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Abstract 
 
 
In this thesis I investigate the ecology of the threatened brush-tailed rabbit-rat 

Conilurus penicillatus, specifically including diet, movements and shelter sites, 

population dynamics, and habitat preference and use.  I then use this information as a 

base from which to consider possible causes of decline and to provide advice for 

remedial management. This study was conducted primarily at two main sites, 

Cobourg Peninsula (with two sub-sites) and Kakadu National Park, with additional 

information gathered from the Tiwi Islands.  The diet of C. penicillatus consists 

primarily of seed, particularly from perennial grasses. The mean home range size is 

0.79 ha; whilst males had larger home ranges than females, there were no significant 

differences in home-range size among the sites or between seasons. Conilurus 

penicillatus denned primarily in fallen logs and in hollows of eucalypts and 

bloodwoods. Apparent survival probability for C. penicillatus varied noticeably over 

the study and was best described by a model that included main and interaction 

effects of sex, site and sampling occasion.  Population densities at the three sites 

ranged from 0.35 to 7.1 individuals ha-1. Conilurus penicillatus reproduced during 

the dry season (May-October) and most juveniles also entered the population during 

this period. On the Tiwi Islands C. penicillatus was most likely to occur in tall 

eucalypt forest away from watercourses, where there was more bare ground and 

where fires had been less severe and/or less recent. The species remains common and 

widespread on Cobourg Peninsula and Tiwi Islands, but is very restricted within 

Kakadu National Park. In common with the habitat relationships on the Tiwi Islands, 

in the mainland study sites Conilurus penicillatus was most likely to occur in tall 

eucalypt forests, where there was less bare ground and less cover of annual grasses 

and where fires had been less severe. The most likely cause of decline is changes in 

fire regimes as a result of the loss of traditional Aboriginal fire management. 
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Chapter 1: Introduction 
 

General Introduction 

This thesis concerns the conservation biology of one native rodent species, the brush-

tailed rabbit-rat Conilurus penicillatus.  This species provides an example of the fate 

and conservation problems affecting much of our mammal fauna. Its sole congener, 

the white-footed rabbit-rat C. albipes, occurred in temperate south-eastern Australia, 

but declined to extinction soon after European colonisation.  Until recently, the fate 

of the brush-tailed rabbit-rat appeared secure, largely because of the perceived 

intactness of its habitat, the vast eucalypt forests of northern Australia. That 

assumption now appears doubtful, as recent information provides some indication of 

regional decline, although this information is fragmentary and sparse.  Indeed, there 

is very little previous information on this species.   

 

In studying this species, my aim has been to try and provide detail on its basic 

ecology, and of the factors that may threaten it, as a foundation for the conservation 

management of this species.  While focusing particularly on this single species, I also 

seek to provide perspective and lessons for the conservation of the north Australian 

mammal fauna more generally.  I also recognise that knowledge of the ecology of 

this species may provide insight into the decline of mammals elsewhere in Australia, 

noting in particular that knowledge of the ecology and life history of its now extinct 

congener comprises no more than a handful of anecdotes. 

 

Mammal decline in Australia 

Twenty-two terrestrial mammal species have become extinct in Australia since 

European colonisation (McKenzie and Burbidge 2002), which represents 28% of the 

world’s mammal extinctions since 1600 AD (Baillie 1996). The majority of these 

mammalian extinctions occurred in the arid and semi-arid areas of Australia, as well 

as in the southeast region (Burbidge and McKenzie 1989; Morton 1990; Dickman et 

al. 2000; Morris 2000; Robinson et al. 2000; Cole and Woinarski 2000). A majority 

of these extinctions occurred in mammals that were non volant and had mean adult 

body weights between 35 to 5500 g (termed the critical weight range species (CWR): 

Burbidge and McKenzie 1989), although the statistical significance of this 
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association of extinction-proneness with weight-range has been contested (Cardillo 

and Bromham 2001). 

 

Three main processes, acting individually or synergistically, have been suggested to 

have contributed to these extinctions: changes in vegetation patterning due to altered 

fire regimes (Burbidge et al. 1988; Morton 1990); trampling and changes in 

vegetation patterning due to introduced herbivores; and predation by exotic 

carnivores (Braithwaite and Griffiths 1994; Short and Turner 1994; Smith and Quin 

1996; Dickman et al. 2000; Morris 2000; Seebeck and Menkhorst 2000; Woinarski 

2000; Burbidge and Manly 2002).  

 

Changes in fire regimes are one of several hypotheses put forward to explain the 

mammal extinctions that occurred in the desert regions of Australia (Bolton and Latz 

1978; Burbidge et al. 1988; Burbidge and McKenzie 1989; Morton 1990). One line 

of evidence supporting this view is that the decline and extinction of many mammal 

species occurred in the desert areas at the time when many Aboriginal people were 

leaving their traditional lands (Burbidge et al. 1988; Burbidge and McKenzie 1989; 

Morton 1990). The exodus of Aboriginal people from their traditional land is thought 

to have resulted in a change from the original mosaic of comparatively small-scale 

burns to less frequent but much larger wildfires started by lightning (Morton 1990). 

The consequences of these large-scale fires could have been direct via mortality, 

and/or because of a decrease in the fine-scale fire-driven mosaic favoured by some 

animals.  This mosaic was important because it provided locally both dense 

vegetation offering some protection from predators and more open vegetation in 

which foraging may have been easier, as well as providing a greater available range 

of resources (Morton 1990).  

 

Introduced herbivores have also been implicated in the demise of the mammal fauna 

of the desert regions. Morton (1990) believed that there was significant theoretical 

support for the suggestion that inland Australia represented an extraordinarily 

difficult environment for medium sized mammals, particularly the herbivorous and 

omnivorous species. Morton (1990) went on to argue that the primary cause of 

extinctions was habitat modification (destruction of key refuge areas) and changes in 

floristic composition brought about by waves of introduced herbivores - cattle, 
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horses, sheep, goats, camels and, especially, rabbits, and that introduced predators 

were a subsidiary although important contributor to the extinctions.  

 

However Short and Turner (1994) measured the responses of three medium sized 

mammals (golden bandicoots Isoodon auratus, northern brush-tail possums 

Trichosurus vulpecula arnhemensis and burrowing bettongs Bettongia lesueur) with 

vegetation mosaics of various scales on Barrow Island off the north west coast of 

Australia. They found that the scale of mosaic had no significant effect on the 

numbers, condition, or reproductive status of any of the three species (Short and 

Turner 1994). Short and Turner (1994) concluded that the absence of introduced 

predators on Barrow Island was a plausible explanation for the continued presence of 

rare mammals there and that the scale of mosaic brought about by introduced 

herbivores on the mainland seemed unlikely to be the major cause of decline or 

extinction of these species. 

 

Another theory that has been advanced by many authors to explain mammal decline 

and extinction in Australia is predation by two of the main exotic predators the Red 

fox, Vulpes vulpes and the Cat, Felis catus (Burbidge and McKenzie 1989; Morton 

1990; Short and Smith 1994; Short and Turner 1994; Smith and Quin 1996; Short 

1998; Burbidge et al. 2002). The evidence for this comprises broad-scale correlative 

studies (e.g., Smith and Quin 1996; Burbidge and Manly 2002), localised 

experimental and baiting studies (e.g., Kinnear et al.1998; Risbey 2000) and dietary 

studies (e.g., Paltridge et al.1997). 

 

Smith and Quin (1996) examined associations between Conilurine rodent decline and 

a range of parameters describing their life history and land use and potential threats. 

They concluded that the primary cause of conilurine decline was direct predation by 

foxes and cats in regions where predator abundance had been greatly elevated and 

sustained by the introduction and spread of rabbits and exotic house mice Mus 

musculus. Smith and Quin (1996) also suggested that cats and foxes may also have 

caused declines in areas where introduced prey species were sparse or absent, but the 

effect was largely limited to conilurines with low reproductive rates and those which 

did not burrow or use well developed shelters.  

 



Chapter 1: Introduction 4 

Short (1998) implicated the fox in the decline and extinction of three species of rat-

kangaroo (Bettongia spp.) in New South Wales since European settlement, with data 

obtained from detailed records of bounty payments in districts throughout much of 

New South Wales, and he suggested that the decline of rat-kangaroos was closely 

related with the south-north advance of the fox.  

 

Burbidge and Manly (2002) looked at the causes and conservation implications of 

mammal extinctions on Australian islands using logistic regression to model the 

probability of extinction as a function of the island and mammal variables. Their 

results indicated that CWR mammal extinctions were correlated with occurrence of 

foxes and cats, but that the relationship with cats occurred chiefly on more arid 

islands, and that extinctions were more likely on islands with an absence of 

significant areas of rock pile habitat and where the native mammals present were 

restricted to the ground surface, and were comparatively large.  

 

Abbott (2002) argued that it was now impossible to determine whether cats were 

responsible for the early decline of any mainland species.  However, cats have 

coexisted with all mammal species in Tasmania for nearly 200 years. Further, the 

Western shield program in south-west Western Australia, involving broad-scale 

poisoning of foxes, has resulted in rapid recoveries of many species of native 

mammals despite the presence of feral cats throughout the baited area (Abbott 2002).  

 

Based on data from an experimental study, Kinnear et al. (1998) concluded that fox 

predation was the principal factor limiting the size and distribution of populations of 

the black-footed rock-wallaby Petrogale lateralis at two sites in the wheatbelt of 

Western Australia. 

 

A study by Risbey et al. (2000) showed that when feral cats and introduced foxes 

were removed as part of a predator removal experiment at Heirisson Prong, a semi 

arid site in Western Australia, the number of small mammal captures increased in a 

low cat and low fox zone, but where only foxes were controlled captures of small 

mammals declined by 80%. In the absence of cat and fox control, captures of small 

mammals were variable over the sampling period, lower than where both cats and 
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foxes were controlled, yet higher than where only foxes were controlled (Risbey et 

al. 2000).  

 

Experimental translocations of 85 brush-tailed bettongs Bettongia penicillata from 

Western Australia and South Australia to western New South Wales were shown to 

be heavily predated by cats (Priddel and Wheeler 2004). Overall, 19 of the 33 radio-

collared bettongs were killed by predators of which 14 were killed by cats. 

 

The fox is absent from, or very sparse in, those regions of Australia least affected by 

mammal declines including Tasmania, northern Australia, much of the mesic forests 

of eastern Australia, and many offshore islands (Short and Smith 1994). However a 

recent report suggests that foxes may be present (though in very low numbers) and 

breeding in Tasmania (Saunders et al. 2006). 

 

Several recent studies on the diet of both foxes and cats have revealed that many 

species of mammals are important dietary components (Paltridge et al. 1997; 

Molsher et al. 1999; Read and Bowen 2001; Paltridge 2002; Green 2003). Stomach 

contents collected from 390 feral cats in Central Australia between 1990 and 1994 

revealed that mammal species were the most important prey, with 12 species of 

native mammal consumed (Paltridge et al. 1997). Molsher et al. (1999) found that 

rabbits were the major prey in 499 scats that were analysed from a site at Lake 

Burrendong, central eastern New South Wales, from July 1994 to June 1997. Read 

and Bowen (2001) established that when rabbits were abundant they were the 

principal prey of both foxes and cats. When rabbit numbers declined there was a 

dramatic decline in fox numbers. By contrast, declines in cat populations were less 

marked, presumably because they could more effectively switch to hunting a wide 

range of native vertebrates that included five species of native mammal (Read and 

Bowen 2001). Paltridge (2002) examined the diet of cats, foxes and dingoes Canis 

lupus dingo in the Tanami desert of the Northern Territory to study the alternative 

feeding strategies of these predators in areas where rabbits do not occur. Her results 

indicated that there was substantial overlap between the diets of all three predators, 

while dingoes ate larger prey items than the other two predators. However three 

noteworthy inclusions in the diet of these predatory species were the vulnerable 

mulgara Dasycercus cristicauda, bilby Macrotis lagotis and marsupial mole 
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Notoryctes typhlops (Paltridge 2002). As a contrast to Paltridge’s (2002) study in an 

arid area, Green (2003) examined the diet of foxes at alpine and subalpine altitudes 

in the Snowy Mountains. Mammals dominated the diet in the winter. The most 

frequently consumed native mammals were broad-toothed rats Mastacomys fuscus, 

bush rats Rattus fuscipes and dusky antechinus Antechinus swainsonii (Green 2003).  

 

The above studies indicate that predation of native mammals by the fox and cat are 

having a detrimental impact on Australia’s present day native mammal fauna, and 

hence may be implicated in the broad-scale pattern of decline and extinction.   

 

Mammal decline in the Top End 

The Top End is a colloquial name for that region of the Northern Territory which 

experiences a predominantly monsoonal climate, and is generally considered to be 

from the coastline south to approximately 18°S, an area of approximately 530,000 

km2. Climate in this region is characterised by two distinct seasons, a wet season, 

from November-April when approximately 90% of the rainfall occurs, and a dry 

season, from May-October characterised by little to no rain. There is also a well 

defined rainfall gradient from the northern coast inland (Woinarski et al.2005).  

 

The region remains sparsely populated and relatively little modified.  The total 

population is around 140 000, of which about 30% are Aboriginal (Australian Bureau 

of Statistics 2003). There has been relatively little vegetation clearance (<5% of land 

area), far less than southern, temperate Australia (Woinarski 2000). Land tenure 

consists primarily of Aboriginal land trusts (approximately 50% of the area), Pastoral 

leases (45%) and National Parks (5%). 

 

Over the last 30-100 years, traditional Aboriginal fire management has been 

disrupted on all tenures, even Aboriginal lands.  The loss of traditional Aboriginal 

fire management practices in the Top End has resulted in a far higher incidence of 

extensive and destructive fires (Russell-Smith et al. 2000). These fires then reduce 

the mid-storey fleshy fruit producing trees and shrubs, and the abundance of large 

hollow trees, fallen logs and litter, and which may alter the grass species composition 

and diversity (Fensham 1990; Bowman and Panton 1995; Bowman 1998; Woinarski 

et al. 2001). Russell-Smith et al. (2003) showed that frequent burning in a eucalypt 
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dominated forest led to a reduction in grass species diversity and the dominance of a 

small number of annual grasses, particularly the regionally dominant annual 

Sorghum spp. The increased dominance of annual Sorghum spp. increases fuel loads 

needed to prolong wide-ranging burns (Russell-Smith et al. 2003). These wide-

ranging burns then remove crucial woody debris such as logs and reduce the 

survivorship of older larger trees (Williams et al. 1999).  

 

There are a number of introduced grazing species present in the Top End and these 

include banteng Bos javanicus (restricted to Cobourg Peninsula), swamp buffalo 

Bubalus bubalis, cattle Bos taurus, donkey Equus asinus, horse Equus caballus and 

sambar deer Cervus unicolor (restricted to Cobourg Peninsula and the adjacent 

Croker Island) (Firth and Panton 2006). To date there have been no studies 

investigating the impacts of introduced grazing mammals on the region’s native 

mammals, although a cross-fence study in comparable environments in north-eastern 

Queensland found that mammal species composition was related to pastoralism, 

particularly for mammals associated with the ground and under-storey layers 

(Woinarski and Ash 2002). One omnivorous species - the pig Sus scrofa - is also 

present and its impact on Top End native mammals has also not been examined.  

However two notable absentees from the region are the introduced red fox Vulpes 

vulpes and the rabbit Oryctolagus cuniculus. The cat is present in the Top End 

however to date there have been no studies looking at the impact of the cat on native 

mammal populations.  

 

The Top End has had no recent mammal extinctions but there is increasing evidence 

that some mammal species such as the northern quoll Dasyurus hallucatus may be in 

decline (Braithwaite and Griffiths 1994). The picture appears to be much grimmer 

for the rodents with several species exhibiting range contractions. The golden-backed 

tree-rat Mesembriomys macrurus once found in Arnhem Land and the Kakadu region 

(Thomas 1904) has not been recorded since 1969 (Woinarski 2000), although it can 

still be found in the North Kimberley (Bradley et al. 1987; Friend et al.  1992). The 

pale field-rat Rattus tunneyi is still considered patchily abundant in the Top End 

(Woinarski 2000), although it declined significantly in the period 1986-1993 at a 

large study site within Kakadu National Park, with capture rates declining 500-fold 

(Braithwaite and Griffiths 1996). Braithwaite and Muller (1997) suggested that the 
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decline in the pale field-rat and several other mammal species (fawn antechinus and 

delicate mouse Pseudomys delicatulus) over the period from 1986-1993 in Kakadu 

National Park was a natural response related to fluctuating groundwater levels, as a 

result of a series of poor wet seasons. However Woinarski et al. (2001) resampled 

the same survey area in 1999 after a series of unusually good wet seasons and found 

that instead of mammal abundances increasing as would be expected to occur 

according to the Braithwaite and Muller (1997) groundwater and rainfall hypothesis, 

abundances of all mammals combined and that for seven individual species (northern 

quoll, fawn antechinus, brush-tail possum, northern brown bandicoot Isoodon 

macrourus, dusky rat Rattus colletti, black-footed tree-rat Mesembriomys gouldii and 

pale field-rat) continued to decline.  

 

There have been only a very few limited studies looking at the impacts of fire on the 

mammal fauna of the Top End (Begg et al. 1981; Kerle and Bergman 1984; Kerle 

1998; Pardon et al. 2003; Woinarski et al. 2004). Begg et al. (1981) examined the 

impact of a single fire event on four mammal species (northern quoll, sandstone 

antechinus Pseudantechinus bilarni, common rock-rat Zyzomys argurus and Arnhem 

rock-rat Zyzomys maini) in a sandstone habitat at Little Nourlangie Rock (Kakadu 

National Park). The Sandstone antechinus was the only species to suffer an increased 

mortality directly after the fire, but the number of animals known to be alive declined 

over the year following the fire for the two rock-rat species, but not for the northern 

quoll.  The fire affected reproduction in all species and changes in habitat use except 

for the northern quoll.   

 

Kerle and Burgman (1984) also examined the impact of a single fire event on the 

mammal communities in sandstone and lowland eucalypt forests of the Jabiluka area, 

Northern Territory. They found, as did Begg et al. (1981) that the Arnhem rock-rat 

was adversely affected by fire, disappearing from the sandstone site and not returning 

in the subsequent year. The common rock-rat declined immediately after the fire, and 

then increased a year after the fire but not to pre fire levels. Kerle and Burgman 

(1984) also established that the fire had significant impacts on some of the mammal 

species occurring in lowland eucalypt forests, with declines in the northern brush-tail 

possum and northern brown bandicoot, and the grassland melomys Melomys burtoni 
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was not seen for over a year after the fire. However one species, the western chestnut 

mouse Pseudomys nanus increased in areas after fire.  

 

An experimental study looking at the impacts of various fire regimes on terrestrial 

vertebrates including mammals from July 1989 to May 1995 at the Kapalga research 

station in Kakadu National Park concluded that the abundance of the northern quoll, 

fawn antechinus, northern brown bandicoot and grassland melomys remained 

relatively constant in early burnt areas, increased substantially in unburnt, and 

declined in late and usually in progressive burnt areas (Corbett et al. 2003).   

 

Pardon et al. (2003) examined the effect of four experimental fire treatments (fire 

exclusion, early dry season burning, late dry season burning and progressive burning 

several times throughout the dry season) on the survival of the northern brown 

bandicoot from 1989 to 1995 at Kapalga, in Kakadu National Park. They found that 

all fire treatments were associated with declines in survival rates over time, 

demonstrating that none of the tested approaches were appropriate for the northern 

brown bandicoot. Burning in the late dry season and progressively throughout the dry 

season produced significantly lower survival estimates than did early dry season fires 

or fire exclusion (Pardon et al. 2003).  

 

Woinarski et al. (2004) compared the mammal fauna of a 120 ha block of tropical 

eucalypt open forest that had not been burnt for 23 years, with an adjacent block 

burnt annually. They found that there was very little difference in species richness, 

however the species composition of the mammal fauna differed markedly, with 

species such as the northern brush-tail possum and black-footed tree-rat being 

significantly more abundant in the unburnt block while species such as the pale field-

rat, northern quoll and the northern brown bandicoot being significantly more 

abundant in the annually burnt block.  

 

Oakwood (2000) found that northern quolls in a lowland eucalypt savanna of Kakadu 

national park suffered higher predation rates in areas that had less vegetation cover 

following fire.  
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All of the above studies suggest that single fires and/ or fire regimes affect in various 

ways the ecology and populations of those mammal species unfortunately, from the 

perspective of this study, none of the above work considered the response of the 

brush-tailed rabbit-rat to fire, because the species was absent from all of those studies 

except for the Kapalga study (Corbett et al. 2003), from which it was recorded from 

only a single individual (Tony Griffiths pers. comm.). 

  

Decline of Conilurus penicillatus 

This thesis focuses specifically on the brush-tailed rabbit-rat in the Top End of the 

Northern Territory. The limited available evidence suggests that the brush-tailed 

rabbit-rat is in decline in this region (Table 1). This evidence is mainly circumstantial 

and inferred from historical anecdotes. Based on a long collecting expedition in the 

1890s, Dahl (1897) noted for this species that “In Arnhem Land it is everywhere 

common in the vicinity of water”.  Corroborating this assessment, the collector J. T. 

Tunney secured 40 individuals near the South Alligator River (now within Kakadu 

National Park) in 1902-03 (Thomas 1904). 

 

Nevertheless despite very extensive trapping across much of the Top End including 

Kakadu National Park (more than 200 000 trap nights) (Woinarski et al. 2001), it 

was not recorded at all over the period 1986 to 2001.  Subsequently, an isolated 

population was located in Kakadu National Park at Mardugal in 2001 (Firth 2003) 

(Fig. 1, 2).  

 

Elsewhere in the Top End, it still occurs on Bathurst and Melville Island (Tiwi 

Islands) (Woinarski et al. 2000), and was reported to be patchily common on Inglis 

Island off northeast Arnhem Land when sampled in 1996 (Woinarski et al. 1999) and 

it has been recorded on Groote Eylandt. Other than the Kakadu population, the only 

known mainland population in the Top End occurs on Cobourg Peninsula (Garig 

Gunak Barlu National Park), where Calaby and Keith (1974) found it to be common 

in the Port Essington and Port Bremer area, as did Taylor and Horner (1971). 

 

The brush-tailed rabbit-rat has also been reported from the Sir Edward Pellew group 

of Islands (Calaby 1976), Roper River Mission (Parker 1973) and beyond the 

Northern Territory in the Kimberley of Western Australia it is known from a few 
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records at a small number of mainland sites only (Bradley et al. 1987; Abbott and 

Burbidge 1995); in Queensland, it is known only from one island (Bentinck in the 

Gulf of Carpentaria) (Kemper and Schmitt 1992; Dickman et al. 2000) and there are 

only two records outside of Australia, from the Western Province of New Guinea 

(Waithman 1979; Menzies and Dennis 1979). 

 

 
Figure 1. Occurrence of C. penicillatus at survey sites in and adjacent to Kakadu 

National Park. 
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Figure 2. Known records of C. penicillatus for the Northern Territory. 
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Table 1. Summary of C. penicillatus distribution, status, and relevant studies prior to this thesis. 

 
Location First record Subsequent records Summary of relevant studies 
Centre Island, Sir 
Edward Pellew 
group, NT 

1967 (Keith 1968) Nil Recorded on this single island during a survey of five large 
islands and adjacent mainland area (Calaby 1976).  Note: not 
recorded in a series of subsequent surveys in 1988 (Johnson 
and Kerle 1991). ) and targeted surveys for this species in 
2003 and 2005 (J. Woinarski, NRETA 1 pers. comm.). 

Cobourg 
Peninsula, NT 

1842  1960s (Calaby and Keith 
1974); this study. 

Reproductive ecology (Taylor and Horner 1971); broad 
wildlife survey and habitat information (Calaby and Keith 
1974). 

Groote Eylandt, 
NT 

1942-44 (Dixon and 
Huxley 1985); 1951 
(Tate 1951) 

2005-6 Not recorded in general survey (Webb 1992), and single 
record in more recent substantial survey (D. Milne, NRETA, 
pers. comm.). 

Inglis Island, 
English Company 
group, NT 

1996 Nil Recorded on this single island, during a survey of 49 islands 
in the Wessel and English Company Islands (Woinarski et al. 
1999).  The island has not subsequently been re-sampled. 

Alligator Rivers 
region (Kakadu 
area) 

1897 (Mary River: 
Collett 1897); 1903 
(South Alligator: 
Tunney) 

1970s (CSIRO); 1980s (T. 
Griffiths, CDU 2 pers. 
comm.); this study. 

Reported as “reasonably common in the Alligator Rivers 
region” by CSIRO in the 1970s (including collection of at 
least 12 specimens) (Calaby 1973).  During intensive 
mammal sampling of the Kapalga research site in Kakadu 
National Park (Braithwaite and Muller 1997), it was recorded 
from only one indivudal; not recorded during a range of 
intensive surveys across Kakadu in the 1980s and 1990s 
(Kerle and Burgman 1984; Woinarski et al. 1992; Woinarski 
et al. 2001). 

Darwin-Katherine 
region  

1857 (Victoria River), 
1897 (Adelaide River; 
Daly River: Collett); 
1897 (Hermit Hill: 
Dahl); Port Darwin 

Nil No recent records despite a considerable number of intensive 
wildlife surveys in the region. 
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(ca. 1900) 
South east 
Arnhem Land  

1942-44 (Donald 
Thomson;Trial Bay, 
Blue Mud Bay, 
Caledon Bay areas: 
Dixon and Huxley 
1985); 1959 (Roper 
River mission: Parker 
1973) 

Nil  

Tiwi Islands, NT 1911 (Thomas 1921)  1992 (Fensham and 
Woinarski 1992); this 
study. 

 

Bentinck Island, 
Gulf of 
Carpentaria, QLD 

1963 (Aitken and 
Tindale) 

Nil  

North Kimberley, 
WA 

1910 (Napier Broome 
Bay: WAM 1981).   

1974 (Prince Regent 
River: Miles and 
Burbidge 1975); 1976-77 
(Mitchell Plateau: WAM 
1981; Bradley et al. 1987; 
Friend et al. 1992); 2005-
06 (N. McKenzie, DEC 3, 
pers. comm.) 

Some foraging and habitat information (WAM 4 1981; 
Bradley et al. 1987; Friend et al, 1992); foraging and diet 
information (Morton 1992). 

New Guinea 1936 (Tate and 
Arcbold 1938) 

1973 Mammal survey (Waithman 1979). Note: only two records 
from this region (Menzies and Dennis 1979). 

 
1 NRETA = Department of Natural Resources, Environemnt and the Arts. 2 CDU = Charles Darwin University. 3 DEC = Department of 
Environemnt and Conservation. 4 WAM = Western Australian Museum. 
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Previous studies of Conilurus penicillatus 

There has been little previous study of the brush-tailed rabbit-rat  (Thomas 1904; 

Taylor and Horner 1971; Calaby and Keith 1974; Bradley et al. 1987; Friend et al. 

1992; Firth 2003). Thomas (1904) reported a few field notes and wrote that 

specimens were collected from long grass on a plain and in hollow trees during the 

day.  Dahl (1897) noted, “The natives brought me great numbers of it. According to 

them the animal invariably sleeps in the corners of the stiff leaves of the common 

corkscrew palm”. 

 

One of the most substantial previous studies of the species was by Taylor and Horner 

(1971), who examined breeding biology during a three-week study on Cobourg 

Peninsula, and also recorded some information on habitat use.  They trapped 21 

brush-tailed rabbit-rats and noted that its favoured habitat was in either grassy or 

sand dune areas (coastal vegetation) dominated by the screw-palm Pandanus spiralis 

and the coastal she-oak Casuarina equisetifolia. They sampled a range of other 

habitats, but never trapped brush-tailed rabbit-rats in monsoon rainforest and 

captured them only rarely in eucalypt woodland away from the coast. Nevertheless, 

their paper does not provide any additional quantitative information describing this 

apparent habitat selection.  

 

However, in the same area, and as part of a more general wildlife survey, Calaby and 

Keith (1974) always found brush-tailed rabbit-rats in association with trees. They 

trapped brush-tailed rabbit-rats at or near the bases of trees in eucalypt forest and 

woodland and found them to be more abundant where there was a proportion of 

shrubs or tree seedlings in the understorey, however this information was not 

presented quantitatively. They also reported brush-tailed rabbit-rats infrequently 

inside the margins of monsoon rainforest, associated with Pandanus trees including 

those on forest edges, and commonly in groves of Casuarina equisetifolia above the 

beaches (Calaby and Keith 1974).  

 

At the Mitchell Plateau in the Kimberley, Bradley et al. (1987) found that brush-

tailed rabbit-rats utilised open woodland and coastal mosaic sites (information based 

on 21 individuals). Based on information from this study, Friend et al. (1992) 

reported that brush-tailed rabbit-rats on the Mitchell Plateau are most common in 
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open forest and eucalypt woodland with a relatively sparse shrub layer and a ground 

cover of tall grass such as annual sorghum. Morton (1992) examined faecal samples 

collected from 23 brush-tailed rabbit-rats on the Mitchell Plateau, and found that a 

large proportion of their diet consisted of grasses, dicotyledon flowers, fruit and 

some termites. 

 

Taylor and Horner (1971) have conducted the only reproductive study of brush-tailed 

rabbit-rats. They established that brush-tailed rabbit-rats were in breeding condition 

during July and August (dry season) and that breeding probably extends over a 

period of four months. They also found that the usual litter size was two and that the 

sex ratio was close to parity (Taylor and Horner 1971).  

 

Kemper and Schmitt (1992) examined the variation in external and cranial 

morphology of brush-tailed rabbit-rats from six geographical regions and concluded 

that the subspecific status for C. p. randi (New Guniea), C. p. melibius Bathurst and 

Melville Island) and C. p. penicillatus (all other populations) be retained but not C. p. 

hemileucurus (locality of type given as North Australia). 

 

Aims and outline of thesis 

Given that this very limited baseline of existing information is insufficient to 

describe ecological requirements, population trends or possible factors contributing 

to any decline, this thesis aimed to investigate in detail the ecology of this species, 

specifically including diet, movements and shelter sites, population dynamics, and 

habitat preference and use.  I then aim to use this information as a base from which 

to consider possible causes of decline and to provide advice for remedial 

management. 

 

The following five central chapters are written as manuscripts for scientific journals. 

Three have already been published, a fourth has been submitted and the fifth is about 

to be submitted. Therefore each chapter begins with a self-contained introduction and 

a self-contained discussion.  As such this introduction is general in structure.  

Unavoidably, there is some repetition across the separate chapters, particularly in 

their Introductions.  A core theme running through all of the five central chapters is 

the comparison of a stable population (Cobourg Peninsula and/ or Tiwi Islands) with 
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a population that is highly restricted and most likely in decline (Kakadu National 

Park).  

 

In Chapter 2, I examine the diet of individuals from three separate populations 

(Cobourg Peninsula, Kakadu National Park and Melville Island) as this may offer 

some insight into the management of this species, particularly when a range of 

management factors (e.g. fire) can affect food resources such as seeds in this highly 

seasonal environment.  Chapter 3 deals with movements and shelter characteristics of 

animals from three sites (two separate populations; Cobourg Peninsula and Kakadu 

National Park). In Chapter 4, I examine aspects of the population ecology such as 

recapture and survival rates, reproduction, and population densities as these attributes 

may provide some insights into the decline, particularly if they illustrate patterns at 

sites exposed to different management. Chapters 5 and 6 deal with the habitat 

relationships, Chapter 5 on the Tiwi Islands where plantation forestry is expanding 

and Chapter 6 on the mainland from two conservation reserves where one population 

appears to be stable (Cobourg Peninsula) and the other in decline (Kakadu National 

Park).  
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Chapter 2: Diet 
 

This chapter has been published as: 

Firth, R. S. C., Jefferys, E., Woinarski, J. C. Z., and Noske, R. A. (2005). The diet of 

the brush-tailed rabbit-rat (Conilurus penicillatus) from the monsoonal tropics of the 

Northern Territory, Australia. Wildlife Research 32, 517-523. 

 

Abstract   

The diet of the brush-tailed rabbit-rat (Conilurus penicillatus) was assessed by 

microscopic analysis of faecal samples from 35 individuals collected from three 

different sites in the Northern Territory (Garig Gunak Barlu National Park (Cobourg 

Peninsula), Kakadu National Park and Melville Island) at various times of the year 

during 2000-02. Seed was the most abundant item in the overall diet of C. 

penicillatus, making up 68% of identifiable particles, with smaller proportions 

contributed by leaves (21%), plant stems (8%) and insects (2%). ANOSIM tests 

revealed no difference in diet between the sexes and seasons, but there was a 

significant difference in the diet between the sites, with seed material present in 74% 

of the samples from Cobourg and in 62% and 58% of samples from Kakadu and 

Melville respectively. Leaf matter was present in 19% of samples from Cobourg and 

in 26% and 24% of samples from Kakadu and Melville respectively. Stem material 

was present in only 6% of samples from Cobourg and in 8% and 13% of samples 

from Kakadu and Melville respectively. Insect matter was present in small quantities 

across all three sites. The high proportion of seed in the diet suggests that C. 

penicillatus is primarily granivorous. 
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Introduction 

The brush-tailed rabbit-rat (Conilurus penicillatus) occurs very patchily in northern 

Australia and southern New Guinea.  It is the only extant member of its genus: its 

sole congener, Conilurus albipes, became extinct at the end of the 19th century 

(Taylor and Horner 1971). There is some evidence to suggest that C. penicillatus has 

recently suffered a decline in its range, and it is now listed as Vulnerable in the 

Northern Territory (Woinarski 2000; Woinarski et al. 2001).  

 

In the Northern Territory C. penicillatus can still be found on Bathurst and Melville 

Islands (Tiwi Islands), and is patchily common on Inglis Island off north-east 

Arnhem Land (Woinarski et al. 1999). The only known mainland populations occur 

in Garig Gunak Barlu National Park (Cobourg Peninsula) (Taylor and Horner 1971; 

Frith and Calaby 1974;), and in a highly restricted area of Kakadu National Park 

(Firth 2003).  

 

Little is known regarding the ecology of C. penicillatus (Bradley et al. 1987; Friend 

et al. 1992; Firth 2003). It is a moderately sized (150 g) rodent, largely confined to 

tall open eucalypt forests and casuarina woodlands, where it dens in tree hollows, 

and forages on the ground (Taylor and Horner 1971; Frith and Calaby 1974; Bradley 

et al. 1987; Friend et al. 1992; Firth 2003).  

 

The diets of many Australian rodents have been examined, but most studies have 

been undertaken on desert rodents (see Cockburn 1981; Watts and Morton 1983; 

Read 1984; Murray and Dickman 1994a; Murray and Dickman 1994b; Murray et al. 

1999; Moro and Bradshaw 2002; Nano et al. 2003) and rodents from south-eastern 

Australia (see Watts and Braithwaite 1978; Cheal 1987; Carron et al. 1990; Fox et al. 

1994; Luo et al. 1994; Wilson and Bradtke 1999; Jefferys and Fox 2001; Ford et al. 

2003). 

 

Very little dietary information for C. penicillatus is available in the literature. The 

only information on the diet of C. penicillatus in the Northern Territory comes from 

a single sample from one individual that contained 60% grass, 30% endosperm and 

10% herb (Watts 1977). In the Kimberley region of Western Australia, Morton 

(1992) analysed 23 faecal samples of 38 individual C. penicillatus, and compared 
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them with samples from two other co-occurring large rodents, the black-footed tree-

rat (Mesembriomys gouldii) and golden-backed tree-rat (Mesembriomys macrurus). 

The faecal samples from C. penicillatus from the Kimberley primarily contained 

grasses, dicotyledon flowers and fruit (Morton 1992). 

 

This study reports on the results of a microscopic analysis of faecal samples obtained 

from three populations of C. penicillatus in the Northern Territory. We aimed to 

determine the types of food eaten and whether there was any difference in the diet 

between the sexes, seasons and the three discrete populations of C. penicillatus.  

 

Methods  

Study Sites  

Faecal pellets of C. penicillatus were collected from three sites in the monsoonal 

tropics of the Northern Territory (Fig. 1). Climate in this region is characterised by 

two distinct seasons, a wet season (November-April) when ~90% of the rainfall 

occurs, and a dry season (May-October) characterised by little to no rain. 

 

 
Figure 1. Location of the study sites in the Northern Territory. 
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Cobourg Peninsula (Garig Gunak Barlu National Park; 11°18� S, 132°45� E) is ~200 

km north-east of Darwin. The area has a mean annual rainfall of 1210 mm (Black 

Point weather station, Bureau of Meteorology, Darwin). C. penicillatus was studied 

on two main sites at Cobourg. Site 1 consisted of tall open eucalypt forest (average 

tree height 20 m) adjacent to the coast, dominated by Eucalyptus miniata, E. 

tetrodonta and Corymbia nesophila with relatively little mid-storey, though there 

were small patches of vine thicket. The understorey had an extensive cover of 

perennial grasses such as Alloteropsis semialata, Chrysopogon latifolius, Eriachne 

triseta, E. avenacea, Heteropogon triticeus, Mnesithea rottboellioides, perennial 

Sorghum and annual grasses such as Pseudopogonatherum irritans, Setaria 

apiculata, and Whiteochloa capillipes. Site 2 included coastal dunes with Casuarina 

equisetifolia, open areas of grass, particularly the annual, Sorghum stipoideum, then a 

relatively low open forest (average height 14 m) dominated by E. tetrodonta, with a 

denser mid-storey primarily consisting of Acacia spp. and Planchonia careya. There 

was a ground cover of perennial grasses such as Alloteropsis semialata, Heteropogon 

contortus, perennial Sorghum, Themeda triandra and annual grasses such as 

Schizachyrium fragile and Setaria apiculata.  

 

The single site at Kakadu National Park (Mardugal campground; 12°55� S, 132°32� 

E) is ~200 km east of Darwin.  The area has a mean annual rainfall of 1470 mm 

(Jabiru weather station, Bureau of Meteorology, Darwin). The site consisted of tall 

open forest (average tree height 18 m) dominated by Eucalyptus tetrodonta and E. 

miniata, with a mid-storey chiefly consisting of Pandanus spiralis, Terminalia 

carpentariae and Acacia spp. The ground cover consisted mostly of perennial 

grasses such as Alloteropsis semialata, Aristida holathera, Eriachne triseta, 

Heteropogon triticeus and annual grasses such as Pseudopogonatherum irritans and 

Setaria apiculata. 

 

Melville Island is located ~100 km north of Darwin and is one of the wettest areas of 

the Northern Territory, with a mean annual rainfall of 2016 mm (Pirlangimpi weather 

station, Bureau of Meteorology, Darwin).  Faecal pellets were collected from several 

sites on the western side of Melville Island (11°43� S 130°49� E). In general the sites 

consisted of tall eucalypt forest dominated by Eucalyptus miniata, E. tetrodonta and 
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Corymbia nesophila with Erythrophleum chlorostachys as a subdominant. The mid-

storey often consisted of Acacia spp., Livistona humilis and a ground cover of 

perennial and annual grasses.  

 

The relative abundance of plant species was not recorded at the sites during this 

study; therefore, diet selectivity cannot be assessed. Faecal samples from both 

Cobourg sites were combined, as one of the aims of this paper was to compare the 

three separate geographic locations of C. penicillatus from the Northern Territory. 

Also, preliminary analysis using ANOSIM indicated that there was no significant 

difference between the diets of the two sites at Cobourg (global R = -0.03, P = 0.56). 

 

Plant Reference slides 

A reference collection was made of plant specimens, including seed and fruit, which 

were collected from field sites to help with the identification of microscopic plant 

sections in the faecal samples. Reference specimens were then prepared by placing 

plant materials in a mortar and pestle and slowly grounding them to emulate the 

mastication of rodents. The sample then had 95% ethanol added and was ground 

again. Finally the sample material was removed with a pipette and jewellers’ forceps 

and spread evenly on slides and covered with Berlese mounting medium and a cover 

slip as a permanent reference slide. E. J. also had a personal reference collection that 

was utilised as a source of material.  

 

Faecal pellet collection and slide preparation 

At each locality faecal pellets were collected from traps or from holding bags in 

which trapped animals were temporarily housed, and placed into plastic vials, 

labelled with sex, location (site and trap number) and date. Ethanol (70%) was added 

to the vials on the same day of collection to preserve the samples (Watts and 

Braithwaite 1978; Norton 1987; Fox et al. 1994).  A total of 20 faecal samples from 

Cobourg, seven from Kakadu and eight from Melville were analysed.  Each faecal 

sample represents one individual and typically contained at least six pellets. 

 

Six faecal pellets were randomly selected from each sample for the preparation of 

faecal sample slides. This is consistent with other dietary studies of Australian 

rodents (Fox et al. 1994; Luo et al. 1994; Jefferys and Fox 2001; Nano et al. 2003). 
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Each sample was washed through a column of four different sieves with 0.58, 0.41, 

0.26 and 0.13 mm mesh. Any material passing through the smallest sieve was 

collected on filter paper. Therefore each sample was divided into five sub samples, 

each with different-sized particles. Each subsample was transferred into a labelled 

test tube to allow materials to be homogeneously mixed. The material was then 

transferred from each tube with a pipette to a correspondingly labelled slide (25.4 

mm x 76.2 mm), which was then placed on a hot plate at 30° C to dry. After all 

moisture on the slides had evaporated, the slides were removed from the hotplate, 

placed on a flat smooth surface and slowly covered with a Berlese type mounting 

medium before a cover slip (22 x 50 mm) was added. The completed slides were 

then left undisturbed for a week until the mountant was set.  

 

Faecal analysis 

Each slide was examined under a light microscope and the amount of material was 

standardised using a scoring (frequency-of-occurrence) technique (Johnson 1982; 

Fox et al. 1994 and Luo et al. 1994). The material in the faecal samples was 

classified into six broad categories: seed, leaf, stem, insect, fungi and soil. All five 

slides from each sample were scored because different dietary items were best 

represented on slides with the appropriate sized particles. A total of 50 fields of view 

at x 40 magnification were scored for each of the five slides from each sample. The 

frequency of occurrence of each food category was recorded from its presence or 

absence in each field. Next, the number of scores or frequency for each food item 

was summed over all slides and the percentage of each category in the diet, from 250 

fields of view, was calculated as: 

Pi = (fi / �fi) x 100, 

where Pi is the percentage occurrence and fi the frequency or number of scores for 

the ith food item.  

 

Data analyses 

We used a non-parametric technique, ANOSIM (analysis of similarity, PRIMER: 

Clarke and Gorley 2001) to compare overall dietary differences between the sexes, 

seasons and different populations (localities) of C. penicillatus. The general 

procedures used for these analyses followed those outlined in Clarke (1993). A 

similarity matrix using the Bray-Curtis similarity measure was generated and the 
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relationship between diet and sex, diet and season and diet and site was displayed 

graphically in a 2D multidimensional scaling (MDS) ordination plot. The global R-

value (test statistic) was produced based on average similarity within replicate 

samples and average similarity among samples. The significance of the global R-

value was tested by calculating random rearrangements (10000 permutations) of the 

data, as recommended by Legendre and Legendre (1998).  

 

Previous studies of rodent diets such as those by Luo and Fox (1994) and Fox et al. 

(1994) have used another non-parametric technique called the Mantel test (Mantel 

and Valand 1970) and Luo and Fox (1996) have reviewed the Mantel test in dietary 

studies. However, since the permutation method is the same in the Mantel and 

ANOSIM procedures the test should generate similar probabilities (Legendre and 

Legendre 1998) and non-parametric methods based on permutation tests are 

preferable for most ecological multivariate data sets (Anderson 2001). 

 

Results 

It is well recognized that rodents have a tendency to finely masticate their food; 

therefore, identification of all food remains in the faecal samples of C. penicillatus 

was not possible to the species level. Nevertheless, careful comparisons with the 

reference collections allowed some of the plant material fragments to be identified to 

family, genus or species level and most of the insect fragments in the faecal samples 

to be identified to order.  

 

Thirty-five distinct seed types were identified in the faecal samples from the three 

sites (Table 1). Of these, 10 were identified to species, seven to genus, one to family, 

seven to dicotyledon and 10 to monocotyledon. Eleven of the seeds belonged to grass 

species and the eight other seeds identified as monocots most probably also belong to 

grasses. Seed from five species (Alloteropsis semialata, Polygala orbicularis, Sida 

spp, Solanum spp. and unknown monocotyledon 1) were recorded at all three sites. 

The most commonly found seeds in all the samples were Alloteropsis semialata and 

Setaria apiculata.  

 

Eleven leaf types were identified in the faecal samples, five from dicots, three from 

monocots, one from grass, one from Sida spp. and one from Polygala orbicularis. 
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Table 1. Dietary items identified in faecal samples of Conilurus penicillatus at three 

sites in the Northern Territory. P = Perennial grass; A = Annual grass. 

Dietary item 

Cobourg 

(Total = 36)  

Kakadu 

(Total = 28) 

Melville 

(Total = 28) 

Seed    

Alloteropsis semialata (P) + + + 

Arthrostylis aphylla + +  

Cymbopogon bombycinus (P)   + 

Eriachne spp. (P) +   

Exocarpos latifolius   + 

Grevillea spp.   + 

Heteropogon triticeus (P) + +  

Heteropogon contortus (P) +   

Mnesithea rottboellioides (P) +   

Poaceae   + 

Polygala orbicularis + + + 

Setaria apiculata (A) +  + 

Sida spp. + + + 

Solanum spp. + + + 

Sorghum perennial (P) +   

Spermacoce spp. +   

Themeda spp. (P) +   

Unknown dicotyledon 1  +  

Unknown dicotyledon 2  +  

Unknown dicotyledon 3  +  

Unknown dicotyledon 4   + 

Unknown dicotyledon 5 +   

Unknown dicotyledon (orange) 6 +   

Unknown dicotyledon 7 +   

Unknown monocotyledon 1 + + + 

Unknown monocotyledon 2  +  

Unknown monocotyledon 3   + 
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Dietary item Cobourg Kakadu Melville 

Unknown monocotyledon 4   + 

Unknown monocotyledon 5   + 

Unknown monocotyledon 6   + 

Unknown monocotyledon 7 +   

Unknown monocotyledon 8 +   

Unknown monocotyledon 9 +   

Unknown monocotyledon 10 +   

Whiteochloa capillipes (A) +   

Leaf    

Poaceae +   

Polygala orbicularis  +  

Sida spp. +   

Unknown dicotyledon 1  +  

Unknown dicotyledon 2  +  

Unknown dicotyledon 3   + 

Unknown dicotyledon 4 +   

Unknown dicotyledon (orange) 6 +   

Unknown monocotyledon 1  +  

Unknown monocotyledon 2  +  

Unknown monocotyledon 3   + 

Stem + + + 

Unknown dicotyledon 1   +  

Unknown monocotyledon 1   +  

Unknown monocotyledon 2   + 

Unknown monocotyledon 3   + 

Insect    

Coleoptera adult + + + 

Coleoptera larvae +   

Hymenoptera + +  

Ponerinae, Pachycondyla spp.  +  

Myrmicinae, Pheidole spp. + + + 
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Dietary item Cobourg Kakadu Melville 

Isoptera  +  

Lepidoptera larvae  + + 

Other    

Anthers +     

Fungal spores +  + 

Hair   + 

Mites +   

Nematode  + + 

Sand + + + 

Sloughed lizard skin  +  

Soil   + 

Tick +   

 

Four types of stem material were identified; one was from a dicot and three from 

monocots. Insect material identified in the faecal samples included Coleoptera 

(larvae and adults) at all sites, ants (Hymenoptera) from the genera Pachycondyla 

and Pheidole (all sites), Isoptera and Lepidopteran larvae. Other materials identified 

in the faecal samples were anthers, fungal spores, mammalian hair, mites, 

nematodes, sand (all sites), sloughed lizard skin, soil and a tick.  

 

Fungus was not included further in the analyses as it was only recorded as present in 

only one sample from Cobourg and made up only10% of one sample from Melville. 

Table 2 lists the mean percentage occurrence of major food categories in the diet of 

C. penicillatus from the three sites, sexes and seasons. Seeds constituted by far the 

most abundant food type (68%); leaf material (21%), stem material (8%), and insects 

were present in only small quantities (2%). 
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Table 2. Mean percentage of major food categories in the diet of Conilurus 

penicillatus from the three sites, sexes and seasons in the Northern Territory.  

Values are means ± s.d.  

 Seed Leaf Stem Insect 

Site     

All Sites (n = 35) 68 ± 17 21 ± 13 8 ± 9 2 ± 3 

CobourgA (n = 20) 74 ± 13 19 ± 12 6 ± 8 1 ± 2 

Kakadu (n = 7) 62 ± 19 26 ± 14 8 ± 7 4 ± 5 

Melville (n = 8) 58 ± 22 24 ± 16 13 ± 14 5 ± 4 

Sex     

Female (n = 21) 70 ± 19 19 ± 13 8 ± 11 3 ± 3 

Male (n = 14) 65 ± 14 25 ± 12 7 ± 7 2 ± 4 

Season     

Wet (n = 8) 65 ± 17 23 ± 11 8 ± 8 4 ± 5 

Early dry (n = 14) 70 ± 19 19 ± 13 9 ± 12 1 ± 1 

Late dry (n = 13) 68 ± 16 22 ± 15 6 ± 7 3 ± 4 
AThere was a significant difference between Cobourg and Kakadu (P = 0.034) and 

Cobourg and Melville (P = 0.012). 

 

The results of the two-dimensional non-metric multi-dimensional scaling ordination 

plots of the faecal samples of C. penicillatus from the three sites, sexes and season 

can be seen in Fig. 2. The stress values for all three plots are 0.06. A stress of <0.1 

corresponds to a good ordination with no real possibility of drawing false inferences 

(Clarke 1993). The ANOSIM tests detected no significant difference between the 

diet of males and females (global R = -0.028, P = 0.67) or between the seasons 

(global R = -0.049, P = 0.854). However, there was a difference in the composition 

of the diet between the three sites (global R = 0.192, P = 0.012). The ANOSIM 

pairwise tests indicated differences between Cobourg and Kakadu (R = 0.2, P = 

0.034) and between Cobourg and Melville (R = 0.25, P = 0.012) but no difference 

between Kakadu and Melville (R = -0.121, P = 0.98). Seed material was present in 

74% of the samples from Cobourg and in 62% and 58% of samples from Kakadu and 

Melville respectively (Table 2). Leaf matter was present in 19% of samples from 

Cobourg and in 26% and 24% of samples from Kakadu and Melville respectively.  
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Figure 2. Two-dimensional ordination plots of Conilurus penicillatus faecal samples 

from three sites, sexes and seasons in the Northern Territory from non-metric multi-

dimensional scaling (MDS). (a) The sites were: �, Cobourg, �, Kakadu; and �, 

Melville. (b) The sexes were: �, Female; and �, Male. (c) The seasons were: �, 

Wet; � Early dry; and �, Late dry. Stress values are shown on the plots.              
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Stem material was present in only 6% of samples from Cobourg and in 8% and 13% 

of samples from Kakadu and Melville respectively. Insect matter was present in 

small quantities across all three sites, with samples from Cobourg containing 1%, 

those from Kakadu 4% and those from Melville 5% (Table 2). 

 

Discussion 

Several authors have suggested that a rodent species may be considered granivorous 

if its diet comprises at least 50% seed (Kerley and Whitford 1994: Murray et al. 

1999; Nano et al. 2003). The dominance of seed in the diet of C. penicillatus, 

ranging from 58% on Melville Island to 74% at Cobourg, would suggest that it can 

be categorised a granivore.  

 

The current study indicates that leaf material also contributed significantly to the 

diet, whereas stems were far less important. Insects and fungi formed a minor 

component of the diet, suggesting that they are not an important food source for C. 

penicillatus. Some insects may have been ingested incidentally while the rats were 

feeding on plant materials. All of the faecal samples contained sand and some of 

them soil (Table 1), corroborating observations that C. penicillatus forages 

principally on the ground.  

 

Our results are somewhat inconsistent with the few previous studies on this species. 

Watts (1977) found that faecal samples from one C. penicillatus near Jabiru (Kakadu 

National Park) contained 60% grass, 30% endosperm and 10% herb. In a larger 

sample (23 individuals) from the Mitchell Plateau, Western Australia, Morton (1992) 

found that the most common items in the diet were grasses, dicotyledon flowers and 

fruit, and an unidentified component.  In that study, 38% of the scat samples also 

contained arthropod fragments, including termite mandibles in 13% of the scats 

examined. Morton’s (1992) method of dietary analysis is quite different to that of the 

current study, which makes comparisons difficult.  However, these two studies 

concur that grass seeds are the pre-eminent dietary item.  In contrast to that 

conformity, the current study contained only one sample with two very small termite 

mandibles, and no fruit was identified. Fruits may have been poorly represented in 

the diet during this study as the majority of the samples (27 of the 35, see Fig. 2 and 

Table 2) were taken in the dry season, and fruit and maybe fungi are typically far 
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more prevalent during the wet season when soil moisture is higher (Claridge et al. 

1993). However, Morton’s (1992) samples were also taken during the dry season 

(August), which suggests that perhaps fruit are less abundant and/or less favoured by 

C. penicillatus at our Northern Territory sites than in the Kimberley site, and/or that 

the difference in analytical procedures introduced some intractable biases in the 

results and conclusions. 

 

Several studies have been undertaken on the diet of other rodent species in northern 

Australia (see Table 3). These results suggest that there is some differentiation in diet 

among these species, partly associated with body weight.  In general, the smaller 

species (such as Pseudomys delicatulus and P. nanus) are predominantly 

granivorous, whereas the larger species (particularly M. gouldii) eat primarily fibre 

and fruit. Some species, such as the rock-rats (Zyzomys spp.), shift diets seasonally. 

Our results suggest that C. penicillatus is unusually large to be a primarily 

granivorous species. 
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Table 3. Summary of diet information for other rodents in the Northern Territory.  

Body weights taken from Strahan 1998. 
Species Body weight (g) Diet summary 

Mesembriomys gouldii 550-882 50% fibre, 30% anthers and 20% endosperm (Watts 1977); 

unidentifiable fruits and Pandanus spiralis (Friend 1987) 

Pseudomys delicatulus 6-15 100% dicotyledon seed (Watts 1977); 

monocotyledon seed, fruit and some insects (Braithwaite and Brady 1993) 

Pseudomys nanus 25-50 Monocotyledon and dicotyledon seed (Watts 1977) 

Rattus colletti 22-213 Grass stem, leaves, seed and small quantities of insects (Watts 1977) 

Rattus tunneyi 42-206 Almost entirely grass (Watts 1977); 

grass stem/leaf, seed and root (Braithwaite and Griffiths 1996) 

Zyzomys argurus and 

Zyzomys maini 

26-55 

70-186 

Grass seed, fruit and flowers during the dry season and dicotyledon seed, fruit 

and flowers during the wet season (Begg and Dunlop 1985) 
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These results may offer some insight into the management of this declining mammal 

species.  The monsoonal tropics of northern Australia is a savanna landscape, where 

a dense tall grass layer dominates the understorey.  Every year, there is a prolific 

production of grass seeds, capable of supporting a diverse and dense granivore 

community.  But the synchrony, persistence and total biomass of that seed 

production can be affected by a range of management factors (and climatic 

characteristics) (Woinarski et al. 2005).   

 

The perennial grass Alloteropsis semialata was a major component of the diet 

observed in this study, being recorded in five of the 20 samples of C. penicillatus 

from Cobourg, five of the seven samples from Kakadu and one sample from 

Melville. In addition to its importance in the diet of other rodents (e.g. Rattus 

tunneyi: Braithwaite and Griffiths 1996), this grass is also considered to be an 

important component of the diet of a number of threatened granivorous birds 

including the endangered Gouldian finch, Erythrura gouldiae (Dostine et al. 2001). 

Alloteropsis semialata is considered to be a sensitive indicator of land management, 

declining with long-term over-grazing by livestock and frequent fires (Crowley and 

Garnett 2001).  

 

Russell-Smith et al. (2003) showed that invariant frequent burning in a eucalypt 

dominated forest led to a reduction in grass species diversity and understorey 

dominance by a small number of annual grasses, notably the now regionally 

pervasive annual Sorghum spp. This increased dominance of a small number of 

annual grasses, particularly Sorghum spp., owing to the changed fire regimes most 

probably reduces the year round availability and variety of seed, particularly from 

those perennial grasses that are important components of the diet of C. penicillatus. 

Therefore, areas with grass layers of predominantly annual Sorghum spp. are most 

likely to be unsuitable habitat for C. penicillatus. 
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Chapter 3: Home-range and den sites 
 

This chapter has been published as: 

Firth, R. S. C., Woinarski, J. C. Z., and Noske, R. A. (2006). Home range and den 

characteristics of the brush-tailed rabbit-rat (Conilurus penicillatus) in the monsoonal 

tropics of the Northern Territory, Australia. Wildlife Reseacrh 33, 397-407. 

 

Abstract   

Radio-telemetry was used to investigate the home range and den characteristics of 

the brush-tailed rabbit-rat (Conilurus penicillatus) from three sites in the monsoonal 

tropics of the Northern Territory, Australia.  Radio-tracking was conducted in a 

series of discontinuous 4-17-day sessions, over a 2-year period. The home ranges of 

61 C. penicillatus were estimated using the minimum convex polygon (MCP) and 

fixed kernel (K95% and K50%) methods. There were no significant differences in 

home-range size among the three sites or between wet and dry seasons, which 

suggest that vegetation structure, floristics and season play relatively little role in 

movements of C. penicillatus. The mean home-range size was 0.79 ± 0.09 ha (MCP 

estimate) to 0.97 ± 0.12 ha (K95% estimate). The home ranges of males were larger 

than those of females (mean MCP estimates of 1.07 ± 0.15 and 0.45 ± 0.06 ha, 

respectively). C. penicillatus denned primarily in fallen logs and in hollows of 

eucalypts and bloodwoods (Corymbia spp.). Rough-barked trees appeared to be 

preferred.  The diameter at breast height (DBH) of den trees varied significantly 

between the three sites, being greatest at site C1 (34.5 ± 2.4 cm) and least at site C2 

(26.1 ± 1.0 cm). Den trees had larger DBH than randomly selected trees at each site. 

The diameter at the mid-point (DMP) of both den and random logs were not 

significantly different between sites. Many individuals used more than one den site 

per tracking session.  The small home ranges of C. penicillatus and its reliance on 

hollows in trees and logs suggest that this species is very vulnerable to local 

extinction following long-term annual and destructive fire regimes and land clearing, 

even in comparatively small patches.  

 

 

 



Chapter 3: Home range and den sites 49 

Introduction 

Home range is an important aspect of the ecology of any species, as it provides 

information on sociality, resource requirements, and mobility, and this information 

can contribute to the prioritisation of conservation management options.  Comparison 

of home-range characteristics between sexes, seasons, and among populations can 

provide insight into many aspects of the ecology of a species, and differences among 

species in home-range characteristics may relate to fundamental differences in 

sociality and ecology.  

 

Relatively few home-range studies using radio-tracking have been undertaken on 

rodents in Australia (but see Bubela et al. 1991; Anstee et al. 1997; Brandle and 

Moseby 1999; Cox et al. 2000; Moro and Morris 2000), particularly so for rodents in 

the monsoonal tropics (but see Griffiths et al. 2002; Puckey et al. 2004). The present 

study concerns the home range and den characteristics of a little-known tropical 

rodent whose geographical distribution in the Northern Territory appears to have 

contracted (Woinarski 2000). 

 

The brush-tailed rabbit-rat (Conilurus penicillatus) is a nocturnal medium-sized (150 

g) rodent species that occurs very patchily in eucalypt forests of northern Australia 

and southern New Guinea (Menzies and Dennis 1979; Strahan 1998).  It is the only 

extant member of its genus: its sole congener, C. albipes became extinct at the end of 

the 19th century (Taylor and Horner 1971).  Some evidence suggests that C. 

penicillatus has suffered a recent decline, and it is now listed as Vulnerable in the 

Northern Territory, where it still occurs on Bathurst and Melville Islands (Tiwi 

Islands) and Inglis Island off north-east Arnhem Land (Woinarski et al. 1999; 

Woinarski 2000). The only known mainland populations to persist occur in Garig 

Gunak Barlu National Park (Cobourg Peninsula) (Taylor and Horner 1971; Frith and 

Calaby 1974), and in a highly restricted area of Kakadu National Park (Firth 2003; 

Firth et al. 2005).  

 

Little is known about the ecology of C. penicillatus (Bradley et al. 1987; Friend et al. 

1992), except that it occurs in tall open eucalypt forest and casuarina woodland, 

where it forages on the ground for seeds and dens in tree hollows and fallen hollow 

logs (Firth 2003; Firth et al. 2005). This paper extends from a previous brief report 
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that provided preliminary information on its home range (Firth 2003). Home ranges 

were compared between sexes, seasons, and among sites with different vegetation 

structures. We also identified the types and sizes of den trees used, and compared 

their characteristics with those of other randomly selected trees.  

 

Materials and methods  

Study Sites  

This study was undertaken at two localities in the monsoonal tropics of the Northern 

Territory (Fig. 1). Climate in this region is characterised by two distinct seasons: a 

wet season (from November to April), when ~90% of the rain falls; and a dry season 

(between May and October), characterised by little to no rain. 

 

One locality was Cobourg Peninsula (Garig Gunak Barlu National Park; 11°18� S, 

132°45� E), ~200 km north-east of Darwin. The area has a mean annual rainfall of 

1210 mm (Black Point weather station, Bureau of Meteorology, Darwin). In this 

locality, we established two study sites, 13 km apart. Site C1 consisted of tall (14-20 

m high) open forest adjacent to the coast, dominated by Eucalyptus miniata, E. 

tetrodonta and Corymbia nesophila, with relatively little shrubby understorey but an 

extensive cover of perennial grasses such as Alloteropsis semialata, Chrysopogon 

latifolius, Eriachne triseta, E. avenacea, Heteropogon triticeus, Mnesithea 

rottboellioides, Sarga sp., and annual grasses such as Pseudopogonatherum irritans, 

Setaria apiculata and Whiteochloa capillipes.  Interspersed among the open forest at 

this site were small patches of vine thicket.  Site C2 comprised coastal dunes with 

isolated trees of Casuarina equisetifolia (10-20 m high) and open grassland, 

dominated particularly by the annual Sarga stipoideum, backing onto relatively low 

(8-14 m high) open forest dominated by E. tetrodonta, with a denser mid-storey 

primarily consisting of Acacia spp., Planchonia careya and a ground cover of 

perennial grasses such as Alloteropsis semialata, Heteropogon contortus, Sarga spp., 

Themeda triandra and annual grasses such as Schizachyrium fragile and S. apiculata.  

 

The third study site (K3) was at Kakadu National Park (Mardugal campground; 

12°55� S, 132°32� E), ~200 km east of Darwin, and ~200 km south of the Cobourg 

Peninsula locality.  The area has a mean annual rainfall of 1470 mm (Jabiru weather 
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station, Bureau of Meteorology, Darwin). The site studied consisted of tall (10-20 m 

high) open forest dominated by E. tetrodonta and E. miniata, with a mid storey 

chiefly consisting of Pandanus spiralis, Terminalia carpentariae, and Acacia spp., 

and a ground cover consisting mostly of perennial grasses such as Alloteropsis 

semialata, Aristida holathera, Eriachne triseta, Heteropogon triticeus and annual 

grasses such as Pseudopogonatherum irritans and Setaria apiculata. 

 

 

 

Figure 1. Map of the study locations in the Northern Territory. Note that sites C1 

and C2 are located in Garig Gunak Barlu National Park. 

 

Trapping 

Trapping was conducted from the late dry season (October) of 2000 through to the 

early wet season (December) of 2002 at the two Cobourg sites, and from the late wet 

season (February) of 2002 through to the early wet season (November) of 2002 at the 

Kakadu site (Table 1). Trapping was carried out during both the dry and wet seasons 

for four nights, four times per year at the Cobourg sites, except that C1 was 

inaccessible during March 2001. Trapping was also undertaken four times during the 

dry and wet seasons of 2002 at K3. Animals were captured in Elliott traps (33 x 8 x 9 

cm) baited with a mixture of rolled oats and peanut butter. At each of the three sites, 
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traps were set out in a grid formation that consisted of 20 lines with 20 traps each 

spaced ~20 m apart (400 traps in total) covering an area of ~14.4 ha. Total trap effort 

for the three sites was 33600 trap-nights.  

 

Radio-tracking 

Burt (1943) defined a home range as ‘that area traversed by the individual in its 

normal activities of food gathering, mating, and caring for young. Occasional sallies 

outside the area, perhaps exploratory in nature, should not be considered part of the 

home range’. Within home ranges are areas of higher activity, usually associated 

with important refuges such as shelter and den sites. Radio-telemetry (Cochran and 

Lord 1963) provides a useful technique for the identification and description of den 

sites, as well as defining the home range.  

 

Captured C. penicillatus were measured, weighed, sexed and fitted with radio-

transmitter packages produced by BioTelemetry Tracking Australia (Adelaide, 

Australia), and then released at the point of capture. Each radio-transmitter package 

weighed ~7 g and was fitted around the neck with a collar. Only adult male and 

female C. penicillatus weighing ≥ 120 g were fitted with radio-transmitters, such that 

transmitters represented no more than 6% of adult bodyweight. Note that many other 

C. penicillatus were captured on grids during this study, but were not radio-tracked. 

 

Radio-tracking periods followed the cessation of trapping periods and traps and bait 

were removed from the study area before radio-tracking commenced. Radio-collared 

rats were located on foot at night and during the day with ICOM hand-held radio-

receivers and hand-held 2- and 3-element Yagi antennae. At night, C. penicillatus 

were radio-tracked with the aid of spotlights and reflective tape placed on the radio-

collar. No more than five animals per site were radio-tracked at any one time, and no 

more than 4 fixes (>1 hr apart) per individual were taken throughout the course of a 

night to minimise disturbance. We also radio-tracked animals that were captured on 

different areas of the trapping grids during each trapping session to minimise 

disturbance. Initially, signals were sought from radio-collared animals in the general 

area of capture/ release, and once a signal was detected we ‘homed in’ (stricto sensu 

White and Garrot 1990) on the signal and nearly always observed animals with the 

aid of a spotlight. The initial position of animals, whether active or stationary in den 
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trees or logs, was recorded with a GPS.  Repeated observations of radio-collared 

animals sitting in trees at night confirmed that fixes were very accurate, usually to 

within 3 m. At the end of each radio-tracking period animals were recaptured and 

their radio-collars removed. 

 

From October 2000 until December 2002 a total of 1235 discontinuous fix locations 

(total number of fixes taken during the nine different sampling periods) were taken 

for 61 C. penicillatus from the three sites (Tables 1, 2): these included 21 individuals 

from Site C1, of which 13 and 8 were radio-tracked during the dry and wet seasons 

respectively; 31 from Site C2, of which 14 and 17 were radio-tracked during the dry 

and wet seasons respectively; and 9 from Site K3, of which 4 and 5 were radio-

tracked during the dry and wet seasons respectively. Of these 61 radio-tracked C. 

penicillatus, 33 were males and 28 were females.  The number of fixes recorded per 

individual in this study ranged from 12 to 28 and the number of days over which 

individuals were radio-tracked varied from 4 to 17 (see Appendix 1). 
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Table 1.  Summary table of trapping and radio-tracking periods at each of the three 

study sites. 

Site Month and year of 

trapping and 

tracking event 

Season No. of 

individuals 

radio-tracked 

Duration of 

tracking (days) 

(min-max) 

C1 October 2000 Dry 4 (3M, 1F) 10 days (4-10) 

C1 June 2001 Dry 3 (3M) 8 days (8) 

C1 September 2001A Dry   

C1 December 2001 Wet 3 (2M, 1F) 11 days (10-11) 

C1 March 2002 Wet 4 (2M, 2F) 9 days (6-9) 

C1 June 2002 Dry 3 (2M, 1F) 9 days (6-9) 

C1 September 2002 Dry 3 (1M, 2F) 17 days (15-17) 

C1 December 2002 Wet 1 (1M) 8 days (8) 

C2 October 2000 Dry 2 (2F) 8 days (8) 

C2 March 2001 Wet 5 (4M, 1F) 8 days (5-8) 

C2 June 2001 Dry 5 (2M, 3F) 10 days (6-10) 

C2 September 2001 Dry 1 (1M) 7 days (7) 

C2 December 2001 Wet 4 (2M, 2F) 11 days (10-11) 

C2 March 2002 Wet 4 (2M, 2F) 8 days (6-8) 

C2 June 2002 Dry 3 (1M, 2F) 9 days (6-9) 

C2 September 2002 Dry 3 (2M, 1F) 15 days (15) 

C2 December 2002 Wet 4 (1M, 3F)  9 days (8-9) 

K3 February 2002 Wet 3 (2M, 1F) 5 days (5) 

K3 May 2002 A Dry   

K3 July 2002 Dry 4 (1M, 3F)  5 days (5) 

K3 November  Wet 2 (1M, 1F) 5 days (5) 
AIndicates that no radio-tracking was undertaken during these trapping periods. 
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Home-range calculations 

Home-range areas were calculated using both the minimum convex polygon (MCP) 

method and the fixed kernel method in the Ranges V1 program (Institute of 

Terrestrial Ecology, Wareham, England). Note that the home-range calculations used 

only radio-tracking data: they did not include the location at which the individual 

was initially trapped. Other home-range studies carried out on small mammals in 

Australia have used these same techniques (see Pavey et al. 2003; Puckey et al. 

2004). The MCP method draws the smallest convex polygon possible that takes in all 

known or estimated locations for the animal (Hayne 1949; Powell 2000).  It is widely 

used because it is simple, which allows for comparability between studies, and 

because it is reasonably robust even when the number of fixes is low (Harris et al. 

1990). Kernel density estimators use more information on the relative use of 

locations and are less biased by occasional aberrant distant records than MCP 

(Seaman et al. 1999; Powell 2000). We used the fixed kernel estimator with 

bandwidth chosen by least-squares cross-validation, as this technique produces 

reliable 95% home-range areas with as few as 20 location estimates (Seaman et al. 

1999; Powell 2000). In this study, we calculated home-range areas based on the 95% 

kernel (K95) utilisation contour and defined the area enclosed by the 50% Kernel 

(K50) utilisation contour as the core area. 

 

We recognize that home-range estimates are affected by the length of time an animal 

is monitored.  The data presented here represent the home range of C. penicillatus 

only for the interval of time that each individual was monitored, rather than lifetime 

home range (see Appendix 1).    

 

Prior to statistical analyses all data were tested for normality using the Shapiro-Wilk 

W test. We used two measures to examine the robustness of home-range area 

estimates relative to the number of fixes used to derive those estimates.  First, we 

examined whether there was a correlation, across the set of all individuals, between 

estimated home-range size and the number of fixes used to derive that estimate.  A 

significant correlation would indicate that we under-estimated the home-range size 

for those individuals for which we had relatively few fixes.  Second, for 15 

individuals that had the greatest number of fixes (five from each of the three sites), 

we examined the change in home-range estimate with successive fixes (starting at 10 
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fixes), in order to identify the number of fixes required before the home-range 

estimate asymptotes. This was undertaken using the bootstrapping procedure in the 

Animal Movement Extension for ARCView (Hooge et al. 2000) of the ARCView 

3.2 Geographic Information Systems program (ESRI, Redlands, CA, USA) in which 

1000 iterations are developed by resampling individual telemetry locations with 

replacement.  

 

Home-range data were Log10-transformed and then compared between sites, sex and 

season using a 3-way ANOVA. A Wilcoxon matched-pairs test was used to compare 

the two different home-range estimates (MCP & K95) for all sites combined and for 

each of the sites. 

 

Den sites and types 

Den sites of radio-collared C. penicillatus were located during the day by radio-

tracking, although these sites were such that we could not always view the animals, 

particularly when they were denning in standing trees. Animals most probably select 

hollows on the basis of their physical attributes, but the dimensions of tree hollows 

and the height at which they occur could not be reliably estimated from the ground in 

this study, given that radio-tracking could pinpoint individuals only to their den tree 

and not to any particular hollow within that tree. We noted whether the den was a 

hollow in a standing tree or fallen hollow log. For standing trees, we also recorded 

the tree species, its height and the diameter at breast height (DBH) using a DBH tape 

measure; for hollow logs, the diameter at the mid-point (DMP) was recorded. We 

assessed the degree of selectivity of den sites by comparing the above characteristics 

of den trees and logs with those of 10 randomly selected trees and/or logs within a 30 

m-radius of each den. As the density of logs is far less than trees at the sites, many 

fewer random logs were measured within the 30-m radius of each den site. 

 

Variation among sites in dimensions of den trees and random trees was tested with 

Kruskal-Wallis ANOVA.  In each site, Mann-Whitney U tests were used to compare 

the DBH and height of den trees with those of random trees. The dimensions of den 

logs and random logs at Sites C1 and C2 were compared using Mann-Whitney U 

tests: site K3 had too few den logs for comparison.  
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The frequency of tree species used for denning was compared with randomly 

selected trees at each of the three sites using Chi-Square tests. A den selectivity index 

was also calculated for each type of den tree species used for each of the sites. The 

index used was (x_y)/(x+y), where x was the relative frequency of a particular den 

tree species and y was the relative frequency of the equivalent or random den tree 

species. This index can range from –1, when a particular den type was not used 

despite being present at the site (and included in our random selection of trees at that 

site), to approaching 1, when no corresponding random den type was measured 

though it was used as a den.  

 

The number of different den sites used by each radio-tracked individual was square 

root-transformed and then compared between sites, sexes and seasons using a 3-way 

ANOVA. We also examined whether there was a correlation, across the set of all 

individuals, between the number of different den sites and the number of radio-

tracking days and radio-tracking fixes.   

 

Results 

Home ranges of radio-tracked individuals across the course of the study are 

illustrated in Figs 2-4. Note that, in each case, the study grid was populated by many 

individual C. penicillatus that were not radio-tracked, and that the ranges shown 

include animals tracked at different times. Nonetheless, the composite maps indicate 

that there is considerable overlap of home ranges for individuals of the same and 

opposite sexes. The MCP home ranges of five individuals (see Figs 2, 3), which are 

not on the trapping grids, must be larger than those indicated on the maps, otherwise 

they would not have been trapped. 

 

At Site C1, the home ranges of four males and one female incorporated small patches 

of vine thicket within their otherwise predominantly open forest home range (Fig. 2a,  

b). At Site C2, one male and two female used areas of coastal dunes with C. 

equisetifolia and open areas of grass (Fig. 3a, b).  At Site K3, C. penicillatus 

predominantly used areas that had been seldom burnt; however, the entire home 

range of one male was within an area that was burnt annually (Fig. 4a, b).  
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Figure 2. Home range (MCP) of radio-collared C. penicillatus from site C1.  

(a) Thirteen radio-collared C. penicillatus radio-tracked during the dry season. (b) Eight radio-collared C. penicillatus radio-tracked during the 

wet season. The large square represents the trapping grid, the polygons with horizontal lines represent vine thickets, and the shaded polygons 

represent males and open polygons represent females.  Note that not all home ranges refer to synchronous periods of radio-tracking.                                                    
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Figure 3. Home range (MCP) of radio-collared C. penicillatus from site C2.  

(a) Fourteen radio-collared C. penicillatus radio-tracked during the dry season. (b) Seventeen radio-collared C. penicillatus radio-tracked during 

the wet season. The large square represents the trapping grid, the top of the large square with vertical lines signifies coastal dunes with Casuarina 

equisetifolia and open areas of grass; the shaded polygons represent males and open polygons represent females.  Note that not all home ranges 

refer to synchronous periods of radio-tracking.                                                                                                                                                                                                                                                                                                                                    
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Figure 4.  Home range (MCP) of radio-collared C. penicillatus from site K3.  

(a) Four radio-collared C. penicillatus radio-tracked during the dry season. (b) Five radio-collared C. penicillatus radio-tracked during the wet 

season. The large square represents the trapping grid; the dashed line denotes a firebreak with areas outside the break burning annually. The 

shaded polygons represent males and open polygons represent females.  Note that not all home ranges refer to synchronous periods of radio-

tracking. 
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Home-range size 

Across individuals, home-range size estimates (MCP, K95%, K50%) were not 

significantly correlated with the number of fixes gathered (rs = 0.19, P = 0.13, n = 61; 

rs = 0.21, P = 0.11, n = 61; rs = 0.19, P = 0.14, n = 61 respectively). None of the 15 

home-range estimates (number of fixes = 19-27) tested using the bootstrapping 

procedure reached an asymptote, though some were very close to approaching an 

asymptote (Fig. 5). In addition, the mean bootstrapped MCP at 10 fixes, 15 fixes, 20 

fixes and 25 fixes was calculated as a percentage of the total mean bootstrapped 

MCP. After 10 fixes home range size was 62% of the maximum MCP and by 25 

fixes 98%. 
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Figure 5. Mean bootstrapped (1000 iterations) MCP home range for 15 radio-tracked 

C. penicillatus. Of the 15, five were from site C1 (9265 to 632), five from site C2 

(9098 to 5566) and five from site K3 (116 to 7358). 

 

The mean home-range size across sexes, all sites and seasons was 0.79 ha (MCP) and 

0.97 ha (K95%), with core home range (K50%) of 0.18 ha (Table 2).  Individual 

home ranges varied from 0.09 ha to 4.46 ha (MCP) and 0.07 ha to 4.88 ha (K95%), 

with core areas (K50%) from 0.01 ha to 1.05 ha (Appendix 1).  

 

Numbers represent 
individual animals 
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Table 2. Mean home-range area estimates for C. penicillatus from the three study 

sites, including variation among sexes and seasons. 

Sites, Sexes and Seasons  MCP ± s.e. 

(ha) 

K95% ± s.e. 

(ha) 

K50% ± s.e. 

(ha) 

All Sites (n = 61) 0.79 ± 0.09 0.97 ± 0.12 0.18 ± 0.02 

  Male (n = 33) 1.07 ± 0.15 1.36 ± 0.19 0.25 ± 0.03 

  Female (n = 28) 0.45 ± 0.06 0.52 ± 0.07 0.10 ± 0.01 

Site C1 (n = 21) 1.05 ± 0.21 1.13 ± 0.19 0.26 ± 0.05 

Site C2 (n = 31) 0.61 ± 0.10 0.90 ± 0.19 0.14 ± 0.02 

Site K3 (n = 9) 0.76 ± 0.18 0.85 ± 0.22 0.13 ± 0.03 

All Sites Dry season (n = 31) 0.70 ± 0.08 0.92 ± 0.13 0.18 ± 0.02 

All Sites Wet season (n = 

30) 

0.88 ± 0.17 1.02 ± 0.20 0.18 ± 0.04 

 

The home-range size of males was significantly larger than that of females for all 

measures of home range (Table 3).  There were no significant differences in home- 

range size between sites (although MCPs approached significance, with P = 0.07) or 

seasons, or for any interactions of sites, seasons and sexes. Across individuals, the 

K95% estimate of home range was significantly larger than that for the MCP range 

estimate (Z = 3.8, n = 61, P = < 0.001). 

 

Table 3. Results of three-way ANOVA for the three measures of home range (n = 

61) of C. penicillatus between site, sex and season. Both F and P are shown.  

Significant values (P < 0.05) are in bold. 

Source of variance MCP 

F         P 

K95% 

F         P 

K50% 

F         P 

Site 2.8   0.07 0.85      0.43 1.82     0.17 

Sex 15.6   0.0002 17.61    0.0001 13.69    0.0005 

Season 1.03    0.31 1.75      0.19 0.88    0.35 

Site x Sex 0.59    0.55 0.84      0.43 0.09    0.91 

Site x Season 2.39    0.10 0.97      0.38 2.28    0.11 

Sex x Season 0.47    0.49 0.50      0.48 0.65    0.42 

Site x Sex x Season 0.30    0.73 0.63      0.53 0.74    0.48 
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Den site parameters 

Across all sites, we measured a total of 1106 trees (99 den trees and 1007 random 

trees) and 51 logs (25 den and 26 random) (Table 4).  The DBH of den trees varied 

significantly among sites (H = 13.2, d.f. = 2, P = 0.001), being greatest at site C1 and 

least at site C2.  The DBH of random trees also varied significantly among sites (H = 

75.2, d.f. = 2, P < 0.001), with the same order among sites as for den trees (Table 4). 

The height of random trees varied significantly among sites (H = 46.2, d.f. = 2, P < 

0.001), but that of den trees did not (H = 0.9, d.f. = 2, P > 0.1) (Table 4).  

 

Table 4. Number of den trees and logs, their diameter at breast height (DBH) and 

tree heights for radio-tracked C. penicillatus from three sites in the Northern 

Territory (mean ± s.e.). 

Sites No. of 

trees 

DBH of 

trees (cm) 

Height of 

trees (m) 

No. of 

logs 

DMP of 

logs (cm) 

Site C1 dens 25 34.5 ± 2.4 11.6 ± 0.9 15 25.1 ± 2.5 

Site C1 Random 317 27.4 ± 0.7 13.8 ± 0.3 10 20.0 ± 1.0 

Site C2 dens 60 26.1 ± 1.0 10.9 ± 0.5 8 20.0 ± 2.3 

Site C2 Random 524 21.7 ± 0.4 11.3 ± 0.2 15 19.3 ± 1.2 

Site K3 dens 14 31.0 ± 0.9 11.9 ± 0.9 2 30.8 ± 1.6 

Site K3 Random 166 24.0 ± 0.7 11.3 ± 0.3 1 12.3 

Total 1106 24.3 ± 0.3 12.0 ± 0.1 51 21.3 ± 1.0 

 

At site C1, den trees had significantly larger DBH than random trees (U = 2606, n = 

342, P = 0.004) but were significantly shorter than the random trees (U = 2866, n = 

342, P = 0.020) (Table 4). At the other two sites (C2 and K3) den trees had 

significantly larger DBH than did random trees (U = 10895, n = 554, P < = 0.001; U 

= 625, n = 180, P  = 0.004, respectively), but there were no significant differences in 

height (U = 14393, n = 584, P > 0.1; U = 1132, n = 180, P > 0.1, respectively). 

 

Neither den logs nor random logs varied significantly in DMP between sites (U = 35, 

n = 23, P = 0.1; U = 78, n = 26, P = 0.9, respectively).  At both Sites C1 and C2, 

there were no differences in diameter between den and random logs (U = 49, n = 25, 

P = 0.15; and U = 55.5, n = 23, P = 0.8, respectively) (Table 4).  
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Den types 

Radio-tracked C. penicillatus from Site C1 denned in fallen logs (60% of 

observations) and in hollows in standing dead trees (stags) and five different living 

tree species (two Eucalyptus spp., two bloodwoods (Corymbia spp.) and ironwood 

Erythrophleum chlorostachys) (Fig. 6).  The use of tree species was non-random 

relative to that available in the study area (x2 = 128, d.f. = 6, P < 0.001), with an 

apparent selection for Corymbia porrecta and stags (see Table 5).   
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Figure 6. Relative frequency of tree species used as dens (open bars) compared with 

those randomly available (shaded bars) for radio-tracked C. penicillatus at site C1. 

The ‘other’ category indicates the relative occurrence of tree species that were not 

used as den sites. Sample sizes are 25 and 245 respectively. 

 

 

At site C2, C. penicillatus denned in fallen logs (13% of observations) and in 

hollows in standing dead trees, two Eucalyptus species, one bloodwood (Corymbia 

sp.), C. equisetifolia and the screw palm (Pandanus spiralis) (Fig. 7). The use of tree 

species was significantly different from random (x2 = 21, d.f. = 6, P = 0.001), with 

relative preference for stags, E. miniata and E. tetrodonta, and relative preference 

against Corymbia bleeseri and ‘other’.   
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Figure 7. Relative frequency of tree species used as dens (open bars) compared with 

those randomly available (shaded bars) for radio-tracked C. penicillatus at Site C2. 

The ‘other’ category indicates the relative occurrence of tree species that were not 

used as den sites. Sample sizes are 60 and 494 respectively. 

 

At Site K3, C. penicillatus used hollow logs (14% of observations) and hollows in 

stags, a eucalypt, two bloodwood species and Syzygium suborbiculare (Fig. 8).  The 

use of tree species was non-random relative to those available in the study area (x2 = 

115, d.f. = 5, P < 0.001), with an apparent preference for Corymbia ferruginea, C. 

porrecta, Syzygium suborbiculare and E. tetrodonta and avoidance of ‘other’ types 

of trees (Table 5).  
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Figure 8. Relative frequency of tree species used as dens (open bars) compared with 

those randomly available (shaded bars) for radio-tracked C. penicillatus at site K3.  

The ‘other’ category indicates the relative occurrence of tree species that were not 

used as den sites. Samples sizes are 14 and 85 respectively. 

 

Across all three sites 88% of den trees had rough or fibrous bark and 12% of den 

trees were smooth barked, whereas 78% of random trees had rough or fibrous bark 

and 22% of random den tress had smooth bark. There was a significant difference in 

the use of rough and fibrous-barked den trees across all sites when compared with 

random rough and fibrous-barked trees (x2 = 32, d.f. = 13, P < 0.001). 

 

Males used logs as den sites significantly more (x2 = 7.7, d.f. = 1, P = 0.005) than did 

females, with 15 logs being used by males as den sites and only eight logs used by 

females as den sites. 

 

There was a significant variation among sites in the number of den sites used by 

individual C. penicillatus (F = 3.95, n = 61, P = 0.02) with the mean number of den 

sites used being 1.9 for Site C1 (maximum of 3 over a 17-day period), 2.2 for Site C2 

(maximum of 4 over a 15-day period) and 1.7 for Site K3 (maximum of 3 over a 5-

day period). There was also a significant interaction between site, sex and season (F 

= 3.40, n = 61, P = 0.04), but no overall significant difference in the number of den 
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sites used by males and females. The number of den sites reported per individual was 

not affected by the number of radio-tracking days, but the number of den sites 

reported per individual was affected by the number of radio-tracking fixes obtained 

(rs = 0.35, P = 0.005, n = 61).  

 

There was no obvious preference shown for either logs or tree hollows by individual 

C. penicillatus, with individual animals using both of these resources as denning 

sites.  Individual radio-tracked animals did not synchronously use the same dens as 

other radio-tracked animals, but on one occasion a radio-tracked female was found 

sharing a den with another adult female (without radio-collar), indicative of some 

kind of social tolerance. 
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Table 5. Selectivity indices of tree species used as dens and of randomly measured 

(number of random trees in parentheses) tree species from both Cobourg sites (C1, 

C2) and from Kakadu (K3).                                                                                            

A dash indicates that the species was not recorded when measuring random tree 

species; however, it does not necessarily mean that these species were not present on 

the sites. An asterisk indicates tree species that were used as dens and have persistent 

rough/ fibrous bark on trunk and branches. 

 Sites C1 Sites C2 Sites K3 

Species (n = 317) (n = 524) (n = 166) 

Acacia auriculiformis -1 -1 _ 

Acacia dimidiata _ -1 _ 

Alphitonia excelsa _ _ -1 

Brachychiton diversifolius -1 -1 _ 

Buchanania obovata _ -1 -1 

Calytrix exstipulata _ _ -1 

Casuarina equisetifolia* _ 0.04 _ 

Corymbia bleeseri -1 -0.3 _ 

Corymbia ferruginea* _ _ 0.54 

Corymbia nesophila* 0.04 _ _ 

Corymbia polycarpa* _ _ -1 

Corymbia porrecta* 0.65 -1 0.45 

Erythrophleum chlorostachys* 0.07 _ -1 

Eucalyptus miniata -0.23 0.35 -1 

Eucalyptus tetrodonta* -0.06 0.03 0.3 

Exocarpos latifolius -1 _ _ 

Gardenia megasperma _ -1 _ 

Gronophyllum ramsayi -1 _ _ 

Pandanus spiralis -1 -0.37 -1 

Petalostigma pubescens -1 _ -1 

Planchonia careya -1 -1 -1 

Pouteria arnhemica _ -1 _ 

Stag 0.45 0.21 -0.04 

Syzygium suborbiculare -1 _ 0.4 

Terminalia carpentariae _ _ -1 

Terminalia ferdinandiana -1 _ _ 
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Discussion 

Home ranges 

In a preliminary analysis of data for this study, Firth (2003) reported a mean home 

range of 0.77 ha (MCP) for 41 individual C. penicillatus on Cobourg Peninsula, a 

value that is very similar to that (0.79 ha) for 61 animals from three sites reported 

here from more detailed and numerous results.  

 

Each of the three measures of home range showed no significant difference in size 

among the three study sites. Though all sites were predominantly eucalypt forest, 

there were substantial differences among sites in vegetation structure and features.  

Site C1 supported small patches of vine thicket, while portions of Site C2 comprised 

open grassy dune areas, and the eucalypt forest was low and had a relatively dense 

midstorey. Site K3 included a small section that was burnt annually. This constancy 

of home-range size across such variable habitat suggests that vegetation structure and 

floristics play relatively little role in movements of C. penicillatus.  

 

At all sites, males consistently had larger home ranges than did females, with the 

largest MCP home range of a male being ~2.5 times the size of the largest MCP 

home range of a female (see Appendix 1).  The home ranges of males of some 

Australian rodents have been shown to increase during the breeding season, when 

males search for mates (e.g. Mastacomys fuscus: Bubela et al. 1991; Pseudomys 

chapmani: Anstee et al. 1997). C. penicillatus breeds in the dry season (Taylor and 

Horner 1971; R. Firth, unpublished data), yet there was no seasonal variation in 

home-range sizes in the present study. This lack of variation may be due, in part, to 

differences in mating systems and dispersion; for example, the high density of C. 

penicillatus may make it unnecessary for males to disperse large distances in the 

breeding season to locate a range of females. 

 

Our results showed that home-range size calculated by MCP produced significantly 

different estimates to those calculated by K95%. This result reinforces the need to 

ensure analytical comparability when comparing home range results from a range of 

studies and species.  
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Den size and type 

At all three sites C. penicillatus selected den trees that had a larger DBH than the 

majority of trees available to them, possibly because such larger trees are older and 

more likely to have more and/or larger hollows. C. penicillatus showed some 

selectivity of tree species used for denning, but selectivity was not strong, as there 

was no great consistency in tree species favoured across the three sites. This may be 

related to the different physical characteristics of the trunk and bark (as these may 

affect ease of climbing), to the differential propensity for formation of hollows and/ 

or to differences in size between tree species. All, apart from two (Corymbia bleeseri 

and Eucalyptus miniata), of the tree species used as denning sites in this study have 

rough/ fibrous bark on the trunk and branches, which most likely makes climbing 

easier by providing increased grip. Most tree species used as den sites belong to 

either of two genera (Corymbia and Eucalyptus), which suggests that hollow 

formation may occur in these species more readily than in others - although these 

were by far the most widespread tree genera at all sites, and also tended to be the 

largest. 

 

Fallen hollow logs were used at all sites for denning, with the proportion varying 

from 13 to 60% of all den sites recorded. A preference for logs or tree hollows could 

not be clearly determined from this study, as the relative availability of these 

resources was difficult to compare quantitatively. However, there was a sexual 

difference in the use of logs and tree hollows used as den sites, with males using logs 

proportionately more than females.  

 

It is possible that use of hollow logs rather than tree hollows may be associated with 

an increased risk of predation.  On Melville Island, Firth (2004) reported an instance 

of predation of a C. penicillatus by a carpet python (Morelia spilota variegata), 

which was found resting in a log, although in this case it is possible that the C. 

penicillatus had been taken while foraging. Other potential terrestrial predators 

include several other species of snakes, such as colubrids or elapids, and northern 

quolls (Dasyurus hallucatus). In addition, logs almost certainly have a greater risk of 

loss in fires than do tree hollows. 
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Management and conservation 

The dependence of C. penicillatus on tree hollows and logs may provide some 

insight into its current decline in areas such as Kakadu National Park where C. 

penicillatus was reported as previously common (Dahl 1897; Thomas 1906). The 

loss of traditional Aboriginal fire-management practices in this area (before it 

becoming a jointly managed National Park) and other areas of the Top End (Russell-

Smith et al. 2000) has resulted in a far higher frequency of extensive and destructive 

fires (Woinarski et al. 2001). Russell-Smith et al. (2003) showed that frequent 

burning in a eucalypt-dominated forest led to a reduction in grass species diversity 

and the dominance of a small number of annual grasses, notably the regionally 

dominant annual Sorghum spp. The increased dominance of annual Sorghum spp. 

enhances fuel loads needed to sustain wide-ranging burns (Russell-Smith et al. 

2003). These wide-ranging burns then remove crucial woody debris such as logs and 

reduce the survivorship of older larger trees (Williams et al. 1999) that are important 

denning sites for hollow-dependent fauna such as C. penicillatus.  

 

If these frequent and extensive destructive fire regimes continue in the monsoonal 

tropics, the most probable outcome is a loss of biodiversity (Begg et al 1981; Kerle 

and Burgman 1984; Kerle 1998; Friend 1987; Woinarski and Fisher 1995; Russell-

Smith et al. 2003) or a shift in species composition from fire-intolerant to fire -

tolerant species (Woinarski et al. 2004). Other studies have recognised that the 

development of a patchy, less frequent fire regime may be optimal for the 

maintenance of faunal biodiversity (Woinarski 1990; Trainor and Woinarski 1994; 

Dostine et al. 2001; Woinarski et al. 2004). The small home ranges of C. penicillatus 

and its dependence on hollows in trees and logs suggest that this species is very 

susceptible to local extinction following long-term annual and destructive fire 

regimes and land clearing even in relatively small patches. A fire regime of patchy, 

cool and infrequent fires is probably the best option for managing this species if its 

current decline in areas such as Kakadu National Park is to be prevented.  
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Appendix 1. Home-range estimates and radio-tracking effort for C. penicillatus 

at three sites in the Northern Territory.  

Site C1 and C2, Cobourg; Site K3, Kakadu. The following symbols (+, *, $, #) 

indicate an animal that was tracked on more than one occasion.  

Site Animal No. Sex Year/Month Season 

MCP 100 

% (ha) 

Kernel 95 

% (ha) 

Kernel 50 

% (ha) 

No. 

of 

fixes 

Days 

Tracked 

No. 

Dens 

C1 1516479 M 2000/OCT DRY 0.43 0.60 0.11 12 5 2 

C1 151691 M 2000/OCT DRY 0.50 0.63 0.06 13 4 1 

C1 1519265 M 2000/OCT DRY 0.39 0.55 0.11 27 10 2 

C1 1517514 M 2001/JUNE DRY 0.54 0.35 0.08 21 8 2 

C1 1519098 M 2001/JUNE DRY 0.38 0.54 0.2 21 8 3 

C1 1521505 M 2001/JUNE DRY 0.72 0.75 0.18 21 8 2 

C1 1515322 M 2002/JUNE DRY 0.98 1.44 0.31 20 8 2 

C1 1516327+ M 2002/JUNE DRY 2.28 3.32 0.54 20 9 3 

C1 151576 M 2002/SEP DRY 1.59 2.03 0.29 28 17 3 

C1 1517336 M 2001/DEC WET 0.58 0.60 0.19 21 10 2 

C1 1520116 M 2001/DEC WET 1.14 0.94 0.28 21 11 2 

C1 1521111 M 2002/MARCH WET 4.46 2.58 1.05 20 9 2 

C1 152011+ M 2002/MARCH WET 2.29 2.79 0.75 21 9 3 

C1 1515769 M 2002/DEC WET 0.83 1.15 0.26 22 8 2 

C1 1522532 F 2000/OCT DRY 0.29 0.26 0.04 16 7 3 

C1 151838* F 2002/JUNE DRY 1.01 1.88 0.46 16 6 1 

C1 1517957 F 2002/SEP DRY 0.56 0.89 0.1 26 15 2 

C1 1518175 F 2002/SEP DRY 0.66 0.67 0.1 26 15 1 

C1 151489* F 2001/DEC WET 0.35 0.30 0.04 20 11 1 

C1 1515705 F 2002/MARCH WET 0.29 0.26 0.08 14 6 1 

C1 151632 F 2002/MARCH WET 1.88 1.33 0.34 20 8 2 

C2 151472 M 2001/JUNE DRY 1.42 2.71 0.54 20 8 3 

C2 1522099 M 2001/JUNE DRY 1.15 1.62 0.36 21 9 3 

C2 1517336 M 2001/SEP DRY 0.42 0.66 0.11 24 7 2 

C2 1516583$ M 2002/JUNE DRY 0.35 0.69 0.26 16 7 3 

C2 1517593# M 2002/SEP DRY 0.96 1.28 0.22 26 15 4 

C2 151556 M 2002/SEP DRY 0.69 0.86 0.22 26 15 4 

C2 1521309 M 2001/MARCH WET 0.39 0.53 0.02 16 6 2 

C2 1519098 M 2001/MARCH WET 0.80 4.88 0.12 27 8 3 

C2 1517514 M 2001/MARCH WET 0.69 0.64 0.17 25 7 3 

C2 1515911 M 2001/MARCH WET 0.65 0.70 0.19 25 8 2 

C2 1519505# M 2001/DEC WET 0.21 0.34 0.07 21 11 1 
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C2 1521111 M 2001/DEC WET 1.93 1.28 0.16 20 10 1 

C2 1518373 M 2002/MARCH WET 2.88 3.76 0.22 14 6 1 

C2 1515322# M 2002/MARCH WET 0.53 0.70 0.26 18 8 2 

C2 1516765$ M 2002/DEC WET 0.65 0.72 0.13 20 8 2 

C2 1515498 F 2000/OCT DRY 0.11 0.15 0.04 19 8 1 

C2 1516322 F 2000/OCT DRY 0.15 0.20 0.05 20 8 2 

C2 1514905 F 2001/JUNE DRY 0.52 0.69 0.29 20 10 2 

C2 1518927 F 2001/JUNE DRY 0.59 0.59 0.13 20 8 2 

C2 1519492 F 2001/JUNE DRY 0.25 0.32 0.06 15 6 2 

C2 1516725 F 2002/JUNE DRY 0.38 0.40 0.1 15 6 1 

C2 1515955 F 2002/JUNE DRY 0.20 0.12 0.04 21 9 3 

C2 151616 F 2002/SEP DRY 0.78 0.82 0.19 26 15 2 

C2 1519716 F 2001/MARCH WET 0.23 0.20 0.06 18 5 3 

C2 151648 F 2001/DEC WET 0.32 0.44 0.08 20 10 3 

C2 1521505 F 2001/DEC WET 0.14 0.07 0.01 20 10 1 

C2 151676 F 2002/MARCH WET 0.44 0.41 0.09 21 7 2 

C2 151595 F 2002/MARCH WET 0.52 0.50 0.15 20 7 2 

C2 1516379 F 2002/DEC WET 0.29 0.94 0.06 21 9 1 

C2 1515566 F 2002/DEC WET 0.27 0.29 0.1 21 9 2 

C2 1516165 F 2002/DEC WET 0.27 0.41 0.01 20 8 3 

K3 1516765 M 2002/JULY DRY 1.70 1.84 0.22 19 5 1 

K3 1520116 M 2002/FEB WET 1.50 1.85 0.34 19 5 3 

K3 1519505 M 2002/FEB WET 1.17 1.35 0.28 19 5 1 

K3 151632 M 2002/NOV WET 0.19 0.26 0.05 20 5 1 

K3 1515322 F 2002/JULY DRY 0.72 0.91 0.07 19 5 3 

K3 1517358 F 2002/JULY DRY 0.48 0.34 0.11 19 5 2 

K3 1516327 F 2002/JULY DRY 0.58 0.70 0.08 19 5 2 

K3 1521111 F 2002/FEB WET 0.09 0.15 0 19 5 1 

K3 1517597 F 2002/NOV WET 0.44 0.32 0.04 20 5 2 
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This chapter has been submitted as: 

Firth, R. S. C., Woinarski, J. C. Z., Griffiths, A. D., and Hugues Salas, V. (2006). 

Population ecology of a threatened rodent, the brush-tailed rabbit-rat (Conilurus 

penicillatus) from the monsoonal tropics of the Northern Territory, Australia. 

Australian Journal of Zoology. 

 

Abstract 

We investigated the population ecology of a threatened rodent Conilurus penicillatus 

at three sites in two conservation reserves in the monsoonal tropics of the Northern 

Territory, Australia.  In one conservation reserve (Kakadu National Park), the species 

is now highly localised and probably rapidly declining.  At the other location (Garig 

Gunak Barlu National Park on Cobourg Peninsula), the species has remained 

relatively widespread and abundant, but contrasting fire regimes at our two study 

sites there allowed us to examine the influence of management.  We employed the 

capture-mark-recapture (CMR) methods using the program MARK to estimate 

apparent survival (�), recapture rates (p) and population densities for C. penicillatus. 

We also examined seasonal body condition, demography and reproduction. We 

recorded 593 captures of the species of 403 individual animals of which 363 were 

from Cobourg Peninsula and 40 from Kakadu. Survival probabilities for C. 

penicillatus varied considerably over the study and were best described by the model 

that included main and interaction effects of sex, site and sampling occasion.  On 

Cobourg Peninsula, survival was substantially higher at the unburnt site than at the 

more frequently burnt site.  Population densities at the three sites ranged from 0.35 to 

7.1 ha-1. Conilurus penicillatus reproduced during the dry season and most juveniles 

also entered the population during this period. We consider that fire is one of the 

most likely factors negatively affecting the survival of the species on the Cobourg 

Peninsula. Consequently we recommend a management regime of infrequent fires, as 

this is probably the best option for C. penicillatus populations.  

 



Chapter 4: Population ecology 

 

80 

 

Introduction 

This study examines some aspects of the population ecology of the brush-tailed 

rabbit-rat Conilurus penicillatus in the Northern Territory of Australia. Conilurus 

penicillatus has a patchy distribution in savanna woodlands and tropical open forests 

of monsoonal northern Australia and southern New Guinea.  In Queensland, it is 

known only from one island (Bentinck in the Gulf of Carpentaria) (Dickman et al. 

2000); in the Northern Territory, its known range now comprises two restricted 

mainland sites (one of which is a peninsula) and a set of five islands (Woinarski 

2000; Firth et al. 2005; Firth et al. 2006a); in the Kimberley of Western Australia it 

is known from a small number of mainland sites only (Bradley et al. 1987; Abbott 

and Burbidge 1995); and there are only two records beyond Australia, from the 

Western Province of Papua New Guinea (Menzies and Dennis 1979; Waithman 

1979).   

 

Historical evidence implies that C. penicillatus was far more widespread and 

common at the time of European colonisation of northern Australia (Dahl 1897; 

Thomas 1906).  Indeed, its sole congener, the white-footed rabbit-rat C. albipes of 

woodlands in temperate south-eastern Australia, declined to extinction after only 80 

years of European settlement (Robinson et al. 2000; Seebeck and Menkhorst 2000). 

Conilurus penicillatus is now considered Vulnerable under Northern Territory 

government legislation (Woinarski 2000; Woinarski et al. 2001; Firth et al. 2005). 

 

In order to enhance the conservation management of C. penicillatus, more 

knowledge is required of its biology and the factors that may affect it. Therefore, we 

consider a range of variables related to population structure, including recapture and 

survival rates, reproduction, population density and seasonal variation in condition. 

These variables may provide insights into the reasons for the decline of C. 

penicillatus, especially so if they show patterns of variation between sites exposed to 

different management or other factors.  In previous studies of this species, we have 

considered diet (Firth et al. 2005), home range and den characteristics (Firth et al. 

2006b) and habitat selection (Firth et al. 2006a). 

 

For this study, we carefully selected three sites. Two (on Cobourg Peninsula) are 

close enough together to presuppose that they share some common environmental 
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features (broad climatic factors and an abundance of introduced animals; notably 

Banteng Bos javanicus, Pigs Sus scrofa and Cats Felis catus), but differ in vegetation 

patterning, at least in part due to contrasting imposed fire regimes. The third study 

site (in Kakadu National Park) is 200 km away. Cats and pigs are also present at the 

Kakadu site.  Broad-scale survey and monitoring information (RF, JW unpublished 

data) suggested that C. penicillatus has remained reasonably widespread and 

abundant on Cobourg Peninsula, but has declined substantially and is now highly 

localised in Kakadu National Park.  This study design allowed us to compare 

ecological parameters between apparently stable and declining populations of this 

species. 

 

This study falls within the monsoon tropics of northern Australia, a region 

characterised by dramatic seasonal variation in climate, and consequently resource 

availability.  The ecology of many animal species in this region is highly attuned to 

this seasonality, and probably largely affected by critical resource shortages 

particularly towards the end of the long dry season (Woinarski et al. 2005).  Previous 

studies of the biology of more abundant mammal species in the region (Friend 1987; 

Kerle 1998; Begg 1981; Begg et al. 1983) have demonstrated strong seasonal 

patterns in reproduction, resource selection, abundance and/ or survivorship.  

 

Taylor and Horner (1971) conducted the only previous reproductive study of C. 

penicillatus. They established that C. penicillatus was in breeding condition during 

July and August (dry season) and that breeding probably extends over a period of 

four months. Taylor and Horner (1971) also found that the usual litter size was two 

and that the sex ratio was close to parity. They also concluded that C. penicillatus 

was polyoestrous; a spontaneous ovulator and that they appeared to undergo a 

postpartum oestrus (Taylor and Horner 1971). However their study was undertaken 

at one location during a relatively short period. There have been no previous studies 

of survival and recapture rates, population density and seasonal variation in condition 

for C. penicillatus. 
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Materials and methods 

Study sites 

This study was undertaken at two separate geographic localities in the monsoonal 

tropics of the Northern Territory (Fig. 1). Climate in this region is characterised by 

two distinct seasons: a wet season (from November to April), when approximately 

90% of the rainfall occurs; and a dry season (between May to October), characterised 

by little to no rain. 

 

The focal point for the study was Cobourg Peninsula (Garig Gunak Barlu National 

Park; 11°18� S, 132°45� E), approximately 200 km north east of Darwin. The area has 

a mean annual rainfall of 1214 mm (Black Point weather station, Bureau of 

Meteorology, Darwin). In this locality, we established two study sites (C1 & C2), 

approximately 13 km apart (Fig. 1). Site C1 consisted of tall open eucalypt forest 

(average tree height 20 m) adjacent to the coast, dominated by Eucalyptus miniata, 

E. tetrodonta and Corymbia nesophila with relatively little understorey, though there 

were small patches of vine thicket. The understorey had an extensive cover of 

perennial and annual grasses and was burnt just a few months prior to the start of the 

study. Site C2 included coastal dunes with Casuarina equisetifolia, and open areas of 

grass, particularly the annual Sorghum stipoideum, adjacent to relatively low open 

forest (average height 14 m) dominated by E. tetrodonta, with a denser mid storey 

primarily consisting of Acacia spp. and Planchonia careya. There was a ground 

cover of perennial and annual grasses, and the site had not been burnt for at least 7 

years prior to the study.  

 

The second locality and third study site (K3) was at Kakadu National Park (Mardugal 

campground; 12°55� S, 132°32� E), approximately 200 km east of Darwin, and about 

200 km south of the Cobourg Peninsula locality. The area has a mean annual rainfall 

of 1250 mm (Jabiru weather station, Bureau of Meteorology, Darwin). A detailed 

description of the vegetation at each of the above-mentioned localities/ sites is 

presented in Firth et al. (2005). 
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Figure 1. Location map showing the two localities where C. penicillatus population 

ecology was examined. Note that two study sites are located in Garig Gunak Barlu 

National Park (Cobourg Peninsula). 

 

Trapping 

The Charles Darwin University Animal Ethics Committee approved animal sampling 

procedures. Trapping was conducted at approximately three-monthly intervals, 

commencing in the late wet season (March) of 2001 through to the early wet season 

(December) of 2002 at the two Cobourg sites, and from the mid dry season (July) of 

2001 through to the early wet season (November) of 2002 at the Kakadu site. 

Trapping was carried out during both the dry and wet seasons for four nights, four 

times per year at the Cobourg sites, except that C1 was inaccessible during March 

2001. Trapping was also undertaken once during the mid dry season of 2001 and four 

times during the dry and wet seasons of 2002 at the Kakadu site. Animals were 

captured in Elliott traps (33 x 10 x 9 cm) baited with a mixture of rolled oats and 

peanut butter. At all sites, traps were set out in a square grid formation that consisted 

of 20 lines with 20 traps each spaced approximately 20m apart (400 traps in total) 

covering an area of about 14.4 ha (380 x 380 m).  
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Animal handling, reproductive status and morphological measurements 

Captured animals were removed from traps and placed in calico bags and taken back 

to a central location for processing. Upon first capture, an individual was sexed: if 

male, it was placed into either of two reproductive classes, scrotal testes (testes 

descended) or abdominal testes (testes not yet descended). Females were placed into 

the following five reproductive classes; imperforate (FI), perforate not obviously 

pregnant with small nipples (FNP), perforate not obviously pregnant with large 

nipples (FPNL), pregnant (FP) and lactating (FL). 

  

Animals were weighed to the nearest gram using a spring balance (Pesola, Baar, 

Switzerland) and for males, testes length and width    measurements were recorded to 

the nearest 0.1 mm. Animals were then marked with an ear tag (National Band and 

Tag Co. Newport, Kentucky USA) and fitted subcutaneously with a passive 

integrated transponder (PIT) tag (Destron Fearing, South St. Paul, Minnesota USA). 

Animals were doubly marked in case ear tags came off or PIT tags failed. Animals 

were then released at their point of capture in the late afternoon. For animals 

captured again on subsequent trapping occasions only their trap location, ear tag and 

PIT tag number, reproductive condition (for males, testes length and width) and 

weights were recorded. 

 

Survival and recapture analysis 

We analysed the capture-mark-recapture (CMR) data using the program MARK 

(White and Burnham 1999) to estimate apparent survival (�) and recapture (p) rates 

between trapping periods. Preliminary analysis of the Kakadu data indicated that 

survival and recapture estimates could not be calculated due to the low number of 

recaptures. Consequently we only present survival and recapture estimates for the 

two Cobourg sites (C1 and C2). We reduced the number of trapping events in the 

analysis to seven for both C1 and C2 (from June 2001 to December 2002), as the 

number of trapping events was not identical for sites C1 (n = 8) and C2 (n = 9) and 

the time intervals between consecutive trapping events were not equal for C1 due to 

the trapping grid being inaccessible during March 2001.  

 

Based on previous studies of conilurine rodents, we hypothesized that individual 

body weight, season, and site may influence survival and recapture rates of C. 
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penicillatus and included these factors in the analyses (Table 1). Models 

hypothesized a priori to influence survival and recapture were run using the 

Cormack-Jolly-Seber (CJS) model. For model selection we used Akaike’s 

Information Criterion corrected for small sample size (AICc) (Burnham and 

Anderson 2002). Models were ranked according to their �AICc and considered to 

have substantial support if �i was ≤ 2, those where 4 ≤ �i ≤ 7 have a great deal less 

support, while models with a �i > 10 have essentially no support (Burnham and 

Anderson 2001). Akaike weights (wi) were calculated for each set of survival and 

recapture models, as they provide a relative measure of model likelihood within the 

candidate set.  

 

We used a two-stage model selection approach as advocated by Lebreton et al. 

(1992), in which recapture is first modelled and survival is controlled. In this case 

survival was constrained to the null model (no variation with equal probability across 

all groups and time intervals) due to sparseness of the data. Once the most 

parsimonious recapture model was obtained it was used in all subsequent survival 

models. A goodness of fit test (GOF) was performed on the global model � (sex x 

site x t) p (site x sex x t) using the parametric bootstrap (1000 permutations) 

procedure in program MARK (excluding the individual covariate weight). This GOF 

test allows the estimation of the over dispersion parameter (�) which is the observed 

model deviance divided by the average of the simulated deviances. The GOF test for 

the global model produced an over dispersion parameter (�) of 1.166 which is very 

close to unity. 
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Table 1. Group and individual covariates used in parameterisation of survival and 

recapture estimates. Note that modelling was restricted to sites C1 and C2.  

Covariates Values Description 

Group covariates   

Site 1 Two level factor, one for each Cobourg site 

 2  

Sex Male Two level factor, one for each gender 

 Female  

Season Late wet Four level factor, divides the year into four  

 Early dry seasonal periods 

 Late dry  

 Early wet  

Linear Number of capture  Dummy variable for linear trend over the  

 intervals course of the study 

Constant (.) No variation Equal probability across all groups and 

  time intervals 

Individual covariate   

Weight (Wt) In grams (g) Body weight at first capture 

 

Density 

Conilurus penicillatus densities for sites C1 and C2 were estimated using the 

following approach:  

D = (Nt / Pt) / A, 

Where D is the density of animals (ha), Nt is the number of animals captured at time 

t, Pt is the model averaged recapture rate at time t and A is the area of the trapping 

grid (14.4 ha). 

 

As recapture rates could not be estimated using the program MARK for animals from 

Kakadu we calculated densities using the following method:               

D = Nt / A, 

Where N is the minimum number known to be alive at time t (KTBA: see Krebs 

1966) on the trapping grid. We note that densities calculated in this way are probably 

over estimates, as animals are not just confined to the trapping grid.  
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Condition, demography and reproduction 

We examined the influence of sex and season on adult body weight (as an indication 

of body condition) using a 2-way ANOVA at each site.  For each of the Cobourg 

sites (C1 and C2), we combined data across years for this analysis. There were too 

few records to allow a statistical test of differences in condition at the Kakadu site, 

although they are still presented graphically for comparison. Only adults (defined as 

> 100 g in weight) were used in this analysis.  Note that all analyses of weight 

involved different individuals: there were too few multiple recaptures of marked 

individuals to allow seasonal tracking of their weights. 

     

Change in testes length and width across the seasons was also compared using a 1-

way ANOVA at each of the Cobourg sites (C1 and C2) to investigate the possibility 

of testicular regression due to variation in seasonal reproductive activity. Again there 

were too few records to do this at the Kakadu site though they are illustrated 

graphically for comparison.  

 

We acknowledge some limitations of the study due to a lack of replication of the 

trapping grids (therefore precluding some statistical analyses e.g. comparing 

densities between sites), though this type of replication would be extremely difficult 

to achieve on two levels. Firstly the trapping grids were relatively large and involved 

considerable time and effort to manage. Consequently resources such as personnel 

and money were not available to undertake work on a much larger scale (as would be 

necessary for replication). Secondly and unavoidably C. penicillatus has a patchy 

distribution particularly in Kakadu where it is known from only one location where it 

was studied.  

 

Results 

The combined trap effort for the Cobourg and Kakadu sites was 32,000 trap nights. 

The total number of C. penicillatus captures from the two separate geographic 

locations was 593 of 403 individual animals, of which 363 were from Cobourg and 

40 were from Kakadu. 
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Survival and recapture analysis 

Recapture probability varied between the two Cobourg sites, with the model 

containing the single parameter Site having a 57.1% likelihood of being the best 

model (Table 2). Site C2 had far higher recapture rates than C1 (Fig. 2). There was 

some support for the model representing sex and site with a likelihood of 23.2%. 

Weighted average estimates for recapture probability for males and females from C1 

were almost identical (0.48 ± 0.08) across trapping periods as they were for males 

and females at C2 (0.82 ± 0.04) throughout the study (Fig. 2). Recapture rates did not 

vary with time, body mass or season. 

 

 

 

Table 2. Recapture models of C. penicillatus at Cobourg.  

All models tested are ranked according to support, consequently �i = 0 is the best 

model. Akaike weights (wi) are also illustrated. Model notation follows that of linear 

models where a x b contain main and interaction effects of a and b, while a + b 

includes only main effects. � denotes survival rate and p recapture rate. # Par. = 

number of parameters. 

Model AICc �AICc AICc wi # Par. Deviance 

{�(.)p(site)} 815.29 0 0.57 3 809.24 

{�(.)p(sex+site)} 817.09 1.79 0.23 4 809.00 

{�(.)p(sex+site+linear)} 818.90 3.61 0.09 5 808.77 

{�(.)p(site+season)} 820.87 5.57 0.03 6 808.68 

{�(.)p(site x sex x t)} 822.23 6.93 0.01 25 769.29 

{�(.)p(sex+site+season+Wt)} 822.28 6.99 0.01 8 805.97 

{�(.)p(sex+site+season)} 822.76 7.47 0.01 7 808.52 

{�(.)p(sex+site+season+Wt+linear)} 823.54 8.25 <0.00 9 805.15 

{�(.)p(sex+site+season+linear)} 824.52 9.22 <0.00 8 808.21 

{�(.)p(.)p(Wt)} 826.52 11.22 <0.00 3 820.47 

{�(.)p(.)} 828.99 13.70 <0.00 2 824.97 
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Figure 2. Male and female recapture probabilities (± 95% confidence interval) for C. 

penicillatus from both Cobourg sites based on weighted average values from all 

models in Table 2. 

 

Survival probability for C. penicillatus varied considerably over the study and was 

best described by the model that included main and interactive effects of sex, site and 

time, with a likelihood of 36.9% (Table 3). The next two models were very similar 

with likelihoods of 18.2% and 16.9% and included main and interaction effects of 

sex and site and main effects of weight for the second ranked model and the main 

effects of sex, site and weight for the third ranked model (Table 3). The fourth 

ranked model with a likelihood of 11% included season among the main effects, in 

addition to sex, site and weight. Survival probabilities based on weighted average 

estimates for C. penicillatus from C1 throughout the study ranged from 0.25 ± 0.19 

for males during the late dry season of 2001 to 0.68 ± 0.23 in the early wet season of 

2002 for females (Fig. 3). Model average estimates for survival probability for C. 

penicillatus from C2 were higher than from C1, and varied from 0.47 ± 0.11 for 

males during the late wet season of 2002 to 0.75 ± 0.09 during the late dry season of 

2002 for females (Fig. 3). Estimates of survival were higher for females than for 

males, at each site, and higher at C2 than at C1.  
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Table 3. Survival models of C. penicillatus at Cobourg.  

All models tested are ranked according to support, consequently �i = 0 is the best 

model. Akaike weights (wi) are also illustrated. Model notation follows that of linear 

models where a x b contain main and interaction effects of a and b, while a + b 

includes only main effects. � denotes survival rate and p recapture rate. 

Model AICc �AICc AICc wi # Par. Deviance 

{�(sex x site x t)p(site)} 795.48 0 0.36 26 740.31 

{�(sex x site+Wt)p(site)} 796.90 1.41 0.18 7 782.65 

{�(sex+site+Wt)p(site)} 797.04 1.55 0.16 6 784.85 

{�(sex+site+Wt+season)p(site)} 797.85 2.36 0.11 9 779.45 

{�(sex x Wt)p(site)} 799.49 4.01 0.04 6 787.31 

{�(sex+site+Wt+Linear+season)p(site)} 799.62 4.14 0.04 10 779.14 

{�(sex x site)p(site)} 801.00 5.51 0.02 6 788.82 

{�(site+Wt)p(site)} 801.45 5.97 0.01 5 791.32 

{�(site x Wt)p(site)} 801.54 6.06 0.01 6 789.36 

{�(sex+site)p(site)} 803.19 7.70 <0.00 5 793.06 

{�(site)p(site)} 807.49 12.00 <0.00 4 799.40 

{�(Wt)p(site)} 809.06 13.57 <0.00 4 800.97 

{�(sex)p(site)} 810.04 14.56 <0.00 4 801.96 

{�(.)p(site)} 815.29 19.80 <0.00 3 809.24 

{�(Linear)p(site)} 817.30 21.82 <0.00 4 809.22 

{�(season)p(site)} 818.56 23.07 <0.00 6 806.37 
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Figure 3. Male and female survival probabilities (± 95% confidence interval) for C. 

penicillatus from both Cobourg sites based on weighted average values from all 

models in Table 3. 

 
As the individual covariate weight occurred in many of the top ranked survival 

models (Table 3) we examined the relationship between apparent survival probability 

and body weight for both sexes. Survival probabilities for female C. penicillatus at 

Cobourg showed no relationship with weight and remained constant over time (Fig. 

4). However, male C. penicillatus survival probabilities increased with increasing 

body weight (Fig. 4). 
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Figure 4. Male and female survival probabilities (�(sex x Wt)) based on weight for 

C. penicillatus from both Cobourg sites combined. 
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Density 

Densities of C. penicillatus at Cobourg declined throughout the study with peaks of 

7.1 and 6.2 individuals ha-1 during the late dry season of 2001 for sites C1 and C2, 

respectively (Fig. 5). The lowest densities occurred towards the end of the study for 

both Cobourg sites, with 2.8 individuals ha-1 and 1.9 individuals ha-1 being recorded 

during the 2002 late dry season at C1 and 2002 early wet season at C2, respectively 

(Fig. 5). Density estimates for C. penicillatus at Kakadu were much lower than those 

for Cobourg, ranging from 0.35 individuals ha-1 during the 2002 early dry season 

through to 0.97 individuals ha-1 for the mid dry season of 2001. 

 

 

0

1

2

3

4

5

6

7

8

Mid dry
01

Late dry
01 

Early
wet 01

Mid wet
02

Late wet
02

Early
dry 02

Mid dry
02

Late dry
02

Early
wet 02

Trapping period

D
en

si
ty

 (h
a)

C1 C2 K3

 

 

Figure 5. Density estimates for C. penicillatus from both Cobourg sites and Kakadu. 
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Condition, demography and reproduction 

Adult weight for C. penicillatus males and females from both Cobourg sites (C1 & 

C2) varied seasonally, and there was also a significant difference between male and 

female weight (Table 4). There were no interactions of season and sex for adult 

weight for both Cobourg sites (Table 4).  

 

Table 4. Results of two-way ANOVA for changes in weight between the seasons 

and sexes for site C1 (n = 157) and C2 (n = 285). F values and probability values are 

shown. Significant P values (< 0.05) are shown in bold. 

 

Site Source of variance Weight 
    F      P 
C1 Season 12.2  < 0.001 
 Sex 29.1  < 0.001 
 Season x Sex 1.57   0.198 
   
C2 Season 17.3  < 0.001 
 Sex 5.17   0.023 
  Season x Sex 2.03   0.110 

 

 

 

Weights for both sexes at these sites were at a maximum during the early dry season 

and at a minimum during the late dry season (Figs 6a, 6b).  At Kakadu, males were 

heaviest during the mid wet season and lightest during the early wet season (Fig. 6c), 

but as no males were captured here during the early dry season, and there was 

considerable overlap in the standard errors for the three remaining periods, direct 

comparisons with the Cobourg sites are spurious. Females at Kakadu were heaviest 

during the mid dry season. Minimum weight for Kakadu females occurred during the 

mid wet, though there was little difference with mean weight from the early wet 

season (Fig. 6). It must be noted that the mean weights for Kakadu are based on a 

relatively small sample size.  
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Figure 6. Seasonal variation in C. penicillatus male and female adult weight (mean ± 

s.e. in g). a) From site C1 (male, n = 95; female, n = 62); b) From site C2 (male, n = 

130; female, n = 155); and c) From site K3 (male, n = 16; female, n = 12). 

 



Chapter 4: Population ecology 

 

95 

 

The population structure of C. penicillatus at C1 changed throughout the study with 

juveniles entering the population primarily during the early (18% of all animals) and 

late dry (34% of all animals) seasons of 2001, and early (47% of all animals) and late 

dry (30% of all animals) seasons of 2002 (Fig. 7a). Juveniles were recorded in 

relatively low numbers in the population during the early wet season and there were 

none recorded in the late wet season. The population structure at C2 was quite 

similar to C1, with the majority of juveniles entering the population during the early 

(36% of all animals) and late dry (27% of all animals) seasons of 2001 and the early 

(27% of all animals) and late dry (18% of all animals) seasons of 2002 (Fig. 7b). The 

Kakadu population composition also varied throughout the study with juveniles 

entering the population during the mid dry seasons of 2001 (35% of all animals) and 

2002 (8% of all animals) (Fig. 7c). Juvenile C. penicillatus were also recorded during 

the early wet season of 2002 and constituted 27% of the population. At each site 

there was no significant variation from parity of the sexes (M:F, C1 mean = 1.38:1 ± 

0.15, x2 = 1.97, d.f . = 7, P = 0.92; C2 mean = 0.97:1 ± 0.04, x2 = 0.13, d.f. = 6, P = 

0.99; K3 mean = 0.92:1 ± 0.31, x2 = 2.06, d.f. = 4, P = 0.72). 
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Figure 7. (a) Population structure (%) of C. penicillatus from site C1. Numbers in 

parentheses illustrate the total number of individuals recorded during each season. 

(b) Population structure (%) of C. penicillatus from site C2. (c) Population structure 

(%) of C. penicillatus from site K3. 
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Male C. penicillatus from both Cobourg sites and Kakadu displayed significant 

seasonal variation in testes width and length. At site C1, testes length and width were 

largest in the early dry season and smallest in the late dry season (length; F = 6.2, P 

<0.001, width; F = 18.4, P = <0.001) (Fig. 8a). Similarly, at site C2, testes were 

largest during the late wet season, and smallest during the late dry season (Fig. 8b; 

length: F = 22.2, P <0.001; width: F = 25.3, P <0.001). At Kakadu both testes length 

and width were at their minimum during the early wet season (Fig. 8c).  
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Figure 8. Seasonal variation in C. penicillatus testes width and length (mean ± SE in 

mm). a) From site C1 (n = 79); b) From site C2 (n = 107); and c) From site K3 (n = 

11).  
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Female reproductive condition varied seasonally. One female from C2 was recorded 

with a copulation plug in the late wet season of 2002. Many females were judged 

pregnant based on vaginal bleeding (a placental sign according to; Crichton 1969; 

Friend 1987) and this occurred three times at C1 (one from the early dry season of 

2001 and 2002, another from the 2002 late dry season) and on nine occasions at C2 

(seven from the 2001 early dry season, and two from the 2002 late dry season).  

 

At site C1, pregnant animals were recorded only during the early (30% of all 

females) and late dry (4% of all females) seasons of 2001 and during the late dry 

season of 2002 (12%) while lactating animals were recorded during the early dry 

seasons of 2001 (7% of all females) and 2002 (27% of all females) (Fig. 9a). At site 

C2 during the 2002 early dry season two females with young were captured in traps. 

One had a very small male (5 g) which was furred and clinging to one of her nipples, 

while the other female had two young, each clinging to a nipple. The latter young 

were unfurred, with eyes still closed and some remnants of the umbilical cord still 

attached. Pregnant animals were recorded only during the early and late dry seasons 

of 2001 and 2002 (40% and 10% of all females, respectively) whereas lactating 

animals were recorded during the early dry seasons of 2001 (4% of all females) and 

2002 (15% of all females), similar to the pattern seen at C1 (Fig. 9b). At Kakadu, 

pregnant animals were recorded only during the mid dry season of 2001 (14% of all 

females) and lactating animals were recorded only during the mid dry seasons of 

2002 (16% of all females) (Fig. 9c). 
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Figure 9. (a) Reproductive structure (%) of C. penicillatus females from site C1. FI 
= imperforate, FNP = perforate not obviously pregnant with small nipples, FPNL = 
perforate not obviously pregnant with large nipples, FP = pregnant and lastly FL = 
lactating. Numbers in parentheses illustrate the total number of individuals recorded 
in each category during each season. (b) Population structure (%) of C. penicillatus 
females from site C2. (c) Population structure (%) of C. penicillatus females from 
site K3.  
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Discussion 

The study demonstrates that life history for this species is strongly tied to 

seasonality, and that at least some life history parameters appear to be further 

substantially affected by characteristics of individual sites. 

 

Recapture and survival 

There were marked differences in recapture rates between the two nearby Cobourg 

sites. The data suggest that the unburnt site (C2) held a far more stable population of 

individuals, while the more frequently burnt site (C1) held a population with a   

substantially larger transient component. Apparent survival of C. penicillatus at 

Cobourg was linked particularly to site and sex, with some additional influence of 

individual weight and seasons. Females tended to have higher rates of survival than 

males, and as males became larger their survival rates increased. Individuals at site 

C2 tended to have far higher rates of survival than those at site C1. The variation in 

survival rates among sites was pronounced, and indicated that C2 was more 

favourable than C1. These sites are sufficiently close together that the only notable 

differences in factors affecting survival are likely to be vegetation (and resources) 

patterning, itself at least partly influenced by the imposed fire management.  

 

In this environment, frequent and late dry season fires reduce the mid-storey 

vegetation, and may change or reduce the understorey species (particularly perennial 

grasses) which are an important dietary component for C. penicillatus (Firth et al. 

2005), as well as reduce woody debris such as logs, and reduce the survivorship of 

older large trees that are important denning sites for this and other hollow-dependent 

species (Bowman and Panton 1995; Firth et al. 2006b; Russell-Smith et al. 2003; 

Williams et al. 1999). On the Tiwi Islands, C. penicillatus tends to be associated with 

areas that are burnt infrequently and where fires tend to be less intense (Firth et al. 

2006a). In Kakadu, where the fire regime is characterised by frequent extensive fire 

(Russell-Smith et al. 1997; Gill et al. 2000; Edwards et al. 2003; Price et al. 2005), 

C. penicillatus is now restricted to one known location (Mardugal campground), 

where it primarily occurs within a protected fire zone that is burnt very infrequently 

(Firth et al. 2006b).  
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Density 

Conilurus penicillatus densities were very similar at both Cobourg sites, despite 

more animals being captured at C2 on every trapping occasion. The density estimates 

calculated here are greatly influenced by the recapture rate (see density equation in 

methods section), and the substantially lower recapture rates for C1 serves to 

increase the estimate of density at that site. Also the lower recapture rates at C1 

suggest that this site included many transient individuals, whereas the higher 

recapture rates at C2 infer a more stable population of resident/sedentary individuals, 

which may act as a source. Densities at the Kakadu site were several fold less. These 

major differences in density between the three sites, particularly between Kakadu 

and the two Cobourg sites suggest key differences in suitability between the sites and 

indicate that the Kakadu site is of poorer habitat quality.  

 

Condition, demography and reproduction 

Conilurus penicillatus at Cobourg showed distinct seasonal changes in adult weight, 

being heaviest in the early dry season and lightest during the late dry season. This 

seasonal change in weight is most probably related to condition and food availability, 

as the species is primarily granivorous, feeding for the most part on seed from 

perennial and annual grasses (Firth et al. 2005). These seeds, which are an important 

dietary component for C. penicillatus in the monsoonal tropics of northern Australia, 

tend to reach peak densities in the early dry season and then progressively decline 

throughout the dry season (Woinarski 1990; Woinarski and Tidemann 1991; Dostine 

et al. 2001). 

 

Conilurus penicillatus breeds primarily in the dry season, with most females either 

pregnant or lactating at this time, particularly during the early dry season, and most 

juveniles also entered the population during this period. Male testes showed some 

regression and were at their smallest by the end of the dry season, which most likely 

coincides with the end of breeding.  Taylor and Horner (1971) also found juveniles 

and pregnant females from their sample of 21 individuals during the dry season (July 

and August). The sex ratio was also always close to parity, a result consistent with 

Taylor and Horner (1971). 
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Conclusion 

This study has demonstrated that at least some life history characteristics of this 

species are strongly cued to this highly seasonal environment and its presumed 

seasonal variation in resources.  The pattern of the population structure, sex ratio and 

breeding seasonality is similar across the studied populations/ sites. However there 

are major differences in survival and recapture rates and densities between the 

populations/ sites. This presumably reflects resource availability and hence habitat 

quality. At the two Cobourg sites where the most information was obtained, this is 

most probably related to fire. These results suggest that a regime of infrequent (and 

probably patchy and cool) fires is probably the best option for managing C. 

penicillatus if its current broad-scale decline is to be prevented. 
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Chapter 5: Habitat relationships on the Tiwi Islands 
 

This chapter has been published as: 

Firth, R. S. C., Woinarski, J. C. Z., Brennan, K. G., and Hempel, C. (2006). 

Environmental relationships of the brush-tailed rabbit-rat, Conilurus penicillatus, and 

other small mammals on the Tiwi Islands, northern Australia. Journal of 

Biogeography 33, 1820-1837. 

 

Abstract 

Aim  

To describe the habitat characteristics and status of the brush-tailed rabbit-rat, 

Conilurus penicillatus Gould, 1842, on the Tiwi Islands, northern Australia, as part 

of a broader programme aimed at the conservation management of this species. In 

addition, comparable environmental modelling is undertaken for other co-occurring 

small native mammals, including the black-footed tree-rat, Mesembriomys gouldii 

Gray, 1843, a taxonomically and ecologically related species. These objectives relate 

to the significance for mammal conservation of islands generally in Australia, and 

the recent intensification of plantation forestry on these previously little-disturbed 

islands.  

  

Location  

Melville and Bathurst Islands (Tiwi Islands), respectively, Australia’s second and 

fifth largest islands. 

 

Methods  

A systematic survey was conducted for mammals across Bathurst (115 sampled 

quadrats) and Melville Island (236 quadrats).  A broad range of environmental 

variables was recorded for every quadrat.  All quadrats were classified by their 

woody plant species composition. The relative occurrence of individual mammal 

species across the resulting vegetation groups was examined using Kruskal-Wallis 

ANOVA. The habitat relations of C. penicillatus and the most commonly recorded 

mammal species were described by generalised linear modelling, with separate 
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models for each island, for both islands combined, for all habitats and for only those 

sites dominated by eucalypts.  

 

Results  

Twelve small mammal species (excluding bats, macropods, and feral animals) were 

recorded in this study. The most notable feature of this survey was the lack of 

records of M. gouldii from Bathurst Island. In contrast, the proportion of quadrats 

with C. penicillatus was not significantly different between the two islands.  There 

was no significant tendency for these two species to co-occur in quadrats on Melville 

Island more or less commonly than by chance. Conilurus penicillatus was most 

abundant in eucalypt forest while M. gouldii showed a weak association with 

eucalypt forests and woodlands and shrubland. The five most commonly recorded 

species showed highly idiosyncratic relationships with environmental variables, with 

this relationship showing some variation between the two islands.  None showed any 

significant association with floristic variation within the extensive eucalypt forests, 

but most showed significant associations with tree height, basal area (especially of 

large trees), landscape position (distance to watercourse) and fire history. 

 

Main conclusions  

Conilurus penicillatus was most likely to occur in tall eucalypt forest away from 

watercourses. This habitat is now being targeted for clearance for the development of 

plantations of the exotic Acacia mangium. Seven of the 12 mammal species 

examined in this study  (C. penicillatus, M. gouldii, Rattus tunneyi Thomas, 1904, 

Melomys burtoni Ramsay, 1887, Sminthopsis butleri Archer, 1979, Phascogale 

tapoatafa Meyer, 1793 and Petaurus breviceps Gould, 1842) were not recorded at all 

in plantations, and these (and other) species are likely to be severely disadvantaged 

by plantation development.  The study also demonstrated that the two medium to 

large arboreal rodent species (C. penicillatus and M. gouldii) vary in environmental 

associations and found no evidence that C. penicillatus increased in areas unoccupied 

by M. gouldii.  
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Introduction 

Australia’s mammal fauna has generally fared very poorly since European 

settlement, with high rates of mammal extinction across many families and many 

Australian regions (Burbidge and McKenzie 1989; Morton 1990; Short and Smith 

1994; Smith and Quin 1996). A feature of the pattern of decline is that offshore 

islands have provided a haven for many species that have declined or are now extinct 

on the mainland (Burbidge et al. 1997; Burbidge and Manly 2002).  For many 

surviving mammal species, studies on islands now provide the only option for 

understanding ecological characteristics, and hence conservation management 

requirements (Short and Turner 1992 and 1994; Southgate et al. 1996; Short et al. 

1997). 

 

This study considers the population status and habitat distribution of the ecology of 

the brush-tailed rabbit-rat, Conilurus penicillatus, on the Tiwi Islands of northern 

Australia, as part of a broader program aimed at the conservation management of this 

species.  In part, this broader program will compare (in subsequent publications) the 

habitat characteristics of this rodent on these islands with that of remnant populations 

on the mainland, to identify the extent to which the historic decline on the north 

Australian mainland may be related to a decrease in habitat suitability. There is 

remarkably little information previously published on this species and for this study 

area.  Conilurus penicillatus has a patchy distribution in savanna woodlands and 

tropical open forests of monsoonal northern Australia and southern New Guinea.  In 

Queensland, it is known only from one island (Bentinck in the Gulf of Carpentaria) 

(Dickman et al. 2000); in the Northern Territory, its known range now comprises two 

restricted mainland sites (one of which is a peninsula) and a set of five islands 

(Woinarski 2000; Firth et al., 2005); in the Kimberley of Western Australia it is 

known from a few records at small number of mainland sites only (Bradley et al., 

1987; Abbott and Burbidge 1995); and there are only two records beyond Australia, 

from the Western Province of New Guinea (Menzies and Dennis 1979).  This highly 

disjunct range and persistence mainly on islands suggests a relictual distribution, a 

proposition supported by evidence and inference that it was far more widespread and 

common at the time of European colonisation of northern Australia (Dahl 1897; 

Thomas 1906).  Indeed, its sole congener, the white-footed rabbit-rat Conilurus 

albipes Lichenstein, 1829, known from woodlands in temperate south-eastern 



Chapter 5: Habitat relationships on the Tiwi Islands 

 

111 

 

Australia, declined to extinction within c. 80 years of European settlement (Robinson 

et al. 2000; Seebeck and Menkhorst 2000). 

 

The Tiwi Islands group comprises only two major islands, Melville and Bathurst 

islands (at 5788 km and 1693 km2, respectively, Australia’s second and fifth largest 

islands). These large adjacent islands, with similar history and environments, present 

an interesting study context, allowing consideration of the extent to which the habitat 

characteristics of individual mammal species show consistency or difference in two 

comparable situations, and of the extent of stability in the mammal fauna as a whole.    

 

As context to our assessment of habitat characteristics for C. penicillatus on these 

two islands, we consider also the habitat relationships of other co-occurring small 

native mammal species.  One of these co-occurring species is the black-footed tree-

rat, Mesembriomys gouldii, a taxonomically and ecologically related (Watts et al. 

1992), but larger (c. 716 g cf. 150 g), species, that has also undergone some decline 

across parts of its northern Australian range (Woinarski et al. 2001).   

 

Until recently, the Tiwi Islands have remained largely untouched by modern 

development.  Our study contributes to a broader program that examines the 

conservation significance of the Tiwi Islands (Woinarski et al. 2003a, b, c), with 

particular relation to the development of a forestry program that will replace at least 

25,000 ha (and more probably 100,000 ha) of eucalypt tall open forest with short-

rotation plantations of exotic Acacia mangium (Woinarski et al. 2000). For these 

islands, and many others across the world, there is a major challenge to retain 

conservation values, in part defined and supported by relatively intact environments 

and previous limited development, given an apparently unalterable pressure for 

increasing exploitation of resources. 

 

Methods 

Study area 

The Tiwi Islands lie c. 20 km north of the Northern Territory mainland (see Fig. 1). 

The current isolation of the Tiwi Islands from the mainland is a result of rapid rise in 

sea level c. about 12,000 and 8000 years ago (Woodroffe et al. 1992), which also 

split Melville from Bathurst along the very narrow (typically <500 m) Apsley Strait 
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and sundered both from the mainland.  This was the most recent of a series of 

fluctuating isolation and connection cycles for the Tiwi Islands associated with the 

marked changes in sea level during the Pleistocene. 

 

 
Figure 1. Location of the Tiwi Islands (NT is the Northern Territory). 

 

The Tiwi Islands have the highest rainfall in the Northern Territory, with c. 90% 

falling in a 5-month wet season (November to April).  The islands are sufficiently 

extensive to experience a substantial rainfall gradient, from 1400 mm in the east of 

Melville Island to 2000 mm in the north of Bathurst Island and north-west of 

Melville Island (Bureau of Meteorology, Darwin).  Temperatures are high year-

round, with mean monthly minima and maxima ranging from 25 to 35oC in 

November and 16 to 29oC in July (Pirlangimpi weather station, Melville Island, 

Bureau of Meteorology, Darwin). 

 

The Tiwi Islands are of low relief (highest point 102 m) and topographically simple.  

Both islands comprise a central plateau, mostly composed of Tertiary laterite and van 

Diemen sandstone, and Cretaceous sandstones, surrounded by more recent 
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depositional material.  Deep red and yellow sandy soils cover most of the islands 

surface.   

 

Open forests, especially those co-dominated by Eucalyptus miniata, E. tetrodonta, 

and/ or Corymbia nesophila, comprise c. 76% of the total land area (Woinarski et al. 

2003a).  Partly reflecting the high rainfall and deep sandy soils, these eucalypt forests 

are taller and have greater basal area than other eucalypt forests in the Northern 

Territory (Woinarski et al. 2003c).  Tall grasses dominate the understorey, which has 

a variable shrub cover and stature depending in part on prevailing fire regimes. These 

regimes vary across the Islands: large areas of western Melville Island and central 

Bathurst Island are burnt almost every year.  In contrast, the far less accessible 

eastern half of Melville Island is burnt appreciably less frequently (averaging c. 1 

year in five) (Woinarski et al. 2000). 

 

The Tiwi Islands also include numerous patches of monsoon rainforest (comprising 

c.2% of the land area), which are unusually large in the regional context (Russell-

Smith 1991; Russell-Smith and Bowman 1992), as well as extensive tracts of 

mangroves (10%) and smaller areas of swamps (4%) and open shrublands (3%).  

There are no conspicuous differences in vegetation composition between the two 

islands. 

 

The islands support a population of around 2000 people (overwhelmingly comprising 

the traditional Aboriginal owners, the Tiwi), mostly concentrated in the small towns 

of Nguiu and Wurankuwu on Bathurst Island and Milikapiti and Pirlangimpi on 

Melville Island (Forrest 1998).  The entire area is Aboriginal freehold land.  Until the 

recent establishment of plantation forestry, the islands have remained largely 

undisturbed by modern development. 

 

Sampling 

Small mammals were sampled as part of a general wildlife survey of the Tiwi 

Islands.  The sampling procedure followed a protocol now standardised for the 

monsoonal tropics of northern Australia (e.g. Woinarski and Ash 2002), being based 

on systematic sampling of a large series of 50 x 50 m quadrats.  At each quadrat, 20 

Elliott traps (33 x 10 x 9 cm) and four possum-sized cage traps (56 x 20 x 20 cm) 
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were placed around the perimeter, baited with a mixture of peanut butter, oats and 

honey, set for three consecutive nights, and checked in the early morning.  Four 

pitfall traps (two 20-L and two 10-L plastic buckets, each with 10 m of 30-cm high 

driftline fence) were also placed within the quadrat over the 72-h sampling period.  

These caught only the smallest mammal species considered in this study: Pseudomys 

delicatulus Gould, 1842, Sminthopsis butleri and Sminthopsis virginiae (Tarragon, 

1847).  In addition, every quadrat was searched for 10 min twice at night (using 

spotlights) and three times during the day (including searching under fallen bark and 

hollow logs).  All mammals caught were released at the site of capture unmarked.  

An abundance value was calculated for every species in every quadrat as the sum of 

the number of trap captures and individuals observed (note that in some instances 

this tally could include multiple captures of the same individual).  These abundance 

values are not strictly comparable between species because, in any one quadrat, 

larger species such as Trichosurus vulpecula Collett, 1897, Isoodon macrourus 

Gould, 1842 and M. gouldii could be caught in only the four cage traps, whereas 

smaller species could be caught in both cage and Elliott traps. 

 

A total of 351 quadrats were sampled, comprising 115 on Bathurst Island in April-

June 2001 and 236 on Melville Island in January-February 2000 (19 quadrats), July-

September 2000 (185 quadrats) and in May 2002 (32 quadrats).  

 

The habitat variables measured in each quadrat are listed and described in Table 1.  

We note that for many quadrats our vegetation measures provided little information 

on the floristic composition of the ground layer. This was primarily due to the effects 

of seasonal senescence and burning.  
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Table 1. Habitat variables measured in each quadrat. 

Variable  How measured Notes 
Floristics   
Erythrophleum chlorostachys  Basal area (m2 ha-1) of E. chlorostachys, derived from two 

sweeps of a Bitterlich gauge 
This species is an indicator of infrequent fire regimes 
(Bowman et al. 1988; Bowman and Panton 1995) 
and its foliage is a preferred food of Trichosurus 
vulpecula (Kerle 1985). 

Pandanus spiralis  Basal area (m2 ha-1) of P.  spiralis, derived from two sweeps 
of a Bitterlich gauge 

Foliage provides a nesting site for Mesembriomys 
gouldii, especially when hollows are limiting 
(Griffiths et al. 2002). 

Fruit trees Total basal area (m2 ha-1) of all woody plants that produce 
fleshy fruits, derived from two sweeps of a Bitterlich gauge 

A measure of food resources for some small 
mammals; and possibly also an indicator of 
infrequent fire regimes (Woinarski et al. 2004b). 

Tree and shrub structure   
Canopy height Height of tallest woody plants (m)  
Canopy cover Percentage foliage cover of canopy (estimated)  
Cover (5-10 m) Percentage foliage cover in layer 5-10 m above ground (i.e. 

tall shrubs and low trees) 
 

Cover (3-5 m) Percentage foliage cover in layer 3-5 m above ground (i.e. 
shrubs) 

 

Cover (1-3 m) Percentage foliage cover in layer 1-3 m above ground (i.e. 
low shrubs) 

 

Basal area (large trees) Basal area (m2 ha-1) of trees with d.b.h. > 50 cm, derived 
from two sweeps of a Bitterlich gauge 

 

Total basal area Basal area (m2 ha-1) of all woody plants, derived from two 
sweeps of a Bitterlich gauge 

 

Ground cover   
Perennial grass cover Percentage ground cover of perennial grasses, measured by 

categorising cover at 100 1-m intervals around the quadrat 
Note that this variable is strongly affected by whether 
the quadrat had or hadn’t been burnt at the time of 
sampling. 

Annual grass cover Percentage ground cover of annual grasses As above 



Chapter 5: Habitat relationships on the Tiwi Islands 

 

116 

 

Variable  How measured Notes 
Total grass cover The sum of annual and perennial grass covers As above 
Bare ground Percentage of the ground cover that was bare As above 
Rock cover Percentage of the ground cover that was rock Surface rock is very limited on the Tiwi Islands, and 

confined mostly to some areas of residual laterite 
Logs The number of logs (fallen trunks or branches with diameter 

> 5 cm) intercepted by a 100-m transect around half of the 
quadrat perimeter 

Possibly partly affected by frequency and recency of 
fire 

Fire history   
Fire impact A 5-point scale measuring the apparent severity of fire 

impact, from 0 (no sign of fire) to 5 (conspicuous evidence of 
severe crown fire) 

 

Time since last fire Estimated from fire scars and regeneration whether the 
quadrat had been burnt during the year of sampling, the year 
before, 2 + years before or long unburnt  

 

Dead trees Basal area (m2 ha-1) of standing dead trees, derived from two 
sweeps of a Bitterlich gauge 

Possibly related to longer-term fire regimes, but this 
relationship may be complex (because severe fires 
may not only kill trees but also destroy them) 

Topographic features   
Elevation Altitude (m) derived from a digital elevation model Note that higher elevations are typically associated 

with the shallower soils of the residual lateritic 
plateau 

Topographic range Maximum altitude minus minimum altitude within 1 km of 
quadrat 

 

Moisture features   
Wetness index An index measuring slope and soil moisture flow, derived 

from a digital elevation model 
 

Distance to nearest watercourse Measured in metres and derived from a digital elevation 
model 

 

Annual rainfall Derived using the ESOCLIM component of ANUCLIM, a 
predictive software package (McMahon et al. 1996). 
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Analysis 

For all recorded species, we compared between the two islands the proportion of 

occupied quadrats using �2 tests.  We also used �2 tests to compare the extent of 

observed co-occurrence within quadrats of pairs of the commonly recorded species 

against expected frequencies. 

 

The association of individual mammal species with floristic features was examined. 

All quadrats were classified by their woody plant species composition (using basal 

area as a measure of the relative amount of each woody plant species present), using 

the program PRIMER (Clarke and Gorley 2001).  The relative occurrence of 

individual mammal species across the resulting vegetation groups was examined 

using Kruskal-Wallis ANOVA.  The floristic patterning of quadrats was also 

portrayed with multi-dimensional scaling (MDS) ordination within the program 

PRIMER (Clarke and Gorley 2001).  The occurrence of individual mammal species 

was related to this ordination using ANOSIM (analysis of similarity; PRIMER, 

Clarke and Gorley 2001).  

 

The environmental relationships of mammal species were described using 

generalised linear modelling (GLM) across the set of Bathurst Island quadrats, the set 

of Melville Island quadrats, and all quadrats pooled.  This modelling used presence/ 

absence of mammal species, a binomial distribution and logit-link function, and 

backward stepwise regression to derive a minimum adequate model (Crawley 1993).  

The modelling included all habitat variables listed in Table 1. Particular attention is 

focused on C. penicillatus and M. gouldii in an attempt to examine any ecological 

interactions between these two species.  All the analyses except those that were 

undertaken with PRIMER were conducted using Statistica version 6 (StatSoft 2002).  

 

In part due to the selective use of tall open eucalypt forest for clearing for plantation 

forestry, some analyses were undertaken separately for the set of all quadrats, for all 

quadrats containing eucalypts and for all quadrats containing at least one of the 

typically co-occurring dominant tree species E. miniata, E. tetrodonta or C. 

nesophila.  
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Results 

Twelve small mammal species (excluding bats, macropods, and feral animals) were 

recorded in this study (Table 2). Five of these species (C. penicillatus, M. gouldii, I. 

macrourus, T. vulpecula and M. burtoni) were recorded from more than 50 quadrats 

and these commonly recorded species are subjected to more detailed consideration in 

some analyses below. A further four species, comprising the fawn antechinus, 

Antechinus bellus Thomas, 1904, the water-rat, Hydromys chrysogaster Geoffroy, 

1804, the false water-rat, Xeromys myoides Thomas, 1889 and the dusky rat, Rattus 

colletti Thomas, 1904 are known to occur (typically with very few records) on these 

islands from historical records and the few previous studies (Parker 1973; 

Magnusson et al. 1976; Horner and Griffiths 1998).  Due to the absence of rocky 

habitat, the Tiwi Islands lack small mammals associated with this habitat on the 

nearby mainland including the northern quoll, Dasyurus hallucatus Gould, 1842, the 

rock-rats, Zyzomys maini Kitchener, 1989, and Zyzomys argurus Thomas, 1889, the 

rock ringtail possum Petropseudes dahli Collett, 1895, and sandstone antechinus, 

Pseudantechinus bilarni Johnson, 1954 (Woinarski et al. 1999; Woinarski et al., 

2003b). 

 

Geographic distribution 

Of the most commonly recorded species, the most notable feature of the 

distributional records (Table 2) was the absence of M. gouldii from Bathurst Island, a 

result corroborated by Tiwi Aboriginal residents (Puruntatameri et al. 2001). 

Conversely, T. vulpecula was far more frequently recorded on Bathurst than on 

Melville Island. This was not due to sampling across a different pool of habitats on 

the two islands, as this interisland difference in the frequency of T. vulpecula 

remained when comparison was restricted to only eucalypt formations, and to only 

those vegetation types dominated by Eucalyptus miniata-E. tetrodonta-C. nesophila.  

 

In contrast, the proportion of quadrats with C. penicillatus was not significantly 

different between the two islands.  
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Table 2. Occurrence of small mammal species recorded during this study.   
Values given in the body of the table are the number of quadrats from which the species was recorded, from Bathurst Island (B), Melville Island 
(M) and both combined (T).  The proportional occurrence of species on these two islands is compared using �2 (for species recorded from at least 
10 quadrats), or Fisher exact tests (for species recorded from fewer than 10 quadrats).  Probability levels: *** P <0.001, ** P <0.01; * P <0.05; 
n.s., P >0.1. Exact probability levels are given for 0.1> P> 0.05. All weights are taken from Strahan (1998) except Trichosurus vulpecula  (Kerle 
1998) and Sminthopsis butleri (Cole and Woinarski 2000).   
 
  All quadrats All eucalypt quadrats E. miniata-tetrodonta-C. 

nesophila quadrats 
 No. of quadrats 

from which 
recorded 

No. of quadrats 
from which 
recorded 

No. of quadrats 
from which 
recorded 

Species Weight 
(g) 

B M T 

 
 
 
�

2 B M T 

 
 
 
�

2 B M T 

 
 
 
�

2 

N (no. of quadrats sampled)  115 236 351  101 188 289  88 168 256  
Brush-tailed rabbit-rat Conilurus penicillatus 150 12 40 52 2.6 n.s. 11 40 51 2.6 n.s. 9 38 47 3.2 n.s. 
Black-footed tree-rat Mesembriomys gouldii 716 0 73 73 44.9 *** 0 64 64 26.8 *** 0 58 58 24.0 *** 
Northern brown bandicoot Isoodon 
macrourus 

1600 70 102 172 9.6 ** 60 84 144 5.7 * 53 76 129 5.2 * 

Common brushtail possum Trichosurus 
vulpecula 

1500 56 46 102 32.0 *** 48 38 86 10.5 ** 42 35 77 9.0 ** 

Grassland melomys Melomys burtoni 70 23 31 54 2.8 (0.09) 16 10 26 8.9 ** 13 7 20 9.0 ** 
Brush-tailed phascogale Phascogale 
tapoatafa  

194 0 2 2 n.s. 0 2 2 n.s. 0 2 2 n.s. 

Butler’s dunnart Sminthopsis butleri 15 1 2 3 n.s. 1 2 3 n.s. 1 2 3 n.s. 
Red-cheeked dunnart Sminthopsis virginiae 46 0 11 11 5.5 * 0 5 5 (0.09) 0 3 3 n.s. 
Sugar glider Petaurus breviceps  128 3 2 5 n.s. 3 2 5 n.s. 2 2 4 n.s. 
Pale field-rat Rattus tunneyi 124 10 27 37 0.6 n.s. 10 17 27 0.1 n.s. 8 14 22 0.1 n.s. 
Delicate mouse Pseudomys delicatulus 10 2 20 22 6.0 * 2 13 15 1.7 n.s. 1 12 13 2.6 n.s. 
Western chestnut mouse Pseudomys nanus 34 8 4 12 6.5 * 8 2 10 3.4 n.s. 7 1 8 3.7 n.s. 
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Isoodon macrourus was the most frequently recorded species on both islands, but 

occurred at a significantly higher frequency on Bathurst Island.  In eucalypt quadrats, 

M. burtoni occurred in a higher proportion on Bathurst Island than on Melville 

Island. Of the less frequently recorded species, P. delicatulus and S. virginiae were 

less frequently recorded on Melville than on Bathurst Island with the reverse trend 

for Pseudomys nanus Gould, 1858.  

 

Sminthopsis virginiae was not recorded from our sampling on Bathurst Island, but it 

is not clear whether this represents true absence, given its relatively low frequency of 

occurrence in our survey of Melville Island and the lack of any corroborating 

Aboriginal information on its status (Puruntatameri et al., 2001). 

 

On Melville Island, there was no significant tendency for C. penicillatus and M. 

gouldii to co-occur in quadrats more or less often than by chance (Table 3). 

However, on Melville Island, for the set of all quadrats and for the set of eucalypt 

open forest quadrats, C. penicillatus and T. vulpecula occurred together less than was 

expected.  Mesembriomys gouldii and I. macrourus occurred together significantly 

more frequently than expected in all quadrats and eucalypt forest quadrats on 

Melville Island, and I. macrourus occurred more frequently with M. burtoni in 

eucalypt forest quadrats on Melville Island than was expected (Table 3).  
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Table 3. Incidence of co-occurrences in quadrats of pairs of mammal species. 

Values in each cell of the Table show �2 value and its significance and, in brackets, 

the observed and expected number of co-occurrences given the total frequency of 

each species.  Four sets of quadrats were considered for each pair of species: MA = 

all quadrats on Melville Island; ME = eucalypt forest quadrats on Melville Island; 

BA= all quadrats on Bathurst Island; BE = eucalypt forest quadrats on Bathurst 

Island.  Probability levels: *** P <0.001; ** P <0.01; * P <0.05, n.s., P >0.05. 

 
 Conilurus 

penicillatus 
Mesembriomys 
gouldii 

Trichosurus 
vulpecula 

Isoodon 
macrourus 

Mesembriomys 
gouldii 

MA 0.8 ns 
(10, 12.4) 
ME 1.5 ns 
(10, 13.1) 
BA - 
BE - 

   

Trichosurus 
vulpecula 

MA 4.4 * (3, 
7.8) 
ME 5.0 * (3, 
7.9) 
BA 3.7 ns (9, 
5.8) 
BE 1.4 ns (6, 
4.3) 

MA 0.4 ns (16, 
14.2) 
ME 0.7 ns (10, 
12.1) 
BA - 
BE - 

  

Isoodon 
macrourus 

MA 0.2 ns 
(16, 17.3) 
ME 0.7 ns 
(15, 17.2) 
BA 1.1 ns (9, 
7.3) 
BE 1.3 ns (7, 
5.4) 

MA 8.8 ** (42, 
31.6) 
ME 12.3 *** 
(37, 26.2) 
BA - 
BE - 

MA 0.9 ns 
(17, 19.9) 
ME 0.5 ns 
(14, 15.8) 
BA 0 ns (34, 
34.0) 
BE 0 ns (25, 
25.3) 

 

Melomys 
burtoni 

MA 2.8 ns (2, 
5.3) 
ME 0.2 ns (2, 
1.6) 
BA 0.1 ns (2, 
2.4) 
BE 1.7 ns 
(0,1.3) 

MA 1.2 ns (7, 
9.6) 
ME 0.1 ns (2, 
2.4) 
BA - 
BE - 

MA 0 ns (6, 
6.0) 
ME 0.3 ns (2, 
1.5) 
BA 0.7 ns 
(13, 11.2) 
BE 0.1 ns (6, 
6.2) 

MA 2.0 ns 
(17, 13.4) 
ME 4.8 * (6, 
3.2) 
BA 0 ns (14, 
14.0) 
BE 0.1 ns (8, 
7.8) 
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Association with broad habitat types 

Seven broad vegetation classes were identified from the classification of basal areas 

of woody plant species present in quadrats.  These comprised: coastal; rainforest; 

swamp; shrubland; E. minata–E. tetrodonta–C. nesophila open forest; eucalypt 

woodland; and plantation.  With the exception of plantation (restricted to Melville 

Island), each of these broad vegetation types occurred and was sampled on both 

Islands (Table 4).  Most quadrats were located in eucalypt forest, as this was by far 

the most extensive vegetation type on the Islands, and was the focus of our 

assessment of potential forestry impacts. 

 

Mammal species varied substantially in their association with these vegetation 

classes (Table 4). Conilurus penicillatus was most abundant in eucalypt forest; M. 

gouldii showed a weak association with eucalypt forests and woodlands and 

shrubland; Rattus tunneyi was most abundant by far in shrubland; P. delicatulus was 

most abundant in plantations; and P. nanus showed no clear preference but was not 

recorded in wetter and denser vegetation (coastal, swamp and rainforest). Melomys 

burtoni demonstrated the most non-random distribution, showing a very strong 

association with coastal, rainforest and swamp classes. Both T. vulpecula and I. 

macrourus were common across all vegetation types, but least abundant in 

plantations.  Sminthopsis virginiae was associated mainly with swamps. Seven of the 

12 mammal species examined in this study  (C. penicillatus, M. gouldii, R. tunneyi, 

M. burtoni, S. butleri, Phascogale tapoatafa and Petaurus breviceps) were not 

recorded at all in plantations (Table 4). 
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Table 4.   Variation in abundance of mammal species across the seven derived vegetation classes.   
Values given in the body of the table are mean abundance per quadrat, with standard error in brackets.  Values in bold indicate the highest 
abundance across all classes for each individual mammal species.  Significance of variation in abundance across vegetation classes is indicated 
by H value (from Kruskal-Wallis ANOVA), for only those species recorded from 10 or more quadrats:  *** P <0.001; ** P <0.01; * P <0.05, 
n.s. P >0.1. Exact probability levels are given for 0.1> P >0.05. 
 

Vegetation class (no. of sampled quadrats: no. on Bathurst; no. on Melville) 
 

 
 
 
 
 
Species 

Coastal  
(12: B4; M8) 

Rain forest 
(14: B5; M9) 

Swamp 
(13: B7; M6) 

Shrubland 
(34: B10; M24) 

Eucalypt open 
forest 
(233: B76; M157) 

Eucalypt 
woodland 
(32: B13; M19) 

Plantation 
(13: B0; M13) 

 
 
 
 
 
H 

                
Conilurus 
penicillatus 

0.25 (0.25) 0  0.08 (0.08) 0.03 (0.03) 0.46 (0.09) 0.16 (0.07) 0  12.8 * 

Mesembriomys 
gouldii 

0  0.14 (0.14) 0.15 (0.10) 0.44 (0.20) 0.31 (0.04) 0.31 (0.10) 0  9.5 n.s. 

Isoodon macrourus 1.25 (0.37) 2.43 (1.02) 1.77 (0.74) 0.91 (0.22) 0.88 (0.08) 1.06 (0.25) 0.08 (0.08) 11.1 (0.09) 
Trichosurus 
vulpecula 

0.75 (0.57) 1.07 (0.64) 0.92 (0.54) 0.24 (0.10) 0.55 (0.07) 0.75 (0.24) 0.23 (0.12) 5.2 n.s. 

Melomys burtoni 4.58 (1.50) 4.50 (0.93) 2.23 (0.69) 0.59 (0.21) 0.13 (0.05) 1.03 (0.55) 0  132.2 *** 
Phascogale 
tapoatafa 

0  0  0  0  0.009 (0.006) 0  0   

Sminthopsis butleri 0  0  0  0  0.004 (0.004) 0.03 (0.03) 0   
Sminthopsis 
virginiae 

0  0  0.62 (0.43) 0.18 (0.09) 0.01 (0.01) 0  0.15 (0.10) 25.9 *** 

Petaurus breviceps 0  0  0  0  0.02 (0.01) 0.03 (0.03) 0   
Rattus tunneyi 0  0.07 (0.07) 0.08 (0.08) 2.29 (1.21) 0.12 (0.03) 0.09 (0.07) 0  22.8 *** 
Pseudomys 
delicatulus 

0.08 (0.08) 0  0.08 (0.08) 0.03 (0.03) 0.09 (0.03) 0.09 (0.05) 0.54 (0.27) 16.1 * 

Pseudomys nanus 0  0  0  0.15 (0.12) 0.05 (0.02) 0.06 (0.04) 0.08 (0.08) 3.5 n.s. 
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Association with tree and shrub species composition 

Initial ordination of all quadrats by the basal area of their woody plant species 

composition produced a small set of segregated nodes, consisting of highly clumped 

aggregates of many quadrats, due to the lack of overlap in woody plant species 

composition amongst some of the distinct broad habitat types.  For a more 

meaningful ordination, we restricted analysis to only that set of quadrats containing 

eucalypt (Eucalyptus and Corymbia) species.  Quadrats from Bathurst and Melville 

Islands showed some significant divergence in this ordination space (global R = 

0.066, P = 0.004) (Fig. 2).  

 

tiwi revised

Stress: 0.24

 
Figure 2. Two-dimensional ordination plot for that set of quadrats containing 

Eucalyptus and Corymbia species by the basal area of their woody plants for 

Bathurst Island (�) and Melville Island (�) from non-metric multi-dimensional 

scaling (MDS).  

 

The common mammal species showed no association with variation in woody 

species composition in these eucalypt open forests and woodlands (Table 5).  
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Table 5. Summary of ANOSIM tests for the five most frequently recorded mammal 

species for that set of quadrats containing Eucalyptus and Corymbia species by the 

basal area of their woody plants. Global R values and their exact probability levels 

are included in the table.   

 
Species Global R value P value 
Conilurus penicillatus -0.063 0.854 
Mesembriomys gouldii -0.022 0.697 
Isoodon macrourus  0.072 0.062 
Trichosurus vulpecula  0.072 0.058 
Melomys burtoni  0.046 0.203 

 

Modelling of association with individual habitat features 

Tables 6-10 summarise generalised linear models for each of the five most frequently 

recorded mammal species, with separate models for the set of all quadrats and the set 

of quadrats in which at least one of the tree species E. miniata, E. tetrodonta or C. 

nesophila occurred, for Bathurst Island, Melville Island and both islands combined.  

 

Conilurus penicillatus 

The environmental models for C. penicillatus explained a reasonable proportion of 

deviance (18-41%) and showed reasonable congruence across islands and habitat 

settings (Table 6).  In all models, the likelihood of C. penicillatus presence increased 

with increasing canopy height (but often decreased with greater canopy cover).  The 

occurrence of this species was also more likely away from watercourses and/or moist 

areas, where there was more cover of bare ground and where fires had been less 

severe and/or less recent.  On both Bathurst and Melville Islands, environmental 

relationships were more markedly etched for the set of all quadrats than for the set of 

eucalypt open forests. 

 

Mesembriomys gouldii 

Models describing the environmental relationships of M. gouldii were generally 

weak (explaining only 7-18% of deviance) (Table 7).  The ‘both islands’ model was 

strongly driven by annual rainfall, a surrogate term for ‘Island’ (given the higher 

rainfall of Bathurst than Melville Island, and the absence of M. gouldii on Bathurst 

Island).  There were few significant terms in the models for Melville Island alone, 

with the strongest associations being for increased likelihood of M. gouldii at 
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quadrats closer to watercourses, at lower elevations and where fires had occurred 

more recently. 

 

Trichosurus vulpecula 

The environmental models for T. vulpecula explained a reasonable proportion of 

deviance (16-29%) but showed only limited congruence across islands and habitat 

settings (Table 8).  The most consistent feature was for an increased likelihood of 

occurrence in quadrats with lowest rainfall.  There were inconsistencies in models for 

the two islands.  Within eucalypt open forest sites on Melville Island, T. vulpecula 

was more likely to occur in quadrats with less perennial grass cover and close to 

watercourses, but on Bathurst Island in quadrats with more perennial grass cover and 

distant from watercourses. 

 

Isoodon macrourus 

Models explaining the environmental relationships of I. macrourus were generally 

only modestly successful (explaining 13-21% of deviance) (Table 9).  Two terms 

were included in most models: this species was generally most likely to occur in 

quadrats with a high basal area of large trees, and in sites at lower altitude.  Four of 

the six models also included topographic range, with an increase in the likelihood of 

I. macrourus in less flat sites.  The relationship with fire history was complex, with 

some preference for more recently burnt areas, but also a preference for sites 

showing less severe fire impacts. 

 

Melomys burtoni 

Models describing the environmental relationship for M. burtoni had generally high 

explanatory power (57-74% of deviance explained), but were also generally highly 

parameterised (Table 10).  Two terms were consistently included in all models, with 

high levels of significance: M. burtoni occurred mostly in lowland sites, and in sites 

that showed little impact of fire.  This species also tended to occur mostly at sites that 

were relatively flat, with Pandanus spiralis, close to watercourses, with lower and 

more open canopies, with relatively sparse cover of annual grass and with relatively 

high wetness status. 
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Table 6. Summary of generalised linear modelling of Conilurus penicillatus, for quadrats on both islands combined, Melville Island only and 

Bathurst Island only.   

Values in the body of the table are the regression coefficient, with the Wald statistic and significance level in brackets.  Probability levels: *** P 

<0.001; ** P  <0.01; * P  <0.05, n.s., P  >0.05. Note that only significant variables are included in the table.  

 
Both islands Melville Island Bathurst Island  

 
 
 
Variable 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

       
Percentage of deviance 
explained (d.f.) 

24.5 (7) 24.9 (7) 41.3 (9) 33.2 (7) 41.7 (6) 17.7 (3) 

Intercept -1.00 (1.6 ns) -1.6 (3.2 ns) -12.8 (12.2 ***) -14.7 (20.3 ***) -1.9 (4.4 *) -0.9 (0.2 ns) 
Erythrophleum basal 
area  

    -3.7 (5.7 *)  

Canopy height 0.13 (58.9 ***) 0.12 (41.0 ***) 0.14 (44.5 ***) 0.072 (9.7 **) 0.21 (13.7 ***) 0.17 (7.3 **) 
Canopy cover -0.032 (14.4 ***) -0.026 (7.8 **) -0.030 (8.2 **)  -0.087 (8.0 **)  
Perennial grass cover 0.010 (5.2*)  0.012 (5.5 *)    
Bare ground 0.016 (5.1 *) 0.035 (18.7 ***) 0.023 (8.2 **) 0.030 (14.1 ***)  0.09 (6.2 *) 
Logs   0.13 (9.1 **)    
Fire impact -0.40 (13.5 ***) -0.36 (8.5 **)   -0.88 (3.7 *)  
Time since last fire  0.62 (12.7 ***) 0.65 (18.8 ***) 0.96 (28.1 ***)   
Elevation    -0.012 (4.9 *) -0.075 (8.5 **)  
Topographic range     0.071 (10.9 ***)  
Wetness -0.21 (8.6 **) -0.24 (9.5 **) -0.24 (8.0 **) -0.25 (8.2 **)  -0.45 (4.7 *) 
Distance to nearest 
watercourse 

0.0010 (49.6 ***) 0.0011 (45.9 ***) 0.0011(37.6 ***) 0.00090 (24.0 
***) 

  

Annual rainfall   0.0062 (7.9 **) 0.0083 (17.0 ***)   
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Table 7. Summary of generalised linear modelling of Mesembriomys gouldii. 

Values in the body of the table are the regression coefficient, with the Wald statistic and significance level in brackets.  Probability levels: *** P 

<0.001; ** P  <0.01; * P  <0.05, n.s., P  >0.05. Note that only significant variables are included in the table.  

 
Both islands Melville Island  

 
 
 
Variable 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

     
Percentage of deviance 
explained (d.f.) 

17.5 (6) 16.0 (5) 7.2 (3) 7.7 (3) 

Intercept 8.4 (16.2 ***) 7.7 (11.0 ***) 4.5 (4.5 *) -1.2 (8.5 **) 
Erythrophleum basal area  0.22 (4.3 *)    
Canopy height  0.054 (4.7 *)   
Cover (5-10m)  0.27 (4.9 *)  0.30 (5.0 *) 
Basal area (large trees) 0.27 (7.3 **)    
Total basal area -0.046 (4.5 *)    
Fire impact    0.18 (4.4 *) 
Time since last fire -0.50 (16.9 ***) -0.32 (4.7 *) -0.30 (7.8 **)  
Elevation    -0.011 (8.1 **) 
Distance to watercourse 0.00045 (9.1 **) 0.00048 (8.4 **) 0.00044 (7.1 **)  
Annual rainfall -0.0058 (18.9 ***) -0.0066 (18.5 ***) -0.0033 (6.2 *)  
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Table 8. Summary of generalised linear modelling of Trichosurus vulpecula, for quadrats on both islands combined, Melville Island only and 
Bathurst Island only.   
Values in the body of the table are the regression coefficient, with the Wald statistic and significance level in brackets.  Probability levels: *** P 
<0.001; ** P  <0.01; * P  <0.05, n.s., P  >0.05. Note that only significant variables are included in the table. 
 

Both islands Melville Island Bathurst Island  
 
 
 
Variable 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

       
Percentage deviance 
explained (d.f.) 

16.5 (9) 16.2 (7) 27.8 (6) 28.0 (5) 28.8 (3) 20.5 (4) 

Intercept 4.7 (7.6 **) 2.3 (16.3 ***) 12.4 (19.1 ***) 8.8 (7.5 **) 33.8 (66.5 ***) 20.8 (11.1 ***) 
Pandanus  -0.59 (4.3 *)     
Canopy height 0.30 (5.4 *)  0.075 (10.9 ***)    
Canopy cover  0.024 (15.4 ***)  0.022 (4.6 *)   
Cover (5-10m) 0.13 (4.4 *)    0.21 (6.8 **)  
Cover (3-5m)    -0.37 (7.2 **)   
Cover (1-3m) -0.22 (10.2 **) -0.18 (5.8 *)     
Basal area (large trees) -0.24 (5.6 *) -0.28 (6.8 **)     
Total basal area     -0.049 (7.7 **)  
Perennial grass cover   -0.017 (4.3 *) -0.027 (8.1 **)  0.013 (5.7 *) 
Logs   -0.15 (4.6 *)    
Fire impact   0.25 (7.5 **)    
Dead trees -0.40 (8.6 **) -0.36 (5.2 *)     
Elevation -0.17 (29.9 ***) -0.012 (11.7 ***)     
Topographic range 0.028 (18.6 ***)      
Wetness -0.089 (4.0 *) -0.21 (15.9 ***)    -0.21 (7.7 **) 
Distance to watercourse   -0.0011 (10.4 **) -0.0013 (11.6 ***)  0.00032 (4.2 *) 
Annual rainfall -0.0026 (6.4 *)  -0.0090 (24.3 ***) -0.0055 (7.3 **) -0.020 (64.1 ***) -0.012 (9.4 **) 
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Table 9. Summary of generalised linear modelling of Isoodon macrourus, for quadrats on both islands combined, Melville Island only and 
Bathurst Island only.   
Values in the body of the table are the regression coefficient, with the Wald statistic and significance level in brackets.  Probability levels: *** P 
<0.001; ** P  <0.01; * P  <0.05, n.s., P  >0.05. Note that only significant variables are included in the table.  
 

Both islands Melville Island Bathurst Island  
 
 
 
Variable 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

       
Percentage deviance 
explained (d.f.) 

13.2 (9) 15.5 (6) 16.8 (7) 19.4 (9) 18.2 (10) 20.8 (3) 

Intercept -0.34 (0.7 ns) 0.46 (3.1 ns) 2.9 (3.0 ns) 4.0 (4.0 *) 2.6 (35.5 ***) 0.07 (0.06 ns) 
Erythrophleum basal area   0.27 (6.1 *)     
Fruit -0.059 (6.3 *)  -0.07 (5.1 *)    
Canopy height  -0.027 (5.0 *)   -0.027 (3.8 *)  
Canopy cover  0.0095 (6.3 *)    0.021 (17.7 ***) 
Cover (5-10m) -0.11 (4.3 *)    -0.24 (5.0 *)  
Cover (3-5m) 0.21 (10.3 **)    0.29 (7.3 **)  
Cover (1-3m) -0.12 (4.7 *)      
Basal area (large trees) 0.18 (11.6 ***) 0.18 (9.5 **) 0.17 (6.4 *) 0.23 (8.0 **) 0.29 (5.8 *)  
Perennial grass cover -0.0077 (7.5 **)    -0.015 (11.7 ***)  
Bare ground      0.049 (21.6 ***) 
Rock cover    0.08 (10.3 **)   
Fire impact    -0.20 (5.0 *) -0.28 (6.2 *) -0.40 (8.6 **) 
Time since last fire    -0.29 (5.3 *) -0.50 (11.8 ***)  
Dead trees   0.20 (4.8 *) 0.30 (6.5 *) -0.30 (4.5 *)  
Elevation -0.018 (48.9 ***) -0.017 (37.9 ***) -0.013 (18.2 ***) -0.0091 (6.3 *) -0.012 (5.2 *)  
Topographic range 0.021 (16.1 ***) 0.018 (13.3 ***) 0.026 (12.5 ***) 0.024 (7.6 **)   
Wetness 0.075 (5.7 *)  0.15 (15.6 ***) 0.15 (8.4 **)   
Distance to watercourse     -0.00029 (5.4 *)  
Annual rainfall   -0.0031 (9.2 **) -0.0037 (9.4 **)   
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Table 10. Summary of generalised linear modelling of Melomys burtoni, for quadrats on both islands combined, Melville Island only and Bathurst Island only.   
Values in the body of the table are the regression coefficient, with the Wald statistic and significance level in brackets.  Probability levels: *** p <0.001; ** p <0.01; * p 
<0.05, n.s., p >0.05. Note that only significant variables are included in the table.  
 

Both islands Melville Island Bathurst Island  
 
 
 
Variable 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

All quadrats E. miniata-E. 
tetrodonta-C. 

nesophila forests 
only 

       
Percentage deviance 
explained (d.f.) 

56.6 (14) 69.4 (10) 64.7 (10) 61.3 (7) 74.3 (9) 73.5 (5) 

Intercept 1.3 (7.4 **) 1.8 (2.9 ns) 3.4 (58.3 ***) 4.2 (0.7 ns) 7.3 (74.3 ***) 7.7 (66.3 ***) 
Erythrophleum basal area  -0.52 (4.7 *)      
Pandanus 0.27 (18.3 ***) 1.29 (57.7 ***) 0.63 (65.6 ***)    
Fruit 0.055 (12.5 ***) -0.41 (17.7 ***) 0.24 (68.4 ***)    
Canopy height -0.056 (25.4 ***) -0.16 (29.1 ***)   -0.12 (28.6 ***) -0.23 (33.8 ***) 
Canopy cover -0.0075 (5.7 *) -0.028 (11.5 ***)   -0.016 (6.0 *)  
Cover (5-10m) 0.25 (24.6 ***) -0.51 (13.1 ***)   0.36 (13.6 ***)  
Cover (1-3m)   -0.41 (14.1 ***)    
Basal area (large trees)    -1.08 (10.5 **)   
Total basal area  0.061 (5.8 *) -0.089 (14.0 ***)    
Annual grass cover -0.10 (23.4 ***)  -0.081 (16.3 ***)  -0.18 (10.6 **)  
Rock cover     -0.20 (5.9 *)  
Logs   -0.091 (6.6 *)  0.15 (7.1 **)  
Fire impact -0.91 (65.0 ***) -0.69 (17.9 ***) -0.74 (43.7 ***) -1.13 (20.1 ***) -3.11 (51.9 ***) -1.73 (7.7 **) 
Time since last fire -0.26 (10.8 **)   -0.69 (11.2 ***) -1.43 (31.4 ***) -0.91 (4.4 *) 
Dead trees -0.24 (4.4 *)  -0.45 (9.1 **)    
Elevation -0.031 (53.7 ***) -0.067 (26.7 ***) -0.039 (52.5 ***) -0.048 (10.6 **) -0.033 (6.9 **) -0.088 (14.3 ***) 
Topographic range 0.020 (8.6 **) 0.073 (18.6 ***)  0.11 (20.9 ***)   
Wetness 0.088 (7.7 **) 0.48 (35.9 ***)  0.53 (49.8 ***)   
Distance to watercourse -0.00030 (4.4 *)  -0.00075 (7.1 **)   -0.00049 (5.0 *) 
Annual rainfall    0.0062 (4.0 *)   
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Discussion 

This study considers environmental patterning of a set of mammal species on two of 

Australia’s largest islands; it considers the extent of structuring within this mammal 

community; and it contributes to the conservation assessment and management of 

this fauna, with some reference to the likely impact of intensification of 

development. 

 

We have derived environmental models for the five most commonly recorded species 

in this study.  Unfortunately, these island populations cannot, as yet, be directly 

compared with those on the nearby mainland, because no similar modelling has been 

attempted for mainland areas.  In part, this study lays a foundation for such 

comparisons, and we are developing comparable models for at least C. penicillatus at 

its two known Northern Territory mainland sites in order to determine the 

consistency of habitat preference between areas. 

 

Notwithstanding the lack of directly comparable mainland models, the habitat 

characteristics described here can be compared with some previous conclusions from 

studies on the nearby mainland.  For C. penicillatus, the Tiwi models showed a 

strong preference for eucalypt open forests with taller trees, sparse grass cover, less 

frequent (or less intense) fire and drier upland areas.  At two mainland sites, previous 

studies (Firth 2003; Firth et al. 2005; Firth et al. 2006) similarly suggested a 

preference for eucalypt forests that were burnt infrequently and less severely, and 

that contained tree hollows. The association observed on the Tiwi Islands with a 

relatively open ground layer suggests that some patchy fires may be beneficial to the 

species, as such fires may open up the otherwise dense and largely impenetrable 

cover of tall grasses.  A similar association has been observed for ground-foraging 

granivorous birds across the northern Australian mainland (Woinarski 1990).   

 

At present, C. penicillatus remains common on the Tiwi Islands, whereas it is highly 

localised and has suffered substantial decline on the mainland.  The environmental 

modelling suggests that the habitat on the Tiwi Islands may be generally superior to 

that on the mainland: the Tiwi eucalypt forests are the tallest in the Northern 

Territory (reflecting higher rainfall) and fire regimes have remained relatively 

benign, reflecting the preponderance of Aboriginal management and the relative lack 
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of the invasive exotic grasses (Fensham and Cowie 1998) that have magnified fire 

impacts on many mainland areas (Rossiter et al. 2003). 

 

The models derived here for M. gouldii were less successful in explaining its 

distribution on the Tiwi Islands than those for C. penicillatus.  On Melville Island, 

M. gouldii is less specifically associated with eucalypt open forests than is C. 

penicillatus. Although M. gouldii is reasonably abundant in these forests, it also 

occurs as commonly in eucalypt woodlands and in shrub lands.  Our models 

suggested a preference for areas distant from watercourses, for larger trees, for a 

denser tall shrub layer and for more recently burnt areas, but the significance of these 

terms was generally limited.   On the mainland, M. gouldii is typically associated 

with tall open eucalypt forests (Friend and Taylor 1985; Bradley et al. 1987; Friend 

1987) where they den in large trees and pandanus (Griffiths et al. 2002).  In contrast 

to the results reported here for the Tiwi Islands, the mainland studies have suggested 

a negative response to frequent fire (Friend and Taylor 1985; Friend 1987; Woinarski 

et al. 2005; Price et al. 2005).  Woinarski et al. (2004a) found that M. gouldii was 

significantly more abundant in quadrats that had not been burnt for 23 years. These 

unburnt quadrats supported many more rainforest-associated plant species that 

provide a greater, and a more seasonally equitable, supply of fleshy fruits (Woinarski 

et al. 2004a) which M. gouldii is known to consume (Friend 1987; Morton 1992). 

The disparity in these results may be due to the relatively limited extent and intensity 

of fires on the Tiwi Islands.  

 

On the Tiwi Islands, T. vulpecula was widespread and occurred almost equitably 

across all native vegetation types.  Our models were relatively inconsistent, and 

showed only limited congruence with comparable information on habitat associations 

on the north Australian mainland, where previous studies have reported a preference 

for less frequently burnt areas, larger trees, denser taller understorey, and sites 

containing favoured food plants (such as Erythrophleum chlorostachys and those 

producing fleshy fruits) (Kerle 1985; Kerle 1998; Taylor et al. 2003).  

 

As with T. vulpecula, I. macrourus occurred widely across the range of native 

vegetation types on the Tiwi Islands.  There have been few studies of its habitat 

preferences on the north Australian mainland (Menkhorst and Woinarski 1992; 
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Woinarski et al. 1992). The most consistent result from such studies is for a 

preference for sites that are exposed to fine-scale low intensity fires, and avoidance 

of sites with frequent extensive fires or sites with complete fire exclusion (Pardon et 

al. 2003; Woinarski et al. 2004a).  The Tiwi modelling is consistent with this 

association. 

 

On the Tiwi Islands, M. burtoni displayed a very strong relationship with coastal, 

rainforest and swamp vegetation. Previous studies of this species on the north 

Australian mainland have demonstrated a similar strong predilection for these 

habitats (Begg et al. 1983; Kerle and Burgman 1984).  

 

Many studies of fauna communities on islands have shown that island populations 

differ from mainland populations in their habitat preference or breadth (e.g. Diamond 

1975).  This study found no obvious evidence of such shifts. This may be because the 

Tiwi Islands are very large and only relatively recently isolated, and because the mix 

of available habitats is generally comparable to that on the adjacent mainland. The 

mammal assemblage on these islands is relatively intact, lacking only the suite of 

species associated with sandstone habitats on the mainland, a habitat absent on these 

islands.  These features distinguish this study from the only previous analysis of 

mammal communities on islands in northern Australia (Woinarski et al. 1999), in 

which a much more depauperate mammal fauna was described from 49 far smaller 

islands (the largest of which was 209 km2) of the Wessel and English Company 

group, Northern Territory. 

 

One notable feature of the Tiwi mammal fauna is the absence of M. gouldii on 

Bathurst Island.  This absence does not appear to be due to major disparities in 

habitat composition between the two islands.  While our results suggest that there is 

some difference in the floristic composition of eucalypt forests between the two 

islands, there is also much overlap in this composition, and no evidence in our 

modelling, or from other studies, that M. gouldii is particularly sensitive to variation 

in floristic composition within eucalypt forests.  

 

In the absence of M. gouldii from Bathurst Island, is there any evidence of any 

corresponding shift in the abundance or habitat use of other mammal species?  Our 
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results suggest not for its closest ecological and taxonomic relative, C. penicillatus.  

The latter showed no variation in frequency of occurrence between the two islands, 

and no evidence of distinct habitat shifts on Bathurst Island.  On Melville Island, 

where both species occurred, the extent of their quadrat-level co-occurrence was no 

different from random.  These results suggest no substantial competition between 

these two species for tree hollows or other resources. 

   

In contrast, T. vulpecula (and less strikingly, I. macrourus) was far more frequently 

recorded on the island lacking M. gouldii, and showed contrasting habitat 

associations between the two islands.  This result may be consistent with some 

interspecific competition, which may be plausible given that both species depend 

largely upon tree hollows and may overlap considerably in diet.  In a mainland study, 

Pittman (2003) showed that hollow availability for these two species could be 

limiting, that T. vulpecula was dominant, and that where T. vulpecula was common, 

M. gouldii denned in sub-optimal situations.  Given the general environmental 

similarity between the two islands, it is likely that M. gouldii was present on Bathurst 

Island at the time of its separation from Melville Island (8000-10,000 years ago), and 

it is plausible that interspecific competition with T. vulpecula may have contributed 

to its local extinction there. 

 

Beyond this possible instance of interspecific interaction, the mammal fauna on these 

islands shows distinctive habitat segregation, and there is little evidence of the 

influence of interspecific interactions in structuring local species composition. 

 

This study demonstrates that the Tiwi Islands support a mammal fauna typical of that 

of the nearby mainland of northern Australia.  However, in contrast to that mainland 

area, where many species have been substantially reduced in abundance or 

distribution (Woinarski 2000; Woinarski et al. 2001), these species typically remain 

abundant and widespread on these large islands (a pattern generally characteristic of 

large Australian islands with higher rainfall: Abbott and Burbidge 1995; Burbidge et 

al. 1997; Burbidge 1999; Burbidge and Manly 2002).  Indeed, some mammal species 

(notably C. penicillatus) are unusually abundant on the Tiwi Islands.  This 

persistence and abundance may be due to the Tiwi Islands occupying the wet 

extreme of the Northern Territory’s rainfall gradient (and thus supporting unusually 
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well developed eucalypt forests), the relatively benign fire regimes and the historic 

lack of intensive development.  Feasibly, the archipelago’s isolation may also have 

reduced the introduction of exotic diseases, but there is no evidence for or against 

this possibility, and little evidence for or against any role of disease in the decline of 

mammal populations in north Australia generally (Oakwood and Pritchard 1999). 

 

Extensive plantation development is now occurring on the Tiwi Islands, and is likely 

to expand considerably over the next few decades.  This development targets the 

tallest and most well developed eucalypt forest environments, which are especially 

favoured by C. penicillatus, and much used by many other mammal species.  Our 

results suggest that most of these species are absent or uncommon in the plantations 

that replace these forests, and hence that this development will substantially reduce 

the status of these mammal species on this island stronghold. 
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Introduction  

There are many studies of the habitat relationships of individual species.  These are 

often based on detailed studies at single sites, and the extent to which such models 

apply more generally to the typically far broader range of the species is rarely tested.  

This narrow focus has obvious limitations for the development of generally 

applicable management advice, and may provide an unrepresentative assessment of 

factors governing habitat selection in parts of the range with contrasting 

environments and limiting factors.  For example, a recent meta-analysis study of the 

responses of individual birds to habitat fragmentation across a series of widely-

spaced study sites in south-eastern Australia demonstrated that factors governing 

habitat selection, and responses to clearing and fragmentation, varied widely for 

individual species across different parts of their range, and hence concluded that 

great care should be taken in extrapolating to generalisation of habitat selection 

conclusions from single studies (Maron and Lill 2006).   

 

In this Chapter, I consider the extent to which there is similarity in habitat selection 

of the brush-tailed rabbit-rat Conilurus penicillatus at my three main study sites, 

Cobourg Peninsula, Kakadu National Park and Tiwi Islands.  I examine this question 

by deriving habitat models for the former two areas (and comparing them with a 

model developed in the previous chapter for the Tiwi Islands).  I also test the 

predictive validity of the Tiwi Island model against the occurrence data I obtained at 

Cobourg and Kakadu.  This approach serves not only to examine the extent to which 

the habitat selection conclusions derived from Tiwi Islands study may apply broadly 

across the wider range of species, but it may also serve to understand whether the 

areas in which the species has declined were in more marginal or core habitat 

suitability. 

 

Conilurus penicillatus has a patchy distribution in the monsoonal tropics of northern 

Australia and New Guinea. This fragmented distribution and persistence mainly on 

islands suggests a relictual distribution, which is supported by evidence that its range 
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was more extensive and common at the time of European colonisation of northern 

Australia (Dahl 1897; Thomas 1906).   

 

In Chapter 5, I investigated the population status and habitat relationships of C. 

penicillatus on two continental islands, Bathurst and Melville Island (collectively, 

the Tiwi Islands), off the coast of the Northern Territory, Australia’s second and fifth 

largest islands (Firth et al. 2006a). On these two large islands C. penicillatus was 

relatively abundant and environmental models demonstrated a strong preference for 

taller eucalypt open forest with sparse grass cover, less frequent (or less intense) fire 

and drier upland areas. Until now there were no directly comparable environmental 

models for C. penicillatus from the adjacent mainland.  

 

In this study I consider the population status and environmental relationships of C. 

penicillatus from the last two known remaining mainland sites in the Northern 

Territory, both of which are conservation reserves, Cobourg Peninsula (Garig Gunak 

Barlu National Park) and Kakadu National Park (a World Heritage site). The 

approach used here partly replicates that considered previously for examining habitat 

relationships on the Tiwi Islands.  In some analyses, I refine the habitat modelling 

approach through inclusion of detailed information on grass species composition, a 

level of floristic information that was not available for the Tiwi Islands data set but 

which may be potentially important because C. penicillatus is known to have a diet 

consisting chiefly of seeds from grasses, particularly perennial grasses (Firth et al. 

2005). I also examine the predictive efficacy of a habitat model developed for C. 

penicillatus on the Tiwi Islands, to test the extent of generality of that model, and to 

consider whether the restricted distribution of C. penicillatus at one site (Kakadu) 

may be due to broad-scale unsuitability of habitat or to other factors. 

 

Due to the selective use of eucalypt open forest by C. penicillatus (Firth et al. 2005; 

Firth et al. 2006a; Firth et al. 2006b) and also because it is by far the dominant 

vegetation class in the study areas, all analyses were restricted to eucalypt open 

forest containing at least one of the typically co-occurring dominant tree species 

Eucalyptus miniata, E. tetrodonta or Corymbia nesophila. 
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Methods 

Study areas 

The two study areas occur in the monsoonal tropics of the Northern Territory (see 

Fig. 1). Climate in this region is characterised by two distinct seasons, a wet season 

(from November to April) when approximately 90% of the rainfall occurs, and a dry 

season (between May to October) characterised by little to no rain. Cobourg 

Peninsula has a mean annual rainfall of 1214 mm and temperatures are high all year 

round with mean monthly minima and maxima ranging from 20.7 to 29.6 oC in July 

to 25.6 to 33.1 oC in November (Black Point weather station, Bureau of Meteorology, 

Darwin). Kakadu National Park has a mean annual rainfall of 1250 mm and 

temperatures are also high all year round with mean monthly minima and maxima 

ranging from 18.5 to 31.8 oC in July to 24.9 to 36.8 oC in November (Jabiru airport 

weather station, Bureau of Meteorology, Darwin). 

 

 

Figure 1. Map showing the two study locations. 
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Notwithstanding their obvious separation, there is a high level of environmental 

similarity between the Tiwi islands and Cobourg Peninsula, evident particularly in 

their joint inclusion within a single nationally defined bioregion (Tiwi-Cobourg).  

Cobourg Peninsula is approximately 200 km north east of Darwin, Its closest extent 

is 30 km east of the easternmost tip of Melville Island, and it then extends a further 

130 km east. The topography is relatively simple with the highest point being 160 m. 

The geology of the area consists of a highly weathered and lateritised Cretaceous and 

Tertiary sandstone plateaux. The lateritic land surface has been dissected and is 

largely buried beneath a thin Quaternary cover of sands, gravels, and alluvium 

(Woinarski and Baker 2002). Open forests, especially those co-dominated by 

Eucalyptus miniata, E. tetrodonta and/ or Corymbia nesophila, comprise about 93% 

of the total land area (Woinarski et al. 2000).    

 

Kakadu is approximately 200 km east of Darwin, with closest extent about 120 km 

from the Tiwi islands. It lies in an array of different bioregions (variably Arnhem 

Plateau, Pine Creek and Darwin Coastal) to the Tiwi Islands and Cobourg Peninsula.  

The topography of this area is more complex due to the presence of the rugged 

Arnhem Land plateau, with elevations to about 400 m. Away from this well-defined 

plateau; the remaining area is topographically simple. These lowlands were sampled 

during this survey and they consist of a Cainozoic plain of deeply weathered coarse-

grained sediments. The vegetation of this area is dominated by open forests/ 

woodlands of eucalypts particularly Eucalyptus miniata and E. tetrodonta (Russell-

Smith et al. 1995).    

 
Sampling 

The sampling procedure followed a protocol now standardised for the monsoonal 

tropics of northern Australia (e.g. Woinarski and Ash 2002), being based on 

systematic sampling of a large series of 50 x 50 m quadrats.  At each quadrat, 20 

Elliott traps (33 x 10 x 9 cm) and four possum-sized cage traps (56 x 20 x 20 cm) 

were placed around the perimeter, baited with a mixture of peanut butter, oats and 

honey, set for three consecutive nights, and checked in the early morning.  Four 

pitfall traps (two 20-L and two 10-L plastic buckets, each with 10 m of 30-cm high 

driftline fence) were also placed within the quadrat over the 72-h sampling period, 
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however these were largely irrelevant for this study, as no C. penicillatus were 

captured within them. Where captured, individuals of C. penicillatus were released at 

the site of capture unmarked. An abundance value was calculated in every quadrat as 

the sum of the number of trap captures (note that in some instances this tally could 

include multiple captures of the same individual).  

 

A total of 173 quadrats were sampled, comprising 135 at Cobourg from June 2001 at 

various times until August 2005, and 38 at Kakadu in March-April 2003 (26 

quadrats), and in August 2006 (12 quadrats). Twenty of the quadrats sampled in 

Kakadu from March-April 2003 were placed radiating outwards from the Mardugal 

campground where a small highly restricted population still persists, most probably 

as a result of protection from regular annual fires (Firth et al. 2005; Firth et al. 

2006a). At this site C. penicillatus were the subject of dietary, home range and 

population studies on a trapping grid (Mardugal campground) that consisted of 20 

lines with 20 traps each spaced approximately 20m apart (400 traps in total) covering 

an area of about 14.4 ha (Firth et al. 2005; Firth et al. 2006a).  In some analyses 

(where specified below), I include habitat information from each trap site in this grid. 

A summary of the sampling periods, number of sites, and habitat variables recorded 

is presented in Table 1.  Previous results (unpublished) suggest no marked 

seasonality in trap success rates for this species, so combining disparate data sets 

across seasons is considered valid. 
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Table 1. Summary table of sampling effort, timing and floristic variables recorded. A 

 

 Sites    

 Cobourg quadrats Kakadu quadrats Kakadu grid 

Basal area of trees 

and shrubs 

Complete floristic information is 

available for 126 quadrats 

Complete floristic information is 

available for 38 quadrats 

Complete floristic information is 

available for 400 trap locations 

Grasses Complete floristic information is 

available for 81 quadrats. 

Information is also presented for 

the four most dominant grasses in 

126 quadrats.   

Information is presented for the 

four most dominant grasses in 38 

quadrats.   

Information is presented for the 

four most dominant grasses in 400 

quadrats.   

Time of sampling 45 quadrats were sampled between 

June 2001 and March 2003. A 

further 81 between August 2004 

and August 2005. 

26 quadrats were sampled during 

March/ April 2003 and 12 during 

August 2006. 

Sampling occurred at various times 

from February 2002 until March 

2003.  

A Note that for the GLM models I used data from 173 quadrats (135 from Cobourg and 38 from Kakadu). 
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Variation in tree and shrub species composition 

For the pooled set of all Cobourg quadrats, Kakadu quadrats and Kakadu grid trap 

sites, I examined floristic (woody plant species only) patterning, using MDS 

ordination within the program PRIMER (Clarke and Gorley 2001).  I tested whether 

there were significant differences in plant species composition across these three 

constituent survey sets, using ANOSIM (analysis of similarity, PRIMER, Clarke and 

Gorley 2001), and noted the differential occurrence of tree and shrub species across 

these three sites, using a 1-way ANOVA.  I also related the presence or absence of C. 

penicillatus at this set of trapping sites to the woody plant species composition of 

those sites, again using ANOSIM.  

 

Variation in grass species composition 

I conducted a comparable analysis based on grass species composition (including 

only the four most dominant grass species at the site) rather than composition of 

woody plant species.  Sites subject to substantial recent fires (i.e. where it was not 

possible to determine grass species present) were excluded from this analysis.  As 

with the analyses involving woody plant species (above), I used ANOSIM to 

examine for significant variation among the three main study regions in grass species 

composition, noted the differential occurrence of individual grass species among the 

three regions with 1-way ANOVA, and related the occurrence of C. penicillatus to 

grass species composition using ANOSIM. 

 

Complete inventories of grass species composition were available only for the 

Cobourg sites.  For this set of sites, I also examined the relationship between C. 

penicillatus abundance and the abundance of individual grass species (only 

considering those grass species that were recorded from 5 or more sites), using 

Spearman rank correlations. In describing the results of this analysis, I also note 

(where the information was available) whether or not these grasses are known to 

occur in the diet of C. penicillatus and their recorded response to fire or other 

disturbance.  

 

Modelling of association with individual habitat features 

The environmental relationships of C. penicillatus were described using generalised 

linear modelling (GLM) (McCullagh and Nelder 1999; Crawley 1993), across the set 
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of Cobourg and Kakadu eucalypt open forest quadrats and the set of Cobourg 

eucalypt open forest quadrats. This modelling used the total number of C. 

penicillatus recorded at each quadrat (abundance), a Poisson distribution and log-link 

function. However we first used a backward stepwise regression analysis to identify 

non-significant habitat variables (P > 0.1). The remaining habitat variables (P < 0.1) 

were then examined using an information theoretic approach (Burnham and 

Anderson 2001 and 2002).  For model selection I used Akaike’s Information 

Criterion (AIC). However as the ratio of sample size to the number of parameters 

n/K, was less than 40 I calculated and used AICc corrected for small sample size 

(Burnham & Anderson, 2002). Models were ranked according to their �AICc and 

considered to have substantial support if �i was ≤ 2, those with �i values between 3 

and 7 have a great deal less support, while models with a �i > 10 have essentially no 

support (Burnham and Anderson 2001). Akaike weights (wi) were also calculated for 

each set of models, as this provides a relative measure of model likelihood within the 

candidate set. The analyses included all habitat variables listed in Table 2.  
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Table 2. Habitat variables measured in each quadrat and their corresponding means (s.e.) and ranges from the Tiwi Islands (n = 256), Cobourg 
Peninsula (n = 135) and Kakadu quadrats (n = 38) and trapping grid (n = 400).  
Note that we do not have values for many of the variables from the Kakadu trapping grid as they were measured on a different scale (due to the 
close proximity of each trap) or not at all due to the vegetation uniformity of the site.  
 

Variable  How measured Notes Tiwi 
quadrats 

Cobourg 
quadrats 

Kakadu 
quadrats 

Kakadu 
grid 

Floristics       
Erythrophleum 
chlorostachys  

Basal area (m2 ha-1) of E. 
chlorostachys, derived from two 
sweeps of a Bitterlich gauge 

This species is an indicator 
of infrequent fire regimes 
(Bowman et al. 1988; 
Bowman and Panton 1995)  

0.461 
(0.048)  
0-4.75 

0.509 
(0.091) 
0-5.25 

0.582 
(0.093) 
0-2.12 

1.64 (0.05) 
0-5.5 

Annual Sorghum spp. A 5-point scale measuring the 
dominance in each quadrat, from 
0 (absent) to 1 (the dominant 
grass species in the quadrat) 

This species is an indicator 
of frequent fire regimes 
(Russell-Smith et al. 2003). 
Not measured on Tiwi. 

 0.126 
(0.026) 
0-1 
 

0.533 
(0.06) 
0-1 

 

Tree and shrub 
structure 

      

Canopy height Height of tallest woody plants 
(m) 

 17.5 
(0.32) 
0-30 

18.2 
(0.26) 
9-25 

14.89 
(0.32) 
11-18 

 

Canopy cover Percentage foliage cover of 
canopy (estimated) 

 25.6 
(0.87) 
2-90 

16.7 
(0.67) 
2-35 

16.71 
(0.82) 
10-30 

 

Cover (5-10m) Percentage foliage cover in layer 
5-10 m above ground (i.e. tall 
shrubs and low trees), from 0 (no 
cover) to 6 (cover > 75 %)  

 2.25 
(0.06) 
0-4 

2.20 
(0.06) 
0-4 

2.53 
(0.09) 
1-3 

 

Cover (3-5m) Percentage foliage cover in layer  2.02 1.71 2.78  
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3-5 m above ground (i.e. shrubs) 
and as above 

(0.06) 
0-6 

(0.07) 
0-4 

(0.10) 
2-4 

Cover (1-3m) Percentage foliage cover in layer 
1-3 m above ground (i.e. low 
shrubs) and as above 

 2.41 
(0.06) 
0-6 

2.11 
(0.08) 
1-5 

3.05 
(0.11) 
2-4 

 

Basal area (trees) Basal area (m2 ha-1) of trees with 
d.b.h. between 20-50 cm, derived 
from two sweeps of a Bitterlich 
gauge 

Hollows in trees, 
particularly in eucalypts 
from this size class are used 
by C. penicillatus as den 
sites (Firth et al. 2006) and 
regular late annual fires 
reduce the survivorship of 
trees in this size class 
(Williams et al. 1999). 

6.44 
(0.22) 
0-24.7 

6.27 
(0.24) 
0-20.8 

4.90 
(0.44) 
1.25-12 

3.25 (0.06) 
0-7.5 

Basal area (large 
trees) 

Basal area (m2 ha-1) of trees with 
d.b.h. > 50 cm, derived from two 
sweeps of a Bitterlich gauge 

As above 0.82 
(0.06) 
0-5.6 

0.29 
(0.25) 
0-2.7 

0.01 
(0.01) 
0-0.37 

0.02 (0.01) 
0-4.5 

Total basal area Basal area (m2 ha-1) of all woody 
plants, derived from two sweeps 
of a Bitterlich gauge 

 11.87 
(0.30) 
1.2-33 

9.83 
(0.25) 
4-27.3 

8.75 
(0.55) 
2.7-15.7 

5.63 (0.08) 
1.25-10.5 

Ground cover       
Perennial grass cover Percentage ground cover of 

perennial grasses, measured by 
categorising cover at 100 1-m 
intervals around the quadrat 

Note that this variable is 
strongly affected by 
whether the quadrat had or 
hadn’t been burnt at the 
time of sampling. 

22.74 
(1.30) 
0-100 

24.21 
(1.49) 
0-80 

15.07 
(1.93) 
0-50 

 

Annual grass cover Percentage ground cover of 
annual grasses 

As above 7.92 
(0.81) 
0-58 

5.37 
(0.89) 
0-50 

15.81 
(2.41) 
0-55 
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Total grass cover The sum of annual and perennial 
grass covers 

As above 30.66 
(1.40) 
0-100 

29.58 
(1.70) 
0-88.5 

30.89 
(3.09) 
0-75 

 

Bare ground Percentage of the ground cover 
that was bare 

As above 12.27 
(1.14) 
0-96 

20.22 
(1.86) 
1-98 

5.39 
(1.44) 
0-45 

 

Rock cover Percentage of the ground cover 
that was rock 

Surface rock is very limited 
on Cobourg Peninsula and 
in the lowlands of Kakadu, 
and confined mostly to 
some areas of residual 
laterite 

1.21 
(4.30) 
0-59 

4.46 
(0.90) 
0-65 

12.39 
(2.74) 
0-60 

 

Logs The number of logs (fallen trunks 
or branches with diameter > 5 
cm) intercepted by a 100 m 
transect around half of the 
quadrat perimeter 

Possibly partly affected by 
frequency and recency of 
fire 

2.05 
(0.14) 
0-15 

15.03 
(1.33) 
0-67 

1.18 
(0.21) 
0-4 

0.50 (0.03) 
0-4 

Fire history       
Fire impact A 5-point scale measuring the 

apparent severity of fire impact, 
from 0 (no sign of fire) to 5 
(conspicuous evidence of severe 
crown fire) 

 1.64 
(0.07) 
0-5 

1.79 
(0.08) 
0-5 

1.32 
(0.14) 
0-3 

 

Time since last fire Estimated from fire scars and 
regeneration whether the quadrat 
had been burnt during the year of 
sampling, the year before, 2 + 
years before or long unburnt  

 1.19 
(0.05) 
0-3 

1.13 
(0.07) 
0-3 

1.32 
(0.15) 
0-3 

Most of the 
site has not 
been burnt 
for at least 
3 years 

Dead trees Basal area (m2 ha-1) of standing Possibly related to longer- 0.80 1.40 0.80 0.92 (0.04) 
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dead trees, derived from two 
sweeps of a Bitterlich gauge 

term fire regimes, but this 
relationship may be 
complex (because severe 
fires may not only kill trees 
but also destroy them) 

(0.04) 
0-4.7 

(0.07) 
0-4 

(0.08) 
0.1-2.6 

0-12 

Topographic features       
Elevation Altitude (m) derived from a 

digital elevation model 
Note that higher elevations 
are typically associated with 
the shallower soils of the 
residual lateritic plateau 

48.93 
(1.86) 
4.2-125 

38.16 
(1.50) 
3-77 

24.23 
(1.49) 
14-43 

 

Topographic range Maximum altitude minus 
minimum altitude within 1 km of 
quadrat 

 21.9 
(0.86) 
0-79.3 

21.05 
(0.68) 
7-43 

13.05 
(0.52) 
7-22 

 

Moisture features       
Distance to nearest 
watercourse 

Measured in metres and derived 
from a digital elevation model 

 650 (40) 
0-4235 

1101 
(102) 
0-7665 

503 (45) 
100-
1081 

 

Annual rainfall Derived using the ESOCLIM 
component of ANUCLIM, a 
predictive software package 
(McMahon et al. 1996). 

 1626 
(4.30) 
1420-
1708 

1308 
(1.08) 
1289-
1349 

1340 
(5.17) 
1304-
1381 
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Predictive modelling   

I also used the best available habitat model from the Tiwi Islands to assess habitat 

suitability and predict the number of C. penicillatus at Cobourg and Kakadu 

quadrats. The model used included the following variables: Canopy height, canopy 

cover, fire impact, time since last fire, the percentage of ground cover that was bare 

and the distance to nearest watercourse (Table 3).  

 

All analyses except those that were undertaken with PRIMER were conducted using 

Statistica version 7 (StatSoft 2002).  

 

 

Table 3. Best available predictive habitat model from the Tiwi Islands used to 

predict the number of C. penicillatus present at Cobourg and Kakadu quadrats (A).  

Variable Estimate, with Wald statistic and 

significance level in brackets 

Percentage of deviance explained  (d.f.) 22.6 (6) 

Intercept -3.892 (41.3 ***) 

Canopy height 0.114 (33.5 ***) 

Canopy cover -0.022 (6.0 *) 

Fire impact -0.317 (6.9 **) 

Time since last fire 0.632 (13.2 ***) 

Bare ground 0.032 (16.2 ***) 

Distance to nearest watercourse 0.00078 (37.7 ***) 
(A) This model differs marginally from that presented in chapter 5 because the 

wetness index variable was unavailable for Cobourg and Kakadu. 

 

Results 

The most notable feature of this survey was the absence of C. penicillatus from 

quadrats in Kakadu, though they still persist in a highly restricted area (Mardugal 

campground), which is protected from regular annual fire (Firth et al. 2005; Firth et 

al. 2006b) (Fig. 2). At Cobourg, C. penicillatus was recorded at 46 of the sampled 

eucalypt open forest quadrats (Fig. 3). 
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Figure 2. Location of survey quadrats in Kakadu National Park.  

Note the location of Mardugal campground where C. penicillatus still persists. 
 

 
 

Figure 3. Location of survey quadrats on Cobourg Peninsula. 
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Variation in tree and shrub species composition 

Variation in the woody plant species composition of quadrats from Cobourg and 

Kakadu and trap sites from Kakadu is depicted in Fig. 4.  There is significant 

variation in woody plant species composition across this combined data set (global R 

= 0.247, P = 0.001). The ANOSIM pairwise tests also indicated significant 

differences between the Cobourg and Kakadu quadrats (R = 0.211, P = 0.001), 

between Cobourg and the Kakadu trapping grid  (R = 0.303, P = 0.001) and to a 

lesser extent between Kakadu and the Kakadu grid (R = 0.088, P = 0.027). This 

variation included substantially greater abundances of five plant species (Corymbia 

bleeseri, C. nesophila, Hydriastele ramsayi, Livistona humilis and Planchonia 

careya) at Cobourg, three at Kakadu (Acacia mimula, C. porrecta and Xanthostemon 

paradoxus) and five plant species at the Kakadu grid (Alphitonia excelsa, C. 

ferrugenia, Erythrophleum chlorostachys, Pandanus spiralis and Terminalia 

carpentariae) (Table 4). 
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  Stress: 0.19 

 

Figure 4. Two-dimensional ordination plot of woody plant species composition for 

Cobourg (1), Kakadu (2) and the Kakadu trapping grid (3) from non-metric multi-

dimensional scaling (MDS).  
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Table 4. Variation in basal area (m2 ha-1) for tree and shrub species from Cobourg and Kakadu quadrats and from the Kakadu trapping grid.  

Values given in the body of the table are mean basal area, with standard error in brackets. Significance of variation in basal area for each species 

is indicated by the F value (from 1-way ANOVA). Only species recorded from 10 or more sites and which varied significantly between sites are 

presented. *** P < 0.001; ** P < 0.01; * P < 0.05. 

 
Species No. of sites Cobourg Kakadu Kakadu grid F 
Acacia lamprocarpa 12 0.015 (0.003) 0.003 (0.007) 0.002 (0.002) 4.63 * 
A. mimula 24 0.003 (0.012) 0.164 (0.022) 0.013 (0.006) 21.96 *** 
Alphitonia excelsa 60 0.005 (0.023) 0 0.106 (0.013) 8.50 *** 
Corymbia bleeseri 81 0.395 (0.034) 0.111 (0.062) 0.028 (0.019) 43.50 *** 
C. disjuncta 13 0.055 (0.008) 0 0 15.28 *** 
C. ferrugenia 117 0 0 0.285 (0.022) 22.97 *** 
C. nesophila 103 1.447 (0.060) 0 0 220.19 *** 
C. porrecta 328 0.265 (0.089) 1.509 (0.163) 0.957 (0.050) 31.70 *** 
Erythrophleum chlorostachys 438 0.257 (0.093) 0.598 (0.169) 1.649 (0.052) 93.23 ** 
Hydriastele ramsayi 35 0.320 (0.038) 0 0 27.47 *** 
Livistona humilis 64 0.417 (0.036) 0.171 (0.067) 0 49.12 *** 
Pandanus spiralis 196 0.079 (0.100) 0.039 (0.183) 0.830 (0.056) 26.47 *** 
Planchonia careya 27 0.052 (0.006) 0.006 (0.016) 0.006 (0.005) 9.91 *** 
Terminalia carpentariae 168 0 0.023 (0.064) 0.325 (0.019) 37.89 *** 
Xanthostemon paradoxus 39 0.015 (0.025) 0.253 (0.045) 0.047 (0.014) 10.75 *** 

 

 



Chapter 6: Habitat relationships on the mainland 

 

162 

 

There was no relationship between presence/ absence of C. penicillatus and the 

variation in woody plant species composition depicted in this ordination (global R = 

0.01, P = 0.343) (Fig. 5).  
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Figure 5. Two-dimensional ordination plot of woody plant species composition for 

Cobourg, Kakadu and the Kakadu trapping grid from non-metric multi-dimensional 

scaling (MDS), with the number of C. penicillatus present at each site. 

 

 

Variation in grass species composition 

Variation in the grass species composition of quadrats from Cobourg and Kakadu 

and trap sites from the Kakadu grid is depicted in Fig. 6.  There is significant 

variation in grass species composition across these three data sets (global R = 0.483, 

P = 0.001), with significant variation evident across all pair-wise comparisons 

(between the Cobourg and Kakadu quadrats; R = 0.181, P = 0.001, between Cobourg 

and the Kakadu trapping grid; R = 0.491, P = 0.001 and between Kakadu and the 

Kakadu grid R = 0.496, P = 0.027).   
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Figure 6. Two-dimensional ordination plot of grass species composition for Cobourg 

(1), Kakadu (2) and the Kakadu trapping grid (3) from non-metric multi-dimensional 

scaling (MDS).  

 

 

At Cobourg this variation included greater cover of several species including 

Chrysopogon latifolius, perennial sorghum Sorgham plumosum and Mnesithea 

rottboellioides and several others (Table 5). At the Kakadu quadrats there was 

significantly more cover of Heteropogon triticeus, annual sorghum Sorghum intrans 

and Alloteropsis semialata among others. There was significantly more cover of 

Eriachne triseta, Pseudopogonatherum irritans and Aristida holathera and two 

others (Table 5).  
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Table 5. Variation in cover of the first four dominant grass species from Cobourg and Kakadu quadrats and from the Kakadu trapping grid.  

Values given in the body of the table are mean cover, with standard error in brackets. Significance of variation in cover for each species is 

indicated by the F value (from 1-way ANOVA). Only species recorded from 10 or more sites and which were significant are presented. *** P < 

0.001; ** P < 0.01; * P < 0.05. A = annual grass and P = perennial grass. 

 
Species No. of sites Cobourg Kakadu Kakadu grid F 
Alloteropsis semialata  P 109 0.077 (0.025) 0.375 (0.045) 0.120 (0.013) 17.3 *** 
Aristida holathera P 119 0.038 (0.025) 0.046 (0.045) 0.185 (0.013) 15.4 *** 
Chrysopogon latifolius P 66 0.397 (0.025) 0 0 201.6 ** 
Eragrostis cumingii P  78 0 0 0.043 (0.006) 5.53 ** 
Eriachne avenacea  P 10 0.052 (0.009) 0 0.002 (0.005) 11.50 *** 
Eriachne obtusa  P 18 0.002 (0.008) 0.072 (0.016) 0.015 (0.004) 7.34 *** 
Eriachne schultziana P 11 0.042 (0.007) 0.019 (0.014) 0.001 (0.004) 10.17 *** 
Eriachne triseta  P 308 0.254 (0.035) 0.210 (0.063) 0.768 (0.019) 104.13 ** 
Eulalia mackinlayi  P 13 0.058 (0.007) 0 0 22.13 *** 
Heteropogon triticeus  P 201 0.427 (0.031) 0.710 (0.056) 0.245 (0.017) 15.28 ** 
Mnesithea rottboellioides  P 31 0.110 (0.013) 0.065 (0.023) 0.005 (0.007) 25.88 *** 
Pseudopogonatherum irritans A 154 0.165 (0.031) 0.052 (0.057) 0.245 (0.017) 6.58 ** 
Schizachyrium fragile A 18 0.038 (0.009) 0.085 (0.016) 0.008 (0.005) 12.66 *** 
Setaria apiculata A 48 0.024 (0.015) 0 0.063 (0.008) 4.11 * 
Sorghum intrans A 50 0.135 (0.015) 0.532 (0.028) 0 168.19 ** 
Sorghum plumosum  P 61 0.366 (0.017) 0 0 178.01 ** 
Thaumastochloa major A 31 0.030 (0.008) 0.052 (0.014) 0.014 (0.004) 4.03 * 
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There was a highly significant relationship between presence/absence of C. 

penicillatus and the variation in grass species composition depicted in this ordination 

(global R = 0.074, P = 0.006) (Fig. 7).  
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Figure 7. Two-dimensional ordination plot of grass species composition for that set 

of Cobourg and Kakadu quadrats and the Kakadu trapping grid, with the number of 

C. penicillatus present at each site from non-metric multi-dimensional scaling 

(MDS). 

 

Across those (Cobourg) sites where a complete listing of grass species was obtained, 

the correlation of C. penicillatus with abundance of individual grass species is 

summarised in Table 6. Significant correlations of C. penicillatus occurred with three 

of the grass species (Chrysopogon latifolius [positively], Eulalia mackinlayi 

[negatively] and S. plumosum [negatively]) (Table 6). 
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Table 6. Spearman rank correlations of C. penicillatus abundance with cover of individual grass species  (for those species recorded from more than five quadrats) in eucalypt 
open forest from Cobourg Peninsula (n = 81). Significant values (P < 0.05) are in bold. A = annual grass and P = perennial grass. Mean (u) ± s.e. of grass cover is also 
presented. 
 

Species 
Spearman R P value 

No. of quadrats (u ±  s.e.) 
Known Dietary 

Item 
Responses to fire  

Chrysopogon latifolius P 0.358 0.001 43 (3.26 ± 0.51) Unknown   

Eulalia mackinlayi  P -0.303 0.005 17 (1.06 ± 0.32) Unknown  

Sorghum plumosum  P -0.225 0.043 57 (6.31 ± 0.86) Yes  

Cymbopogon refractus P 0.189 0.089 8 (0.04 ± 0.02) Unknown  

Heteropogon triticeus  P -0.161 0.150 58 (3.40 ± 0.49) Yes Increases with some annual fire B 

Aristida holathera P 0.142 0.204 12 (0.42 ± 0.21) Unknown  

Eriachne avenacea  P 0.142 0.205 15 (1.32 ± 0.73) Unknown Increases with annual fire D 

Pseudopogonatherum irritans A   -0.130 0.247 40 (1.18 ± 0.26) Unknown  

Setaria apiculata A 0.092 0.411 16 (0.01 ± 0.003) Yes Shows some decease with early annual fire C 

Eriachne schultziana P 0.088 0.431 8 (0.02 ± 0.02) Unknown  

Schizachyrium fragile A 0.075 0.500 14 (0.25 ± 0.10) Unknown Increases with annual fire 

Alloteropsis semialata  P -0.068 0.541 28 (1.08 ± 0.31) Yes Decreases with regular fire and grazing D, E 

Eriachne ciliata  P 0.057 0.607 5 (0.02 ± 0.02) Unknown  

Thaumastochloa major A -0.055 0.624 35 (0.73 ± 0.22) Unknown Increases with some annual fire B 

Aristida superpendens P -0.048 0.666 11 (0.63 ± 0.28) Unknown   

Eriachne triseta  P -0.048 0.669 40 (2.29 ± 0.57) Most likely Decreases with regular fire C 

Panicum mindanaense P 0.040 0.720 8 (0.16 ± 0.09) Unknown  

Eriachne burkittii  P 0.019 0.865 7 (0.89 ± 0.44) Unknown  

Mnesithea rottboellioides  P 0.005 0.962 22 (1.43 ± 0.48) Yes  

Sorghum intrans A -0.004 0.969 6 (0.51 ± 0.30) Unknown Increases with annual fire C 
B Fensham (1990), C Russell-Smith et al. (2003), D Woinarski et al. (2004) and E Crowley and Garnett (2001). 
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Modelling of association with individual habitat features 

The environmental models for C. penicillatus were remarkably similar across 

locations (Table 7). The model that had the most support from the combined 

Cobourg and Kakadu quadrats included annual grass cover, canopy height, basal area 

of dead trees, and fire impact, with a likelihood (wi) of 59%. The next most 

supported model included the variables annual grass cover, canopy height and basal 

area of dead trees, with a likelihood (wi) of 33%. The model from Cobourg (alone) 

that had the most support also included annual grass cover, canopy height, basal area 

of dead trees, fire impact and percentage cover of bare ground, with a likelihood (wi) 

of 43%. However the next two models were somewhat similar with likelihoods (wi) 

of 23% and 20% and included annual grass cover, canopy height, basal area of dead 

trees, fire impact and percentage cover of bare ground, annual grass cover, canopy 

height, and fire impact respectively (Table 7). In all models, the likelihood of C. 

penicillatus presence increased with increasing canopy height but decreased with 

increasing cover of bare ground and annual grasses, and with increasing basal area of 

dead trees and fire impact. 
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Table 7. Summary of generalised linear modelling of C. penicillatus, for eucalypt open forest quadrats at Cobourg and Kakadu combined and Cobourg only.   
All models tested are ranked according to support, consequently �i = 0 is the best model. Akaike weights (wi) are also illustrated. The direction of the relationship (+ or -) is 
given in brackets after the term, but only on the first occasion as it is the same for each model and the corresponding locality. 
 

Localities  Model       AICc �AICc wi 

         

Cobourg and Kakadu Annual grass cover (-) Canopy height (+) Dead tree (-) Fire impact (-)  441.74 0 0.59 

 Annual grass cover Canopy height Dead tree   442.87 1.12 0.33 

 Annual grass cover Canopy height Fire impact   447.17 5.42 0.03 

 Annual grass cover Canopy height    447.82 6.08 0.02 

 Annual grass cover Dead tree    463.95 22.20 <0.00 

 Annual grass cover Dead tree Fire impact   464.91 23.16 <0.00 

 Canopy height Dead tree    464.99 23.24 <0.00 

 Canopy height Dead tree    467.25 25.50 <0.00 

 Annual grass cover     467.99 26.24 <0.00 

 Annual grass cover Fire impact    469.11 27.36 <0.00 

         

Cobourg Bare cover (-) Annual grass cover (-) Canopy height (+) Dead tree (-) Fire impact (-) 406.47 0 0.43 

 Annual grass cover Canopy height Dead tree Fire impact  407.70 1.22 0.23 

 Bare cover Annual grass cover Canopy height Fire impact  407.97 1.49 0.20 

 Annual grass cover Canopy height Fire impact   408.89 2.42 0.12 

 Bare cover Annual grass cover Canopy height   417.01 10.54 <0.00 

 Bare cover Annual grass cover Canopy height   420.82 14.34 <0.00 

 Annual grass cover Canopy height Dead tree   420.91 14.43 <0.00 

 Bare cover Annual grass cover Dead tree Fire impact  422.23 15.75 <0.00 

 Bare cover Canopy height Dead tree Fire impact  422.69 16.22 <0.00 

  Bare cover Annual grass cover Fire impact     422.91 16.43 <0.00 
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Predictive modelling   

When the Tiwi-based habitat model was applied to the environmental features of 

Cobourg and Kakadu sites, it indicated a high level of suitability for many Cobourg 

sites and reduced suitability across the set of Kakadu sites (Fig. 8).  
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Figure 8. Frequency distribution of quadrats of varying predicted abundance of C. 

penicillatus, for Cobourg and Kakadu, based on the Tiwi habitat model.   
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When we compare predicted abundances from the model at Cobourg with actual 

mean abundances the model performs reasonably well (Table 8). For example the 

predicted abundance interval of 1-1.9 animals is matched by a mean actual 

abundance of 0.86 animals from seven quadrats (Table 8).  

 

Table 8.  Predicted abundance values (grouped by intervals) for C. penicillatus in 

quadrats at Cobourg based on the best available Tiwi model. Corresponding actual 

mean abundance values and the number of quadrats at which C. penicillatus was 

present in is illustrated.  

 
Predicted 

abundance 
Mean actual 
abundance 

No. of quadrats at which C. 
penicillatus was present 

< 0.2 0.45 3 
0.2-0.39 0.90 16 
0.4-0.59 0.88 6 
0.6-0.79 1 3 
0.8-0.99 1.75 4 

1-1.9 0.86 7 
2-2.9 0.375 3 
3-3.9 0.25 1 
5-5.9 1 1 
> 6 2 2 
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Discussion 

I have considered the environmental relationships of a declining rodent C. 

penicillatus from two Northern Territory mainland conservation reserves in an 

attempt to determine inter-regional consistency in habitat preference and to attempt 

to consider the extent to which the historic decline on the mainland is a result of a 

decrease in habitat suitability.  

 

All of the environmental models showed that C. penicillatus has a strong preference 

for taller eucalypt open forest where there is less cover of annual grass, less cover of 

bare ground, lower densities of basal area of dead trees and where the impact of fires 

is less severe. This result is to some extent consistent with previous models from the 

Tiwi Islands where C. penicillatus displayed a preference for eucalypt open forests 

with taller trees, less grass cover, less frequent and intense fire and drier upland areas 

(Firth et al. 2006a).  Forest structure and fire regimes appear to be consistently 

important features of habitat suitability for this species. 

 

In contrast, while there is considerable variation in the woody species composition 

within eucalypt forests among the regions sampled, this variation does not appear to 

be substantially related to the occurrence of C. penicillatus, a result that is also 

consistent with the previous findings from the Tiwi Islands. 

 

The Tiwi Islands study was not informed by comprehensive data on grass species 

composition, plausibly a substantial deficiency for a species whose diet largely 

comprises grass species.  This possible constraint was addressed in sampling of 

Kakadu and, especially, Cobourg.  The combined results from these areas suggest 

that, as with the woody plant species, there is substantial variation among the study 

regions in grass species composition: however, unlike the case with woody plant 

species composition, this variation was significantly related to the occurrence of C. 

penicillatus.  Further, with analysis restricted to the data set comprising only those 

Cobourg quadrats with complete inventories of grass species, there is a highly 

significant association of C. penicillatus abundance with three individual grass 

species (with this relationship positive for one species and negative for two others). 
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These models suggest that the occurrence of this species is related to coarse habitat 

structure features (particularly tree height), to grass species composition, and to fire 

regimes, with this latter evident not only in direct measures but also in consequential 

factors such as the number of dead trees and the abundance of annual (typically fire-

favoured) grasses.  Such environmental associations make some (self-evident) sense 

for a species that uses tree hollows (and hollow logs) for shelter and whose diet may 

include a discrete assortment of grass species. 

 

The application of the Tiwi model to the two mainland sites was informative.  The 

model predicted that a high proportion of Cobourg sites, but a low proportion of 

Kakadu sites, should be suitable for this species.  In general, Kakadu open forests 

had trees that were smaller than preferred, and more annual grasses.  One 

interpretation of this predictive modelling is that the Kakadu forests are (now) only 

marginally suitable for this species.  If so, any additional pressure would be far more 

likely to result in population decline than would be the case in the more suitable 

environments at Cobourg.   

 

The apparent historic decline in Kakadu (see for example, Chapters 1 and 7) may be 

because this region did not contain core suitable habitat, or it may be because these 

habitat features (notably tree height, proportion of annual grass species, and grass 

species composition) have undergone broad-scale change over the course of the last 

30-100 years, rendering what was previously highly suitable habitat now far more 

marginal.  There is not sufficient detailed historical information on these vegetation 

parameters in the Kakadu region to discriminate between these alternatives, but there 

is mounting evidence that a complex array of factors, notably including changed fire 

regimes, reduction in density of livestock (particularly buffalo), increases in exotic 

grasses and other weeds, and other inter-related factors have led to some substantial 

landscape-scale changes in broad habitat features in Kakadu over the last 30 or so 

years (e.g.  Banfai and Bowman 2006; Werner et al. 2006). 
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Chapter 7: Synthesis, conservation status and 

recommendations 
 

Synthesis 

Prior to the commencement of this study there was very little information available 

on the ecology of Conilurus penicillatus. My research substantially redresses that 

gap.  In this thesis I describe the first considerable investigation of the ecology of the 

species, and draw from this information an assessment of its current conservation 

status and management requirements.  This contribution is relevant not only to 

knowledge of this species in particular, but may also provide insight into the ecology 

of the now extinct white-footed rabbit-rat C. albipes (for which the sum of ecological 

knowledge comprises a very short anecdotal paragraph by Gould (1863)) and the 

ecology and management requirements of small mammal communities more broadly 

in northern Australia. 

 

The aims of this thesis were to investigate in detail the ecology of this species, 

specifically including diet, movements and shelter sites, population dynamics, and 

habitat preference and use.  I then aimed to use this ecological information as a base 

from which to consider possible causes of decline and to provide advice for remedial 

management. 

 

Varied, but inter-related, aspects of the ecology and life history of this species have 

been considered throughout this thesis.  This has included consideration of diet 

(Chapter 2), home range and denning requirements (Chapter 3), population 

parameters such as survival and density (Chapter 4), and habitat selection, at 

different sites (Chapters 5 and 6).  These disparate studies were conducted mostly at 

two main sites, Cobourg Peninsula (with two sub-sites) and Kakadu National Park, 

with this design allowing both for connectivity between chapters and a contrast 

within most chapters between ecological characteristics at different sites.  Additional 

information on the distribution and habitat preference on the Tiwi Islands formed the 

basis of Chapter 5, and the habitat and distributional patterning observed on these 

Islands is contrasted with comparable analyses undertaken on the two main mainland 

sites in Chapter 6.  This concluding chapter reprises the main results from these 
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chapters, attempts a brief integration of main results, and uses this information to 

derive an assessment of conservation status, main threats and management 

requirements. 

 

Chapter 2 describes diet, based on a microscopic analysis of faecal samples from 35 

individuals of C. penicillatus.  This study revealed that their diet consists primarily of 

seed, particularly from perennial grasses, with smaller proportions contributed by 

leaves, plant stems and insects. There was no difference in diet between the sexes 

and seasons, but there was a significant difference in the diet between the three sites. 

The high percentage of seed in the diet indicates that C. penicillatus is for the most 

part granivorous. 

 

Chapter 3 describes an investigation, based on radio-telemetry, of home range and 

den characteristics of C. penicillatus.  The home ranges of 61 C. penicillatus were 

estimated using the minimum convex polygon (MCP) and fixed kernel (K95% and 

K50%) methods. There were no significant differences in home-range size among 

the three sites or between wet and dry seasons. The home ranges of males were 

larger than those of females. Conilurus penicillatus denned primarily in fallen logs 

and in hollows of eucalypts and bloodwoods (Corymbia spp.). Rough-barked trees 

appeared to be preferred.  The diameter at breast height (DBH) of den trees varied 

significantly between the three sites, being greatest at site C1 and least at site C2. 

Den trees had larger DBH than randomly selected trees at each site. The diameter at 

the mid-point (DMP) of both den and random logs were not significantly different 

between sites. Many individuals used more than one den site per tracking session.   

 

Chapter 4 considers the population ecology of C. penicillatus. I made use of capture-

mark-recapture (CMR) methods using the program MARK to estimate apparent 

survival (�), recapture (p) rates and densities for C. penicillatus. Seasonal body 

condition, demography and reproduction were also examined. Many C. penicillatus 

were captured (593) including a total of 403 individual animals from the three sites. 

Apparent survival probability for C. penicillatus varied considerably over the study 

and was best described by the model that included main and interaction effects of 

sex, site and sampling occasion.  Population densities at these three sites ranged from 
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0.35 to 7.1 individuals ha. Conilurus penicillatus reproduced during the dry season 

and most juveniles also entered the population during this period.  

 
Chapter 5 considers the habitat relationships and status of C. penicillatus on the Tiwi 

Islands. As a contextual comparison, analogous environmental modelling was also 

undertaken for other co-occurring small native mammals, including Mesembriomys 

gouldii a taxonomically and ecologically related species. These objectives relate to 

the significance for mammal conservation of islands generally in Australia, and the 

recent intensification of plantation forestry on these previously little-disturbed 

islands. The most notable feature of this survey was the lack of records of M. gouldii 

from Bathurst Island. In contrast, C. penicillatus occurred on both islands in similar 

proportions.  Conilurus penicillatus was most abundant in eucalypt forest while M. 

gouldii showed a weak association with eucalypt forests and woodlands and 

shrubland. Conilurus penicillatus was most likely to occur in tall eucalypt forest 

away from watercourses, where there was more bare ground and where fires had 

been less severe and/or less recent. Conilurus penicillatus, M. gouldii and six other 

mammal species examined in this study were not recorded at all in plantations, and 

these (and other) species are likely to be severely disadvantaged by plantation 

development.  

 

Chapter 6 considers the population status and environmental relationships of C. 

penicillatus from the last two known remaining mainland sites in the Northern 

Territory. The approach used in this chapter partly replicates that considered 

previously for examining habitat relationships on the Tiwi Islands (Chapter 5).  In 

some analyses, I refine the habitat modelling approach through inclusion of detailed 

information on grass species composition, a level of floristic information that was not 

available for the Tiwi Islands data set. I also examine the predictive effectiveness of 

a habitat model developed for C. penicillatus on the Tiwi Islands, to test the extent of 

generality of that model, and to consider whether the restricted distribution of C. 

penicillatus at one site (Kakadu) may be due to broad-scale unsuitability of habitat or 

to other factors. Conilurus penicillatus was not recorded from quadrats in Kakadu, 

which contrasts with Cobourg where it still remains widespread and abundant. 

Conilurus penicillatus was most likely to occur in tall eucalypt forests, where there 
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was less bare ground and less cover of annual grasses and where fires had been less 

severe.  

 

Conservation status of Conilurus penicillatus 

Now that there has been considerable work undertaken on the ecology of C. 

penicillatus at least in the Northern Territory, I feel it is appropriate, in fact a 

necessity to assess its status in this region.  

 

Conilurus penicillatus still occurs on several islands in the Northern Territory, 

including Bathurst and Melville Island (Tiwi Islands) though its status on these 

islands is currently under threat due to plantation forestry, Groote Eylandt (status 

unclear) and Inglis Island. It appears to have recently disappeared from at least one 

island (Centre Island, Sir Edward Pellew group).   

 

The status of C. penicillatus on the Northern Territory mainland is much bleaker than 

for islands, as it is now only known from Cobourg Peninsula and from one highly 

localised and restricted site in Kakadu National Park. There are a few historical 

records of C. penicillatus from the Darwin-Katherine region in the 1890s (Collett 

1897; Dahl 1897), however there have been no recent records despite a significant 

number of intensive wildlife surveys in the region.  

 

I will now consider the decline and status of C. penicillatus in more detail in Kakadu 

National Park where there is some very limited historical information on its status, 

which helps to provide a baseline from which to document the decline. In addition 

there has also been considerably more recent and intensive surveys in this area as 

part of its implementation into a National Park.  

 

The limited historical information that is available suggests that C. penicillatus was 

widespread and abundant in the past in Kakadu National Park. The most substantial 

information comes from collectors working in the last decade of the nineteenth 

century and first decade of the twentieth century.  These collectors noted: 

 

“in Arnhem Land is everywhere common in the vicinity of water”  (Dahl 1897),    
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“Numerous all over Arnhem Land, and in great numbers on the rivers on the 

lowlands”  (Collett 1897). 

 

Supporting this assessment, the collector J. T. Tunney obtained 40 individuals near 

the South Alligator River (now within Kakadu National Park) in 1902-03 (Thomas 

1904). 

 

The Kakadu area was then largely ignored by collectors of wildlife surveyors for 60 

years, until in the 1960s CSIRO began surveying and collecting for the Alligator 

Rivers Region fact-finding study.  Describing results from that time, Calaby (1973) 

stated that, in the Kakadu area, it was: 

 

“a reasonably common species, found chiefly in woodland with suitable 

hollow tree shelters” 

 

Then, in the early 1980’s a more systematic and quantitative (12,960 trap-nights) 

fauna survey (the CSIRO survey of stages 1 and 2 of Kakadu National Park: 

Braithwaite 1985) sampled mammals at 30 sites (of which 18 were eucalypt forest 

and woodland) six times over a three-year period (1980-83).  Conilurus penicillatus 

was found at 3 of these sites (i.e. 17% of the eucalypt forest and woodland sites). 

Based on these results, Braithwaite (1985) stated that, in Kakadu: 

 

“This beautiful uncommon species is likely to be widespread in open forest 

and woodland”. 

 

Following the Kakadu stages 1 and 2 surveys, CSIRO sampled a large series of sites 

in stage 3 of Kakadu.  This included 380 sites (quadrats) sampled between 1988 and 

1990 (30,400 trap-nights) (Woinarski and Braithwaite 1990 and 1991).  No C. 

penicillatus were captured during these extensive surveys.  Then in 2002, 263 of 

these sites were re-sampled, and again no C. penicillatus were captured (Woinarski 

et al. 2002). 

 

Mammals were surveyed more broadly across the National Park as part of a fire 

monitoring plot program, and this included mammal surveys at 114 plots (8,208 trap-
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nights), from 2001-04.  Again no C. penicillatus were caught (Watson and Woinarski 

2003 and 2004). 

 

In 2002, Watson and Woinarski (2003) re-sampled 16 of the 30 CSIRO Kakadu 

stages 1 and 2 sites, including sampling 14 of the original 18 eucalypt forest and 

woodland sites (3456 trap-nights), including all three sites where C. penicillatus was 

recorded in 1980-83 (albeit the 2002 sampling was for one session only rather than 

the six sessions used in 1980-83).  Yet again no C. penicillatus were recorded. 

 

The only site where C. penicillatus is still known to persist in Kakadu is at the 

Mardugal campground (Chapters 3-6). Conilurus penicillatus has gone from a status 

of “common” and “numerous” to almost extinct in the Kakadu area in little more 

than 100 years.  This change appears to have happened mostly since the late 1960’s, 

when it was still regarded as “reasonably common”.  Some decline appears to have 

occurred between the late 1960’s and 1981-83, and the decline appears to have 

continued since 1983.  If this trend continues it is highly likely that the species will 

become extinct in Kakadu in the next 10-20 years. 

 

The status of C. penicillatus on the Tiwi Islands is also under threat as a result of 

plantation forestry. Widespread plantation development is now occurring on the Tiwi 

Islands, with nearly 30,000 ha of native forest cleared since 2000. This is likely to 

expand considerably over the next few decades with up to 100,000 ha being 

considered. This development targets the tallest and most well developed eucalypt 

forest environments, which are particularly favoured by C. penicillatus, and much 

used by many other mammal species. Conilurus penicillatus and most other mammal 

species are absent or uncommon in the plantations that replace these forests (Chapter 

5), and therefore this development will significantly reduce the status of C. 

penicillatus and these other mammal species on this island stronghold. 

 

Main threats to Conilurus penicillatus 

Conilurus penicillatus has declined over much of its range on the Northern Territory 

mainland and it is now restricted to just two known locations, Cobourg Peninsula and 

one highly restricted site in Kakadu National Park. However it still occurs off the 

Northern Territory coast on several islands, notably Bathurst and Melville Islands 
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(Tiwi Islands), Inglis Island, Groote Eylandt and possibly from Centre Island (Sir 

Edward Pellew group) though recent surveys have failed to detect it there (see Table 

1, Chapter 1).  

 

Possible causes of decline of C. penicillatus include: changed fire regimes; predation 

by the Cat Felis catus; and modification of the vegetation composition and structure 

due to introduced grazing and browsing mammals. Exotic diseases may be another 

possibility.  

 

Evidence of the negative impacts of frequent and extensive fire on the ecology of C. 

penicillatus comes from all five central chapters of this thesis. The diet of C. 

penicillatus was found to consist primarily of seed, particularly from perennial 

grasses, and many perennial grasses including some of those found in the diet are 

reduced under such fire regimes (Bowman et al.1988; Fensham 1990; Russell-Smith 

et al.2003; Woinarski et al. 2004).  

 

Conilurus penicillatus also dens chiefly in hollows of trees and in logs and these are 

either removed and/or reduced by frequent and extensive fire (Williams et al. 1999).   

 

There were also noticeable differences in recapture rates between the two nearby 

sites at Cobourg, suggesting that the unburnt site held a far more stable population of 

individuals than the more frequently burnt site, which had a far more substantial 

transient element. Individuals at the unburnt site also tended to have far higher rates 

of survival than those at the burnt site.  

 

The environmental modelling for C. penicillatus on both the Tiwi Islands and the 

mainland demonstrated a strong preference for eucalypt open forests that 

experienced less frequent (or less intense) fire. 

  

However the most compelling evidence for the detrimental impacts of frequent and 

extensive fire on the ecology comes from Kakadu National Park where C. 

penicillatus is now highly restricted and localised to one known location (Chapters 2-

4). This is almost certainly as a result of protection from these frequent and extensive 

fires due to a firebreak, as this site is within a campground (Mardugal). At this last 
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known site perennial grasses dominate the grassy layer whereas outside the firebreak 

annual grasses, particularly annual Sorghum, are much more common, largely as a 

consequence of annual burning. There are also many larger trees in the 20-50 cm 

(d.b.h.) size class in this fire-protected area compared with areas outside of the 

Mardugal campground. Conilurus penicillatus mainly dens in trees from this size 

class. In addition, of the nine animals radio-tracked at this site almost all of their 

home ranges were within this fire-protected zone as were most of the trap captures. 

These results support the hypothesis that frequent and extensive fire regimes have 

caused a decline in areas such as Kakadu National Park. 

 

Less consistent with the hypothesis of fire as the major threatening factor is the 

apparent contraction of this species from the mainland to peninsula and island areas.  

There is no substantial evidence that fire regimes on, for example, the Tiwi Islands 

have remained largely traditional, or at least any more traditional than for the 

Arnhem Land mainland as a whole.   

 

Predation by cats may have also contributed to the decline, however cats are present 

on the Tiwi Islands, and at both of the last known Northern Territory mainland sites 

(Cobourg Peninsula and at the Mardugal campground site in Kakadu National Park). 

Although this suggests that cats are probably not the main factor driving the decline, 

they may nonetheless be having some predation impacts. To date there have been no 

studies investigating the impacts of cats on native mammal populations in the Top-

End.   

 

The case for implication of feral cats in the decline of C. penicillatus is strengthened 

somewhat by the apparent maintenance of populations mainly on islands, at least 

some of which (e.g. Inglis Island) have remained cat-free.  There is anecdotal 

evidence that cats were introduced to the (relatively small: 84 km2) Centre Island 

(and other main Pellew Islands) over the last 30 or so years, coinciding with the 

apparent decline and possible local extinction there of C. penicillatus (S. Ward pers. 

comm.).  Further, the colonisation of the much larger Tiwi Islands by cats may also 

be relatively recent (about 20-30 years ago: Cyril Kalippa pers. comm.) and 

consequently the extent of their impact across these large islands may not yet have 

been fully felt.  The spread of cats to Cobourg Peninsula may also be relatively 
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recent.  In a very comprehensive survey of wildlife there by Calaby and Keith 

(1974), a range of feral animals was documented, but this did not include feral cats.  

Cats are now present in the area, albeit apparently still in low numbers. 

 

Introduced grazers have probably not contributed to the decline to any real extent, as 

there has long (since the late 19th century) been an abundant population of swamp 

buffalo on Melville Island, where C. penicillatus is also abundant. On Cobourg 

Peninsula there are many introduced grazers (banteng, horses and swamp buffalo) 

and pigs which are in abundance, again as is C. penicillatus. At the last remaining 

site in Kakadu horses and pigs are also present; and the decline reported here for C. 

penicillatus in Kakadu matches a period during which buffalo and other feral stock 

numbers were dramatically reduced. However, there have been no studies 

investigating the impacts of introduced grazing mammals on the region’s native 

mammals, although a cross-fence study in comparable environments in north-eastern 

Queensland found that mammal species composition was related to pastoralism, 

particularly for mammals associated with the ground and under-storey layers 

(Woinarski and Ash 2002). 

  

The role of exotic disease in the decline of C. penicillatus has to date not been 

investigated and so there is no evidence for or against this possibility, and little proof 

for or against any role of disease in the decline of mammal populations in the Top-

End in general (Oakwood and Pritchard 1999). 

   

The most plausible cause of decline is changes in fire regimes as a result of the loss 

of traditional Aboriginal fire management, across the Top-End more generally but 

particularly in areas such as Kakadu National Park which has resulted in frequent and 

extensive fires (Russell-Smith et al. 1997; Gill et al. 2000; Edwards et al. 2003; Price 

et al. 2005).  

 

Management recommendations 

Fortunately, in the Northern Territory, the two known remaining mainland 

populations persist in National Parks.  Given this tenure, there is a reasonable 

likelihood of management recommendations being implemented. In this section, I list 

major management conclusions drawn from this study. 
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1.  Monitoring 

At the highly restricted site in Kakadu, C. penicillatus needs to be monitored on a 

regular basis - at least annually, but preferably bi-annually to account for variation in 

weather in this highly seasonal environment. Monitoring should involve further 

capture-mark-recapture studies so that population numbers and any associated trends 

can be assessed and any mitigation measures applied if needed.  

 

Conilurus penicillatus on the Tiwi Islands should also be monitored. Sites that have 

previously been surveyed (and not subsequently cleared as a result of plantation 

development) should be re-surveyed probably on an annual basis to assess population 

trends and status. In addition plantations and native vegetation buffers and corridors 

should also be monitored to see if C. penicillatus and other native mammals are 

using these areas. 

 

The population status of C. penicillatus should also be monitored on Cobourg 

Peninsula, as this is the last known mainland stronghold in the Northern Territory. 

Again previously sampled sites should be re-sampled so that population trends can 

be examined.  

 

2.  Fire management 

This thesis has demonstrated that fire, chiefly regular and frequent annual fire is 

probably a key-driving factor in the decline of C. penicillatus as it affects many 

aspects of its ecology. If we are to prevent the further loss of C. penicillatus, 

particularly in areas such as Kakadu we must ensure that fire, in part, is managed 

with its ecology in mind. The artificial firebreak that bounds most of the population 

at Mardugal campground should be maintained so that hot and late dry season fires 

are kept out. If fire needs to be applied to the campground as part of any fire 

management program it should be undertaken during the wet season or at the end of 

the wet season so that any resulting fires are cool and patchy.  More broadly across 

the Park’s lowlands, fire regimes that are characterised by relatively infrequent, cool 

and patchy fires are most likely to benefit this species. 

 

On Cobourg, appropriate fire management is also crucial, particularly as this is the 

last known remaining stronghold for the species on the mainland. If C. penicillatus is 
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to remain abundant on this peninsula it is imperative that any fire management 

program also takes into account its ecology. Consequently if areas are to be burnt by 

managers they should endeavour to do this during the wet season or at the beginning 

of the dry season so that subsequent fires are cool and patchy. Some areas should 

also be left unburnt for several years, as some of the highest densities of C. 

penicillatus occurred at the number 2 Cobourg trapping grid where fire had been 

excluded for seven years prior to the commencement of this study. 

 

On the Tiwi Islands fire management programs are also important and any programs 

developed and implemented should also try to parallel those of the mainland as much 

as possible. In fact an integrated approach should be taken to ensure consistency in 

fire management programs and program in general across locations. 

 

3.  Cats 

Many studies have demonstrated the cats are predators of small native mammals and 

some have even linked the decline of small mammals with cats. To date there have 

been no such studies in the Top-End linking the decline of mammals with cats. Cats 

are present at both of the mainland sites where C. penicillatus also occurs, and cats 

are probably killing some individuals. This predation may be significant particularly 

for the small Kakadu population, which is very limited in its extent; and such even 

occasional predation may be detrimental especially for species with relatively low 

reproductive output, such as C. penicillatus. Consequently a cat control program 

should be undertaken at this site.  

 

The maintenance of cat-free status on some islands may also be important for some 

existing C. penicillatus populations (such as that on Inglis Island), and there may be 

some merit in considering translocations of C. penicillatus to some additional cat-

free islands with suitable habitat.  

 

4.  Intensive development 

Intensive plantation forestry development is currently occurring on the Tiwi Islands, 

with detriment to this species.  This plantation development is likely to continue and 

expand. At the least, any further development of forestry on these Islands should 

consider its impact on the population viability of this species, and sufficient areas of 
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high suitability eucalypt open forest be retained.  Along with its decline elsewhere, 

and the likely working of other threatening processes throughout its range, the 

conservation status of this species needs to be reassessed. 
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