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Abstract 

Radio telemetry was used to investigate landscape use by northern quolls Dasyurus 

hallucatus at two sites near the Mitchell River in the northern Kimberley, Western 

Australia. Radio tracking was conducted between late March and mid May (wet - dry 

transition) and again between late August and October 2009 (late dry season) to 

investigate changes in home range size in response to fire events and seasonal 

fluctuations in resource availability.  

A fire was imposed between the two field trips at one study site. It was expected that 

home range of northern quolls would be larger in the late dry season than in the wet-dry 

transition when resources are more plentiful and that fire would either displace quolls or 

cause their home range area to increase.  

Facultative post-mating male die-off in wild populations of D. hallucatus was also 

investigated, by estimating the age of captured males throughout the course of the study. 

Based on den locations the mean home-range area estimate for males was 64.2 ha (SE ± 

36.65; range 2.35 - 421.43 ha). Females had smaller home ranges, with a mean area of 

6.8 ha (SE ± 1.56; range 0.80 - 15.38 ha). The largest home range for a male (421.43 ha) 

was recorded in the dry season and the largest for a female (15.38 ha) was recorded in 

the wet season. Ranges of males overlapped extensively with those of other quolls of 

both sexes during the wet season but only with those of females in the dry season. The 

mean maximum distance between dens was 1193 m for males and 440 m for females. 

The greatest distance between den sites was recorded for a male (4165 m) in the dry 
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season. Dens were located primarily within rock refuges in sandstone habitat (98.6%) or 

on laterite slopes (1.4%).  

Resources were more abundant in the wet season than the dry season and there was a 

decrease in abundance of prey resources at both study sites during the dry season. A 

higher abundance of invertebrates at site J corresponded with smaller female home 

ranges at that site.  

Of 15 males investigated it was confirmed that nine had survived beyond their first 

breeding season. Four of these were confirmed to survive to their second breeding 

season.  

Differences in home range area appear to be related to seasonal effects on resource 

abundance rather than fire. There was a difference in the mean home range of females 

between sites but no seasonal difference in female range sizes in burnt and unburnt sites 

or before and after fire. Therefore fire had no effect on the scale of movement of female 

quolls in the landscape. Male ranges were generally larger in the dry season but 

limitations of the data did not allow for confident identification of relationships between 

fire, seasonal effect and changes in home range size of males. A decrease in resource 

abundance in the dry season was recorded for both sites suggesting it is a seasonal effect 

rather than a reduction in resources caused by the fire.  

Quolls were not displaced by fire and the home ranges of two individuals, radio-tracked 

prior to and after the fire, were entirely within the burnt area. Fire is a regular 

occurrence at the study sites and the fire occurred in June (the mid dry season) when 

environmental conditions are considered less stressful than later in the year, and was 

relatively low in its intensity. The results indicate that northern quolls are able to 
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tolerate fires under these specific conditions but may have been different if the fire had 

occurred later in the season. Therefore, it should not be assumed that fire has no 

negative impact on northern quolls. The relatively high incidence of male survival in the 

Mitchell River population may indicate that this habitat was particularly favourable at 

the time of sampling. 
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1. General introduction 

1.1. Context 

This research was conducted as part of an established survey and monitoring program 

currently conducted by the Western Australian Department of Environment and 

Conservation (DEC). The program is based at the Mitchell River in the North 

Kimberley bioregion and was initiated to investigate responses of native mammals to 

fire and to aid in planning fire prescriptions (Radford and Fairman, 2008).  

It has become evident that the mammal fauna of northern Australia is undergoing a 

decline consistent with patterns of decline observed elsewhere in Australia between 50 -

150 years ago (Woinarski et al., 2001; Woinarski et al., 2010). A decline of critical 

weight range (CWR) mammal fauna in northern Australia's tropical savannas has been 

attributed partly to inappropriate fire regimes (Woinarski et al., 2010). Fire is a 

dominant feature of tropical savanna ecosystems. It affects resource availability and 

access in diverse ways, thus changing habitat suitability for many species (Woinarski et 

al., 2005). Although the northern Kimberley fauna appears to be intact and CWR 

mammals persisting, this region is not exempt from the processes associated with 

declines occurring elsewhere (Start et al., 2007). The loss of traditional Aboriginal land 

management practices has resulted in a higher frequency of extensive, destructive fires 

and the savanna woodlands have proved particularly vulnerable to this fire regime 

(Woinarski et al., 2001). In contrast, the rocky habitats within the northern Australian 

savanna landscape are considered to be more resilient to such fire regimes as the 

physical attributes of the terrain offer a level of fire protection and may provide 

sufficient refuges for some plants and animals (Bradley et al., 1987; Woinarski et al., 

2005; Start et al., 2007). 
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In addition to frequent fire, the extreme climate of monsoonal northern Australia 

presents some challenges to the survival and persistence of small mammals in the 

savanna. The high productivity of the wet season (December - March) contrasts 

markedly with the environmental stress experienced during the late dry season 

(September - November) (Kitchener et al., 1981). As northern quolls Dasyurus 

hallucatus are predominant in the DEC monitoring program at the Mitchell River they 

provide a suitable species for detailed investigations of how they are affected by fire 

events and seasonal changes in resource availability, and how their use of the landscape 

changes in response to these factors. 

Northern quolls once occurred in a broad band across the tropical savanna region of 

northern Australia (Braithwaite & Griffiths, 1994). Their current distribution is 

fragmented and they now occur in discontinuous populations in Queensland, the 

Northern Territory, and the Kimberley and Pilbara regions of Western Australia. Their 

numbers are low in many parts of their present range, which is thought to be due largely 

to severe and extensive fire regimes and, in some areas, the recent invasion of cane 

toads Bufo marinus (Oakwood, 2004a). Historical records and recent surveys indicated 

that northern quolls occupy a range of habitat types in the north Kimberley (Kitchener et 

al., 1981; Bradley et al., 1987; Start et al., 2007). However, data from the current DEC 

monitoring project at the Mitchell River indicate that quolls are more abundant in rocky 

habitats, with very few recorded in eucalypt open forest (Radford, unpublished data). 

Although the present study was initiated primarily to investigate landscape use by 

northern quolls, trapping data revealed survival of males beyond their first breeding 

season. The northern quoll is the largest of a number of dasyurid marsupials to exhibit 

the phenomenon of post-mating male die-off, whereby stress induced die-off of males 

occurs after an intensive, short breeding season (Oakwood, 2000; Schmidt et al., 2006). 
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Complete male die-off has been reported as an annual phenomenon in lowland savanna 

populations of northern quolls in the Northern Territory (Oakwood et al., 2001). 

However, in northern Kimberley populations males have previously been reported to 

survive beyond one year (Kitchener et al., 1981; Bradley et al., 1987; Schmitt et al., 

1989; Start et al., 2007; Radford, unpublished data), therefore post-mating male die-off 

appears to be facultative in northern quolls (Lee et al., 1982; Schmitt et al., 1989; 

Bradley, 2003). Trapping during two field trips provided an ideal opportunity to collect 

data to further confirm the occurrence of post-mating male survival in wild populations 

of northern quolls in the Kimberley. 

1.2. Project aims and objectives 

The purpose of this research was not to provide a comprehensive analysis of the home-

range and spatial organisation of northern quolls, which has previously been 

investigated and reported in detail by Oakwood (1997; 2002) for a Northern Territory 

population of the species. The intention was to provide some insight into seasonal 

variation in habitat use by quolls, how far they range across the landscape, and whether 

they are displaced by fire events or remain faithful to an area despite the disturbance.   

As animals occupy a range large enough to obtain enough food to meet their energy 

requirements they need to roam further to access resources when they become less 

abundant (Grant et al., 1992; Oakwood, 2002) due to seasonal fluctuations or 

environmental disturbances such as fire. Therefore, the following null hypotheses were 

tested:  

• Home range of northern quolls would be the same in the late dry season as in the 

wet-dry transition when resources are more plentiful; and  
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• Habitat and landscape use by northern quolls would not differ before and after a 

recently imposed fire, and their home range area would be the same after the fire 

when resources are less abundant. 

It is intended that these findings will improve our understanding of the factors 

influencing the sporadic presence and absence of quolls in particular areas and habitats 

because it has become evident through long-term monitoring that quoll populations are 

not static and come and go from sites (Radford, unpublished data). This study provided 

the opportunity to investigate the response of quolls to an imposed fire soon after it was 

applied. The investigation of habitat use and male survival also allowed for a 

comparison of Kimberley northern quolls with reports on Northern Territory 

populations and highlighted some ecological differences in this threatened species.  

1.3. Thesis structure 

Chapter 2 provides a review of existing literature on topics related to this research and 

includes general information about the role of fire in tropical savanna ecosystems and 

the current approach to fire management in northern Australia's savannas. The effects of 

fire on productivity and resources and vertebrate fauna are also reviewed. In addition, 

Chapter 2 reviews the literature on the decline of small mammals in northern Australia, 

provides an overview of the ecology and biology of the northern quoll, and addresses 

the unusual phenomenon of post-mating male die-off in dasyurid marsupials and its 

reported occurrence in the northern quoll. Chapter 3 covers the main focus of this 

research and reports on the effects of season, fire and resource abundance on habitat use 

and home range of northern quolls. Chapter 4 details the observations of male survival 

in the study population of northern quolls based on data collected incidental to the main 

subject of this work and compares these to previous research findings. Chapter 5 

presents a general discussion of the findings of the research and places it in context with 



Chapter 1: General introduction 

 

5 

the broader research program conducted at the Mitchell River and the current state of 

our knowledge of the northern quoll's ecology. This final chapter also includes 

recommendations on further work required to obtain a better understanding of the effect 

of fire on the northern quoll and other small mammals, and highlights the gaps in our 

knowledge of the Western Australian populations of the species. 
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2. Literature Review 

2.1. Introduction 

This chapter provides background information relating to the tropical savannas of 

northern Australia where this research was conducted, including the role of fire in the 

savanna ecosystem and the effects of fire on the mammal fauna in that environment. An 

overview of other factors thought to be contributing to the general decline of small 

mammals in northern Australia is also included. Background information on the 

northern quoll, the species that formed the focus of this research, including aspects of 

the species ecology relevant to this study and the phenomenon of post-mating male die-

off is given, along with a brief overview of home range analysis.  

2.2. Tropical savannas 

2.2.1. General  

Savannas occur in tropical areas of the world where the climate is highly seasonal. 

Generally most rainfall occurs during a short summer wet season followed by a longer 

winter drought (Williams et al., 2002; Woinarski et al., 2007a; TS-CRC, 2010). 

Tropical savannas are distinctive landscapes consisting of a discontinuous stratum of 

scattered trees over a more or less continuous layer of grasses (Williams et al., 2002). 

The major determinants of the composition and structure of savanna vegetation are 

variations in soil moisture and nutrients, and disturbance by fire and herbivory 

(Williams et al., 2002). Savannas are found in Africa, Australia, South America, India 

and South-East Asia and cover almost a third of the world's land surface. Northern 

Australia’s tropical savannas occupy approximately 2 million square kilometres (almost 

one-quarter of the continent) stretching from Rockhampton on Queensland's east coast, 

across the Top End  in the Northern Territory and over to the Kimberley in Western 

Australia (Williams et al., 2002; Woinarski et al., 2007a; TS-CRC, 2010) (Figure 2.1). 
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The ecology of Northern Australia's savannas is determined by the harsh climate, with 

distinct wet and dry seasons, high year-round temperatures, regular fires and relatively 

infertile soils (Woinarski et al., 2005; Woinarski et al., 2007a). The long dry season is a 

time of resource depletion and for many months surface water is restricted to a few 

water holes and streams (Woinarski et al., 2007a). During the wet season the brown 

landscape regenerates and the creeks and waterholes fill. As a consequence of these 

climatic extremes, flood, cyclones and fire are the major environmental disturbances 

Figure 2.1: Australia's tropical savanna region covers approximately 2 million square kilometres 
extending from the central Queensland coast across the Top End to the Kimberley in Western 
Australia. Source TS-CRC 2010. 

Kimberley 
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operating in Northern Australia (Woinarski et al., 2007a). Over millennia the intense 

tropical rains have weathered the ancient rocks and landscapes to form thin, infertile 

soils leached of nutrients.  Vegetation is dominated by drought-tolerant Eucalypt trees, 

which are typically resilient to burning when mature. Grasses include annuals and 

perennials, which have short, intense growing periods during the wet season, then cure 

during the dry to form a highly flammable fuel layer (Williams et al., 2002; Woinarski 

et al., 2007a). Despite their apparent simplicity, the savannas of northern Australia are 

biologically diverse with high species richness of both plants and animals (Williams et 

al., 2002). 

2.2.2. Fire in north Australia's tropical savannas  

Fire has been an integral part of Australian ecosystems for millennia. For tens of 

thousands of years Aboriginal people have burnt the landscape and the use of fire as a 

tool is embedded within cultural practices integral to traditional life (Braithwaite, 1995; 

Woinarski et al., 2007a). Fires in the past were generally small and patchy and were lit 

for ceremony, for hunting, to allow easier travel across country, and to protect key 

resources (Woinarski et al., 2007a).   

Following what had occurred elsewhere in Australia, over the last 100 or so years the 

traditional fire regime in northern Australia has broken down, largely as a result of the 

landscape being depopulated (Bowman et al., 2001, Woinarski et al., 2007a). 

Consequently, few areas are managed for fire with the same care and intimate 

knowledge as they once were (Yibarbuk et al., 2001). The growth generated in the 

annual period of productivity during the wet season becomes a heavy fuel load in the 

dry season without this intricate system of management (Braithwaite, 1995). Fires are 

still frequent but the current fire regime is far less considered or consistent and most 
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fires burn much larger areas, and are hotter and less controllable than in the past 

(Bowman et al., 2001).  

As with savanna ecosystems elsewhere in the world (Gichohi et al., 1996) fire is a key 

driver of the ecology of northern Australia (Beringer et al., 2007) and fire behaviour and 

the impact of fire on savanna biodiversity have been a major focus of research efforts 

for a number of decades (Williams et al., 2002; Russell-Smith et al., 2003; Andersen et 

al., 2005). Every year large proportions of northern Australia's tropical savanna 

landscape are burnt resulting in high fire frequencies and short intervals between fires 

(Andersen et al., 2005) with only a small proportion of the landscape remaining unburnt 

for more than 3–5 years (Williams et al., 2002; Woinarski et al., 2007a).   

The 'mosaic' resulting from fire, both imposed and naturally occurring, is quite 

complex. In a detailed account of ecosystem disturbance Gill et al. (2003) described 

fire-created patches as: unburned islands within a fire area; patches with particular time 

since the last fire; and patches with particular intervals between fires. In addition, 

patchiness and intensity of fires vary with season and landscape type. In the early dry 

season the moisture content of grass fuel is relatively high so fires burn unevenly, 

leaving some patches unburnt within their extent, and typically go out at night 

(Vigilante et al., 2004). In contrast, the hotter temperatures of the later dry season, 

combined with drier fuels, support high-intensity and extensive fires, which are 

typically less patchy (Gill et al., 2003; Woinarski et al., 2007a). Although the majority 

of fire ignition in the savanna is due to human activity a very low incidence of natural 

ignitions occur primarily resulting from lightning (Williams et al., 2002). The highest 

frequency of lightning strikes is at the beginning of the wet season in October and 

November when little rain has fallen and most of the ground vegetation is very dry and 

highly flammable (Bradley et al., 1987; Vigilante et al., 2004). The 'fire mosaic' results 
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from the integrated effects of individual fires with the cumulative effects of multiple 

fires over time (Bradstock et al., 2005). Therefore, prescribing a management regime 

that is optimal for all organisms with the aim of maintaining biodiversity (Burrows, 

2008) is also complex. 

2.2.3. Fire management in northern Australia's savannas 

The dominant land tenures in northern Australia's tropical savanna region include 

pastoral freehold and leasehold lands (~ 70% of the total area), Aboriginal-owned lands 

(~20%) and areas devoted to conservation (~ 6%) (Woinarski et al., 2007a), each 

having different land management priorities. In an attempt to avoid the perceived risk to 

biodiversity of destructive late dry season fires, control burning is conducted in many 

areas of northern Australia during the early dry season (Andersen et al., 2005; 

Woinarski et al., 2007a). Managers of land allocated to conservation are currently 

applying small-scale patch-burning regimes with the aim of achieving a diverse, fine-

scale fire mosaic. However, given the limited resources available across the northern 

Australian landscapes (Woinarski et al., 2007a) it does not totally exclude or prevent the 

occurrence of broad-scale, intense wildfires at the end of the dry season (Plates 1 & 2). 

This is particularly true in the Kimberley region where land tenures include Aboriginal 

Lands Trusts, pastoral leasehold land, conservation areas and unallocated crown land 

(Vigilante et al., 2004). Vast areas of the Kimberley are uninhabited and control of 

intense late dry season fires is not practical (Vigilante & Bowman, 2004a). For 

example, in the late dry season of 2006 a wildfire with an 80 km front burnt an area 

greater than 7000km2 in the central Kimberley in a few days (Legge et al., 2008). 

2.2.4. Fire, productivity and resource availability 

Fire affects the cycling of nutrients and therefore the productivity of an ecosystem. In 

the savannas of northern Australia, where decomposition of organic material and 
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Plate 2: This mid-late dry season fire covered many hundreds of square kilometres in a few days. 
Controlling wildfires is a logistical challenge in this sparsely populated region.  

Plate 1: Fire consumes the dry grassy layer of fuel beneath sparse woolybutts Eucalyptus miniata in the 
rocky terrain that is characteristic of the north Kimberley. 
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cycling of nutrients by soil microorganisms is restricted to the wet season, fire is an 

active agent in nutrient cycling (Holt & Coventry, 1990; Beringer et al., 2007). The 

passage of fire causes rapid mineralisation of nutrients contained in organic matter, 

hence increasing the nutrient cycling rate. Although some charred fragments of fuel 

remain in situ following a fire more than 50% of nutrients are transferred to the 

atmosphere, most eventually being deposited on the soil surface as ash (Cook, 1994). 

However, over time nutrient losses may result from regular burning, also through soil 

erosion as a consequence of removal of groundcover by fire, and through leaching (Holt 

& Coventry, 1990).  

The effects of fire on these fundamental processes, in turn, affect insects and other 

arthropods, which play a dominant role in the functioning of savanna ecosystems 

(Andersen & Muller, 2000). Further to this Whelan et al. (2002) suggested that the 

availability and abundance of resources after fire is likely to be influenced greatly by 

attributes of the fire itself in determining the diversity and abundance of plants, 

consequently influencing the invertebrate herbivores which feed upon them.  

These invertebrate groups provide a major food resource for many mammals and in 

some seasons form a high proportion of their diet (Oakwood, 1997).  Andersen and 

Muller (2000) demonstrated a resilience of arthropods to fire at the ordinal level, but 

cautioned that fire might have a major impact on richness and composition at species 

level. Nicholson et al. (2006) found a significant change in the composition of 

arthropod assemblages after fire with an increased abundance of spiders, beetles and 

hemipterans.  

The current fire regime in savanna woodlands has resulted in change in the composition 

and phenology of mid and understorey plant species. While single fire events and their 
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timing affect the productivity and timing of flowers and seeds of many plant species 

(Vigilante & Bowman, 2004b), and hence their availability for consumer animals, fire 

regimes may have even more substantial impacts (Woinarski et al., 2010). For example, 

in areas where fire is excluded or infrequent a shrubby understorey develops comprising 

species that produce fleshy fruits, which provide key resources for many animals 

including possums Trichosurus vulpecula and tree rats Mesembryomys gouldii 

(Woinarski et al., 2010). In contrast, frequently burnt areas develop a simple 

understorey dominated by annual grasses (Beringer et al., 2007; Woinarski et al., 

2007a). Frequent fire is also reported to lead to a change in species composition and 

diversity of grasses (Bowman et al., 1988) and seed productivity (Mott & Andrew, 

1985), seeds being a key resource for granivorous birds (Franklin, 1999; Murphy et al., 

2005) and small rodents (Woinarski et al., 2001).  

The persistence or rate of recolonisation of both plants and animals is greatly dependent 

on availability, abundance and effectiveness of refugia, the most obvious being unburnt 

patches. Therefore the patchiness of the fire is of key importance.  Refuges exploited by 

invertebrates include dense crowns of plants, thick layers of leaf litter, thick bark on tree 

trunks and in soil, under rocks, and in burrows (Whelan et al., 2002). Shelter and 

nesting sites are vital resources greatly affected by fire. Mammals and birds may require 

hollows in standing trees, fallen logs or rock crevices for shelter and nest sites, with the 

latter providing the only effective refuge from intensive fire (Whelan et al., 2002). The 

savanna woodlands are particularly vulnerable to higher frequency of extensive 

destructive fires, which have resulted in a reduction or loss of the structure of the mid-

storey and a decrease in abundance of large hollow trees, fallen logs and litter 

(Woinarski et al., 2001). In contrast, the rocky habitats within the north Australian 

savanna landscape are considered to be more resilient to such fire regimes as there is 
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some degree of fire patchiness in rugged sandstone terrain, hence providing refuges for 

some plants and animals (Bradley et al., 1987; Yates et al., 2008). 

2.2.5. Response of vertebrates to fire 

Most studies in northern Australia have documented responses of vegetation to fire and, 

although a number of fauna studies have been conducted and reviewed in Williams et 

al. (2003), major gaps remain in our understanding of the responses of animals to fire 

(Vernes, 2000).  

While fires may cause death of individual animals, Myers et al. (2004) proposed that 

the indirect effects of fire are more critical for the persistence of a species in a given 

area. A recent decline of mammals within the Northern Territory savannas has been 

linked to the reduction in fine-scale environmental heterogeneity attributed in part to 

current fire regimes (Woinarski et al. 2005). However, no one fire regime will benefit 

all organisms or ecosystems, as some elements of the biota benefit from frequent fire 

while others are disadvantaged (Burrows, 2008). Braithwaite (1995) reported that 

variability in fire responses both among and within species, and the effect of different 

fire treatments (early, mid, late dry season) on small mammals varied from one year to 

the next. This suggests that populations are affected by an interaction between climate 

and fire regime, and site- and community-specific factors will drive patterns of 

vertebrate response to fire (Whelan et al., 2002). 

For many wildlife species changes in habitat suitability are brought about by fire as it 

affects resource availability and access in diverse ways (Woinarski et al., 2005). 

Whelan (1995) suggested that the removal by fire of plant biomass that previously 

provided resources such as food and cover is of greatest significance. Woinarski et al. 

(2007a) suggested that differences in vegetation between frequently and infrequently 
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burnt sites relate to features affecting habitat suitability. For example, animals that 

prefer grass and grass seeds are generally more common in frequently burnt sites, 

whereas those that prefer leaf litter, shade, logs and fruits become more common when 

sites are unburnt for longer periods. Woinarski et al. (2004) compared two savanna 

woodland habitats with known long-term fire histories. Northern quolls Dasyurus 

hallucatus, northern brown bandicoots Isoodon macrourus and pale field rats Rattus 

tunneyi, along with a number of bird species, were significantly more abundant in an 

annually burnt site than an area where fire had been excluded for a period of 23 years. 

In contrast, common brush-tailed possums Trichosurus vulpecula were more abundant 

in the long-unburnt site, along with a different suite of bird species.  

Whelen et al. (2002) emphasised that although mortality may be assumed when 

individuals that were present before a fire are absent after, the loss does not distinguish 

between mortality and emigration, nor does it allow for possible changes in habitat use 

that may lead to altered trappability or ease of observation. An example is presented by 

Begg et al. (1981) who tested the effects of a mid-dry season (July) control burn on four 

critical weight range (CWR) species at Little Nourlangie Rock in Kakadu National Park 

(Northern Territory). The species studied included two dasyurids (carnivorous 

marsupials) - the northern quoll and sandstone antechinus Antechinus bilarni, and two 

native rodents - the common rock-rat Zyzomys argurus and Arnhem rock-rat Z. 

woodwardi (now Z. maini). Following fire all species except D. hallucatus changed 

their preferred habitat and moved to a different habitat type but remained within the 

burnt area. 

As detailed above, availability and effectiveness of refugia is greater in rocky habitats 

than in the woodlands of northern Australia's savannas. These two habitat types support 

different suites of mammal fauna with a small number of species recorded in both 
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(Kitchener et al., 1981; Bradley et al., 1987; Start et al., 2007). Therefore, species 

occurring only in savanna woodland habitats may be more vulnerable to fire than 

species in rocky habitats (Start et al., 2007). Among those animals that are most at risk 

of mortality from fire are the ground or grass-nesting birds, slow-moving reptiles, and 

species that shelter in fallen hollow logs, leaf litter and/or dense grass, and the many 

vertebrates that nest or shelter in hollows in standing trees. Others that survive fire may 

suffer increased risk of predation in open burnt areas (Oakwood, 2002) while species 

such as raptors may benefit by feasting on fleeing prey or the casualties of fires 

(Woinarski et al., 2007b).  

2.3. Decline of small mammals in northern Australia 

Australia's native mammal fauna has suffered a high rate of decline and extinction since 

European colonisation (Short & Smith, 1994; Pardon et al., 2003). Twenty two mammal 

species became extinct over the period 1850-1960, representing the worst mammal 

extinction record in the world (McKenzie et al., 2007; Woinarski et al., 2010). Thirty-

nine extant species persist in less than 25% of their original bioregions (Burbidge et al., 

2008), with a further 10 species that once occurred on the mainland now restricted to 

continental islands (Burbidge et al., 2008; Woinarski et al., 2010).  

The highest rates of extinction have occurred in the arid and semi-arid regions 

(Burbidge & McKenzie, 1989), but evidence suggests that the mammal fauna of 

northern Australia is also undergoing a decline (Woinarski et al., 2001; Woinarski et al., 

2010). Long term monitoring in relatively intact savanna habitats in the Northern 

Territory indicates a general decline in populations of some mammals since the mid-

1980s (Braithwaite & Muller, 1997; Woinarski et al., 2001; Woinarski et al., 2010) and 

documents the collapse of the small (<5 kg) mammal fauna of Kakadu National Park 

between 1996-2009 (Woinarski et al., 2010).  These trends are consistent with patterns 
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of decline observed elsewhere in Australia, where the most extinction-prone species 

include larger and more specialised rodents, bandicoots, possums and quolls (Woinarski 

et al., 2007a; Woinarski et al., 2010). This is consistent with Burbidge and McKenzie 

(1989) who stated that critical weight range (CWR) mammals, from about 35 to 5500 g, 

are the most vulnerable to extinction. Their analyses support the view that the reduction 

in productivity, associated with environmental changes since European settlement, has 

caused CWR mammals to suffer the greatest attrition because of their limited mobility 

and high daily metabolic requirements (Morton, 1990; Burbidge & McKenzie, 1989).  

Woinarski et al. (2010) also highlighted that a pattern of decline in the mammal fauna 

has been reported for sites other than Kakadu National Park in northern Australia 

although the historical information base is sparse. Surveys undertaken in the 1970s and 

1980s in the north Kimberley bioregion showed that all terrestrial mammal species 

known at European settlement were extant (Start et al., 2007). Although most species 

previously recorded were still found when the area was re-surveyed in 2003/2004, Start 

et al. (2007) cautioned that this region is not exempt from the processes associated with 

declines in the tropical savanna elsewhere, and that small granivorous rodents were 

notably scarce.  

Woinarski et al. (2010) maintained that identifying the causes of these declines is 

difficult, and that they may be acting independently or interactively. The possible causes 

of the declines observed in Kakadu National Park were considered to be inappropriate 

fire regimes, predation by feral cats, poisoning by cane toads (Bufo marinus), disease, 

environmental change due to invasion by weeds and/or impacts of non-native 

herbivores, or a combination of these factors (Woinarski et al., 2010).    
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Frequent, large-scale fires are suspected of reducing the ability of small and CWR 

mammals to find refuge from the effects of resource loss in recently burnt 

environments. Conversely, long unburnt areas have also been shown to be associated 

with declines of some CWR mammals in studies conducted in northern Australia. For 

example, the decline in survival rates of bandicoots in unburnt sites could not be 

explained, reinforcing the view that these declines may not have a single causal factor 

(Pardon et al., 2003) and in some areas are occurring irrespective of land management 

(Price et al., 2005). From their long-term monitoring in Kakadu, Woinarski et al. (2010) 

reported that a decline in mammal richness and abundance was observed under all fire 

regimes and was markedly greater with increased fire frequency. This suggests that the 

observed decline of small mammal fauna is related more to fire frequency in total rather 

than to the seasonal timing of fires (Woinarski et al., 2010). 

The effect of fire regimes on species composition and seed productivity of grasses (Mott 

& Andrew, 1985) has been offered by Franklin (1999) as a possible causal factor in the 

decline of granivorous birds, whose diet overlaps substantially with rodents that have 

also declined (Woinarski et al., 2001; Start et al., 2007). The replacement of perennial 

grasses with short-lived annual species (Woinarski et al., 2001) may account for the low 

capture rates of small rodents in recent surveys of the north Kimberley reported by Start 

et al. (2007).  

Corbett (1995) considered that habitats subjected to intense broad-scale fires facilitate 

predation, and that feral predators may be major contributors to the decline of CWR 

mammals. Woinarski et al. (2010) found little direct evidence of the role of predation 

by feral cats in the decline of mammals in Kakadu, but other studies conducted there 

suggest that cats may be a substantial contributor to mortality of northern quolls 

(Oakwood, 2000) and small arboreal monitors (Sweet, 2007). However, based on results 
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of large scale biodiversity surveys Start et al. (2007) maintained that feral predators are 

rare in the north Kimberley, which suggests that it will be necessary to investigate many 

other factors associated with fire to determine if and how current regimes are 

contributing to the decline of small mammals.  

Along with environmental change and predation by feral predators, exotic disease is 

suggested as one of the most feasible factors contributing to the decline of small 

mammals (Woinarski et al., 2001; Abbott, 2006; Woinarski et al., 2010). Based on a 

review of historical records, Abbott (2006) hypothesised that declines of native 

mammals in Western Australia between 1875 and 1925 were caused by exotic disease. 

The evidence gathered in the review indicates that significant change in distribution and 

abundance of mammals was consistent with the spread of epizootic disease. Braithwaite 

and Griffiths (1994) provided convincing support for disease as a major factor in the 

disappearance of quolls in southern Australia and considered that this may be 

contributing to the range contraction of northern quolls.  

Cane toads were undoubtedly responsible for the rapid loss of the formerly common 

northern quoll from the monsoonal tropics of the Northern Territory (Oakwood, 2004a; 

Woinarski et al., 2010) and may also have negatively affected other native mammals 

through poisoning in predation attempts (Woinarski et al., 2010). They are also 

expected to have a similar negative impact on the Kimberley fauna in the near future 

(Colyer et al., 2008).  

2.4. Study species: northern quolls 

2.4.1 Taxonomy  

The northern quoll Dasyurus hallucatus belongs to the Dasyuroidea, the most speciose 

family in the carnivorous marsupial order Dasyuromorphia. The dasyurids are well 
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represented in Australia and New Guinea where they occur in all major habitat types 

and are collectively the dominant mammalian carnivores-insectivores in both regions 

(Krajewski & Westerman, 2003). The northern quoll is one of the smallest of the six 

extant members of the genus Dasyurus (Andrews, 2005; Oakwood, 2008). Other 

Australian species include the spotted-tailed or tiger quoll Dasyurus maculatus, the 

western quoll or chuditch Dasyurus geoffroii and the eastern quoll Dasyurus viverrinus. 

The New Guinea quoll Dasyurus albopunctatus and bronze quoll Dasyurus spartacus 

are restricted to New Guinea (Crowther & Blacket, 2003; Andrews, 2005).  

2.4.2. Threats and conservation status 

Reports from the Northern Territory indicate northern quolls appear to have been 

declining for at least several decades (Braithwaite and Griffiths 1994; Woinarski et al. 

2001) and suggest that impacts from feral cats, disease, changed fire regimes and 

predation following fire are the probable causes (Oakwood, 2008). Despite these same 

threats being known or perceived in the west Kimberley and Pilbara, the species 

remains widely distributed and relatively common in these regions of Western 

Australia. However, with the arrival of cane toads imminent in the Kimberley and 

possible in the Pilbara over the next several years this is likely to change (Colyer et al. 

2008). The rapid invasion of cane toads has been the main threat faced by northern 

quolls in recent years. Their widespread decline across their mainland range has been 

exacerbated due to susceptibility to poisoning by toxins from the exotic pest (Oakwood, 

2004a; Woinarski et al. 2007b; Rankmore et al., 2008).  

As a result of the dramatic decline in populations in the Northern Territory associated 

with the spread of the cane toad, the northern quoll was listed as a threatened taxon by 

the Australian Government in 2004 and is specially protected under both State and 

Commonwealth legislation. The species is nationally listed as ‘Endangered’ 
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(Commonwealth Environment Protection and Biodiversity Act 2000), classified as 

'Schedule 1- Fauna that is rare or likely to become extinct’ in Western Australia 

(Western Australian Wildlife Conservation Act 1950-1979)  and as 'Critically 

Endangered' in the Northern Territory (Territory Parks and Wildlife Conservation Act 

2000). Although the distribution of the northern quoll in Queensland has contracted 

throughout its former range and is now limited to a number of fragmented populations, 

the species remains listed as 'Common' under the Nature Conservation Act 1992 

(Queensland). Northern quolls are listed as 'Endangered' on the IUCN Red List (IUCN, 

2010). 

2.4.3. Biology 

Northern quolls are sexually dimorphic. Adult females weight 240-690 g while males 

weigh 340-1120 g. Body size estimates vary between locations and populations 

(Oakwood, 2008). They have an extremely short lifespan compared with similarly-sized 

mammals. Females rarely breed for more than two breeding seasons and most survive 

only one. The oldest female recorded in the wild survived three years (Oakwood, 2008). 

In some parts of the northern quolls’ range all males have been reported to die at the 

conclusion of their first breeding season (Oakwood, 2000; Bradley, 2003), making them 

the largest mammal species known to exhibit the unusual phenomenon of post-mating 

mortality (Bradley, 2003; Oakwood, 2008). The oldest wild male recorded in the 

Northern Territory survived 17 months (Oakwood, 2000). Although complete post-

mating mortality of males was reported in Northern Territory populations (Oakwood, 

2000), studies in the Kimberley indicate that even though males undergo a major 

decline, a small proportion survive the breeding season (Schmitt et al., 1989).  

Northern quolls have one highly synchronised breeding season with females producing 

a single litter each year. Pouch development begins just prior to mating, which occurs 
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over a period of about three weeks during the mid dry season between late May to late 

July, depending on the location and population (Begg, 1981; Schmitt et al., 1989; 

Oakwood, 1997; Oakwood, 2000). Most females have eight teats but this may vary 

from five to nine (Begg, 1981; Oakwood, 2008). After a gestation period of 21-26 days 

(Oakwood 2008) young enter the shallow pouch consisting only of marginal folds of 

skin (Oakwood, 2000). From about 8 weeks of age young are deposited in a series of 

nursery dens allowing the mother to forage unencumbered (Plate 3). Juveniles begin to 

eat insects at four months of age, are fully weaned by six months and become 

reproductively mature at 11 months (Oakwood, 2008).  Only a small percentage of 

young survive to weaning age (Begg, 1981; Oakwood, 2008). 

 

 

2.4.4. Distribution  

Historically northern quolls occurred in a broad band across northern Australia but their 

distribution is now quite fragmented and restricted to several disjunct populations 

Plate 3: Pouch young approximately six weeks old. The photograph was taken two weeks prior to the 
mother depositing them in a nursery den. 
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(Braithwaite & Griffiths, 1994) in north-east Queensland, the Top End (Northern 

Territory), and the Kimberley and Pilbara regions in Western Australia (Coyler et al., 

2008). Their numbers are low in many parts of their present geographic range, which is 

thought to be due largely to severe and extensive fire regimes, and in some areas, the 

recent invasion of cane toads (Oakwood, 2004a; Rankmore et al., 2008). 

2.4.5. Habitat 

Northern quolls occur in a wide range of habitats, but the most suitable appears to be 

rocky areas (Bradley et al., 1987; Braithwaite & Griffiths, 1994). In Queensland they 

have been observed within a wide range of vegetation types, including low vine 

thickets, eucalypt dominated forest and woodlands, rocky hills, boulder-strewn slopes 

and creek lines (Pollock, 1999). Studies in the Northern Territory (Begg, 1981; 

Braithwaite & Griffiths, 1994; Oakwood, 1997) highlighted their decline in the open 

savanna woodlands and indicated a preference for rocky habitats. Historical records and 

surveys indicate that northern quolls occupied a range of habitat types in the north 

Kimberley (Kitchener et al., 1981; Bradley et al., 1987; Start et al., 2007) where they 

were recorded in open eucalypt woodland over dense grasses, rocky inland and coastal 

deciduous vine thicket, and dense low coastal forest between a beach and volcanic cliffs 

(Schmitt et al., 1989). Bradley et al. (1987) described the habitat in which they were 

most abundant as low open woodland and hummock grasses on King Leopold 

sandstone which occurs as a platform, also deeply fractured large boulders, intermixed 

with thickets of dense Triodia species. Colyer et al. (2008) suggested that these rugged 

areas act as refugia, providing more food resources, shelter from predators and 

protection from fire, meaning populations are more robust. They den during the day 

within hollow logs and tree, under boulders, in rock crevices and caves, termite mounds 

and goanna burrows, and even the roofs of buildings (Oakwood, 2008). 
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2.4.6. Diet 

This generalist predator forages at night on the ground, but is also an adept climber 

(Oakwood, 1997). Oakwood (2008) described northern quolls as opportunistic 

omnivores, their diet virtually always including insects and some fleshy fruits and plant 

material. They are known to consume a wide range of vertebrates including small 

mammals where abundant (Pollock, 1999), and also to feed on birds and bird eggs 

(Oakwood, 2008). Oakwood (1997) reported seasonal trends in consumption of the 

various dietary components and suggested that the continued presence of northern 

quolls in areas where more specialised small mammals have become extinct may be 

partially attributed to this dietary flexibility.   

2.5. The phenomenon of male die-off in mammals 

Semelparity has evolved frequently in plants, invertebrates and fishes (Oakwood et al., 

2001). It is also exhibited by several species of small dasyurid marsupials in Australia 

and South America (Oakwood et al., 2001; Bradley, 2003). In these marsupials the 

phenomenon of male die-off is an interesting life history trait whereby stress induced 

die-off of all males occurs after an intensive, short breeding season (Schmidt et al., 

2006). Most of what is known about semelparity in mammals is based on studies of the 

Australian genera Antechinus (Woolley, 1966) and Phascogale (Cuttle, 1978). In the 

genus Antechinus a highly synchronised life cycle in both sexes culminates in a short 

mating period followed by total male mortality, reportedly due to the effects of high 

levels of testosterone and cortisol on many organ systems, with gastric ulceration and 

internal haemorrhage being the ultimate cause of death (Naylor et al., 2008). These 

physiological stresses associated with male die-off are thought to result from the high 

energy demands of intense male-male competition for matings with many females 

during a short mating period (Kraaijeveld et al., 2003). The mechanisms underlying 
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post-mating male mortality in dasyurid marsupials have been covered extensively by 

authors such as Lee et al. (1982), Schmitt et al. (1989), Oakwood (2000) and Bradley 

(2003). A detailed summary of reports on the basic ecological, behavioural and 

physiological changes in dasyurids that exhibit post-mating male mortality is presented 

by Bradley (2003). 

In some species this unusual life history trait manifests itself under certain 

environmental conditions and may be either obligate or facultative, in which case 

species have the capacity to evolve towards either life history mode, as they adapt to 

available resources (Oakwood, 2004b). Some dasyurid species exhibit a high or even 

complete male mortality during some years while in other years many males may 

survive beyond the breeding period and appear to be capable of breeding in the next 

breeding period (Bradley, 2003). Captive males do not undergo the same stress response 

described in wild populations and survival of males in captivity may be explained by 

stable resource availability and limited, controlled access to females (Schmidt et al., 

2006). Wolfe et al. (2004) produced strong evidence that in dasyurids with facultative 

die-off resources play a major role in preventing die-off where they are abundant. In the 

dibbler Parantechinus apicalis males survive and maintain better body condition in 

ecosystems with greater productivity and resource availability (Wolfe et al., 2004).  

2.5.1. Post-mating male survivorship in northern quolls 

The northern quoll is the largest mammal species in the world to undergo post-mating 

male die-off (Oakwood, 2008), although male survivorship appears to be variable. 

While some populations experience complete male mortality in some years (Dickman & 

Braithwaite, 1992) die-off may be incomplete in others (Schmitt et al., 1989). In 

contrast, the phenomenon may also occur annually (Oakwood et al., 2001) resulting in 

discrete cohorts of males (Oakwood, 2000).  In a study of northern quolls in lowland 
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savanna woodland in Kakadu National Park, Northern Territory, Oakwood (2000) 

recorded a highly synchronised breeding cycle and complete male post-mating 

mortality, with no adult males recorded in the population until the following breeding 

season.  

In wild populations northern quolls undergo a similar pattern of mortality to that 

observed in the much smaller Antechinus and Phascogale species, with males exhibiting 

anaemia, weight loss, fur loss and parasite infestation (Males & Hirst, 2000; Oakwood 

et al., 2001). However, Oakwood (1997) found no evidence of gastric ulceration and no 

spermatogenic failure after the first mating season, suggesting that males may be able to 

breed again if they can survive to a second breeding season (Males & Hirst, 2000). 

Because males in the wild Northern Territory population all died soon after mating, 

Oakwood (1997 & 2000) was unable to test this during her detailed study on 

reproduction in northern quolls. Observations of captive northern quolls by Males & 

Hirst (2000) revealed that males lived beyond their first breeding season and were 

capable of breeding in a second season.  

Previously researchers who studied wild populations of northern quolls reported that a 

small percentage of males survive beyond the first breeding season (Begg, 1981; 

Schmitt et al., 1989). The surviving males reported by Begg (1981) and Schmitt et al. 

(1989) were captured in rocky habitats, which supports the idea that rocky areas offer 

higher quality habitat and shelter from disturbance than savanna woodlands (Start et al., 

2007). Therefore populations in the rocky habitats may enter the breeding season in 

better body condition than in the savanna, allowing them to survive the mating season 

(Freeland et al., 1988). 
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Based on a study at the Mitchell Plateau in the Kimberley Schmitt et al. (1989) provide 

a detailed account of the physiological changes observed in post-mating northern quolls 

and compare these to other dasyurids that show either complete or incomplete post-

mating male mortality. Although elevated cortisol levels are thought to be a crucial 

causative component of die-off, no increase in cortisol levels at the commencement of 

breeding has been demonstrated in male northern quolls, or a difference in cortisol 

levels between males and females (Schmitt et al., 1989; Oakwood et al., 2001). Schmitt 

et al. (1989) found that the males that survived beyond the breeding season had 

significantly higher levels of free and protein-bound cortisol, but lower testosterone, 

than those that were not caught after the breeding season. As dominant males have 

higher levels of testosterone than subordinates Schmitt et al. (1989) suggested the 

probability that males with higher free cortisol and low testosterone levels are socially 

subordinate and more likely to survive the breeding season, while males with lower free 

cortisol and high testosterone levels may be dominant and have poorer prospects of 

survival. 

2.6. Home range 

The home range of an animal is defined by Burt (1943) as 'that area traversed by an 

individual in its normal activities of food gathering, mating and caring for young'. Home 

range is an important aspect of the ecology of any species (Firth, 2006) and must 

encompass all the resources the animal requires to survive and reproduce. Therefore 

home ranges might not be restricted to one area and may shift or change seasonally, 

yearly or throughout the individual's life (Burt, 1943; Harris et al., 1990). The area 

occupied by an animal must be large enough to provide adequate resources; hence 

availability of resources affects the size of the home range (Grant et al., 1992; 

Oakwood, 2002). The food supply may be relatively predictable but an individual may 
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be required to occupy a large range to obtain enough food to meet energy requirements, 

thereby avoiding the need to shift to temporal patches of high food supply (Gilfillan, 

2001). While the size of the home range is related to the size of the animal (Burt, 1943), 

home range size and other characteristics may vary with sex, age and season, and the 

density of a population (Burt, 1943; Firth, 2006). Animals also use space within the 

boundaries of their home range disproportionately and use certain areas more heavily 

than others (Harris et al., 1990), the areas of more concentrated use being termed core 

areas (Samuel et al., 1985). 

2.6.1. Methods for determining home range 

 A variety of techniques have been used to evaluate home range size and determine 

patterns of habitat use (Harris et al., 1990). Sightings, tracks and scats have been used to 

identify areas of habitat use. Trapping data, and more recently radio or satellite 

telemetry, are widely used to determine home range size and have become the most 

commonly employed techniques. Radio-tracking is generally used to provide data on 

location, movement and behaviour of a species, from which home range size and pattern 

of utilisation can be determined (Harris et al., 1990). Through the use of radio telemetry 

'fixes' are obtained remotely for an animal's location. A radio tagged animal can be 

located in the field by either 'homing', which involves walking towards it until it is 

visible or an accurate position is identified, or from a distance by triangulation (Morris, 

1980). The basic homing technique uses signal direction and strength, and movement by 

the operator (Plate 4). This method is commonly used for locating radio-tagged animals' 

denning and resting sites and birds on nests, for finding dead radio-tagged animals or 

transmitters that have come off an animal, finding drugged animals hit with radio darts, 

and locating radioed animals for direct observation (Mech, 1979). Triangulation 

requires a minimum of two operators, each using a receiver and a directional antenna, 
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simultaneously taking compass bearings to the same animal from two widely separated 

known locations. The estimated location of the tagged animal is where the bearings 

intersect (Mech, 1979; Morris, 1980). However, there are a number of sources of error 

that are likely to affect location estimates (Millspaugh and Marzluff, 2001). Difficulties 

and limitations inherent with this method arise from signal distortion and signal bounce 

(Mech, 1979; Morris, 1980), which results when a signal hits mountains, ridges, large 

trees, rocks, or other natural features that reflect it (Mech, 1979), and from 

electromagnetic interference and impedance of signals by dense or moist vegetation 

(Millspaugh and Marzluff, 2001).   

 

 

2.6.2. Methods of home range analysis 

Determining home range may be required to provide information on an animal's 

ecology or behaviour to investigate management implications due to its spatial 

Plate 4: Using a receiver and antenna to 'home' on a radio-collared quoll in its diurnal den in rocky habitat 
at the Mitchell River. 
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distribution (Harris et al., 1990). Several analytical techniques exist for evaluating home 

range size and patterns of utilisation based on location data (Harris et al., 1990).  

The minimum convex-polygon (MCP) method (Mohr, 1947) is the simplest and most 

frequently used technique for home range calculation and the only method that is 

strictly comparable between studies (Harris et al., 1990). While other methods have 

been less adopted most studies include the MPC method because it is considered the 

most robust if the number of locations is low and is one of the few methods to give 

comparable results between grid trapping and telemetry data. Despite this, Harris et al. 

(1990) emphasized that the main disadvantage of this method is the inclusion of all 

locations of an animal. When graphically depicted the outer-most position points are 

connected to create a convex polygon. This boundary may include fixes that are well 

beyond the main area of activity and encompass areas never or rarely visited, therefore 

it may greatly exaggerate the size of the actual range.  

Polygon methods only give the extent of the animal's range while other techniques have 

been developed to evaluate the intensity of use within the range (Worton, 1987). These 

probabilistic methods attempt to assess an animal's probability of occurrence at each 

point in space (Harris et al., 1990).  One such technique often used for home range 

analysis is the kernel method (Worton, 1987 & 1989) that quantitatively determines 

activity densities within a home range. This method mathematically converts the 

position coordinates into lines or areas with varying probabilities of use and presents 

these graphically (Worton, 1989; Harris et al., 1990; Andrews, 2005). Harris et al., 

(1990) advised that this type of probabilistic method is more suited to the analysis of 

home range use than for calculation of home range size. 
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The harmonic mean method provides a technique for the accurate calculation of centres 

of activity, representation of range use and a method of estimating home range area by 

calculating isopleths within which a proportion (e.g. 75% or 95%) of all fixes lie (Harris 

et al., 1990).  Harris et al. (1990) cautioned that although this method produces range 

configurations that relate well to the actual distribution of fixes it will also include areas 

that are not visited by the animal, which is a particular problem when the number of 

fixes is low. 

There are numerous less used methods covered in the literature and Worton (1987), 

Boulanger and White (1990) and Harris et al. (1990) provided detailed reviews of many 

of the techniques available. The basic purpose of a home-range estimator is to provide a 

quantity that describes the area traversed by an individual animal in its normal activities 

(Boulanger and White, 1990). Because each estimator defines this quantity differently 

comparisons of home-range estimates from different studies must consider the effect of 

sample size and which estimator has been used (Boulanger and White, 1990). 

Boulanger and White (1990) demonstrated that home-range estimators can produce 

dissimilar results for a specific set of data due to different underlying models. They 

recommend that comparisons between studies of home range be taken only as general 

guidelines because some of the differences observed between studies are due to the 

estimators themselves, and not to the behaviour of the animals being studied.  

2.8. Conclusions 

Although there is a great deal of literature on the role of fire in the tropical savannas of 

northern Australia, and the effects of fire on the biodiversity of the region, the 

interactions of factors driving the decline of small mammals still remain largely 

unexplained. It is becoming increasingly critical to gain a clearer understanding of 

pressures on species, such as the northern quoll, that have succumbed to threatening 
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processes and are now extinct in parts of their former range. Northern quolls appear also 

to have disappeared from certain habitat types within their current range (Start et al., 

2007). Because this species is relatively short lived, and in some populations males 

exhibit complete post-mating mortality (Oakwood, 2008), northern quolls are 

considered to be particularly vulnerable to local extinctions (Oakwood, 2000). 

However, numerous island populations occurring in Western Australia and the 

translocation of the species to islands in the Northern Territory (Rankmore et al., 2008) 

substantially reduce the risk of total extinction. 

Studies of the northern quoll have highlighted differences in their ecology between 

regions and populations (Begg, 1981; Schmitt et al., 1989; Braithwaite & Griffith, 

1994; Oakwood, 1997 & 2000), indicating a need for caution in adopting management 

strategies for a species based on a single population (Schmitt et al., 1989). Studies by 

Woinarski et al. (2004) and Begg et al. (1981) demonstrated that the impact of fire on 

the northern quoll may vary across its range and that the species appears to prefer, or at 

least tolerate, a moderate frequency of fire. However, understanding the combined 

effects of fire scale, frequency and timing is crucial to achieving appropriate fire 

management. Prescribing a regime that preserves or provides the resource requirements 

of quolls and other small mammals is a complex, extensive task. 

By gaining a better understanding of the ecology of the northern quoll in relation to fire 

and the scale of landscape use required to provide essential resources, development of 

improved fire management strategies that benefit the fauna of northern Western 

Australia may be possible. Therefore, the main objective of this study was to investigate 

the short-term response of northern quolls to applied control burning. Specifically, I 

investigated the home range of the northern quoll to determine whether any changes in 
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the scale of habitat use, resource availability and survival could be detected post-fire, 

and how quolls responded to seasonal resource fluctuation. 
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3. Home-range and habitat use by the northern quoll  

3.1. Introduction  

The home range of an animal is defined by Burt (1943) as 'the area traversed by an 

individual in its normal activities of food gathering, mating and caring for young' and is 

therefore an important aspect of the ecology of any species (Firth et al., 2006). The size 

of an individual's home range is influenced by factors such as sex, age and size of the 

animal, and resource availability including food, shelter and den sites (Schradin et al., 

2009). Intraspecific seasonal variations in size of home range between individuals in the 

same population may also be due to seasonal changes in reproductive activity, 

population density and food availability (Schradin et al., 2009).   

Existing reports on the home-range of northern quolls Dasyurus hallucatus were based 

on either trapping studies (Begg, 1981; Schmitt et al., 1989, Braithwaite and Griffiths, 

1994) or a composite of locations derived from trapping and diurnal radio tracking data 

(King, 1989; Oakwood, 2002). Apart from trap locations these reports did not include 

any nocturnal locations for foraging activity and are therefore likely to be 

underestimates of the total home-range. Analysis of the home-range and spatial 

organisation of the northern quoll has previously been investigated and reported in 

detail (Oakwood 1997; 2002) for a Northern Territory population of the species 

occupying lowland savanna woodland. Oakwood's (1997; 2002) Northern Territory 

studies highlighted the considerable temporal and spatial patchiness of the northern 

quoll's food resources because of the dramatic seasonal variation in the wet-dry tropics 

combined with the effects of frequent fire. The most common strategy adopted by 

animals to deal with the ebb and flow of resources is to move around the landscape, 

searching for habitats or patches where more food is available (Woinarski et al. 2007a). 
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Therefore the impact of fire on habitat and other resources may have an added effect on 

landscape use and home range size of northern quolls.  

At the Mitchell River in the north Kimberley, Western Australia, northern quolls are 

relatively common in rocky habitats that provide a degree of habitat stability and 

resilience to disturbance by fire (Bradley et al., 1987; Pavey et al., 2003). Extensive 

surveys of mammals in the Mitchell Plateau area by Kitchener et al. (1981) and Bradley 

et al. (1987) recorded northern quolls in an array of habitats. Bradley et al. (1987) 

reported them to be present and abundant throughout the year in sandstone habitats 

where Schmitt et al. (1989) also found the densest and most healthy populations of 

northern quolls they studied. Similarly, in a study of the small mammals at Nawurlandja 

(then Little Nourlangie Rock), in Kakadu National Park in the Northern Territory, Begg 

(1981) recorded more captures in rocky slopes and crevices than in other habitats right 

throughout the year, with no major seasonal changes. When describing a study site at 

Camp Creek at the Mitchell Plateau Bradley et al. (1987) remarked that in all seasons 

fire in surrounding sandstone country appeared to leave extensive refuges and burn 

much more patchily than in all other habitats. Therefore, the refuges available as a result 

of the patchiness of fire and within the rocks themselves may provide protection for 

quolls and their prey from fire events. Many arthropods and savanna skinks are resistant 

to low-intensity fire events (Radford & Li Shu, unpublished). Surveys conducted in the 

Northern Territory immediately before and after experimental fires in the early dry 

season (June) revealed no change in the abundance of skinks and an increase in 

arthropod numbers immediately post-fire (Nicholson et al., 2006). Post-fire surveys in 

the central Kimberley showed that diurnal reptiles were more common at unburnt sites 

and nocturnal reptiles equally common at burnt and unburnt sites, as was the small 

rodent Pseudomys delicatus (Legge et al., 2008).  
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The historic records and recent research at the Mitchell Plateau (Start et al. 2007; 

Radford, unpublished data) indicate that rocky habitats provide a refuge from the factors 

causing a decline in or apparent absence of quolls from other habitat types in the region. 

The sandstone country may provide a more stable environment than it appears to be, 

despite regular disturbance by fire. However, it has become evident through long-term 

monitoring at the Mitchell River that northern quoll populations are not static and come 

and go from sites (Radford, unpublished data).  In this study I used radio telemetry to 

investigate home range attributes of northern quolls inhabiting sandstone habitats at 

Mitchell River National Park in the northern Kimberley. The specific aims were to 

investigate whether scale of use of the landscape is influenced by seasonal differences 

in resource availability, and to investigate the response of quolls to an imposed burn to 

determine whether their home range changed after fire. Two main hypotheses were 

tested: 1) Home range of northern quolls would be larger in the late dry season than in 

the wet-dry transition when resources are considered to be more plentiful; and 2) 

Habitat and landscape use by northern quolls would change after a recently imposed 

fire, and their home range area increase. 

3.2. Methods 

Two field trips were conducted at Mitchell River National Park (14°49’S., 125°43’E.) in 

the North Kimberley, Western Australia (Fig. 3.1) to collect data during the seasonal 

extremes experienced in the region.  Trip 1 was conducted during the wet - dry 

transition between late March and mid May 2009 (late wet - early dry season) and Trip 

2 between late August and October 2009 (mid - late dry season). The two field trips 

were timed to: 1) sample when there should be a contrast in resource availability e.g. 

during a time of high productivity (wet season) and again during the time of relative 

environmental stress (dry season); 2) avoid predominantly capturing small juveniles 
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immediately after dispersal (January - February); 3) avoid sampling during the mating 

period (July) when home-range use and behaviour could be altered; and 4) avoid the 

time when females deposit their young in dens (mid October - November) and the 

resulting changes to movement patterns and habitat use. Throughout this report the 'wet 

season' refers to Trip 1 and the 'dry season' refers to Trip 2. 

  

  

a 

b 
Figure 3.1: The research was conducted at the Mitchell River in the 
northern Kimberley. a) The Kimberley region in northern Western 
Australia and b) the location of the Mitchell River study site. 
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3.3.1. Study site 

The extremely rough terrain in the Mitchell River region of the North Kimberley is 

dominated by exposed rock platforms, ridges of sandstone boulders and narrow steep-

sided gorges formed of Proterozoic King Leopold Sandstones (Wilson, 1981).  

The climate is monsoonal with distinct wet and dry seasons. The mean annual rainfall is 

1548 mm, ~90% of which occurs in the ‘wet season’ during the months of November 

through March (BOM, 2010). Mean temperatures are high throughout the year (mean 

maximum 32.9°C; mean minimum 18C°; BOM, 2010) with the highest monthly mean 

maxima occurring from September to November and dropping once summer rains begin 

(Wilson, 1981). 

The vegetation in the region is predominantly savanna woodland, which varies 

structurally and floristically with substrate, hydrology, and topography (Start et al., 

2007). The region is frequently subjected to extensive, intense late dry season fires. 

Substrate factors determine vegetation and associated fire patterns within the landscape, 

and most burns in sandstone and rockier parts of the region are patchy (Bradley et al., 

1987). 

This study focused on two areas surrounding five existing monitoring grids (~1.4 ha) 

established in sandstone habitat for a long-term Department of Environment and 

Conservation (DEC) project (Fig 3.2). These sites were selected based on proximity to 

our base camp (Mitchell River ranger station), accessibility during the wet season, and 

the known presence of northern quolls from existing data (Radford, unpublished data). 

Initially each grid was to be considered as an individual sampling site. However, it 

became evident during the early stages of the study that animals were in fact moving 

over greater areas encompassing more than one grid. For this reason the five grids were 
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incorporated within two separate study areas. Site 'J' included three grids and site 'Y,' 

included the remaining two grids. Site Y was located approximately 6 km south east of 

site J.  Because of seasonal and logistical constraints, and limited availability of 

volunteer field assistants we could not include more sites. 

The two sites encompassed three broad habitat types: 

• low open or scattered woodland on rocky quartzite hills and terraces where 

dominant tree species include Eucalyptus latifolia and Xanthostemon sp.  

Figure 3.2: Location of the two study areas, sites J and Y, near the Mitchell River and Camp Creek. 
The paler grey areas on the map represent the expansive sandstone platforms and ridges where quolls 
are now more abundant than in the adjacent woodlands. 
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• narrow riparian strips along seasonal creeks with dominant Pandanus aquaticus 

and Melaleuca spp.  

• laterite slopes and hills with dominant  Eucalyptus miniata, Eucalyptus 

tetradonta and Livistona eastonii 

The understorey in all habitats consisted of annual and perennial grasses, predominantly 

annual Sorghum spp. and / or Triodia spp. (Plates 5, 6 & 7). Soils are primarily well-

drained and sandy.  

Both field sites had been burnt during the previous year (2008), site J in the early dry 

season (April, 2008) and site Y in the late dry season (September, 2008). Following the 

seasonal flush of productivity during the monsoon season vegetation at both sites had 

regenerated by the beginning of Field Trip 1 (March - May, 2009). DEC staff began 

prescribed fire management activities during this time, and applied one small patch burn 

(< 1 ha) at site Y (Plate 8). Further burns were applied in the interval between Field 

Trips 1 and 2 (June-July, 2009). Some small patch burns were applied at the southern 

limit of site J and a large burn at site Y that covered more than half the study area 

(Plates 9 & 10).   

A number of narrow creeks and shallow drainage channels, which only flowed during 

the wet season and held no water during trip 2 intersected site J. Site Y was bisected by 

a larger seasonally flowing creek (Plate 11) that receded to a few shallow pools by the 

late dry season (end of Trip 2).  

3.2.2. Trapping  

Quolls were captured using large Elliott traps (15 x 16 x 45 cm, Elliott Scientific, 

Upwey, Victoria) baited with a mixture of peanut butter and rolled oats, also known as 
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"universal bait". At the beginning of each field trip trapping arrays consisting of a total 

of 50 traps were set out at each of the five existing trapping grids at the two study sites 

(three at J and two at Y). Either 21 or 28 traps were set out on the grids in rows 

consisting of seven traps spaced 20 m apart, with 40 m spacing between the rows. All 

remaining traps were placed in transects adjacent to grids and spaced at ~30 m intervals 

along rocky outcrops and ridges. Trapping was conducted for up to four consecutive 

nights per session. Traps were covered with or positioned below vegetation or in rock 

crevices to provide shelter from the elements. The position of each trap was recorded 

using a hand-held global positioning system (GPS, Garmin GPS60, Garmin 

International Inc., Olathe, Kansas, USA) and marked with flagging tape. In an attempt 

to increase the number of quoll captures at both study sites the initial trapping effort was 

followed up with supplementary trapping on randomly positioned transects for up to 

three consecutive nights. 

All traps were opened and baited in the late afternoon just prior to sunset and checked, 

cleared and closed down within two hours of first light the following morning. All 

captured animals were transferred into cloth bags for weighing and measuring (Plate 

12), with the exception of Zysomys argurus, which were released straight away without 

handling. All animals were scanned using an Allflex Compact Reader (Allflex 

Australasia, NZ) and identification codes recorded when implanted transponders were 

detected. Any northern quolls that had not previously been captured during the DEC 

monitoring program were implanted with a subcutaneous microchip (Allflex 

Australasia, NZ) for individual identification. Data recorded for northern quolls 

included species, sex, reproductive condition, weight, head length, long pes length, tail 

length, and tail circumference. Individual quolls were assessed for suitability for being 

fitted with a radio-collar (see 3.2.3 below). As breeding is synchronised in this species 
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individuals can be assigned to an age cohort separated by a year (Schmitt et al., 1989; 

Oakwood, 2000). Age was estimated by inspecting teeth for wear (following Serena and 

Soderquist, 1989 and Oakwood, 2000), assessing pouch development in females, and by 

assessing physical condition of males for evidence of stress related to mating (e.g. 

indications of weight loss, loss or regrowth of fur and wounds or scars from fighting). 

Weight has previously been used as an indication of age (Begg, 1981). However, weight 

of young males may increase rapidly from about 7 months of age and leading up to the 

breeding season so it is not considered a reliable indicator (Oakwood, 2000). 

All animals were released at the site of capture. Individuals recaptured during the same 

trapping session were reweighed, their collars were checked and adjusted if required, 

then released at the site of capture.  

Additional trapping of all collared individuals was conducted after 2-3 weeks to monitor 

their weight and general condition and inspect collars. Quolls were radio tracked to their 

dens and a minimum of three traps were placed in the surrounding area within a ~4 m 

radius to maximise the chance of recapture. This procedure was repeated at the end of 

each field trip to remove collars. At the end of trip 2 most of the females had deposited 

young in maternal dens. To avoid the additional stress of being kept away from their 

young, traps were set at sunset and monitored from a distance of ~20 m by listening to 

transmitter signals. When changes to signal direction indicated the animal had entered a 

trap the traps were checked, the collars were removed and the quolls were weighed and 

inspected for any signs of stress or loss of condition due to being collared. They were 

then released straight away at the site of capture. 
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3.2.3. Radio tracking  

A total of 21 individual quolls (9 females and 12 males) were fitted with radio-collars 

for periods of 1 to 48 days during the two field trips conducted during late March to mid 

May 2009 and late August to late October 2009. The collars (Sirtrack, Havelock North, 

NZ) were equipped with whip aerials and two-stage transmitters encased in heat-shrink 

tubing with a battery life of 4-5 months. The signals transmitted were 20 pulses/min and 

increased to 40 pulses/min to indicate mortality or inactivity after 12 hrs. Collar straps 

were made of soft suede leather and fastened with a nylon nut and bolt. Packages 

weighed 10.5 - 12.5 g and were matched to individuals to ensure that they did not 

exceed 3.5% of the animal's body weight. Transmitters were only fitted to those 

individuals weighing >360 g. 

Quolls were radio-tracked once daily using three element folding Yagi antennas 

(Sirtrack, Havelock North, NZ) and R-1000 Telemetry Receivers (Communication 

Specialists, Orange, California, USA). All animals were either located in their dens or 

signals were checked each day while they were collared. To avoid risk of disturbance 

tracking was conducted either in the morning starting ~1hr after sunrise or in the 

afternoon finishing no later than ½ hr before sunset.  

The number of locations obtained for each individual was limited by the duration of our 

field trips, the total number of days each individual carried a collar, and in some 

instances, failure to locate den sites due to some males occasionally moving beyond the 

radio tracking range. Although it was not expected that asymptotic home-range size 

estimates would be obtained, due to these limitations, incremental plots of increase in 

identified home-range size were graphed. 



Chapter 3: Home range and habitat use by northern quolls  

 

45 

3.2.4. Home-range analysis 

Home-range data were analysed using Ranges8 software (Anatrack Ltd, Wareham, UK) 

to estimate home-range areas using the minimum convex polygon (MCPs; Mohr, 1947) 

method. To allow for comparison with previous studies on the home-range of northern 

quolls (Begg 1981; Schmitt, 1989; Oakwood, 2002) and other Dasyurus spp. (Serena & 

Soderquist, 1989; Belcher & Darrant, 2004; Glen and Dickman, 2006) two home-range 

estimates were calculated for each individual: 1) from total locations including daytime 

den sites, sites where individuals were trapped overnight and (where applicable) 

locations where shed collars were found and 2) using daytime den locations only. 

Neither of these represents the real area of activity of an animal and are therefore likely 

to be underestimates.  

Similarly, the daytime denning home-range areas for some of the animals reported in 

this study are likely to be underestimates and are not likely to represent the total area of 

activity for these animals. Likewise, home range area calculated from 'total locations' 

should not be considered as a total area of activity as it does not include night time 

locations other than trap locations. It is also recognised that home range estimates are 

affected by the length of time an animal is monitored. Therefore, considering that some 

of these estimates were based on relatively short periods of radio tracking they are also 

likely to be underestimates.  

For each individual Ranges8 software was used to analyse home range attributes such as 

the linear distance between the two most widely separated den locations (maximum 

linear distance) and the percentage of denning home-range areas overlapping with other 

quolls' ranges. Mean overlap was calculated for males and females. 
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3.2.5. Resource abundance 

Based on dietary analysis (Oakwood, 2002; Radford, unpublished data) prey resource 

data have been routinely collected from the trapping grids as part of the 

abovementioned DEC monitoring program. As part of the routine trapping program 

vertebrate prey (e.g. reptiles, frogs, small mammals) were captured in both Elliot or 

funnel traps and large ground-dwelling invertebrates were sampled using funnel traps. 

The trapping arrays consisted of forty nine Elliot traps placed in grids of seven rows and 

spaced 20 m apart. A total of 18 funnel traps were placed within alternate 20 x 20 m 

quadrats formed by placement of the Elliot traps. Funnels were placed in shallow (10-20 

cm deep) 6 m long trenches (Radford & Li Shu, unpublished). Invertebrates (>5 mm 

length only) were identified to insect order (e.g. beetles, cockroaches) or into other 

major taxonomic groupings (e.g. centipedes, scorpions). All animals were released on 

site after identification (Radford & Li Shu, unpublished). Data collected in February 

(just prior to Trip 1) and July (prior to Trip 2) were provided for analysis of resource 

abundance at Sites J and Y. Data used for this study were derived from sampling from 

two trapping grids located within each of the two study areas. Individual vertebrates 

(excluding quolls) and ground-dwelling invertebrates captured over four nights were 

totalled for each grid. Resource biomass could not be calculated from the available data. 

3.2.6. Den and habitat characteristics 

Locations of dens were recorded using a hand-held global positioning system (GPS) 

(Garmin GPS60, Garmin International Inc., Olathe, Kansas, USA). Each den was 

marked with flagging tape indicating the date and the identification number of the quoll. 

Details of den characteristics such as the type of refuge (e.g. rock pile, below rocky 

rubble, hollow log etc.) and approximate location within the refuge were described. 

Details of general area and vegetation surrounding the dens, including species names 
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when known, were recorded to describe the general habitat. Recent fire history was 

recorded for the general area and described as either burnt or unburnt, and whether the 

den was located in a burnt/unburnt patch within a larger burnt/unburnt area. The 

condition of vegetation (e.g. growth stage of shrubs and perennials including hummock 

grasses Triodia spp; standing and dry annual grasses) surrounding dens was described 

to determine whether fire had occurred since the 2008-2009 rainy season. As Triodia 

spp require a long fire-free interval to set seed (Murphy et al., 2005) the presence of 

flowers or seed spikes was taken to indicate that the area immediately surrounding the 

den had not been burnt recently (fire interval >12 months).  

3.2.7. Statistical analyses 

Home range estimates based on 'den locations' only were compared to those calculated 

from 'total locations' using a Student's T-test. Den site data only were used for all further 

analysis. The mean home range of females was compared to that for males using a 

Student's T-test. Because the home range of only one male was recorded at site J in the 

dry season the data for male and female home ranges were analysed separately. This 

also limited the analyses of home range attributes for the males to descriptive trends 

such as mean home range size, percentage overlap between home ranges and scale of 

movement. Differences between mean home ranges of females across site and season 

were analysed using analysis of variance (ANOVA). A Tukey's HSD multiple 

comparison post-hoc test was used to determine between which specific factors the 

significant differences occurred. 

The mean abundance of resources (vertebrate and invertebrate prey) was compared for 

seasonal and between site differences using analysis of variance (ANOVA). A Tukey's 

HSD multiple comparison post-hoc test was used to determine between which specific 

factors the significant differences occurred.
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  Plate 5: Site J in the wet season. Lush regrowth in an area that was burnt the previous dry season (2008). 

Plate 6: Site J in the dry season. Dried grasses on the same rocky slope as Plate 3 from a different view. 
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Plate 7: Site Y during the wet season. Triodia spp. dominate the understorey of this low open woodland 
in rocky habitat.  

Plate 8: Site Y during the wet season. A control burn was applied by an incendiary dropped on top of 
this ridge. The resulting low intensity fire covered <1 ha and left patches of unburnt grasses. 
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  Plate 9: Site Y in the dry season. A control burn was applied at site Y in June between field trips. 
Bright green new growth of Triodia spp. is visible on the plain.  

Plate 10: Rocky outcrops such as this provide refuges for plants and animals from fire. The rocky 
slope in the background was completely burnt by the fire applied at site Y in June. 
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Plate 11: A flooded creek bisecting site Y during the wet season is reduced to a string of shallow 
isolated pools by the mid dry season.  

Plate 12: Site Y at the end of wet season. Processing a captured quoll 
and fitting a radio collar while volunteer Beth Reid records the data. 
The tall spear grass Sorgum sp. is beginning to shed seed and starting 
to cure. 
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3.3. Results 

3.3.1. Captures 

A total of 34 individual quolls were captured in the two field trips (17 males and 17 

females). During the wet season eight males and five females were trapped at site J, and 

five males and four females at site Y. During the dry season two males and nine females 

were trapped at site J and four males and six females at site Y (Table 3.1). Of the 34 

individuals captured only 21 (nine females and 12 males) were above the 360g weight 

requirement to carry a radio-collar. Two males and four females from the first field trip 

were recaptured and recollared during the dry season (Table 3.1). There was no 

mortality of radio collared animals and all radio collars were recovered. There were also 

no injuries or loss of condition from collars. At the beginning of the dry season all 

collared males were in poor condition after the mating period in July, but regained 

weight and condition from that recorded at their initial capture.  With the exception of 

one female at site J all collared females were carrying pouch young during the dry 

season.  

Table 3.1: Number of quolls trapped during the wet and dry season for both study sites. 

Field Trip Site No. Quolls 
trapped 

No. quolls 
collared 

No. 
retrapped 

No. 
recollared 

Radio tracked 
(sufficient data  
for analysis) 

1. Wet J  13 (8M; 5F) 8 (5M; 3F)   4 ( 2M; 2F) 

Y 9 (5M; 4F) 8 (5M; 3F)   7 ( 5M; 2F) 

 
Total 22 (14M; 8F) 16 (10M; 6F)   11 ( 7M; 4F) 

2. Dry J  11 (2M; 9F) 5 (1M; 4F) 3 (F) 2 (F) 5 ( 1M; 4F) 

Y  10 (4M; 6F) 6 (3M; 3F) 6 (3M; 3F) 4 (2M; 2F) 6 ( 3M; 3F) 

 
Total 21 (7M; 11F) 11 9 6 11 ( 4M; 7F) 
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3.3.2. Radio tracking 

During the wet season a total of 16 quolls (10 males and 6 females) were radio tracked 

for 1 - 48 days. Three males and two females were not included in the final home-range 

analysis because of insufficient data e.g. <6 den sites recorded.  During the dry season 

eleven quolls (four males and seven females) were radio tracked for 21 - 42 days (Table 

3.2). For the animals included in the home-range analysis the number of days an 

individual was tracked to a den location ranged between 7 and 31 (range for males 7 - 

25, SE±1.25; females 20 - 31, SE±1.80). Some individuals were located in the same den 

on more than one day. A total of 276 different den locations were recorded. The mean 

number of different den locations was 11 for males (ranging 6 - 16; SE±1.05) and 14 for 

females (range 9 - 23; SE±1.26) (Table3. 2). The number of 'total locations' recorded 

was 322. The mean number of total locations for individual males was 13 (range 9 - 19; 

SE ± 0.95) and 16 for females (range 10 - 25; SE ± 1.39).  

Some animals could not always be located, particularly males, which may have moved 

beyond the signal range. Although it was not expected due to the short time radio-

tracking was conducted, the denning home-ranges of two males (one at site Y and one at 

site J in the wet season), and one female (site Y in the dry season) reached an asymptote 

(Table3. 2). There was no further increase in range area with the addition of 6, 7 and 8 

den locations respectively.  
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Table 3.2:  Home range data for 11 females and 11 males estimated using den locations only and total 
locations. Total locations included dens sites, trapping locations and dropped collar locations, Trip 1 = 
wet season and Trip 2 = dry season. As breeding is synchronised, occurring over a short period in July, 
quolls were aged relative to the previous breeding season.  

Trip Site Animal ID Age 
Days 

Collared 

Days  
Tracked  to 

Dens 

Number of 
Den 

Locations 
Total 

Locations 

Maximum 
Distance 
Between 
Dens (m) 

Dens only 
MCP (ha) 

Total 
Locations 
MCP (ha) 

1 J F  6 1+ 48 27 11 14 304 2.2 4.4 

1 J F 3* 1+ 39 20 12 16 418 5.4 9.3 

1 J M  7# 1+ 48 25 16 19 735 11.4 14.8 

1 J M 10 1+ 47 19 10 12 702 12.2 13.3 

1 Y F 13* 1+ 34 20 13 15 644 12.6 18.4 

1 Y F 20 1+ 34 21 15 16 536 15.4 16.0 

1 Y M 2*# < 1 33 21 14 15 1347 78.8 78.8 

1 Y M 5* < 1 33 21 7 8 659 2.4 2.4 

1 Y M 18 <1 35 22 10 12 867 11.2 16.9 

1 Y M 21 1+ 34 19 13 15 919 20.7 20.7 

1 Y M 23 <1 34 20 14 15 525 9.6 9.6 

2 J F 1^ 2+ 42 31 23 25 363 2.3 6.8 

2 J F 3* 2+ 40 31 20 24 590 8.7 12.7 

2 J F 15 1+ 25 21 9 10 280 1.6 1.6 

2 J F 17 2+ 31 28 12 13 153 0.8 1.2 

2 J M 16 2+ 23 7 6 9 4165 421.4 501.3 

2 Y F 11^# 2+ 36 27 15 18 440 5.0 15.1 

2 Y F 12 1+ 36 26 13 16 691 13. 7 23.9 

2 Y F 13* 2+ 32 25 11 12 427 6.9 18.3 

2 Y M 2* 1+ 41 23 15 16 1327 78.7 78.7 

2 Y M 5* 1+ 21 7 6 9c 977 32.4 46.6 

2 Y M 9 1+ 35 18 11 13 903 36.6 40.0 

    
 

 Total  276 322    

    
 

 Mean 13 15    

* Radio tracked during both study trips. 

^Radio tracked during both trips but insufficient data to analyse for trip 1. 

 c Additional locations include the position shed collar was found.  

# Asymptotic range. 
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3.3.3. Home-range  

Sufficient data were obtained to estimate home-ranges for 11 of the 16 individuals radio 

tracked during the wet season and for all of the 11 individuals radio tracked during the 

dry season. Of these, two males and four females had also been radio tracked during the 

wet season, but two females were among those with insufficient data, and therefore had 

to be excluded from analysis for the wet season (Table 3.2).  

The mean denning home-range for males was 64.2 ha (SE ± 36.65; range 2.4 - 421.4 

ha). Females had smaller home ranges, with a mean area of 6.8 ha (SE ± 1.56; range 0.8 

- 15.4 ha). When all locations were included for analysis the overall mean home-range 

size estimate was 74.8 ha for males (SE ± 43.39; range 2.4 - 501.3 ha) and 11.6 ha (SE 

± 2.26; range1.2 - 23.9 ha) for females (Tables 2 and 3). There was no difference 

between the home range estimate based on all locations and that based on dens alone.  

3.3.3. Denning home range attributes 

The mean home range of females at site J (mean = 3.5 ha; SE ± 1.55) was smaller than 

those of females at site Y (mean = 10.7; SE ± 1.63) (P = 0.0113) but no seasonal 

difference was observed (P = 0.228). The home ranges of the males could not be 

analysed statistically due to a single dry season record at site J, but range area estimates 

were generally larger in the dry season. 

The largest range estimate for a female (F13) was 15.38 ha and was recorded at site Y in 

the wet season. The largest overall range estimated was 421.43 ha and was recorded for 

a male (M16) at site J in the dry season. This home range was more than five times 

larger than those of all other males (Fig. 3.3). Of the four individuals collared during 

both the wet and dry season only the range of one male and one female were larger in 
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the dry season (Table 3.4). In the wet season the home range (2.4 ha) of M5 at Y site 

was less than 8% of the area recorded in the dry season (32.4 ha) (Fig. 3.3, 3.4 & 3.5). 

 

 

 

Table 3.3: Mean estimated home range (MCP) area (ha), calculated for sites J and Y and the 
wet (Trip 1) and dry (Trip 2) seasons, for males and females based on den locations only and all 
locations (including trap and shed collars locations).  

  Dens only MCP (ha) All locations MCP (ha) 

Season Site             Females      Males Females Males 

Wet J 3.8 ± 1.62 (n=2) 11.8 ± 0.44 (n = 2) 6.9 ± 2.44 (n = 2) 14.1 ± 0.75 (n = 2) 

Wet Y 14.0 ± 1.37 (n=2) 24.5± 13.88 (n = 5) 17.2 ± 1.17 (n = 2) 25.7 ± 13.66 (n = 5) 

Dry J 3.4 ± 1.79 (n=4) 421.4 (n = 1) 5.6 ± 2.70 (n = 4) 501.3 (n = 1) 

Dry Y 8.5 ± 2.65 (n=3) 49.2 ±14.79 (n = 3) 19.1 ± 2.57 (n = 3) 55.1 ± 11.96 (n = 3) 

 

 

Table 3.4: Estimated home range (MCP) areas (ha) of four quolls 
that were radio tracked during both the wet season and dry season 
and area of overlap. 

Site Quoll ID 
Wet Season 

Range 
Dry Season 

Range Overlap 

J F3 5.4 8.6 4.9 

Y F13 12.6 6.9 4.8 

Y M2 78.8 78.7 0.06 

Y M5 2.4 32.4 0 

 
 

 



Chapter 3: Home range and habitat use by northern quolls  

 

57 

The mean overlap of home ranges in pairwise comparisons between males was 32.0% 

(range 0.3 - 100%), that of males overlapping females was 35.7% (range 0.01 - 93.6%) 

(Table 3.5). Overlap of females overlapping males was 19.4% (range 0.5 - 65.4%) and 

that of females overlapping females was 21.4% (range 0.05 - 100%) (Table 3.5). 

The home ranges of males overlapped extensively with those of other quolls of both 

sexes at both sites during the wet season (Fig. 3.3 & 3.4). In contrast, the home ranges 

of males overlapped with those of the females but not those of other males at site Y 

during the dry season (Fig. 3.4). During the wet season females' denning ranges did not 

overlap with other females' ranges at either site. During the dry season the ranges of 

females overlapped at J site but the denning range of the single male recorded did not 

overlap with the ranges of the females at this site (Fig. 3.3). The ranges of the females at 

site Y in the dry season were discrete (Fig. 3.4) although two females (F12 and F13) 

occupied 2 dens in relatively close proximity (~10 m apart), one of which was 

occasionally occupied by one of the males (M2).  

Table 3.5: Mean percentage of quoll's denning range areas overlapping.   

  % Overlap of Denning Range 

TRIP SITE Female x female Male x male Female x male Male x female 

1 J 0 
49.5  

(range 47.7 - 51.3 ) 
14.1  

(range 0.5 - 30.9) 
31.9  

(range 2.4 - 70.1) 

1 Y 0 
29.8  

(range 0.3 - 100 ) 
28.3  

(range 4.3 - 65.4) 
36.1  

(range 3.9 - 70.0) 

2 J 
21.4  

(range 0.1 - 100 ) 0 0 0 

2 Y 0 0 
9.7  

(range 5.3 - 16.3) 
38.0  

(range 0.01 - 93.6) 

Overall 
mean 

 
32.0 

 (range 0.3 - 100) 
19.4  

(range 0.5 - 65.4) 
35.7  

(range 0.01 - 93.6) 
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The mean maximum distance between dens was 1193 m for males and 440 m for 

females. The greatest distance between den sites for an individual male was 4165 m 

recorded for the single male at site J during the dry season, compared with  691 m for a 

female at site Y during the dry season  (Tables 3.2 and 3.6). 
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Figure 3.3: Denning home range areas at site J (dashed = female; solid = male) including the trapping 
grid. a) Wet season home ranges of two males and two females; b) dry season ranges of four females 
and 1 male and c) enlarged view of female ranges  shown in (b). 
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Figure 3.4: Denning home range areas at site Y (dashed = female; solid = male) including the trapping 
grid. a) Wet season home ranges of five males and two females; b) dry season ranges of three males and 
three females. 
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Figure 3.5: The wet (black) and dry season (grey) home ranges of two males (M2 and M5) and one 
female (F13) at site Y, and one female at site J (F3). NB: Scale of home range representations are not 
equal.  



Chapter 3: Home range and habitat use by northern quolls 

 

62 

Table 3.6: The maximum distance (m) between den locations within home ranges of both males and 
females for each study site and field trip.   

 

  

SITE Sex Trip 1 (Wet) Trip 2 (Dry) 

J Females 361 m  
(n=2; range 304 - 418) 

346 m  
(n =4; range 153 - 590) 

J 
Males 719 m  

(n=2; range 702 - 735) 
4165m  
(n=1) 

    

Y Females 590 m  
(n=2; range 536 - 644) 

519 m  
(n= 3; range 427 - 691) 

Y Males 863 m  
(n = 5; range 525 - 1347) 

1070 m  
(n = 3; range 903 - 13272) 

Mean - all females 
Mean - all males 

440.4 
1193.2 
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3.3.4. Resource abundance 

Invertebrate abundance was greater in the wet season than the dry season (P=0.0087) 

and more abundant at site J than at site Y (P=0.0426). At site J invertebrates were >10 

times more abundant in the wet season than the dry season. Vertebrate resources (e.g. 

frogs, reptiles, small mammals including bandicoots and rodents) were approximately 

three times more abundant in the wet season than the dry season (P=0.0159) but there 

was no difference in abundance of vertebrate prey between the two study sites 

(P=0.819) (Fig. 4.2).   

 

 

 

Figure 3.6: Mean seasonal abundance of vertebrates (small mammals, frogs and reptiles) and ground-
dwelling invertebrates (beetles, centipedes, scorpions, spiders, cockroaches) that could be potential prey 
items for quolls at sites J and Y. 
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3.3.5. Den sites and fire  

A total of 276 different den sites were recorded (135 in the wet season and 141 in the 

dry season). Of these, 272 (98.6%) were within the rocky sandstone habitat. All dens in 

this habitat type were located either under boulders/rocks or within crevices in rock 

stacks or low ridges (Plate 13). The remaining four (1.4%) dens were recorded on 

laterite slopes. One male (M2) used two dens in this habitat, one in a hollow log and the 

other beneath the roots of a fallen tree (Plate 14). Another male (M9) was located under 

a small laterite boulder and a third male (M16) was located in a cavity beneath a large 

laterite boulder at the top edge of a plateau.  

Detailed descriptions of vegetation were recorded for 247 den sites. Of these, mature 

Triodia was recorded at or close to only 15.8% (n = 39) of the dens described. These 

were either small clusters or individual plants and no large areas of mature Triodia were 

recorded. 

Of the 135 den sites recorded during the wet season only two (1.5%) dens were 

recorded in a burnt area (Plate 15). Both were in a small patch (< 1 ha) at site Y where a 

low intensity burn was ignited by aerial incendiary during early April when vegetation 

was still relatively moist. No recent burn scars were detected in the study area at site J in 

the wet season (Table 3.7).  

During the interval between the two field trips a number of small, patchy and 

discontinuous control burns of low intensity had been applied in the southern section of 

J site. Of the 70 dens located at J site during the second trip (dry season) only 5.7% (n = 

4) were located within a broadly burnt area (> ~ 50 m distance to unburnt vegetation) 

and 90% (63) were in unburnt habitat. The remaining 4.3% (n = 3) were located in a 

small burnt patch (< ~10m diameter) within a broader unburnt area. 
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At site Y the entire area utilised by the collared quolls north of the creek that bisected 

the site and half of the area to the south had a control burn applied in the interval 

between the two field trips. This resulted in almost no ground cover and some scorch up 

into the canopy of some trees. Some small patches (< ~10 m diameter) within rocky 

areas remained unburnt. Of the 71 dens recorded at site Y during the dry season 31% (n 

= 22) were located in the extensively burnt area (Plate 16). Fifty six percent (n = 40) 

were in unburnt habitat and 13% (n = 9) were located in small refuge patches of unburnt 

habitat (< ~10 m diameter) within the extensively burnt area. F12 was the only 

individual to den entirely within the unburnt area. 

 

Table 3.7: Number (%) of dens located within burnt or unburnt habitat, or small burnt (b) or unburnt (u) 
patches within extensive burnt or unburnt areas.  

Trip Site Total number of 
dens recorded  

Burnt  Unburnt  Patch 

1 J 49 0 49 0 

1 Y 86 2 (2.4) 84 (97.6) 0 

2 J 70 4 (5.7) 63 (90) 3 (4.3)b 

2 Y 71 22 (31) 40 (56.3) 9 (12.7)u 
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Plate 13: Site J in 
the wet season. 
Quolls were most 
often located deep 
within boulder piles 
at both J and Y sites 
such as this one. 

Plate 14: Site Y in the wet season. One of only four den 
locations not recorded in sandstone habitat. This den was 
in the ground beneath the roots of fallen tree.  

Plate 15: Site Y in the wet season. This 
den was located below the ground on the 
ridge top during the wet season burn. The 
occupant was tracked to this den during 
the fire and again the following day. 

Plate 16: Site Y in the dry season. The 
quoll was denning in the gap beneath 
this large boulder, which was located 
within the extensive burnt area at site 
Y on the north side of the creek.  
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3.4. Discussion 

3.4.1. Home-range and landscape use 

Home ranges were significantly larger for males than for females, and males overlapped 

extensively with females and most of the other males. This is consistent with reports for 

the spotted-tailed D. maculatus (Belcher & Darrant, 2004; Glen and Dickman, 2006) 

and western quoll D. geoffroii (Serena & Soderquist, 1989) where males were found to 

occupy large home-ranges while females occupy comparatively small, exclusive 

territories. The spatial organisation of northern quolls at Mitchell River reported in this 

study was similar to that recorded for populations in the Northern Territory (Oakwood, 

2002). Oakwood (1997; 2000) considered that the differences in home ranges between 

sexes of northern quolls she observed in the Northern Territory were mostly the result 

of attempts by males to gain access to as many females as possible. The larger dry 

season ranges of males but not females in this study were estimated from data obtained 

after breeding activity had ceased. Therefore, access to females is unlikely to have 

influenced the extent of movement of males at this time but may to some extent reflect 

establishment of breeding home ranges prior to breeding in July. As males are generally 

in poor body condition following the rut the larger dry season ranges of males is more 

likely to be related to nutritional requirements.  

The 421 ha range of a single male (M16) radio tracked at site J during the dry season 

was much larger than all other quolls or any previous record for this species (Begg, 

1981; King, 1989; Schmitt et al., 1989, Braithwaite and Griffiths, 1994; Oakwood, 

2002). Based on trap locations only, Schmitt et al. (1989) estimated home range to be 

less than 3 ha for both male and female northern quolls at the Mitchell Plateau. These 

estimates are likely to be erroneous because home range sizes are limited by the size of 

the trapping grid. The grids in the study were less than 3 ha and probably too small to 
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encompass the full home ranges of the animals. In the savanna woodland in Northern 

Territory the largest home range based on den locations recorded for a male was 102.5 

ha. (Oakwood, 2000). However, Oakwood (1997; 2000) had no data to represent the 

late dry season because no adult males survived beyond the breeding season. The mean 

home range estimate for males in this study (64.2; n = 11) was also greater than the 

mean denning home range of males (41.9; n = 8) reported by Oakwood (2002). In 

contrast, the mean denning home range estimate for females (6.8 ha; n = 11) was much 

smaller than the mean reported by Oakwood (2000) for females (27.3; n=7).   

The large range estimate for M16 could be considered as an outlier, however it was 

based on only a few (n = 6) den locations and the individual often could not be located 

due to frequent movement beyond signal range. Similarly, this was the case for M10 at J 

site (wet season) and M5 and M9 at Y site (dry season). Therefore it is feasible that 

these are all gross underestimates of the potential home range for males at the Mitchell 

River sites. 

Other studies of northern quolls (Begg, 1981; King, 1989; Schmitt et al., 1989, 

Braithwaite and Griffiths, 1994; Oakwood, 2000) reported on 'total home ranges', which 

were based on overnight trapping and daytime den locations, rather than exclusively 

nocturnal foraging locations.  Therefore these areas are all likely to be underestimates 

and, as with the present study, should not be considered as total areas of activity. In 

comparing nocturnal and diurnal (based on den locations) home ranges of spotted-tailed 

quolls Dasyurus maculatus Glen and Dickman (2005) found that they ranged over 

substantially larger areas at night than during the day. One female's nocturnal home 

range was more than twice the size of her diurnal range, despite being located more 

times during the day than at night (Glen and Dickman, 2005). Nocturnal locations could 

not be obtained for this study due to logistical and technical complications associated 
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with operating telemetry equipment in rugged rocky terrain, which was not accessible 

by vehicles. Oakwood (2002) cited the same logistical limitations as the present study 

as the reason for the lack of inclusion of nocturnal activity data. 

The overlap of home ranges reported here is limited to the individuals that were radio 

tracked during the two field trips. It should be noted that the proportion of the 

population represented by the collared animals cannot be determined and that the home 

ranges of these individuals are likely to overlap the ranges of other quolls that were 

either too small to carry transmitters or not detected by trapping. Therefore, the extent 

of home range overlap between collared and un-collared animals is unknown.  

 The home ranges of males overlapped extensively with most of the other males and 

females, and females mostly occupied exclusive territories with the exception of three 

females at site J (dry season). Here, a two year old female, F3, overlapped all of the 

smaller home range occupied by one year old F15. These two females denned in close 

proximity to each other and were also recorded using two common dens 

(independently). A third female, F1, overlapped with both F3 and F15. (All three 

females carried pouch young throughout the second radio tracking period.)  F1 and F3 

were among the only three females detected at this site during the wet season and were 

both radio tracked during that period. F1 had been excluded from the wet season 

analysis due to insufficient den locations. However, her two den locations were within 

the range of F3 and therefore their ranges would have at least partially overlapped. 

Their overlapping denning areas indicate that they were most likely using common 

foraging areas. Their tolerance of each other may indicate that the younger F15 was the 

offspring of the older F3 from the previous year, and that F1 and F3 were possibly 

siblings. Alternatively, this may be an indication that resources are not limiting at this 

site as exclusive female ranges are expected when food sources are sparse, or are 
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spatially or temporally patchy (Oakwood, 2002). The ranges of females at site J were 

smaller than those at site Y, which also suggests that this may be the case. Although 

Oakwood (2002) reported females in savanna lowland (NT) to have mutually exclusive 

denning areas, she suggested that their foraging areas may partially overlap. 

 The den locations recorded for the single male (M16) at site J during the dry season did 

not overlap with any of the female ranges at this site despite the fact that this male had a 

much larger home range than the females. Only one other male was detected during 

extensive trapping at this site but it was too small to be fitted with a collar. Considering 

the large area covered by M16, and the failure to locate it when it went beyond signal 

range, it is highly probable that its home range overlapped with other males and 

females. On the two occasions it was trapped M16 was close to or at the den of one of 

the females (F17) indicating that its foraging range extends into that of the females at 

this site.  

In the dry season males at site Y overlapped with females but not other males, although 

extensive overlap with both sexes was recorded in the wet season. A male (M2) radio 

tracked during both trips had the largest home range at that site for both periods. Its 

range overlapped with all other quolls at the site during the wet season and it was the 

only individual to move across to the south of the flooded creek that divided the site at 

that time, where its range overlapped with that of the single female there. M2 was only 

located to the south of the creek during the dry season, despite the creek being mostly 

dry by this time, and often moved as far south as the next creek system ~1.5 km away. 

Although this male (M2) was trapped during both trips at the same location south of the 

creek there was only minimal overlap of its denning ranges for both seasons. The dry 

season home range of a second male (M5) tracked during both trips at site Y was also 

entirely on the south side of the creek and did not overlap its wet season range. These 
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two males were sub-adults during the first tracking period and may have established 

home ranges south of the creek away from their maternal range prior to the breeding 

season in July.  

In contrast to the males, the individual ranges recorded in the wet season and dry season 

for two females (F3 and F13) radio tracked during both periods overlapped 

considerably. These females occasionally returned to dens recorded in the first trip, 

indicating a degree of site fidelity. In total 6 individual females and 3 males were 

recaptured in the dry season at the same site as they were captured in the wet season but 

could not all be radio tracked due to their low body weights. Their presence at the same 

sites also indicates site fidelity for some males at site Y. 

The greatest distances between dens for both females and males were recorded in the 

dry season. The distance of more than 4 km between dens recorded for the single male 

at site J in the dry season (M16) was vastly greater than any distance recorded for other 

males in this study and difficult to compare with other studies. However, the findings of 

this study correspond with those of Schmitt et al. (1989) who found that although males 

and females moved similar distances between successive captures, the extent of 

movement varied seasonally, and was greatest in September (late dry season).  

3.4.2. Resource abundance 

The observed decrease in abundance of prey resources during the dry season at both 

sites did not appear to affect the home range size of the female quolls but may account 

for the home range estimates for males being generally large in the dry season. The 

differences between male and female home range size may be partly attributable to 

sexual dimorphism in weight and energy requirements (Oakwood, 2000). Although 

density of food resource influences home range size, Harestad and Bunnell (1979) 
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suggested that the influence of body weight is also significant. Because home-range size 

increases with metabolic needs (Gittleman & Harvey, 1982) weight may account for 

intraspecific differences between male and female, or subadult and adult, home ranges 

(Harestad & Bunnell, 1979).  Consistent with this, Oakwood (1997) observed that the 

proportion of vertebrate prey in the diet of northern quolls tended to increase with body 

size and that the intake of vertebrates was greater in the diet of males than females.  

Invertebrate prey were more abundant at site J than at site Y, particularly in the wet 

season, which possibly explains why the home ranges of females at site J were smaller 

than those at site Y. That female ranges were not found to differ between seasons can 

possibly be explained by Oakwood's (1997) suggestion that the continued presence of 

northern quolls in areas may be partially attributed to their dietary flexibility, whereas 

more specialised small mammals become extinct. Although northern quolls are 

described as generalist predators known to feed on a wide range of vertebrates, they are 

not strictly carnivorous. They are opportunistic omnivores, as their diet almost 

invariably includes insects and some plant material, with seasonal trends in 

consumption of the various dietary components (Oakwood, 1997; Oakwood, 2008). 

Fleshy fruits are consumed when available and include figs Ficus spp., Cassytha 

filiformis and Livistona spp. (Begg, 1983; Oakwood, 1997). Scats observed at the study 

sites contained native plum Terminalia sp. and fig Ficus platypoda fruits (A. Cook, 

pers. obs.). These and many other plants known to produce soft fleshy fruits were 

present and quite common at both study sites, with some (particularly the Terminalia 

and Ficus spp) bearing abundant fruits during Trip 2 in the dry season. Quolls are also 

known to include birds and bird's eggs in their diet (Oakwood, 1997), which were 

present and common at both study sites, but abundance was not quantified. However, 

birds and eggs were present only in a very small percentage (< 3% and < 1% 
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respectively) of scats analysed from sites at the Mitchell River (Radford, unpublished 

data). Interestingly, the endemic white-quilled rock-pigeon Petrophassia albipennis that 

inhabits the sandstone habitats at the Mitchell River is present and relatively abundant at 

both sites. These rock-dwelling birds lay their eggs in nests on rock ledges and scrapes 

on the ground from April to October (Frith, 1982). Both eggs and nestlings would 

provide an easy source of prey for quolls during the dry season when other prey items 

are less abundant, however they are apparently not found in the diet of the quoll. 

Therefore this may indicate that prey abundance and dietary resource availability are 

non-limiting in this system at the present population abundances. 

Rankmore et al. (2008) suggested that the exceptional success and proliferations of 

quolls translocated to islands, which experience similar environmental disturbances to 

mainland habitats, is due to the lack of predators and that predators may be the factor 

most limiting quoll numbers in mainland populations. This raises the question whether 

predation (e.g. by dingoes, snakes and birds of prey) is  prevalent enough to maintain 

the Mitchell River quolls below the point where resources affect populations. 

3.4.3. Effect of fire at site Y  

The fire imposed between the two field trips provided the opportunity to follow the fate 

of individual animals before and after fire events as suggested by Whelan et al. (2002). 

Six quolls captured in the wet season, prior to the June fire at site Y, and then 

recaptured after the fire indicate that these animals were not displaced by the fire event 

and remained at the site. There was some turnover in individuals at the site but this is 

possibly due to some males moving out of the study area seeking females during the 

mating season (Oakwood, 2002). This was not limited to site Y as the males trapped at 

site J during the wet season were not detected during the dry season. As there was no 
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apparent seasonal difference in range sizes at site Y, it can be concluded that the fire 

had no effect on the scale of movement of quolls in the landscape. A decrease in 

resource abundance in the dry season was recorded for both sites so it is more likely to 

be a seasonal effect rather than a reduction in resources caused by the fire at site Y. 

Therefore, the generally larger male ranges at site Y in the dry season are also likely to 

be related to the seasonal effect on resources rather than fire.  

The difference in the number of dens in burnt, unburnt and patches between sites J and 

Y is probably due to the extent of the fire at site Y resulting in less unburnt area left 

available. At site Y both males and females denned in burnt and unburnt areas. The 

ranges of three individuals (M9, F13 and F11) occurred in the area that was almost 

entirely burnt, with the exception of some small unburnt patches of approximately 1 - 

10 m2. These refuges or patches, and the preference of the quolls at both sites J and Y to 

den deep within rock stacks and rocky crevices are likely to provide enough protection 

for them, along with some of their preferred prey species, from these fire events. Fires 

are generally at their highest intensity during the day when quolls are protected within 

their dens, then tend to die down or go out at night (Vigilante et al., 2004). 

The results of this study are consistent with those reported for the impact of wildfire or 

imposed control burns on western and spotted-tailed quolls in temperate Australia 

(Mathew, 1996; Dawson, 2005; Glen & Dickman, 2006) in that fire appeared not to 

have a negative effect on the abundance or scale of movement of those species. 

However, the present study was conducted in a landscape where fire is a regular 

occurrence and investigated the effect of a fire of relatively low intensity in June (the 

mid dry season) when environmental conditions are considered less stressful than later 

in the year (Kitchener et al., 1981). Although the imposed fire at site Y burnt well 

beyond the study site and is estimated to have covered an area >5 km2, the furthest 
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distance to unburnt habitat was <1 km. The results indicate that northern quolls are able 

to tolerate fires under these specific conditions, but results may have been quite 

different if the fire had occurred later in the season when wildfires are intense, extensive 

and common (Williams et al., 2002). This considered it should not be assumed that fire 

has no negative impact on northern quolls. That quolls are relatively short-lived, 

generally having a maximum life span of 3 years (Oakwood, 2000), may be a key factor 

in this pattern of presence/absence from sites. As females display strong site fidelity 

they may remain at their site despite conditions being less than favourable, while males 

move out of the area.  

Unlike site Y, the two males (M7 and M10) radio tracked at site J in the wet season 

were not recaptured and therefore their fate could not be determined. With the exception 

of M16 who moved over extensive areas and distances well beyond the study site and a 

second very small male trapped once, only the females captured at site J in the dry 

season appear to be resident. As local populations of northern quolls appear to be 

transient in the landscape (Radford & Li Shu, unpublished) it is possible that site J is at 

the end of a favourable cycle due to the cumulative effects of past fires.  

Much longer term studies may be required to determine what factors influence the 

recurring presence and absence of the species from what appears to be suitable habitat. 

It is intended that the finding reported here will contribute to a better understanding of 

the factors influencing the sporadic presence and absence of quolls in particular areas 

and habitats. The results demonstrated that home ranges for this species are potentially 

much larger than previously reported and that a fire of low intensity imposed in the mid 

dry season did not displace quolls from their home range areas. These finding have 

important implications for planning prescriptive burns of appropriate scale and timing 

for the management of quoll habitat within a fire-prone landscape. 
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4. Post-mating male survival in a northern Kimberley population of 
northern quolls Dasyurus hallucatus 

4.1. Introduction  

The northern quoll Dasyurus hallucatus is the largest of a number of dasyurid 

marsupials to exhibit the phenomenon of post-mating male die-off, whereby stress 

induced die-off of males occurs after an intense, short breeding season (Oakwood, 2000; 

Schmidt et al., 2006). Some dasyurid species exhibit a high or even complete male 

mortality during some years, while in other years many males may survive beyond the 

breeding season and appear to be capable of breeding in the next season (Bradley, 

2003). Therefore this unusual life history trait may be either obligate or facultative 

(Oakwood, 2004b). 

Obligate male die-off is known as a Strategy I life history (Lee et al., 1982) and is 

characterised by a monoestrous reproductive pattern, male maturity at 11 months and 

disappearance of males from the population within two to three weeks of the 

commencement of mating (Bradley, 2003). Although Oakwood et al. (2001) reported 

complete male die-off as an annual phenomenon in lowland savanna populations of 

northern quolls in the Northern Territory, in northern Kimberley populations some 

males survive beyond one year (Kitchener et al., 1981; Bradley et al., 1987; Schmitt et 

al., 1989; Start et al., 2007; Radford, unpublished data).  Post-mating male die-off 

therefore appears to be facultative in northern quolls and characteristic of a Strategy II 

life history (Lee et al., 1982; Schmitt et al., 1989; Bradley, 2003). 

Schmitt et al. (1989) conducted a study in a range of habitats at the Mitchell Plateau in 

the northern Kimberley but found quolls to be more abundant in the rocky sandstone 

habitat. Individuals in three major populations differed greatly in their physiological 

values, but those in the rocky habitat were in the best clinical condition. Post-mating 



Chapter 4: Post-mating male survival 

 

78 

male survival was also recorded from the population in the rocky habitat. In contrast, in 

two Northern Territory studies complete male die-off was observed in the savanna 

woodland (Braithwaite & Griffith, 1994; Oakwood, 2000). Recent research at the 

Mitchell Plateau (Start et al., 2007; Radford, unpublished data) confirmed that quolls 

remain more abundant in rocky habitats, which may provide a more stable environment 

and is potentially more resources rich than the surrounding savanna woodland. It has 

been suggested that facultative post-mating survival of male dasyurids is linked to 

habitat productivity, whereby greater food availability results in better body condition 

and greater prospects of survival, as demonstrated by Wolfe et al. (2004) for the dibbler, 

Parantechinus apicalis. Complete male die-off is also exhibited in wild populations of 

the brush tailed phascogale Phascogale tapoatafa, but post-mating survival has been 

demonstrated for captive colonies of the species where resources are not limited 

(Schmidt et al., 2006). 

The present study was initiated principally as a radio telemetry study to investigate 

landscape use by northern quolls at the Mitchell River in the northern Kimberley, which 

is reported in detail in the previous chapter. Trapping data from a field trip conducted in 

March-May 2009 revealed that some males had survived the previous breeding season 

in July 2008. Trapping data from two field trips conducted for the radio telemetry study 

provided an ideal opportunity to re-examine the incidence of post-mating male die-off 

in wild populations of northern quolls in the Kimberley. Resource data were also 

examined to investigate whether male survival was greater in areas where there was 

more abundant prey.  

4.2. Methods 

The data used to assess the survival of northern quolls were derived from trapping 

records from the radio telemetry study reported in Chapter 3. Detailed background 
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information for the two field trips conducted at Mitchell River National Park in 2009, 

the two study sites, and trapping and data collection methods are provided in Chapter 3. 

Supplementary trapping data were obtained from the ongoing DEC monitoring program 

(Radford, unpublished; details are provided in Chapter 1) for the purpose of confirming 

age estimates and survival of individuals between Trips 1 (wet season) and 2 (dry 

season). At first capture all animals were implanted with subcutaneous microchips for 

individual identification purposes, which allowed all subsequent captures to be 

identified from both data sources. Therefore, the most recent trapping record indicated 

survival to at least that date and the maximum known age of the individuals.  

4.2.1. Age estimation 

The month of capture combined with assessment of reproductive status, physical 

condition and patterns of incisor wear were used to determine age (Oakwood, 2000). 

Although weight has previously been used as an indication of age (Begg, 1981) it is not 

considered reliable as young males may increase in weight rapidly from about 7 months 

of age and leading up to the breeding season (Oakwood, 2000).  

At the beginning of Trip 1 in late March-early April age classes of all captured animals 

were determined following the methods of Oakwood (2000) and Serena and Soderquist 

(1989) and confirmed through any previous trapping records. Females were observed 

for pouch development and classified as nulliparous sub-adults if no signs of prior or 

current pouch development were observable and teats were inconspicuous. Females 

with stained pouch area and retracted teats were classified as postparous, having bred in 

previous years and were therefore > 1 year old. To confirm these estimates patterns of 

incisor wear were examined as described by Oakwood (2000). Examining incisor wear 

of individuals of known age then allowed other individuals to be classified on the basis 

of relative incisor wear.  
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Males captured during Trip 1 in late March-early April were aged on the basis of 

physical condition and incisor wear. Males that showed no evidence of physical stress 

related to mating were classified as sub-adults. Males that had participated in the 

previous breeding season could easily be identified by wounds or scarring from 

fighting, and evidence of fur loss or patches showing regrowth of fur, and were 

considered to be > 1 year old. They were classified further based on incisor wear.  

During Trip 2 in late August - mid October, following the breeding season, the ages of 

any females and males that had not been captured in the previous trip were confirmed 

by assessing incisor wear and previous trapping records.  

The relationship between age, as determined by the above methods, and weight was 

examined to test the reliability of weight as an indication of age. 

4.2.2. Resource abundance 

Prey resource data have been routinely collected from trapping grids at the two study 

sites as part of the aforementioned DEC monitoring program. Details of data collection 

and analysis are covered in Chapter 3.  
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4.3. Results  

A total of 34 individual quolls were captured during both fieldtrips (17 males and 17 

females). Ten of the individuals (3 males and 7 females) captured during Trip 1 (wet 

season, late March - mid May) were recaptured during Trip 2 (dry season, late August - 

mid October) (Table 4.1). The sex ratio of captured quolls was male biased (14 males; 

nine females) in the wet season and female biased (six males; 15 females) in the dry 

(Table 4.1). Age could be confirmed for 28 individuals (15 males and 13 females) 

(Table 4.1). Due to insufficient data the age of the remaining 6 individuals (2 males and 

4 females) could not be confirmed. 

Of the 34 individuals captured 21 were fitted with radio-collars (Table 4.2). There was 

no mortality of radio collared animals during the period collars were fitted. Of the 28 

animals for which data were analysed only one was confirmed to have died during the 

period of the study. The remains of a 12 month old male (no. 8/c12M) were found in 

July (between Trips 1 and 2) and the individual appeared to have been killed by a 

predator (Table 4.2; Fig. 4.1).  

 

 

Table 4.1: Number of individual quolls trapped during field Trips 1 (late March - mid May 2009) and 2 
(late August - early October 2009).  

No. quolls trapped 
Trip 1 - Wet 

season 

No. quolls 
trapped 

Trip 2 -Dry 
season 

No. quolls 
retrapped 

Trip 2 - Dry season 

Total No. 
individuals 

trapped 
Individuals 

age confirmed 

23 (14M; 9F) 21 (6M; 15F) 10 (3M; 7F) 34 28 (15M; 13F) 
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Table 4.2: The last month of capture and confirmed age of individual quolls. 

No. M/F ID 
Weight (g) 

last 
trapped 

Age 
(months) 

Last  
trapped 

Data 
Source 

1 F c17 F 339 39 Oct AC 

2 F c1 F 405 27 Oct AC 

3 F c6 F 330 27 Oct AC 

4 F c3 F 378 27 Oct AC 

5 F c11 F 413 27 Oct AC 

6 F c13 F 430 27 Oct AC 

7 F u1 F 320 26 Sept AC 

8 F c20 F 458 22 May AC 

9 F c12 F 408 14 Oct AC 

10 F c15 F 319 14 Oct AC 

11 F u3 F 290 13 Aug AC 

12 F u2 F 320 13 Aug AC 

13 F u4 F 405 11 June IR 

1 M u2 M 495 36 July IR 

2 M c16 M 553 27 Oct AC 

3 M c7 M 555 24 July IR 

4 M c21 M 690 24 July IR 

5 M c10 M 613 22 May AC 

6 M c2 M 663 15 Oct AC 

7 M c9 M 718 15 Oct AC 

8 M c23 M 340 14 Sept AC 

9 M c5 M 560 14 Sept AC 

10 M c15 M 570 12 July IR 

11 M c12 M - 12 July* IR 

12 M c18 M 510 12 July IR 

13 M u3 M 455 11 June IR 

14 M u1 M 464 11 June IR 
15 M u4 M 330 9 April AC 

NB: c in the ID code indicates individuals that were radio collared and u were not collared.  

Data source AC = author, IR = I. Radford (unpublished data).  

* Male was found dead, not a capture record. 
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Figure 4.1: Age of female and male quolls at the end of the month they were last captured. The vertical 
lines indicate the approximate onset of the breeding season at the beginning of July. 

 

Five males and one female were not trapped beyond 12 months of age (Fig. 4.1) but 

death could not be confirmed. One male was confirmed to survive to 22 months of age 

but was not trapped during the second breeding season. Three males were confirmed to 

survive to their second breeding season and one male survived to its third (Fig. 4.1). 

The age of the three year old was based on incisors being worn right to the gums and 

poor physical condition. This male was trapped regularly from February to July 2009 

and showed no signs of regaining condition and weight, or regrowth of fur during that 

time. He was recaptured during the rut in July but not during the dry season trip (Trip 2) 

indicating that he survived for at least 36 months. 

At the beginning of the dry season trip all males were in poor condition following the 

mating period in July. All females were carrying pouch young during the dry season trip 

with the exception of one female. The fact that her pouch was developed but she had 
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failed to breed, and her incisors were worn flat, suggested that she was in her third 

breeding season. Based on this she was 39 months old when she was last captured in 

October. 

All the quolls that participated in the radio telemetry study, both males and females, 

were in good physical condition when they were last trapped at their dens to remove 

their collars at the end of the study in October. Females had all deposited their young in 

nursery dens and males all showed signs of recovery from the breeding season with 

weight gain, regrowth of fur, healed wounds and no evidence of ectoparasite infestation. 

One of these males and five females were 27 months old when they were last captured 

in October. 

There was no difference in the mean minimum known survival age of males (P=0.55) or 

females (P=0.64) between the two study sites.  

 

Figure 4.2: Age and weight of female and male quolls at the end of the month they were last captured.  
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The relationship between weight and age was weak for both males and females and not 

considered significant. 

Invertebrate abundance was greater in the wet season than the dry season (P=0.0087) 

and more abundant at site J than at site Y (P=0.0426). At site J invertebrates were >10 

times more abundant in the wet season than the dry season. Vertebrate resources were 

approximately three times more abundant in the wet season than the dry season 

(P=0.0159) but there was no difference in abundance of vertebrate prey between the two 

study sites (P=0.819) (Fig. 4.3).   

 

 
Figure 4.3: The mean resource abundance at site J and Y plotted as mean seasonal abundance of 
vertebrates and invertebrates.  
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age. These results are relatively high compared with those reported by Schmitt et al. 

(1989) in their study of northern quolls at the Mitchell Plateau between September 1981 

and September 1982. Although their study was conducted at locations in similar habitat, 

and close to the study reported here, results cannot be directly compared due to 

differences in sampling methodologies. However, the general findings are of interest in 

relation to those of the current study. Schmitt et al. (1989) reported that few of the 46 

individual males they captured survived and only one (2%) survived to a second 

breeding season. Of the 51 individual females caught, only six (12%) were reported to 

have bred in consecutive seasons. They also recorded a lower survival rate for males 

than females after the July-August breeding season and a strongly female biased sex 

ratio by September in each year. This is consistent with the higher ratio of females 

captured in the dry season in the present study. 

The results here clearly demonstrate that male northern quolls are capable of surviving 

the intense rut and that some individuals live to a second breeding season. It should be 

noted that although it is likely that some individuals died during or soon after the rut, 

failure to recapture them does not necessarily mean they did not survive. In the case of 

males they may have moved from the area prior to or during the rut to seek mates in 

other areas. Unlike studies conducted in the Northern Territory (Begg, 1981; 

Braithwaite and Griffith, 1994; Oakwood, 2000) where no male quolls were detected in 

any year between August (post-mating) and January (when juveniles enter the trappable 

population), adult males continued to be trapped throughout the year at Mitchell River. 

The males that survived beyond their first breeding season, also the single male that 

survived beyond a second breeding season that was 27 months of age when last 

captured, all showed definite signs of recovery from the physiological stress related to 

breeding. This is consistent with King's (1989) account of a population of northern 
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quolls in the Pilbara (Western Australia) where males captured in September were 

generally in poor condition having lost weight, lost large amounts of fur and carried 

high numbers of parasites, but showed improvements when they were recaptured in 

October. The male considered to be 36 months old when last captured during a third 

breeding season had broken canines and extremely worn incisors relative to all other 

males. However, Oakwood (1997) suggested that a greater vertebrate intake, including 

bones, by male quolls may result in greater tooth wear. This considered, based on 

trapping data alone this male could confidently be confirmed to be at least 24 month of 

age when last captured. 

It appears from previous studies (Schmitt et al., 1989) that yearly variation in survival 

may be linked to habitat quality and resource availability, and may explain the variation 

between populations reported by Schmitt et al. (1989). Therefore, survival of 

individuals reported here, in particular the relatively high incidence of male survival, 

may indicate the rocky habitat where the study was conducted was particularly 

favourable at the time of sampling. Mills and Bencini (2000) hypothesised that male 

die-off is dependent on habitat quality, including availability of prey, and may account 

for a difference in life history strategy they observed in two island populations of the 

small dasyurid Parantechinus apicalis. Males on one island survived post-mating, while 

another island population appeared to have high mortality in three years and complete 

male die-off in another. Increased primary productivity was linked to nutrient input by 

seabirds, which ultimately provided a greater food resource and hence better body 

condition and greater post-mating survival of males (Wolfe et al., 2004).  

Northern quolls translocated to Northern Territory islands as a conservation response to 

the spread of cane toads Bufo marinus have fared remarkably well. Monitoring of these 

island populations indicated high seasonal variability in the sex and age composition 
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consistent with mainland populations (Rankmore et al., 2008). However, higher 

percentages of 3rd and 4th year females were recorded compared with those reported by 

Begg (1981), Braithwaite & Griffith (1994) and Oakwood (2000) for mainland 

populations. Second year males have also been detected but none appeared to survive to 

a second breeding season (Rankmore et al., 2008). Rankmore et al. (2008) suggested 

that these island populations are successful despite major disturbances that are also 

experienced by mainland populations (e.g. fire and cyclones). Therefore, their success is 

not related to better quality habitat but rather to the absence of predators (Rankmore et 

al., 2008).  

For the Mitchell River quoll populations a clear relationship between prey availability 

and male survival was difficult to determine. Although invertebrate prey was more 

abundant at site J than at site Y we found no difference in mean known survival age of 

males or females between the two Mitchell River sites. However, no difference was 

observed in the abundance of vertebrate prey between the two sites and the intake of 

vertebrates is greater in the diet of male northern quolls than females (Oakwood 1997; 

2000). These two sites are in rocky habitat, which is considered to be more favourable 

than savanna woodland where complete male die-off occurs. Therefore, it would be 

beneficial to investigate differences in resource abundance between rocky, savanna 

woodland and island habitats where northern quolls are known to occur. 

The results presented here were obtained incidental to the primary study of landscape 

use by northern quolls and therefore the scope and duration did not allow for more 

detailed investigation of the link between resources and post-mating male die-off in the 

quoll populations at the Mitchell River sites. However, it is evident from this and 

previous studies that considerable ecological and physiological variability can occur 

between populations within and between years. Such variable survivability should be 
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considered when prescribing management strategies for the northern quoll and other 

species that occur over a broad geographical range and occupy a diversity of habitats. 

Therefore, further long-term investigations are warranted to gain a better understanding 

of the response of quolls to habitat disturbance and fluctuations in resource availability. 

Comparative examination of survival of this species between the mainland populations 

in the Kimberley and the Northern Territory, and translocated and other island 

populations would help to determine habitat and other factors that influence male die-

off in northern quolls. 
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5. General conclusions  

The radio telemetry study conducted at the Mitchell River in the northern Kimberley 

investigated the scale of movement of northern quolls Dasyurus hallucatus within the 

landscape. Changes in home range size in response to fire events and seasonal 

fluctuations in resource availability were investigated. The results demonstrated that 

home ranges for this species are potentially much larger than previously reported and 

that a fire of low intensity imposed in the mid dry season did not displace quolls from 

their home range areas. These finding have important implications for planning 

prescriptive burns of appropriate scale and timing for the management of quoll habitat 

within a fire-prone landscape.   

The first of two main hypotheses tested was that home range of northern quolls would 

be larger in the late dry season than in the wet-dry transition when resources are 

considered to be more plentiful. There was no difference in the mean home range of 

females between seasons but the ranges of females at site J, where invertebrates were 

more abundant, were smaller than those of females at site Y. Male ranges could not be 

analysed statistically due to a single dry season record at site J, but range area estimates 

were generally larger in the dry season. The greatest distance between den sites was also 

recorded in the dry season. Overlap between female ranges was observed at J site in the 

dry season only. Ranges of males overlapped extensively with other quolls of both 

sexes at both sites during the wet season. In contrast, males overlapped with females but 

not other males at site Y during the dry season.   

Females had smaller home ranges than male, which is consistent with previous reports 

for northern quolls and other Dasyurus species (Serena & Soderquist, 1989; Blecher & 

Darrant, 2004; Glen and Dickman, 2006). The largest range estimated for a male was > 



Chapter 5: General Conclusions 

 

92 

421 ha, more than five times larger than all other males in this study and larger than any 

previous record for this species (Begg, 1981; King, 1989; Schmitt et al., 1989, 

Braithwaite and Griffiths, 1994; Oakwood, 2002). This male's large range estimate 

could be considered as an outlier, however it was based on only a few (n = 6) den 

locations and, as with many males, the individual frequently moved beyond signal range 

and could not be located. Therefore the denning ranges presented here are all possibly 

gross underestimates of the potential home range for males at the Mitchell River sites. 

This research was conducted at Mitchell River National Park and was the first study to 

use radio telemetry to determine home range and habitat use for northern quolls 

Dasyurus hallucatus in the northern Kimberley. Previous studies have reported on the 

home range and habitat use of northern quolls in the Northern Territory (Begg, 1981; 

Braithwaite and Griffith, 1994; Oakwood, 1997 & 2000), and the Pilbara (King, 1989) 

and northern Kimberley in Western Australia (Schmitt et al., 1989). However, Schmitt 

et al. (1989) reported on the ecology and home range of northern quolls at the Mitchell 

Plateau but used only capture-mark-recapture methods to estimate home range area.  

Nocturnal locations were not obtained for this study due to logistical and technical 

complications associated with operating telemetry equipment in rugged rocky terrain, 

which was not accessible by vehicles. Therefore the information obtained in this study 

is also limited and home range estimates were derived from overnight trapping locations 

and daytime denning sites so do not represent total areas of activity. Due to differences 

in sampling methodologies between studies this report focuses mainly on the estimates 

derived from daytime den locations as this is the only result that can be directly 

compared with Oakwood's (1997 & 2000) detailed Northern Territory study. The home-

range area estimates for some individuals are based on relatively short periods of radio 
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tracking that resulted in only a few den locations so are therefore likely to be 

underestimates. 

The second main hypothesis tested was that habitat and landscape use by northern 

quolls would change after a recently imposed fire at site Y and their home range area 

would increase. There was a significant difference in the mean home range of females 

between sites, but as there was no apparent seasonal difference in range sizes at site Y, 

it can be concluded that the fire had no effect on the scale of movement of female quolls 

in the landscape. However, a very intensive and extensive wildfire occurring later in the 

dry season might have produced different results. For males the limitations of the data 

did not allow for confident identification of relationships between fire, seasonal effects 

and changes in home range size. A decrease in resource abundance in the dry season 

was recorded for both sites so it is therefore more likely to be a seasonal effect rather 

than a reduction in resources caused by the fire at site Y.  

Trapping data revealed that some males had survived the previous breeding season and 

the incidence of post-mating male survival is higher than those recorded in other studies 

of northern quolls (Begg, 1981; Schmitt et al., 1989; Braithwaite and Griffith, 1994; 

Oakwood, 1997 & 2000). Age could be confirmed for 28 individuals (15 males and 13 

females) and data clearly demonstrate that male northern quolls are capable of surviving 

the intense rut and that some individuals survived at least until a second breeding 

season. It appears from previous studies (Schmitt et al., 1989) that yearly variation in 

survival of northern quolls may be linked to habitat quality and resource availability. 

We found a significant difference in invertebrates reflecting a difference in resource 

abundance between the two Mitchell River sites. However, the scope and duration of 

the study did not allow for a more detailed investigation of the link between resources 

and post-mating male die-off. Therefore the effect of prey availability and habitat 
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quality on male survival in this species remains to be verified. Further research could be 

extended to include an investigation of the impact of fire and resources on reproductive 

success and survival of offspring, and also address the effect of burn area and intensity 

on these attributes. 

Much longer term studies may be required to determine what factors influence the 

recurring presence and absence of the species from what appears to be suitable habitat. 

Females display strong site fidelity and may remain at their site despite conditions being 

less than favourable, while some males may move out of the area. When quolls cease to 

be captured and appear to be absent from sites they may persist but in lower abundance 

and may not be detected on trapping grids. Therefore surveying and monitoring of this 

species requires large scale trapping arrays that take the size of the quolls' home range 

into account to detect their presence when they are less abundant. For example, a more 

intensive and extensive trapping effort was required at site J than site Y to capture an 

adequate number of quolls of suitable weight for radio tracking, yet resulted in fewer 

individuals.  

Understanding the interactions of the factors contributing to the decline or population 

trends of northern quolls and other small mammals in the tropical savannas is a major 

challenge. Studies of the response of the western quoll Dasyurus geoffroii (Mathew, 

1996; Morris et al., 2003) and the spotted tailed quoll Dasyurus maculatus (Dawson, 

2005), also their predators and prey resources (e.g. foxes Vulpes vulpes and rabbits 

Oryctolagus cuniculus) to disturbance by fire in southern Australia have been 

conducted. However, direct comparison with these studies is difficult as they were 

conducted in the south where fires are less frequent than in the tropical savannas. 

Northern quolls occur where fires are a frequent, integral part of the ecology and there is 

a conspicuous absence of foxes as predators and rabbits as prey. 
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An aspect of fire that could not be investigated in this study is the perceived increase in 

vulnerability to predation when fire removes shelter (Oakwood, 2000). However, the 

presence of complex rocky outcrops and other sub-surface refuges throughout the study 

areas may provide adequate den sites and cover for quolls (Dawson, 2005), increasing 

their prospects of surviving fire and avoiding predators. In lowland savanna Oakwood 

(2000) recorded that northern quolls were killed, but not eaten by dingoes. The 

frequency and presence of quoll remains in dingo scats collected at the Mitchell River is 

very low relative to other prey (R. Palmer pers. com.) and feral cats are rarely seen. This 

is not to say that predation is not a concern for the northern quoll, which is nationally 

listed as a threatened species. The investigation of these complex interactions would 

require a long-term effort but is never the less warranted if we hope to halt the northern 

quoll's decline. Kimberley populations are also faced with the imminent arrival of cane 

toads Bufo marinus, which raises the question whether quolls will be able to persist 

there in the long-term.      

The results of this work provide information to assist in the preparation of management 

strategies, including recovery plans for the species and fire management plans. 

Although the results indicate that northern quolls are not displaced and are able to 

tolerate fires it should not be assumed that fire has no negative impact because the fire 

that was imposed was of low intensity. In addition, the available resource data were 

limited and sampled from two small sites within the broader areas utilised by the 

collared quolls and therefore not likely to have accurately represented resources 

available to these individuals. However, these results do provide an accurate estimation 

of the scale of movement within the landscape and demonstrate that home ranges for 

this species are potentially much larger than previously reported. They also reinforce the 

conclusions of Schmitt et al. (1989) that physiological and ecological variability can 



Chapter 5: General Conclusions 

 

96 

occur between populations of a species and that there is a need for caution in adopting 

the life history theories or management strategies for a species based on short-term 

studies on a single local population. The short time frame for this study can only 

provide a snapshot of the response of a single species to a single fire event. A longer-

term investigation is required to understand the response of all fauna to the changes in 

the ecosystem brought about by wildfire, which will continue to occur over time in the 

fire-prone tropical savanna. 
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