie. number of seats). 

Results 

Changes in site occupancy. 

The analysis of presence/absence data from 1980-83 and 2002 across the 16 re-sampled 

sites showed an overall pattern of decrease in the number of sites occupied for most 

species, except the euro Macropus rob ustus (recorded in only one site in each sampling 

period) and the western chestnut mouse (recorded in five and six quadrats in 1980-83 

and 2002 respectively) (Table 3.2). Despite a large number of species being recorded in 

fewer quadrats in 2002, this change was significant only for the northern quoll, agile 

wallaby Macropus agilis , delicate mouse, dingo Canis lupus dingo, horse Equus 

callabus, pig Sus scrofa, buffalo and cow Bos taurus. Dingoes, horses, buffaloes and 

cows were not recorded in any quadrats in the 2002 re-sample, despite being recorded in 

most quadrats during the 1980-83 survey, sometimes in high abundance. 

Changes in Trap Success Rate 

Changes in trap success rate for all mammal species showed no consistent pattern across 

the 16 sites resampled in 2002, with some sites showing an increase in trap success 

while at others there was a decline (Figure 3.2). In general, when species specific trap 

efficiency values were taken into account, more sites had lower total mammal 

abundance in 2002 than in 1980-83. 
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Table 3.2. Changes in site occupancy from the 1980-83 survey to 2002 re-sampling. 
Significant results are in bold face. 

Echidna 3 0 Decrease 0.226 
Northern Quoll 15 8 Decrease 0.015 
Brush-tailed Phascogale 4 2 Decrease 0.653 
Fawn Antechinus 12 II Decrease 0.7 17 
Sandstone Antechinus 2 1 Decrease 0.6 13 
Red-checked Dunnart 1 2 Increase 0.613 
Northern Brown Bandicoot 13 8 Decrease 0.135 
Brush-tailed Possum 5 3 Decrease 0.685 
Sugar Glider 3 1 Decrease 0.60 
Agile Wallaby 12 4 Decrease 0.012 
Antilopine Wallaby 4 0 Decrease 0.101 
Euro I I No Change 1.00 
Dusky Rat 4 0 Decrease 0.101 
Pale Field Rat 6 5 Decrease 0.729 
Black-footed Tree Rat 8 4 Decrease 0.273 
Brush-tailed Rabbit Rat 3 1 Decrease 0.60 
Common Rock Rat 2 1 Decrease 0.6 13 
Delicate Mouse 11 3 Decrease 0.011 
Western Chestnut Mouse 5 6 Increase 0.729 
Grassland Melomys 1 0 Decrease 1.00 
Arnhern Rock Rat 2 1 Decrease 0.613 
Kakadu Dunnart 1 0 Decrease 1.00 
Dingo 13 0 Decrease 0.000 
Horse 5 0 Decrease 0.043 
Pig 10 1 Decrease 0.002 
Buffalo 15 0 Decrease 0.000 
Cow 

-- 
12 0 Decrease 0.000 
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Analysis A 

The comparison of trap success rates (uncorrected for trapping differences) across the 

16 sites showed very few changes in native small-medium sized mammals between 

1980-83 and 2002 (Table 3.3). Although the abundance of many species appears to have 

changed between the two sampling periods, there were no significant changes in 

abundance for any trapped species. The decline in trap success for delicate mouse most 

probably reflects the lower number of pitfall traps used in 2002 as this species is more 

easily caught in pitfalls than Elliott traps. Trap success rate for all species combined 

increased slightly between 1980-83 and 2002. Like the change in site occupancy rates 

described above, the most notable change in abundance between the 1980-83 survey 

and the 2002 re-sample was for the introduced species, especially buffalo, pigs and 

horses which all significantly declined. 

Analysis B 

Even after corrections for relative trapping efficiency were applied, there was still little 

evidence of change in trap success rates for native mammals across the 16 re-sampled 

sites (Table 3.4). Trap success rate for the northern brown bandicoot and northern quoll 

and for all species combined decreased between 1980-83 and 2002, but this decline was 

not significant. Trap success rate was higher in 2002 for a number of species, including 

fawn antechinus, brush-tailed phascogale and pale field rat but again this change was 

not significant. It is worth noting that trap success rate did change considerably for a 

number of species when the species specific trap efficiency values were incorporated 

into the analysis. This was especially so for the larger mammals (northern quoll, 

northern brown bandicoot and northern brushtail possum) which are more commonly 

caught in cage traps or large Elliott traps. 
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Table 3.3. Change in trap success (or other abundance measure, for large 
mammals) from original 1980-83 survey to 2002 re-sampling. Note that trap success 
rate (or abundance measure) is averaged across all 16 sites sampled. Analysis A - 
without correction for cage and above-ground traps. * indicates species for which 
abundance is not well related to the trapping-effort used in calculations, because at least 
some individuals were caught in pitfall traps. 

Northern quoll 0.78(14) 0.93 (8) 0.97 0.33 
Brush-tailed phascogale 0.07 (4) 0.14 (3) 0.67 0.50 
Fawn antechinus 0.95 (9) 1.42 (11) 0.36 0.17 
Sandstone antechinus 0.12 (1) 0.26 (1) n/a 
Red-cheeked dunnart* 0 0.06 (2) n/a 
Kakadu dunnart* 0.02 (1) 0 n/a 
Northern brown bandicoot 0.95 (12) 0.67 (8) 1.50 0.13 
Northern brushtail possum 0.17 (4) 0.09 (3) 0.94 0.35 
Pale field-rat 0.14 (4) 0.81 (5) 1.52 0.13 
Black-footedtree-rat 0.03 (2) 0.17 (4) 1.57 0.12 
Brush-tailed rabbit-rat 0.02 (1) 0.06 (1) n/a 
Common rock-rat 0.99 (2) 0.17 (1) n/a 
Arnhem rock-rat 0.24 (2) 0.06 (1) n/a 
Grassland melomys 0.05 (1) 0 n/a 
Delicate mouse* 0.42 (8) 0.17 (3) 1.78 0.07 
Western chestnut mouse 0.50 (5) 0.58 (6) 0.56 0.58 
Total abundance for all species 
above, other than asterisked 5.03 5.35 0.28 0.78 
spP.  

-- 

Echidna 0.21 (3) 0 n/a 
Rock ringtail possum 0.05 (1) 0 n/a 
Sugar glider 0.05 (3) 0.03 (1) n/a 
Agile wallaby 0.68 (11) 0.21 (4) 1.78 0.07 Decline 
Euro 0 0.08 (1) n/a 
Antilopine wallaroo 0.17 (3) 0 n/a 
Dingo 0.56 (10) 0 
Horse 0.10 (5) 0 
Pig 0.69 (10) 0 
Water buffalo 2.99 (15) 0 
Cattle 0.68(7) 0 

2.80 0.005 Decline 
2.02 0.043 Decline 
2.80 0.005 Decline 
3.41 0.0007 Decline 
2.37 0.018 Decline 
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Table 3.4. Change in (corrected, more comparable) trap success from original 
1980-83 survey to 2002 re-sampling. Note that trap success rate (or abundance 
measure) is averaged across all 16 sites sampled. Analysis B - with correction for 
relative trap efficiency for different trap types. Note that all non-trapped species are 
omitted from this Table (because there abundance values are unchanged from Table 
4.1), as are the three species for which some captures were by pitfall trapping. 

Northern quoll 1.91 (14) 1.86 (8) 1.19 0.26 
BrLlsh-tailed phascogale 0.08 (4) 0.16 (3) 0.67 0.50 
Fawn antechinus 0.96 (9) 1.44 (11) 1.43 0.15 
Sandstone antechinus 0.18 (1) 0.27 (1) n/a 
Northern brown bandicoot 2.98 (12) 1.33 (8) 1.92 0.06 
Northern brushtail possum 1.09 (4) 0.35 (3) 0.94 0.35 
Pale field-rat 0.21 (4) 0.87 (5) 1.52 0.13 
Black-footed tree-rat 0.14 (2) 0.52 (4) 1.57 0.12 
Brush-tailed rabbit-rat 0.04 (I) 0.12 (1) n/a 
Common rock-rat 1.47 (2) 0.19 (1) n/a 
Arnhem rock-rat 0.35 (2) 0.06 (1) n/a 
Grassland melomys 0.06 (1) 0 n/a 
Western chestnut mouse 0.74 (5) 0.61 (6) 0.56 0.58 
Total abundance for all 

10.19 7.80 1.40 0.16 soecies above 

Relationshin between chanue in small mammal abundance, fire frequency and Asian 

water buffalo abundance. 

Fire was a very frequent event at a number of the sites, particularly those located in 

woodland (Figure 3.3). Of the 21 woodland quadrats. six were burnt every year 

between 1983 and 2002, eight were burnt in 17 of the 19 years and the remaining seven 

sites were burnt in no fewer than 11 of the 19 years. In stark contrast, the six rocky 

habitat quadrats were all burnt in no more than three of the 19 years. Fire frequency in 

the open forest was found to be intermediate between these two extremes. The number 

of fires at open forest sites ranged from only one to 11. with more than half of the sites 

being burnt in at least seven of the 19 years. 

Despite the occurrence of such frequent fire, there were very few correlations between 

the change in abundance of small mammals and fire frequency. The change in 

abundance of the red-cheeked dunnart was positively correlated with total number of 

fires (r=0.5 1. p=<0.05) and the echidna was negatively correlated with total fires (r-

0.52. p<O.OS). However, both of these species were recorded in very few quadrats in 

both the original and repeat sampling so this result should be viewed with some caution. 
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There was a negative correlation between the change in abundance of the northern 

brown bandicoot and change in abundance of water buffalo (r=-0.66, p=<0.05). There 

were no other significant correlations between the abundance of individual species and 

buffalo abundance. 

o 0 2 4 6 8 10 12 14 16 18 20 

Total number of fires 1983-2001 

Figure 3.3 Comparison of fire frequency between 1983 and 2002 in rocky, open 
forest and woodland quadrats sampled in 1980-83 and 2002. 

Discussion 

These results are heartening in that they provide evidence of little change in the 

abundance of native mammal fauna from Stage I and II over the period 1980 to 2002. 

As such, they are not consistent with other recent KNP data, such as that from Kapalga 

(Braithwaite and Muller 1997; Woinarski et al. 2001; Pardon et al. 2003), the Mary 

River district (Chapter 2 of this thesis, Woinarski et al. 2002), or that described in 

Chapter 4 and 5 of this thesis from Little Nourlangie Rock and Jabiluka. This 

discrepancy is despite the fact that two of the sites included in the sampling described 

here fell within the Kapalga area in which mammal decline had previously been 

reported. There is no obvious explanation for the inconsistency in results. The total 
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trapping effort per site in the original survey considered here was somewhat meagre, so 

it is possible that the baseline information is simply too thin, and it would be 

unreasonable to expect to detect change from this. 

However, there is some indication that at least for some species, there have been 

changes in their distribution over that 20 year period. The northern quoll. agile wallaby 

and delicate mouse were found in significantly fewer quadrats in 2002 than during the 

original sampling. The abundance of the northern quoll did not change between the two 

sampling periods, but both the delicate mouse and agile wallaby declined in abundance 

(though not significantly). For the northern quoll these results suggest that the species 

may have become more patchily distributed over the 20 year period. In the original 

survey, quolls were recorded from 14 of the 16 sites, while in 2002 they were recorded 

in only eight. Capture rates were relatively high in two of these sites, indicating that the 

species is doing quite well at those locations. Both of these sites are located in close 

proximity to human settlements (the town of Jabiru and a major campground near the 

East Alligator River) and this may contribute to the success of quolls by providing 

access to additional food resources around residences. Localised efforts to control cane 

toads around homes in these areas may also have provided some benefit to local quoll 

populations . In addition. the site near the East Alligator River is also adjacent to a 

patches of sandstone habitats, which are the more favoured habitat type of northern 

quolls in KNP (Begg 1981b; Braithwaite and Griffiths 1994; Oakwood 1997). The loss 

of quolls from a number of sites, and the apparent increase in abundance in occupied 

sites may indicate that the species may become restricted to these patches of suitable 

habitat when times are bad. and disperse from them back into the surrounding landscape 

as resources improve (Braithwaite and Griffiths 1994). The results are also consistent 

with others reported in Chapter 2 and 6 of this thesis where northern quolls were found 

to have declined in Stage III (the Mary River District) and at Nawurlandja. 

Like the northern quoll, the delicate mouse was also found in fewer sites in 2002 and it 

was also recorded in lower abundance than the original survey. This change in 

abundance may in part be accounted for by the fewer number of pitfall trap used in the 

2002 sampling. However, this result is consistent with the results of trapping in Stage 

III of KNP where the species was also found to have declined since the original survey 

in 1988-90 (Woinarski and Braithwaite 1991). These results are somewhat surprising 
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given that the delicate mouse was one of the few species that increased in abundance 

during the intensive studies at Kapalga (Woinarski et al. 2001b). However, this may 

have been at least in part due to the low numbers of other competitively superior native 

species at Kapalga, in addition to the regime of fairly frequent burning that was imposed 

in at least some parts of the study site leading up to that trapping episode. The decline in 

the delicate mouse may also be an indication that the general condition of the landscape 

in Stage I and II may be improving, to the detriment of the delicate mouse which 

favours more disturbed environments (Braithwaite and Griffiths 1996). The results 

reported here and in Chapter 2 of this thesis support the idea that in the presence of 

higher numbers of other native rodents, the delicate mouse, which is a disturbance 

favoured generalist (Braithwaite and Brady 1993), may not fare so well. 

By far the most significant result of this study is the substantial decline in feral animal 

numbers since 1980-83. This applies particularly to Asian water buffalo, which were 

recorded (sometimes very abundantly) at 15 of the 16 sites in the original survey, but at 

no sites during the 2002 re-sampling. There has recently been much research into the 

impacts that Asian water buffalo have had on the ecosystems of KNP, particularly the 

vegetation. These studies have identified a range of impacts, the nature and extent of 

which is dependent on the habitat type being considered and the history of buffalo 

density in the area. In monsoon forest patches buffalo were found to have caused 

erosion, created pug marks and wallows and caused physical damage to mid-storey 

vegetation (Braithwaite et al. 1984). In savanna woodlands, grazing by buffalo leads to 

an increase in annual grasses over perennial species, and can lead to a reduction in the 

growth rates of adult Eucalytpus trees as well as a reduction in recruitment of saplings 

and juvenile trees (Werner 2005; Prior et al. 2006; Werner et al. 2006) 

These changes to vegetation have potentially significant consequences for small 

mammal populations. Studies at the Kapalga Research Station showed that populations 

of dusky rats were significantly lower in areas with high densities of water buffalo 

(control sites) compared to areas where buffalo numbers were reduced (treatment sites). 

Following the removal of buffalo from control sites, rat numbers increased such that in 

subsequent years there was no difference between control and treatment areas (Skeat et 

al. 1996). In the same study, other terrestrial vertebrates (a grouping consisting of a 

number of species of small mammals, reptiles and frogs) were also found to increase 
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when buffalo were removed from the treatment area. The authors concluded that for all 

of these species, high densities of buffalo led to the removal of vegetative cover that 

provided food and protection from predators. Results from this study showing a 

negative correlation between the northern brown bandicoot and water buffalo are 

consistent with those findings of Skeat et al. (1996). The removal of buffalo from across 

Stage I and II may have provided the northern brown bandicoot with access to a greater 

array of food resources and undisturbed habitat in which to nest. 

Unlike other chapters of this thesis and the many references cited therein, this study has 

shown no strong correlations between fire frequency and small mammal abundance. 

This may in part be explained by the sparse data set being considered here: perhaps 

there are just too few records to reliably detect changes in abundance or to detect 

correlations between those changes and their potential causes. The frequency of fire in 

some habitats here is high, but not surprising given that over 50% of the savannas of 

KNP burn animally and the average fire-return interval in KNP is now only one to two 

years (Russell-Smith et al. 2003b: Price ci al. 2005a). In order to assess the relationship 

between small mammals and fire regimes it may be necessary to look more closely at 

how fire affects the availability of critical environmental resources in space and time 

and how this in turn affects mammal populations. rather than attempt to identify direct 

relationships which have to date proven difficult to demonstrate. 

Conclusion 

In this chapter I set out to answer three questions: 

Have the mammal populations at sites surveyed during the CSJRO Survey of 

Stage land Ii changed between the original survey in 1980-83 and 2002? 

I have shown that although the abundance of most small mammals did not change 

between the two sampling periods, some species are now found at far fewer sites. This 

is particularly true for the northern quoll and delicate mouse. Feral species declined 

significantly between the two sampling periods, particularly Asian water buffalo. 

Is there a correlation between changes in the mammal populations of these 

sites and the frequency of fire at those sites in the intervening 19 year 

period? 
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Fire was found to be particularly frequent in woodland sites, with a number of these 

quadrats being burnt every year between 1983 and 2002. Open forests were burnt 

reasonably often and the rocky quadrats were burnt infrequently, no more than three 

times in the 19 years between samples. Despite the frequency of fires, particularly in 

the lowland habitats, there were very few correlations between change in the abundance 

of individual species and fire frequency. Only the echidna and red-cheeked dunnart had 

significant correlations with fire frequency but the low numbers of captures for both 

species casts some doubt over the interpretation of these correlations. 

Is there a correlation between changes in the mammal populations and the 

decline ofAsian water buffalo at those sites? 

Feral animals declined significantly between the two sampling periods, especially the 

water buffalo. Change in the abundance of the northern brown bandicoot was found to 

be negatively correlated with the change in abundance of water buffalo, and this was 

consistent with previous studies in the region (Skeat et al. 1996). 

Although not consistent with the results of similar trapping in the Mary River District 

(Chapter 2 of this thesis) or with those reported from Kapalga (Braithwaite and Muller 

1997; Woinarski ci al. 2001b) the results here do still suggest that there are changes 

occurring in the mammal populations of northern KNP. However, in this case it 

appears that the changes are more related to the distribution of small mammals (i.e. 

some now appear to be restricted to fewer locations than previously recorded) than to 

their abundance. In the final chapter of this thesis I discuss in more detail how the 

results of this chapter compare with those obtained during other elements of this project 

and consider some possible explanations for the observed similarities and differences in 

these results. 
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Chapter 4. Re-survey of Jabiluka Mining Lease Survey. 

Introduction 

A detailed study of the mammal fauna of the Jabiluka Mining Lease was carried out by 

Anne Kerle between July 1979 and September 1981 as part of the impact assessment 

process for the Pancontinental mining venture at Jabiluka (Kerle 1983; Kerle and 

Burgman 1984). The Jabiluka mining lease covers an area of approximately 110 km2  

and is located in the north of Kakadu National Park (KNP). A diverse array of 

vegetation communities and landforms are present within the lease area, making it of 

interest from a biodiversity perspective. Vegetation communities present on the lease 

include sandstone monsoon forest, tall open forest and woodlands and several 

floodplain-associated communities (Kerle and Burgman 1984). Three major landform 

types are present within the lease area: the Djawamba Massif (a large outlier of the 

Arnhem Land Plateau); part of the Magela Creek floodplain: and lowland areas 

consisting of undulating plains and small rocky outcrops (Kerle 1983; Kerle and 

Burgman 1984). 

Prior to the surveys in 1979-8 1 no detailed mammal surveys had covered the Jabiluka 

lease area, although two major surveys within the region: the American-Australian 

Arnhem Land Expedition in 1948 (Johnson 1964) and the CSIRO Fact-finding Study of 

the Alligator Rivers Region in 1972 (Calaby 1973). Although neither of these surveys 

included sites within the Jabiluka Lease area, they did include a number that were near 

the lease. In total, the CSIRO Fact-finding Study recorded a total of 51 native and six 

introduced mammal species (Calaby 1973). 

During the 1979-1981 survey a total of 18 sites (some including a number of sub-sites) 

were selected to represent the range of vegetation types present in each of the three 

landforms. In general mammals were not considered abundant across the survey area, 

with an overall trap success rat of 5% and an average of 1.9 animals per spotlight hour 

(Kerle and Burgman 1984). A total of 30 native and five introduced species were 

recorded over the three years of sampling. This includes approximately 67% of the 

mammal species (excluding bats) known from the Alligator Rivers Region (as recorded 

by Calaby, 1973). The relatively high diversity of mammals in such a small area may 

be attributable to the high diversity of habitats produced by the ariety of landforms 
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present, annual and local variability in rainfall and fire regimes (Kerle and Burgman 

1984). 

Kerle and Burgman (1984) assigned the mammals (except the bats and introduced 

species) to three groups, corresponding to the major vegetation groupings determined 

during previous studies of the area (Burgman and Thompson 1982) (Table 4.1). Over 

the course of the 1979-81 trapping, mammal abundance and distribution was found to 

vary substantially. For example, in the first year of trapping grassland melomys were 

recorded at one site (Island Billabong), in 1980 it was also recorded in similar habitat 

near Leichardt Billabong, and in 1981 it was recorded at seven sites. The trap success 

rate for the species also rose considerably over the course of the study, from 0.1% in 

1979 to 3.1% in 1981 ((Kerle and Burgman 1984). The Arnhem rock rat also declined 

in abundance between 1979 and 1980 at the few sites where it was recorded. 

Table 4.1 Mammal species recorded on the Jabiluka mining lease 1979-198 1 
grouped according to major vegetation groupings of Burgman and Thompson 
(1982). Rock-associated species were further divided into three subgroups based on 
specific vegetation associations and ability to respond to disturbance (Kerle and 
Burgman. 1984). The euro Macropus robust us and dingo Canis lupus dingo are omitted 
from the groupings due to their regular occurrence in a range of lowland vegetation 
types. 

Subgroup .1 
Echidna Tachvglossus 
aculeatus 
Sandstone antechinus 
Pseudatechinus hilarni 
Rock-ringtail possum 
Pseudocheirus dah/i 
Short-eared rock wallaby 
Perrogale hrachvoiis 
Common rock rat Zv:omys 
argurus 
Subgroup B 
Black wallaroo Macropus 
bernardus 
Arnhem rock rat Zy:omys 
woodwardi (now ma/ni) 
Subgroup C 
Northern quoll Dasyurus 
ha/lucatus 

Red-checked dunnart 
Sm in/hops/s virgimae 
Antilopine wallaroo Macropus 
anti/op inus 
Water rat Hvdromys 
chrvsogasier 
Grassland melornys Melomvs 
burtoni 
Western chestnut mouse 
Pseudomys nanus 
Northern brown bandicoot 
Isoodon macrourus. 

Agile vai lab\ :\Iuc/op!Lc 
ag//is 
Sugar glider Petaurus 
breviceps 
Northern brushtail possum 
Trichosurus arnheniensis 
(now vu/pecula) 
Delicate mouse Pseudoiin's 
de/icatu/us 

Fire was postulated by Kerle and Burgman (1984) to be an important determinant of the 

observed variability in mammal abundance and distribution. Trap success rate for the 
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Arnhem rock rat declined considerably after a severe but patchy fire at sandstone 

woodland sites in 1980 and had not recovered a year later. For grassland melomys, time 

since fire appeared to be important, with trap success rate increasing in successive years 

after fire events at a number of riparian sites. These observations are consistent with the 

conclusions of other studies undertaken in KNP at the time and in subsequent years 

(Begg et al. 1981; Friend and Taylor 1985; Kerle 1985; Woinarski et al. 2001b; Pardon 

et al. 2003). Consequently, in this study relationships between a range of fire history 

parameters and changes in mammal populations were investigated. Although the cane 

toad Rhinella marina had been present in parts of KNP at the time of the re-sampling it 

was not known to have reached the survey sites on the Jabiluka lease and so is not 

considered as a potential agent of change for mammal populations at Jabiluka. 

In August and September 2003, 15 of the original 18 sites were re-surveyed in an effort 

to investigate the current status of small mammals on the lease area. The remaining 

three sites were not re-sampled due to problems with re-location and access. Sites were 

relocated using detailed archival information and a map provided by Anne Kerle from 

the original survey. All sites were re-sampled at the same time of year (plus or minus 

four weeks) in an attempt to minimise any seasonal influences on trapping results. 

Methods 

Baseline sampling 

Kerle (1983) and Kerle and Burgman (1984) provide a map and description of the 18 

survey sites and methods adopted during the original survey. This is summarised 

briefly below. The mammal fauna of the Jabiluka Mining Lease was surveyed during 

six visits to the area between July 1979 and September 1981 (15 July - 30 September 

1979, 18 February - 16 March 1980, 26 May - 13 June 1980, 25 August - 271h 

September 1980, 5 November - 12 December 1980 and 26 July - 19 September 1981). 

Fourteen sites were established in 1979 with a further two sites added in each of 

September and November 1980. The 18 sites were distributed between the three major 

landform units present within the mining lease (Figure 4.1). 

131 



Chapter 4. Re-survey of Jabiluka Mining Lease Survey. 

iic 

Ac  '3 
I- Owftw

J1226 
1 j —  i!pu 

J.abiIukaLease () 

Ja Ja  ST ,p 
ç •*16 

6612 

s 13A 
 At C8448 

12° 30 / 
4B 1 8C r \ 

14C1 
• 2 

1 \ 
•2A 

_-2BJ2 

Mudgifberrs  

' \i '2 / v 
kilometres - - 

Figure 4.1 Location of trapping sites on Jabiluka Mining Lease. 
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At each site between 80 and 100 small Elliott traps were set in four or five rows with 

approximately 20m between traps. A wire cage trap (either bandicoot or possum sized) 

was placed adjacent to every fifth Elliott trap. The traps were not placed in set grid 

patterns, the researchers instead opting to arrange the traps according to the mosaic of 

habitats present within the vicinity of each trapping site. Pitfall trapping was 

occasionally carried out during the first year of the original study. In these instances, 

six pits consisting of 50cm x 20cm tins were evenly spaced along a 50m x 30cm drift 

fence. Trapping was carried out over a 3 night period at each site. Trap success rate 

(expressed as a percentage) at each trap site (or sub-sites where appropriate) was used as 

an index of the relative abundance of each species and to examine differences in 

population size between trapping periods. The number and time of fires was recorded 

during the study period. 

2003 Re-sampling. 

Fifteen of the original 18 sites were re-sampled during August and September 2003 

(Table 4.2 and Figure 4.1). The number and arrangement of traps in 2003 replicated as 

closely as possible the descriptions provided by the original researchers. However, in 

2003 only possum sized cage traps were used, rather than a mix of 'possum" and 

"bandicoot" sized cage traps. Since both of these trap types are used to target the larger 

mammal species found at these sites (e.g. northern brown bandicoots, northern brushtail 

possums, black-footed tree rats and northern quolls) it is considered unnecessary in this 

instance to calibrate trapping results according to this slight difference in equipment. 

Traps were laid out as described in archival information provided by Anne Kerle. As 

with the original survey, each site was trapped for three consecutive nights using a bait 

mixture of honey, rolled oats and peanut butter. Pitfall traps were not utilised during the 

2003 re-sample. Large mammals (eg. macropods, dingoes and feral ungulates) were 

recorded in both sampling periods by incidental day-time observations. 

Analysis. 

Changes in the native mammal fauna on the Jabiluka lease were determined by 

comparing the number of each species and the total number of native mammals caught 

at each site during the original survey and the 2003 re-sample. Wilcoxon Matched- 

Pairs tests were used to make these comparisons. Wherever possible, the 
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2003 sampling data were compared to that collected from the final dry season sampling 

of the original study (i.e. July - September 1981). 1-lowever, some sub-sites were not 

surveyed during that trapping period so comparisons were made with earlier data (see 

Table 4.2 for dates). 

Changes in abundance of native mammals at the Jabiluka site were related to habitat 

type and fire history for each sub-site. All sub-sites were assigned to one of five broad 

habitat types: riparian woodland, sandstone woodland, mixed eucalypt woodland, 

closed forest and floodplain fringe (as identified in the original study). For each 

species. the extent of change between the two sampling periods was compared across 

the five habitat types using one-way analysis of variance. Analysis of variance and 

Wilcoxon Matched Pairs tests were carried out using the software package Statistica 6.0 

(Statsoft 2004). 

Fire history parameters for each of the sub-sites were calculated using the library of 

interpreted satellite imagery for Kakadu National Park. Fire history data are based on 

fine resolution Landsat-TM imagery (pixel size 0.06 ha) for the period 1996-2003, and 

coarser Landsat-MSS imagery (pixel size 0.5 ha) for the period 1982-1995. For each 

year between 1982 and 2003, each sub-site was scored as burnt or unburnt over the 

early dry season (May-July) and late dry season (August-November). From this data, 

summary fire parameters were calculated for each sub-site. These parameters were: 

• The total number of fires for the period 1982-2003 (Tfire 82-03) 

• The number of late dry season fires between 1982-2003 (Lfire 82-03) 

• The interval between the 2003 resample and the last fire. (TSB - total) 

• The interval between the 2003 resample and the last late dry season fire (TSB - 

late) 

Given the greatly improved precision of the Landsat-TM imagery, separate parameters 

were calculated for the 1 996-2003 period. These parameters were the total number of 

fires (Tfire 96-03) and the number of late dry season fires (Lfire 96-03). 

134 



Table 4.2. Location of fauna survey sites, Jabiluka Mining Lease 

2 

3 

4 

5 

6 

7 

8 
9 
10 
11 

12 

13 

14 

\nthill l)ri\c (3 PooL Irac() A. B 1. B 2 27-3() JiiI 981 A. 13 I. 132 
&C &C 

Winmurra Hill A, B/I & 5-8 August 1981 A. B/i & 
B/2 B/2 

South-Eastern Corner of Djawamba A & B 30 July 2 August 1981 A & B 
Massif 
Burnt Truck Creek A & B 2-5 August 1981 A 

B 
Jabiluka Billabong A. B. C & 12-14 August 1981 A 

D B.C&l) 
Between Djarr Djarr Camp and A. B/I. B/2 15-17 August & 15-16 September A. B/I. B/2 
Djawamba Massif & C 1981 & C 
1-lades Flat, 7.1 Creek and Winmurra A 21-23 August 1981 A 
Billabong B B 

C 29-31 August 1979 C 
Eastern side of Djawamba Massif A. B & C 2-4 September 1979 A. B & C 
Jabiluka llill (Mine Valley) 
Swill Creek (Rock Gate Area) A & B 26— 29 August 1981 
Magela Point A 8-I1 September 1981 

B & C 16-19 September 1979 
Between Rock Gate and Rock Pools (3 A & B 16-19 September 1979 
Pools Track) 

Rock "Jump-Up". Eastern side of A. B. C & 2 1-24 September 1979 
Djawamba Massif D 
Island Billabong B. Cl & D 24-26 September 1979 

C2 
5-8 August 1981 

15 Borrow Pits adjacent to Burnt Truck A 2-5 August 1981 
Creek 

16 Riparian woodland adjacent to Djarr A 14-18 August 1981 
Djarr Camp 

17 Leichhardt Billabong A 
18 Lonely Rocks (near Anthill Drive) A 

6-9 Auusl 2003 

18-21 August 2003 

9-12 September 2003 

9-12 September 2003 
10-13 September 2003 

Flooded, no re-sample at subsite A 
19-22 September 2003 
19-22 September 2003 

19-21 August 2003 
Not trapped 

29-3 1 August 2003 
6-9 September 2003 

Access restrictions, no re-sample 
15-18 September 2003 
22-25 September 2003 

15-18 September 2003 

A&B 
A. B & C 

A&B 

-t 

(t 

(t 

C 

0 

CD 

(t 
cI 

(t 

A. B, C & 5-8 September 2003 
D 
A Flooded, no re-sample at subsite A 
B. CI. C2 29 August - 1 September 2003 

A 18-21 August 2003 

A 18-21 August 2003 

A Flooded, no re-sample 
A Access restrictions, no re-sample 



Chapter 4. Re-survey of Jabiluka Mining Lease Survey. 

Modelling change in abundance of small mammals on the Jabiluka Lease 

As in previous chapters I use generalised linear modelling (GLM) with an information 

theoretic approach based on Akaike's Information Criterion (AIC) (Burnham and 

Anderson 2002) to determine the best model to explain change in abundance of each 

species abundance across the 12 trapping grids. Using this approach, the best model 

(the one that loses the least amount of information and is parsimonious) from a 

candidate set of models developed a priori can be identified objectively. Where a 

single best model cannot be identified from the candidate set. multi-model inference can 

be used to assess the importance of individual parameters from the highest ranked 

models (Anderson el al. 2001; Burnham and Anderson 2001; Burnham and Anderson 

2002). 

For each individual species, for all species combined and for species richness a set of 

candidate models was developed to investigate the relationship between habitat and fire 

history and abundance. Due to intercorrelations between the fire history variables. I 

limited the fire paramaters used in the modelling to the total number of fires between 

1980 and 2003 (Tfire) and the years since the last fire (Fint). The sets of models used 

for all species are shown in Table 4.3. 

I fitted models using GLM assuming a poisson error structure with a logit link function 

in the software package R version 2.5.1 (R Development Core Team 2007). Where the 

ratio of the number of samples (n) to the number of parameters in the candidate model 

(K) was less than 40, candidate models were ranked using AIC corrected for small 

sample sizes (AICc) (Burnham and Anderson 2002). I used a global model for each 

species (that contained all variables in the candidate model set) to examine for goodness 

of fit of the model from the difference between the residual and null deviance (Crawley 

2002). For some models, the ratio of residual deviance to degrees of freedom for the 

global model was high, indicating the possibility of overdispersion of the data (Crawley 

2002). Where this was the case, an overdispersion parameter (c) was calculated using 

the ratio of the residual deviance to degrees of freedom for the global model for each 

species. In all cases this ratio was found to be I <c>5 which suggests that the structural 

fit of the model is reasonable (Burnham and Anderson 2002). Where c was greater than 

one, the log-likelihood value of the model was divided by c and used to calculate a 

corrected AICc value based on quasi-likelihood theory (QAlCc). Model selection was 
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then based on QAICc rather than AICc, with an additional parameter included for the 

inflation factor (Bumham and Anderson 2002). Model construction and calculation of 

AICc and QAICc values were conducted using the '1me4' package in Program R 2.5.1 

(R Development Core Team 2007). 

Results 

Four species that were not recorded in the original study were recorded in 2003 (fawn 

antechinus, black wallaroo, black-footed tree rat and pale field rat Rattus lunneyi 

although with the exception of the pale field rat there were only a small number of 

records for these species. Similarly, two species (water rat and short-eared rock 

wallaby) were recorded in the original survey but not in 2003. Again there were only a 

few records of these species so no conclusion can be drawn from their absence in the 

2003 re-sample. 

Patterns of change in mammal populations 

Between 1979-1981 and 2003, the total abundance and species richness of native 

mammals at the Jabiluka sites increased by 16.5% and 25.7% respectively. However. 

only the increase in species richness was close to being statistically significant. Overall, 

the pattern of change in native mammal abundance was variable with some sites 

showing increases while others decreased (Figure 4.2). The most dramatic increase 

occurred at Site 16 where large numbers of northern brown bandicoots and pale field 

rats were recorded in 2003. Conversely, at Site 11 the dramatic decrease in native 

mammal abundance was a result of only 7seven northern brushtail possums being 

recorded in 2003, compared to 63 in 1981. Overall, slightly more sites showed an 

increase in total mammal abundance between 1979-1981 and 2003. Changes for 

individual mammal species and the native mammal fauna as a whole, are summarised in 

Table 4.3. Of nine native mammal species recorded in at least five sub-sites from the 

combined 1979-1981 and 2003 sampling, the abundance of three species increased 

significantly (the northern quoll, pale field rat and northern brown bandicoot) and one 

species declined significantly (sandstone antechinus). Two other species (Arnhem rock 

rat and northern brushtail possum) showed a strong trend for decline, though this was 

not quite statistically significant. 
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Table 4.3. Change in mammal abundance over the period 1979-2003, across the 40 
sub-sites re-sampled on the Jabiluka Mining Lease. Species in boiddenote 
significant change in abundance (p<0.05). 

Dasyurids 

\orthern Quoll II 0.6 23 1.6 2.53 
Dos torus 
ha/lucatus 
Fawn Antechinus 0 0000 2 0.08 - 

,-lntech inns he/Ins 
Sandstone 8 0.4 3 0.10 2.20 
Antee hi n us 
Psei,du,,Iee/,inus 
bilarni 
Red-clseeked 2 0.05 1 0.03 - 

Dunnart 
.oiiiiithoi 05 

Macropods 

Nn 
Blacl. Wallaroo 0 0.00)) 2  

7 10(50/lu I 
her,iardus 
Short-eared Rock 2 0.05 0 0.000 - 

all ab /111000/0 
111 IC•/I 5)11.1 

Rodents 

thick-Doted I ce- 0 0.000 3 0.10 1.6)) 
rat .tlese,,i/irioniys 
gould/i 
Water Rat 1 0.03 0 0.000 - 

Hydromys 
chl3sogasler 
Pale Field-rat 0 0.000 7 0.93 2.37 
Rattus tunneVi 
Grassland 10 1.68 8 0.55 1.54 
Melomvs ,tlelomys 
burtoni 
Common Rock-rat 12 0.9 14 1.63 1.02 
Zycooris lila/ni 
Arnhcrn Rock-rat 7 0.48 3 0.15 1.75 
Z. ma/ni 
Western Chestnut 3 0.35 1 0.03 1.28 
Mouse Pseudomys 
liafluS 
Delicate \lousc P. 4 0.15 3 0.15 0.00 
(ILliC(iiiiliI.S 

Other native 
mammals 
\orthern Bro,n 6 0.33 14 2.58 3.12 
Bandicoot 
Is oodOl? 
m(,crourus 
Brushtail Possum 4 1.98 3 0.15 1.75 
7 richosiirus 
101/5(5 u/u 
Total Native 
Mammals 

Abundance 6 05 8.10 1 .00 

No. ol specIes i .75 2.2 1.82 

(((II Increase 

0.03 Decline 

0.11 

0.02 Increase 

0.12 

0.31 

0.08 

0.20 

1.00 

0.002 Increase 

0.08 

032  

007 Increase 
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Of the six species that were recorded in 10 or more sub-sites, only one showed 

significant variation in change in abundance across the five habitat types (Figure 4.2 and 

Table 4.4). The northern brown bandicoot increased in all habitat types but the level of 

increase was significantly greater in the floodplain fringe habitat (17=11.7, pO.00I). 

The common rock-rat increased in all habitat types in which it was recorded, but this 

trend was not quite significant. The Amhem rock rat and sandstone antechinus both 

declined across the habitat types in which they were recorded, though this trend was not 

significant. The total number of mammals decreased in riparian woodland and mixed 

eucalypt woodland but increased in the remaining three habitats. 

Fire history 

Investigation of the fire history for the Jabiluka survey sites revealed that the sites had a 

range of fire histories (Figure 4.3a-f). The maximum number of times any of the sub-

sites was burnt between 1982 and 2003 was 14. No sub-sites remained unburnt for the 
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entire period although one site had only one fire and a number of others had fewer than 

five fires. Late dry season fires were relatively uncommon between 1982 and 2003, with 

no sites having more than 6 late dry season fires. The longest time since any of the sub-

sites was last burnt was five years, with the majority of sub-sites having an interval of 

two years between the 2003 resample and the last fire. The time since the last late dry 

season fire at the majority of sub-sites was five years, however this ranged from zero to 

13 years. 

Table 4.4. Variation among habitats in change of abundance between the 

sampling periods of 1979-1981 and 2003. Negative values indicate decline. Only 

species recorded from 10 or more sub-sites during the combined sampling period are 

listed. Figures in table are mean abundance and number of quadrats in which the species 

was recorded is given in brackets. 

Dasyurids 
\aiihcrn 911011 2.0(5) 1.13 () I.U))) .J) (I) -1.0(1) ((.52 ((.72 
8andton 
an Icc hi a as - (0) -1.33 (3) - (0) -3.0 (2) - (0) 3.75 0.15 

Rodents .. 
. ,. ... ..: .... 

mclom s -8.75 (4) 1.0 (1) -1.67 (3) - (0) 0.4(5) 1.02 0.43 

Common rock- 
-3.0(1) 0.00 (11) 1.25 (4) 4.5 (2) - (0) 1.47 0.26 

rat 

Arnhcm rock- 
-(0) -1.17(6) - (0) -3.0 (2) -(0) 0.98 0.36 

rnmi* 
Northern 
brown 4.0(2) 1.75(4) 6.5(6) 1.0(1) 36(1) 11.74 0.001 
ban di coot 
Total native 
mammals 
,\Nundancc -2.86 (7) .5 (12) -1.15 (13) 5.0 (2) 10.83 (6) 1.09 (1.38 

o. alspecies 1.0(7) (1.42 (12) ((.62 (13) 0 (2) 0(6) 0.55 0.70 
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Figure 4.3. Summary of fire histories of the re-sampled sub-sites on Jabiluka Lease, over 

the period 1982-2003. Histograms show the number of sub-sites within each value for each 

of four fire parameters: (a) the total number of years in which the sub-site was burnt: (b) the 

number of late dry season fires: (c) the number of years elapsed since the last fire, at the time 

of re-sampling (2003): (d) the number of years since the last late dry season fire: (e) total 

number of fires 1996-2002: and (f) number of late dry season fires 1996-2002. 
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Modelling change in abundance of small mammals on the Jab iluka Lease 

The generalised linear modelling yielded significant models for the delicate mouse, 

common rock rat, pale field rat, northern brown bandicoot and for total mammal 

abundance. For those species for which the best model was not the null, the models 

performed reasonably well explaining between 6.16% (for total mammal abundance) 

and 97.78% for the pale field rat (Table 4.5 and 4.6). 

Table 4.5 Model selection results for the analysis of the abundance of individual 
species, all native mammals combined and the number of species, showing 
maximised log-likelihood function (log(L)), number of predictor variables (K), 
AIC values, AIC differences (A1) and Akaike weights (w1 ). % deviance is the 
deviance explained by each model compared to the null model. Log(L) is the 
maximised log-likelihood of the model. K is the number of estimated parameters, AICC  
is the selection criteria(AIC corrected for small sample size), and A1  is the difference 
between the model's AIC value and the minimum AlCc  value, AIC is Akaike's 
Information Criterion. Only models with support (AAIC<10) are shown ranked in order 
of their relative likelihood given by the Akaike weights (w), and those models with 
substantial support (AAJC<2) are shown in bold. 

Delicate Fint 2 -10.945 25.89 0.00 0.405 43.62 
mouse Null 1 -13.325 29.45 0.56 0.306 - 

Habitat 2 -11.658 30.32 1.43 0.199 30.56 
Tfire 2 -12.945 32.89 4.00 0.055 6.97 
Habitat+fint 3 -10.246 34.49 5.60 0.025 56.44 
Habitat+tfire 3 -11.058 36.12 7.23 0.01 41.55 

Pale field Habitat+tfire 3 -10.527 35.055 0.00 0.982 97.78 
rat Habitat+fint 3 -14.562 43.124 8.069 0.017 85.53 
Sandstone Habitat 2 -8.022 24.045 0.000 0.524 86.43 
antechinus Null 1 -10.393 24.879 0.834 0.345 - 

Fint 2 -10.094 28.188 4.143 0.066 25.06 
Tfire 2 -10.247 28.493 4.448 0.057 20.53 
Habitat+tfire 3 -7.640 33.281 9.236 0.005 97.75 
Habitat+fint 3 -8.014 34.029 9.984 0.004 86.67 

Brushtail Null 1 -60.594 124.523 0.000 0.494 - 

possum Tfire 2 -57.659 125.32 0.797 0.331 5.99 
Fint 2 -58.411 126.82 2.297 0.157 4.46 
Habitat 2 -60.542 131.08 6.557 0.019 0.11 

Species Null 1 -65.429 132.971 0.000 0.376 - 

richness Habitat 2 -64.889 134.123 1.152 0.211 3.51 
Fint 2 -65.319 134.983 2.012 0.137 0.72 
Tfire 2 -65.327 134.993 2.022 0.137 0.66 
Habitat + ttire 3 -64.788 136.286 3.315 0.072 4.17 
Habitat + fint 3 -64.858 136.426 3.455 0.178 3.71 
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Table 4.6 Model selection results for the analysis of the abundance of individual 
species, all native mammals combined and the number of species, showing 
maximised log-likelihood function (log(L)), number of predictor variables (K), 

QAICC  values, QAICC  differences (A1) and Akaike weights (w,). % deviance is the 
deviance explained by each model compared to the null model. Log(L) is the 
maximised log-likelihood of the model, K is the number of estimated parameters, 
QAICC  is the selection criteria (AIC corrected for small sample size and overdispersion), 
and A1  is the difference between the model's QAICC  value and the minimum QAICC  
value, AIC is Akaike's Information Criterion. Only models with support (AQAIC<10) 
are shown ranked in order of their relative likelihood given by the Akaike weights (w1 ), 
and those models with substantial support (zXQAJC<2) are shown in bold. 

Grassland Null 1 -59.692 15.650 0.000 0.504 - 

melomys Habitat 2 -56.454 17.766 2.121 0.175 11.12 
Fint 2 -58.668 18.259 2.614 0.137 3.51 
Tfire 2 -59.691 18.486 2.841 0.122 0.00 
Habitat + tfire 3 -56.289 21.195 5.550 0.031 11.68 
Habitat + fint 3 -53.035 21.202 5.557 0.031 11.58 

Common Habitat 2 -55.128 28.019 0.000 0.399 23.39 
rock rat Null 1 -63.607 29.039 1.021 0.239 - 

Habitat + tfire 3 -53.453 30.228 2.209 0.132 28.00 
Habitat + fint 3 -55.002 30.879 2.861 0.095 23.73 
Fint 2 -63.532 31.558 3.539 0.068 0.21 
Tfire 2 -63.606 31.589 3.570 0.067 0.01 

Arnhem Null 1 -17.159 16.769 0.000 0.611 - 

rock rat Habitat 2 -15.889 19.459 2.689 0.159 15.00% 
Tfire 2 -16.752 20.168 3.399 0.112 4.81% 
Fint 2 -17.154 20.449 3.729 0.095 0.05% 
Habitat + tfire 3 -15.173 24.471 7.701 0.013 23.46% 
Habitat +fint 3 -15.839 25.019 8.249 0.009 15.59% 

Northern Null 1 -59.745 66.629 0.000 0.445 - 

quoll Fint 2 -59.199 68.430 1.801 0.181 2.85 
Tfire 2 -59.609 68.872 2.243 0.145 0.71 
Habitat 2 -59.695 68.965 2.336 0.138 0.26 
Habitat + fint 3 -59.066 70.914 4.285 0.052 3.54 
Habitat + tfire 3 -59.581 71.469 4.841 0.040 0.86 

Northern Habitat+fint 3 -194.241 41.322 0.000 0.981 70.61 
brown Habitat 2 -194.284 50.180 8.859 0.012 45.59 
bandicoot Fint 2 -199.200 51.940 10.618 0.005 41.93 
Total Habitat 2 -194.284 100.981 0.000 0.312 6.16 
mammal Null 1 -199.768 101.489 0.509 0.242 - 

abundance Habitat + 3 -192.589 102.480 1.499 0.147 8.07 
tfire 2 -198.146 102.902 1.921 0.119 1.82 
Tfire 3 -194.241 103.315 2.321 0.099 6.21 
Habitat +fint 2 -199.200 103.675 2.695 0.081 0.07 
Fint 

Amongst those models considered the best model for explaining the change in 

abundance of the sandstone antechinus, common rock rat and all mammals combined 

included only the term for habitat and explained 86.43%, 23.39% and 6.16% of the 

deviation respectively. However, for both the sandstone antechinus and total mammal 
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abundance model uncertainty was high, with all models in the candidate set having 

AA1C or AQAICC  values of <10. Examination of the co-efficients of variation (Table 

4.7) show that for the common rock rat and total mammal abundance there was a 

significant factor relating to change in abundance. 

Table 4.7. Regression co-efficient and standard error estimates for the best models 
for the change in abundance of individual species and total mammal abundance 
between 1989-90 and 2001. Only those species for which the best model was not the 
null are included. (*** significant at p=O.00I **significant  at p=O.Ol, *significant at 
p005 #significant  at p=O.l). 

Delicate mouse Intercept Fiiit 
Estimate 2.092 -0.586 
s.e. 0.630*** 0.287* 
Pale field rat Intercept Habitat 
Estimate -3.645 0.555 
s.c. 0.924*** 0. 132*** 
Conmion rock rat Intercept Habitat 
Estimate 0.454 0.499 
s.e. 0.334 0.117*** 
Sandstone antech i nus Intercept Habitat 
Estimate 22.63 -10.73 
s.c. 15541.86 7770.93 
Northern brown bandicoot Intercept Habitat 
Estimate 1.760 0.485 
s.e. 0.442*** 0.085*** 
Total mammal abundance Intercept I labitat 
Estimate 3.671 

i  
0.061 

se. 0.056*** 0.018*** 

Tfire 
0.461 

0. II5*** 

Fint 
-0.645 

0. 135* ** 

For the delicate mouse the best model included only a term for fire interval and 

explained 43.62% of the observed deviance. It had a 40.5% probability of being the 

best model from the set (Table 4.5). The abundance of the delicate mouse was 

significantly and negatively related to fire interval (Table 4.7). For the pale field rat the 

best model included terms for habitat and the total number of fires. This model had 

strong support and explained 97.78% of the observed deviance. Change in the 

abundance of the pale field rat was significantly positively related to the total number of 

fires (Table 4.7). Similarly the best model for the northern brown included terms for 

habitat and fire interval and explained 70.6 1% of the observed deviation. It also had 

strong support with a 98.1% probability of being the best model from the candidate set. 

Northern brown bandicoots were found to be significantly negatively related to fire 

interval (Table 4.7). 
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Discussion. 

The re-sampling of a set of sites on the Jabiluka lease in the north of KNP has provided 

results that contrast quite strikingly with mammal surveys carried out elsewhere in the 

Park, e.g. Kapalga (Braithwaite and Muller 1997; Woinarski el al. 2001b), Stage 3 

(Mary River District) (Chapter 2, this thesis) Stage 1 and 2 (Chapter 3, this thesis) and 

Nawurlandja (Chapter 5, this thesis) in that the results of the Jabiluka re-survey do not 

show evidence of the decline of native mammals recorded at those sites. In fact, many 

of the species that had decreased at some or all of these sites appear to have increased at 

the Jabiluka sites (e.g. northern quoll, northern brown bandicoot and pale field-rat). 

For two of these species, the pale field rat and northern brown bandicoot, the increase in 

abundance is explained almost entirely by the high capture rates at one site (Site 16). 

During the original survey, pale field rats were noticably absent from the list of species 

captured (despite being patchily common in the Park elsewhere at the time (Kerle and 

Burgman 1984)). During the 2003 re-sample this site was vegetated by very dense 

perennial grasses and clearly had not been burnt for at least two years. 

Despite these increases the re-survey of Jabiluka did not provide an absolute clean bill 

of health for the mammal fauna in this area. A proportion of the mammal species 

recorded during this re-sample showed a trend towards decline, although for only one 

was this decline statistically significant (sandstone antechinus). Noteworthy among 

these declining species are the northern brushtail possum and Arnhem rock rat, two 

species that have suffered marked decline in Kakadu National Park and elsewhere 

within their geographic range (Kerle 1985; Kerle 1998). Indeed, although the northern 

brushtail possum was recorded at too few sites to permit detailed modelling, at one site 

alone there was an order of magnitude decline in the number of possums recorded in the 

two survey periods: a clear indication of at least local changes in that species. 

A comparison of site descriptions recorded at Site 11 (Magela Point) reveals 

considerable change in the vegetation communities at this site. There has been 

substantial loss of large trees which at the time of the original sampling were 

presumably an important source of food and hollows for shelter (Kerle 1985). In 2003, 

this site was also characterised by dense and widespread Hyplis voleans and a sparse 
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midstorey lacking in broad-leafed, fruit-bearing species, both characteristic of frequent 

and/or severe fire regimes (Russell-Smith et al. 2010) and both features that were absent 

from the original habitat descriptions provided by Arme Kerle (A.Kerle pers. comm.. 

2003). 

Like the recent re-sampling of Stage 1 and 2 (2003 report) and Stage 3 (Woinarski ci al. 

2002). the results from the Jabiluka re-sample are noisy, with some sites showing 

dramatic increases in native mammal abundance while others have shown dramatic 

declines. The causes of such dramatic changes remain unclear. The results of 

generalised linear modelling has shown that both habitat and fire parameters were 

important factors in the change in abundance of some species between the two sampling 

periods. 

Kerle and Burgman (1984) noted that the diversity of vegetation communities and 

landforms present on the Jabiluka lease was an important factor contributing to the 

diversity of the mammal community there. Factors such as variability in the timing and 

amount of wet season rainfall and the frequency, extent and severity of fire were 

important contributors to the maintenance of habitat variability (and consequently 

mammal communities). The ability of mammals to respond to these factors was 

considered an important determinant of observed distribution and abundance in 

mammals over the course of the original survey (Kerle and Burgman 1984). 

Substantial year-to-year variation in the abundance of some species during the original 

survey of the Jabiluka mammal fauna was attributed to local fire events (Kerle and 

Burgman 1984). The results of this study provide some support to this conclusion, with 

the interval since the last fire event being an important determinant of change in 

abundance for the northern brown bandicoot and delicate mouse (both species were 

negatively related to fire interval). This result is also consistent with findings from 

Kapalga which suggested that the presence of patches of habitat with different fire 

intervals was important for the maintenance of northern brown bandicoot populations 

(Pardon el al. 2003). 

Habitat was included in the best models for a number of species including the common 

rock rat, sandstone antechinus, pale field rat, northern brown bandicoot and total 

mammal abundance. These results suggest that the continued maintenance of mammal 
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populations on the Jabiluka lease is going to be dependent on the management and 

maintenance of a diversity of suitable habitats within the lease area. The appropriate 

application of fire across the area is clearly going to be an important component of 

maintaining these habitats and populations in the future. As described by Kerle and 

Burgman (1984) many species found in the area are dependent on the survival of source 

populations in undisturbed habitats to re-populate patches of habitat rendered 

(temporarily) unsuitable due to disturbance such as fire. 

The ability of mammals to re-populate areas is dependent on the size of the habitat 

patches, the frequency of disturbance and the mobility of the species in question. Yates 

et al. (2008) suggest that for many mammal species in KNP, home range is less than 5 

ha and mobility is limited, therefore the size of disturbed patches must be less than that 

of the home range in order for individuals to have access to the resources they need to 

survive. For disturbed (and potentially unoccupied) patches to be re-populated 

undisturbed habitats supporting intact populations of the species must be close enough 

for immigration to occur. The results of Chapter Six of this thesis also provides 

evidence of the important of fine scale habitat management for the maintenance of 

mammal communities, providing evidence that spatial and temporal variability in fire 

regimes must be maintained at a fine scale (less than 25 ha) in order for mammal 

diversity and abundance to be maintained. 

Conclusion 

In summary, it appears that the broad scale decline of native mammals observed at 

Kapalga during the 1980s and 1990s is not occurring at Jabiluka. Overall, the results of 

this re-sampling exercise revealed that more species had increased than decreased. 

However, of the species that have declined, a number have been found to have suffered 

similar negative changes elsewhere in the Park, suggesting that some broad-scale factor 

may be at work. 

It is also important to note that at the time of the 2003 re-sample, cane toads had not yet 

colonised the Jabiluka lease area. Of the three species that were found to have 

significantly increased between the two sampling periods, two (northern quoll and 

northern brown bandicoot) have been identified as definitely and possibly susceptible to 

cane toad toxin (van Dam el al. 2002). The impending arrival of the cane toad in this 

region poses a considerable threat to these and other species. As a result, although 
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mammal populations on the Jabiluka lease appear to be faring better than populations 

elsewhere in KNP, populations of some species on the Jabiluka lease could suffer 

considerable decline as cane toads colonise the area. It is therefore important that the 

appropriate management of habitat, including the use of fire, be maintained to optimise 

habitat and resource availability for mammals in the face of colonisation by cane toads. 
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Chapter 5 Re-survey of Little Nourlangie Rock (Nawurlandja) 

Introduction 

Much of the recent research effort aimed at assessing the current status of small-

medium sized mammals in northern Australia (and particularly the Northern Territory) 

has focussed on lowland environments, typically the Eucalyptus dominated savannas 

that are characteristic of the region (Braithwaite and Muller 1997; Woinarski et at. 

2001b). Other major habitat types, notably the rugged sandstone escarpment areas have 

been given relatively little attention. Yet these rocky habitats of the escarpment area 

support a diverse suite of mammals (and other species), many of which are endemic to 

the region (Freeland et at. 1988; WWF 2005; Woinarski et at. 2006a; Woinarski et at. 

2009). This bias is probably the result of a number of factors, including the perception 

that the sparsely populated and mostly inaccessible upland areas are less susceptible to 

disturbance and environmental change (e.g. from feral animals, weeds and fire) than the 

extensive lowland savannas. 

However, there is increasing evidence that the sandstone uplands may also be 

undergoing broadscale environmental change, mainly as a result of too frequent or 

intense fires (Russell-Smith et at. 2009). Evidence of this change is mostly related to 

vegetation, particularly modification and/or contraction of fire sensitive communities 

such as heathlands and monsoon rainforest patches, as well as declines in the 

distribution and abundance of fire sensitive species such as Cattitris intratropica and 

Allosyncarpia ternata (Russell-Smith and Bowman 1992; Bowman 1994a; Russell-

Smith ci' at. 1998; Bowman et at. 2001). It is not unreasonable to assume that these 

changes will in turn affect the fauna that use these vegetation communities. Indeed 

there is some indication that this is the case for rock-dwelling rodents of the genus 

Zyzomys (Trainor et at. 2000; Brook et al. 2002) and possibly for Leichardt's 

grasshopper Petasida ephippigera, an endemic of the Northern Territory's sandstone 

areas (Lowe 1995). 

The paucity of data relating to the mammal fauna of the sandstone uplands makes the 

quantitative assessment of any medium-long term change in these populations difficult. 

However, there are a limited number of studies that provide adequate baseline data to 

make such comparisons. One such study, carried out at Little Nourlangie Rock (locally 

referred to as Nawurlandja), a western outlier of the Arnhem Land Plateau, provided 

detailed population data on four native rock-dwelling mammals: the common rock rat 



Chapter 5 Re-survey of Little Nourlangie Rock (Nawurlandja) 

Zyzornys argurus, the Arnhem rock rat Zyzon2ys maini, the sandstone antechinus 

Pseudantechinus bilarni and the northern quoll Dasyurus hallucatus. This intensive 

study was carried out between 1977 and 1979 (Begg 1981a; Begg 1981b; Begg 1981c; 

Dunlop and Begg 1981), with further sampling carried out from July 1979 to July 1980 

to measure the response of the small mammal fauna to an experimental fire in July 1979 

(Begg etal. 1981). 

The original study provided detailed information about annual population demographics 

for the four species and revealed strong patterning in their distribution across the 

sampled habitat types. There appeared to be no change in the seasonal use of habitat for 

the northern quoll with more animals caught in the rocky slopes and rocky crevices 

habitat throughout the year (Begg 1981b). The sandstone antechinus was most 

frequently captured in the scree slopes habitat (Begg 1981a). There was considerable 

spatial separation observed between the common rock rat and Arnhem rock rat , with 

the latter being most abundant in the closed forest habitat and in the higher altitude 

sections of the other habitats. In contrast the common rock rat was most frequently 

trapped in the scree slope and rocky crevices where captures of the Arnhem rock rat 

were lowest (Begg 1981c). 

Following the application of fire across the four habitats in July 1979, there were 

substantial changes observed in both the habitat preferences and abundance of all four 

species. With the exception of the northern quoll all species changed their preferred 

habitat and shifted to the scree slopes (Begg c/ al. 1981). Similarly, in the year 

following the fire the abundance of all species except the northern quoll declined (Begg 

el al. 1981). Begg et al. (1981) concluded that the observed changes in abundance were 

more related to changes in resource availability and the effect that this had on 

reproductive output rather than direct mortality from the fire (except for the sandstone 

antechinus which suffered some post-fire mortality). 

In this chapter 1 describe the recapitulation of this landmark study and compare the 

current survey results with those of the original study in an attempt to investigate 

whether these populations have undergone any change since the original survey. Given 

the reported significance of changed fire regimes to the conservation status of at least 

plants (and possibly animals) in this environment, I also examine the recent fire history 
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of the area to investigate the potential relationship between the fire history of the sites 

and the results obtained in the current re-survey. 

Methods 

Study species 

The four species studied during the original surveys were the common rock rat, the 

Arnhem rock rat (referred to as Z. woodwardi by Begg (1981 a, b and c), the northern 

quoll and the sandstone antechinus (Figure 5.1). The four species differ in their habitat 

preferences, use and specialisation. The common rock rat and Arnhem rock rat are both 

restricted to suitable rocky habitats in northern Australia. The common rock rat is the 

smallest and most widespread of its genus, with specimens recorded throughout the 

Kimberley region of Western Australia, the "Top End" of the Northern Territory and 

through North Queensland (Strahan 2000). In contrast, the Arnhem rock rat has a 

limited distribution, found only in the escarpment areas of western Arnhem Land in the 

Northern Territory. Its distribution within this small range appears to be patchy 

(Woinarski 2000). The Arnhem rock rat is recognised as the more ecologically 

specialised of the two species and where they co-occur, it shows preferences for moister 

habitats with dense vegetation and large boulders (Begg 1981c; Begg and Dunlop 1985; 

Strahan 2000). Both species are granivorous, but there appears to be some dietary 

separation, probably resulting from differences in the size of the individuals (the 

Arnhem rock rat is larger) and their consequent ability to handle large, hard-cased seeds 

(Begg and Dunlop 1980; Begg and Dunlop 1985). 

The sandstone antechinus is largely restricted to the sandstone habitats of north and east 

Top End of the Northern Territory where it is found in almost all vegetation types, but 

occurs most commonly on scree slopes with pereimial grasses and a Eucalyptus 

overstorey (Strahan 2000). Insects form the major component of the diet. The northern 

quoll is the largest and most mobile of the four species studied. It has been recorded 

right across northern Australia from the Pilbara region of Western Australia to the east 

coast of North Queensland. However, like other members of the genus it has suffered 

major reductions in distribution and abundance since European settlement of Australia 

(Begg 1981 b; Braithwaite and Griffiths 1994). The Top End of the Northern Territory 

is considered one of the species' strongholds, although the arrival of the cane toad 

Rhinella marina, has led to a substantial and widespread decline in abundance across 
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the region (Woinarski ci al. 2007)9. Although found in a variety of habitats within its 

distribution, the northern quoll is most common in rocky habitats (Begg 1981b). It is a 

pugnacious predator, taking a variety of prey ranging from grasshoppers and reptiles to 

mammals as large as the Arnhem rock rat (Begg 1981 b). 

The Study Site 

The study was undertaken at Nawurlandja (12°51'S. 132°47E). an outlier of the 

Western Arnhem Land Plateau in Kakadu National Park (Figure 5.2). The outlier is 

approximately 0.8 km x 2 km in size, elongate in the north-easterly direction. It rises 

over 1 00rn above the surrounding plain at the north-western edge where it is bounded 

by a vertical escarpment with a steep boulder scree and pediment slope at the base. 

Nawurlandja consists mostly of massive to flaggy quartz sandstone of the Kombolgie 

Formation (Press et al. 1995). Numerous small streams flow down the eastern face of 

the rock into the adjacent Umbungbung Billabong. Because of the rocky nature of the 

site it remains undisturbed by feral pigs, buffalo and horses that occupy (sometimes in 

high numbers) the surrounding lowland habitats. There is also little disturbance from 

exotic weeds. At the time of the 2002 re-survey, cane toads were yet to have colonised 

the area. 

Baseline Sampling 

In the original study Dunlop and Begg (1981) identified and defined four distinct 

habitats present on the outlier (Figure 5.3). They provided a map and description of 

each, which is summarised below. 

Scree slopes. This habitat occupies the north and western aspects of the outlier. The 

vegetation is open forest (8-10 in in height) dominated by Eucalyptus miniala, E. 

leclifica and E. tbelscheana. The ground flora is dominated by perennial grasses 

including Heteropogon iriticeus and Alloteropsis semialata up to three metres in height 

for much of the year. Pockets of figs Ficus spp. and other monsoon rainforest species 

such as Pouteria sericea and Strychnos lucida are found at the base of the rock face and 

in gullies that offer some protection from fire. 
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Figure 5.1. The small mammals of Nawurlandja. (a) Sandstone antechinus Pseudantechii,us bilarni (b) Northern quoll Dasyurus 
hallucatus (c) Arnhem rock rat Zyzornys maini and (d) Common rock rat Zyzomys argurus. 

re- 

40 -.. A 

ALV 

AL 



Chapter 5 Re-survey of Little Nourlangie Rock (Nawurlandja) 

Figure 5.2. The location of the survey transects on Nawurlandja. 
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Rocky crevices. This habitat is found at the interface of a high scarp and a flat sandy 

area at the southern end of the outlier. It consists of a broad expanse of rock, dissected 

by vertical crevices with numerous caves and overhangs. The vegetation of the sandy 

area consists of dense cover of shrubs (eg. Triumfetta micrantha and Hibbertia sp.) one 

to two metres in height, with a sparse overstorey of Terminalia carpentariae, Acacia 

spp. and Eucalyptus kombolgiensis six to eight metres in height. In the more rugged 

rocky areas, the vegetation is limited to irregularly distributed Pandanus hasedowii. 

Platysace arnhemica and patches of spinifex, Triodia bitextura. 

Closed forest. The closed forest consists of very dense vegetation covering a scree 

slope that is bounded by a high cliff on one side and a broad rock platform below. The 

vegetation consists of a mixture of deciduous monsoon rainforest species including 

Canarium australianum and Tabernaemontana orientalis up to 10 m in height with 

some open forest species such as Eucalyptus kombolgiensis and Acacia conspersa to 8-

14 m. On the margins of the forest. Acacia humifusa forms dense thickets up to three 

metres in height across the rock surfaces. Within the forest, canopy closure is complete 

during the wet and early dry seasons but becomes more open due to leaf falls later in the 

dry season. Ground flora is sparse but a dense litter layer persists throughout the year. 

Rocky slopes. This habitat occupies the bare sloping rock on the eastern side of the 

outlier. The slopes are crossed by numerous narrow fissures and gullies which are 

occupied by thickets of monsoon species like Sterculia quadrifida and Polyalthia 

holizeana. Acacia scopulorum forms dense thickets in the gullies between the dip 

slopes. On the rock face itself, vegetation is sparse with scattered figs Ficus leucotricha 

and small pockets of the grasses Triodia plechirachnoides and Micraira sp. 
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Figure 5.3. The four sampled habitat types at Nawurlandja. (a) Rocky slopes (b) Rocky crevices (c) Closed forest and (d) Scree 
slopes. (Photos taken April 2002) 
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Chapter 7 Distribution and Abundance of Feral Cats 

Trapping 

The Begg study provides a good baseline because of its highly detailed description of 

the sampling protocol and the extent to which the data were reported. The original 

trapping methodology is described in Begg (1981a) and summarised here. In each 

sampling period, one hundred Elliot traps were set in each of the four habitats, in two 

fixed lines of 50 traps. Traps were placed approximately 10 m apart and the two lines 

were separated by 20-40 m, depending on the terrain. The traps were set for three 

consecutive nights around the middle of every month from February 1977 to June 1979. 

In all, the study totalled 34,800 trapnights, with a total of 300 trapnights per month in 

each of the four habitats. 

2002 Re-sampling 

I replicated as closely as possible the trapping methodology used in the baseline 

sampling in two trapping sessions in April and July 2002. Since the location of the 

original trapping transects was not documented or presented in published maps it was 

impossible to relocate the transects precisely. However, the four habitats identified in 

the original study are still easily identifiable and provide only limited possible options 

for transects of the dimensions described. As such the location of the transects in the 

repeat sampling was consistent with that of the original study. Indeed, some of the traps 

used in the original study had been inadvertently left behind and were located while the 

re-sampling was being carried out. 

In the April 2002 re-survey, 200 Elliot traps were laid out in two lines in each of the 

four habitats in an effort to boost trapping effort and capture numbers. This effectively 

doubled the trapping effort of any one trapping episode in the original survey, giving a 

total of 600 trapnights in each habitat. In the July 2002 re-survey, 100 Elliott traps were 

laid out in each habitat, equalling the trapping effort of one episode in the original 

survey. The total trapping effort for 2002 was 3600 trapnights. 

Although Dunlop and Begg (1980) provide a comprehensive listing of plant species for 

each habitat, they do not provide any information on their relative abundance. 

Therefore it was not possible to repeat the vegetation sampling to enable an assessment 

of changes in floristic composition since the original study. 
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Fire history 

Prior to the original survey, fire had largely been excluded from the study site, except 

for two individual fires in 1973 and 1976. These fires were relatively small, affecting 

less than 25% of the study area (Dunlop and Begg 1981). As a result the mammal data 

that were reported by Begg (1981a.b and d) mostly relates to areas that had remained 

unburnt for at least 4-6 years. However, in July 1979, after the completion of the initial 

baseline sampling, the study area was deliberately burnt. Fires were ignited using a 

combination of potassium permanganate-ethylene glycol incendiaries dropped from a 

helicopter and ground based drip torches that were used to burn areas that remained 

unburnt after the aerial burning (Begg etal. 1981). 

After the application of fire in 1979, the small mammals of the area were followed for a 

further 12 months. Declines were observed for all species except the northern quoll. 

with the Arnhem rock rat suffering the most significant decline. The total capture rate 

of mammals showed a pattern of continual decline from July 1979 to March-May 1980 

(Begg etal. 1981). 

To investigate further the manner and extent to which fire may influence the 

populations of these sandstone mammals, fire histories were derived for the study area 

for the 5 years preceeding the 2002 re-survey. To do this the trapping transects used in 

2002 were overlaid on Landsat TM satellite imagery using Arcview 3.2a software. For 

each transect. I counted the number of pixels burnt in each year from 1996-2002 and 

calculated a mean proportion of transect burnt. I then related the proportion of each 

transect burnt to the extent of change in trapping success rate from Begg's post-fire 

study to 2002 in each habitat. 

In taking this approach I recognise that there are a number of limitations to the 

interpretation of the results. These include: (1) the lack of fire data (with acceptable 

resolution for the scale of this study) from 1980-1996 prevents the investigation of the 

fire history of the transects during this period; (2) the accurate assignment of 

burnt/unburnt values to each pixel along the transects is made difficult because the size 

of each pixel is equivalent to the width of the transect; (3) there are inherently high rates 

of error associated with the identification of fire scars from satellite imagery and this 
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can result in a high probability of error in assigning bumt/unburnt values to each pixel; 

while I obtained separate data for each of the two transects in each habitat during the 

April 2002 re-sampling this was not the case in the original sampling. As a result there 

is a loss of precision resulting from the grouping of the data from the two transects; and 

this study has a very low number of replicates (n=4). As a result, the analysis 

presented here is best considered exploratory and illustrative. 

statistical Analysis 
Mammal populations. 

To evaluate changes in mammal populations at the study area, 2002 trapping success 

rates were compared with those of comparable periods in the baseline survey i.e. the 

April 2002 results were compared with the March-May results of the 1977-1979 

baseline survey and July 2002 results were compared to Begg's June-August results 

from 1977-1979. The April and July 2002 results were also compared with Begg's post-

fire trapping results from April 1980 and July 1979 respectively. The method of 

analysis was a x2  test of proportions, testing whether the original trap success rate is the 

same or different to that of subsequent sampling. Trap success rates in each habitat and 

for each individual species were compared in this maimer. Analyses were carried out in 

Statistica Version 6.0 (Statsoft 2004). 

Patterns in small mammal community composition were also examined with ordination 

using multi-dimensional scaling. This analysis was performed using the program 

Primer Version 5.0 (Clarke and Warwick 2001). The untransformed abundance index 

(trap success) data for all four species was included in the ordination, with 

compositional similarity of paired sites assessed using the Bray-Curtis similarity index 

and with 100 random starts. The relationship of time of sampling (original survey 

1977-79, Begg's post-fire survey 1979-80 and 2002 re-survey), season and habitat to 

the resulting ordination patterns were examined using the ANOSIM function in Primer 

with the significance of the resultant global R-statistic tested by comparison with 1000 

random configurations. 

Fire history. 

To investigate the relationship between recent fire history and changes in small mammal 

communities, the extent of change in trap success rate between Begg's post-fire study 
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and the 2002 re-survey was plotted against the mean proportion of each transect that 

was burnt between 1996 and the 2002 re-sampling events. To calculate the change in 

total trap success rate I simply subtracted the April 2002 trap success rates from the 

April 1980 data, and likewise for the July 2002 and July 1979 data. This was done for 

each individual species and for total trap success rate. 

The mean proportion of each transect burnt was calculated by averaging the proportion 

of pixels in each transect burnt in the years 1996-2001 for April trapping data, and 1996 

2002 for July trapping data (an additional image from June 2002 was used in the 

latter). By averaging the extent of fires over this period I have attempted to capture a 

crude measure of the patchiness of fires across the four habitat types in the years 

preceeding the 2002 resampling. 

The extent of change in trap success between April 1980 and April 2002 was then 

plotted against the mean proportion of transect burnt in each habitat to investigate the 

nature of the relationship between these two measures. The correlation co-efficient r 

was calculated to determine the level of correlation between the change in trap success 

and proportion of transect burnt. The same procedure was then repeated to look at 

change in trap success rate between July 1979 and July 2002. 

Results 

Trapping results 

The results of the 2002 re-sample showed considerable differences in the number of 

animals captured in April and July. Similarly there were major differences in captures 

between the four habitat types. There were no captures of Arnhem rock rats during 

either of the 2002 trapping periods. For the remaining species, and for all species 

combined, capture rates were higher in July than in April despite the lower number of 

traps that were set. 

The common rock rat was recorded in all four habitats in both April and July 2002 but 

was most common in the scree slopes habitat. Capture rates in each habitat in July were 

at least double those recorded in April. The sandstone antechinus was recorded only 
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from the rocky crevices and rocky slopes habitat in both April and July. Trap success 

rates in both of these habitats was significantly greater in July rising from 0.17% to 

6.67% in the rocky crevices and from 0.33% to 6.33% in the rocky slopes (Table 5.1 

and 5.3). The northern quoll was recorded at much lower numbers during 2002, and 

was captured only in the scree slopes habitat in both April and July. Although trap 

success increased from April to July it was still low (only 0.17% and 0.33% in April 

and July respectively). 

Comparisons with original survey 

There were some considerable differences between the original (1977-79) and the 2002 

re-survey in respect to the patterns of captures of the four species between seasons and 

across the four habitats. Unlike in 2002, the common rock rat was only captured in the 

rocky slopes and scree slopes in April 1977-79 and in the rocky crevices and scree 

slopes in July 1979. As in 2002, trap success rate increased considerably in the scree 

slopes between April and July 1979. 

The northern quoll and sandstone antechinus were recorded in all four habitats in the 

April and July trapping sessions in the original survey. Except for a slightly lower 

capture rate in the scree slopes habitat quolls were present in similar numbers in all four 

habitats. This is in contrast to the 2002 re-survey where they were recorded only in the 

scree slope habitat and in much lower numbers. In April 1977-79 the sandstone 

antechinus was most common in the scree slopes and rocky crevices. In contrast to the 

results of the 2002 re-survey, trap success rates for the sandstone antechinus were much 

lower in July than in April, particularly in the rocky crevices and rocky slopes habitats. 
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Table 5.1. Comparison of the trap success rate (%) of the April 2002 re-survey 

and the Late Wet Season (March-May) of the 1977-1979 study of Nawurlandja. for 

each of the four habitats and overall. Significance levels from X2  tests: * p<O.OS, 
** p<O.Ol, p<O.00i. Figures in the body of the table represent % trap success 

rate (trap success/i 00 nights). 

Common 1977-79 0 0 0.89 1.43 0.57 13.5*** 
rock rat 2002 0.67 0.83 0.83 2.83 1.29 increase 
Arnhem 1977-79 0.41 0.81 0 0.22 0.36 7.5 
rock rat 2002 0 0 0 0 0 decrease 
Northern 1977-79 1.00 0.89 1.11 0.30 0.82 16.7*** 
quoll 2002 0 0 0 0.17 0.04 decrease 
Sandston 1977-79 3.89 2.52 2.41 5.89 3.68 83.1 
e 2002 0.17 0 0.33 0 0.13 decrease 
antechmu 

Total 1977-79 1.32 1.06 1.10 1.95 5.43 68.3*** 
2002 0.21 0.21 0.29 0.75 1.46 decrease 

21.1 14.8 12.8 16.0w 
decrease decrease decrease decrease 

Table 5.1 and Figure 5.4 show a significant decline in trap success rate between original 

trapping (1977-79) and the 2002 re-survey for three species (Arnhern rock rat. northern 

quoll and sandstone antechinus) and for total mammals. Total trap success rate was 

significantly lower in each of the four habitat types. There was a significant increase in 

trap success for the common rock rat, a pattern consistent across all sites except the 

rocky slopes. 

Similarly, comparison of the trap success rate for July 2002 with the early dry season 

(June-August) results from 1977-1979 also shows a significant decline for the Arnhem 

rock rat, northern quoll and total mammals (Table 5.2 and Figure 5.5). Trap success rate 

for the common rock rat was again higher in July 2002 than in the comparable months 

of the baseline study. There was no significant change in the trap success rate for the 

sandstone antechinus between July 2002 and the baseline survey. 
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Figure 5.4. Change in the abundance of four small mammals at Nawurlandja, from 
March-May 1977-79 to April 2002. Key to symbols: open blue = Z. argurus; closed 
blue = Z. maini; open red = D. hallucatus; closed red = P. bilarni; Circles = rocky 
crevices; squares = closed forest; diamonds = rocky slopes; triangles = square 
slopes. 

Table 5.2. Comparison of the trap success rate (%) of the July 2002 re-survey and 
the Early Dry Season (June-August) of the 1977-1979 study of Nawurlandja. For 
each of the four habitats and overall. Significance levels from x2 tests: * p<0.05, 
** p<O.Ol, p<0.001. Figures in the body of the table represent % trap success 
rate (trap success/100 nights). 

Common rock-rat 1977-79 0.38 0 1.32 4.38 1.57 14.5*** 
2002 1.33 2.67 3.0 5.67 3.17 increase 

rnhem rock-rat 1977-79 1.52 4.19 0.38 1.00 1.77 20.5w 
2002 0 0 0 0 0 decrease 

Northern quoll 1977-79 1.10 0.29 1.00 0.38 0.69 5•4* 
2002 0 0 0 0.33 0.08 decrease 

Sandstone 1977-79 3.00 5.00 3.00 6.1() 4.27 2.3 ns 
antechinus 2002 6.67 0 6.33 0 3.25 no change 
Total 1977-79 1.5 2.37 1.48 2.96 8.31 44* 

2002 2.0 0.67 2.33 1.5 6.5 decrease 
1.4ns 13.6*** 4.4 7.8 

no chane decrease increase decrease 
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Figure 5.5. Change in the abundance of four small mammals at Nawurlandja, from 
June-July 1977-79 to July 2002. Key to symbols: open blue = Z. argurus; closed 
blue = Z. maini; open red = D. hallucatus; closed red = P. bilarni; Circles = rocky 
crevices; squares = closed forest; diamonds = rocky slopes; triangles = square 
slopes. 

The application of fire to the Nawurlandja study site in July 1979 resulted in significant 

declines in all species bar the northern quoll (Begg el al. 1981). Of the three species that 

declined after the fire the Arnhem rock rat was the most severely affected. However, 

despite this decline the trap success rate for the Arnhem rock rat immediately after the 

fire was still significantly higher than that recorded in the July 2002 survey. Similarly, 

trap success rate for the northern quoll was also higher in the immediate post-fire 

trapping than in the 2002 survey. In contrast, Table 5.3 shows that immediately after the 

1979 fire, trap success rate for the sandstone antechinus was significantly lower than 

that recorded in July 2002. Trap success rate for the common rock rat and for total 

mammals showed no change between the immediate post-fire trapping in 1979 and the 

July 2002 survey. Trap success rate was particularly low in the rocky crevices and 

rocky slopes habitat immediately after the 1979 fire and these figures were significantly 

lower than the trap success rate recorded in July 2002. In contrast. trap success rate in 

the scree slopes was much lower in July 2002 compared to immediately after the 1979 

fire. There was no significant difference between the trap success rate recorded in the 

closed forest immediately after the 1979 fire and in July 2002. 
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Table 5.3. Comparison of the trap success rate (%) of the July 2002 re-survey and 
the Early Dry Season (June-August) of the 1979 (immediately post-fire) study of 
Nawurlandja. For each of the four habitats and overall. Significance levels from 

tests: * p<0.05, ** p<O.Ol, p<0.001. Figures in the body of the table 
represent % trap success rate (trap success/i 00 nights). 

Common 1979 1.0 0 0 8.17 2.29 
rock rat 2002 1.33 2.67 3.00 5.67 3.17 

Arnhem rock 1979 0.33 1.17 0 3.83 1.33 
rat 2002 0 0 0 0 () 
Northern 1979 0.83 0.67 0.83 0.83 0.79 
quoll 2002 0 0 0 0.33 0.08 
Sandstone 1979 1.33 1.67 0.50 3.17 1.67 
antechinus 2002 6.67 0 6.33 0 3.25 
Total 1979 0.88 0.88 0.33 4.0 6.08 

2002 2.0 0.67 2.33 1.5 6.5 

7.3 0.2ns 30.3* 15.5*** 
increase no change increas decrease 

e 

2.lns 
no 

change 
14.7*** 
decrease 

6.0* 
decrease 

increase 
0.2ns 

no 
change 

Continued monitoring of the mammal populations in the 12 months following the fire 

showed a continuing decline in trap success rate for the common rock rat. Arnhem rock 

rat and for total mammals. The northern quoll and sandstone antechinus showed an 

increase in trap success rate during this 12 month period. However, Table 5.4 shows 

that the trap success rate for three species (Amhem rock rat, northern quoll and 

sandstone antechinus) and for total mammals was higher in the March-May 1980 

trapping period than in the April 2002 survey. Trap success rate for the common rock 

rat was significantly higher in April 2002 than for the comparable period in 1980 (post 

fire). Trap success rate in the rocky crevices, closed forest and rocky slopes habitats 

was higher in April 1980 compared to the April 2002 survey. There was no difference 

in the trap success rate recorded in the scree slopes habitat in April 1980 and April 

2002. 

Ordination of the trapping sites by mammal species composition showed a strong 

segregation of the 2002 re-survey sites from the original survey and Begg's post-fire 

survey on the first axis (Figure 5.6). The positioning of the quadrats was very 

significantly related to the year of trapping (R=0.447. p<O.00l). There is little indication 

of segregation due to season (April or July) or habitat. 
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Table 5.4. Comparison of the trap success rate (%) of the April 2002 re-survey 
and the Late Wet Season (March-May) of the 1980 (post-fire) study of 
Nawurlandja. For each of the four habitats and overall. Significance levels from 

tests: * p<0.05, ** p<O.Ol, p<O.00l. 

Common 1980 0.22 0 0.56 0.44 0.31 18.8*** 
rock rat 2002 0.67 0.83 0.83 2.83 1.29 increase 
Arnhem 1980 1.00 1.00 0.89 0.56 0.86 19. 1 
rock rat 2002 0 0 0 0 0 decrease 
Northern 1980 0.78 0.56 1.56 0.22 0.78 14.7*** 
quoll 2002 0 0 0 0.17 0.04 decrease 
Ssandstone 1980 1.00 2.33 1.33 2.78 1.86 36.1 
antechinus 2002 0.17 0 0.33 0 0.13 decrease 
Total 1980 0.75 0.97 1.08 1.0 3.81 27.7*** 

2002 0.21 0.21 0.29 0.75 1.46 decrease 
7.0 11.6t 10.8 0.8ns 
decrease decrease decrease no chanc 

Fire history. 

The extent to which each of the trapping transects was burnt between 1996-2002 was 

highly variable (Figure 5.7). There were no fires recorded in any of the transects in 

1998 and 1999. The rocky slopes habitat at the base of Nawurlandja was not burnt at all 

during the 1996-2002 period. In contrast. fire events affected at least 50% of the scree 

slopes habitat on four occasions during this period. Likewise, reasonably extensive 

fires (affecting at least 40% of the 2002 trapping transects) occurred in the potentially 

fire-sensitive vegetation (Russell-Smith ef al. 1998) of the closed forest and rocky 

crevices habitats at least once during the 1996-2002 period. The closed forest and scree 

slopes transects were extensively burnt by a fire in June 2002, only weeks before the 

July re-trapping session. 
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there were no fires in any of the four habitats in 1998 and 1999. 
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Table 5.5 summarises the relationship between extent of change in trap success and the 

mean proportion of the trapping transects burnt in the period leading up to the 2002 re-

trapping. The extent of change in trap success between April 1980 and April 2002 was 

positively correlated with the mean proportion of transect burnt (1996-2001) for Z. 

argurus, Z. maini, D. hallucatus and All Species combined. There was a very weak 

negative relationship between the mean proportion of transect burnt in 1996-2001 and 

change in trap success rate from April 1980 to April 2002 for P. bilarni. In contrast, 

there was a negative correlation between extent of change in trap success between July 

1979 and July 2002 and the mean proportion of transect burnt (1996-2002) for Z. 

argurus, Z. maini, P. hilarni and All Species. Only D. hallucatus showed a positive 

relationship between the extent of change in trap success rate from July 1979 to July 

2002 and the mean proportion of transect burnt between 1996 and 2002. 

Table 5.5. Summary of changes in % trap success and relationship to fire for each 
species and all species combined over the course of the original survey (1977-79) 
post-fire (1980) survey of Begg et al. (1981) and the 2002 re-survey. Figures in 
brackets for last two rows are Pearson's correlation co-efficient (r) for relationship 
between proportion of transect burnt 1996-2001 (for April comparisons) and 1996-2002 
(for July comparisons) (NB correlations for July included data from a new Landsat TM 
image that became available in June 2002). 

A April 1977-79 to April 
2002 Increase Decline Decline Decline Decline 

A July 1977-79 to July 
2002 Increase Decline Decline Decline Decline 

A July 1977-78 to July 
1979 (immediate post-fire Increase Decline Increase Decline Decline 
impact) 
A April 1977-79 to April 
1980(1 year post-fire Decline Increase Decline Decline Decline 
inipact) 
Relationship between 
change in trap success 
(April 1980 - April 2002) Positive Positive Positive Negative Positive 

and mean proportion of (0.40) (0.20) (0.63) (0.10) (0.80) 

transects burnt 1996-2001 
Relationship between 
change in trap success 
(July 1979-  July 2002) Negative Negative Positive Negative Negative 

and mean proportion of (0.84) (0.35) (0.49) (0.37) (0.99) 

transects burnt 1996-2002 
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Discussion 

The results reported in this study represent the first dedicated attempt to assess decadal 

scale changes in abundance in small mammal populations occupying the sandstone 

habitats of Kakadu National Park. Prior to this study, small mammal research in the area 

had focussed almost entirely on the lowland woodland habitats that are found across 

much of the park. Research in these habitats has shown marked declines in a number of 

species (Braithwaite and Muller 1997; Woinarski et al. 2001b; Pardon et al. 2003), 

possibly as a result of altered fire regimes, feral predators or disease (Woinarski ci al. 

2001 b). There has been no comparable research in the rocky upland habitats of the Park. 

Despite this, or perhaps because of it, the mammal fauna of these habitats has been 

presumed to be intact and unthreatened by the processes contributing to the apparent 

demise of some components of the lowland fauna. 

Clearly this presumed security lacks an empirical basis. Indeed, three of the four 

mammals in this study declined substantially from the baseline to the current study. For 

the Arnhem rock rat, the situation appears to be particularly bleak with no captures 

recorded during both trapping sessions of the current study. These results suggest that 

this species may have become locally extinct on the Nawarlandja outlier. Although the 

preferred habitat of this species occurs in small patches throughout the rocky 

escarpment country of Kakadu, these patches are typically connected by at least sub-

optimal habitat that would facilitate recolonisation following localised extinction 

events. This is not the case at Nawarlandja, where the closest pockets of suitable habitat 

are separated from Nawarlandja by some potentially major barriers to dispersal 

(including seasonally inundated wetlands). As such it is possible that a localised 

extinction at this site could easily be permanent if the potential barriers to dispersal truly 

prevent re-colonisation in the future. 

Although the changes in trap success between the baseline survey, the post-fire survey 

of Begg et al. and the current survey are dramatic, some caution must be taken in 

interpreting them. Comparison of the trap success rates from April and July 2002 

trapping also shows a dramatic change with up to a forty-fold increase in trap success 

for individual species. Although a similar pattern of increase was recorded throughout 

the year for sandstone antechinus in the baseline survey it was not anywhere near the 
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magnitude of this dramatic increase. Begg et al. (1981a) attributed the changes 

observed in the baseline study to changes in trappability associated with increased 

activity levels leading into the breeding season for sandstone antechinus. This may well 

be the case in the current study as all of the females trapped were carrying early stage 

pouch young. These dramatic seasonal changes serve to demonstrate the apparent 

fluidity of these mammal communities and may make it difficult to discern longer-term 

trends from short-term noise". 

Although there are marked differences in the location, habitats and species studied in 

the present survey and that of Braithwaite and Muller (1997) and Woinarski et at. 

(2001b) there are some consistent patterns in the results obtained from these studies. 

Declines in trap success rate were recorded for northern quoll at Nawurlandja and 

Kapalga. The comparably sized fawn antechinus Antechinus hellus and sandstone 

antechinus declined at Kapalga and Nawurlandja respectively. In addition, the largest 

rodent species present in each habitat also suffered declines (the Arnhem rock rat at 

Nawurlandja and the pale field rat Rattus tunneyi and black-footed tree rat 

Mesernhrioniys gould/i at Kapalga). In contrast, trap success rates for the least 

specialised. smaller and competitively inferior rodent species increased at both sites (the 

common rock rat at Nawurlandja and the delicate mouse Pseudomys delicatulus at 

Kapalga). 

Woinarski el at. (2001b) suggested that altered fire regimes may have played a part in 

the declines that they observed, but there was insufficient evidence available at the time 

to prove or disprove this hypothesis. However, in a subsequent model-selection based 

re-analysis of the mark-recapture data for the northern brown bandicoot Isoodon 

macrourus collected at Kapalga, Pardon et at. (2003) found that the most likely cause of 

the decline in that species was the increased frequency of late season fires. Similarly, in 

the present study. there were strong relationships between trap success rates and recent 

fire history suggesting that fire may also be an important determining factor for 

sandstone mammal populations. Indeed in the original study of the small mammal fauna 

of Nawurlandja, the application of fire to the four habitats studied resulted in dramatic 

declines in all species studied (bar the northern quoll) (Begg ci al. 1981). It was 

suggested by the original authors that the declines resulted from lowered reproductive 

output after the fire, most probably as a result of changes in food availability (Begg ei 
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at. 1981). This was particularly the case for the Arnhem rock rat, which prior to the fire 

was most common in the fire-sensitive closed forest habitat. The fire was most intense 

in the closed forest habitat, resulting in a total loss of the ground cover, litter and the 

seeds that form the bulk of the diet for this species (Begg and Dunlop 1980; Begg el at. 

1981; Begg and Dunlop 1985). Similarly Kerle and Burgman (1984) recorded declines 

in abundance of the Arnhem rock rat at sites on the Jabiluka Lease in the north of 

Kakadu and postulated that this was also related to the occurrence of fire at the sites. 

This result concurred with studies of rodents and small dasyurids in temperate Australia, 

where species that favour moist, heavily vegetated habitats are most affected by fire 

(Newsome et at. 1975). 

In addition to changes in abundance, the 1979 fire event at Nawurlandja resulted in 

changes in habitat preferences of all of the four species studied. The northern quoll was 

least affected by the fire event, presumably because of its larger size, greater mobility 

and wider habitat tolerance. The three smaller species all became more abundant in the 

scree slopes habitat where the fire was least intense. The common rock rat, which had 

been most common in this habitat prior to the fire became almost restricted to it after 

the fire. Begg et al. (1981) suggested that this shift in habitat preference was due to 

continued food availability in the scree slopes habitat and easier access to nearby 

unburnt habitat where additional food resources would have been available. 

The change in habitat preferences and declines in the trap success for the common rock 

rat, Arnhem rock rat and sandstone antechinus continued for twelve months after the 

fire event in 1979, indicating a failure of these species to recover immediately after the 

fire. This could be in part due to serious changes to the vegetation structure of the 

recognised habitats at Nawurlandja. This is undoubtedly the case for the closed forest 

habitat, where the floral composition of the understorey was completely changed to a 

fire dependent community after the fire. This new community lacked the species that 

had previously provided important food resources for the two Zyzomys species. 

The short duration of trapping after the fire event in 1979 meant that Begg et al. (1981) 

could only report on the short term response of the four mammal species to fire events 

in the four habitats investigated. In the current study I have shown a strong negative 

relationship between change in total trap success between 1977-1980 and 2002 and the 

recent fire history of the four habitats (1996-2002), providing further evidence of the 

WE 



Chapter 5 Re-survey of Little Nourlangie Rock (Nawurlandja) 

role of fire in determining small mammal populations in these sandstone habitats, at 

least in the short-medium term. Given the somewhat idiosyncratic nature of past studies 

it is impossible to determine with any certainty if the current results are indicative of a 

long-term pattern of decline that may have begun as long ago as the original study in 

1980, or whether they merely represent short term responses of these four mammal 

species to recent fire events. Both situations are possible and given the lack of 

information about these populations during the intervening twenty year period it is 

difficult to postulate which is the true scenario. In addition, dramatic within year 

fluctuations for individual species (such as was recorded here for the sandstone 

antechinus and common rock rat) seem to add to the evidence for considerable 

variability in small mammal communities. 

There are, however some factors that collectively provide reasonably sound support for 

an ongoing decline, and a role of fire in that decline, at least for the Arnhem rock rat and 

possibly also for the northern quoll. As discussed above the Arnhem rock rat continued 

to decline in abundance twelve months after the fire event in 1979. A brief period of 

trapping at Nawurlandja in 1996 (300 trap-nights in each of the rocky slopes and rocky 

crevices habitats) recorded only one Arnhem rock rat (Ibbett e/ al. In prep; M. 

Oakwood, unpublished data). Decadal declines in the abundance of the Arnhem rock rat 

in the Mary River District and on the Jabiluka lease are also described in Chapters two 

and four of this thesis. In both of these areas, fire frequency appears to have played a 

key role in this decline. 

Similarly, at the Jabiluka mining lease, Kerle and Burgman (1984) recorded a decline in 

the Arnhem Rock Rat at some sites following fire events in 1979. The species had 

failed to recover to pre-fire numbers two years after these fire events. It is therefore not 

unreasonable to suggest that relatively frequent fires (e.g. every two to three years) 

could continue to depress populations of these species to the point of localised 

extinction. Results from this study show that such frequent fires have occurred at 

Nawurlandja over six years preceding the 2002 re-sample and anecdotal evidence from 

rangers working in this part of Kakadu over that time suggests that this has also been 

the case prior to 1996. Such a pattern of fire activity could reasonably be considered a 

threat to the ongoing survival of populations at these sites. However, even less frequent 
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fires could lead to an ongoing decline, particularly in the fire sensitive vegetation of the 

closed forest habitat. 

As reported by Begg el al. (1981) a single fire in this habitat led to dramatic changes in 

its floral composition and this undoubtedly had serious ramifications for the small 

mammals utilising it. In studies elsewhere, it has been found that vegetational changes 

caused by fire can continue to influence the distribution and abundance of animal 

species for several years (Sutherland and Dickman 1999). In their study of the 

responses of native rodents to fire events in coastal heaths, Monamy and Fox (2000) 

showed that the timing of recolonisation of burnt habitats by Pseudomys 

gracilicaudatus and Rattus lutreolus was determined by patterns of vegetation 

regeneration, including vegetation density and species composition. Although these 

types of relationships have not been explicitly investigated in northern Australia, it is 

not unrealistic to assume that vegetation regeneration after fire events will affect the 

suitability of the habitat for small mammals. In the case of the closed forest habitat at 

Nawurlandja, the vegetation community that developed after the 1979 fire was 

characterised by markedly different structural diversity and species composition, factors 

found to influence rates of recolonistion and structure of rodent communities in 

previous studies (Monamy and Fox 2000). 

The absence of the northern quoll from all habitats bar the scree slope in 2002, and the 

low numbers of captures recorded during trapping at the site in 1996 suggests that like 

the Arnhem rock rat, populations of the northern quoll may have declined to at least 

local extinction at Nawurlandja over the past one to two decades (Ibbett el al. In prep; 

M. Oakwood, unpublished data). Oakwood (2000) has provided evidence of the 

negative impact of frequent and/or extensive fire on the abundance of the northern 

quoll. This may be in part due to modification of habitat but also as a result of decline 

in prey species. Interestingly, northern quolls were only trapped in the scree slopes 

where common rock rats have remained relatively abundant. This species would most 

certainly be a prey species for northern quoll and there may be some relationship 

between its abundance and distribution across the major habitats at Nawurlandja and 

the persistence of northern quolls (particularly in the scree slopes habitat). In addition, 

the scree slope habitat is more contiguous with the surrounding lowland woodland 
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habitat, and the close proximity to more varied habitats and potential food sources may 

provide greater hunting and shelter opportunities for northern quolls. 

Although there is some support for the role of fire in changes in the abundance of at 

least some of the species studied here, this study suggests that these ongoing declines 

may in part be due to factors other than, or in addition to, fire regimes. These may 

include disease or predation from introduced species (notably cats). To date there has 

been little research into the potential impacts of feral cats on native wildlife in the 

savannas of the Northern Territory (but see Chapter 7 of this thesis) and only minimal 

effort aimed at identifying pathogens in native populations. There is little evidence to 

support the hypothesis that disease could cause declines in the species studied here. 

Oakwood and Pritchard (1999) failed to detect toxoplasmosis in northern quoll 

specimens from Kakadu. There has been some recent research investigating the 

occurrence of a range of other potential pathogens in black rat Rauus rattus populations 

in KNP, but results of tissue and blood testing from over thirty rats collected from a 

number of sites (including KNP and others around Darwin) are yet to reveal conclusive 

evidence of the presence of pathogen's that may be contributing to the observed decline 

(Jackson el al. 2010). Results described in Chapter 7 indicate that feral cats may be 

present in Kakadu at higher numbers than previously thought but further work is needed 

to determine the level of predation that they inflict on native species in the Park. 

Conclusion 

This study provides the first dedicated quantitative assessment of the status of sandstone 

dwelling mammals in Kakadu National Park (and in northern Australia) over time and 

the first monitoring of these communities for more than two decades. The results of this 

study are particularly discouraging as they suggest that the mammal fauna of the upland 

sandstone habitats are not as intact as previously thought. Indeed, it seems that the 

mammals of this area may be as equally susceptible to processes such as altered or 

inappropriate fire regimes as their lowland counterparts. This is despite previous 

perceptions that rock dwelling mammal species are less susceptible to decline because 

the rugged nature of the habitats in which they are found is thought to afford them 

protection against both predators and fire (Burbidge and McKenzie 1989). 
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Although this study does not provide clear evidence of long-term declines in these 

species it does suggest that inappropriate fire regimes in these sandstone habitats may 

be contributing to at least short-term changes in mammal populations. Regular, long-

term monitoring of mammal populations in these habitats would provide a valuable 

insight into the seasonal and annual population dynamics and long-term population 

trends of the species studied here, thus allowing a more detailed understanding of the 

factors driving these populations. However, in the meantime it the data presented here 

suggests that the inappropriate use of fire (i.e. more frequently than once every three to 

five years or longer in the closed forest habitat) in these sandstone habitats could lead to 

detrimental changes to these habitats and the small mammal populations that occupy 

them, particularly the more specialised species such as the Arnhem rock rat. 
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Chapter 6 Spatial and Temporal Variability in Fire Regimes 

Introduction 

The savanna habitats of northern Australia are characterised by relatively invariable 

climatic conditions, topography and soils (Woinarski et at. 2004b). This coarse scale 

uniformity results in a simple patterning of vegetation marked by only minor variation 

in species composition over large areas. Strongly seasonal rainfall in the region results 

in significant annual fluctuations in resource availability for the biota of this otherwise 

spatially uniform environment. The effects of such massive resource fluctuations are 

amplified by the lack of pronounced spatial variation in the system i.e. a shortage of 

resources in one location is likely to be repeated throughout the landscape. 

Land managers can increase or decrease this intrinsic spatial heterogeneity through the 

application of intricate or coarse-grained prescribed fire regimes. Consequently, fire is 

one of the most pervasive shapers of savanna ecosystems and one of the most 

significant determinants of habitat quality for fauna in northern Australia (Woinarski 

2004; Woinarski el at. 2004b; Andersen el at. 2005; Whitehead ci at. 2005). It is also 

one of the most important tools used to manage the landscape, particularly for 

biodiversity conservation (Andersen and Braithwaite 1992; Bowman 1994b; 

Braithwaite 1996; Andersen 1999; Williams and Bradstock 2000; Williams et at. 2002; 

Whitehead et at. 2003b; Andersen el at. 2005). Individual fires can vary in their extent, 

timing, intensity and patchiness. Likewise, fire regimes (the description of long term 

fire patterns for a site) can also be described according to spatial and temporal variation 

in these same parameters. Fire regimes in the northern savannas vary from those 

characterised by no, or very infrequent fires, to those where frequent, extensive and 

relatively intense fires are common (Russell-Smith et at. 1997b; Russell-Smith 2002; 

Edwards ci al. 2003; Russell-Smith et al. 2003b; Price et al. 2005a). 

Fire can have direct or indirect effects on fauna by influencing resource production and 

access (Woinarski et at. 2004b). One of the immediate effects of fire is to clear the 

standing grass layer and this can provide easier access to some resources (e.g. fallen 

seeds) but may also increase exposure to predators (Woinarski 1990; Garnett and 

Crowley 1995c; Franklin 1999; Franklin et at. 2005) whose efficiency can be improved 

as a result of the removal of this understory vegetation (Oakwood 2000). If fire occurs 
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in the wet season between episodes of germination and seed production. entire cohorts 

of annual plants and grasses can be lost (Lane and Williams 1997). The onset of flower, 

fruit and seed production can also be delayed or even completely destroyed depending 

on the timing of fire (Setterfield 1997; Williams ci al. 2002). Conversely, in the absence 

of fire woody vegetation thickening and the loss of ground-layer vegetation can occur 

with related negative impacts on the fauna species dependent on the presence of a 

diverse and abundant grass layer (Garnett and Crowley 1995b; Franklin 1999; 

Woinarski ci at. 1999). 

Fire has been shown to be an important influence on habitat suitability for a number of 

mammals in the northern savannas. Kerle (1985,1998) demonstrated a clear preference 

by the northern brushtail possum Trichosurus vulpecula for long unburnt forests. 

Similarly, studies of the black-footed tree-rat Mesembriomys gou!dii and fawn 

antechinus Antechinus bet/us have shown that these species have a preference for areas 

with a well-developed understorey and that such habitat is typically associated with 

relatively infrequent fires (Friend 1985; Friend and Taylor 1985; Friend 1987). The 

northern brown bandicoot Isooclon macrourus is disadvantaged by frequent late season 

fires. but appears to do well when there are patches of burnt and unburnt habitat within 

their home range (Pardon ci al. 2003). 

The identification of relationships between mammal abundance and/or distribution and 

fire has been problematic. mostly because these relationships are probably complicated 

in the first place (Woinarski 2004; Price ci al. 2005b). Previous studies that have 

demonstrated such relationships have been based on short-term experimental studies 

that have imposed a small number of different fire regimes uniformly applied to a set of 

experimental blocks (Friend 1985; Friend and Taylor 1985; Friend 1987; Andersen ci 

al. 2005) or localised correlative studies that have assessed the relationship between 

mammal populations and fire history at a single fixed trapping location (Begg ci al. 

1981; Kerle and Burgman 1984; Woinarski 2004). 

Although these approaches have been able to consider the importance of temporal 

variability in fire regimes, they have failed to address the importance of spatial 

variability in fire patterning. Such fine scale spatial patchiness, a factor considered to 

be an important attribute of traditional Aboriginal burning practices (Yibarbuk ci al. 
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2001; Russell-Smith 2002), is frequently posited as an important determinant of habitat 

quality for native fauna and as such is considered a desirable trait in prescribed burning 

for conservation (Brockett et al. 2001; Bradstock et al. 2005; Parr and Andersen 2006; 

Yates et al. 2008). The imposition of a spatially variable fire regime leads to the 

creation of a mosaic of patches of habitat that vary (subtly or quite substantially 

depending on the range of regimes applied) sufficiently to provide a diverse array of 

resources that are accessible to fauna. On the other hand, the imposition of spatially 

(and temporally) uniform fire regimes leads to a more homogenous landscape (Figure 

6.1), which as a consequence of the general uniformity described earlier, may not offer 

the full suite of resources required to support a diverse and intact fauna throughout the 

year. 

Studies that have explicitly investigated the role of spatial variation in fire patterning 

have demonstrated its importance to some components of the savanna fauna. In a study 

of the impacts of habitat heterogeneity on mammals around Darwin in the Northern 

Territory, Price et al. (2005) investigated the role of fire regime and spatial variability in 

that regime (as well as other factors including patch size and vegetation extent) in 

determining the presence of mammal species at their study sites. Satellite imagery was 

used to measure the fire frequency for each site over the nine years preceding the 

survey. Spatial heterogeneity in that regime was calculated as the standard deviation in 

the number of fires recorded for each pixel within one and four kilometres of the site 

(Price et al. 2005b). Generalised linear modelling showed that spatial heterogeneity 

was important in determining the presence of two native mammal species, the pale field 

rat Rattus tunneyi and the red-cheeked dunnart Sminthopsis virginiae (Price ci al. 

2005b). 

Fraser et al. (2003) describes the use of an adaptive management experiment to 

demonstrate the importance of spatially variable fire patterning for the persistence of the 

partridge pigeon Geophaps smithii, a granivorous ground-dwelling pigeon that has 

suffered recent declines in abundance and geographic range 

(Franklin 1999; Fraser 2000; Garnett and Crowley 2000; Franklin el al. 2005). This 

species has a home range of approximately eight ha. The partridge pigeon nests on the 
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Figure 6.1 The effects of different fire regimes on Eucalyptus open forest habitat. (a) Unburnt open forest has a dense canopy, dense 
midstorey, deep litter layer, many small shrubs and usually sparse grass cover. (b) Annually burnt forest is characterised by the absence 
of midstorey shrubs and often has a dense annual grass crop and little or no leaf litter. (c) Patchy burns result in a mosaic of burnt 
(marbled grey) and unburnt patches (brown) where the unburnt patches retain leaf litter and low shrubs that may be temporarily lost 
from burnt patches. (d) Uniformly recently burnt habitat will have complete loss of litter, grass and small shrubs and canopy scorch may 
result depending on the intensity of the fire. 
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ground in the early dry season and builds its nest in areas with around 90% vegetation 

cover at the ground level (Fraser 2000). However, they are more likely to feed in areas 

where recent fire has exposed bare ground (showing a preference for areas with at least 

60% bare ground) (Fraser et al. 2003). An intricate application of fire is required to 

produce a suitable array of patches of high quality feeding ground and nesting areas. 

The average size of fire scars must be smaller than the 8 ha home range of the species, 

otherwise suitable nesting sites will not be available within an individual pigeons' home 

range. After the experimental application of fires at a number of sites, partridge pigeons 

were more abundant in areas where prescribed burning had resulted in between 40-60% 

of the patch being burnt, leaving adequate feeding and nesting habitat (Fraser ci al. 

2003). This study elegantly demonstrated how important fine-scale patchiness can be in 

maintaining a suitable mix of habitats and resources that will enable the persistence of 

individual species within the 

landscape. 

Figure 6.2 (A) The visible mosaic showing (a) intra-patch (unburnt black patches within a 
white burnt patch) and (b) interpatch (between burnt patches) variation. (B) The invisible 
mosaic, with legend showing the post-fire fuel age in years. The patches within this mosaic 
are not visible as burnt patches across the landscape (Figure adapted from Parr and 
Andersen 2006). 

The fine-scale application of fire to create a mosaic of patches with different spatial and 

temporal fire histories is often referred to as patch mosaic burning (Brockett et al. 2001; 

Andersen ci al. 2003; Du Toit et al. 2003; Bradstock ci al. 2005; Clarke 2008). Patch 
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mosaic burning assumes that diverse fire patterns can be considered surrogates for 

biodiversity, and that fire patchiness in both space and time will lead to a high level of 

biodiversity i.e. pyrodiversity promotes biodiversity (Martin and Sapsis 1992). 

Although the concept of patch mosaic burning appears simple and logical, mosaics are 

in fact very complex and consist of two distinct levels: the visible and invisible mosaics 

(Figure 6.2). 

The visible mosaic is the obvious patchwork of burnt and unburnt patches within a 

landscape, relating only, for any site, to the most recent fire. It consists of two levels of 

fire patchiness: intrapatch heterogeneity which is the variation in fire intensity including 

the occurrence of unburned patches within a burnt patch) and inter-patch heterogeneity 

(Gill ci al. 2003; Parr and Andersen 2006). The second, more difficult to measure 

component is the invisible mosaic which is the mix of differing long term fire histories 

within patches (Gill ci al. 2003; Bradstock et al. 2005). Measuring the invisible mosaic 

and relating it to biodiversity is considered particularly difficult because it is so dynamic 

(i.e. there may potentially be patches of many different ages, sizes and with many 

different fire histories within a single given area of habitat (Gill et al. 2003)) and 

because the invisible mosaic may be perceived at different scales by different species 

(Parr and Andersen 2006; Clarke 2008). 

Patch mosaic burning has been promoted for the conservation of many taxa including 

birds (Brooker et al. 1990; Garnett and Crowley 1995a; Woinarski and Recher 1997; 

Woinarski etal. 1999). mammals (Pye 1991; Masters 1993; Letnic 2003; Pardon etal. 
2003). reptiles (Trainor and Woinarski 1994; Masters 1996; Woinarski ci al. 1999) and 

plants (Keith and Bradstock 1994: Williams ci al. 2003) and has been adopted as the 

principal fire management strategy in many conservation reserves in Australia, 

including Kakadu National Park (Kakadu National Park Board of Management and the 

Director of National Parks 2007). Yet in their recent review Parr and Andersen (2006) 

suggest that the link between patch mosaic burning and biodiversity is not clear and that 

valuable effort and resources may be wasted in implementing variable fire management 

regimes that do not provide the intended biodiversity outcomes. However, the specific 

examples that they provide as evidence of the shortfalls of patch mosaic burning (e.g. 

(Mills 2004: Parr ci al. 2004) focus only on fire frequency, not other components of the 
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invisible fire mosaic (particularly spatial variability) that the authors themselves 

describe as important for biodiversity. 

The ideal approach to investigating explicit relationships between mammal assemblages 

and spatial variability in fire regimes would involve an experimental study involving the 

application of fine-scale fire regimes over a number of years and at a number of spatial 

scales. The time and resources required for such a study would be substantial and were 

not available for this thesis, so I adopted a retrospective and correlative approach 

instead. 

In adopting this approach I have sought to test three competing hypotheses, each of 

which, if true, will produce a predictable set of results. 

That fire regime (frequency, time since fire and timing of fire i.e. late or 

early dry season) is the primary determinant of mammal abundance in KNP. 

If this hypothesis is true, then the abundance of mammals should increase 

relative to the frequency of fire or the time since fire, irrespective of whether 

fire heterogeneity is low or high. 

That spatial and temporal heterogeneity in fire regimes is the primary 

determinant of mammal abundance in KNP. Differences in the abundance of 

mammals will reflect the variability in fire heterogeneity indices, and will 

presumably be higher where heterogeneity is greatest. 

That factors unrelated to fire patterning (or its associated vegetation 

characteristics) are the primary determinant of mammal abundance in KNP. 

If this hypothesis is true, then the habitat and fire variables used in this 

analysis will not be related to the observed abundance of mammals and there 

will be no portion of the observed differences in mammal abundance that 

can be explained by the fire information considered here. 

To my knowledge this is the first empirical test of the patch mosaic hypothesis through 

the use of long-term fire history data to measure the invisible mosaic. 

Methods 

A complex GIS-based analysis using vegetation and topographic layers intersected with 

a 21-year fine-scale fire history data set that has been assembled for Kakadu National 

Park was undertaken to identify a set of 12 sites with contrasting fire histories (spatially 
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homogenous versus heterogeneous. infrequently burnt versus frequently burnt). Fire 

variability indices describing spatial and temporal components of the invisible fire 

mosaic were used to identify sites that would enable the explicit testing of the relative 

influence of spatial patchiness separately to fire frequency. While the sampling grids 

had to be kept to a size that was manageable for small mammal trapping. they were still 

large enough to allow a reasonable assessment of spatial variation in fire regimes at a 

scale relevant to the species considered (25 ha will cover numerous home ranges of 

most of the species considered here). The matching of scales for the measurement of 

fire patchiness related to specific components of biodiversity has also been a major 

obstacle in assessing the influence of fire heterogeneity on biodiversity (Bradstock et al. 

2005 Clarke 2008). 

I do acknowledge some limitations in this approach. The small number of sampling 

units used in this study (i.e. 12 grids) imposes some limitations on the statistical power 
of the study and the ability of the analysis to discriminate between alternative models. 
However, increasing the number of sites would have been logistically unworkable (with 
only 12 sites it was logistically challenging to complete trapping and habitat assessment 
within a reasonable timefrarne and without grids being affected by dry season burning 
activities before I could complete the sampling). The site selection process (described in 

more detail below) is heavily reliant on the fire history data which has some inherent 
associated imprecision (also see below for more detail). Finally, although every attempt 

was made to select sites with matching underlying environmental characteristics (e.g. 
soils, topography. landscape position). I acknowledge that there may be some 
unmeasured variation between sites that is unrelated to fire but that maybe important for 
mammal assemblages. Despite these potential shortcomings (which I saw no way of 
overcoming without incurring prohibitive costs and resource demands) this study 

represents a significant step in improving our understanding of the significance of 
variability in fire regimes to mammal assemblages in the northern savannas. 

Site seleclion 
An extensive library of fire data has been compiled for KNP since 1980, providing a 
detailed history of fire regimes for the entire Park (Russell-Smith ci al. 1997b). For 

this study, the entire extent of KNP was divided into 25 metre x 25 metre pixels. For 
each of these pixels, the fire history library was used to derive a number of summary 
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fire layers that quantitatively described the fire regime for that area in the 21 years 

preceeding the sampling. For each pixel, the following layers were derived: 

• The total number of fires (over the 21 year period, maximum value = 21); 

• number of late dry season fires (maximum value = 21); 

• the longest interval between fires during the 21 year period; 

• time since the last fire; 

• fire trace (a compound index weighting fires by their recency. If the cell was 

burnt in the year preceding our sampling, it scored 21, if in the year preceding 

that it scored 20, etc. The final value for the index was the combined total of 

these scores over the 21 year period. 

An additional set of fire indices was calculated from the fire history data to allow the 

assessment of spatial and temporal patchiness (the invisible mosaic) across the 

landscape of KNP. A window of 20 x 20 pixels was centred on each pixel across the 

extent of the Park and the variability of each of the fire layers (total number of fires, 

number of late dry season fires, longest interval between fires, time since last fire and 

fire trace) was expressed as the co-efficient of variation of the values for each pixel in 

the 20 x 20 pixel window. This value was then assigned to the central pixel, and the 

process was repeated for each pixel across the extent of the Park. The resulting fire 

variability parameters were: 

• coefficient of variation (CV) of total number of fires; 

• CV of number of late dry season fires 

• CV of longest fire-free interval; 

• CV of fire trace; 

• CV of time to last fire; 

• mean of all fire CVs 

A high value indicated that the centre pixel is surrounded by an area that has been 

subjected to a highly heterogenous fire history, while a low value indicates that the pixel 

is surrounded by an area that has an homogenous fire history. These variability indices 

explicitly quantify spatial patchiness across the 25 ha grids, allowing discrimination 

between the importance of this spatial variability from fire frequency. 
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Vegetation and topography layers were then intersected with the fire layers to identify 

open forest patches from which the study sites could be selected. Each site consisting of 

a window of 20 x 20 pixels represented an area of 500m x 500m (i.e. 25 ha) on the 

ground. A set of 12 sites in open eucalypt forest were chosen to represent a range of 

contrasting fire regimes, including a history of small localised fires, to areas that have 

been extensively burnt or remained unburnt for much of the 21 years. I attempted to 

control sources of variation unrelated to fire by sampling all grids at the same time 

(within a 5 week period) and by limiting sites to open forest dominated by Eucalyptus 

niiniata and E. tetradonia on sandy loam soils in relatively flat areas. I also attempted to 

limit spatial auto-correlation issues by spreading the sites as widely as logistically 

possible across the Park. Vehicle accessibility and issues related to aboriginal cultural 

sensitivities were also taken into account when selecting sites. The 12 sites were located 

in Jim Jim, Nourlangie, South Alligator and East Alligator districts (Figure 6.3). Fire 

history attributes for each grid are shown in Table 6.1. 

As described in previous chapters. there are some important caveats to consider in 

assessing this fire history, mostly relating to inaccuracies in the interpretation of fire 

from satellite imagery. and this inaccuracy becomes greatly magnified over long 

periods, and when attempting to consider histories at the relatively fine scale of the 

sampling grids used here (Russell-Smith ci al. 1997b Edwards ci al. 2003). Measuring 

fire heterogeneity at a finer scale from satellite imagery is problematic. due to errors 

associated with image registration and fire mapping which can be as great as +1- one 

pixel (Russell-Smith ci al. 1997b; Edwards etal. 2003: Price etal. 2005a). 
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Table 6.1. Summary of fire variables for 12 mammal grids. CV =co-efficient of variation. See text for definition of fire indices. 

Longes(fire-free 
interval(years) 5 20 4 21 8 3 6 4 1 3 7 5 

(flint) 
Total number of 
fires over 21 yrs 6 1 8 0 7 12 11 6 16 14 7 4 

(tfire) 
Total no. of/ate 
dry season fires 3 1 4 0 3 2 I 2 9 2 2 3 CD  

(dflre.) 
(I) 

Cumulative fire 53 1 76 0 47 148 165 73 175 126 83 51 
trace (trace) 

No. ofyears 
since last fire 5 20 0 21 8 3 5 3 3 3 0 7 

(Ifire) H 
CV longest fire 

CD 
El 

free interval 40.4 37.6 28.9 0 24.4 12.8 11.6 37.9 35.3 34.3 29.0 0 
(cvffin) 0 -i 

CV total number 24.9 48.2 17.9 0 19.7 11.5 15.0 14.7 4.9 13.2 24.9 9.7 
of fires (cvtfire) 

CVlatedry 
season fires 20.6 45.4 12.7 0 15.6 0 60.3 21.5 7.7 25.1 35.2 12.7 

(cvdfire) 

CV fire trace 44.9 89.4 17.8 0 38.2 13.0 16.3 18.2 5.3 15.2 32.9 3.9 171  
(cvtrace) 

CD 

CV years since 92.0 50.8 346.0 0 49.5 25.8 40.6 29.5 0 31.8 172.8 0 CD 
last fire (cvlfire) 

CD 



Figure 6.3 (see following page). Location of 12 mammal trapping grids in the northern 
half of Kakadu National Park, including an indication of the spatial and temporal 

variability of fire regimes (see Legend for description). 
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Figure 6.4 A comparison of vegetation communities at trapping grids with contrasting fire 
histories and levels of spatial and temporal variability. (a) The Mardugal grid showing the 
fire break that effectively divides the grid in two. Habitat outside the break is regularly 
burnt and lacks any understorey vegetation. (b) Habitat inside the Mardugal firebreak is 
characterised by a thick and diverse midstorey, a mixture of perennial and annual grasses 
and deep leaf litter. (c) The grid at Muirella Park is regularly burnt and is characterised by 
a relatively sparse midstorey and abundant annual speargrass Sarga sp. (d) The grid at 
Nourlangie Camp which had not been burnt for 21 years prior to trapping had a very 
dense and diverse midstorey and a sparse grass layer dominated by perennial species. 

The 25 ha window is larger than a single home range of most of the species considered 

here (but not the northern quoll) (Yates ci' al. 2008). and hence is sufficiently large to 

encompass at least a few overlapping or adjacent home ranges for individuals of the 

same species, and will therefore provide insight into the 

impacts of heterogeneity on the species at the population level (Price ci al. 2005a). I 

believe that the 20 x 20 pixel (25 ha) window used in this study represents a reasonable 
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compromise between managing the error associated with image interpretation to an 

acceptable level, maintaining a scale relevant to the fauna species being considered here 

and managing the sampling regime to a logistically achievable size. 

Mammal trapping 
At each of the 12 sites small mammals were trapped over a four night period over five 

weeks between June and August 2001. At each site, 216 small Elliott traps and 40 cage 

traps were placed 10 metres apart in 16 rows separated by 20 metres, (giving a trapping 

area of 5.1 ha, for a total trapping effort of 864 Elliott trap-nights and 160 cage trap-

nights per site). Traps were baited with a mixture of rolled oats, peanut butter and 

honey each afternoon and checked each morning. All mammals trapped over the four 

nights were marked with a non-permanent and non-unique marker and released at the 

point of capture. The abundance of each species and total mammal abundance was 

calculated as the total number of individuals recorded on each trapping grid (i.e. re-

trapped individuals were not included in the abundance measure). 

Habitat assessment 
On each grid, a range of habitat features including leaf litter cover, canopy height and 

cover, ground cover, tree size classes, standing tree hollows and fallen hollow logs were 

assessed in a five m2  area centred on a trap location (Table 6.2). These features were 

selected based on their possible association with habitat quality for individual mammal 

species. These habitat features were recorded at a representative subset of trap-sites on 

each grid (minimum = 24 trap-sites), except for the Mardugal. Nelly's Place and Old 

Darwin Road grids were measurements were recorded at each trap location (due to 

assistance from a number of other researchers working in the field at the time). 

Statistical analysis 
Differences in habitat attributes between the 12 mammal grids were tested using 

Kruskal-Wallis non-parametric ANOVA tests. Difference in the abundance of 

individual mammal species, total mammal abundance and species riclmess across the 12 

grids was also compared using Kruskal-Wallis non-parametric ANOVA tests. Pearson's 

correlation co-efficients (r) were used to investigate the relationship between fire 

attributes and habitat features. These analyses were conducted using Statistica Version 6 

(Statsoft 2004). 
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Patterns in fire variables and habitat features across the 12 grids were examined with 

ordination, using multidimensional scaling, within the program Primer. All habitat 

features, fire parameters and fire variability indices were used in the ordination, with 

abundances square-root transformed, with compositional similarity of pairs of grids 

assessed using Euclidean distances and with 100 random starts. The relationship of fire 

history parameters, fire variability indices and habitat features to the resulting ordination 

patterns were investigated using vector fitting based on Spearman rank correlations. 

Vector fitting was also used to investigate how the abundance of mammals related to 

the habitat ordination patterning. Ordination and vector fitting analyses were completed 

using Primer Version 6.0 (Clarke and Warwick 2001). 

To further investigate the relationship between the abundance of individual mammal 

species, total mammal abundance and species richness and habitat and fire parameters I 

used generalised linear modelling within an information theoretic approach. Using this 

approach, the best model (the one that loses the least amount of information and is 

parsimonious) from a candidate set of models developed a priori can be identified 

objectively (Anderson ci al. 2001: Burnham and Anderson 2001: Burnham and 

Anderson 2002). Where a single best model cannot be identified from the candidate set, 

multi-model inference can be used to assess the importance of individual parameters 

from the highest ranked models (Burnham and Anderson 2001: Burnham and Anderson 

2002). 

For each individual species. for all species combined and for species richness a set of 

candidate models was developed to investigate the main determinants of mammal 

abundance across the 12 grids, based on (a) information contained within existing 

literature for each species; and (b) specific hypotheses relating to the fire parameters 

being investigated here. Included in each candidate set were seven models that included 

only a single fire or fire variability parameter, a model/s that included a set of habitat 

characters and then a further set of additive models that included fire and habitat 

parameters (see Table 6.3 for a list of all models for each species). Since the fire 

parameters used in the modelling were calculated as a mean across the grid, it was 

necessary to take a mean (or median for interval data) value for the habitat parameters 

to provide consistency in the scale of the explanatory variables used in the modelling 

procedure. 
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I fitted models using GLM assuming a poisson error structure with a logit link function 

in the software package R version 2.5.1 (R Development Core Team 2007). Candidate 

models were ranked using Akaike's Information Criterion (AIC) corrected for small 

sample sizes ( AICC ) (i.e. when the number of samples (n) divided by the number of 

parameters in the model (K) equals less than 40) (Bumham and Anderson 2002)). I 

used a global model for each species (that contained all variables in the candidate model 

set) to examine for goodness of fit of the model from the difference between the 

residual and null deviance (Crawley 2002). Where overdispersion was present QAIC (a 

derivative of AIC corrected for small sample and overdispersion) was used. This is 

simply computed by calculating a variance inflation factor by dividing the log-

likelihood of each model by the overdispersion parameter (calculated as 7,  2/df  of the 

global model) (Burnham and Anderson 2002). The global models were not included in 

the candidate set as they did not specifically relate to any of the hypotheses being tested. 
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Table 6.2 Habitat variables measured on each grid. " Scored as interval data (in sequential categories 1=00/0, 2=<5%, 3=5-10%, 410-
25%, 5=25500/o, 6=50-75%, 7>75%). 

Tree and shrub structure 
Canopy height (canht) Height of tallest woody plants (m) 
Canopy cover (cancov) Percentage foliage cover of canopy (estimated) 
Cover (5- 10 m) (cov5 I O) Percentage foliage cover in layer 5-10 m above ground (i.e.. 

Tall shrubs and low trees) 
Cover (3-5 m) (c0v35)a Percentage foliage cover in layer 3-5 in above ground (i.e. 

shrubs) 

Cover (1-3 m) (cov l3)a Percentage foliage cover in layer 1-3 In above ground (i.e.low 
shrubs) 

Basal area trees < 5 cm DBH Basal area (m2  ha) of trees with D.B.H. < 5cm, derived from 
(ba5) two sweeps of a Bitterlich gaLige 
Basal area trees 5-20 cm DBH Basal area (m2  had ) of trees with D.B.H. 5-20 cm, derived 
(ba520) from two sweeps of Bitterlich gauge 
Basal area trees 20-50 cm DBH Basal area (m2  ha') of trees with D.B.H. 20-50 cm, derived 
(ba2050) from two sweeps of Bitterlich gauge 

Basal area trees> 50cm DBH Basal area (m2 ha 1 ) of trees with D.B.H. >50 ciii, derived 
(ba50) from two sweeps of Bitterlich gauge 
Total basal area (totba) Basal area (rn2 ha') of all woody plants, derived from two 

sweeps of a Bitterlich gauge 
Floristics 
Fruiting trees (bafruit) Basal area (m2  had ) of all fruit bearing trees, derived from 

two sweeps of a Bitterlich gauge 

Eucalyptus rn/n/ala (bamin) Basal area (m2 ha) of E. in/n/ala, derived from two sweeps 
of a Bitterlich gauge 

Midstorey density may be important for some 
arboreal or semi-arboreal species like the fawn 
antechinus and grassland melomys and may be 
related to longer term fire patterns. 
As above 

As above 

As above 

Density of large trees may be an indication of long-
term fire patterns (i.e. density tends to decrease in 
response to frequent and severe fires (Werner 2005: 
Lehmann et al. 2008). Important as they may 
provide hollows for arboreal mammals like brushtail 
possums and black-footed tree rats (Friend and 
Taylor 1985: Kerle 1985). 
As Above 

A measure of food resources for some mammals and 
may also be an indicator of infrequent fire regimes 
(Woinarski 2004) 
E. in/n/ala is an important source of hollows for 
northern brushtail possums and is a good indicator 
of habitat suitability for this species (Kerle 1985) 



Erythrophloem chiorostachys (bairon) 

Pandanus spiralis 
(bapand) 

Basal area (mha') of E. chiorostachys derived from two 
sweeps of a Bitterlich gauge 

Basal area (m2  ha') of P. spiralis, derived from two sweeps 
of a Bitterlich gauge 

An indicator of infrequent fire regimes (Bowman 
and Panton 1995) and is a preferred food source for 
the northern brushtail possum (Kerle 1985) 
Provides nesting sites for the black-footed tree rat, 
especially when tree hollows are limited (Griffiths 
c't of. 2002) 

Dead trees 
Basal area of dead trees <5  cm DBH Basal area (m2  ha1) of dead trees with D.B.H. < 5cm, derived 
(dead 5) from two sweeps of a Bitterlich gauge  

Basal area of dead trees 5-20 cm DBH 
(dead520) 
Basal area of dead trees 20-50 cm DBH 
(dead2050) 
Basal area of dead trees >50 cm DBH 
(dead50) 
Ground cover 
Cover 0 - 0.5 m above the ground 
(cov0half)a 

Basal area (m2 ha) of dead trees with D.B.H. 5-20 cm, 
derived from two sweeps of Bitterlich gauge 
Basal area (m2 ha) of dead trees with D.B.H. 20-50 cm, 
derived from two sweeps of Bitterlich gauge 
Basal area (m2  ha') of dead trees with D.B.H. >50 cm, 
derived from two sweeps of Bitterlich gauge 

Percentage foliage cover in layer 0 - 0.5 m above ground 
(i.e.grasses, forbs and sedges) 

Cover 0.5 - I m above the ground Percentage foliage cover in layer 0.5 - I m above ground 
(covhalf)a (i.e.low shrubs, tall grasses) 

Perennial grass cover (pgr) Percentage ground cover of perennial grasses within a 5 m2  
area centred on each trap location 

Annual grass cover (agr) Percentage ground cover of annual grasses within a 5 m2  area 
centred on each trap location 

Total grass cover (tgr) The sum of annual and perennial cover within a 5 m2  area 
centred on each trap location 

Litter cover (litt) Percentage ground cover that was litter within a 5 m2  area 
centred on each trap location 

Forb cover (forb) Percentage ground cover that was forbs within a 5 m2  area 
centred on each trap location 

Sedge cover (sedge) Percentage ground cover that was sedge within a 5 m2  area 

The basal area of dead trees may be related to long-
term fire regimes, but the relationship may be 
complex because fires (especially high intensity 
fires) may destroy trees as well as killing them. 
As above 

As above 

As above 

May provide important shelter for ground dwelling 
mammals. Strongly affected by whether or not the 
site was burnt at the time of sampling. 
As above 

As above 

As above 

As above 

As above 

As above 

As above 



centred on each trap location 
Bare ground (bare) Pecentage of ground cover that was bare within a 5 rn2  area As above 

centred on each trap location 
Rock cover (rock) Percentage of the ground cover that was rock within a S n12  

area centred on each trap location 
Logs (totlogs) The number of logs (fallen trucks or branches with diameter May be affected by the frequency and recency of 

> 5cm with a 5m2  area around each trap lire at the site 
Leaf litter (leaf) The number of leaves recorded from four stabs of a Strongly affected by whether or not the site was 

sharpened skewer (averaged over 4 stabs) burnt at the time of sampling. 
Fire Parameters 
Fire this year (burnt) Whether the trap site was burnt/unburnt at the time of May directly affect the resources available for small 

sampling. mammals, and is an important factor affecting the 
abundance of some mammals (Legge et al. 2008) 



Table 6.3 Candidate models for the abundance of small mammals in eucalypt open woodland, associated explanatory variables. See Table 
6.1 and 6.2 for explanation of explanatory variable abbreviations. aThese  models were applied separately for the western chestnut mouse and pale 
field rat. h  These models were applied separately for both total mammal abundance and species richness; # basal area Eucalyptus miniata stems >20 
cm DBH. 

Fire models included in all candidate sets 
All species, total ruani mal Ahuiidnce- I lire 
abundance and species Abundance-dfirc 
richness Abundance-hire 

Abundance-trace 
Abundance-cvtfire 
Abundance-cvdfire 
Abundance-cv!fire 

Additional models added to specific candidate sets 
Western Chestnut Mouse Abundance -agr 
and Pale Field Rat a Abundance -pgr 

Abundance -tgr 
Abundance- cov0ha1f+covhalf+litter 
Abundance -tfire+tgr 
Abundance -dfirc+tgr 
Abundance -ltirc+tgr 
Abundance -trace+tgr 
Abundance -pnanus---cvtfire+tgr 
Abundance -cvduire+tgr 
Abundance -cvlfire+tgr 

Delicate Mouse As for western chestnut mouse and pale field rat, plus 
Abundance-rodents 

Black-footed tree rat Abundance-hafruit 
Abundance-hollows 
Abundance-batot 
Abundance-ba20 
Abundance-dead20 
Abundance-bafruit+hol lows+ha20 
Abundance-tfire+bafruit 
Abundance-tfire+hollows 
Abundance-tfire+ba20 
Abundance-tfire+bafruit+hollows+ba20 

11aed on h\1 these ()LIIIiIICd in introduction ol this chapter 

Annual ,'o/iga sp. seeds are eaten all year round by pale field rats (Braithwaite and Griffiths 1996) 
Perennial grasses (e.g. 1/Io1ero/)sis seinialaici) ma\ pros ide important loud in the absence of seeds 
e.g. in periods of post-hre recovery and late in the dry season (l3raithvaite and Griffiths 1996). 
Low shrubs and forbs may,  provide important shelter (Legge et al. 2008) 
Fire frequency. timing and patchiness have been identified as important determinants of abundance 
for the pale field rat (Braithwaite and Griffiths 1996: Price etal. 2005b: Legge etal. 2008). 
Although less studied, the western chestnut mouse has exhibited similarly mixed responses to lire. 
but frequency appears to be important (Kerle and Burgman 1984: Legge etal. 2008) 

The delicate mouse appears to be able to persist in frequently burnt habitats (Braithwaite and Brady 
1993: Legge cial. 2008). It also appears to do well in the absence of other native species e.g. pale 
field rat and western chestnut mouse (Braithwaite and Brady 1993: Woinarski etal. 2001b) 

Flesh' fruits have been found to be an important food source in Kakadu and elsewhere (Friend and 
Taylor 1985: Friend 1987: Woinarski etal. 2004b) 
Day time roosts are usually located in dead trees or large Eucalyptus trees with diameter at breast 
height> 20 cm (Griffiths ci al. 2002). 
Fire frequency and season can affect the phenology and abundance of fruit bearing trees and hollows 
(Woinarski etal. 2004b). 
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Ahundancecvtlire+bafru it±hol 1ows+ha20 
Ahundancecvdfire+hafruit+hol io\vs--ha20 
Abundance-cvl Ire+bafruit+hoiiows+ha20 

Brush-tailed rabbit rat Ahundancetotiogs 
Abundance-canht 
Ahundancecancov 
Abundance-bare. 
Ahundancetotiogs+canht+cancov+hare 
Abundance-tfi re+lot(ogs 
Ahundance.ttire+canht 
Ahundance4fire+cancov 
Ahund'ancettire+barc 
Ahundance1fl re+totlogs+canht--canco 
Abundance -cvtfire+totlogs-scan ht+cancov 
Abundance- cvdfi re+totlogs+canhH-cancov 
Abundance- cvi fi rc+totiogs+canht+cancov 

Northern brushtail possum Ahundance- bafruit 
Ahundan ce- ho I lows 
Abundance-ha20 
Ahundancemini20# 
Ahundanceironha 
Ahundancehafruit+hol Io s+ha20 
Ahundancetfire+hafruit 
Ahundancc-tfi re+hol io\ S 
Abundance-tfi rc+ ml 0120 
Abundance -1hre+ironha 
Abundance tlire+ha20 
Abundance 40re+bafruit+hollows+ba20 
Abundance- cvtfire+hatuit+hoUovs-ha20 
Abundance- cvdtire+balj-uit+hollows+ba20 
Abundance cvltire+hat'ruit+hollo\vs+ha20 

Northern brown bandicoot Ahundanceagr 
Ahundancepgr 
Ahundance-tgr 
A hundan ce litter 
Abundance-cov0half+covhalf-tgr--litter 
Abundance4fire+c0v0ha1f+covhal fl-litter  

I alien logs provide den sites (Firth et al. 2006b) 
increased abundance has been linked to increasing canopy height, decreasing canopy cover and 
hare ground on Cobourg Peninsula (Firth ci al. 2006a). 

Brush-tailed rabbit rats also appear to favour less frequent and less intense fires (Firth ci al. 2006a) 
and these tre characteristics may impact on important habitat foatures. 

Fruit and 41m ers are an important source of food for hrushtail possums. as is the foliage ot 
ronwood trees (Kerle 1985: Kcrlc 1998). 
l,arge lucalvptus miniata provide hollows for day roosts (Kcrle 1985: Kerle 1998). 
Fire frequenc' was an important determinant of possum abundance at Jahiluka in Kakadu (Kerle 
1983: Kerlc and Rurgman 1984: Kerle 1985) 

Northern hron handicoots arc omnivorous and utilise various ground level plants for food, and as 
hunting places for invertebrates and other prey (Gordon 1974: Pardon ci al. 2003). 

I .itter and grasses are also important for nest building (Gordon 1974: Friend and Taylor 1985: 
Pardon ci al. 2003). 



Pardon et a! (2003) that spatial and temporal variation in fire is important in maintaining suitable 
habitat. 

Abundance-dfire+cov0half+covhalf+l itter 
Abundance-lfire+cov0ha1f+covhalf+litter 
Abundance-trace+cov0ha1 f+covhalf+l itter 
Abundance-cvtlire+cov0ha1f+covhal f-flitter 
Abundance-cvdfire+covOhalf+covhal 14-litter 
Abundance-cvlfire+cov0ha1f+covhal f+l itter 

Fawn antechinus Abundance-totlogs 
Abundance-hoI lows 
Abundance-cov 13 
Abundance-cov35 
Abundance-totlogs+hollows+cov I 3+cov3 5 
Abundance-tfire+totlogs 
Abundance-tfire+hol lows 
Abundance-tflre+cov 13 
Abundance--tfire+cov3 5) 
Abundance-cvtlire+hol lows+totlogs+cov 1 3+cov3 5 
Abundance-cvduire+hol lows+totlogs+cov I 3+c0v3 5 
Abundance-cvlfire+hol lows+totlogs+cov 1 3+cov3 5 

Northern quoll Abundance-totlogs 
Abundance-hol lows 
Abundance-batot 
Abundance-batot+totlogs+hollows 
Abundance-tfire+batot 
Abundance-tfire+hol lows 
Abundance-tfire+totlogs 
Abundance-cvtlire+batot+hollows+totlogs 
Abundancc-cvdfire+batot+hollows+totlogs 
Abundance-cvl iire+batot+hollows+totlogs 

Hollow logs are important refuges (Friend and Taylor 1985). 
Dense low level foliage (< 5 m) provides important foraging habitat and was associated with the 
abundance of fawn antechinus at Kapalga Research Station (Friend and Taylor 1985). Fire 
frequency and intensity (season) are important determinants of vegetation structure in this stratum. 

Logs and tree hollows are important sources of shelter in lowland savanna habitats where rocky 
outcrops are few (Oakwood 2000). Frequent and severe fires may alter the availability of these 
habitat lèatures and can lead to increased vulnerability to predation (Oakwood 1997: Oakwood 
2000) 

Total mammal abundance Abundance-hollows+totlogs+cov0ha1f+litter Models combine the parameters thought to be important for individual species, as described 
and species richness ' Abundance-bafruit+ironba+tgr above. 

Abundance-tfire+hol lows+totlogs+covOhal 1-1-litter 
Abundancc-tfire+bafruit+ironba+tgr 
Abundance-dfire+hol lows+totlogs+cov0ha1 f+litter 
Abundance-dfire+bafruit+ironba+tgr 
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Results 

Variability of fire regimes 
The 12 sampling grids used in this study were chosen to represent a variety of fire 

regimes and levels of spatial and temporal heterogeneity in those regimes (Table 6.1). 

The grid at Nourlangie Camp was not burnt at all in the 21 years of fire data, and the 

Nelly's Turn-off grid was burnt only once, twenty years prior to this study. The two 

grids at Munmarlary were the most frequently burnt, in 16 and 14 years out of the 21 

year fire history. Nine out of the 16 fires at one of these grids (Munmarlary A) occurred 

in the late dry season. 

Heterogeneity measures showed varying degrees of patchiness in the fire parameters 

measured (Table 6.1). The total absence of fire at the Nourlangie Camp grid translated 

into zero scores for all the heterogeneity indices i.e. the entire grid remained unburnt for 

the 21 years for which fire data is available. The remaining grids in the Jim Jim and 

Nourlangie Districts, with the exception of Bindji Waters, all have relatively high 

values for at least one of the variability indices, suggesting that there is some spatial 

variability in the manner in which fire occurs across the extent of the grid. In particular, 

the CVTfire and CVLfire for all of these grids are relatively high, suggesting that when 

fires are occurring, they are affecting the grid differentially, resulting in at least some 

spatial patchiness across the sampled area. 

In contrast, most of the grids in the South Alligator and East Alligator Districts have 

low values for all of the variability indices, suggesting uniformity in the pattern of 

burning across these grids. For example, on Munmarlary A the total number of fires 

was 16 and the CV Tfire value was only 4.9, indicating that each time the central cell 

burnt, almost the entire grid was burnt. The exception here appears to be the Entrance 

Station grid which has relatively higher values for all of the variability indices, 

particularly for CVLfire. 

Vegetation and habitat features 
The trapping grids differed markedly in the structure and diversity of vegetation and 

other habitat features (Table 6.4). Kruskal-Wallis ANOVA revealed significant 

differences between the 12 grids for all habitat parameters measured (Table 6.4). At the 

time of sampling, the Bindjil Bindjil grid in the East Alligator District and a large 
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proportion of the Mardugal grid was almost entirely burnt, with no ground layer 

vegetation present. However the remaining unburnt section of the Mardugal grid was 

characterised by a dense and diverse understorey and midstorey layer, a feature shared 

with the grid at Nourlangie Camp. 

Canopy height varied little between the 12 sampling grids, ranging from a mean of 12.5 

rn to 16.5 m at Grid 10 at Munmarlary B. This is to be expected given that the canopies 

of all 12 grids are dominated by the same species, Eucalyptus miniata and E. tetrodonta. 

Canopy cover was greatest at the Bindjil Bindjil grid, followed by the Nourlangie Camp 

grid. Total basal area varied quite significantly between the sites, ranging from 4.9 

2ha at Mardugal to 15.2 m2  ha' m at Grid 10 at Munmarlary B. Basal area of trees >50 

cm diameter at breast height (DBH) was low across all grids, but highest at Grid 10 at 

Munmarlary and at the Four Mile Track grid. The two grids at Munmarlary and the 

Four Mile Track grid also had the highest basal area of fruiting trees, but closer scrutiny 

of the data revealed that this could be attributed almost entirely to the high density of 

Lh'is!ona inermis and L. hum//is palms. Nourlangie Camp had the next highest basal 

area of fruiting trees and this site also had the most diverse assemblage of fruit bearing 

species. The number of tree hollows was highest at the Entry Station Grid and the 

Nelly's Turnoff grid, but there were also relatively high numbers recorded at Muirella 

Park and Mardugal grids. 

There was also considerable variation in ground level habitat features between the grids. 

Litter cover was significantly higher at Nourlangie Camp compared with all other grids. 

Annual grass, particularly Sarga spp. was most abundant at the grids located near Old 

Darwin Road, Bindji Waters and Muirella Park in Jim Jim District and at the Entrance 

Station in South Alligator District. Perennial grasses were most abundant at 

Munmarlary A and the Four Mile Track in the South Alligator District and at Mardugal 

in Jim Jim District. 

Examination of Pearson's correlation co-efficients showed that many of the habitat and 

fire variables were correlated, but there were surprisingly few significant correlations 

(Table 6.5). Canopy height showed a significant positive correlation with both total 

number of fires and fire trace, but canopy cover was significantly positively related to 

fire free interval, time since last fire and the co-efficient of variation in late fires. Not 
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surprisingly basal area in the smallest size class (DBH 5 cm) was positively correlated 

with time since last fire. There were contradictory correlations between the coefficient 

of variation of late fires (CVDfire) and basal area of stems with DBH 5-20 cm and 20-

50 cm with the latter being positively correlated with the CVDfire and the former 

negatively correlated with it. The basal area of fruit bearing trees showed a significant 

negative correlation with the fire parameter CVAll (the sum of the co-efficient of 

variation of all fire parameters), and was also positively related (though not 

significantly) to the total number of fires. 
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ri Table 6.4. Summary of habitat variables for each grid and results of Kruskal-Wallis ANOVA comparing all 12 grids. Values in table 

Jim Jim Jim Jim Nourlangie Jim Jim Jim Jim East East Sth Sth Sth Sth 
Disirici .1111 Jim Alligator Alligator Alligator Alligator Alligator Alligator 
Habitat Attributes 
Small log 1.87 1.57 1.24 1.42 1.30 0.39 3.18 1.68 1.16 3.23 2.39 2.92 160.4 0.000 
Big log 0.24 0.17 0.57 0.26 0.05 0.17 0.31 0.17 0.21 1.05 0.21 0.70 170.3 0.000 
Rock 0.16 7.68 0.00 0.00 0.63 30.87 0.08 0.08 0.00 1.28 9.18 1.88 415.4 0.000 
cover (p 

Litter 38.12 52.36 29.76 87.63 20.25 7.30 3.55 13.09 10.66 15.56 32.77 36.41 494.5 0.000  01 

cover 
Hummock 0 0.01 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.5 0.001 
grass 
Perennial 17.13 16.9 10.48 2.47 9.84 7.70 4.21 6.88 15.54 5.93 7.69 33.73 373.6 0.000 

CL grass 
H Annual 2.16 4.08 20.48 2.63 41.62 31.52 1.99 0.97 2.46 0.49 32.03 0.00 760.8 0.000 (D 

grass 
Sedge 0.13 0.01 0.00 0.00 0.63 0.00 0.63 2.20 0.57 0.00 0.21 0.00 248.6 0.000 
cover 

- 

Forb 7.64 6.10 16.67 5.00 1.72 8.04 0.69 7.69 6.95 4.62 2.26 0.00 382.5 0.000 
cover 
Canopy 12.47 13.66 14.10 13.47 12.49 13.39 15.38 12.85 15.28 16.54 12.97 13.91 307.2 0.000 
height (m) 
Canopy cover 18.55 21.87 11.38 22.63 18.09 11.83 24.92 14.04 13.85 15.49 18.06 15.81 221.5 0.000 
(%) 
Cover 2 3 3 3 2 2 3 3 3 3 3 3 199.9 0.000 
>lOm  a (p  

Cover 3 3 2 3 3 2 3 2 I 2 3 2 269.0 0.000 
5-lOm1 



Cover 3 2 2 I 3 I 1 2 I 2 1 I 1 197.0 0.000 
5ma -- 

Cover 1 2 1 1 3 1 I 2 2 2 - 1 1 2 299.5 0.000 
3ma 

Cover0.5 3 1 3 3 2 4 I 2 2 1 1.5 2 276.3 0.000 
_l ma 
Cover 0 3 3 4 2 5 3 I 3 3 2 4 4 500.3 0.000 
0.5ma 

Basal area 0.55 1.17 1.17 2.47 0.68 0.66 1.52 0.77 1.67 0.74 0.38 0.70 184.8 0.000 
5cm 
Basal area 5- 2 2.29 5.01 6.39 2.91 4.76 1.59 5.25 5.01 4.33 3.97 2.68 383.3 0.000 
20cm 
Basalarea 2.24 5.33 2.89 1.58 6.31 2.57 8.56 3.37 4.46 8.46 6.51 5.19 579.4 0.000  CD 

20-50cm 
Basal area 0.08 0.08 0.05 0.05 0.02 0.03 0.07 0.02 0.09 1.66 0.03 1.11 359.3 0.000 
>50cm 
Total basal 4.89 8.86 9.12 10.50 9.92 8.02 11.75 9.40 11.22 15.19 10.89 9.68 551.3 0.000 
area 
Basal area 0.04 0.12 0.26 0.21 0.10 0.07 0.16 0.11 0.32 0.13 0.10 0.10 102.5 0.000 
dead trees <5  CD 

cm 
Basal area 0.27 0.16 0.46 0.54 0.30 0.38 0.10 0.68 0.53 0.41 0.40 0.23 212.4 0.000 
dead trees 5- 

-t 

20cm 
Basal area 0.23 0.28 0.43 0.14 0.43 0.13 0.64 0.41 0.39 0.72 0.39 0.50 173.7 0.000 
dead trees 20- 
50cm 
Basal area 0.01 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.07 0.01 0.17 345.3 0.000 
dead trees 
>50cm ITI 

Basal area 0.55 0.49 0.42 1.64 1.23 0.33 0.71 0.60 2.80 1.89 0.25 1.81 407.7 0.000  CD 

fruiting  rD 

trees 
J1 



Tree hollows 4.13 2.72 4.00 3.1 I 3.64 3.04 4.92 3.31 2.57 3.85 5.58 3.09 101.5 0.000 
Basal area 0.24 0.28 0.43 0.17 0.43 0.14 0.01 0.32 0.40 0.80 0.40 0.68 299.4 0.000 
dead trees> 
20 cm 

 

Basal area 0.81 0.14 0.07 0.70 0.02 0.65 0.91 1.18 0.39 0.19 361.8 0.000 
Erytli. .95 1.30 
clilorostac/zys 
Basal area 0.27 0.00 0.23 0.04 0.01 0.00 0.00 0.22 0.14 0.07 0.00 0.00 197.5 0.000 
Paiidaius 
spiro/is 
Basal area 0.73 0.91 1.35 0.89 2.52 0.68 0.11 1.50 1.90 3.56 3.25 3.11 461.3 0.000 
Eucalyptus 
miniata 
>20cm 

CD 

CD 

CD 
cn 



Chapter 6 Spatial and Temporal Variability in Fire Regimes 

Table 6.5. Correlation matrix showing relationships between fire variables, 
habitat features, individual mammal species, total mammal abundance and species 
richness. Values are Pearson's correlation co-efficient, entries in red are significant at 
P<0.05. Variables are as per Table 6.1 and 6.2. 

0.37 -0.42 -0.18 -0.49 0.35 0.22 0.46 -0.17 0.30 0.55 0.39 

-0.27 0.34 0.43 0.26 -0.19 0.22 -0.20 -0.20 0.01 -0.14 -0.04 

0.01 -0.06 -0.19 -0.03 0.03 0.02 0.14 -0.35 0.08 0.17 0.06 

0.27 -0.15 -0.35 -0.36 0.24 0.39 0.18 0.04 0.02 0.22 0.13 

-0.05 -0.15 0.03 -0.20 -0.01 0.37 0.28 0.02 0.06 0.34 0.19 

0.70 -0.48 -0.39 -0.45 0.68 -0.11 0.37 -0.11 0.00 0.44 0.10 

-0.45 0.72 0.26 0.83 -0.34 -0.15 -0.34 -0.09 -0.23 -0.36 -0.32 

-0.03 -0.04 0.11 -0.21 -0.04 0.06 0.09 -0.15 0.25 0.16 0.22 

• 
-0.18 0.03 0.03 -0.01 -0.19 0.20 0.23 -0.26 0.43 0.22 0.39 

I 0.01 
ii II iuR1 

-0.08 -0.06 -0.14 0.02 0.18 0.27 -0.31 0.29 0.32 0.30 

Species 

richness  
0.33 -0.31 -0.18 -0.40 0.32 0.28 0.22 -0.23 0.25 0.33 0.28 

-0.16 0.11 -0.22 0.12 -0.16 -0.11 -0.05 0.49 -0.07 -0.16 -0.03 
-0.26 0.61 0.23 0.60 -0.16 -0.03 -0.28 0.22 -0.13 -0.34 -0.17 
0.67 -0.45 -0.54 -0.32 0.63 -0.25 0.26 0.61 -0.30 0.33 -0.09 

-0.23 0.12 -0.25 0.18 -0.49 0.06 0.09 0.49 0.49 -0.04 0.47 
0.31 -0.16 -0.20 0.00 0.26 -0.39 -0.18 0.24 -0.08 -0.26 -0.14 
0.67 -0.71 -0.60 -0.57 0.59 -0.43 0.29 0.42 -0.11 0.34 0.02 
0.61 -0.45 -0.38 -0.32 0.60 -0.34 -0.19 0.12 -0.21 -0.08 -0.22 

I 0.32 -0.30 0.06 -0.25 0.34 -0.28 -0.41 -0.37 0.16 -0.34 -0.07 
t'JFfl1 -0.17 0.06 0.05 0.11 -0.18 -0.21 -0.25 -0.62 0.26 -0.26 0.02 
tI]U -0.12 -0.17 0.28 -0.27 -0.18 0.14 0.32 -0.25 0.27 0.30 0.29 

0.00 0.10 -0.19 0.17 -0.02 -0.16 0.18 -0.17 -0.09 0.15 -0.07 
0.77 -0.80 -0.32 -0.78 0.70 -0.31 0.10 -0.19 0.06 0.19 0.03 

-0.26 0.28 0.86 0.23 -0.08 0.11 -0.15 -0.30 -0.19 -0.11 -0.22 
-0.12 0.11 0.02 0.05 -0.28 -0.03 0.12 -0.21 0.32 0.11 0.26 

-. -0.17 -0.02 0.18 -0.10 -0.25 -0.08 0.22 -0.24 0.30 0.19 0.25 
0.52 -0.17 -0.01 -0.08 0.58 -0.39 -0.40 -0.13 -0.21 -0.30 -0.33 
0.02 0.07 0.13 0.02 -0.02 -0.09 -0.57 -067 0.07 -0.54 -0.21 

-0.17 0.37 -0.08 0.36 -0.20 0.07 0.20 0.70 -0.12 0.13 0.06 
-0.24 0.23 -0.04 0.11 -0.12 -0.10 -0.19 -0.02 -0.24 -0.25 -0.27 
-0.08 0.41 0.00 0.37 -0.09 -0.11 -0.31 0.22 -0.18 -0.35 -0.22 

•1Ti -0.02 0.29 0.57 0.26 0.00 0.00 -0.39 -0.19 0.20 -0.37 0.02 
•,ii -0.17 0.12 0.27 0.04 -0.21 0.20 -0.49 -0.59 0.07 -0.46 -0.14 
•iPti&i -0.43 0.44 0.09 0.40 -0.41 0.10 -0.06 0.50 0.05 -0.18 0.08 

-0.11 -0.13 -0.03 -0.13 0.02 -0.50 -0.28 -0.20 -0.29 -0.35 -0.41 
-0.42 0.43 0.40 0.35 -0.40 0.10 -0.52 -0.14 0.09 -0.59 -0.11 
-0.37 0.21 0.30 0.00 -0.32 0.13 -0.16 -0.25 0.06 -0.22 -0.03 
-0.18 0.37 0.12 0.23 -0.05 0.07 -0.44 -0.61 -0.44 -0.31 -0.54 

Ui1iTiIY -0.36 0.10 0.38 0.01 -0.35 0.57 -0.06 -0.22 0.39 -0.07 0.32 
•MflTAI -0.28 0.17 0.20 -0.01 -0.31 0.08 -0.10 -0.13 0.01 -0.16 -0.04 
•JTti -0.12 0.32 0.55 0.21 0.12 -0.16 -0.57 -0.36 -0.51 -0.48 -0.63 
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Ordination of the grids by habitat features and fire parameters (Fig. 6.4) showed a 

tendency for separation of frequently burnt sites (in the upper right quadrant) to less 

frequently burnt sites (lower left quadrant) (Fig. 6.5a). Likewise, along the horizontal 

axis there is an indication of separation of sites from lower fire variability at the left to 

higher variability at the right (Figure 6.4). The MDS analysis resulted in a stress value 

of 0.07, which corresponds to a good ordination with no real prospects of misleading 

interpretation (Clarke and Warwick 2001). 
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U 
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U 

Figure 6.4. Multi-dimensional scaling (MDS) ordination of grids by their habitat 
features, fire attributes and fire variability indices (Stress = 0.07). 

The fire and habitat parameters were closely clumped in two orthogonal directions, both 

slightly oblique to the horizontal and vertical axes (Fig. 6.5a) A set of inter-linked 

factors associated with low fire frequency (e.g. litter cover and cover of mid-storey 

vegetation) increased towards the bottom left quadrant of the ordination, with factors 

associated with frequent fire in the opposite direction. Orthogonal to this set, a large 

group of factors mostly associated with spatial variation in fire history increased 

towards the bottom right quadrant of the ordination 
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Figure 6.5. Multi-dimensional scaling (MDS) ordination of grids by their habitat features, fire attributes and fire variability indices 
(Stress=0.07) with vector fitting. Length of each vector reflects the magnitude of the correlation with the ordination axes. (a) With all 
habitat, fire parameters and fire variability indices fitted (See Table 6.2 for definition of habitat variables, and Table 6.1 for fire 
variables); and (b) with mammal abundance data fitted. Abbreviations: delm = delicate mouse, quoll = northern quoll. rchdunnart = red checked 
dunnart, rockrat = common rock rat. btphas = brush-tailed phascogale, melo=grassland melomys, kpmm = Kakadu pebble mound mouse, poss = brushtail 
possum, rrattus = black rat, rtunn = pale field rat, bftr = black-footed tree rat, wchrn = western chestnut mouse, conil= brush-tailed rabbit rat, fawnant = fawn 
antechinus, bandi = northern brown bandicoot, sumnind = total number of native individuals sumnsp= total number of native species. 
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Associations between mammals and individual habitat and fire variables 

There was an extraordinary level of variation among grids in the numbers of mammals 

caught (Table 6.6). The grids at Mardugal, Muirella Park and Bindji Waters yielded the 

greatest number of animals. The most common species at these sites were pale field-rat 

Rattus tunneyi, fawn antechinus Antechinus bellus and northern brown bandicoot 

Isoodon macro urus. The pale field rat accounted for approximately 40% of captures at 

these three sites and was notably absent from all grids in the South and East Alligator 

districts. The grids in Jim Jim and Nourlangie Districts also exhibited the highest 

diversity of mammals, with eight species recorded at Muirella Park and seven species at 

Mardugal, Nelly's Turn-off, Nourlangie Camp and Bindji Waters. 

In contrast to this, the grids in the East and South Alligator Districts yielded very few 

animals, with no animals being trapped at the Four Mile grid and only one northern 

brushtail possum and two introduced black rats recorded at the Entrance Station grid. In 

general the grids in the north of the Park exhibited very low species diversity, with only 

two or three species being captured. The only exception to this general observation was 

at the Ngarradj grid where seven species were recorded. However, all seven species 

were recorded in very low numbers. 

Vector fitting of the mammal abundance data to the fire/habitat ordination shows that 

the abundance of most individual species, all native mammals combined and species 

richness appear to be more tightly related to the horizontal (spatial variability) axis than 

the vertical (fire frequency) axis (Figure 6.5b). The few notable exceptions are the 

northern brushtail possum, grassland melomys and brushtail phascogale which are more 

closely associated with the infrequent fire vectors at the lower end of the vertical axis 

and the delicate mouse which is more closely related to frequent fire towards the top 

end of the axis. 
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Table 6.6. Summary of mammal captures at 12 grids selected to represent contrasting fire regimes. No. of captures is the total number of 
different individuals captured from 1024 trap-nights. KW = Kruskal-Wallis Anova statistic. NA=insufficient data for analysis. *District  codes: 
JJ = Jim Jim district, N = Nourlangie district. EA = East Alligator district, SA = South Alligator district. 

echidna 0 0 0 0 0 0 0 0 I 0 0 0 NA 
fawn 30 24 20 14 13 18 0 3 0 0 0 0 89.76 0.000 
antech in us 
northern 0 1 3 I 5 2 2 4 4 I 0 0 25.38 0.008 
quoll 
brush-tailed 0 0 0 I 0 0 0 0 0 0 0 0 NA 
phascogale 
red-checked 0 0 0 0 0 0 0 1 0 0 0 0 NA 
dunnart 
northern 14 9 9 6 4 26 1 7 0 0 0 0 25.27 0.008 
brown 
bandicoot 
northern 2 3 2 3 2 0 0 3 0 6 1 0 23.96 0.013 
brushtail 
possum 
brush-tailed II 1 0 0 0 0 0 0 0 0 0 0 40.23 0.000 
rabbit-rat 
black-footed I 6 2 4 0 4 0 0 0 0 0 0 38.08 0.000 
tree-rat 
grassland 0 0 0 I 0 0 0 0 0 0 0 0 NA 
ni ci omys 
pale field rat 47 13 36 0 4 43 0 0 0 0 0 0 129.10 0.000 
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delicate 0 0 1 
mouse 
kakadu 0 0 0 
pebble- 
mound 
mouse 
western 1 0 5 
chestnut 
mouse 
common 0 0 0 
rock-rat 

Non-native species 
black rat 0 0 0 
TOTAL 7 7 8 
NO. 
NATIVE 
SPECIES 
* 

TOTAL 106 57 78 
NO. 
INDIVID 
UALS OF 
NATIVE 
SPECIES 
* 

* excluding the introduced black rat. 

o o 8 5 1 5 2 0 0 179.90 0.000 

0 5 0 0 0 0 0 0 0 NA 

0 14 0 0 0 0 0 0 0 52.46 0.000 

0 0 0 0 1 0 0 0 0 NA 

4 
0 0 0 0 0 0 0 2 0 
7 7 6 3 7 3 3 1 0 1212.0 0.000 

30 47 111 8 20 10 9 1 0 1212.0 0.000 
0 

(t 

-f 
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CD 

CD 
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The generalised linear modelling yielded significant models in all cases except for the 

northern brushtail possum and for species richness. The best models for all other 

species and for total mammal abundance performed very well explaining between 

20.5% and 88.5% of the observed deviance (Table 6.7). Overall, the results of the 

generalised linear modelling were consistent with those from the ordination. Both 

analyses suggest that fire variability indices and/or habitat features that are positively 

related to fire heterogeneity are important in determining abundance of most of the 

mammal species considered here. 

For the ground dwelling mammals considered in this analysis, habitat attributes 

associated with ground cover featured most strongly in the best models, with fire trace 

being the only fire variable included (Table 6.7). Among the models considered, the 

best model for explaining the abundance of both the western chestnut mouse and pale 

field rat included three ground cover parameters (cover from zero to half a metre. cover 

from half to one metre and litter cover), explaining 82.4% and 54.6% of the deviation 

respectively. Examination of the co-efficient estimates showed that both species had a 

significant positive relationship with all three variables (Table 6.8). For the delicate 

mouse the best model included only a term for fire trace and explained 78.81% of the 

observed deviance. It had a 71.4% probability of being the best model from the set. 

The abundance of the delicate mouse was significantly and positively related to fire 

trace. 

For the northern brown bandicoot the best model included habitat variables and a fire 

variability index. The probability of this being the best model from the set was 70.7%. 

Examination of the next three best models show that the support for the best model is 

mostly due to the effect of the ground cover parameters and the contribution of fire trace 

was relatively small (Table 6.7). Somewhat surprisingly, the abundance of northern 

brown bandicoots was negatively related to all the parameters in the best model, except 

cover in the half to one metre range (Table 6.8). 

For the arboreal and semi-arboreal species considered in this analysis the best models 

for most species (except the northern brushtail possum) included variables relating to 

fire frequency. canopy structure and height. For the black-footed tree rat the best model 

was a combination of total number of fires and the basal area of trees with DBH > 20 
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cm. The remaining models with some support (i.e.. w.<10) all included terms for the 

basal area of fruiting trees and tree hollows. The abundance of the black-footed tree rat 

was negatively related to both the total number of fires and (unexpectedly) the basal 

area of trees with DBH>20 cm (Table 6.8). The best model for the closely related 

brush-tailed rabbit rat also included a term for the total number of fires, this time with 

an additional term for canopy height. This model was clearly the best of the set 

considered explaining 79.9% of the observed deviance. Brush-tailed rabbit rats had a 

significant negative relationship with total number of fires and canopy height. 

The best model for the northern quoll included a single term for the total number of 

fallen logs. However there was a high degree of model uncertainty, and a further three 

models had considerable support (AAIC<2) and 12 models had some support 

(AAIC<10) (Table 6.7). The best model explained 20.5% of the observed deviance but 

had only a 23.6% probability of being the best in the set. Northern quolls had a 

negative relationship with the total number of logs. The best model for the fawn 

antechinus included a term for the co-efficient of variation of the total number of fires 

and a number of habitat variables (Table 6.7). The abundance of the fawn antechinus 

had a significant positive relationship with all of the variables in the best model, except 

for the number of fallen logs (Table 6.8). 

The best model that explained variation in total mammal abundance across the 12 grids 

was a combination of the co-efficient of variation of total number of fires, tree hollows, 

fallen logs, cover in the zero to half a metre height range and litter cover. No other 

models considered in the candidate set had any support. This model explained 62.9% of 

the observed deviance (Table 6.7). Total mammal abundance had a significant positive 

relationship with the co-efficient of variation of total number of fires, tree hollows and 

litter cover and a significant negative relationship with the number of fallen logs and 

cover in the zero to half a metre height (Table 6.8). 
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Table 6.7 Model selection results for the analysis of the abundance of individual species, all native mammals combined and the number 
of species, showing maximised log-likelihood function (log(L)), number of predictor variables (K), AIC values, AIC differences (&) and 
Akaike weights (w1). % deviance is the deviance explained by each model compared to the null model, a  See Table 6.1 and 6.2 for 
explanation of variable abbreviations. Only models with support (AAlC<lO) are shown ranked in order of their relative likelihood given by the 
Akaike weights (w1 ), and those models with substantial support (AAIC<2) are shown in bold. Log(L) is the maximised log-likelihood of the 
model, K is the number of estimated parameters, AIC is the selection criteria, and AAICC  is the difference between the model's AIC value and 
the minimum AIC value. AIC is Akaike's Information Criterion. 

Species ryrr I ii. 
Western chestnut mouse cov0ha1f+covhalf+Iitter 4 -I 1.098 35.909 0.0 0.997 82.42% 
Pale field rat cov0half+covhalf+litter 4 -83.129 179.974 0.0 1.0 54.60% 
1)elicate mouse Trace 2 -13.160 31.652 0.0 0.842 78.81 

trace + tgr 3 -13.131 35.262 3.61 0.138 78.95 
Black-footed tree rat tfire+ba20 3 -9.982 32.965 0.0 0.714 22.01% 

tlire+ba1`ruit+ho11ows+ba20 5 -10.269 40.538 7.573 0.016 5.16% 
cvtfire-1-hafruit±hoIlo\s-sha20 5 - 11.156 42.312 9.347 0.007 5.74% 
cvdlire+haftuit 4-hollowss-ha20 5 - 11.254 42.507 9.542 0.006 7.51% 
tlire+bal'ruii 3 - 18.226 42.805 9.84 0.005 37.45% 

Brush-tailed rabbit rat ttire + canht 3 -8.458 25.915 0.0 0.924 79.79% 
totlogs + canht + eancov + hare 5 -5.629 31.295 5.344 0.064 90.51% 

Northern quoll Totlogs 2 -20.256 45.845 0.0 0.236 20.52% 
Null 1 -22.358 47.116 1.271 0.125 - 

Dfire 2 -21.027 47.387 1.542 0.109 12.99% 
ttire+totlogs 3 -19.369 47.739 1.894 0.092 29.18 
tOre 2 -21.368 48.068 2.223 0.078 9.67 
hollows 2 -21.741 48.814 2.969 0.053 6.03 
trace 2 -21.770 48.873 3.028 0.052 5.75 
cttire 2 -21.978 49.290 3.445 0.042 3.71 
cvdfire 2 -22.001 49.336 3.491 0.041 3.49 
lOre 2 -22.011 49.356 3.511 0.041 3.38 
hatot 2 -22.267 49.866 4.021 0.032 0.89 
hatot+totlogs+hollows 4 -18.154 50.023 4.178 0.029 41.04 
cvliire 2 -22.358 50.049 4.204 0.029 0.004 
tiirc+hollows 3 -20.718 50.435 4.590 0.024 16.02 
tfires-batot 3 -21.340 51.681 5.836 0.013 9.94 
cvdlire+hatot+hollows+totlogs 5 -17.763 55.526 9.681 0.002 44.86 

lawn antechinus cvtfire+hollows+totlogs+covl3+cov35 6 -25.197 79.195 0.0 0.999 88.47% 



IL NIIt 

Northern brushtail possum Dfire 2 -21.177 47.688 0.0 0.175 13.28% 
Null 1 -22.699 47.798 0.110 0.166 - 

Ironba 2 -21.938 49.209 1.521 0.082 6.64% 
Mini20 2 -22.011 49.356 1.668 0.076 6.00% 
Lfire 2 -22.188 49.710 2.022 0.064 4.45% 
Ba20 2 -22.343 50.021 2.333 0.054 3.11% 
Cvtlire 2 -22.416 50.165 2.477 0.051 2.47% 
Trace 2 -21.418 50.169 2.481 0.051 11.18% 
Tfire 2 -22.474 50.281 2.593 0.048 1.96% 
Bafruit 2 -22.671 50.675 2.987 0.039 0.24% 
Cvdfire 2 -22.685 50.703 3.015 0.039 0.12% 
Hollows 2 -22.690 50.713 3.025 0.039 0.08% 
Cvlfire 2 -22.695 50.722 3.034 0.038 0.04% 
Tfire+ironba 3 -21.202 51.404 3.716 0.027 13.06% 
Tfire+m1ni20 3 -22.474 52.168 4.480 0.019 9.73% 
Tfire+ba20 3 -21.710 52.42 4.732 0.016 8.63% 
Tfire+bafruit 3 -22.374 53.748 6.060 0.008 2.84% 
Tfire+hollows 3 -22.374 53.948 6.260 0.008 1.96% 

Northern bandicoot trace+cov0half+covhalf+litter 5 -27.036 74.072 0.0 0.707 74.77% 
cvtfire+cov0ha1f+covhalf+litter 5 -28.044 76.087 2.015 0.258 76.75% 
tfire+cov0ha1f+covhalf+litter 5 -30.309 80.617 6.545 0.027 70.31% 
cov0ha1f+covhalf+tgr+litter 5 -31.905 83.811 9.739 0.005 67.17% 

Total Mammal Abundance cvtfire + hollows + totlogs + cov0ha1f+ litter 6 -1 14.057 256.91 0.0 1.0 62.88% 

Species richness Null I -30.220 62.84 0.0 0.227 - 

Trace 2 -28.847 63.026 0.186 0.210 12.03 
Tfire 2 -29.381 64.096 1.256 0.121 7.34 
Lfire 2 -29.431 64.196 1.356 0.115 6.90 
Cvlfire 2 -29.745 64.823 1.983 0.084 4.16 
Cvdfire 2 -29.761 64.856 2.016 0.083 4.01 
Cvtuire 2 -29.815 64.963 2.123 0.079 3.54 
Dfire 2 -29.929 65.191 2.351 0.070 2.54 
bafruit+ironba+tgr 4 -28.122 69.959 7.119 0.006 18.37 
hollows+totlo2s+cov0ha1f+litter 5 -29.815 71.63 8.79 0.003 38.58 

I'J 
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Table 6.8. Regression co-efficient and standard error estimates for the best models for the change in abundance of 
individual species and total mammal abundance across the 12 trapping grids. Only those species for which the best model 
was not the null are included. (*** significant at p=O.00l **significant at p=O.Ol.  *significantat  p=0.05. #significant at p=O.1). 

Variable I Variable 2 Variable 3 Variable 4 Variable 5 'ITfli1rT 
Western chestnut Intercept covOhaif Covhalf Litter 
mouse -84.499 14.489 8.621 0.378 
Estimate 32.49** 5.259** 3.408* 0.165* 
S. e. 
Pale field rat Intercept covOhaif (Iovhalf Litter 
Estimate -5.357 0.891 1.602 0.032 
s.c. 1.51 0.269*** 0. 181*** 0.008*** 

Delicate mouse Intercept Trace 
Estimate -2.580 0.026 
s.e. 0.912** 0.006**  SID 

Black-footed tree rat Intercept Tfire Ba20  rD 

Estimate 2.106 -0.113 -0.065  011 
s.c. 0.506*** 0.061t 0.034/  CA 

Brush-tailed rabbit rat Intercept Tfire Canht 

Estimate 164.256 -1.679 -12.186 

s.e. 57.084** 0.691* 4.244** 
Northern brushtail Intercept 1)tire 

possum 1.115 -0.225 

Estimate 0.358** 0.147 
CD 

S.C. C 
Northern quoll Intercept Totlogs 
Estimate 1.561 -0.459 

s.e. 0.475** 0.239k 
Fawn antechinus Intercept Cvtfire Hollows lotlogs cov13 cov35 
Estimate -5.177 0.131 1.605 -3.962 1.862 1.330 
S. I .785** 0.024*** ()473*** (L829*** 0354*** 0.468** 
Northern brown Intercept Trace covOhaif Covhalf Litter 
bandicoot 1.416 -0.029 -0.272 1.896 -0.036  171 
Estimate 1.108 0.008*** 0.252 0.328*** 0.012**  CD 

s.e. 
Total native mammals Intercept Cvtflre Ilollows Totlogs covOhalf Litter rD 

Estimate 5.554 0.043 0.635 -1.577 -0.674 0.002 
s.e. 0337*** 0.005 0.101*** 0.141*** 0.120*** 0.002 

CD 



Chapter 6 Spatial and Temporal Variability in Fire Regimes 

Discussion 

This study has shown that, within the constraint of a single vegetation type, there were 

substantial differences in the structure and composition of the vegetation and some 

other habitat features across the 12 sampling grids exposed to these contrasting fire 

regimes. On the infrequently burnt grids, leaf litter was more abundant, canopy height 

was greater, canopy cover above one metre was greater, basal area in the smaller size 

classes (0-5 cm and 5-20 cm) was also greater and the diversity of fruit bearing trees 

was greater. These differences in vegetation and habitat characteristics are consistent 

with other studies which have shown that the exclusion of fire in open forest habitats 

dominated by Eucalyptus miniala and E. tetradonta can lead to the development of a 

tall and dense mid-storey and subcanopy with a greater diversity of species (particularly 

broad-leafed woody species) and a concomitant reduction in the density of the grass 

layer and increase in leaf litter (Russell-Smith et al. 2003a; Woinarski 2004). The 

observed habitat differences also serve to partly but independently corroborate the 

image-derived fire histories of the grids. 

There was also considerable difference in the abundance and diversity of mammals 

trapped on the grids. The grids in the Jim Jim and Nourlangie districts yielded the most 

native mammals and generally had the highest species diversity. Conversely, the 

numbers of mammals recorded from the grids in the East and South Alligator districts 

were very low (actual captures tallied no more than 20 individuals over the four nights 

trapping). The pale field rat was the most frequently recorded species and occurred on 

grids with relatively frequent fire and high grass cover. The brushtail possum, black-

footed tree rat and fawn antechinus were recorded most often on grids with a well 

developed mid-storey, intermediate to low fire frequency and relatively high spatial 

variability associated with at least one of the measured fire parameters. The northern 

brown bandicoot showed a similar pattern in relation to fire. The grassland melomys, a 

rainforest associated species (Menkhorst and Woinarski 1992) was only recorded on the 

Nourlangie Camp grid which had remained unburnt for the 21 years preceding this 

study and which was characterised by a dense litter layer and a dense and diverse 

midstorey. 

The results of both the ordination and the generalised linear modelling suggest that most 

of the mammals studied here have significant relationships with fire parameters or fire 
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variability indices, though the particular variables and direction of the relationship 

varies between species, mostly reflecting their various ecologies. For example, both the 

brush-tailed rabbit rat and black-footed tree rat are negatively associated with the total 

number of fires, while the fawn antechinus and total number of mammals is positively 

related to the variability in the total number of fires. In general the results showed that 

most individual species, the total number of mammals and the number of native species. 

increased with increasing spatial patchiness in fire histories. 

Some other mammal species were more closely associated with fire frequency. with 

vector fitting suggesting that the northern brushtail possum, brush-tail phascogale and 

grassland melomys were associated principally with low fire frequency, and delicate 

mouse with higher fire frequency. Of these species, only the brushtail possum and 

delicate mouse were trapped on more than one grid and in sufficient numbers to give 

any reliable statistical outcomes. However, for the grassland melomys (which is a 

rainforest-associated species), the results of the ordination analysis are consistent with 

the reported preference of this species for habitat with dense understorey and sub-

canopy and infrequent fire (Kerle and Burgman 1 984: Woinarski 2004). For the delicate 

mouse and the brushtail possum these results corroborate previous studies which have 

associated the brushtail possum with long unburnt areas with dense, tall understorey 

(Kerle 1985; Kerle 1998) and the delicate mouse with disturbed and frequently burnt 

habitats (Braithwaite and Brady 1993; Woinarski 2000). 

In recent studies of small-medium sized mammals in the savannas of Kakadu (and 

northern Australia in general) inappropriate fire regimes have been implicated as one of 

the most likely causes of rapid and significant declines in abundance (Woinarski et al. 

2001b). In particular. autecological studies of the fawn antechinus, brushtail possum, 

brush-tailed rabbit rat and black-footed tree rat have all indicated that habitat suitability 

declines for these species under a regime of frequent fires (Kerle 1983; Kerle and 

Burgman 1984; Friend 1985; Friend and Taylor 1985; Kerle 1985; Friend 1987; 

Woinarski ci al. 2001b; Firth etal. 2006a). Further. Woinarski etal. 2004 demonstrated 

marked differences in the mammal fauna of an annually burnt site and a site from which 

fire had been excluded for a period of 23 years. It is hypothesised that the broadscale 

application of frequent fire is detrimental to these mammals because it serves to remove 

any fine-scale variation in resource availability, potentially resulting in pronounced 
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periods of resource dearth across large stretches of habitat (Pardon et al. 2003; 

Woinarski et al. 2004b). In contrast to this though, spatial variation in the timing and 

extent of fires can increase resource availability by creating a network of patches of 

habitat that provide food asynchronously throughout the year and that are close enough 

to allow mammals to move between patches as resources deplete (Woinarski el al. 

2004b). This is the underlying premise of patch mosaic burning: that diverse fire 

regimes will maintain a diverse fauna by preventing the development of resource nadirs 

within the landscape (Martin and Sapsis 1992; Parr and Andersen 2006). 

Most studies that have considered the impact of fire regimes on mammals (and other 

components of the biota) in the north Australian savannas have focussed primarily on 

the visible fire mosaic (the visible variation in time-since-fire status of patches spread 

across a landscape) (Begg et al. 1981; Friend 1985; Friend 1987; Andersen et al. 2003; 

Pardon ci al. 2003; Woinarski 2004). The limited capability of these studies to identify 

or explain relationships between species of interest and fire regimes may lie in the fact 

that the important component of fire variability is not captured in simple measures of 

time since fire or fire frequency (Bradstock et al. 2005). Such approaches are unable to 

measure the potential cumulative effects of repeated fires (possibly of varying intensity 

and which may burn all or part a patch of interest) on habitat quality and resource 

availability (Bradstock et al. 2005). In failing to measure the potential cumulative 

effects of the invisible fire mosaic on habitat, such studies can't address the extent to 

which post-fire responses of animals are functions of change in vegetation structure and 

composition that are repeated after each individual fire event (Bradstock et al. 2005). In 

fact, relationships between the visible mosaic and fauna are likely to arise as a result of 

the interplay between the invisible mosaic and its cumulative effect on vegetation 

dynamics, particularly relating to resource production and habitat quality, and the 

visible time-since-fire variation across the landscape (Catling 1991; Cork and Catling 

1996; Gill and Catling 2002). 

The true extent to which fire mosaics will increase the heterogeneity of resource 

availability for particular species is dependent upon the scale of the mosaics relative to 

the home range and dispersal ability of a particular animal (Woinarski et al. 2004b; 

Clarke 2008; Yates ci al. 2008). If the entire home range of a species is burnt (or 

remains unburnt) then there will be no net increase in the array of resources to which it 
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has access. Similarly, if the animal has poor dispersal ability and the entire area 

surrounding its home range has been exposed to the same homogenous fire regime, then 

it will likely be incapable of dispersing to an area where it will be able to locate 

sufficient resources to persist, furthermore localised extinction or loss of a population 

may occur (Woinarski et al. 2004b). The interplay of the visible and invisible mosaic 

can lead to the development of resource refuges (or source habitats) where a species 

may persist and then spread into surrounding habitats as conditions there improve. The 

same argument can be applied when long-term fire histories are considered. Mammals 

are likely to be able to access a more diverse and abundant resources base if parts of 

their home range have temporally variable fire regimes e.g. one patch was burnt last 

year, another three years ago and another has remained unburnt for a decade. 

With the exception of the northern quoll, the mammals considered in this study utilise 

home ranges that do not exceed 10 ha therefore for fires to increase or maintain an 

adequate array of food and shelter resources they must be occurring at an intricate scale. 

less than or equivalent to the size of these home ranges (Woinarski ci al. 2004b; Yates 

ci al. 2008). In this study. indices describing the visible and invisible mosaic were 

calculated for an area of 25 ha. which would easily accommodate a number of 

overlapping or adjacent territories of the species considered here. At this scale, spatial 

variability in the frequency of fire across the grids was closely related to habitat 

attributes of importance for some species (e.g. grasses and other ground level vegetation 

for the ground dwelling pale field rat, western chestnut mouse, delicate mouse and 

northern brown bandicoot, and mid storey abundance and diversity for the fawn 

antechinus) and was therefore an important determinant of the abundance of these 

mammals across the grids. Where mammals were present on grids but at low 

abundance (e.g. the fawn antechinus or northern brown bandicoot) this may indicate 

that, although critical habitat elements for the survival of the species may be present at 

the site, habitat variability may be insufficient to support more than just a few 

individuals within the sampled area. 

By explicitly calculating indices that describe the invisible mosaic. I have sought to 

investigate the importance of this level of fire heterogeneity on the mammals of 

Kakadu's savannas. The results of this study have shown that for many species, and for 

total mammal abundance, the invisible mosaic and the associated cumulative impacts 

222 



Chapter 6 Spatial and Temporal Variability in Fire Regimes 

that it has on vegetation are important determinants of abundance. In this instance I 

have shown that pyrodiversity may indeed beget biodiversity, but the level of fire 

variability must go beyond the visible mosaic to include the cumulative impacts of the 

invisible mosaic on habitat quality. 

This study provides some of the first evidence of a quantitative link between patch 

mosaic burning and mammal abundance in the north Australian savannas. I have shown 

that both spatial and temporal variability in fire regimes affect the distribution and 

abundance of some mammal species found within E. miniata and E. tetrodonia open 

forest in Kakadu. My results indicate that the variability in important habitat features 

across the landscape can be related to the invisible fire mosaic of a site and that this in 

turn affects the abundance of small mammals. By including distinct measurements of 

fire frequency and spatial variability, I have been able to demonstrate the importance of 

the invisible mosaic, and of its interplay with the visible mosaic, at least for some 

species. Other studies in the past have been unable to do this, possibly because they 

have not sought to, or have been unable to adequately capture the spatial component of 

the invisible mosaic at a scale relevant to the study species. 

Shortcomings of this study 

The calculation of fire histories and variability indices underlies the interpretation of the 

results of this study but there are some important caveats to consider when calculating 

these parameters from satellite imagery. The fire histories used to select sites in this 

study were calculated from 21 years of satellite imagery and errors associated with 

assigning pixels as burnt or unburnt may be compounded over multiple years (Russell-

Smith et al. I 997b). Such errors may result in over or underestimation of the level of 

spatial patchiness in burn patterns across the grids. 

Secondly, the histories were compiled from both early season (prior to August 1st  of 

each year) and late season burns (after 1st  August each year) such that any burn that re-

occurred during one season was only considered an early season fire. That is to say that 

should an area of land be burnt in both the early season and the late season in one year 

this burn would only be considered an early season burn (G. Connors pers. comm., 

2001). As a result, the number of late dry season fires may have been underestimated 

and the calculation of variability indices may also be incorrect. This could be an 

important source of error as late dry season fires are often more intense, extensive and 
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considered more destructive to biodiversity (Andersen et al. 2005). An underestimation 

of the number of these late season fires may mask the extent of any effect that these 

fires may be having on the habitat and mammal fauna across the grids. 

Although highlighting the relationship between components of fire variability in 

savanna landscapes and the abundance of some components of the mammal fauna, this 

study has not provided any insight into how best to achieve the level of fire and habitat 

variability required to more effectively conserve these species. Nor did it seek to. 

However, there is an urgent need for such a quantitative approach to fire management 

for conservation. In order to do this, monitoring of fire events is required to identify 

and quantify the invisible mosaic and the manner in which it affects vegetation and 

habitat suitability for fauna (Gill ci al. 2003; Bradstock el al. 2005). Fraser ci al. (2003) 

demonstrated the importance of detailed species-specific information about resource 

requirements and habitat use for the development of fire management programs for the 

conservation of a single species of bird in Kakadu. For most mammals in northern 

Australia, such detailed autecological information is currently not available, but is 

urgently needed if the ongoing persistence of these species is to be assured. 

Although I have demonstrated that most small-medium sized mammals appear to 

benefit from the application of a spatially and temporally variable fire regime, the 

appropriate levels of variability for individual species are yet to be identified. The 

identification of fire management objectives that clearly articulate spatial and temporal 

thresholds for fire management would be of great benefit to the conservation of the 

fauna of Kakadu. and identifying these thresholds should be a priority of future 

research. 

Conclusions 

In this study I have made one of the first attempts of which I am aware to quantify the 

relationship between fire variability, habitat features and the abundance of small 

mammals in the open forest habitats of KNP. In undertaking this study I sought to test 

three hypotheses: 

That fire regime (frequency, time since fire and timing of firei.e. late or early 

dry season) is the primary determinant of mammal abundance in KNP. 
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That spatial and temporal heterogeneity in fire regimes is the primary 

determinant of mammal abundance in KNP. 

That factors unrelated to fire patterning (or its associated vegetation 

characteristics) are the primary determinant of mammal abundance in KNP. 

I have shown that for most of the individual species considered here, along with total 

mammal abundance and species richness, spatial and temporal variability in fire regimes 

are important determinants of abundance. For the delicate mouse and northern brushtail 

possum, fire frequency appeared to be a more important determinant of abundance. For 

the pale field rat and western chestnut mouse, generalised linear modelling suggested 

that habitat parameters were most important in determining abundance, but the 

ordination results and correlative analysis show that these habitat parameters are closely 

linked to fire variability as well. There was a large component of the variation in 

mammal abundance across the 12 grids that was not explained by any of the fire or 

habitat parameters used in this study, and further research is required to investigate 

other factors that may be causing this variation (e.g. predation by feral cats, disease or 

historical impacts of introduced herbivores). 

Considered together, the results of this study suggest that a patch mosaic burning 

strategy is likely to be the best approach to conserving mammal populations in Kakadu. 

However, further detailed autecological studies are required to determine the necessary 

levels of spatial and temporal variability for the persistence of small-medium sized 

mammals in the Kakadu landscape, particularly for those species which appear to be 

undergoing significant declines or range contractions within Kakadu and across 

northern Australia in general (e.g. brush-tailed rabbit rat, northern brushtail possum, 

northern brown bandicoot, pale field rat). The results presented here also demonstrate 

that fire frequency is important for some species, and for some of these species 

(particularly the northern brushtail possum) a management objective of achieving a 

greater area of infrequently burnt patches (i.e. patches that remain unburnt for longer 

than five years) is required. 
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Chapter 7. Preliminary investigations into the distribution and relative 

abundance of feral cats and dingoes in Kakadu National Park. 



Chapter 7 Distribution and Abundance of Feral Cats 

Introduction 

Feral cats (Fe/is catus) have been implicated in or proved to be the cause of the decline 

and/or extinction of numerous mammal and bird species in Australia and elsewhere 

around the world (Dickman 1996). On many islands, predation by introduced cats has 

had an obvious and deleterious impact on the native fauna, particularly birds but also 

mammals (Karl and Best 1982; Bloomer and Bester 1992; Smucker ci at. 2000). 

However, the role of cats in the decline or extinction of species on larger land masses is 

less obvious, primarily because of the co-occurrence of a number of other possible 

causes (Clapperton ci at. 1994). For example, the decline of small-medium sized 

mammals from Central Australia has occurred against a backdrop of altered fire 

regimes, habitat modification resulting from livestock or other introduced animals or 

plants and the introduction of feral predators including cats and foxes (Morton 1990; 

Short and Smith 1994). As a result it has been difficult to determine which of these 

factors have been more or less important in the decline of the mammal fauna in the 

region since European settlement (Morton 1990). 

Recent research, particularly that focussing on mammal reintroduction programs in 

Central Australia, suggests that predation by feral cats may indeed have played a 

significant role in mammal declines (Gibson ci al. 1994; Short and Smith 1994; 

Southgate and Possingham 1995; Moseby and Read 2006). As a result of their 

implication in the demise of some of Australia's native fauna, particularly small 

mammals, feral cat populations in some parts of Australia (particularly arid and semi-

arid regions of Western Australia, New South Wales and the Northern Territory) have 

become the subject of intensive research and control programs (Jones and Coman 1982; 

Edwards et at. 1997; Risbey et at. 1997; Risbey ci at. 1999; Edwards ci at. 2000; 

Risbey et at. 2000; Edwards ci at. 2001; Molsher 2001; Paltridge 2002; Short ci at. 

2002). These studies have revealed that, in areas where rabbits are present, they form 

the bulk of the diet of feral cats and cat numbers tend to be higher. However, where 

rabbits are absent or in low numbers (e.g. temperate forests of eastern and south-eastern 

Australia), small mammals are the most important prey species (Dickman 1996; Risbey 

et at. 1999; Read and Bowen 2001). Some of these studies have also revealed 

relationships between feral cat abundance and the presence and/or abundance of other 

predators, particularly dingoes (Canis tupus dingo) (Dickman 1996; Jolmson 2006; 

Johnson ci at. 2006). Cats are consistently eaten at low numbers by dingoes in all 
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regions of Australia (Corbett 1995a). Dingoes and cats also compete for food especially 

when resources are limited (Dickman 1996) and local declines in dingo numbers have 

been found to facilitate dramatic increases in feral cat numbers (Dickman 1996: Johnson 

2006; Johnson et al. 2006). However, the relationship between feral cat and dingo 

numbers is not always negative. In Central Australia, the carcasses of kangaroos killed 

by dingoes have been observed to sustain feral cat populations during periods of 

drought (Dickman 1996). 

Despite calls for more research into the impacts of feral cats in parts of the Northern 

Territory not infested with rabbits (Strong and Low 1983; Dickman 1996). basic 

information such as the distribution and relative abundance of cats is still lacking for 

much of the Top End of the Northern Territory. Cats were recorded at the Port 

Essington Settlement in the lop End of the Northern Territory by Ludwig Leichardt 

during the 1840's (Abbott 2002). Cats were also recorded as frequently seen around 

Katherine and northwards to the coast in 1912 (Abbott 2002). The earliest records of 

cats in Kakadu are from Kapalga and Deaf Adder Creek in the 1920's (Braithwaite ci al. 

1984). In contrast, dingoes first arrived in Australia some 3,500 years ago (Corbett 

1995a) and rapidly colonised the entire continent (except for Tasmania). Dingoes have 

been studied in some detail at a number of locations in Australia, including the Kapalga 

Research Station in Kakadu National Park (Corbett 1995a). 

There has to date been only one (incomplete and not formally published) study 

focussing on cats in the wet-dry tropics of the Northern Territory (Cameron 1994) and 

one other mammal study in which feral cats were given some consideration (Corbett 

1995a). Both of these pieces of research revealed that feral cats were indeed preying on 

small mammals in the region, particularly native rodents (eg. the dusky rat Rattus 

colletti , pale field rat Raiius tunneyi, and the grassland melornys Melomys burioni) and 

the northern brown bandicoot Isoodon macrourus (Cameron 1994). Some of these 

species, as well as other small mammals that fall within the size range of prey taken by 

feral cats, were among the species found to be declining at Kapalga Research Station in 

Kakadu National Park (Braithwaite and Muller 1997 Woinarski ci al. 2001b). The 

potential role of feral cats in this decline has yet to be determined, primarily because 

there is currently insufficient information about the distribution and abundance of feral 
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cats and the nature and extent of their interactions with prey and other predators in this 

region (Woinarski et al. 2001b). 

Estimating the distribution and abundance of feral cats and dingoes, as with other small 

mammalian carnivores, is made difficult as a result of their tendency to be shy, cryptic, 

solitary and generally present at low densities (Dickman 1996; Edwards et al. 1997; 

Risbey el al. 1999). Methods that have been used to estimate the relative abundance of 

feral cats and dingoes include live captures, scat counts, spotlight surveys, passive track 

counts and active track counts using baits. 

Live capture techniques may employ cage traps or leg-hold traps: the latter is 

considered to be the more successful method but the potential for injury of non-target 

species can render this technique unsuitable in some areas (Short et al. 2002). Spotlight 

surveys, although frequently used to survey mammalian carnivores, often simply fail to 

detect species such as feral cats, dingoes or foxes (Mahon ci al. 1998; Edwards ci al. 

2000) because of behavioural responses of cats and dingoes (i.e. they may avoid looking 

at the spotlight and therefore not be seen) (Jones and Coman 1982) and because 

spotlight surveys only sample a small part of the time that predators are active and a 

small portion of the habitat in which they are found (usually near roads) (Mahon et al. 

1998). As a result, many spotlight surveys reported in the literature may underestimate 

true cat densities (Mahon ci al. 1998). 

Passive and active track counts are also extensively used to estimate relative abundance 

of cats and dingoes. Active-track based methods generally employ some type of bait or 

lure to attract cats to a particular area where the number of tracks will be counted. The 

results of these surveys can be affected by bait shyness (Burgman and Thompson 1982) 

or the appropriateness of baits used during the survey (Clapperton c/ al. 1994; Edwards 

et al. 1997; Risbey et al. 1997). Passive track counts do not employ baits to attract 

target species. Instead, tracks are counted at survey sites located randomly throughout a 

study site, or more commonly along roadsides or vehicle tracks. Scat counts employ a 

similar methodology, in which the number of scats are counted within a sampling area 

and this figure is used to calculate an estimate of abundance. 

Track and scat counts offer a number of advantages over spotlight surveys: they are 

generally less time consuming, sample the entire period in which cats and dingoes are 
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active and as a result may provide less variable estimates of relative abundance. They 

are also useful in that they can be used to simultaneously provide estimates of 

abundance of other species. including potential prey species of interest (Catling and 

Burt 1994). However, data collected from track based methods may be more reflective 

of animal activity levels rather than abundance (Edwards ci al. 2000). Activity levels 

can be influenced by seasonal shifts in resource availability, breeding behaviour, 

territorial responses to conspecifics and interactions with other species (Thomson 1992; 

Lundie-Jenkins ci al. 1993; Allen ei al. 1996; Edwards et al. 1997; Tracey etal. 2009). 

For example, Edwards ci al. (2000) found that cat visitations were lower at bait stations 

previously visited by dingoes. Some of these factors can be mitigated through careful 

study design. For example. carrying out surveys outside of breeding seasons (Edwards 

ci al. 2000), at multiple times throughout the year or in multiple habitat types. In 

addition, careful consideration must be given to the distance between sampling units so 

as to ensure spatial independence in respect to animal movements (Allen ci al. 1996; 

Engeman ci al. 1998: Edwards ci al. 2000). To do this, some knowledge of home range 

size and movement patterns of the target species is required. 

A variety of approaches have been taken to track-based methods. Allen ci al. (1996). 

Catling and Burt (1994) and Mahon ci al. (1998) have utilised passive track-based 

methods to survey feral cats and dingoes with mixed success. Both Allen ci al. (1996) 

and Catling and Burt (1994) established soil plots along vehicle tracks while Mahon ci 

at. (1998) used a similar road based method as well as randomly locating soil plots 

throughout their study site. Road based surveys are particularly useful for dingo 

surveys due to the tendency for dingoes to utilise vehicle tracks. However, this can 

introduce positive bias into these surveys, leading to overestimation of true dingo 

densities. In contrast. Mahon ci at. (1998) found that soil plots randomly located 

throughout their study site provided evidence that feral cats do not show preferences for 

roads, and estimates of their abundance based on sampling of roads may be biased by 

this fact, unless the area of roads is accounted for. 

Many of these methods have been developed and implemented in arid/semi-arid areas of 

Australia where vegetation (especially the ground layer) is relatively sparse, allowing 

greater visibility over long distances for spotlight surveys and easier location and 

identification of tracks and seats. Some of these methods may be less successful in the 
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savaima woodlands of the Top End of the Northern Territory because the tall grass 

understorey (which may reach heights of 2-3 metres during the dry season) greatly 

reduces visibility during spotlight surveys and in some areas may be so dense that it 

prevents the location and identification of tracks and scats. Leg-hold traps (even the 

soft jawed models currently used successfully elsewhere) are unsuitable in the Top End 

because of the large numbers of non-target native species present in these habitats. 

In this chapter I discuss results from a study that used two methods to estimate 

distribution and relative abundance of feral cats and dingoes in the savarma woodlands 

of Kakadu National Park. Both methods employ a combination of spotlighting and 

track counting to provide a relative abundance of both feral cats and dingoes along 

survey transects. Research from elsewhere in Australia has shown that dingoes prey on 

feral cats, and the presence of dingoes in an area may affect the behaviour of feral cats 

(e.g. cats may avoid areas where dingoes have recently been active, a potential source of 

bias in the survey methods employed during this study). For this reason, relationships 

between feral cat and dingo/dog abundance are investigated. Simultaneous mammal 

trapping in the vicinity of cat/dingo survey transects was used to provide information 

about the abundance and diversity of small mammals in these areas and to allow 

investigation into the relationships between cat/dingo numbers and small mammal 

populations. This study represents the first dedicated attempt to quantify feral cat 

populations and their potential impact on small mammals in Kakadu National Park and 

has been prompted by recent concern over the current status of small mammals within 

the Park and the potential role that feral cats may play in determining native mammal 

populations. 
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Figure 7.1. Location of bait station and spotlight survey transects in South Alligator, East Alligator and Jim Jim Districts. 
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Methods 

Two survey techniques were used to investigate feral cat and dingo distribution and 

abundance in two regions within Kakadu National Park. The first technique, which 

utilises baited survey stations, has previously been tested as a method to determine 

relative abundance of feral cats and to test the efficacy of a range of baits at a number of 

sites in the Top End of the Northern Territory (Cameron 1994) and elsewhere in 

arid/semi-arid areas of Australia (Clapperton et al. 1994; Edwards et al. 1997; Risbey et 

al. 1997). As well as providing some indication of feral cat numbers in the study sites, 

this method was also designed to test the efficacy of a number of types and 

combinations of baits and lures for possible use in future trapping programs in Kakadu 

National Park. The second technique has been extensively employed to survey 

mammals on the east coast of New South Wales and Queensland and to survey cats and 

dingoes in the Alice Springs region, but has only been used once in the tropical 

savannas of the Northern Territory (Catling et al. 1999). 

Baited survey stations 
The baited station survey used in this study is based loosely on previous surveys 

performed in the Alice Springs region by Edwards ci at. (1997) and in the Top End of 

the Northern Territory (Cameron 1994). During this survey, two transects were 

established in both the East Alligator and South Alligator Districts of Kakadu National 

Park (Figure 7.1). A fifth transect was established at Mardugal in the Jim Jim District. 

Each of the transects was located along an existing vehicle track that passed through 

Eucalyptus dominated woodland. The dominant tree species were Eucalypts tetrodonia, 

E. miniata and Corymbia bleeseri with a mixed midstorey and dense grass understorey 

dominated by the annual grass Sarga sp. 

Baited survey stations were set up at 200 in intervals along a six kilometre transect 

centred on an existing vehicle track. Survey stations were located approximately 10 in 

into the woodland on the left hand side of the track. At each station an area of 

approximately 1.5 in x 1.5 in was cleared of ground vegetation and covered with a layer 

of sand collected locally. One of five bait/lure/trap combinations was set up at the 

centre of each station. The range of lures and baits used during the study are described 

in Table 7.1. Wire cage traps (700mm x 300mm x 300mm) were the only trap type 

used. Treatments were blocked and randomised every I km, giving five spatial 
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replicates on each transect. Survey stations were checked each morning for tracks and 

animal captures. All tracks visible in the sand were recorded at this time. The sand was 

then raked smooth and the bait replaced each afternoon. Each transect ran for three 

consecutive nights. The two transects in the East Alligator District were surveyed from 

the 21-28 April 2003. and the transects in the South Alligator District were surveyed 

from the 2-9 May 2003. 

The effectiveness of each of the stations (including the control) was evaluated with 

respect to both cats and dingoes. Cat and dingo visitations in each trial were assigned to 

the appropriate station. Data for all the bait/lure combinations from each of the four 

sites were pooled. For each lure, the proportion of stations visited by cats and dingoes 

was calculated and compared using a contingency table analysis equivalent to a chi-

square test (Zar 1999). 

Table 7.1. List of baits, lures and traps used during bait station surveys in Kakadu 
National Park. *Feline  Audio Phonic (FAP) device is a battery operated device that emits an 
amplified cat call (meow) previously used to successfully attract cats to traps in Western Australia and 
Christmas Island (D. Algar pers. Comm.) 

•mIIirIP11flTkI]u 

Control (cleared area, no bait, lure or trap 
2 Feline Audio Phonic (FAP) device and tinned fish based cat food in pipe 
3 Cage trap and tinned fish based cat food 
4 Catnip and cage trap 
5 Tinned meat based cat food in pipe 
6 Tinned meat based cat food in cage and suspended bird feathers 

Spotlight surveys 
Spotlighting surveys were also carried out along existing vehicle tracks in the South 

Alligator (herein referred to as Kapalga) and East Alligator districts (referred to as 

Magela Point), including the areas used for the bait station surveys (Figure 7.1). Two 

spotlighting transects were surveyed in both the Kapalga and Magela Point areas. Each 

transect was surveyed twice. These transects passed through Eucalyptus woodland with 

a dense grass understorey (see above for habitat description). The dense grass 

understorey limited the distance at which cats and dingoes could be observed. To allow 

calculation of density indices from spotlight data it was assumed that cats could be 

detected up to 50 in from the track and dingoes up to 100 m from the track. One of the 

Magela Point spotlight transects included a section of floodplain fringe where the 
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vegetation was dominated by short grasses and only scattered trees (e.g. Pandanus 

spiralis). In this section of the transect it was estimated that cats could be detected up to 

150 in from the track and dingoes up to 200 in. Detection distances were estimated by 

eye. The date of survey, length of transects and total area surveyed for cats and dingoes 

during spotlight surveys is described in Table 7.2. Spotlighting surveys were carried out 

from a vehicle moving at 10-15 km/hr. Observations were made by an individual sitting 

on the roof of the vehicle using a hand-held 100 watt spotlight. Each transect was 

surveyed on two consecutive nights following the bait-station survey. 

Too few cats and dingoes were observed during the individual spotlight surveys to 

employ distance methods to calculate an estimate of density (Buckland et al. 1993). A 

simple index of density for cats and dingoes was calculated and expressed as the mean 

number of individuals of each species observed per square kilometre surveyed, averaged 

over the four surveys in the Kapalga and Magela Point areas. Coefficients of variation 

were calculated for each of these estimates. 

Soil plots 
The second cat and dingo survey was undertaken during June and July 2003. The 

methods used in this survey follow those used by Catling and Burt (1994) and Catling et 

al. (1999) to survey medium and large mammals in forest habitats throughout New 

South Wales and in the Roper River region of the Northern Territory. Survey transects, 

each three kilometres long, were established along existing vehicle tracks at six sites in 

Jim Jim (one transect at Nourlangie Camp), East Alligator (2 transects around Bindjil 

Bindjil) and South Alligator Districts (single transects at Four Mile Hole, Munmarlary 

and Three Pools) of Kakadu National Park (Figure 7.2). Soil plots, each one metre wide 

and spanning the width of the track (approximately four metres), were established at 

200 in intervals along each transect (giving a total of 15 soil plots per transect). The 

number of soil plots with tracks of each species was recorded for three consecutive 

nights. Some tracks, such as those of macropods, were difficult to identify to species 

but incidental observations during visits to the site were used as a guide to the species 

present in the area. For the purpose of analysis, all macropod tracks were grouped. Soil 

plots were checked for tracks each morning and raked clear of tracks and debris each 

afternoon. 
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These methods were not designed to provide comprehensive surveys of the mammals 

present nor to provide accurate estimates of abundance (Catling and Burt 1994). Instead 

the methods provide a means of ranking the abundance of particular species in a given 

area and comparing this index to other sites. As a result, areas of higher or lower 

relative abundance for particular species (in this case feral cats) can be identified. Since 

very little information relating to cat abundance is available for the Kakadu area, data 

collected in this study are compared to the findings of other studies, particularly Catling 

and Burt (1994) and Catling el al. (1999). 
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Correlation of feral cats, dingo/dog and native mammal abundance 
Since small-medium sized mammals are difficult to identify from tracks in soil plots 

(Catling and Burt 1994), additional trapping was carried out to target smaller species. A 

survey quadrat was established in the woodland alongside the first, fifth, ninth, twelfth 

and fifteenth soil plot of each transect, for a total of 30 quadrats over the course of this 

study. These quadrats followed the standard Parks and Wildlife Commission survey 

procedure outlined in Chapter 2. The small mammals captured were identified and 

released at point of capture. Each quadrat operated for the same three nights as the cat 

transect. 

The relationship between the presence/absence of feral cats and total mammal 

abundance at each quadrat was investigated statistically using generalised linear 

modelling. Cat presence/absence was the (binomial) dependent variable and total 

mammal abundance (number of native mammals trapped at each quadrat), dingo 

presence/absence and transect location were the explanatory variables. Dingo 

presence/absence was included in the modelling to investigate whether cats were 

avoiding sites where dingoes were present. Models were fitted using the binomial 

distribution and logit link function because the dependent variable was 

presence/absence data (Crawley 2002). Generalised linear modelling was also used to 

investigate relationships between dingo presence/absence (dependent variable) and cat 

presence/absence. native mammal abundance and transect location (explanatory 

variables). Generalised linear modelling was undertaken using the software package R 

Version 2.5.1 (R Development Core Team 2007). 

Results 

Baited survey stations 
No cats were caught in traps during the survey. The number of captures, visitations and 

bait types visited by each species are listed in Table 7.2. Only five separate cat 

visitations were recorded over the total 360 station-nights (120 stations x three nights) 

(i.e. 1 .4% of stations visited). Three different bait types were visited by cats: feathers 

and meat food with cage, fish food in cage and fish food in pipe. The latter had the most 

cat visitations. However, the same station had a cat visitation on three consecutive 

nights, suggesting that the same cat may have been responsible for all three visitations. 

There were too few observations to warrant or support statistical analysis of this data In 

comparison, there were seven dingo visitations over the 360 station-nights (1.9% of 
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stations visited). Dingoes also visited three different types of bait stations: control, fish 

bait and pipe and the Feline Audio Phonic (FAP) meat food and pipe combination. As 

with cat visitiations, there were too few observations to undertake a reliable statistical 

analysis of this data. Over the duration of the survey no stations were visited by both 

cats and dingoes. A number of native animals also visited the bait stations or were 

trapped in cages over the duration of the survey. 

Spotlight surveys 
Very low numbers of cats were recorded during the spotlight surveys (maximum n1 on 

any night) (see Table 7.3 for summary). One cat was recorded in the vicinity of the two 

transects in the East Alligator district and two cats were recorded at Kapalga. Both the 

sightings in Kapalga were within 1.5 km of each other and were of a large ginger 

animal, suggesting that it may have been the same animal. A total of three dingoes were 

recorded during spotlight surveys. All dingoes observed during the spotlight surveys 

were moving along the vehicle tracks. The four cats were also initially spotted while 

moving along the vehicle tracks but fled into the surrounding vegetation as the vehicle 

drew nearer. The estimated indices of feral cat density derived from spotlighting 

surveys for the Kapalga and Magela Point areas were 0.68 cat/km2  and 0.19 cat/km2  

respectively. Co-efficients of variation for these estimates were high (111% and 200% 

respectively). Indices of density for dingoes at Kapalga and Magela Point were 0/km2  

and 0.1 7/.km2  respectively. The coefficient of variation for dingo density at the Magela 

Point area was also quite high (66.7%). The high co-efficients of variation for density 

indices for both feral cats and dingoes indicates either a large degree of imprecision in 

the survey technique or high spatial variability in the distribution and/or abundance of 

both species. 

Soil plots 
In all a total of 12 species were recorded on the soil plots. This figure consisted of four 

native mammals (northern quoll, northern brown bandicoot, northern brushtail possum 

and agile wallaby), three introduced mammals (cat, dingo and pig), two reptiles (sand 

goarma and an unknown snake) and three birds (emu, scrub fowl and torresian crow). 

The abundance of these species (% of soil-plot-nights with tracks) is presented in Table 

7.4. 
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Cat tracks were recorded on soil plots in four of the six transects, but only in low 

numbers. The highest number of soil plots with cat tracks was at Mardugal (four in total 

or 8.9% of soil plot nights). Cat tracks were recorded on only one soil plot in the other 

three transects. Dingo tracks were recorded more frequently than all other species. 

They were recorded on soil plots in five of the six transects and observed in the vicinity 

of the sixth transect during the survey period. At the Mardugal transect, dingo tracks 

were recorded on 84.4% of soil plots (though it should be noted that a single dog could 

have been responsible for these tracks). The lowest number of soil plots with dingo 

tracks (apart from zero) was the Munmalary transect where only 4.4% soil plots had 

dingo tracks. 

The abundance of other native mammals (% of soil plot nights with tracks) was highly 

variable between transects (Table 7.4). Northern quolls and agile wallabies were the 

most frequently recorded native species, with tracks from both species found on soil 

plots in four transects. The two areas with the highest number of dingo and cat 

recordings also had the highest total abundance and diversity of other native mammal 

tracks. A total of 13 species of small mammals were trapped along the survey transects. 

The abundance (% trap success) of each species at each transect is shown in Table 5. 

The transects at Area I and 2 (Mardugal and Nourlangie Camp) had the highest total 

mammal abundance. No small mammals were trapped along the transect in Area 3 

(Four Mile). 

Correlation of/eral cats, dingo/dog and native mammal abundance 
The low numbers of feral cat and dingo observations impeded model fitting analysis for 

these data. Attempts to fit models to explain the relative abundance of cats and of 

dingoes across the survey sites failed to converge due to the sparsity of the data. 
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Table 7.2. Results of the bait station survey, showing number of visits by cats, dingoes and native fauna species. See Table 7.1 
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1 45 8.9 84.4 2.2 17.8 4.4 4.4 

2 45 2.2 60.0 ** 2.2 4.4 4.4 ** 

3 45 26.7 ** 

4 45 2.2 ** 37.8 13.3 ** 
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Table 7.4. Abundance of all species recorded on soil plot transects in Jim Jim, South Alligator and East Alligator districts of 
Kakadu National Park. Values are the percentage of plot-nights with tracks. See Figure 7.2 for location of sites.**  denotes 
species observed in area but not recorded on soil plots. 



Table 7.5. The abundance of small mammals trapped in quadrats along each transect in Jim Jim, South Alligator and East 
Alligator districts of Kakadu National Park. Values are the trap success rate (%) for each trapped species. (See Figure 2 for area 
locations). 

 

1 360 8.3 0.6 0.3 0.6 0.3 10.0 

2 360 7.8 0.3 0.6 1.9 3.3 13.9 

3 360 0.0 

4 360 1.1 1.9 0.8 0.3 4.2 

5 360 0.3 0.8 1.1 

6 360 1.1 0.3 0.6 1.9 
rt 

Cr 

 

Cr 

-t 

rt 
C 

CD -t 



Chapter 7 Distribution and Abundance of Feral Cats 

Discussion 

The aim of this study was to attempt to provide some estimation of relative abundance 

of feral cats in Kakadu National Park. There has previously been very little focus on 

feral cats in Kakadu, however the population of cats in the 600 km2  Kapalga Research 

Station was estimated to be 16 (Braithwaite et at. 1984; Corbett 1995a). This density 

estimate of 0.03 cats/km2  (Braithwaite et al. 1984; Corbett 1995a) at Kapalga is much 

lower than the estimates produced from spotlight surveys at Kapalga and in the Magela 

Point area during this study (0.68 cat.km 2  and 0.19 cat.km 2  respectively). However, as 

noted above, the co-efficients of variation for the estimates obtained during this study 

were high, and this should be taken into account when comparing these results. 

The estimates of relative abundance of feral cats derived in this study are also 

comparable to those produced in other regions in Australia. Using similar spotlighting 

techniques, Edwards et al. (2000) reported cat densities ranging from 0.007 to 0.043 

cats/km2  from semi-arid rangelands in central Australia. In a survey area in north-

western Victoria, the relative abundance of feral cats was estimated to range from a 

minimum of 0.34 cats/km2  in winter to a maximum of 3.5 cats/km2  in summer, based on 

spotlight surveys (Jones and Coman 1982). 

In their study of medium-large ground dwelling mammals in south-eastern New South 

Wales, Catting and Burt (1994) recorded cat tracks on 1.7- 20.6% of plot-nights in their 

13 study sites. Based on historical data and their own knowledge of mammal 

abundance at their study sites they ranked sites as having scarce, low, medium or high 

cat and dingo abundance according to the number of soil plots with tracks. Cats were 

considered scarce at sites where tracks were recorded on <2% of soil plots, at low 

abundance where tracks were recorded on 2-5% of soil plots, at medium abundance 

where tracks were recorded at 5-15% of soil plots and at high abundance where tracks 

were recorded at >15% of soil plots. In the current study, the highest number of cat 

tracks were recorded on the Mardugal transect (8.9% of soil plots had cat tracks) while a 

number of sites had cat tracks on 2.2% of soil plots. If these sites were to be ranked 

based on the figures calculated by Catling and Burt (1994) the sites in Kakadu would be 

allocated to low or medium cat abundance. 
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Similarly, Catling and Burt (1994) considered dingoes to be scarce at sites where tracks 

were recorded at <5% of soil plots, at low abundance where tracks were recorded at 5-

10% of plots, at medium abundance where tracks were recorded at 10-20% of plots and 

at high abundance where tracks were recorded at >20% of soil plots. They recorded 

dingo tracks on 0.8% to 15% of plot-nights at their 13 study sites compared to 0% to 

84.4% in this study. Based on the rating system of Catling and Burt (1994). the Four 

Mile track site had high dingo abundance, the Bindjil Bindjil transect had medium dingo 

abundance and the Munmalary and Narradj sites had low dingo abundance. Both the 

Mardugal and Nourlangie Camp sites have exceptionally high dingo abundance in 

comparison with the sites in New South Wales. However, as has been noted by some 

studies, high numbers of tracks can be mistakenly attributed to high numbers of animals 

when in fact they could be made by an individual repeatedly returning to particular 

plots, or moving between plots. This highlights the need for an understanding of the 

relationship between an activity index (as used here) and density. Intensive and 

ongoing research is required to gather sufficient data to illucidate these relationships. 

Catling et al. (1 999) used the same soil plot techniques to estimate abundance of cats 

and dingoes in the Roper River area of the Northern Territory. In their study three sites, 

each with 25 soil plots were surveyed for three consecutive nights (giving 75 soil plot 

nights per survey) on four separate occasions. The number of soil plots with cat tracks 

ranged from 1.3% to 21.3%, while the number of plots with dingo tracks ranged from 

1.3% to 62.7%. In comparison with the current study, the Roper River sites had a 

higher maximum number of soil plots with cat tracks but some of the Kakadu sites had 

higher dingo abundance. 

The indices of cat density calculated from spotlight surveys during this study are higher 

than previous estimates of cat density from the Kapalga Research station in Kakadu 

(Corbett 1995a; Corbett et al. 2003). The estimates produced during this study are 

comparable to minimum feral cat density estimates of Jones and Coman (1982) but are 

substantially lower than their maximum density estimates. However, their study was 

conducted in an area that supports a high density of rabbits, a factor known to contribute 

to high feral cat numbers (Dickrnan 1996). The absence of European rabbits in the Top 

End of the Northern Territory has been regarded as an important factor in determining 

perceived low numbers of feral cats in this region. However, a lack of information 

246 



Chapter 7 Distribution and Abundance of Feral Cats 

regarding the distribution, abundance and ecology of feral cats in this region precludes 

the confirmation of this hypothesis. 

A comparison of the estimated dingo density calculated from spotlight surveys in this 

study and that of Edwards et al. (2000) suggest that dingo numbers are high in Kakadu 

National Park. Comparison of track counts from eastern Australia (Catling and Burt 

1994) and the Roper River (Catling et al 1999) also support this result. Many authors 

have suggested that dingo density can have a regulating effect on feral cat numbers 

(Morton 1990; Dickman 1996; Smith and Quinn 1996; Edwards et al. 2000; Read and 

Bowen 2001). This effect can arise as a result of dingoes preying on feral cats or 

through competition for resources (Dickman 1996). Corbett (1995) recorded 

considerable overlap in prey species (particularly small-medium sized mammals) 

consumed by feral cats and dingoes at the Kapalga Research Station. Although this 

study did not show any relationship between cat presence/absence and dingo 

presence/absence further research in this area may be useful in determining factors 

affecting cat numbers in this region. 

The methods employed to estimate the relative abundance of cats during this study have 

many recognised limitations, and when animals are present at low densities (as is the 

case here) these limitations can be greatly amplified. Spotlight surveys often simply fail 

to detect cats and dingoes because of their naturally cryptic nature, behavioural 

responses (i.e. they may simply not look at the spotlight and therefore not be seen) 

(Jones and Coman 1982) and because spotlight surveys only sample a small part of the 

time that predators are active and a small portion of the habitat in which they are found 

(usually near roads) (Mahon et at. 1998 Edwards el at. 2000). In addition, the 

estimates of abundance produced from spotlight surveys are often accompanied by high 

coefficients of variation (often in excess of 100% and rarely lower than 40%) (Mahon ci 

at. 1998; Edwards el al. 2000). This may be due to a lack of precision in the survey 

method, spatial variability in the distribution and abundance of the target species or a 

result of avoidance behaviour of the target species. Changes in habitat structure 

(spatially and temporally) can affect the detectability of cats and dingoes during 

spotlight surveys. In this study, dense annual speargrass (Sarga sp..) often limited 

visibility to no more than 100 in from the vehicle. In and Australia, visibility during 

spotlighting surveys is often greater than lOOm (Edwards et at. 2000). This obviously 

247 



Chapter 7 Distribution and Abundance of Feral Cats 

increases the area surveyed and increases the detectability of cats and dingoes at these 

sites. 

Likewise, passive and active track-based methods also suffer a number of shortcomings 

including spatial independence and serial correlation of sampling points (Mahon ci al. 

1998; Edwards ci al. 2000). To avoid these issues careful consideration should be given 

to the distance between sampling points in relation to the home range and movement 

patterns of the target species (Mahon ci al. 1998; Edwards etal. 2000). In this study, the 

numbers of cats observed per survey was so low that this point was irrelevant. 

However, it may be an important consideration for any future research in this area. 

The use of baits to attract target species to survey sites can also cause some errors in 

resulting density or abundance estimates. Scent based lures can lead to the avoidance of 

an area by less dominant individuals of a species, or alternatively could attract 

abnormally high numbers of the species to a site (e.g. a lure based on female scent may 

attract a high number of males, leading to an overestimate of local abundance or 

density) (Clapperton cicil. 1994: Edwards ci al. 1997: Risbey ci al. 1997). Baits may 

also attract species that deter visitation by the target species. For example Edwards cI 

al. (2000) found that cat visitation rates were lower at bait stations that had been visited 

by dingoes. In this study, visual lures (bird feathers), olfactory lures (catnip), auditory 

lures (FAP devices) and food baits were tested, with none of these baits proving to be 

more effective than the others. The decision to test these lures was based on their 

success at other localities. Clapperton ci al. (1994) found that catnip extracts were more 

attractive to cats than any food based or visual lure and in Western Australia. FAP 

devices have increased trap success of feral cats (D. Algar pers. comm. 2003). Neither 

of these lures proved to be successful in KNP. Further testing of a range of lures and 

baits may be useful in identifying more effective baiting methods. 

Conclusion 

Feral cats were recorded (either visually or by tracks) in all bar one site during this 

study. indicating that they are indeed present in the savanna woodlands at a number of 

localities within Kakadu National Park. However, due to the relatively small sample 

size and the limited extent of these surveys (both spatially and temporally) the indices of 

abundance presented here should be considered preliminary and require further 
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investigation. So although anecdotal evidence from long-term residents, Aboriginal 

traditional owners and employees of Kakadu National Park asserts that feral cats are not 

common in Kakadu, the results of this study suggest that they are present in a number of 

locations and in numbers comparable to other areas of Australia in which cats have been 

implicated in the demise of native species. The small amount of evidence available 

suggests that feral cats are feeding on mammals in the savannas of the Northern 

Territory (Cameron 1994). However, the level of predation is difficult to quantify 

without more reliable estimates of feral cat abundance and further study of dietary 

selection. As a result it is difficult to infer from this study what effect, if any, feral cats 

may be having on populations of small native mammals in KNP. Much more intensive 

assessments of feral cat abundance, habitat selection, dietary preferences and prey 

availability are required to make any meaningful assessment of any such impacts. The 

presence of large numbers of dingoes in KNP could also be an important factor in 

determining the density and therefore impact of feral cats on native fauna. As such it 

would be prudent to give further consideration to dingo/cat interactions in any future 

research in this area, though developing an appropriate monitoring design might be 

particularly challenging given the apparently low densities of cats in KNP 
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Chapter 8. An assessment of the short-term impacts of cane toads 

Introduction 

The cane toad Rhine/la marina, a native of central America, was first released in 

Australia in 1935 at Gordonvale near Cairns in northern Queensland. The toad was 

introduced via Hawaii in a vain attempt to control the greyback cane beetle and Frenchi 

beetle, two pests of Queensland's sugar cane industry (Hockings et al. 2006). By 1937 

toads had been released in all major sugar cane growing districts in Queensland. Since 

then they have successfully colonised much of tropical Queensland and the Northern 

Territory and are expanding their range into New South Wales and Western Australia 

(Urban c/ al. 2008). 

Cane toads moved into the Northern Territory by following the Nicholson River 

drainage system sometime between 1980 and the 1982-83 wet season (Freeland and 

Martin 1985; Freeland and Kerin 1988; Jacklyn 1992). By 1995 they had moved 

through the lower Roper River catchment (Catling c/ al. 1998); and by 1999 through the 

rest of that catchment and much of eastern Amhem Land. In July 2000 toads were found 

in upper tributaries of the Katherine River, only kilometres away from the eastern 

boundary of Kakadu. They were first reported within the Park in the wet season of 

200 1/02 at Birdie Creek. They then rapidly invaded the south-eastern parts of the Park 

via the upper South Alligator River and its many tributaries. Almost simultaneously 

toads were moving across the Arnhem Land escarpment and were found around the Jim 

Jim and Twin Falls area in the same year. They were also moving towards the northern 

parts of Kakadu, around the upper East Alligator River. By 2003 they had invaded 

much of the Park and were a common sight around Jabiru in the centre of the Park and 

along the Ambem Highway, the main traffic route to Darwin 

It is anticipated (and indeed has now been observed) that cane toads will be capable of 

successfully colonising almost all of the major habitat types within Kakadu for at least 

some part of the year. With their arrival in these habitats comes the potential for 

dramatic adverse impacts on native terrestrial wildlife. There are three main avenues by 

which cane toads may affect native fauna: competition for resources including food and 

shelter, predation on native species and via toxic effects on predators. 

A number of studies have investigated competition for resources (especially food) 

between cane toads and native fauna, particularly native anurans (Freeland and Kerin 
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1988: Catling etal. 1999: Williamson 1999; Crossland 2000). Despite cane toads being 

ravenous predators, renowned for eating anything that can fit in their mouth the main 

components of their diet appear to be beetles, millipedes, ground-dwelling ants and 

termites. These preferences do provide some niche separation from many native frogs, 

as reported by Freeland and Kerin (1988), but there is still considerable potential for 

dietary overlap with many species including reptiles and ground-dwelling mammals. 

Catling et al. (1999) reported declines in small reptile species in areas colonised by cane 

toads and suspected that this was a competitive effect but could not confirm this 

hypothesis from their data. 

Cane toads can also compete with native species for shelter sites. Cane toads actively 

seek retreat sites to escape dessication and are known to shelter in a variety of natural 

and anthropogenic structures. Schwarzkopf and Alford (1996) reported cane toads 

utilising disused animal burrows as daytime shelters but did not discuss the possibility 

of toads usurping burrows from their native occupants. This phenomenon has recently 

been reported in southeast Queensland where the usurpation of rainbow bee-eater 

Merops ornatus nests by cane toads was found to be the most common cause of nest 

failure (Boland 2004). The extent to which cane toads may compete with other native 

species. including ground- nesting birds, mammals and reptiles, is unknown. 

Toxic effects on predators is the most well-documented impact that cane toads have on 

native fauna. Cane toads are toxic to many predators at all stages of their life cycle 

(Covacevich and Archer 1975: Crossland and Alford 1998) and as a result this avenue 

of impact has received the greatest attention in the debate about the impacts of toads on 

native fauna. Cane toad eggs have been found to be toxic to the tadpoles of many native 

frog species (Alford el al. 1995). Small toadlets and adult toads possess a pair of large 

parotoid glands that secrete a highly toxic concoction of bufotoxins, bufogenins and 

other substances that, if ingested, can be fatal to a wide range of animals including 

reptiles, birds and mammals. Many native Australian predators have proven to be 

particularly susceptible to the toxin and some have apparently disappeared from areas 

invaded by cane toads. In a study of thirty species. Covecavich and Archer (1975) 

identified frog-eating snakes and goannas as the most susceptible predators. Burnett 

(1997) presents compelling anecdotal evidence for the role of cane toads in the decline 

of the northern quoll Dasyurus hal!ucatus, the sand monitor Varanus gou!dii, Merten's 
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water monitor V. mertensi, V. panoptes and the spotted tree monitor V. timorensis 

similis in northern Queensland and this evidence has been corroborated by recent 

research in the Northern Territory (including KNP) (Griffiths and Holland 2004; Doody 

ci at. 2006). Other native vertebrates, including a number of elapid snakes and other 

Dasyurus species, have been observed to die after mouthing or attempting to ingest cane 

toads (Covacevich and Archer 1975). 

Cane toad predation on native species is not as well documented. Despite their 

ferocious appetite and reputed ability to consume a diverse array of prey, the impact of 

predation by cane toads on native fauna has been given little attention. Toads show a 

preference for ground-dwelling invertebrates but they are known to be opportunistic, 

and incidents of large toads consuming small vertebrates, including mammals, have 

been reported (Freeland 1986; Lampo and Bayliss 1996; Hockings ci at. 2006). Again, 

the study of Boland (2004) is one of the first to demonstrate, and measure, the negative 

impact of predation by cane toads, with both eggs and nestlings of rainbow bee-eaters 

consumed by cane toads. 

Very few studies have investigated the impacts of cane toads on vertebrate 

communities. The most substantial study of the impacts of cane toads on biodiversity in 

the Northern Territory was conducted in the Roper River valley (Catling ci at. 1999), an 

area with substantially less biodiversity and fewer potentially susceptible species than 

Kakadu. In recent years, research has demonstrated that the impact of cane toads on 

high order predators can have flow-on effects on other species. For example, nest 

success for pig-nosed turtles in the Daly River increased significantly following 

colonisation by cane toads, as a result of a rapid and significant decline in nest predation 

by goaimas (Doody ci at. 2006). As a result of a lack of evidence of the impacts of cane 

toads on native species, there has been continued uncertainty and debate about the 

nature and extent of the likely impacts of cane toads on the vertebrate fauna of KNP. 

The KNP Plan of Management 1999-2004 (Kakadu Board of Management and Parks 

Australia 1999) recognised that cane toads were likely to enter the Park during the life 

of the plan and that the invasion of toads may initially (and perhaps in the longer term) 

have a significant impact on the biodiversity assets of the Park. As part of the response 

to this realisation, a strategic risk assessment was undertaken to identify key vulnerable 

species and habitats within Kakadu National Park. This risk assessment was based on 
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information obtained from relatively few published and unpublished scientific and 

anecdotal reports, especially for vertebrate fauna (van Dam et al. 2002). Potential 

impacts on native species were assessed under three categories: effects on predator 

species; effects on prey species and effects of resource competition. Although the risk 

assessment was relatively comprehensive, van Dam ci al. (2002) stressed that the 

assessment highlighted major information gaps that contribute to the high degree of 

uncertainty about the potential impacts of cane toads in Kakadu. The assessment also 

highlighted the need for research aimed at providing baseline information to assess 

these impacts on particular species and habitats. 

In this chapter I describe an assessment of the short-term response of the terrestrial 

vertebrate fauna of southern Kakadu to the arrival of the cane toad. In doing so I test 

some of the predictions of van Dam et al. (2002) in relation to the susceptibility of some 

species to cane toad impacts and discuss these results in light of previous studies in the 

Northern Territory. 

Methods 

In the dry season (May-August) of 2001, vertebrate fauna surveys were carried out at a 

series of 263 quadrats in the southern parts of Kakadu. The sampling procedure 

adopted at each of those sites is detailed in Chapter 3. During the wet season of 

2001/2002, cane toads colonised much of the south-eastern corner of KNP, including 

many of the sites sampled in 2001. 

To assess the short-term impacts of cane toad invasion on terrestrial vertebrate fauna 

some of the 263 sites were resurveyed during the dry season of 2002. A total of 110 

sites were resurveyed: 77 "impact" sites that had been invaded by cane toads in the 

preceeding wet season and 33 control" sites that had not yet been invaded by toads 

(Figure 8.1). Sites were relocated as precisely as possible by using GPS co-ordinates 

collected in 2001. In order to minimise seasonal variation in the results, each site was 

re-sampled at the same time of year in 2002 as it had been in 2001 (+/- 6 weeks). 

Sites were identified as impact or control based on regular observations of cane toad 

spread by KNP staff combined with additional observations by myself and other 

researchers working in the area. Identification of sites as control or impact was not 

always straightforward as the timing of cane toad invasion was not always obvious. 
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This was particularly the case when a few toads preceded the arrival of the true "toad 

front". 

Statistical Analysis 
Changes in abundance of individual species or groups of species 

In their assessment of the risks to native wildlife posed by the arrival of cane toads in 

KNP, van Dam et al. (2002) identified and ranked individual species that were likely to 

be adversely affected by the invasion. For some of these species, as well as some other 

burrowing species that may be affected by cane toads, Wilcoxon matched-pairs tests 

were used to compare their abundance in individual quadrats in 2001 and 2002. 

Invaded and control quadrats were considered separately for this analysis. If the 

Wilcoxon Matched-pairs tests revealed a significant change in abundance in the impact 

sites but not the control site a toad impact was assumed. Some species had insufficient 

records to support this analysis. In these instances species were grouped to allow the 

analyis. Species or groups of species that were analysed in this way are listed in Table 

8.1: 

In addition, for every individual species recorded from five or more quadrats. I used 

Mann-Whitney U-tests to compare the change in abundance between 2001 and 2001 for 

the set of Invaded quadrats and the set of Control quadrats. Two tailed tests were used 

so as to allow consideration of increase or decrease in the set of Invaded quadrats. 
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Table 8.1 Species and groups of species for which Wilcoxon Matched Pairs tests were 

used to compare changes in abundance between 2001 and 2002 at cane toad invaded 

and control sites. a  Grouping includes fawn antechinus Antechinus be//us, Kakadu 

dunnart Smint/wpsis bindi, red-cheeked dunnart Sminthopsis virginice and common 
planigale Planigale macu/ata' Group includes azure kingfisher,sacred kingfisher and red-
backed kingfisher. C  Group includes sand goanna Varanus gouldii, spotted monitor V. 
panoptes, spotted tree monitor V. tristis, Merten's water monitor V. mertensi, Mitchell's 
water monitor V. mitchelli. V. baritji, V. sca/aris. d  Group includes king brown snake 
Pseudechis australis, western brown snake Pseudonaja nuch a/is, inland taipan Oxyuranus 
scut el/at us. 

Mammals 
N ortliern quoll Dasurus Predator Likely 
hallucatus 
Pale field rat Rat/us tunne vi m Copetitor/prey/predator Not listed 
Western chestnut mouse Competitor/prey/predator Not listed 
Pseucioinvs iicni 115 

Other das urids Predator Uncertain 
Birds 
B I ue- inged kookaburra Predator Possible 
Pied butcherbird Predator Uncertain 
Grey butcherbird Predator Uncertain 
Pheasant coucal Predator Uncertain 
Tawny frogmouth Predator Not listed 
Forest kingfisher Predator Uncertain 
Other kingfishers b 

- 
Predator Uncertain 

Reptiles 
Gilherts dragon Predator Not listed 
Lophognathus gilh er/i 
Goannas C Predator Likely 
Elapid snakes d Predator Likely 
Other snakes (including Predator Possible 
pythons and colubrids) 
Amphibians ! I I 

Lperoleia toad lets Competitor/prey Uncertain 

Finally. I use Spearman rank correlation to test the relationship between the quadrat-

level change in abundance of individual species between 2001 and 2002 and the number 

of cane toads recorded in that quadrat in the 2002 sampling. This analysis provided 

some indication as to whether the impacts of toads were greater when they were present 

in higher numbers. Statistical analyses were undertaken using Statistica Version 6.0 

(Statsoft 2004). 
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As described in Chapter 3 the risk of Type I error is potentially increased in this study 

by testing such a high number of individual species. However, by applying a correction 

such as the Bonferroni correction (where the probability threshold is decreased as a 

function of the number of species tested) (Zar 1999) the resulting risk of Type II errors 

would be unacceptably high in this instance. In the case of this particular study and 

monitoring programs in general it is just as important to minimise Type II errors so as to 

alert managers of possible impacts rather than obscure change. In the following results 

tables, species are listed in order of decreasing sample size (number of quadrats in 

which they occur) in recognition that greater confidence can be held in the significance 

of any difference for those species most often recorded. 

Results 

Over both sampling periods, a total of 122 frog, reptile, bird and mammal species were 

recorded from at least five of the sampled quadrats. Of this tally, 112 species were 

recorded in at least one toad-invaded quadrat in 2002. The northern quoll, Gilbert's 

dragon and the grouped goanna species significantly declined in abundance at the 

invaded quadrats but showed no significant change in the control quadrats (Table 8.2) 

indicating a negative impact as a result of the presence of cane toads. The most marked 

change was for the northern quoll which was not recorded in any of the invaded 

quadrats in 2002 (Figure 8.2). 
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Figure 8.1. Location of quadrats sampled in 2001 and again in 2002 for toad impact study. Red circles denote quadrats that were 
invaded by toads between the two sampling periods 
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Table 8.2. Species or species-groups showing significant changes in abundance in 
invaded quadrats. *p.<0.0005, **p<0•005, ***p<0•05, #p>OO5 a Group includes sand 
goanna Varanus gouldii, spotted monitor V. panoptes, spotted tree monitor V. tristis, 
Merten's water monitor V. mertensi, Mitchell's water monitor V. mitchelli. V. baritfi, V. 
scalaris. 

I Change in mean Wilcoxon Change in mean Wilcoxon 
abundance 2001 matched pairs abundance 2001 matched pairs 

to 2002 statistic to 2002 (+1- s.e) statistic 
Northern quoll -2.5 z=3.52* 05 
Dasyrurus hallucatus  

Gilbert's dragon -0.9 z 2.13*** 0.0 z 0# 
Lophognathus gilberti 

_____________ 
 

Goannasa -0.8 z=2.67*** -0.7 z 1.724  
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Figure 8.2. Change in abundance of quolls at control and toad-invaded sites. Open bars 
represent 2001 samples, cross-hatched bars represent 2002 samples. Error bars represent 
standard error. 
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Changes in abundance of individual species or groups of species 

The results for individual species recorded in at least five quadrats are listed in Table 

8.3 to 8.8 below. Correlation coefficients were relatively uninformative: the impact of 

toads on susceptible species did not appear to be influenced by the number of toads 

present. Amongst the mammals recorded in a sufficient number of quadrats there were 

several notable results (Table 8.3). For the northern quoll, the results of the Mann-

Whitney test supported the Wilcoxon Matched-Pairs Test. In addition, the Mann-

Whitney test also revealed a significant decline of pale field rats Rattus tunneyi in 

invaded quadrats. There was also a similar decline for the western chestnut mouse 

Pseudomys nanus. For other presumed susceptible species including other dasyurids 

(including planigales, brush-tailed phascogale, sandstone antechinus and dunnarts) there 

were too few records to support the analysis. Notably, the northern brown bandicoot 

Jsoodon macro urus and the dingo Can/s lupus dingo. considered to have an uncertain 

response to toads by van Dam ci al. (2002). showed no trend for decrease in toad-

invaded sites. 

Amongst the reptiles, most species showed no significant change in relative abundance 

at toad-invaded sites (Table 8.4). There was however, a significant decline in toad 

invaded sites for the small skink Carlia gracilis and the terrestrial gecko Gehyra nana. 

The dragon Diporiphora bilineata showed a relative increase in toad-invaded quadrats 

but this was not significant. The species richness and total reptile abundance showed a 

significant decline in toad-invaded sites (Table 8.5). Significant declines of skinks and 

geckoes contributed to this result. Total abundance of varanids also showed a relative 

decline in toad-invaded sites but this was not statistically significant. 

There were no significant declines of native frog species in toad invaded sites (Table 

8.6). However, some species, including Uperoleia spp.. Liioria roihi and L. 

wot/ulumensis, showed a relative decline in control sites. Both total abundance and 

species richness of frogs showed a relative decline in control sites. 

The analysis of the bird data revealed that no bird species showed a decline in toad-

invaded sites (Table 8.7). Some species, including the golden-headed cisticola and red-

backed fairy wren declined in control sites while others, including the helmeted 

friarbird, banded honeyeater and lemon-bellied flycatcher showed a relative decline in 

abundance in cane toad invaded sites. The total abundance and species richness of birds 
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increased in both toad-invaded and control sites (Table 8.8). The results showed no 

change in the abundance of a number of species identified as possibly susceptible to 

cane toads, including kookaburras and kingfishers. 

"3 



Table 8.3. Changes in abundance of mammals from 2001 to 2002 in quadrats invaded by cane toads over that period and in quadrats 
that remained toad-free. Species are arranged in order of decreasing frequency of occurrence. Only species recorded from at least five 
quadrats are listed. Note that the total no. of quadrats sampled was 77 for Invaded and 33 for Control. ns=probability>O.1 

Pale field-rat 59 

Common rock- 28 
Northern quoll 17 

Northern brown 26 
bandicoot 
Feral pig 14 

Water buffalo 18 
Kakadu pebble- 8 
mound mouse 
Western chestnut 9 
mouse 
Grassland 8 
iii e I omys 
Delicate mouse 8 
Fawn antechinus 4 

Agile wallaby 6 

Black-footed 4 
tree-rat 
Dingo 2 
Horse 2 
Red-checked 
dunnart 

17 76 3.6 1.8 2.1 3.2 2.89 0.004 -.06 'dnni iicniii decline in nnId-in\ dcd 
quadrats 

9 37 3.3 2.5 2.3 2.0 0.4 ns -Oil ns no marked change 
19 36 2.5 0 1.8 2.3 2.88 0.004 -0.24 ns significant decline in toad-invaded 

quadrats 
7 33 1.0 1 . I 1.3 0.3 1.53 ns -0. IS ns no marked change 

8 22 0.4 0.6 1.0 0 2.8 0.005 0.56 0.007 relative increase in toad-invaded 
areas 

19 0 1.3 1.0 0 - - 0.35 ns too Few records in control quadrats 
7 15 1.6 0.9 0.9 0.3 0.8 ns 0.12 ns no marked change 

5 14 1.8 0.6 0.2 1.4 2.24 .025 - - indication of relative decline in toad- 
invaded quadrats 

3 11 2.5 0.9 2.3 1.0 0.10 ns -0.09 ns no marked change 

3 11 0.9 0.3 0.7 0.3 0.48 ns -0.55 0.08 no marked change 
6 10 0 1.3 2.2 1.3 1.73 0.08 0.18 ns indication ot'increase in toad-invaded 

quadrats 
3 9 0.3 0.8 1.0 0 2.12 0.03 0.57 ns indication of increase in toad-invaded 

quadrats 
3 7 1.0 0.5 0.7 0.7 0.19 ns - - insufficient data, but no marked trend 

3 5 0.5 0.5 1.0 0 1.22 ns - - insufficient data, but no marked trend 
3 5 0 1.0 0.7 0.3 1.15 ns - - insufficient data. but no marked trend 
4 5 1.0 0 1.8 0.8 n/a - - - insufficient data 



all 

Table 8.4. Changes in abundance of reptiles from 2001 to 2002 in quadrats invaded by cane toads over that period and in quadrats that 
remained toad-free. Species are arranged in order of decreasing frequency of occurrence. Only species recorded from at least five quadrats are 
listed. Note that the total no. of quadrats sampled was 77 for Invaded and 33 for Control. ns=probability>0.1. 

Car/ia munda 54 15 69 3.7 5.4 1.1 1.8 0.04 ns 0.36 0.002 no marked change 
Car/ia aniax 40 14 54 6.1 4.4 1.2 1.4 0.91 ns 0.21 ns no marked change 
Heteronotiabinoei 36 13 49 1.2 1.0 0.6 1.0 1.48 ns -0.27 0.06 weak indication of relative 

decline in toad-invaded quadrats 
Cryptob/epharus 39 8 47 1.0 0.8 0.6 1.0 1.07 ns -0.02 ns no marked change 
plagiocepha/us 
Gehyra austra/is 19 7 26 0.7 0.6 0.6 1.6 1.19 ns -0.25 ns no marked change 
Ctenotus inornatus 20 6 26 1.3 0.6 0.8 0.2 0.27 ns 0.37 0.06 no marked change 
Car/ia grad/is 14 4 18 5.9 1.6 0.8 0.5 2.07 0.04 -0.19 ns decline in toad-invaded quadrats 
Notoscincus 14 3 17 1.2 0.9 0.3 1.0 1.18 ns 0.37 ns no marked change 
ornatus 
Morethia storri 11 6 17 0.5 0.8 0.8 1.2 0.11 ns - - no marked change 
Ctenotus 15 1 16 2.8 1.0 0 1.0 n/a - -0.21 ns too few records in control 
vertebra/is quadrats 
Gehyra nana 12 4 16 1.2 0.6 1.3 3.3 2.06 0.04 -0.2 ns weak indication of relative 

decline in toad-invaded quadrats 
Diporiphora 11 3 14 1.0 0.6 1.0 0 0.47 ns -0.08 ns no marked change 
magna 
Morethiaruficauda 10 4 14 0.6 0.6 1.5 0.5 1.06 ns -0.22 ns no marked change 
Lophognathus 11 2 13 1.2 0.3 0.5 0.5 1.06 ns -0.28 ns few records in control areas; but 
gilberti weak indication of relative 

decline in toad-invaded quadrats 
Cienotus 10 2 12 1.0 0.5 0 1.0 1.29 ns 0.29 ns few records in control areas; but 
essingtonii weak indication of relative 

decline in toad-invaded Quadrats 



Dlpori/2hora 9 3 12 3.4 0.4 0.3 1.0 1.85 0.062 0.04 ns few records in control aircus: hut 
hi/ineata weak indication of relative 

decline in toad-invaded quadrats 
Proab/epharus 12 0 12 1.1 0.3 0 0 n/a - -0.06 ns insufficient records in control 
tennis quadrats 
Cienotus coggeri 9 2 II 0.4 1.2 0 1.5 1.00 ns - - no marked change 
Glaphyromorphus 10 I II 0.8 0.3 0 1.0 n/a - -0.39 ns few records in control areas: but 
isolepis weak indication of relative 

decline in toad-invaded quadrats 
Varanus 3 8 II 1.0 0.3 1.1 0.5 0.34 ns -0.17 ns no marked change 
timoriensis 
Diporiphora 10 0 10 1.0 1.0 0 0 n/a - - - insufficient records in control 
ben,ieiti quadrats 
Glaphyromorphus 8 0 8 1.4 0.1 0 0 n/a - - - insufficient records in control 
darwin/ens/s quadrats: but possible decline in 

toad-invaded quadrats 
Mend/a grey/i 3 2 5 1.0 0 1.0 0.5 0.87 ns -0.40 ns insufficient records 
Mend/a ma/ni 4 1 5 1.0 0 0 1.0 n/a - - - insufficient records 
Tropidonophis 5 0 5 0.4 0.8 0 0 n/a - 0.31 ns insufficient records 
maini 
fr'aranus gouldii 2 3 5 1.0 0 1 .0 0 0 ns - - insufficient records 



Table 8.5. Changes in species richness and overall abundance of reptile groups from 2001 to 2002 in quadrats invaded by cane toads 
over that period and in quadrats that remained toad-free. Note that the total no. of quadrats sampled was 77 for Invaded and 33 for Control. 
ns=probability>O. 1. 

Total reptile 77 33 110 4.3 3.1 2.3 2.6 2.87 0.004 -0.08 ns relative decline in toad-invaded quadrats 

species 
Total reptile 77 33 110 11.8 9.3 3.1 4.3 2.83 0.005 0.05 ns relative decline in toad-invaded quadrats 

abundance 
All snakes 14 2 16 0.5 0.7 0.5 0.5 0.24 ns 0.12 ns insufficient records in control quadrats 

Colubrid snakes 8 0 8 0.5 0.6 - - n/a - 0.14 ns insufficient records in control quadrats 

Elapid snakes 4 1 5 0.5 0.5 1.0 0 n/a - -0.41 ns insufficient records in control quadrats 

Pythons 4 I 5 0.3 0.8 0 1.0 n/a - 0.25 ns insufficient records in control quadrats 

All lizards 77 33 110 11.7 9.1 3.1 4.3 2.79 0.005 0.05 ns relative decline in toad-invaded quadrats 

Agamids 42 7 49 1.6 0.6 0.7 0.7 1.51 0.12 -0.22 0.14 weak indication of relative decline in 
toad-invaded quadrats 

Arboreal geckoes 19 7 26 0.8 0.6 0.6 1.6 1.28 ns -0.24 ns no marked change 

Terrestrial geckoes 43 15 58 1.5 1.1 1.1 2.5 2.49 0.013 -0.24 0.07 relative decline in toad-invaded quadrats 

All geckoes 48 17 65 1.7 1.3 1.2 2.9 2.88 0.004 -0.22 0.07 relative decline in toad-invaded quadrats 

Varanids 16 II 27 1.1 0.3 1.2 0.5 0.24 ns 0.02 ns no marked change 

Small skinks 75 30 105 8.3 7.4 1.9 2.3 1.96 0.05 0.18 0.06 relative decline in toad-invaded quadrats 

Large skinks 45 13 58 2.3 1.1 0.4 0.9 2.69 0.007 -0.17 ns relative decline in toad-invaded quadrats 

All skinks 77 32 109 9.4 7.8 2.0 2.6 2.53 0.011 0.15 0.12 relative decline in toad-invaded quadrats 



Table 8.6. Changes in the abundance of frogs from 2001 to 2002 in quadrats invaded by cane toads over that period and in quadrats 
that remained toad-free. Species are arranged in order of decreasing frequency of occurrence. Only species recorded from at least five 
quadrats are listed. Note that the total no. of quadrats sampled was 77 for Invaded and 33 for Control. ns=probability>0.1. * includes U. 
arenicola, U. inundata and U. lithomoda, that were not always unambiguously separable in the field. 

INuniner 01 nati'e .c 20 5 8 2. 1 1.3 2.4 0.5 IN 0.036 0.14 ns v caL trend lbr greater decline in 
frog species control quadrats 
Aabundance ofnative 38 20 58 5.8 3.7 7.8 0.5 1.95 0.051 0.015 ns weak trend for greater decline in 
frogs control quadrats 
Uperoleias pp.* 17 12 29 3.2 4.6 1.4 0.3 2.07 0.04 -0.05 ns relative increase in toad-invaded 

quadrats 
Crinia bilingua II 9 20 4.4 0.5 7.2 0.4 1 . 18 ns 0.27 ns no marked relative change 
Li/or/a woijulumensis 12 7 19 0.5 1.1 2.1 0 3.34 0.001 0.68 0.001 relative increase in toad-invaded 

quadrats 
Limnodvnastes 9 5 14 2.9 1.1 3.0 0.2 0.67 ns -0.06 ns no marked relative change 
ornatus 
Li/oria rothi 7 5 12 1.3 0.6 2.6 0 1.95 0.043 0.57 0.054 trend for greater decline in 

control quadrats 
Liloria fornieri 8 I 9 1.0 1.3 0 1.0 n/a - -0.24 ns insufficient records in control 

quadrats 
Limnodynastes 3 5 8 0.7 0.3 3.4 0 1.64 0.10 - - trend for greater decline in 
convexiusculus control quadrats 
Li/or/a na,s'ula 8 0 8 1.5 0.5 0 0 n/a - -0.20 ns insufficient records in control 

quadrats 
Li/or/a pallia'a 7 1 8 2.7 0 0 1.0 n/a - -0.62 0.10 insufficient records in control 

quadrats 
Li/or/a inermis 7 0 7 1.3 0.9 0 0 n/a - 0.24 ns insufficient records in control 

quadrats 
Li/or/a rubella 6 0 6 1.5 0.2 0 0 n/a - -0.90 0.015 insufficient records in control 

quadrats trend for decline in 
toad-invaded quadrats 



Litoria caeru/ea I 4 5 1.0 0 1 .0 0 ti/a - - - insufficient records in invaded 
quadrats 

Megistolotis lignarius 5 0 5 1.0 0.2 0 0 n/a - 0.65 ns insufficient records in control 
a uadrats 
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Table 8.7. Changes in abundance of birds from 2001 to 2002 in quadrats invaded by cane toads over that period and in quadrats that 
remained toad-free. Species are arranged in order of decreasing frequency of occurrence. Only species recorded from at least five quadrats 
are listed. Note that the total no. of quadrats sampled was 77 for Invaded and 33 for Control. ns=probability>O.1. 

Weebill 54 27 81 2.8 4.2 3.7 ",( ",o 1 . 1( -001 ns no marked change 
Peaceful dove 53 25 78 2.3 3.4 2.7 4.5 0.75 ns 0.36 0.001 no marked change; but indication of greater 

abundance where toad nos. high 
Mistletoebird 53 24 77 0.5 3.0 1.9 1.3 4.07 0.0001 0.38 0.001 relative increase in toad-invaded quadrats 
White-throated 57 21 78 2.2 4.7 2.5 2.5 1.66 0.096 0.12 ns weak trend for increase in toad-invaded 
honeyeater quadrat 
Rufous whistler 52 23 75 0.8 1.7 1.3 1.3 1.67 0.096 0.20 0.078 weak trend for increase in toad-invaded 

quadrat 
Silver-crowned 50 14 64 1.8 2.9 1.2 3.4 0.02 ns 0.12 ns no marked change 
friarbird 
White-bellied 51 10 61 1.1 2.1 1.0 1.5 0.34 ns 0.03 ns no marked change 
cuckoo-shrike 
Brown 46 14 60 3.6 5.7 2.1 2.5 1.13 ns 0.23 0.075 no marked change 
honeyeater 
Rainbow bee- 49 10 59 1.4 3.0 0.5 2.7 1.33 ns 0.35 0.007 no marked change; but indication of greater 
eater abundance where toad nos. high 
Red-backed 32 18 50 3.8 3.4 8.1 2.8 2.30 0.021 0.12 ns relative decrease in control quadrats 
fairy-wren 
Red-collared 37 12 49 2.7 6.1 2.2 3.0 1.40 ns 0.27 0.057 no marked change 
lorikeet 
Bar-shouldered 36 II 47 1.7 3.5 0.2 4.3 0.44 ns -0.07 ns no marked change 
dove 
Leaden 38 5 43 1.3 2.2 0.2 1.6 0.35 ns 0.32 0.033 no marked change; but indication of greater 
flycatcher abundance where toad nos. high 
Black-faced 37 4 41 0.6 1.8 0.8 0.5 1.53 ns 0.13 ns no marked change 
cuckoo-shrike 
White-gaped 28 12 40 3.0 3.2 2.5 1.6 1.10 ns 0.21 ns no marked change 
honeyeater 
Northern fantail 34 6 40 0.9 1.6 0.3 1.5 0.58 ns 0.27 0.09 no marked change 
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Great bowerbird 29 9 38 1.0 1.6 0.2 0.9 0.79 ns 0.27 0.10 no marked change 
Little friarbird 24 14 38 0.7 2.4 0.6 2.0 0.89 ns 0.04 ns no marked change 
Dusky 25 10 35 1.7 2.6 1.4 2.5 0.17 ns -0.04 ns no marked change 
honeyeater 
Dollarbird 24 9 33 1.1 1.8 0.7 0.7 0.41 ns 0.20 ns no marked change 
Pied butcherbird 16 17 33 0.7 0.8 0.6 0.9 0.08 ns -0.01 ns no marked change 

Torresian crow 25 7 32 0.4 1.6 0.4 0.9 1.05 ns -0.12 ns no marked change 
Willie wagtail 17 13 30 0.6 1.1 0.8 0.9 0.76 ns -0.20 ns no marked change 
Forest 25 4 29 1.1 2.0 1.3 2.0 0 ns 0.22 ns no marked change 
kingfisher 
Sulphur-crested 23 6 29 1.0 2.0 0.3 1.2 0.41 ns 0.01 ns no marked change 
cockatoo 
White-winged 22 7 29 0.3 3.0 0.6 1.3 1.68 0.093 0.18 ns no marked change 
triller 
Red-winged 19 8 27 1.1 1.5 2.4 1.1 1.35 ns 0.20 ns no marked change 
parrot 
Blue-faced 22 5 27 1.5 2.1 0.8 3.2 0.75 ns -0.10 ns no marked change 
honeyeater 
Blue-winged 21 6 27 0.8 1.2 0.7 0.8 0.58 ns -0.01 ns no marked change 
kookaburra 
Greyshrike- 22 5 27 1.0 1.0 0.8 0.2 0.78 ns -0.14 ns no marked change 
thrush 
Golden-headed 12 14 26 1.1 1.2 8.6 3.1 2.84 0.004 0.39 0.05 relative decrease in control quadrats 
cisticola 
Northern rosella 19 6 25 1.2 1.5 1.3 1.2 0 ns 0.02 ns no marked change 
Double-barred 14 11 25 1.4 4.4 2.1 3.2 1.13 ns 0.55 0.004 no marked change; but indication of greater 
finch abundance where toad nos. high 
Spangled 24 0 24 0.9 1.3 0 0 n/a - -0.39 0.059 insufficient records in control quadrats 
drongo 
Striated 18 5 23 1.6 1.2 0.3 1.8 1.33 ns 0.32 ns no marked change 
pardalote 
Banded 18 5 23 1.8 1.0 0.2 3.6 2.51 0.012 -0.45 0.033 relative decrease in toad-invaded quadrats 
honeyeater 



(rev-crowned 12 
babbler 
Brown goshawk 19 
Helnieted 10 
friarbird 
Olive-backed 15 
oriole 
Magpie-lark 12 
Lemon-bellied 12 
flycatcher 
Galah 14 
Brown quail 10 
Black-faced 8 
wood-swallow 
Brush cuckoo 10 
Long-tailed 7 
finch 
Pheasant coucal 8 
Whistling kite 8 
Grey 10 
butcherbi rd 
Australian 9 
owlet-ni ghtj ar 
Common koel 8 
Yellow oriole 9 
Red-tailed 4 
black-cockatoo 
Crimson finch 8 
Green-backed 6 
gerygone 
Jackie winter 2 
Pied imperial- 7 
pigeon 

9 21 2.6 3.8 6.1 2. I 1.29 11,11 0.29 us no marked change 

20 0.5 1.0 0 1.0 n/a -0.17 ns insufficient records in control quadrats 
9 19 2.5 1.0 0.6 4.7 3.08 0.002 0.08 ns relative decrease in toad-invaded quadrats 

4 19 1.1 0.5 0.8 3.8 1.90 0.057 -0.16 ns relative decrease in toad-invaded quadrats 

6 18 0.1 2.1 1.7 0.2 2.97 0.003 0.27 ns relative increase in toad-invaded quadrats 
6 18 2.3 0.8 0.3 2.0 2.12 0.03 -0.26 ns relative decrease in toad-invaded quadrats 

2 16 1.1 1.5 0 2.0 0.83 ns 0.31 ns no marked change 
6 16 3.9 2.0 1.7 1.8 0.71 ns -0.19 ns no marked change 
7 15 1.9 2.0 2.3 1.4 0.70 ns -0.44 0.10 no marked change 

4 14 0.9 0.5 0.8 0.8 0.64 ns -0.47 0.095 no marked change 
6 13 5.7 1.4 0.3 2.0 1.30 ns 0 ns no marked change 

5 13 0.4 0.9 1.0 0.4 1.15 ns 0.31 ns no marked change 
5 13 0.9 0.6 0.4 1.2 0.79 ns 0.11 ns no marked change 
2 12 2.1 1.9 4.0 4.5 0.78 ns 0.12 ns no marked change 

2 II 0.6 0.7 0.5 0.5 0.13 us -0.09 ns no marked change 

9 1.1 1.6 3.0 0 n/a - 0.59 0.09 insufficient records in control quadrats 
0 9 0.9 2.4 0 0 n/a - 0.58 0.10 insufficient records in control quadrats 
4 8 1.3 1.0 2.8 0.8 0.58 ns n/a - no marked change 

0 8 2.1 1.6 0 0 n/a - -0.13 ns insufficient records in control quadrats 
2 8 0.2 2.7 0.5 1.5 0.68 ns 0.23 ns no marked change 

6 8 1.5 0 1.2 0.3 0.52 ns n/a - insufficient records in toad-invaded quadrats 
0 7 1.0 0.6 0 0 n/a - -0.40 ns insufficient records in control quadrats 



Shining 7 0 7 0.7 1.7 0 0 n/a - -0.35 ns insufficient records in control quadrats 
flycatcher 
Tawny 3 4 7 0.7 0.3 1.8 0.8 0.70 ns 0.44 ns no marked change 
frogmouth 
Varied triller 6 1 7 0.8 3.3 0 1.0 n/a - 0.16 ns insufficient records in control quadrats 
Yellow-throated 5 2 7 4.2 1.6 4.5 3.5 0.78 ns 0.61 ns no marked change 
miner 
Bar-breasted 5 I 6 0 11.0 2.0 0 n/a - 0.85 0.034 insufficient records in control quadrats 
honeyeater 
Black-tailed 2 4 6 0.5 0.5 0 2.0 1.48 ns n/a - no marked change 
treecreeper 
Masked finch 3 2 5 1.0 6.7 0 5.0 0.30 ns 0.73 ns no marked change 
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rj Table 8.8. Changes in species richness and overall abundance of selected bird groups from 2001 to 2002 in quadrats invaded by cane 
toads over that period and in quadrats that remained toad-free. Note that the total no. of quadrats sampled was 77 for Invaded and 33 for Control. 
ns=probability>0.l. * includes brown falcon, black kite, whistling kite, but excludes species that feed primarily on other birds (e.g. goshawks); ** includes barking owl, barn 
owl, masked owl, southern boobook and tawny frogmouth; *** includes azure kingfisher, forest kingfisher and sacred kingfisher; **** includes pied butcherbird, grey 
butcherbird. 

Total no. of bird species 77 33 I 10 1 1.7 I 5.2 ft 0. 270 0.007 0.20 0007 trcnd for incrcac in toad-inuicled 
quadrats 

Total bird abundance 77 33 110 28.0 47.4 30.2 33.2 2.52 0.012 0.33 0.0004 trend for increase in toad-invaded 
quadrats 

Abundance ofhawks* 12 6 18 0.7 0.7 0.7 1.2 0.35 ns 0.11 ns no marked change 
Abundance of ow ls** 10 4 14 0.5 0.9 1.8 1.0 1.30 ns 0.14 ns no marked change 
Abundance of 26 5 31 1.0 2.0 1.2 1.6 0.47 ns 0.20 ns no marked change 
kingfishers * * * 
Abundance of kingfishers 35 9 44 1.2 2.2 1.1 1.4 0.86 ns 0.11 ns no marked change 
and kookaburra 
Abundance of 25 18 43 1.3 1.4 1.1 1.4 0.60 ns 0 ns no marked change 
butcherbirds**** 
Abundance of hawks, 51 25 76 1.7 2.5 1.6 2.0 1.07 ns 0.11 ns no marked change 
owls, kingfishers, 
butcherbirds and 
kookaburras 
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Discussion 

This study represents a relatively comprehensive appraisal of the short-term impacts of 

cane toads on the vertebrate fauna of southern Kakadu. In total, 122 bird, frog, mammal 

and reptile species were recorded in a sufficient number of quadrats (from both 

sampling periods combined) to allow some statistical assessment of changes in 

abundance. However, for some of these species, limited presence in the baseline 

sampling in one of the two treatment classes constrained the strength of this analysis 

and interpretation and limited the capacity of this study to infer change due to cane toad 

presence. Of the 122 species, 112 were recorded in the toad-invaded sites re-sampled in 

2002. 

One of the most notable results of this study was confirmation of the impact of cane 

toads on the northern quoll. Declines in this species were the most dramatic of any 

recorded during this study. Despite a total of 41 individuals being trapped in 2001 at 17 

of the 77 quadrats subsequently invaded by toads, there were no captures at any of these 

quadrats in 2002. Similar declines have been cited in anecdotal records from northern 

Queensland (Burnett 1997). The mechanism for decline of northern quolls is clear: fatal 

exposure to the toxins produced by cane toads. Further evidence of the decline of 

northern quolls in southern Kakadu has been recorded by Oakwood (2002). Of 16 

northern quolls that were radio-tracked to their site of death, five appear to have died as 

a result of cane toad toxins (Oakwood 2002). This, along with the declines recorded in 

this study, support the prediction by van Dam el al. (2002) that northern quolls would 

be highly susceptible to cane toads. Since the completion of this study, ongoing 

monitoring across KNP has revealed a broadscale and almost complete loss of northern 

quolls across most of the Park (Woinarski el al. 2010). There does however appear to 

be one small population of northern quolls persisting in the vicinity of the East Alligator 

Ranger Station in the north of the Park, apparently mirroring the situation in northern 

Queensland where small populations of quolls still persist despite long-term occupation 

by cane toads (Burnett 1997; van Dam et al. 2002). 

Table 8.9 provides a summary of the results of this study and that of Catling et al. 

(1999) for individual species, ordered according to the risk categories of van Dam el al. 

(2002). Contrary to the predictions of van Dam el al. (2002), the results of this study 

suggest that some species may not be as susceptible as previously thought. These 
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species include the northern brown bandicoot, dingo, blue-winged kookaburra, 

kingfishers and butcherbirds. However, these results should be viewed with some 

caution as there were few records for some species and consequently statistical analysis 

could be weak. In addition, for other species, particularly birds, apparent increases in 

invaded sites may be due at least in part to differences in detectability in the 2002 

surveys, primarily as a result of changes in observers and differences in their relative 

abilities (see Discussion Chapter Two). Finally, for species like the omnivorous 

northern brown bandicoot and for smaller dasyurids species, it will be the smaller, 

younger age classes of toads that would be preyed upon. The initial colonising wave of 

cane toads most often consists of large dispersing adults that would exceed the size of 

prey that a northern brown bandicoot is likely to feed on (Phillips el al. 2006; Urban et 

al. 2008). Once breeding populations are established, and smaller toads are more 

abundant, impacts on species such as the northern brown bandicoot may become 

apparent. 

This study has also identified short-term negative responses of a number of species not 

previously considered susceptible to cane toads. Notable among these species are the 

pale field rat Rattus lunneyi, western chestnut mouse Pseudomys nanus and terrestrial 

geckoes. including Gehyra nana. For the pale field rat and western chestnut mouse the 

mechanism driving these changes is unclear: both rodents are generally considered 

herbivorous (Watts and Aslin 1981) and unlikely to prey upon cane toads. Predation of 

adults of both species by cane toads is also unlikely. It is possible however that cane 

toads are causing the decline through predation of young or usurpation of burrows as 

they seek shelter during the day. 

Diurnal shelter sites are essential for the survival of cane toads as they are otherwise 

prone to rapid dessication (Cohen and Alford 1996). Schwarzkopf and Alford (1996) 

observed extensive use of disused animal burrows as diurnal shelter for cane toads and 

Boland (2004) showed that one third of breeding attempts by rainbow bee-eaters failed 

as a result of nest predation or usurpation by cane toads. Bee-eaters nest in underground 

chambers at the end of straight tunnels. Both the pale field rat and western chestnut 

mouse utilise underground burrows as diurnal shelters and these could presumably 

provide suitable diurnal shelters for cane toads. 
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In addition to nest usurpation, cane toads were found to actively predate nestlings in 

rainbow bee-eater nests (Boland, 2004). Nest cameras recorded cane toads preying on 

nestlings up to about 30 g in weight (nearing the maximum stomach capacity of a cane 

toad (Zug and Zug 1979). Cane toads are also known to consume small mammals 

including rats (Rabor 1952; Grant 1996). In northern Queensland the entire remains of 

a planigale Planigale maculata have been found in the stomachs of cane toads 

(Covacevich and Archer 1975). It is not unreasonable then to assume that cane toads 

would be capable of consuming young pale field rat and western chestnut mice in the 

burrow, resulting in declines in the populations of these two species. Nestling mortality 

in rainbow bee-eaters was also caused by cane toads preventing the parents from 

reaching the nestlings to feed them. This is also a plausible mechanism by which pale 

field rat and western chestnut mouse numbers could be reduced in toad-impacted sites. 

There is some agreement between the results of this study and that of the only other 

significant study of the impacts of cane toads on biodiversity in the Northern Territory 

(Catling c/ al. 1999). Both studies revealed a decline in relative abundance of the 

dragon Lophognathus gilberli and terrestrial geckoes in toad-invaded areas. Catling et 

al. (1999) also showed declines in the abundance of the dingo and the frog Litoria rothi. 

Neither of these species appeared to suffer declines in Kakadu, however there were few 

records for both species so these results should be viewed with some caution. In 

addition, particularly for Gilbert's dragon (which is likely to be impacted via toxins as a 

result of preying upon toads), the impacts of cane toads are likely to become more 

apparent as smaller age classes of toads become more abundant and interactions 

between the species increase. The study of Catling et al. (1999) was undertaken just 

outside the contemporary range of the northern quoll, hence that species was not 

reported in their study. 
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Shortcomings of this study 

The findings reported here represent a reasonably pragmatic attempt at assessing the 

short term impacts of cane toads on the biodiversity of southern Kakadu (and by 

inference the rest of the Park). There are however a number of caveats to the 

interpretation of these results. Firstly, the quadrat-based sampling design used in this 

survey is not ideal for detecting low density predators, such as elapid snakes, raptors 

and some varanids (Woinarski et al. 2000a) making it difficult to detect changes in the 

abundance of these species. Other targeted research projects being undertaken in KNP 

and elsewhere in the Northern Territory have explicitly investigated these interactions 

further and found evidence of significant declines in Sand Goanrias (Varanus 

gouldii/panoptes) in cane-toad invaded areas. with a number of individual goannas 

being radio-tracked to their site of death (Griffiths and Holland 2004; Doody ci al. 

2006). 

Secondly, there may be some issues relating to site selection particularly in relation to 

the identification of toad control versus impact sites, but also with respect to variability 

between sites in relation to parameters such as fire history, rainfall and vegetation 

parameters (e.g the presence of flowering trees may have influenced the number and 

diversity of birds present in quadrats). The practical outcome of this is that the 

identification of toad invaded versus control sites may not have always been correct. 

particularly when sites were located close to the advancing front of cane toads. In 

addition, it was not possible to control site variation due to factors such as exposure to 

fire or rainfall events prior to re-sampling. 

As such it is possible that factors other than cane toads may have contributed to the 

apparent change in relative abundance of some species. Although rainfall in the lop 

End of the Northern Territory is predictable as far as seasonality goes, there is often 

considerable annual variation in the amount and time of onset of rainfall. This can 

affect native fauna via impacts on the timing of availability and abundance of resources 

(e.g. Kerle and Burgman, 1984). Rainfall in the years preceding the two sampling 

periods described here was similar in respect to volume (1898.4 mm in 2000 and 1656.2 

mm in 2001. Bureau of Meteorology. 2010). There was also only a slight difference in 

the amount of rain that fell across southern KNP in the wet season of 2000/01 and 

2001/02 (particularly in January. February and March) with approximately 150 mm 
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more rain falling in 2000/01. It is unlikely (though not impossible) that this relatively 

small difference in annual rainfall may have had some impact on the results of the 

trapping described here. However, there does not appear to be a consistent trend across 

species in respect to the direction or magnitude of change between 2001 and 2002, 

providing some evidence that there was no systematic and broadscale effect like rainfall 

driving any of the observed changes. 

Thirdly, as discussed briefly above and in Chapter Two, the use of multiple 

comparisons as done here may realise the possibility of Type I errors and it is possible 

that some of the changes in abundance recorded here are in fact Type I errors. Fourthly, 

the study is essentially a correlative one and attempts to ascribe cause to the observed 

changes in relative abundance are largely hypothetical. Finally, it must be stressed that 

this study represents an assessment of the short term responses to cane toads only, and 

should not be considered a conclusive assessment of the outcomes of cane toad 

colonisation in Kakadu National Park 

Conclusions 

As with the study of Catling el al. (1999), this study has found little evidence that cane 

toads have a significant adverse short term effect on the diversity and abundance of the 

native terrestrial fauna (with a few notable exceptions). This has particularly been the 

case for some of the high profile predatory species (notable for their mobility, shyness 

and naturally low abundance) considered to be most susceptible to cane toads. The 

challenges associated with effectively sampling these species has been a major factor 

contributing to the difficulty I have had in attempting to identify the impacts of cane 

toad colonisation in KNP. These results highlight the need for further research to 

investigate impacts on these species ans to address three key questions relating to cane 

toad impacts on terrestrial vertebrate fauna species: 

Where a species has decreased in the short term, will it recover over longer 

periods or will the decline be long lasting?; 

If a species has not shown a decline in the short-term, will it do so after 

prolonged exposure to cane toads?; and 

If a species doesn't recover from short-term declines, will extinction result once 

toads become fully established in an area? 
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While recognising the limitations of this study and the questions that it does not answer, 

it is still possible to draw a number of conclusions from the results described here: 

• most of the terrestrial vertebrate species recorded during this study appeared to 

be little affected by the arrival of the cane toad, at least in the short term but 

ongoing research and/or monitoring is required to assess changes in the medium 

to longer term; 

the northern quoll suffered the most dramatic decline in response to cane toads 

and it appears that this species may have disappeared from the sites surveyed 

during this study; 

• some species not previously considered susceptible to cane toads appear to have 

declined in their presence and these results provide support for the use of 

ongoing monitoring of a broad suite of species to investigate longer term 

impacts of toads on individual species and fauna communities in general; 

• although this study provides some indicative results. there is still insufficient 

evidence available to determine with any certainty the response of some species 

to cane toads. including many high profile predatory species. 
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species name Risk category (van Dam eta..!. 
2002) 

interactions 
with toads 

results from this 
study 

qualifications of 
results from this 
study  

results from Catling 
etal. (1999). 

northern quoll likely (highest priority) predator highly significant 
decline  

nil not recorded 

gould's goanna likely (high priority) predator insufficient records insufficient records 
mangrove monitor likely (high priority) predator not recorded not recorded 
merten's water monitor likely (high priority) predator insufficient records* not recorded 
northern sand goanna likely (high priority) predator insufficient records not recorded 
spotted tree monitor likely (high priority) predator no marked change* relatively few 

records 
no marked change 
(few records)* 

northern death adder likely (high priority) predator not recorded not recorded 
king brown snake likely (high priority) predator insufficient records* not recorded 
western brown snake likely (high priority) predator not recorded insufficient records 
dingo likely (high priority) predator no marked change*-  relatively few 

records 
significant decline 

ornate burrowing frog possible (moderate priority) competitor/ no marked change*-  
prey  

nil no marked change 

northern dwarf tree frog possible (moderate priority) competitor/ 
prey 

insufficient records* no marked change 
 (possible increase)t 

desert tree frog possible (moderate priority) competitor/ 
prey 

trend for decreaset relatively few 
records 

no marked change* 

blue-tongued lizard possible (moderate priority) predator insufficient records* not recorded 
carpet python possible (moderate priority) predator insufficient records* not recorded 
brown tree snake possible (moderate priority) predator insufficient records* insufficient records 
slaty-grey snake possible (moderate priority) predator insufficient records not recorded 
freshwater crocodile possible (moderate priority) predator insufficient records* no marked change* 
black bittern possible (moderate priority) predator not recorded insufficient records* 
blue-winged kookaburra possible (moderate priority) predator no marked change* nil no marked change —I 

I 
00 

Table 8.9. (a) Listing of toad impacts reported in this study and in the study by Catting etal. (1999) in the Roper River area, along with 

risk categories of KNP species as given in van Dam et al. (2002). Note that species are ordered by risk category.. Fish and invertebrates 

listed by van Dam et al. (2002) are omitted here. Asterisk indicates species that were recorded in sampling sites containing toads. 
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00 species name Risk category (van Dam ct*t. 

2002) 
interactions 
with toads 

results from this 
study 

qualifications of 
results from this 
study  

results from Catling 
etal. (1999). 

masked rock frog uncertain (high priority) competitor/ 
prey  

not recorded not recorded 

carpenter frog uncertain (high priority) competitor/ 
prey  

insufficient records not recorded 

jabiru toadlet uncertain (high priority) competitor/ 
prey 

no marked change 
(jossible increase)*  

nil not recorded 

rock monitor uncertain (high priority) predator insufficient records not recorded 
Varanus primordius uncertain (high priority) predator insufficient records not recorded 

Kirnberlev rock monitor uncertain (high priority) predator not recorded not recorded 
long-tailed rock monitor uncertain (high priority) predator not recorded not recorded 
mitchell's water monitor uncertain (high priority) predator insufficient records not recorded 
black-headed monitor uncertain (high priority) predator insufficient records insufficient records 
Ocnpelli python uncertain (high priority) predator insufficient records not recorded 
great-billed heron uncertain (high priority) predator not recorded not recorded 
black-necked stork uncertain (high priority) predator not recorded insufficient records* 
comb-crested jacana uncertain (high priority) predator not recorded insufficient records* 
scuare-tailed kite uncertain (high priority) predator not recorded insufficient records 
ghost bat uncertain (high prioritv) predator not recorded not recorded 
sandstone antechinus uncertain (high priority) predator insufficient records not recorded 
red-cheeked dunnart uncertain (high priority) predator insufficient records not recorded 
brush-tailed phascogale uncertain (high priority) predator not recorded not recorded 
marbled frog uncertain (moderate priority) competitor/ no marked change* 

prey  
nil insufficient records 

giant frog uncertain (moderate priority) competitor/ 
prev/ 
predator  

insufficient records insufficient records* 

long-footed frog uncertain (moderate priority) competitor/ 
prey  

not recorded not recorded 
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species name Risk category (van Dam etal. interactions results from this qualifications of results from Catling 
2002) with toads study results from this etal. (1999). 

study  

green tree-frog uncertain (moderate priority) competitor/ insufficient records no marked change* 
prev/ 
predator  

Dali's aquatic frog uncertain (moderate priority) competitor/ not recorded not recorded 
prey/ 
predator 

Roth's tree frog uncertain (moderate priority) competitor/ no marked change* decline in control significant decrease in 
prey quadrats toad-invaded areas 

(but data patchy) * 

Copland's rock frog uncertain (moderate priority) competitor/ not recorded not recorded 

prey _____________________________ 
 

Peter's frog uncertain (moderate priority) competitor/  no marked change* no records in no marked change* 
prey control quadrats  

Pale frog uncertain (moderate priority) competitor/ insufficient records no marked change* 
prey  

rockhole frog uncertain (moderate priority) competitor/ insufficient records* not recorded 
prey  

javelin frog uncertain (moderate priority) competitor/ insufficient records* not recorded 
prey  

rocket frog uncertain (moderate priority) competitor/ no marked change* no records in insufficient records* 
prey control quadrats  

Tomier's frog uncertain (moderate priority) competitor/ no marked change* few records in not recorded 
prey control quadrats  

northern spadefoot toad uncertain (moderate priority) competitor/ insufficient records insufficient records* 

prey ______________________________ 
 

bilingual frogiet uncertain (moderate priority) competitor/ no marked change* nil not recorded 
prey 

Northern Territory frog uncertain (moderate priority) competitor/ not recorded not recorded 
prey 

floodplain toadiet uncertain (moderate priority) competitor/ no marked change* nil not recorded 
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00 species name Risk category (van Dam etaL 
2002) 

interactions 
with toads 

results from this 
study 

qualifications of 
results from this 
study  

results from Catling 
etal. (1999). 

prey  

black-headed python uncertain (moderate priority) predator not recorded insufficient records 
childrcns python uncertain (moderate pr1oritv) predator not recorded insufficient records 
water python uncertain (moderate priority) predator not recorded insufficient records* 
olive python uncertain (moderate priority) predator not recorded not recorded 
macleav's water snake uncertain (moderate priority) predator not recorded not recorded 
black whip snake uncertain (moderate priority) predator not recorded not recorded 
olive whip snake uncertain (moderate priority) predator not recorded not recorded 
Demansia papuensis uncertain (moderate priority) predator not recorded insufficient records* 
northern small-eyed snake uncertain (moderate priority) predator not recorded insufficient records 
pied cormorant uncertain (moderate priority) predator insufficient records* not recorded 
little pied cormorant uncertain (moderate priority) predator not recorded insufficient records* 
little black cormorant uncertain (moderate priority) predator not recorded insufficient records 
great cormorant uncertain (moderate priority) predator not recorded insufficient records 
Australian pelican uncertain (moderate priority) predator not recorded insufficient records 
little egret uncertain (moderate priority) predator not recorded insufficient records 
pacific heron uncertain (moderate priority) predator not recorded insufficient records 
pied heron uncertain (moderate priority) predator not recorded insufficient records 
great egret uncertain (moderate priority) predator not recorded insufficient records 
intermediate egret uncertain (moderate priority) predator not recorded insufficient records 
nankeen night-heron uncertain (moderate priority) predator insufficient records insufficient records 
royal spoonhill uncertain (moderate priority predator not recorded insufficient records 
pacific baza uncertain (moderate priority) predator insufficient records insufficient records 
black-shouldered kite uncertain (moderate priority) predator not recorded not recorded 
letter-winged kite uncertain (moderate priority) predator not recorded not recorded 
black-breasted buzzard uncertain (moderate priority) predator insufficient records insufficient records 
brahminy kite uncertain (moderate priority) predator not recorded insufficient records 
spotted harrier uncertain (moderate priority) predator not recorded insufficient records 
swamp harrier uncertain (moderate priority) predator not recorded insufficient records 
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species name Risk category (van Dam eta..!. 
2002) 

interactions 
with toads 

results from this 
study 

qualifications of 
results from this 
study  

results from Catling 
eta! (1999). 

brown goshawk uncertain (moderate priority) predator no marked change* few records in 
control guadrats  

insufficient records* 

wedge-tailed eagle uncertain (moderate priority) predator not recorded insufficient records* 
little eagle uncertain (moderate priority) predator not recorded insufficient records* 
brown falcon uncertain (moderate priority) predator insufficient records* insufficient records* 

nankeen kestrel uncertain (moderate priority) predator not recorded insufficient records 
brolga uncertain (moderate priority) predator not recorded insufficient records* 
buff-banded rail uncertain (moderate priority) predator not recorded not recorded 
bush hen uncertain (moderate priority) predator not recorded not recorded 
white-browed crake uncertain (moderate priority) predator not recorded insufficient records* 
eurasian coot uncertain (moderate priority) predator not recorded insufficient records* 
masked lapwing uncertain (moderate priority) predator not recorded insufficient records* 

gull-billed tern uncertain (moderate priority) predator not recorded insufficient records 
whiskered tern uncertain (moderate priority) predator not recorded insufficient records* 

white-winged black tern uncertain (moderate priority) predator not recorded not recorded 
pheasant coucal uncertain (moderate priority) predator no marked change* nil no marked change* 
spotted nightjar uncertain (moderate priority) predator insufficient records* insufficient records* 
red-backed kingfisher uncertain (moderate priority) predator insufficient records no marked change* 
sacred kingfisher uncertain (moderate priority) predator insufficient records* no marked change* 
dollarbird uncertain (moderate priority) predator no marked change* nil no marked change* 
grey shrike-thrush uncertain (moderate priority) predator no marked change* nil insufficient records 
magpie-lark uncertain (moderate priority) predator increase in toad- 

invaded c1uadrats 
nil no marked change 

 (possible 1ncrease * 

pied butcherbird uncertain (moderate priority) predator no marked change* nil no marked change* 

grey butcherbird uncertain (moderate priority) predator no marked change* nil not recorded 
long-tailed planigale uncertain (moderate priority) predator not recorded insufficient records 
common planigale uncertain (moderate priority) predator not recorded insufficient records* 

northern brown bandicoot uncertain (moderate priority) predator no marked change* nil insufficient records* 

gilbert's dragon not listed predator possible decrease in 
toad-invaded guadrats* 

results a little 
ambivalent 

significant decrease in 
toad-invaded areas 
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00 species name Risk category (van Dam eta), interactions results from this qualifications of results from Catling 

2002) with toads study results from this eta). (1999). 
study  

(but_data_patchy)_* 
bvnoe's gecko not listed predator/ weak indication of weak no marked change* 

prey decrease in toad- 
invaded guadrat*  

Carlia grad/is not listed prey decrease in toad- nil not recorded 
invaded uadrats*  

Geliyra nana not listed prey weak indication of trend weak not recorded 
decrease in toad- 
invaded uadrat*  

Ctenotus essingtonu not listed predator/ weak indication of trend weak insufficient records* 
prey decrease in toad- 

invaded 9uadrat*  

two-lined dragon not listed predator/ weak indication of trend weak not recorded 
prey decrease in toad- 

invaded uadrat*  
Glapliyromorphus not listed predator/ weak indication of trend weak not recorded 
iso/epis prey decrease in toad- 

invaded c1uadrat*  

Glapliyromorplius not listed predator/ weak indication of trend weak not recorded 
darwiniensis prey decrease in toad- 

invaded uadrat*  

pale field-rat not listed ?predator significant decrease in no clear insufficient records*  
toad-invaded area* functional 

explanation  

western chestnut-mouse not listed ?predator decrease in toad- trend weak, and insufficient records 
invaded quadrats no clear 

functional 

_________ 
explanation  

handed honeyeatcr not  listed P weak indication of trend weak, and insufficient records* 
decrease in toad- no clear 

C 

JD 
JD 
CD 

t1D 

(t 

C 

(t 

C 

Ii 

C 

(t 

C 

CID 



species name Risk category (van Dam etal. interactions results from this qualifications of results from Catling 
2002) with toads study results from this etsi. (1999). 

study  

invaded uadrat* functional 
explanation  

helmeted friarbird not listed P decrease in toad- no clear not recorded 
invaded quadrat* functional 

explanation  

olive-backed oriole not listed ? weak indication of trend weak, and insufficient records* 
decrease in toad- no clear 
invaded quadrat functional 

explanation  

lemon-bellied flycatcher not listed ? decrease in toad- no clear insufficient records 
invaded c1uadrat' functional 

explanation  

(b) Definition of the categorisations used by van Dam etal. (2002). 

Risk category Priority Criteria 
Likely. Population level Highest Endangered, vulnerable, notable or flagship species considered definitely susceptible to 
e/jPcts like/v  cane toads, regardless of relevant habitat information 

High As above, but for species not listed as notable or flagship 
Possible. individual High Endangered, vulnerable, notable or flagship species considered probably susceptible to 
mortalities probable,  cane toads, unless relevant habitat/ecological information suggests they are at less risk 
population level e'ects Moderate As above, but for species not listed as notable or flagship. Species considered possibly 
unknown but possible. susceptible to cane toads, where relevant habitat/ecological information suggests they 

are at greater risk 
Uncertain. May or may High Endangered, vulnerable, notable or flagship species considered possibly susceptible to 
not eat cane toads, with cane toads, unless relevant habitat/ecological information suggests they are at less risk 
effects on individuals or 
populations unknown 

Moderate As above, but for species or species groups not listed as notable or flagship. Species 
considered probably susceptible to cane toads, where relevant habitat/ecological 
information suggests they are at less risk 
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Chapter 9 Synthesis 

Outline and purpose of this chapter 

The purpose of this chapter is to provide a synthesis of the findings of the preceding 

chapters of this thesis, culminating in a discussion of options for the future management 

and monitoring of small mammals (and biodiversity in general) in Kakadu National 

Park. Firstly I contextualise the current study in respect to Australian and international 

trends in biodiversity management, with particular reference to the growing recognition 

of the importance of monitoring programs as a means of assessing and guiding 

biodiversity management in reserves around the world. 

Following from this I present a qualitative collation and comparison of the results of 

Chapters two, three, four and five of this thesis with the intent of providing an 

assessment of the current (circa 2005) status of small mammal populations across the 

Park. I give particular consideration to general patterns in changes in total mammal 

abundance and diversity, as well as changes for individual species and provide some 

examination of the potential causes of the similarities and dissimilarities in results 

obtained during the re-sampling of the four historical surveys described in earlier 

chapters. 

Thirdly, I provide a synthesis on the information that I have compiled on threats to 

small mammal populations in Kakadu. Through the focussed studies described in 

Chapters six, seven and eight of this thesis, combined with the correlative analyses 

presented in earlier chapters I have given consideration to the potential impacts of fire 

regimes (particularly fire frequency and spatial and temporal heterogeneity), 

colonisation by cane toads and feral cats on small mammal populations. 

Finally, I present a discussion of the implications of these findings for the future 

management of biodiversity in Kakadu National Park, particularly in relation to the past 

inability of Park management to detect and respond to negative changes in biodiversity 

status. I highlight the role of biodiversity monitoring in redressing this issue, and 

provide some suggestions as to how the Park's current approach to biodiversity 

management and monitoring might be improved. I present a discussion of monitoring 

approaches that Park management could consider and discuss the suitability of these in 

relation to the biodiversity management priorities of Kakadu National Park. In light of 

the findings of this thesis and other recent work in the Park, I include some specific 
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recommendations relating to the monitoring and management of small mammals and 

the processes that may be leading to their changing status in the Park. 

Introduction 

The biodiversity of the world is increasingly under pressure from the impacts of rising 

global populations and demands on the natural resources of our planet. Between 1970 

and 2000. it is estimated that populations of terrestrial species declined by 30% globally 

(WWF 2006). At the time of that report it was also estimated that we faced the 

imminent loss of almost 800 species from around the world, close to three times the 

number lost from the planet over the past 500 years (Ricketts et al. 2005). Direct 

exploitation through legal or illegal harvest, habitat loss, modification and 

fragmentation have been the main drivers of extinction around the globe (WWF 2006). 

Despite relatively low human population densities and large tracts of reasonably 

unmodified landscapes, the biodiversity of Australia is also changing. Since European 

colonisation 200 years ago. many species have been lost or suffered significant declines 

in geographical distribution (Sattler and Creighton 2002; Beeton c/ al. 2006). Changes 

in the mammal fauna have been most marked, with 22 native species extinct on the 

mainland (and a further three lost from Christmas Island) and eight species now 

restricted only to islands (Sattler and Creighton 2002). These losses account for almost 

50% of worldwide mammal extinctions over the past 200 years (Short and Smith 1994) 

and give Australia the worst record for mammalian conservation of any country or 

continent (Ceballos and Brown 1995). 

The majority of mammal extinctions in Australia have occurred in the arid and semi-

arid rangelands, though growing evidence suggests that the mammal fauna of other 

areas, including the tropical savannas of northern Australia, is also in decline. As 

discussed in detail in Chapter One of this thesis, many of the mammals that have 

suffered extinction or range contraction have fallen within the 'critical weight range" of 

35 to 5500 g (Burbidge and McKenzie 1989). In addition a set of ecological and 

taxonomic patterns exist within those species lost: most were omnivorous or 

herbivorous, ground dwelling and amongst taxonomic groups, the large rodents, 

dasyurids and bandicoots and small-medium sized macropods appear to be the most 

vulnerable (Sattler and Creighton 2002). 
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The processes implicated in the current losses in our biodiversity and more particularly 

our mammal fauna are varied. Habitat loss and modification through clearing, grazing, 

altered fire regimes, diversion of water from natural systems for irrigation, the impacts 

of feral animals (including predators, herbivores and others like the cane toad) and 

disease have been variously associated with extinctions and range contractions. Many 

of these processes have been operating unabated over vast areas of the Australian 

landscape for long periods of time and have an associated extinction debt, that is, 

species will continue to be lost as a legacy of these processes, even if remedial action is 

instigated to combat them (Beeton el al. 2006). 

One of the most important tools for the current and future conservation of biodiversity 

in Australia and elsewhere around the world is an extensive and effective system of 

protected areas. Protected areas contribute to biodiversity conservation by protecting 

species, populations and habitats, by safeguarding ecosystem health, by providing 

storehouses of genetic material and acting as reservoirs of wild plants and animals that 

can contribute to the maintenance of species populations in surrounding areas 

(Hockings 2003; Hockings ci al. 2006; WWF 2006; Grouios and Manne 2009). In 

establishing protected areas, an emphasis is often placed on the protection and 

management of threatened and rare species. Protected areas also seek to separate these 

elements of biodiversity from processes that threaten their persistence in the 

surrounding landscape (Hockings 2003; Grouios and Manne 2009). Protected areas can 

also serve other purposes, including providing livelihoods, religious and cultural 

services, sustenance and recreational opportunities for human communities (Hockings 

2003). For these reasons, the socio-cultural context in which protected areas exist is 

important in determining their management and ultimately their success in achieving 

biodiversity conservation goals. 

In Australia, the National Reserve System (NRS), which includes Commonwealth, state 

and territory reserves, indigenous lands and privately managed protected areas, is 

considered to be the country's premier investment in biodiversity conservation and a 

safety net against biodiversity loss. The primary aim of Australia's NRS is to protect 

examples of the full range of ecosystems, with their distinctive flora, fauna and 

landscapes, in protected areas across the continent. It includes over 9,000 properties 

covering over 91 million hectares (over 13% of the Australian continent) (Department 
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of Sustainability Environment Water Population and Communities 2010). The 

development of the NRS is guided by a scientific framework based on establishing a 

network of protected areas that is both comprehensive and representative of Australia's 

biodiversity. 

Kakadu National Park. covering two million hectares is the second largest and probably 

the most well known national park in the NRS. It is considered one of the premiere 

conservation estates in Australia and is internationally renowned for its remarkable 

biodiversity, including 64 native mammal species, 289 species of native birds, 126 

native reptile species, 55 native fish species, 25 native species of amphibians and more 

than 1,600 native plant species (Press el al. 1995). More significantly, a large number 

of these (13 plants and 10 vertebrate species) are amongst the many species endemic to 

the Western Arrthem region (WWF 2005: Woinarski et al. 2006a; Woinarski ci al. 

2009) and 49 (17 plants and 32 animals, including one invertebrate species) are listed 

as threatened under Commonwealth or Northern Territory legislation (Kakadu National 

Park Board of Management and the Director of National Parks 2007). The occurrence of 

such a high number of threatened species is one of the main reasons for the 

establishment of the Park, and is also one of the three natural heritage criteria for which 

the Park has received World Heritage listing (Kakadu National Park Board of 

Management and the Director of National Parks 2007). 

Although the Park has a history of multiple land use. including pastoralism, mining and 

tourism (the latter two are still important industries in the Park today), its landscapes are 

considered relatively intact. There are few alien plant species relative to other 

conservation reserves across Australia (7.8% of total plant species in Kakadu compared 

to 2 1 % across other reserves) but there are 10 feral vertebrate species in the Park, many 

of which occur in relatively large numbers and represent major management concerns. 

In addition, the Park is bordered by large tracts of relatively unmodified pastoral and 

military land to the west, another large national park to the south and an extensive and 

relatively intact tract of Indigenous lands to the east, a factor which should add to the 

security of the biodiversity of the Park. 

All of these features contribute to the conservation significance of Kakadu. They also 

bring great responsibility, as there is an expectation within the Australian and 

international community that the national park will provide protection for these 
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biodiversity assets from processes that may threaten them elsewhere. In addition to this 

community expectation of protection, are the obligations imposed by federal legislation 

(principally the Environment Protection and Biodiversity Conservation Act 1999, EPBC 

Act), Australia's National Biodiversity Strategy and international conservation treaties 

such as the UNESCO World Heritage Convention, the International Convention on 

Biological Diversity and the Ramsar Convention to undertake programs to manage and 

monitor biodiversity assets and the processes that threaten them. Such monitoring 

activities are critical to the ongoing and effective conservation and management of 

biological diversity and without them, changes in biodiversity and the likely agents of 

those changes will be difficult to detect and respond to. 

It is against this backdrop of ongoing biodiversity loss across other parts of Australia, 

and increasing pressure on national parks to protect our remaining biodiversity, that I 

have undertaken to assess the current (circa 2005) status of small mammals in Kakadu 

National Park. Although the mammal fauna of northern Australia is generally poorly 

understood (we lack detailed autecological information about many species, including 

those considered threatened), there has been recent evidence of decline in some species. 

Much of this evidence has come from Kakadu, primarily an artefact of the focus of 

research activity in the Park. The timing, extent, magnitude and cause of this change 

has been difficult to identify, largely because of a lack of ongoing information 

describing patterns in the distribution and abundance of mammal populations and the 

agents that may influence these populations. There have been ongoing calls for the 

development of a robust monitoring program to redress this knowledge gap, but 

identifying the design and resourcing requirements of such a program remains a 

challenge to Park management. In the absence of such a program the true extent of 

changes in biodiversity and the small-medium sized mammal fauna in particular, 

remains unknown. 

Collation and comparison of the results of this study 

In Chapter two, three, four and five of this thesis I have described the results of re-

sampling of sites from four notable historical surveys carried out across the Park. In the 

following section I summarise the results of these studies to provide a picture of the 

current (circa 2005) status of mammals across the Park. 
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In this study I have chosen to use four significant historical studies as a baseline to 

which I can compare current information as a means of assessing change in mammal 

populations. Each of the four studies that I have repeated as part of this project was 

characterised by its own idiosyncratic sampling design and purpose (from purely 

inventory to impact assessment for the establishment of a mining project). As such they 

were not necessarily designed to facilitate repeat surveying over time to assess change 

in distribution or abundance of individual species or to meet the assumptions of 

randomness and independence imposed by many statistical methods used to investigate 

such change. 

I have adopted these historical surveys for a purpose for which they were not originally 

designed i.e. to provide a baseline against which change in mammal populations can be 

monitored. Nonetheless, each of these 'baseline' surveys provides valuable data 

relating to the historical distribution and abundance of a range of small-medium sized 

mammals, for many of which we have little or no other information. The interval 

between the original sampling of each set of sites and my re-sampling varied, but was 

generally in the vicinity of 20 years (Table 9.1). The original surveys also differed 

substantially in their spatial extent (e.g. the whole of Stage III compared to only Little 

Nourlangie Rock) and location within the Park and their duration. There were also 

some slight differences in the number. type and arrangement of traps used (see Table 

9.1 for comparisons and particular chapters for detailed descriptions). It is for these 

reasons that the following collation and comparison of results is qualitative rather than 

statistical. 
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Table 9.1. Summary of timing and trapping effort for each of the four historical 
surveys repeated during this study. *During  the first sampling period of the original 
sampling of the CSTRO Stage I and II survey, six Elliott traps were replaced with small-
medium sized cages but these were not used in subsequent trapping sessions. 

263(380) 6(20) 

16(30) 20(20)* 

100 (100 in 
April 2002, 
200 in June 

2002) 
Varied 

between 
sites 

(matched 
exactly in 

2003) 

Stage I II September February 
1988— November 

August 1990 2001 
Stage I and 1980-1983 
II 

2002 

Nawurlandja April and April and 
June 1979- June 2002 

1981 

Jabiluka July 1979- August- 15 (18) 
September September 

1981 2003  

4(4) 2(2) 

4 in 2002 8 (2) 
re- 

sampling 
only 

0 0 

Varied 
between 

sites 
(matched 
exactly in 

2003) 

4 (4) 

In general, the re-sampling of the four historical surveys showed that both total mammal 

abundance and species richness showed a tendency for decline across most of Kakadu. 

There was a consistent pattern in the direction and extent of change in the total 

abundance and species richness of small mammals across the three survey areas where 

broadscale trapping was undertaken with total abundance of mammals and species 

richness declining across Stage III and Stage I and II, but increasing on the Jabiluka 

Lease. However, only the decline in species richness across Stage I and II was 

statistically significant. At Nawurlandja, where only four species were targeted, there 

was also a significant decrease in the total number of mammals captured. 

More individual mammal species increased than decreased on the Jabiluka Lease but 

this pattern was reversed in Stage I and II and Stage III. However, Table 9.2 shows that 

for individual species there was little consistency in the direction and magnitude of 

changes across the four survey areas, with different species declining and increasing in 

each. 
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Only two species (the black-footed tree rat Mesembriomys gouldii and the pale field rat 

Rattus tunneyi) were found to have increased between the original and repeat sampling 

periods in all survey areas (except Nawurlandja where they were not targeted). More 

species (the Arnhem rock rat Zyzomys main i, delicate mouse Pseudomys delicat u/us, 

Lakeland Downs mouse Leggadina lakedownensis and short-eared rock wallaby 

Petro gale brachyotis) declined across all four surveys (or at least in all surveys in which 

they were recorded in sufficient numbers for trends to be discernible) (Table 9.2). For 

the remaining species, the direction and magnitude of change across the four survey 

areas was variable with individual species decreasing in some areas but increasing in 

others. 

There may be a number of reasons for these variable results. Firstly, habitat conditions 

and threatening processes that affect individual species are not acting uniformly across 

the Park and therefore some species are faring better in some areas than others. For 

example. it is commonly thought that feral cats may be more abundant in the lowland 

habitats of Kakadu (particularly adjacent to floodplain areas) and these habitats are 

more common in the central and northern parts of the Park. Cane toads may also have a 

greater impact in more open. lowland habitats affecting mammal species in these areas 

to a greater extent than those that occupy rocky uplands (the persistence of an 

apparently isolated population of northern quolls in the East Alligator district may 

provide evidence of spatial variation in the nature of cane toad impacts in the Park). 

Further to this, different parts of the Park may be exposed to different combinations of 

threatening processes that together may have a much greater impact on biodiversity and 

particularly mammals. For example, mammals occupying low-lying uniform savanna 

habitats exposed to larger, more homogenous fires and higher cane toad or cat densities 

would likely have a greater probability of suffering decline than those species that 

occupy habitats which pose physical harriers to the spread of fires and which support 

fewer feral cats or cane toads. The combined effect of multiple but differing threatening 

processes could well explain the observed variability in the distribution and abundance 

of individual species across the Park. Fire impacts may also differ substantially in 

different habitat types and geographic locations within the Park. For example, Price ci 

al. (2005) showed that spatial heterogeneity (and size) of fires was negatively related to 

vicinity to roads but positively related to the ruggedness of habitats. These findings 
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suggest that in areas of the Park where topographic diversity is higher and distance to 

roads is greater, fire impacts on biodiversity could potentially be lower due to greater 

fire patchiness (Price et at. 2005a). However, this may be countered by the fact that 

fire-sensitive habitats such as monsoon rainforests and sandstone heath tend to occur in 

small pockets within the savarma matrix, and these pockets (and the species that occupy 

them) may be susceptible to disturbance such as fire and feral animals that may 

gradually erode their boundaries (Russell-Smith et at. 1998; Banfai and Bowman 2007; 

Yates et at. 2008; Russell-Smith et at. 2010) 

Monitoring of the impacts of fire on vegetation across the Park has also illustrated 

considerable changes in the structure and composition of vegetation communities, 

particularly lowland savaima habitats as a result of both the frequency and severity of 

fires. Tree growth (increase in diameter at breast height) has been found to be 

negatively related to fire frequency and to a lesser extent fire severity (as opposed to 

season of fire i.e. early versus late dry season fires) as has recruitment (Prior ci al. 2006; 

Murphy ci at. 2010). 

In addition, fire severity and subsequent impacts on vegetation differ markedly 

depending on the time since the last fire. Murphy and Russell-Smith (2010) suggest 

that longer intervals between fires leads to an increase in fire severity (primarily as a 

result of increasing fuel loads, particularly grasses) and that the longer the interval 

between fires, the more likely that a future fire will be moderate to severe in its impacts 

on vegetation (and presumably fauna) (Murphy and Russell-Smith 2010). However, 

modelling of future fire impacts based on the data collected from monitoring plots in 

Kakadu also suggests that increasing the interval between fires would lead to an 

increase in a number of habitat attributes known to be important for small mammals, 

including the density of fruit bearing trees, standing tree hollows and hollow logs 

(Russell-Smith et at. 2010). These studies demonstrate how local differences in fire 

regimes may have a profound impact on the structure and composition of habitats 

available to small mammals and this could significantly contribute to the inconsistency 

observed in the results of this study. 

This variability may also be indicative of differing management regimes across the Park 

e.g. prescribed burning tends to commence earlier in the year in the south of Kakadu in 

line with the slightly earlier onset of drier conditions there. This may in turn have an 
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impact on the intensity and severity of fires and their subsequent impacts on habitat and 

biodiversity. The intensity and extent of feral animal control (particularly pigs, buffalo 

and horses) also differs considerably across the Park and this may have significant 

impacts on habitat quality for small mammals (e.g. over the past three years there has 

been minimal feral animal control undertaken in the Mary River District, but 

considerably more intensive culling operations have occurred in the north of the Park) 

(Tracey et al. 2009). 

Finally, other factors related to the sampling programs themselves may have contributed 

to the observed noisy" results. These factors may include: (a) that the size of the 

samples from each of the re-surveys varied sufficiently to result in considerable 

variation in the ability of each of these studies to detect change in small mammal 

abundance e.g. there were only 16 sites re-sampled in Stage I and II compared with 263 

in Stage HI; (b) that the samples were not originally established to be used as repeat 

monitoring plots and so were not permanently marked. The re-location of sites was 

based on habitat descriptions, site drawings and markings on topographic maps (all of 

the original surveys were done prior to the introduction of Geographic Positioning 

Systems to ecological field studies) and the lack of precision may have affected the 

results of the re-sampling; or (c) other sources of variation, including observer bias may 

have contributed to the disparity in the results. The potential for these sources of 

variation to considerably impact the results of survey and monitoring programs re-

inforces the need for well-designed and implemented programs, a point that I discuss 

further during the monitoring section of this chapter. 

Despite this variability in results across the four re-surveyed areas there were some 

consistencies. Many of the species found to have declined in at least one of the re-

surveyed areas are closely related taxonomically or have similar ecologies to species 

that have been found to have declined elsewhere in Kakadu (at Kapalga 1986-99, at 

Nawurlandja 1979-81 or at Jabiluka 1980-83) (Begg 1981a: Begg 1981b; Begg 1981c: 

Begg et al. 1981; Braithwaite and Muller 1997; Woinarski et al. 2001h; Oakwood 2002) 

and in Australia over the last century or so (Morton 1990;   Short and Smith 1994; Sattler 

and Creighton 2002). 
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All of the open forest or woodland species found to have declined in at least one survey 

in this study declined significantly at Kapalga, suggesting that declines in these species 

are widespread through the savanna landscapes of Kakadu (and evidence suggests from 

elsewhere across northern Australia as well). Amongst the declining species there is 

also a relatively high number that are restricted to or show strong preferences for rocky 

habitats (the common and Arnhem rock rat, short-eared rock wallaby and northern 

quoll). Rocky habitats in Kakadu are characterised by a matrix of habitat patches that 

occur in small, isolated patches that vary in their suitability for many of these species. 

Much of this vegetation is also particularly sensitive to disturbance such as fire and may 

quickly become unsuitable for these species. Inappropriate fire regimes in the 

sandstone habitats of Kakadu has been recognised as a significant threat to the 

conservation of these habitats for some time, and the decline of these mammals may be 

indicative of a broad-scale decline in these habitats. 

The decline of the Arnhem rock rat may serve to illustrate this process well, it is the 

larger and more specialised of the two rock rats that occur in Kakadu, tending to be 

restricted to areas of large boulders with monsoon-forest associated vegetation. For the 

Arnhem rock rat, there appears to be a strong negative relationship between abundance 

and fire frequency, most probably mediated through significant modification or 

degradation of its preferred fire-sensitive closed forest habitats. It appears that this 

species is in serious decline across the extent of its preferred habitat in Kakadu, and at 

small rocky outliers like Nawurlandja frequent fire (burnt more than once every three-

five years) may lead to localised extinction. The decline of the Arnhem rock rat in 

Kakadu is significant for the long term conservation of this species: approximately one 

quarter of its range is within Kakadu and this is the only area in which this species 

occurs that is managed primarily for biodiversity conservation (Woinarski et al. 2007). 
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Table 9.2 Small mammals and their preferred habitat, magnitude and direction of change in abundance (mean +1- standard error) 00 
across the four re-sampled survey areas. Value in brackets is the number of quadrats in which the species was recorded in the combined 
original and re-sample period. P values are from Wicoxon matched pairs test for Stage III, Stage I and II and Jabiluka and for Chi-square tests for 
Nawurlandja. Significant changes are in bold. a  Changes in total mammal abundance calculated from trap success data corrected for differences 
in trapnights and methodology in original and re-sample period. bCha1.ges  in species richness calculated from trap success data uncorrected for 
differences in methodology between original and re-sample periods. cChange  in abundance calculated from trap success data from July 2002 and 
July 1979 (immediate post-fire trapping of Begg el al. 1981). 

Preferred  Habitat Stage IiuI  Stage I & 11 nrnrn 
Rodents  
Black-footed tree rat llesh\ and liaid 1,0 lund 0. II - 0.09 (10) 0.38 0.39 (6) 0.89 0.02 (3) Not recorded 
Meseinbriornys gould/i fruits, large woodland pS0.28 p0.12 p-O.l I 

seeds, some grass 
and invertebrates  

Brush-tailed rabbit rat Grasses, seeds, Lowland Not recorded 0.08 '0.06 (2) Not recorded Not recorded 
Conilurus penicillalus some woodland pn/a 

invertebrates 
 

Pale field rat Raus Grass stems and Lowland 0.001 '2.22(162) 0.66 '0.58 (9) 0.84 ± 2.51 (7) Not recorded 
Iunnel'i seeds, some plant woodland p=0. 11 p=0. 13 p=0.02 

roots  
Arnhem rock rat Zyzomys Perennial grass Sandstone -0.24 ± 0.18 (20) -0.29 ± 0.29 (3) -0.30 L0,19  (10) 1.33e p=<O.00I 
maini seeds, large hard- p=0.006 p=n/a ps0.08 

shelled seeds 
 

Grassland melomys Melomvs Plant stems, Monsoon 0.39 1.33 (37) -0.05 0.01(1) - I .45 - 5.00 (18) Not recorded 
hurtoni seeds, fruit, rainforest p=0.27 p=n/a p0.08 

insects riparian  
Common rock rat Zyzomys Plant stems, Sandstone -0.19 0.71(83) -1.28 3.32 (3) 0.5 - 1.48 (26) 0.88 non-significant 
argurus leaves, seeds. p=0.91 p=n/a p0.3 I 

some small 
insects  

Western chestnut mouse Grasses Lowland 0.06 '0.08 (40) -0.13 ± 0.69 (II) 0.25 '0.29 (4) Not recorded 
Pseudomys nanus  woodland p0. 11 p0.58 p0.2 
Kakadu pebble mound mouse Grass seeds Stony hills 0.00' 0.06 (28) Not recorded Not recorded Not recorded 
Pseudonn's calabyi  p0.95  

rI 

CD 
C/D 



Preferred  JabilUka NaWUrlandja 

Delicate mouse Pseudomys Grass seeds Lowland -0.25 ± 0.07 (50) -0.05 ± 0.01 (II) 0.02 '0.07 (7) Not recorded 
delicatulus woodland =0.002 p 0.07 p1.00  

Northern Quoll Dasyurus Small mammals, Sandstone; -0.07 - 1.21(77) -1.36 ± 3.11(22) 1.0 ± 0.80 (34) -0.71' p<005 
ha/lucatus reptiles, lowland woodland p0.78 p0.26 p O.Ol 

invertebrates, 
fruits and honey  

Northern brush-tailed Insects, nectar, Lowland 0.00 (1) 0.I6'0.03 (7) Not recorded Not recorded 
phascogale Phascogale small lizards and woodland p1.00 p O. IS 

pirata frogs  
Fawn antechinus Antechinus Invertebrates, Lowland -0.02'0.04 (1 I) 0.48 0.47 (20) 0.11 0.80 (2) Not recorded 
be//us small reptiles and woodland p lOO p0.15 pn/a 

frogs  
Red-cheeked dunnart Mostly Lowland 0.03 (28) 0.06 ± 0.01(2) -0.02 ± 0.00 (3) Not recorded 
Sminthopsis virgin/ac invertebrates, woodland; p0.82 p=n/a p=0.03 

some small floodplain fringes 
lizards and frogs  

Sandstone antechinus Mostly Sandstone -0.02 ± 0.002 (6) 0.09 ± 0.03 (2) -0.23 ± 0.08 (11) 1.58c <0•01 
Pseudantechinus bilarni invertebrates, p n/a  pn/a p=0.03 

small lizards and 
frogs  

Common planigale P/an/gale Invertebrates Floodplain 0.29±0.19(10) Not recorded Not recorded Not recorded 
macu/ata  p=O.00S  

Kakadu dunnart Sminthopsis Invertebrates Lowland 0.00- 0.01 (14) -0.24 ± 0.17 (Il) Not recorded Not recorded 
bindi woodland p=0.30 p=0.07  

Antilopine wallaroo Macropus Grasses (mostly Lowland -0.12 0.02 (12) -0.17 ± 0.08 (3) Not recorded Not recorded 
anlilopinus perennial) woodland p=0.002 p=n/a  
Euro Macropus Grasses Lowland -0.02 0.01 (22) Not recorded Not recorded Not recorded 
rohustus woodland; p=0.513 

sandstone  
Agile wallaby Macropus Grasses Lowland -0.02' 0.02 (35) -0.04 ± 0.33 (15) Not recorded Not recorded 
ag//is  woodland p0.55 p0.07  
Black wallaroo Macropus Grasses Sandstone -0.02 0.002 (5) Not recorded 0.05 ± 0.01(2) Not recorded 
bernardus  p=n/a   p=n/a  

CD 

110 

rJ) 

f-f 

CD 

Cn 



Preferred  nmm 
Short-eared rock wallaby Grass and seeds Sandstone -0.0004 - 0.00 (I) Not recorded -0.05 0.01 (2) Not recorded 
Perogale brachi'oiis 

___________________ 
p n/a  p ii a 

Possums 
 .. 

Brush-tailed possum Lcaes. thuts Lowland 0.01(2) -0.74 - 1.20 (7) -1.66 - 11.76 (7) Not recorded 
Trichosurus- vuIecula and fio ers woodland p n a p-0.35 p- 0.08 
Rock ringtail possum Leaves, fruits Sandstone -0.03- 0.005 (7) -0.05 0.01 (I) Not recorded Not recorded 
Petropsuedes dahli and flowers  p--n/a p-n/a  
Sugar glider Petaurus Nectar, sap. Lowland 0.02 0.002 (5) -0.13 ± 0.03 (4) Not recorded Not recorded 
breviceps invertebrates, woodland p n/a p=n/a 

small lizards and 

frogs 
 

Others . - - - - - - - 

Northern brown bandicoot Invertebrates, Lowland 0.48 0.24 (47) - 1.65 2.24 (20) 2.20 ± 5.56 (20) Not recorded 

Isoodon ,nacrouius fruit, seeds and woodland p=0.000 P 0.06 p=0.002 
trasscs 

 

Total mammal abundance -0.64 ± 3.61 (263)a  -2.35 4  13.96 (16)a  0.84 25.97 (44) 0.42cNon  significant 
p=0.81 p=O.16 

Species richness -0.02 0.25 (263)b -1.69 ± 1.52 (16)b 0.5 ± 0.24 (44) NA 
p=0,70  p=0.02 p=0.07  

Sc 

rt 
iD 

Cl) 



Chapter 9 Synthesis 

A synthesis of information on threats to small mammals in Kakadu. 

The main processes implicated in the decline of small-medium sized mammals in 

Kakadu and across northern Australia have been: inappropriate fire regimes (i.e. too 

frequent, intensive or homogenous), predation by feral cats, colonisation by cane toads 

or disease (Morton 1990; Sattler and Creighton 2002; Woinarski et al. 2010). During 

this study I have given at least some consideration to the role of all bar disease in the 

results that I have observed. 

The results of the re-sampling of the four historical surveys combined with the intensive 

consideration of the impact of variability in fire regimes on mammals (Chapter 7) 

provide strong support for the role of fire in determining the abundance and distribution 

of small mammals in Kakadu. For many species, modelling revealed fire frequency as 

an important determinant of change in abundance, either directly or through its 

relationship with particular habitat variables (e.g. the presence of logs, fruit bearing 

trees or particular grasses). The results of Chapter 7 also clearly illustrated that fire 

frequency is an important determinant of mammal abundance, with some species (e.g. 

the northern brushtail possum and grassland melomys) showing a clear preference for 

long unburnt areas characterised by increased shrubbiness and complexity in mid-storey 

vegetation, while others (e.g. the delicate mouse) favoured more frequently burnt sites. 

However, as importantly, the results of that chapter illustrated that spatial and temporal 

variability in fire regimes was equally as important in determining the abundance of a 

whole suite of species, including many that have been found to have suffered a decline 

in abundance in this and other studies in the region. More diverse understorey 

vegetation, including more perennial grasses, were associated with greater variability in 

fire regimes. 

During this study I was able to demonstrate a strong negative relationship between the 

presence of cane toads and the change in abundance of northern quolls. This result was 

entirely consistent with anecdotal observations from north Queensland and the 

predictions of studies from this area (van Dam et al. 2002). Studies carried out 

subsequent to the completion of the field component of this study are also consistent 

with the findings reported here (Oakwood 2002). I also reported a negative relationship 

between cane toads and the abundance of the pale field rat, although the mechanism 

driving this relationship is not as clear as for the northern quoll. Unfortunately. I was 
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unable to investigate the impacts of cane toads beyond the initial arrival of the first 

wave of colonising adults in the southern part of Kakadu. As a result, this study has 

provided little insight into the impacts of toads on other native mammals, particularly 

the smaller carnivorous dasyurids (e.g. fawn antechinus, sandstone antechinus, red-

checked and Kakadu duimarts and brushtail phascogale) and omnivorous species like 

the northern brown bandicoot and northern brushtail possum that may have been more 

likely to suffer from negative interactions with the smaller toads and toadlets that 

become more abundant as breeding populations of cane toads become established. 

Prior to this study there had been little attention given to the potential impacts of cats on 

the biodiversity of the north Australian savannas but there has been increasing debate on 

the topic in recent years. When this study commenced there was a widespread 

perception amongst long-term residents and staff of Kakadu that cats were present only 

in low numbers and only near floodplains and were therefore unlikely to be impacting 

on the mammal fauna of the eucalypt woodlands and sandstone habitats of the Park. 

This study showed that cats are indeed present and active in the woodland habitats and 

in numbers not dissimilar to those recorded in areas where they are known to be 

impacting on native mammals and also other taxa. In this study I could not provide 

more than a preliminary assessment of the distribution and abundance of feral cats in the 

northern and central parts of the Park, but I have demonstrated that they are present at 

densities sufficient to warrant further consideration as a major cause of mammal decline 

in the area. 

In summary, at the completion of the field component of this study in late 2004. I was 

able to show that some components of the mammal fauna of Kakadu were declining, 

particularly many rock-dwelling species and species that exhibit a reliance on hollow 

logs, tree hollows and midstorey broad-leaved vegetation (particularly fleshy fruit 

bearing species). This study has also revealed the role of frequent and homogenous fire 

regimes and cane toads in the decline of some species and has shown that these 

processes, especially fire regimes, play an important role in determining the presence 

and abundance of mammals across the Park. However, there remains a considerable 

amount of variation in the abundance of some species that cannot be attributed to these 

processes. The inability of this study to identify the processes responsible for all of 

these changes in mammal populations may be as a result of a number of factors. 

302 



Chapter 9 Synthesis 

including: (1) that processes other than those considered in this study are responsible for 

a considerable component of the change e.g. disease; (2) the observed changes are the 

result of a number of factors acting simultaneously e.g. increased fire frequency is 

leading to mammals having to forage and find shelter in more open habitats where 

predators like cats may be more efficient; or (3) different processes are causing the 

decline of individual species and so patterns are not obvious across the range of taxa 

considered here. 

Prediction and reflection: do the results of this study anticipate those of 
subsequent research and monitoring results? 

In 2010, a broadscale collapse in the mammal fauna of Kakadu, with an apparent period 

of accelerated decline between 2001-09 was recorded as part of Kakadu's fire plot 

monitoring program (Woinarski et at. 2010). The monitoring program described in that 

paper was specifically designed to investigate fire regimes and the impacts of those 

regimes on vegetation at a set of permanent plots. Fauna monitoring was superimposed 

on this program and has been completed at least once and up to three times at every plot 

between 1996 and 2009. The program reported a 65% decline in species richness and a 

75% decline in abundance at plots sampled twice between 2001-09. The extent of this 

decline increased with increasing fire frequency at the sites. The most marked declines 

were recorded for the fawn antechinus, northern quoll, northern brown bandicoot, 

common brushtail possum and pale field rat. 

For the most part the results reported in this thesis are consistent with those described 

by Woinarski et at. (2010). There were more species that declined than increased, and 

the declines were spread across a taxonomic and ecologically diverse set of species with 

some species showing similar patterns of decline in both studies. However, the overall 

extent of decline reported by Woinarski et at. (2010) is considerably greater than that 

reported in this thesis and there are some differences in the direction and magnitude of 

change in abundance reported for individual species in this thesis (e.g. the pale field rat 

increased in all repeated surveys described in this thesis, but was found to have declined 

significantly by Woinarski et at. 2010). 

A large component of the decline in abundance reported by Woinarski el at. (2010) 

could be attributed to the collapse of the northern quoll population across the Park as a 

consequence of the establishment of cane toad populations. But even with the omission 
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of northern quoll records from the data. Woinarski et al. (2010) were also able to clearly 

demonstrate a relationship between fire frequency and the decline in mammal 

abundance and diversity particularly between 2001 and 2009. 

However, the findings of Woinarski et al were also consistent with this study in that a 

large component of the variation in abundance observed over the course of the 

monitoring program could not be attributed to the causal factors investigated as part of 

the study. Woinarski et al. (2010) also suggest cane toads, predation by feral cats and 

disease (individually or in combination with each other and/or fire) as the most likely 

agents responsible for the unexplained proportion of the observed decline. So could the 

results observed by Woinarski et al. have been successfully predicted from those that I 

obtained during this study? 

For some species, the results of this study were certainly indicative of broadscale 

decline in abundance across the Park (e.g. Arnhem rock rat, common rock rat, grassland 

melomys and northern brushtail possum). But for others there was evidence that at least 

in some parts of the Park they were faring much better than the results of Woinarski ci 

al. (2010) would suggest (e.g. northern brown bandicoot, fawn antechinus and pale field 

rat particularly). There are a number of potential reasons for this disparity in the results 

of the two studies. Firstly, the most significant period of decline reported by Woinarski 

et al. (2010) was between 2001 and 2009. encompassing the timeframe when breeding 

populations of the cane toad became well established across the entire Park. It is 

possible that many mammal species, most notably the smaller dasyurids like the fawn 

antechinus, brush-tailed phascogale and dunnarts, and other species like the northern 

brown bandicoot, may have suffered greater than expected declines as a result of 

interactions with toads and this could not have been predicted from the results of this 

study. Secondly. and perhaps most importantly, the results of Woinarski el al. (2010) 

document change over three sampling periods (for some sites) and two sampling 

periods for most sites that were separated by only a five-year interval. The ability of 

that study to detect change and investigate causal agents for that change is greater than 

this thesis due to the improved power provided by more sampling periods, and a shorter 

time period over which that change has occurred (potentially much less stochastic 

variation). The standard errors associated with the measures of abundance presented in 

Woinarski ci al. (2010) are in most cases much smaller than those obtained in this 
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study, suggesting much less variation across the sample plots (as to be expected as 

additional samples were collected from survey plots). 

The management response to changing mammal populations in Kakadu National 
Park. 

The results reported in this thesis and by Woinarski et at. (2010) illustrate a broad-scale 

decline in abundance and distribution of many mammal species across Kakadu National 

Park during the period 2001-2009. These results appear to demonstrate a continuation, 

and even extension, of the mammal declines first reported in Kakadu at the Kapalga 

Research Station during the period 1986-1999 (Braithwaite and Muller 1997; Woinarski 

et at. 2001b). When the initial paper highlighting the decline in mammals at Kapalga 

was published, the likely causes of the decline were not clear, and the authors suggested 

natural variation in response to wet season rainfall as the likely cause (Braithwaite and 

Muller 1997). The subsequent paper by Woinarski et al. (2001) conclusively refuted 

that claim, and posed a number of potential alternative hypotheses, most notably 

highlighting the role of inappropriate (too frequent or intense) fire regimes as the most 

likely agent, and highlighted the need for an urgent and directed response from Park 

management. 

The establishment of the study described in this thesis was the major response of the 

managers of Kakadu National Park to those papers, with the intention being to 

investigate the extent of the problem (i.e. was the decline occurring across the Park and 

what species were involved) and where possible, investigate some potential causal 

factors. However, even with the inception of this project in 2001, over a decade had 

passed from the time of the first published declines of mammals at Kapalga 

(Braithwaite and Muller 1997) to the Park's first real response to the issue, and now 

some 20 years on, we still have made little headway into quantifying the cause of the 

declines and the management response/s required to halt, or at least, slow it. 

Given that Kakadu National Park is internationally recognised (through it's World 

Heritage status) as a safe haven for biodiversity, and threatened species in particular, it 

is pertinent to ask why has this decline in abundance in a significant component of the 

Park's biodiversity continued to occur, or even escalate, with no obvious or urgent 

response from Park management? 
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To address this question. it is necessary to consider some important features of the 

management framework and priorities that currently prevail in Kakadu, and the 

profound effect that these have on the management of biodiversity in the Park. 

The management framework in Kakadu National Park 
Most of Kakadu is Aboriginal owned land (with land claims currently being assessed 

for the remainder of the Park) and that land is leased back to the Commonwealth 

government to be managed as a national park. An overarching feature of the 

management of the Park is the role of joint management (a partnership between the 

traditional Aboriginal owners and the Director of National Parks). In addition to the 

leaseback conditions, management of the Park is guided by World Heritage legislation 

and the Parks Plan of Management. 

Joint management has a very significant influence on the way management activities are 

developed and implemented in the Park. The interests of traditional Aboriginal owners 

is arguably the pre-eminent driver of management planning in Kakadu, with great 

emphasis placed on their satisfaction and involvement in management actions as a 

measure of management success (see Table 9.3, Measures of success). Biodiversity 

conservation does not appear to play such an important role in management planning. 

This is evidenced by the absence of any explicit mention of it in the Vision for the Park 

in the current POM that states that: 

"The vision for Kakadu National Park is that it is one of the great World 

Heritage areas recognised internationally as a place where: 

• The cultural and natural heritage of the Park is protected and the living 

culture of Bininj is respected 

Bininj guide and are involved in all aspects of managing the Park 

• Knowledge about country and culture is passed on to younger Binin/ 

• Tourism is culturally, environmentally and socially sustainable" 

(Kakadu National Park Board of Management and the Director of 

National Parks 2007). 

The management strategy for Kakadu is outlined in the Park's POM that is reviewed 

every seven years. The format of the current and previous plans of management has 

generally been to address management issues in the Park through broad themes, which 
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each include some background and a broad consideration of issues, a description of 

aims for that theme and a list of actions and policies to be implemented for the theme 

during the life of the POM. These themes have been designed to contribute to a set of 

Key Result Area (KRA) outcomes which are developed by the Director of National 

Parks and used to assess the performance of all federally managed parks and reserves in 

Australia. 

One of the major criticisms of this approach to management in Kakadu has been the 

lack of quantifiable performance indicators in the Parks planning process. As part of an 

independent audit of Kakadu's past Plans of Management (up to 1999), the Australian 

National Audit Office (2002) criticised the plans and noted "the absence of key 

performance indicators and measurable targets" commenting that this made it "very 

difficult to measure the effectiveness of actions against natural and cultural objectives 

(Australian National Audit Office 2002). Amongst other things, the audit noted that 

future plans should address information gaps, strategic goals and targets. desired trends 

and performance indicators. 

In response to this review, a set of measures by which the success of the Park in 

meeting each aim would be assessed was added in the current POM. However, as 

evidenced in Table 9.3, the measures of success, which are often a mixture of 

qualitative and quantitative statements, are still characterised by their lack of 

measurable targets, desirable trends and performance indicators e.g. see the measures of 

success for Section 5.7 Fire where the measures of success relate to the abundance and 

distribution of indicators, but do not identify what the indicators are or what their 

desired status is. 

In addition, the ANAO review noted that although Parks Australia has some good 

baseline data, the approach to wildlife monitoring needed to be more systematic and that 

"monitoring of wildlife and threats to biodiversity currently tends to be 

opportunistic......rather than systematically at the landscape scale or linked to longer 

term trends. Consequently it is very difficult to make any broad assessment of changes 

(if any) in the condition of the Park over time" (Australian National Audit Office 2002; 

Parr el al. 2009). 
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It is the absence of a systematic and targeted approach to biodiversity monitoring in 

Kakadu that has been one of the principal factors affecting the ability of the Park to 

identify and respond to the decline of mammals over the last 20 years. Woinarski et al. 

(2010) noted that one of the main reasons why the Park had been slow to respond to the 

issue has likely been that the form of the required response has been obscured by 

continued uncertainty about the true extent of the issue and the factors driving the 

decline of mammals. This uncertainty, driven by a lack of ongoing information about 

the status of biodiversity and processes that threaten it, is a weakness that I have 

recognised in this thesis: the lack of information and long interval between sampling 

periods for the four sets of re-surveyed sites (approximately 20 years in each case) has 

made it difficult to discern between what might be stochastic trends in distribution and 

abundance and those that might be more deterministic in nature. Relationships between 

any such changes and other key attributes such as habitat condition and the frequency or 

extent of threatening processes are also difficult to assess. 

The case jbr a robust and long-term biodiversity monitoring program in Kakadu. 
The lack of ongoing information about the status of biodiversity in the Park is a 

fundamental hurdle to the successful long-term conservation and management of 

biodiversity in KNP. This is despite the fact that the need for ongoing monitoring as a 

means of assessing the status of plant and animal populations and the effectiveness of 

management programs in protecting or even enhancing biodiversity (and particularly 

threatened species) has been clearly recognised in the Park's Plan of Management 

(POM) (including the current and previous plans (Kakadu Board of Management and 

Parks Australia 1999; Kakadu National Park Board of Management and the Director of 

National Parks 2007). 

There are a number of sections of the POM that explicitly outline issues, policies and 

actions to be addressed in relation to the monitoring of biodiversity and the threatening 

processes (particularly fire. weeds and feral animals) and management activities that 

may influence its conservation. These sections as well as the progress that has been 

made against them during the life of the current POM (2007-20 14) are outlined in Table 

9.3 below. 
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Table 9.3 shows that KNP has been only partly successful in meeting the actions and 

policies identified in both the current and previous POM in relation to monitoring. With 

the exception of the fire plot monitoring program instigated in 1995 (and the re-

sampling of the four historical surveys described in this thesis) much of the work that 

can be related to monitoring of biodiversity has provided only baseline information 

relating to the condition of particular species. For most, there has been no commitment 

of resources to maintain ongoing monitoring of these species, management actions or 

threatening processes identified during these initial studies. 

Indeed for many of these issues, information obtained during the baseline studies 

carried out between 1999-2004 (the life of the previous POM) have not been used to 

inform and develop actions and measures of success that appear in the current POM 

(e.g. baseline surveys looking at the distribution and abundance of some threatened 

species have not been used to develop targets for management in the current plan and 

results of the fire plot monitoring program have not been used to identify desirable 

targets for fire management in different habitats across the Park). 

In addition to the broader monitoring commitments outlined in the POM, there is a 

specific reference and policies relating to the requirements under the EPBC Act for all 

listed threatened species occurring in national parks to be the subject of monitoring 

activities to determine their abundance and distribution and to assess factors that may 

impact their status. Table 9.4 lists all terrestrial species found in the Park which are 

listed under the EPBC Act or Northern Territory legislation and for which KNP is 

legally required to undertake monitoring for or has committed to do so in the POM. It 

can be seen from this table, that although there has been some research and survey work 

undertaken to assess the status of some of these species, there has been little dedicated 

ongoing monitoring of the status of populations of any of them (except the brush-tailed 

rabbit rat which has been the subject of ongoing monitoring at one site in the Park 

between 2002-2010). Like much of the (limited) monitoring that has been undertaken 

within the Park, this work remains unpublished and inaccessible to most Park staff (in 

the case of the brush-tailed rabbit rat monitoring this is not unreasonable given that the 

field monitoring has only recently been completed). Monitoring of potential impacts on 

these species has also been absent, except for three species that were recorded during 

the fire plot monitoring program (only the partridge pigeon Geophaps srniihii, Arnhem 
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rock rat and white-throated grasswren Amytornis woodwardi were recorded in five or 

more fire plots during the 2009 sampling period) (Woinarski etal. 2010). 

In combination the various components of the POM are designed to enable Kakadu to 

meet the natural heritage management KRA determined by the Director of National 

Parks. This KRA states that: 

Natural values for which the Commonwealth reserves were declared and/or 

recognised have been maintained. 

Populations of EPBC Act listed threatened species and their habitats have been 

conserved (Kakadu National Park Board of Management and the Director of 

National Parks 2007). 

The failure of Kakadu NP to establish monitoring programs to address its legislated 

responsibilities means that it is impossible for management to draw any reliable 

conclusions about its progress towards meeting this KRA. Indeed, in light of the results 

of this thesis and the recent work on the brush-tail rabbit rat, brush-tail phascogale and 

northern quoll there is evidence to suggest that. at least in relation to EPBC Act listed 

species, Kakadu is failing to meet the natural heritage management KRA determined by 

the Director of National Parks. 
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Section 8.6 Research and 
monitoring  

Aim: Research and monitoring Action 8.6.14 In consultation with • Extent to which Some historical surveys, notably Stage 
activities in the Park: Bininj, the KRAC (Kakadu Research research and monitoring III (1988-90. 2001). CSIRO Stage I 

Advisory Committee), the tourism increases understanding of and 11(1980-83,2002), Nawurlandja 

• Lead to a better industry and the Board, undertake a Park values and Park use. (1979-8 1, 1996, 2002), Jabiluka 
understanding of the Park's long-term research and monitoring • Extent to which (1979-81, 2003) provide long-term 
biodiversity and natural and program consistent with the research and monitoring baseline data for some species. Fire 
cultural heritage values following proposed research and informs decision-making plots also provide some baseline for 

• Effectively involve bininj monitoring priorities, and other and assessing some species. 

and traditional skills and priorities as determined by the Board. effectiveness of 
knowledge management actions. Targeted surveys have been 

• Identify changes to the • Level of Bininj undertaken for some species in the 
environment in the Park satisfaction with the extent Park and these may provide baseline 

• Contribute to effective Proposed research and monitoring of their involvement in data against which future information 
management of the Park and priorities include: planning and management can be compared. These species 
the region of research and include: northern quoll (Oakwood 

• Indicate the effectiveness of • baseline surveys and monitoring activities. 1997; Oakwood 2002); partridge 

management actions in ongoing monitoring of the 
pigeon Geophaps smithii (Fraser 

protecting Park values distribution and abundance of 
2000; Fraser et al. 2003); yellow Chat 

listed species and communities 
(Armstrong 2004); brush-tail rabbit rat 

including EPBC Act and 
(Firth 2007); Arnhem Land egernia 

Northern Territory listed species Egernia obiri (Armstrong and Dudley  
2004), yellow snouted gecko 

• status of native wildlife (Johansen 2006), Masked owl and  
populations and their interactions northern shrike tit (Ward 20 lOb). 
with lire and other environmental 
and climatic factors, including 
the use of established long-term Many of these studies were not 

fauna and vegetation sites designed for repeated measures and 

• species declines including. may not have quantiuiably assessed 
threatening processes. They therefore 
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Table 9.3. Prescriptions from the current KNP Plan of Management relating to research and monitoring, and progress made 

against those prescriptions. 



N..) for example, small mammals and do not meet one of the key stated aims 
granivorous birds of research and monitoring (to 

impact of fire on habitats indicate the effectiveness of 
and native species including the management actions in protecting 
effects of weeds on fire and of Park values). 
fire on weed distribution, and the 
effectiveness of wet season Fire monitoring plots allow the 
burning as a habitat management assessment of changes in native 
tool populations but for many species 

impacts of feral animals and (particularly rare and threatened 
weeds on Park values, and species) there are very few records so 
improved survey and control the ability of this set of sites to 

provide information on changes in 
populations is limited and probably 
inadequate as a stand- alone measure 
of trends (Russell-Smith et at. 2009: 
Woinarski ei' al. 2010). Also this set 
of sites was not explicitly chosen to 
assess fauna and therefore may not be 
representative of the array of species 
that need to be monitored in the Park 

Mammal decline is now receiving 
more attention through investigation 
into disease and the completion of 
biodiversity hot spot surveys. As of 
September2010 70 Black rat Ratt,,,s 
rattiis specimens have been trapped in 
the Park and examined for a range of 
pathogens and parasites. Analysis to 
date has not revealed the presence of 
any key pathogens within the black rat 
population (Jackson ci' at. 2010) 
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There has been no work to date on the 
impact of cats on biodiversity in the 
Park, beyond the preliminary survey 
work described in this thesis. 

There has been no further work 
considering the status of granivorous 
birds since work was completed on 
the partridge pigeon in 2003 (Fraser 
2000 Fraser ci al. 2003). 

5.7. Fire  

Aim: Through working with Bininj in Action 5.7.10. Monitor fire and its • Level of Bininj Vegetation monitoring has been 
the active management and use of fire effects (see Section 8.6, Research and satisfaction with how well undertaken at fire monitoring plots 
the natural and cultural values of the Monitoring). Review results of country is being looked every five years since 1995(Russell- 
Park are maintained, and life and monitoring programs at least after through management Smith et al. I 997b: Russell-Smith et 

property are protected. annually and incorporate any lessons of fire, and how much al. 2009). Fauna monitoring was 
learnt in subsequent burning involvement Bininj have initiated in 2000 but has not been 
programs. in fire management. undertaken as routinely as the flora 

• Trends in species because of greater financial and time 
diversity and abundance commitments required for this 
of important or indicator monitoring (Woinarski et al. 2010). 
species at fire monitoring 
plots. 
• Proportion of Park There appears to be little integration 
area affected by unplanned of the results of the fire plot 
or adverse fires, monitoring program into fire 
• Number and type of management planning. In the past 
incidents associated with couple of years there has been an 
loss of life or property due increased willingness on the part of 
to fire, management to respond to monitoring 

results, particularly in the fire- 
sensitive stony uplands (a stone 
country fire management strategy was 
prepared in 2007 (Petty et al. 2007a) 
and has recently been under review). 
Although this document refers to the 
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need to develop fire management 
thresholds and attempts to identify 
some, there has to date been minimal 
implementation of these and little 
movement towards identifying 
targeted management responses in the 
event that these thresholds are 
exceeded. 

5.8 Native plants and animals  

Aim: Through working with Bininj. Action 5.8. 5 Iniplemeni relevant • Extent to hich 5.8. 15 Current activities that 
ecological processes are maintained to actions from species threat abatement distribution and constitute the implementation of threat 
ensure the viability of populations of and recovery plans. abundance of selected abatement or recovery plans in 
native plants and animals currently plants and animals are at Kakadu are limited to cane toad 
occurring in Kakadu. Action 5.8.16 Update the Park's acceptable levels, aversion research for quolls that is 

database of EPBC Act listed species • Extent to which currently being undertaken by external 
and species of conservation or priorities in EPBC Act researchers. There is some 
cultural significance at least once threat abatement and monitoring undertaken in line with 
every three years. recovery plans are feral pig control activities but this is 

implemented. not presently undertaken on a regular 

Action 5.8.20 Continue specific • Extent to which basis (Tracey et a/. 2009). 

research into the longer-term impacts species important to 
of the cane toad and potential natural Bininj's customary 5.8.16 Databases are not routinely 
recovery of animal populations such economy, ceremonial updated as evidenced by the lack of 
as the northern quoll and zoannas. responsibilities and land contemporary records e.g. the most 

management practices are recent record of the partridge pigeon 
available and accessible. in the Mary River District dates back 

some decades, despite them being 
regularly seen near the ranger station 
and recorded during recent surveys 
(including this project). 

5.8.20 Unaware of any work that 
would directly measure long-term 
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impacts of cane toads (especially on 
species other than goannas and 
quolls), and there appears to be no 
formal quantifiable monitoring of the 
recovery of these species (incidental 
records are not quantifiable unless 
recorded in a standardised 
framework). 

Toad aversion research measures 
natural population of quolls at the East 
Alligator but is restricted to a fairly 
small area around the ranger station 
and there appears to be little 
information as to how large an area is 
occunied by this remnant nonulation. 

5.12 Feral and domestic 
animals  

Aim: Through control programs Action 5. 12. 13 Develop and • Extent to which A feral animal management strategy 
developed and implemented in implement feral animal plans for values within identified was prepared for the Park in 2006 
consultation with Bininj, the adverse districts which include identification management areas have (Field et at. 2006) and further work 
effects of domestic and feral animals by Park staff and Bininj of: recovered from feral has been undertaken in 2010 to 
on the natural and cultural values of animal impacts. identify and priorities values to be 
the Park, and on human safety, are • the values to be protected: • Bininj satisfaction considered during the development of 
minimised. • sites suffering damage and with their level of management programs. 

hence requiring control involvement in the 
programs: planning and management Culling programs have been 

• methods to be adopted: of feral animal programs. undertaken at various locations within 

• processes to measure and the Park, with simultaneous collection 

report on effectiveness of of demographic information and 

actions. damage assessments (Tracey et at. 
2009). 
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Table 9.4. EPBC Act and NT listed species (terrestrial species only) in Kakadu National Park and current monitoring activities 

:nI1i 
processes 

Reptiles  

Yellow snouted Endangered Vulnerable Loland woodland Poorly known but likely to Not recorded in any fireplots in 
Gecko Dip/oc/acivius be affected by 2008. 
occu/,us inappropriate fire regimes Survey completed in 2006 at 

and spread of introduced Kapalga (Johansen 2006) but 
pasture grasses there has been no further surveys 

undertaken in the Park or 
ongoing monitoring of the 
Kapalga site. 

Arnhemland egernia Endangered Endangered Sandstone Poorly Linderstood but Not recorded in any fireplots in 
Egernia oh/ri possibly affected by feral 2008. 

cat predation and changed Survey completed in 2004 
food resources resulting (Armstrong and Dudley 2004). 
froiii inappropriate fire There has been no further 
regimes. monitoring of this species since 

that time. 
Oenpelli python Not listed Vulnerable Sandstone Illegal harvesting and Recorded in only one fireplot in 
More/ia change in habitat 2008. 
oenpel/iensis suitability and availability There have been no dedicated 

of prey as a result of surveys or monitoring programs 
changed fire regimes. undertaken in the Park. 

Merten's water Not listed Vulnerable Fresh water habitats Cane toads Recorded in only five fire 
monitori l'ararnis including billabongs, monitoring plots in 2008. 
mertensi creeks and rivers Surveys were undertaken at the 

time of cane toad colonisation 
(Griffiths and Holland 2004) but 
there has been no further work in 
the Park since then. 
Incidental sightings are recorded 
by park staff, tour operators and 
visitors but there is no 
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processes 

I standardised approach used so 
information is difficult to 
quantify. 

Yellow spotted Not listed Vulnerable Fresh water habitats Cane toads Recorded in only two fire 
monitor (northern including billabongs, monitoring plots in 2008. 
sand goanna, creeks and rivers Surveys were undertaken at the 
floodplain monitor) time of cane toad colonisation 

(Griffiths and Holland 2004) but 
there has been no further work in 
the Park since then. 
Incidental sightings are recorded 
by park staff, tour operators and 
visitors but there is no 
standardised approach used so 
information is difficult to 
quantify. 

Emu Dromaius Not listed Vulnerable Lowland woodland Likely to be related to Recorded in only one fire plot in 
novaeholiandiae changed food availability 2008. 

(and possibly egg No dedicated surveys or 
destruction) resulting from monitoring programs are 
changed fire regimes conducted in the Park. 

Red goshawk Vulnerable Vulnerable Lowland woodland Across Australia habitat Not recorded in any fireplots in 
Erythrotriorchis clearing has been the 2008. 
radiatus principle threat (but not in No dedicated surveys or 

KNP). monitoring programs are 
undertaken in the Park. 

Australian bustard Not listed Vulnerable Lowland woodland; Potential threats include: Not recorded in any fireplots in 
Ardeotis australis grassland predation, altered fire 2008. 

regimes, habitat No dedicated surveys or 
modification due to weeds monitoring programs are 
and changed fire regimes, undertaken in the Park. 
pesticide use and grazing. 
Hunting is recognised as a 
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:n1rn 
processes 

I 
I  ke\ t hreai in northern 

Australia 
Partridge pigeon Vulnerable Vulnerable Lowland woodland Changes in grass Recorded in 17 fire monitoring 
Geophaps smith/i composition (due to plots in 2008. 
smith/i invasion by introduced A PhD project considering the 

species) and changed fire impacts of fire and grazing on 
regimes (notably the loss the species was completed in 
of intricate patch mosaic 2000 (Fraser 2000) and field 
burning associated with experiments looking at optimal 
traditional Aboriginal fire regimes were completed in 
burning practices) 2003 (Fraser ci al. 2003). There 

has been no further work on this 
species since the completion of 
those studies. 

There are currently no dedicated 
ongoing monitoring undertaken 
in the Park. 

Masked owl Tylo Vulnerable Vulnerable Lowland woodland Poorly understood, but Not recorded in any fireplots in 
novaehollandiae possible threats include 2008. 
kimberli the broad-scale decline of Playback surveys were 

prey (small-medium sized completed across Kakadu in 
mammals) and loss of 2010 (Ward 2010b). 
nesting and roosting sites There is currently no 
(hollow-bearing trees) as a commitment to undertake further 
result of more intensive, dedicated monitoring of this 
frequent and extensive species in the future. 
fires. 

White-throated Not listed Vulnerable Sandstone More frequent fires Recorded in six fire monitoring 
grasswren Amvtornis leading to habitat change plots in 2008. 
woodH'ardi is most likely threat There are no dedicated surveys 

or monitoring programs 
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Habitat Main threatening CurrentuFLIflIKakadu  
processes 

I I undertaken in the Park. 

Yellow chat Vulnerable Endangered Floodplain Habitat modification Not recorded in any fire 
Epihianura crocea resulting from the spread monitoring plots in 2008. 
tunneyi of introduced pasture Surveys were completed in the 

species, grazing by Park in 2004 (Armstrong 2004), 
introduced herbivores and but no further work has been 
altered fire regimes. undertaken in response to those 

surveys. 
There are currently no dedicated 
surveys or ongoing monitoring 
undertaken in the Park. 

Northern shrike —tit Vulnerable Vulnerable Lowland woodland Poorly understood, likely Not recorded in any fire 
Falcunculus fire regimes may be an monitoring plots in 2008. 
(frontatus) whitei important determinant of Playback surveys were 

habitat quality but completed across the Park in 
optimum fire regime not 2010 (Ward 2010b). 
yet identified. No dedicated ongoing 

monitoring. 
Gouldian finch Endangered Endangered Lowland woodland Large dry season fires Not recorded in any fire 
Eryihrura gouldiae affect availability of monitoring plots in 2008. 

critical seed resources. There are currently no dedicated 
The parasitic mite surveys or ongoing monitoring 
Sternosto.'na undertaken in the Park. 
tracheacolum, illegal 
trapping and grazing have 
been implicated in historic 

_________ 

 
decline 

Northern quoll Endangered Critically Sandstone; lowland Declines over the past Not recorded in any fire 
Dasvurus hallucatus Endangered woodland couple of decades are monitoring plots in 2008. 

likely due to predation by Studies considering the initial 
feral cats, habitat I  impact of cane toads on northern 



w 
:r1rn'I 

processes 
I  modification due to quoll populations \ crc 

altered fire regimes or less completed in 200 1/2002 
likely disease. Significant (Oakwood 2002). 
declines resulting from Further monitoring coupled with 
poisoning by cane toads research investigating the ability 
has greatly accelerated of northern quolls to "learn" to 
this decline, avoid cane toads has been 

undertaken in the East Alligator 
District since 2008 (references 
not currently available). The 
Park has made a commitment to 
continue this research in 2011. 
Dedicated monitoring is not 
undertaken at any other locations 
across the Park. 

Northern brush- Vulnerable Vulnerable Lowland woodland Poorly understood but Not recorded in any fire 
tailed phascogale likely threats include feral monitoring plots in 2008. 
Phascogale cats, habitat modification This species has been targeted as 
(thpoataftz) p/ru/a due to changed fire part of the Biodiversity Hot Spot 

regimes and poisoning by program currently undertaken in 
cane toads the Park (Palmer 2009). No 

dedicated monitoring programs 
are undertaken across the Park. 

Golden bandicoot Vulnerable Endangered Sandstone Most likely threat is There have been no confirmed 
Isoodon aura/us predation by feral cats but sightings of this species in 
aura/us frequent fire and Kakadit since 1967 (Palmer et a/. 

particularly the loss of 2003). 
fine scale patchiness There are currently no dedicated 
across the landscape may surveys or monitoring for this 
also be a cause of decline species in the Park. 

Brush-tailed rabbit Vulnerable Vulnerable Lowland woodland Most likely threat is Recorded in only one fire 
rat Con//urus predation by feral cats but monitoring plots in 2008. 
pen/cilia/us frequent fire and grazing Regular trapping of this species 

by introduced herbivores has been undertaken at Mardugal 
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processes 
in some areas may have 
reduced the availability of 
key resources including 
seeds from some grass 
species and tree hollows 
and hollow logs. 

campground since 2001 (as part 
of a PhD research project and 
subsequently as an annual 
monitoring activity)(Firth 2007). 
Failure to capture the species in 
2009 and 2010 has prompted 
more widespread surveys in late 
2010 (S. Winderlich, pers. 
comm.) 

Golden-backed tree Vulnerable Critically Sandstone Most likely threat is There have been no sightings of 
rat Mesemhriomvs Endangered predation by feral cats but this species since 1969 and an 
macrurus frequent fire and grazing unconfirmed record from near 

by introduced herbivores Gerowie Creek in 1993 (Palmer 
in some areas may have et al. 2003). 
reduced the availability of This species has been targeted as 
key resources including part of the Biodiversity Hot Spot 
seeds from some grass survey program but has not been 
species and tree hollows located 
and hollow logs. There are currently no dedicated 

surveys or ongoing monitoring 
activities for this species in the 
Park. 

Water mouse (false Vulnerable Data deficient Floodplain; Poorly understood but The only confirmed specimen 
water-rat) Xeromys swamps;mangroves possible threats include from KNP was recorded in 1903. 
inyoides habitat modification This species was not recorded in 

resulting from saltwater any fire monitoring plots in 
intrusion, the spread of 2008. 
weeds and grazing by The species was targeted during 
introduced herbivores, a Hot Spot Survey at Field Island 
Predation by feral cats in 2010 was unsuccessful in 
may also be a threat. locating the species (Ward 

2010a). 
There are currently no dedicated 
surveys or ongoing monitoring 
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procesI es  
I  activities for this species in the 

Park. 
Arnhem rock rat Vulnerable Vulnerable Sandstone Increased frequency of hot Recorded from 16 fire 
Zyzoniys maini and extensive fires in monitoring plots in 2008. 

areas of suitable habitat. There are currently no dedicated 
Predation by feral cats surveys or ongoing monitoring 
may also be an issue, activities for this species in the 

Park. 
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Chapter 9 Synthesis 

Monitoring biodiversity in an adaptive management framework in Kakadu 
National Park. 

As outlined in the previous section, there are various obligations placed on Kakadu to 

undertake systematic monitoring to assess the status of various components of 

biodiversity and the processes and management actions that may be affecting that 

biodiversity. Meeting those demands poses considerable challenges to Park 

management: monitoring of biodiversity is a complex and costly exercise and, with so 

many species and processes that need to be addressed, the potential costs of a 

monitoring program capable of meeting these many demands is sure to be very 

substantial. Nonetheless, the Park is obligated (under legislation and international 

treaties, and arguably from a moral standpoint as well) to undertake this considerable 

challenge and must find a way to do so that is both effective and sustainable. 

Despite the legal obligations under national legislation and international treaties, and an 

explicit commitment to do so in its own POM. Kakadu has to date not developed and 

implemented monitoring programs that have been used to effectively and strategically 

inform the management of biodiversity in the Park. Yet monitoring programs are 

recognised as a critical component of protected area management across the world, and 

without effective monitoring it is all but impossible to rigorously assess the success or 

otherwise of management actions in reserves. 

In Kakadu, as in many other locations around the world, the failure to develop and 

implement successful biodiversity monitoring programs can be attributed to a number of 

main causes, including: lack of clear and detailed objectives, poor survey design, low 

statistical power and lack of ongoing funding (Yoccoz el al. 2001; Legg and Nagy 

2006; Field et al. 2007). In addition, Kakadu faces some added challenges imposed by 

the current management regime in the Park. Notably, management must juggle the 

sometimes competing priorities related to biodiversity management and the social and 

cultural challenges imposed by the joint management arrangements in the Park. In 

addition, there is limited technical capacity within the Park's current staffing structure 

(there are no scientists/ecologists employed by the Park) to undertake the difficult task 

of designing and implementing monitoring programs. At present, almost all monitoring 

and research activities in the Park are undertaken by external contractors or other 

government agencies (with some participation in field work by Kakadu staff and 
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traditional owners) and it does not seem likely that this situation will change in the 

foreseeable future. These obstacles must be taken into account when considering 

optimal and achievable designs for monitoring programs. 

In the following section I explore the role of biodiversity monitoring within the adaptive 

management framework in Kakadu and discuss some of the requirements of a program 

that could adequately meet the national and international obligations faced by Park 

management to assess the status of those assets and the processes that may impact on 

them, including the Parks own management regimes. 

Monitoring in an adaptive management framework 
The approach to the management of Kakadu National Park is generally described as 

adaptive. By definition, adaptive management is the integration of management and 

monitoring (Elzinga et al. 2001: Griffiths et al. 2007). Monitoring is a critical 

component of adaptive management as it provides the means to assess the outcomes of 

management activities and the impact of threatening processes, and provides the 

information to be fed back into the system to allow management to respond 

appropriately and for management programs to be maintained or modified as required. 

In an adaptive management framework, monitoring is undertaken to improve 

management outcomes, rather than to simply gather information about the status of the 

populations or systems being monitored (Griffiths ci al. 2007). 

Almost all of the monitoring activities that have been undertaken in Kakadu over the 

last two decades fall into the category of surveillance monitoring (Elzinga ci al. 2001: 

Nichols and Williams 2006). They provide information about populations and 

communities of interest and some measurement of potential threatening processes and 

management actions, but do not test explicit hypotheses or models related to the 

implementation of those management actions (Nichols and Williams 2006). This 

observational approach to management can provide some inference to explain observed 

changes in species and communities of interest but this is generally weak because many 

potential factors can be invoked to explain the observed changes (Nichols and Williams 

2006). Critically, monitoring programs in Kakadu have not been established with clear 

and quantified objectives, desired targets or articulated management responses should 

particular outcomes be observed. As a consequence a critical step in the adaptive 

management process is not occurring, and management is not improving. 
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This point is demonstrated well by the results of the only long-term monitoring program 

that is currently being undertaken in Kakadu: the fire plot monitoring program. Fire 

monitoring plots in Kakadu were originally established as part of a program undertaken 

by the Bushfires Council of the Northern Territory to monitor the impacts of fire 

regimes on vegetation across three conservation reserves: Kakadu National Park, 

Nitmulik National Park and Litchfield National Park (Edwards et at. 2003; Russell-

Smith et al. 2009). Comprehensive flora assessments have been undertaken every five 

years at the plots since 1995. Fauna sampling was superimposed over the original 

design in 1996 but has not been undertaken as routinely as the flora component, in that 

the fauna component has not always been completed within one year and not always at 

five year intervals (Russell-Smith et at. 2009; Woinarski et at. 2010). This 

inconsistency has resulted as a consequence of the greater resourcing requirements and 

expense of fauna monitoring activities. 

Monitoring of fauna at the 133 fire monitoring plots showed a correlation between fire 

frequency and mammal decline but could not provide any recommendations about the 

appropriate level of fire to reduce this decline because the application of fire at the plots 

is done randomly (i.e. fire is not routinely applied at the plots according to any a priori 

hypothesis or model). So even though the program has identified considerable declines 

in biodiversity and has demonstrated correlations with particular attributes of the local 

fire regime, the authors could do little more than provide a best estimate of changes to 

fire regimes that would likely benefit biodiversity. 

In their assessment of the first ten years of the program, Russell-Smith et al (2009) 

concluded that, although the program was successful in meeting most of its objectives, 

it does not cater as well for fauna as it does for vegetation. This is likely due to the 

higher level of inter and intra-site variability in fauna data between sampling periods 

and also because the fauna of the region appear to display much more complex and 

varied responses to fire than the vegetation. In addition, Russell-Smith et al (2009) note 

that because monitoring plots were not sited based on the presence of particular 

biodiversity components, notably threatened species, the program does not adequately 

sample these species. For example, Edwards et al (2003) noted that only one threatened 

plant species was recorded from the 133 fire plots in Kakadu, and this on only one plot. 

The results of Woinarski et al (2010) showed similar outcomes for fauna, with only 
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three threatened species recorded in the 127 plots that have been sampled. and at most 

these species were recorded in only 13 quadrats. The program therefore has limited 

capacity to assess the impacts of fire management actions on threatened species in the 

Park. 

Russell-Smith el al. (2009) also note that, within the adaptive management framework 

of Kakadu, the program has been limited in its ability to inform the management 

process because there is currently a lack of biodiversity targets or thresholds relating to 

acceptable impacts from fire management. Also since the program was not designed 

with statistical rigour in mind, and hence does not incorporate regularly applied fire 

treatments, it cannot provide clear fire management targets for the maintenance of 

biodiversity. Thus, this program has provided some insight into models or hypotheses 

that can be tested in relation to fire management for biodiversity but has not provided 

management with a clear assessment of the fire frequency thresholds at which 

biodiversity is negatively impacted. 

Despite these shortfalls the fire plot monitoring program represents a solid foundation 

for long-term biodiversity monitoring in the Park. The potential role that the fire plot 

monitoring program can play as part of an integrated approach to biodiversity 

monitoring is acknowledged in recent reviews (Russell-Smith c/ al. 2009; Woinarski et 

al. 2009). However, it needs to be expanded and enhanced in order to fully address the 

monitoring requirements of the Park, including the need to further investigate and 

respond to the current decline of small mammals and other biodiversity management 

challenges. The application of regularly applied fire treatments (eg. pre-determined fire 

intervals) would facilitate a better understanding of long-term biodiversity responses to 

fire. As a matter of urgency, Kakadu needs to address these shortfalls in its approach to 

monitoring and biodiversity management so that the currently observed declines can be 

adequately addressed. 

Designing an ideal and achievable biodiversity monitoring program for Kakadu. 

In Chapter One of this thesis I provided an overview of biodiversity monitoring, it's role 

in conservation biology and environmental management. and the essential components 

that must be considered in the design and implementation of a successful monitoring 

program. There have been numerous reviews on the general topic of biodiversity 
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monitoring in Australia and overseas (Ringold et al. 1996; Gibbs et al. 1999; Elzinga et 

al. 2001; Whitehead el al. 2001; Watson and Novelly 2004). It is not my intent in this 

chapter to provide further review of this topic, rather I will consider the main points of 

that discussion in relation to how KNP can enhance and expand current monitoring 

activities to provide an adequate and robust monitoring program that will address key 

challenges to the management of small mammals, and biodiversity in general in the 

Park. Specifically I will address the key issues of establishing objectives, identifying 

threats and attributes to be measured, sampling design and how to link monitoring and 

management. 

Establishing monitoring objectives 
The lack of well-articulated and detailed objectives has been a major shortfall and 

obstacle to the management and monitoring of biodiversity in Kakadu for some time. 

Identifying appropriate objectives is the first critical step in improving current 

monitoring activities in the Park. To address the biodiversity monitoring and 

management issues identified in the current POM and based on the results of this thesis 

and the outcomes of recent monitoring activities in the Park (Russell-Smith ci al. 2009; 

Woinarski et al. 2009; Woinarski et al. 2010), I suggest that the overarching objective 

for biodiversity monitoring in Kakadu should be: 

To determine the status of native plant and animal populations, including EPBC Act 
listed species, in the Park by assessing the direction and magnitude of changes in 
populations of individual species over time, with particular reference to: 

the impact of the Park's fire management program, particularlyfirefrequency and 
patchiness (spatial and temporal); 

the impact offeral species; and 
the impact of other processes (e.g. climate change, disease) recognised as potential 

agents of change for particular components of biodiversity. 

To effectively achieve these aims, the management of Kakadu will need to give further 

consideration to the development of objectives specific to (a), (b) and (c) above. These 

objectives, analogous to the management objectives defined by Elzinga et al. (2001), 

must be much more specific and should include the following components: 

• The species (or group of species) or indicator to be monitored 

• The location of monitoring 
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. The attribute of the species or indicator to be measured (eg. Relative abundance. 

presence/absence) 

• The action to be achieved (i.e. to maintain, to increase or to decrease) 

• The desired status, quantity or degree of change for the measured attribute 

. The time frame needed for the management strategy. 

Multiple management objectives may be required for each of (a). (b) and (c). In 

addition to outlining management objectives, it is also useful to pair these objectives 

with an indication of the management response that will be initiated should the 

objective not be met. To illustrate this process further I will consider how monitoring 

might be undertaken to address the key issue of the impact of fire frequency on small 

mammals over the next five years (when the next round of sampling is due to be 

undertaken at the existing fire monitoring plots). Based on the results of this study and 

that of Woinarski et al. (2010) an example of an appropriate management objective to 

monitor this impact might be: 

Management objective: To maintain or increase the species diversity and abundance of 

small mammals (<5 kg) in fire plots at 2009 levels, by reducing the number of fire plots 

in which fire occurs in more than two of five years to less than 2009 levels (30 plots) 

between 2009 and 2014. 

Management response: If mammal diversity and abundance is not maintained or 

increased at sites where fire occurs at no more than two out of five years between 2009 

and 2014, more intensive study of the impacts of other processes e.g. feral cats or cane 

toads will be initiated at monitoring plots. This should include the establishment of cat 

and toad exclosures and the commencement of captive breeding programs or 

establishment of protected populations of species that have continued to decline. 

Similarly, a suitable objective for monitoring the impact of fire frequency on a 

particular threatened species might be: 

Management objective: To maintain the proportion of monitoring sites occupied by the 

Arnhem rock rat to within 10% of 2009 levels between 2009 and 2014. 
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Management response. If the proportion of sites occupied by the Amhem rock rat 

further declines by 2014, fire exclusion programs will be initiated around at least six 

occupied sites across the Park and monitoring will be undertaken annually at these sites 

in the following five years to measure the effectiveness of this response. 

Identi)51ng attributes to be measured. 
Kakadu is obligated under legislation to monitor the distribution and abundance of 

EPBC Act listed species. The POM also identifies species listed under Northern 

Territory legislation and species that may be in decline (notably small mammals and 

granivorous birds) as a monitoring priority. In relation to the impacts of potential 

threatening processes, the POM is less specific. Trends in species diversity and 

abundance of important or indicator species are listed as the targets for monitoring the 

impacts of fire, but there is no indication of what these species could or should be. In 

addition, the POM also mentions the need to measure the proportion of the Park 

affected by adverse or unplanned fires, indicating that some landscape scale assessment 

of fire across the Park is required. 

The extent to which priorities in EPBC Act threat abatement and species recovery plans 

are implemented is also mentioned as a monitoring priority. There are a number of such 

plans that need to be considered for Kakadu. Threat abatement plans that are relevant to 

this discussion include those for feral cats, feral pigs and the cane toad. In each of these 

documents, the relevant actions relate to assessing the level of threat posed by these 

species through monitoring of distribution and abundance and damage (for pigs), 

interactions between these feral species and native species for cats and toads. In 

addition, the threat abatement plan for toads outlines the recovery of native species after 

cane toad invasion as a monitoring priority. 

Only a handful of the listed animal species that occur in Kakadu are the subject of 

recovery plans established under the EPBC Act. These species are the northern quoll, 

golden-backed tree rat, golden bandicoot, Gouldian finch, masked owl, northern shrike-

tit and red goshawk. For most of these species, the recovery plans include few actions 

that are specifically applicable to Kakadu. For the gouldian finch, Kakadu is mentioned 

as an important location for population monitoring and the recovery plan highlights the 

need for the development of a standardised, rapid population monitoring technique to be 

implemented at key sites on an annual basis (O'Malley 2006). The integration of 
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appropriate fire management strategies for Gouldian finch habitat into management 

plans is also highlighted as an action for conservation reserves in the Northern Territory 

(OMalley 2006). 

For the remaining species, notably the northern shrike tit, masked owl and partridge 

pigeon, surveys to clearly establish the status of populations of these species and 

putative threats are a priority (Woinarski 2003). Key actions for these species are to 

maintain and enhance habitat suitability through fire management and to minimise the 

impacts of the spread of exotic pasture grasses. Monitoring is a key component of these 

actions (Woinarski 2003). 

There are a number of monitoring approaches that could be adopted by the management 

of Kakadu to gather the necessary information to address these objectives. Biodiversity 

monitoring can be undertaken at many levels, from individual organisms to 

communities or entire ecosystems. The potentially large number of measureable 

attributes can be reduced or prioritised by applying a number of criteria to the potential 

set. These include: selecting species that must be monitored due to regulation, using 

indicator species. choosing representative species, choosing species that are known or 

thought to be in flux and selecting charismatic or special interest species (Landres el al. 

1988: Noss 1990: Breckenridge et al. 1995: Saunders el al. 1998: Elzinga ci al. 2001). 

In addition, management might also consider measuring ecosystem processes, habitat 

indicators or threat indicators as surrogates for biodiversity particularly if, as is the case 

here, the monitoring program is designed to provide an assessment of the impact of a 

particular threat or the efficacy of a particular management action in managing a 

biodiversity attribute (Elzinga ci al. 2001). 

From this brief discussion it is clear that a monitoring program that can address the 

objectives listed above and the regulatory requirements imposed on the Park must give 

consideration to a variety of biodiversity and threat attributes. It must be decided 

whether the attributes to be monitored can be limited to a few "indicators" and if this is 

possible, what those species, habitat features or threats will be. I briefly consider the 

suitability of some of these monitoring options below. 

There is much debate in the literature as to how indicator species should best be selected 

but there is general agreement that indicator species should possess a number of 
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desirable characteristics (Landres et at. 1988; Noss 1990; Saunders et at. 1998). Their 

taxonomic status, biology and life history attributes should be well understood and their 

tolerance to ecosystem change should be established. They should be easy to detect and 

measure, have a fairly cosmopolitan distribution, occupy relatively small home ranges, 

and undergo low population fluctuations that will allow trends in populations to be 

detectable and provide early warning signals to potential stresses (Hilty and 

Merenlender 2000). Other factors such as the species being at risk or of commercial 

value are also desirable attributes for indicator species. In addition to these factors, and 

more critically, indicators should have a well-established statistical relationship with 

other biodiversity attributes of interest and the threat or management action being 

monitored (Landres el at. 1988; Noss 1990; Hilty and Merenlender 2000; Elzinga et at. 

2001). 

I used the data collected during the re-survey of Stage III to assess whether there are any 

individual species recorded in that study that could be used as indicators to monitor the 

impacts of fire frequency on biodiversity (namely the diversity of major taxonomic 

groups, mammals, reptiles, birds and frogs). I first investigated the direction and 

magnitude of the relationship between all species recorded during the Stage III re-

survey and fire frequency at the sites using Spearman's Rank Correlation Co-efficient. 

For those species with a negative relationship with fire frequency I then investigated the 

relationship between that species and the diversity of major taxonomic groups, and all 

individual mammal species. 

The results demonstrated that few species had strong negative relationships with fire 

frequency in Stage III. Of those species that were significantly negatively related with 

fire frequency, few had statistically significant relationships with the major taxonomic 

groupings or individual mammal species, and these relationships were generally weak 

(r2  =<0.5) (Table 9.5). One of the most likely explanations for this result is that that 

dataset considers a very diverse set of species occupying a wide array of habitats across 

Kakadu and as a result there is a high degree of dissimilarity in the distribution and 

abundance of species across the Park. This lack of strong, demonstrable statistical 

relationships between individual species and biodiversity in general suggest that, even if 

species meet the suite of selection criteria outlined above, there are no species that at 
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present could be used reliably as indicators to monitor the impacts of fire frequency on 

small mammals (or other major taxonomic groups) in Stage III of Kakadu. 

Similarly, the use of habitat or threat indicators is also unlikely to be successful given 

that this analysis did not reveal any species that had particularly strong negative 

correlations with fire frequency (no species had correlation co-efficients greater than 

0.3. Table 9.5). Other studies, including some of the results presented elsewhere in this 

thesis (see Chapter 7) have shown that the relationships between individual species and 

fire are often complex and may be mediated through the impacts of fire on important 

habitat attributes rather than through direct impacts on the fauna species themselves. 

Habitat attributes may also show complex responses to fire (e.g. fire can create hollows 

in trees but can also destroy hollow bearing trees) and so it may be difficult to translate 

observations of habitat responses into the effects that fire is having on biodiversity. As 

a result, it seems that at the present time it would be difficult to identify a set of 

attributes that could be used as indicators to assess the impacts of fire frequency. 

Consequently, a suitable monitoring strategy must give consideration to a more 

comprehensive suite of species if it is to meet the current monitoring requirements in 

the Park. 

One way of obtaining information about the distribution and abundance of many species 

simultaneously is the use of multi-species monitoring programs based on repeated flora 

and fauna surveys. Broadscale flora and fauna surveys are commonly undertaken as 

inventory exercises in conservation reserves (e.g. the CSIRO survey of Stage Ill 

(Woinarski and Braithwaite 1991), the Kakadu Fauna Survey (Braithwaite 1985) and 

these surveys can form the basis of future monitoring programs (Woinarski et al. 

2006b) and as I have attempted to demonstrate in this thesis. 

The multiple species approach to biodiversity monitoring is becoming increasingly 

popular and is the approach currently adopted in Kakadu's fire plot monitoring 

program. In this program, plot-based sampling is undertaken to gather relative 

abundance estimates of birds. mammals, reptiles and frogs. Depending on the questions 

to be addressed, the data can be analysed to investigate changes in relative abundance or 

simply occupancy across plots. It can also be coupled with simultaneous measurement 

of key habitat and threat parameters (including canopy cover estimates at a range of 

height classes, basal area of dominant tree species, ground cover and impacts of major 
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disturbances including fire, weeds and feral animals), to provide management with 

important information about the factors that might be affecting biodiversity. 
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Table 9.5. List of terrestrial vertebrate species from Stage III for which abundance was negatively associated with fire frequency, and 
their correlation with species richness of major taxonomic groupings. Correlations were done using a Spearman's rank correlation test for 
abundance and species richness data. Results shown are correlation coefficient rho (p) and associated probabilities (statistically significant results 
are indicated by * for P<0.05 or ** for P<0.01). Results with a correlation coefficient >0.50 are highlighted by boldface. 

p =O.I3 p=O.06 p O.03 pO.11 pO.lI 
Megastilotus lignarius Carpenter frog t = -2.17 t 0.93 t = 0.43 t = 1.71 t 1.71 
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p=-o.13  p=O.03  p =O.OS p=-o.09  p=  -o.ol C olluricincla Little shrike thrush t = -2.18 t = 0.54 t = -0.78 t = -1.49 = -0.21 
megarhyncha P = 0.03* P = 0.59 P = 0.44 P = 0.14 P = 0.83 

p = -0.13 p = 0.31 p = 0.28 p = 0.07 p = 0.09 
Rhipidura rujiveniris Northern fantail t = -2.16 t = 5.27 t = 4.71 t -  1.10 t = 1.40 

P=0.03* P=<0.01 P=<0.01' P=0.27 P=0.16 

p = -0.15 p = 0.05 p = -0.0a p = 0.02 p = -0.11 
Plalycercysvenustus Northern Rosella t=2.38 t0.88 t-0.62 t0.31 t-1.78 

P = 0.02* P = 0.38 P = 0.54 P = 0.76 P = 0.08 
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Ducula bicolor Pied imperial pigeon t = -3.28 t = 0.78 t = 0.47 t = -1.30 t = 1.63 

P = <0.01 P = 0.44 p = 0.64 P = 0.19 p =o. 10 

p = -0.15 p = 0.11 p = 0.04 p = 0.07 p = -0.04 
Manorinaflavigula Yellow throated miner t = -2.45 t = 1.83 t = 0.71 t -  1.15 t = -0.60 

P = 0.01* P = 0.07 p = 0.48 P = 0.25 p = 0.55 
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Multi-species approaches to monitoring allow the measurement of a diversity of species 

present in an area, rather than targeting a particular group or single species. One of the 

most notable advantages of this type of approach to monitoring for Kakadu, is that it 

can provide an assessment of trends in a diversity of species across an array of habitats 

in a single program. Another advantage of multi-species monitoring programs is that 

they can be used as so-called omnibus surveillance programs (that gather ongoing 

information about a range of species to assess trends over time) or for targeted 

monitoring programs to assess species responses to management programs or 

threatening processes (Nichols and Williams 2006). 

The continued adoption of this multiple-species monitoring approach in Kakadu is 

recommended for a number of reasons: 

The approach yields high quality data about a range of species and threatening 

processes simultaneously, thus contributing to meeting the monitoring 

requirements of the Park more cost effectively than single species approaches or 

programs designed to assess individual threats or management actions; 

Future data collected using this method will be directly comparable with existing 

data from Kakadu and across the Northern Territory, simultaneously 

maintaining the value of historical data and increasing the power of the 

monitoring program with every subsequent sampling period in the future; and 

The data collected during the program can be used to streamline it further in the 

future e.g. to undertake power analysis to ascertain whether the number of 

species that can be monitored for specific programs can be reduced. 

Some measure of threats or management actions is required to assess biodiversity 

responses. Currently, fire history characteristics (frequency, time of year of fire and 

time since burnt) are monitored in Kakadu by remote sensing. Satellite imagery is used 

to collate annual fire statistics for the entire Park. These characteristics should continue 

to be monitored to assess fire regimes but a measure of fire patchiness also needs to be 

incorporated into landscape scale monitoring of fire if the broad biodiversity monitoring 

objective outlined above is to be met. This could be done using the moving window" 
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methodology outlined in Chapter 7 of this thesis and utilised in other studies of fire 

variability in Kakadu (Price et al. 2005a). 

In addition I would recommend that the monitoring of fire attributes be better combined 

with other measures, including rainfall in the preceding wet season, to assist fire 

planning activities each year. Such an approach is undertaken in Kruger National Park 

where rainfall statistics are combined with fire history attributes to estimate fuel loads 

and develop annual fire management plans (Du bit et al. 2003; Parr et al. 2009). At 

present annual fire plans in Kakadu are based almost entirely on attributes like time 

since last fire, which are derived purely from satellite imagery rather than the prevailing 

ground conditions. 

Developing a suitable sampling design. 
The multiple species approach to monitoring currently used in the fire plot monitoring 

program in Kakadu, and that is now routinely used across the Northern Territory, 

utilises the same methodology described for the re-sample of the Stage III survey (see 

Chapter 2 of this thesis). The method involves three nights of trapping at each site and 

uses standard sampling methods to survey major taxonomic groups. Elliott and cage 

traps are used to sample mammals, pitfall traps and site searches to sample frogs, 

amphibians and some smaller mammals and aural surveys to sample birds and frogs. 

Relative measures of abundance, such as captures per 100 trap-nights, can be generated 

from the raw survey data to be used in analysis, or alternatively occupancy of sites can 

be used as the measure for analysis. 

One of the drawbacks of this approach to monitoring is that these survey techniques 

may not be particularly suited to highly mobile, cryptic, shy, naturally rare or threatened 

species. In addition, these types of programs, which are usually based on such measures 

as presence/absence or change in some index of abundance (e.g. trap success rate), can 

rarely provide evidence of causation of any observed changes. For these reasons, broad-

scale multi-species monitoring programs usually need to be coupled with supplementary 

programs designed specifically for rare or threatened species and with research 

programs that can explicitly test hypotheses relating to the cause of change or efficacy 

of a management action. 
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Another potential limitation of multi-species monitoring programs is that they can be 

expensive and time-consuming exercises, requiring considerable sustained investment 

from management agencies and despite this investment they will usually not provide 

immediate results. However, this cost is likely to be outweighed by the significant 

amount of information they can provide and can be managed through careful planning 

during the design phase. In addition, as sampling cycles accumulate through the life of 

the program, it may be possible to reduce the number of parameters that need to be 

measured by analysing the data and identifying species or groups of species that can be 

used as indicators, thereby potentially reducing the resources needed for the program in 

the longer-term. 

In the absence of the detailed information needed to identify indicator species. multi-

species monitoring programs provide an ideal way to measure and assess broadscale 

changes in biodiversity across a large area like Kakadu National Park. Indeed, it is my 

recommendation in this thesis that the management of Kakadu consider exactly that 

response to their current biodiversity management challenges. 

Specifically I suggest that they undertake broadscale multi-species monitoring to assess 

landscape scale trends in the distribution and abundance of a range of species across the 

Park using the current fire plots, and either (a) expand the current program by adding 

sites specifically chosen because of the presence of threatened species (for some species 

these sites could be identified from the sites surveyed as part of this thesis e.g. plots 

could be established at locations in the Mary River and East Alligator Districts where I 

have recorded Arnhem rock rats) or (b) supplement the existing program with discrete 

and targeted programs designed for individual species that cannot be adequately 

detected as part of that program (but this would impose considerable strain on the 

limited resources available for monitoring). 

The existing fire plot monitoring program could also be modified so that the regular 

application of specific fire treatments to a subset of plots could be used to identify 

appropriate fire frequency thresholds for biodiversity. For example, fire treatments 

including no fire, intermediate frequency (two out of five years) and annual fires could 

be applied to a set of plots in a particular habitat type to assess which regime leads to 

the maintenance or improvement of mammals (or some other defined biodiversity 
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attribute). The results of such an approach would provide direct information to fire 

managers and would enable more prescriptive fire management targets to be developed 

for the Park. Alternatively, the establishment of experimental studies to investigate 

more explicitly the ideal approach to fire management could be undertaken to inform 

management of the efficacy of a range of fire management regimes for meeting 

biodiversity management objectives. 

In addition, particularly in relation to changes in the status of small mammals, 

experimental studies investigating other potential impacts (such as cane toads and feral 

cats) should be considered. There is currently much interest and ongoing concerted 

effort to obtain funding to establish exclosures in Kakadu and other locations in the Top 

End of the Northern Territory that would facilitate the investigation of the impact of 

cane toad and cat exclusion on existing mammal populations (J. Woinarski pers. comm., 

2010). Such studies would also provide valuable insight into the capacity of 

populations to recover in the absence of these feral species. Other research activities, 

including obtaining distribution and abundance data for feral cats and dietary analysis. 

are also needed to determine the role of feral cats in the observed changes in 

biodiversity and to justify future investment in ongoing management and monitoring 

activities directed at this potential threat. 

Usually at this stage of the development of a monitoring program consideration must 

also be given to the question of scale, both temporal and spatial. Some of the issues that 

are often addressed at this stage of the development of a monitoring program include 

whether sampling should be plot-based, how many plots and what size the plots should 

be and how far apart they should be located. This should be guided by the objectives of 

the program, and should take into account the level of statistical power that is required 

for the monitoring program (that is, the ability of the program to detect real change in 

the measured attributes) and the resources that are available to undertake the monitoring 

(in the long-term, not just at the time of establishment). 

At the time of the establishment of the fire plot monitoring program, the plots were 

established to sample vegetation only, so small plots were suitable to measure these 

immobile biodiversity attributes. Although plots of this size may also be suitable for 

most of the fauna species sampled as part of the monitoring program (especially 
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reptiles, amphibians and many small mammals) they may be less so for the more mobile 

species like snakes and macropods (Woinarski et al. 2000a). 

The location of plots was chosen so as to provide managers with information about the 

consequences of fire management activities on the range of vegetation communities 

present in Kakadu. Although not designed with statistical rigour in mind, the program 

does achieve reasonably robust stratification and replication (Edwards et al. 2003) and 

so provides an adequate framework for the statistical assessments of trends in 

biodiversity attributes. However, as discussed above, the current number and 

arrangement of plots does not perform well in relation to the detection of trends in 

uncommon or threatened species. If additional plots are to be added to enhance the 

capacity of the program to detect changes in these species, the number and location of 

sites should be determined with respect to the desired power of the program and the 

manner in which data is to be analysed. 

In relation to temporal scale, the most important issues to be considered is frequency of 

sampling. The cost of sampling is an important consideration when determining 

frequency of sampling, as costs will obviously be much greater if sampling is conducted 

very frequently. At present the interval between sampling periods for the fire plot 

monitoring program is five years and this appears to be a reasonably pragmatic trade-off 

between the need to gather regular data and maintaining costs of monitoring to a 

manageable level. Lindenmayer et al (2012) describe a novel approach to reducing the 

cost of sampling at a large number of monitoring sites, through the implementation of a 

rotational.overlapping sampling strategy where a proportion of total number of sites is 

sampled each year. Similar approaches have been used to monitor a range of species in 

a range of habitats including arboreal mammals in the montane forests of Victoria and 

threatened marine birds in the Coral Sea (Welsh et al. 2000; Lindenmayer ci al. 2003; 

Lindenmayer ci al. 2012). Such approaches may be particularly useful in Kakadu. 

where the large geographical area and diversity of habitats mean that an effective 

monitoring program will require a considerably high number of monitoring sites if it is 

to effectively capture the high levels of temporal and spatial variability in biodiversity 

and threatening processes. 
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Another important consideration in relation to the temporal scale of sampling is the 

potential time lag between the occurrence of the threatening process or management 

action and the response of biodiversity. In relation to fire, there may be obvious short 

term responses of biodiversity to fire events but trends (i.e. more permanent responses 

to longer term fire regimes) may take longer to detect. As a result, it may be difficult to 

detect the early warning signs of a negative impact of fire. 

Multi-species monitoring programs are often characterised by low statistical power, due 

in part to high inter- and intra-site variability in the large variety of species and habitats 

that they sample (Woinarski et al. 2004a; Griffiths et al. 2007). Woinarski et a! (2004) 

undertook a power analysis of fire plot monitoring data from Litchfield National Park 

and found that for all mammal species, the number of sites required to detect a change 

in abundance of 10% with 90% certainty was over 500 (Table 9.6). This number was 

reduced considerably if the minimum detectable change was raised to 50% with less 

certainty. 

I applied the same analysis to data for individual mammal species recorded during the 

Stage III re-sample described in Chapter Two of this thesis. I calculated the number of 

sites needed to (a) be 90% certain of detecting a 20% decline in abundance with a 10% 

chance of Type I error; and (b) be 80% certain of detecting a 50% decline in abundance 

with a 20% chance of Type I error (the former being a much more conservative 

scenario) using the formula: 

= ()2 
(Za  + Zfl) / (MDC)2  

where n = the number of samples required to detect a true difference between two 

sample means; s = the standard deviation of the differences in abundance from the 

baseline to the resample, across all paired samples; Za  = the Z-coefficient for Type I 

error (=1.64 for a Type I error rate of 0.10 and 1.28 for Type I error rate of 0.20); Zfl  = 

the Z-coefficient for Type II error rate (=1.28 for a power level of 0.9 and 0.84 for 

power level of 0.8) and MDC = the minimum detectable change size, where this is equal 

to the larger of the mean abundance over all quadrats in either the baseline or the 

resample, multiplied by 0.2 for scenario (a) above, or 0.5 for scenario (b) above 

(Elzinga et al. 2001; Woinarski et al. 2004a). 
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The results of this analysis are quite disheartening in that they show that a very large 

number of sites are required to detect a large change (50%) with any certainty for even 

the more common species in Stage III. To undertake this level of sampling within 

Kakadu itself would be prohibitively expensive. However, if the results from 

monitoring in Kakadu are combined and analysed with other regional monitoring 

programs (for example Litchfield and Nitmulik National Parks) then at least for some 

species the required number of plots may be more possible. 

There are however ways that the power of a monitoring program can be improved. For 

example. the power of a monitoring program increases with the number of sampling 

periods, so the longer a program can be maintained the better the information it will 

provide and the fewer sites that will be needed to obtain adequate power. The power of 

a monitoring program also depends on many choices made during the design stage, 

including: the desired effect size (acceptable change); the statistical test applied and the 

acceptable Type I error rate (Legg and Nagy 2006). It is for this reason that the 

statistical methods that will be applied to the monitoring data need to be given sufficient 

consideration at the development stage. 
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Table 9.6. Assessment of power of Stage HI re-survey data to detect change in the 

abundance of individual mammal species between 1988-90 and 2001. Abbreviations: 

's.d.(diff) = standard deviation of the difference in abundance at each quadrat from baseline to 

resampling. The number of sites required for reliable monitoring is calculated at two 

combinations of power and extent-of-change detection levels: '90%' = being 90% certain of 

detecting a 20% change in abundance with a 10% chance of accepting Type I error; 80%' = 

being 80% certain of detecting a 50% change in abundance with a 20% chance of accepting 

Type I error. a  For Kakadu Stage III data only. NA not recorded 

Antechinus be/IL/s 0.08 0.06 0.79 22114 1865 NA NA 

Isoodonmacrourus 0.15 0.62 1.98 2146 181 716 60 

Mesembriomys 0.05 0.16 1.19 12035 1015 1550 131 
gould/i 
Zyzomysargurus 1.16 0.97 3.39 1810 152 673 57 

Pseudomys 0.34 0.09 1.06 2069 174 2534 214 
del/ca tulus 
Sminthopsis bindi 0.04 0.05 0.41 16485 1390 NA NA 

Pseudomyscalabyi 0.13 0.13 1.00 12631 1065 1936 163 

Leggadina 0.07 0 0.31 4114 347 NA NA 
lakedownensis 
Melomysburtoni 0.30 0.69 4.47 8843 745 4165 351 

Plan/gale maculata 0.29 0 1.76 7699 649 NA NA 

Pseudomysnanus 0.17 0.23 1.13 4970 419 1599 135 

Dasyurushallucatus 1.01 0.940 4.43 4130 348 921 78 

Sminthopsisvirginiae 0.08 0.09 0.67 12239 103 2620 221 

Rattustunneyi 2.12 2.13 6.00 1695 143 584 49 

Zyzomys ma/ni 0.29 0.05 1.72 7353 620 NA NA 

The types of statistical tests that can be applied to monitoring data are numerous. 

Traditional frequentist approaches, based on hypothesis testing are commonly used to 

assess differences over time, but their usefulness is entirely dependent on the 

appropriateness of the null hypothesis being tested (Legg and Nagy 2006). For 

example, a null hypothesis that is common to many ecological studies, including 

monitoring programs, is that a process or threat has had no impact on the species of 

concern. This type of hypothesis will almost always be rejected, even if the effect is 
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very slight, but the rejection of the hypothesis does not inform management whether the 

impact is sufficient to warrant some response (Johnson 1999; Legg and Nagy 2006). 

The use of sophisticated non-frequentist modelling approaches such as generalised 

mixed effect and additive mixed effect modelling is enabling managers to better define 

and understand sources of variation and uncertainty within their systems and to focus 

more on effect size related to management activities rather than whether or not an effect 

is occurring. In addition, recent statistical advances in community level monitoring, 

including the use of hierarchical models, are enabling managers to better utilise multi-

species monitoring data to understand the response of individual species (including rare 

or infrequently detected species) and communities to threatening processes of 

management actions. Such heirarchichal approaches to modelling are being used to 

support multi-species monitoring programs across the United States (Manley el (1!. 

2004; DeWan and Zipkin 2010) and in Switzerland (Kery and Royle 2009). 

Other more powerful analyses based on likelihood theory, including the information 

theoretic framework that I have used in this thesis, or Bayesian approaches to 

modelling, are becoming increasingly popular in monitoring programs (Elzinga ci al. 

2001). Bayesian networks in particular provide managers with an opportunity to map 

the current understanding of a system and its associated management issues in order to 

identify areas of uncertainty and priorities for monitoring and research. As knowledge 

is improved through monitoring, the network can be refined and modified to reflect 

these changes and to assist managers to identify which parts of the system require 

ongoing or additional monitoring and where management action is required (Zipkin el 

al. 2009; Forsyth et al. 2012 Lindenmayer et al. 2012). 

These methods of analysis are useful for managers because they can compare a range of 

models that represent possible scenarios in the landscape and provide a comparison of 

the likelihood of each being true (Burnham and Anderson 2001). Essentially this places 

the results of a monitoring program within a decision-making framework whereby the 

management response can be justified by comparing the likelihood of a range of other 

responses occurring (Burnham and Anderson 2001; Burnham and Anderson 2002). 

The downside of these statistical approaches is that they are generally more 

complicated to undertake and require more statistical expertise than traditional 
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frequentist approaches to analysis. Many of these analyses are beyond the ability of 

most staff within national parks, particularly in a situation like Kakadu, where at the 

time of writing, there are no staff with research or monitoring expertise of this type who 

can co-ordinate and assist other staff with these aspects of monitoring. 

Nonetheless it is important that statistical issues are considered during the design phase 

of the monitoring program to ensure that an optimum sampling design can be 

determined from the outset, taking into account the capacity of the organisation to 

maintain the program. If sufficient technical expertise to undertake this step is not 

available within an organisation, then sufficient funding should be made available to 

obtain the appropriate expertise from elsewhere. 

Linking monitoring to management 
All of these components must be nested within an adaptive management framework 

whereby the results of the monitoring and experimental programs are utilised by Park 

management to develop, modify or maintain appropriate management programs. By 

specifically detailing management responses as part of the monitoring program 

objectives, these links are clearly articulated from the start. But this in itself is not 

adequate: monitoring programs and their outcomes must be institutionalised from their 

outset. That is, there must be long-term agency support for the program in terms of 

financial and physical resources. 

The time-lag between the initiation of monitoring programs and the provision of results 

does not fit well with the current approach to funding in most management agencies 

(usually annual or at most three yearly cycles) and as a result there is often reluctance or 

an inability to secure long-term funding for these programs (which usually need to be 

running for at least five to ten years to be useful to management) (Field ci al. 2005). 

This funding must be adequate for the on-ground implementation of monitoring 

activities, the analysis and storage of data, and the implementation of appropriate 

responses to the outcomes of those programs. This aspect of monitoring has posed 

some significant challenges for Kakadu, as there is currently no long-term secure 

funding for monitoring programs in the Park (even the budget for the fire plot 

monitoring program is currently negotiated on an annual basis (S. Winderlich, pers. 

comm., 2010). 
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Staffing resources to undertake the field component of monitoring has also posed some 

challenges to the Park, as district ranger staff are generally committed to other activities 

(notably visitor and asset management). Finally, the Park's current capacity to manage, 

store and utilise the data generated from any monitoring activities is hampered by poor 

database management systems, insufficient storage capacity for both digital and hard-

copy data and a limited capacity to undertake any analysis of that data. These issues 

must all be resolved if future biodiversity monitoring programs are to be effectively 

utilised to inform and improve biodiversity management and conservation in Kakadu. 

Monitoring conclusions 

Analysis of the data collected during this study combined with the results of recent 

monitoring activities in Kakadu suggest that a more rigorous, strategic and committed 

approach to biodiversity monitoring is required if the management of Kakadu is to meet 

its biodiversity management obligations. At present the only long-term monitoring 

project committed to assessing terrestrial biodiversity is the fire plot monitoring 

program. This program was designed to inform managers of the consequences of fire 

management on vegetation communities in the Park but has also been adopted as a 

means of assessing fire impacts on fauna as well. Although this_program appears to be 

suitable for monitoring the impacts of fire activities on vegetation communities, it 

suffers from some considerable shortfalls in relation to its capacity to adequately 

address the fate of threatened species and to provide management with fire management 

targets or thresholds for biodiversity maintenance. 

In order to improve the current monitoring regime in such a way that it will meet the 

legislated monitoring obligations imposed on the Park, I suggest the following 

modifications and enhancements to this program: 

I. Park management must establish clear and well articulated monitoring and 

management objectives. These should include the biodiversity attribute to be 

measured, the acceptable change, the timeframe in which that change should 

occur and the management response to that change. 

2. The number of plots sampled should be increased and additional plots should be 

chosen based on the presence of threatened species; 
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The current fauna sampling methodology should be maintained at the plots and 

should be more rigorously undertaken, in line with the vegetation sampling; 

If the fire plot monitoring program is to be able to provide fire management 

thresholds for biodiversity conservation, consideration should be given to the 

regular application of specific fire treatments to at least a subset of plots to test 

what these thresholds should be; 

Experimental studies should be undertaken to further investigate the role of feral 

species in changes in biodiversity, particularly mammal decline, as the 

broadscale multi-species approach to monitoring suggested here may not be able 

to detect those impacts; 

Monitoring and management needs to be more explicitly linked by the coupling 

of management responses with monitoring objectives during the design of the 

monitoring program; and 

Ongoing support for the monitoring program, including financial resources, 

appropriate staffing, equipment and improved data storage and management 

capacity needs to be provided by the management of Kakadu. 

General Conclusions 

Biodiversity loss represents one of the great environmental challenges of our time. In 

Australia the greatest loss of biodiversity is occurring amongst our mammal fauna. 

Much of the loss of biodiversity, and particularly mammals, has occurred in and and 

semi-arid Australia, but evidence suggests that mammals are also suffering extensive 

declines or range contractions across northern Australia, a part of the country once 

considered to support a secure and intact fauna. 

This study arose amid concerns that the mammal fauna of Kakadu National Park, one of 

Australia's premier conservation reserves, was also declining. This evidence came 

primarily from the Kapalga Research Station, the site of extensive research into the 

impacts of fire on the savanna landscapes of Kakadu. As a consequence of the results 

of the Kapalga studies, notably the dramatic decline of many small mammals there, it 

was recognised by the managers of Kakadu National Park that research was urgently 

required to assess the geographic extent of these changes and the species that were 

affected and to identify potential causes of these changes. 
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By re-sampling four historical surveys in different regions of the Park I have provided 

some evidence to suggest that some species may be declining, and in some cases appear 

to have suffered at least localised extinctions within the Park. Amongst the major 

taxonomic groupings (dasyurids, rodents, possums, macropods and bandicoots) it is the 

largest or more specialised species that appear to have declined during this study. 

Amongst those species that have declined across the Park are the Arnhem rock rat, 

delicate mouse, leggadina and short-eared rock wallaby. Other species including the 

common rock rat, northern quoll, northern brushtail possum and grassland melomys 

were found to have declined in at least some regions of the Park. Far fewer species 

showed consistent increases across the Park, but notably amongst these were the black-

footed tree rat and pale field rat. two species that have been found to have suffered 

decline in other studies. 

Consistent with other studies from the region, I have demonstrated a relationship 

between fire regimes (particularly fire frequency) and the distribution and abundance of 

the mammal fauna of Kakadu. However, in addition to this. I have provided one of the 

first studies to explicitly test the relationship between the spatial and temporal 

patchiness of fire and the diversity, distribution and abundance of mammal 

communities. In this respect I have identified a number of species, including the 

northern brushtail possum and grassland melomys, that show a strong preference for 

long unburnt habitat and only a single species. the delicate mouse, that prefers frequent 

(almost annually) burnt sites. The total abundance of mammals and the abundance of a 

number of species including some that have suffered declines elsewhere, showed a 

preference for areas with high spatial and/or temporal variation in fire regimes. 

Important habitat features, including a diverse and abundant community of perennial 

grasses, a dense understorey and diverse canopy characterised these sites. 

The timing of this study (commencing in 2001) coincided with the arrival of the cane 

toad in Kakadu National Park. This provided a unique opportunity to make an 

assessment of the short-term impacts of cane toad colonisation on the native fauna of 

the Park. To this end in 2002 I re-surveyed a number of sites that I had sampled in the 

previous year, some that had been colonised by toads and a subset that had not. This 

component of my work revealed a broadscale collapse of northern quoll populations 

across the southern end of Kakadu as a direct consequence of poisoning during 
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predatory interactions with cane toads. Other species that declined in the presence of 

cane toads included the pale field rat and Gilbert's dragon, but the mechanism for these 

changes is not so clear. These results highlighted the need for further monitoring of the 

impacts of the spread of cane toads through Kakadu National Park and as a result a 

number of other studies were established to further assess impacts on northern quolls 

(Oakwood 2002) and goannas (Griffiths and Holland 2004). 

This study also represents one of the first attempts to investigate the distribution and 

abundance of feral cats in Kakadu National Park (and the Top End of the Northern 

Territory). A range of methods were tested for their ability to detect cats in the 

woodland habitats of Kakadu, with mixed results. Visual, auditory and scent based 

lures generally performed poorly and no one of these options proved more successful at 

attracting cats. Track surveys and spotlighting were both successful in highlighting the 

presence of cats within the landscape. Cats were located in a number of regions in the 

Park, including the Kapalga Research Station, in woodland adjacent to the Magela 

floodplain in the north of the Park and near the Mardugal campground in the centre of 

the Park. This study was successful in illustrating that cats are present in the Park, and 

possibly at numbers comparable to those recorded on the east coast and in central 

Australia where they are known to have a major impact on native mammal populations. 

However, this study represents a preliminary assessment only, and the role and 

significance of cats in the decline of native mammals in the Park remains unknown. 

This study and other recent research in Kakadu National Park has revealed a mammal 

fauna in a state of flux, with many species suffering extensive and rapid decline. The 

pattern of decline is striking in its similarities to that observed elsewhere in Australia: 

many of the declining species are closely related in ecology and taxonomy to species 

that have suffered decline or extinction elsewhere, and the declines appear to have 

happened over a relatively short period of time (possibly within the last two to three 

decades). 

Although this study has demonstrated relationships between mammal diversity, 

distribution and abundance and fire regimes, there is still much debate about the nature 

of change in mammal populations, the geographic extent and causes of this change. 

This uncertainty has led to a slow and muted response to this issue on the part of the 
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management of Kakadu. This study has identified the lack of long-term data describing 

the status of mammal populations (and biodiversity in general) as the major factor 

contributing to this muted response. 

Biodiversity monitoring is recognised as a fundamentally important component of 

reserve management and is used to inform the development and implementation of 

management programs in conservation reserves across the globe. Kakadu National Park 

is obliged under the Environment Protection and Biodiversity Conservation Act and a 

number of international treaties and conventions (including but not limited to the 

International Convention on Biodiversity and the World Heritage Convention) to 

undertake systematic monitoring of its biodiversity (particularly listed threatened 

species) and the processes that threaten it. The value and necessity for monitoring is 

also recognised in the Park's own Plan of Management. Yet despite this, biodiversity 

monitoring has not been effectively implemented in the Park and biodiversity 

monitoring programs in Kakadu remain inadequate. 

The final component of this study has been a consideration of what is required to 

develop a robust and adequate biodiversity monitoring program for Kakadu National 

Park. Such a program must be capable of providing the necessary information to 

address the legislated monitoring requirements faced by the Park, as well as addressing 

the key monitoring priorities outlined in the Plan of Management. These issues include: 

the assessment of long term trends in populations of native plant and animal species: the 

impacts of fire management and feral species on biodiversity including listed threatened 

species. and the extent and cause of declines in components of biodiversity including 

small mammals and granivorous birds. 

At present the only broadscale monitoring of biodiversity is undertaken through the fire 

plot monitoring program. Initiated in 1995 in collaboration with the Bushfires Council 

of the Northern Territory, this program was designed to inform managers of the 

consequences of fire management on the vegetation of the Park. The applicability of 

the program for fauna monitoring was recognised subsequently. A review of the first 

ten years of the program highlighted some shortcomings in the ability of the program to 

adequately cater for threatened species. The review also highlighted the inability of the 
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program's current design to provide managers with fire thresholds for biodiversity 

conservation. 

I have proposed in this thesis that the fire plot monitoring program be used as a 

foundation for an expanded and enhanced monitoring program that can better inform 

management about the status of biodiversity, including threatened species, in the Park. 

Such a program would require considerable changes be made to the existing program. 

These changes include: the development of a set of clear and quantified monitoring 

objectives and associated management responses; a well articulated sampling design 

that utilises existing methodologies; the addition of a number of new plots chosen 

specifically because of the presence of threatened species; the establishment of a subset 

of sites at which specific fire treatments will be applied to determine appropriate fire 

management thresholds for biodiversity; and a long term commitment on the part of 

Park management to provide the necessary funding to support the program into the 

future (including the financial resources required to undertake field monitoring 

activities, support appropriately skilled staff, to improve data storage and management 

capacity within the Park and to implement appropriate management responses in light 

of monitoring results). In addition, I have proposed that monitoring activities must be 

coupled with experimental studies to investigate the role of other threatening processes 

in the decline of small mammals, notably the cane toad and feral cat. 

I recognise that the development and implementation of such a monitoring program 

poses considerable challenges to the management of Kakadu, not least because of the 

likely very considerable cost of such a program and the technical difficulties associated 

with undertaking such a long-term program. However, without an effective monitoring 

program there is no way that the Park's management programs can be rigorously or 

adequately assessed and improved in the future. 

This study has added to the growing body of evidence that the mammal fauna of 

northern Australia is changing, mostly for the worse with many species suffering 

declines in their geographic range and abundance. I have provided considerable insight 

into the factors that may be causing that change, including an explicit demonstration of 

the importance of heterogenous fire regimes for the conservation of mammals in the 

northern savannas. I have also highlighted the critical need for long term biodiversity 
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monitoring programs to assist with the early detection of change in animal populations 

and to provide an insight into the causes of those changes. There is much work to be 

done from here, specifically in regards to further quantifying the causes of mammal 

decline. 

It is heartening to see that the results of this research, combined with the growing body 

of work of other researchers in the region, is highlighting the need for a greater 

commitment of resources to address this problem. I am hopeful that these efforts will be 

reflected in changes to management and monitoring priorities in Kakadu National Park 

that will see a higher priority placed on addressing this issue before the mammals of the 

region succumb to the same fate of so many species from elsewhere in Australia. 
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