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Abstract 

Four macropods inhabit the rocky habitats of the tropics of the Northern Territory, 

Australia (Macropus bernardus, M. robustus, Petrogale brachyotis and P. concinna). 

This is an unusually high diversity of rock-dwelling macropods, and their sympatry and 

varied distributions raise many interesting questions about their ecology and mechanisms 

of niche separation. The species are also some of the least studied macropods in 

Australia and methods to study their ecology have scarcely been trialled. To examine the 

ecology of this unique fauna group, I used a multi-disciplinary approach that combined 

recording indigenous knowledge with a broad range of scientific techniques. I found 

indigenous consultants held detailed knowledge of the habitat preferences, diet, activity 

patterns, reproduction and predation of the four species, which suggested some 

differences in the comparative ecology of the species. I examined whether scats can be 

used as a survey tool for these species and showed scats can accurately indicate their 

presence and broad habitat preferences. I conducted a GIS analysis and survey (using 

scats) of the species’ habitat requirements, which suggested M. bernardus and P. 

concinna are more specialised and have greater requirements for rugged terrain, whereas 

M. robustus and P. brachyotis are more generalist in their habitat selection. I used a 

macroscopic and isotopic analysis of scats to examine the species’diets. The study found 

the diets of the species varied across the landscape and with season, and that M. 

bernardus may rely more heavily on browse than M. robustus. Using radio-telemetry I 

found in the dry season P. brachyotis uses a small home range and a range of shelters 

within that home range. Finally, I examined the relatedness and genetic diversity of 

seven colonies of P. brachyotis and found dispersal between colonies to be limited at > 

1.2 km and remarkable mtDNA divergence exists within some colonies. This research 

described many aspects of the ecology of the rock-dwelling macropods and highlighted 

some differences between the species that may contribute to their niche differentiation. 
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1 Chapter 1  Introduction 

1.1 Introduction 

This project grew out of interest in the elusive and enigmatic species, the black wallaroo, 

Macropus bernardus. This species is virtually unknown to science, and a project was 

proposed by the Key Centre for Tropical Wildlife Management to examine its ecology. 

A review of the existing literature about M. bernardus quickly precipitated a host of 

questions, such as: Why does it have such a small distribution? What does it eat? What 

are its behavioural patterns? How is its niche different to that of the other rock-dwelling 

macropods in the region? However, it also became apparent that studying this extremely 

wary, largely nocturnal species, that lives in the inaccessible rocky escarpments of the 

Arnhem Land Plateau, would make a difficult and risky project. 

 

From investigating the existing information about M. bernardus, it was also clear that 

there is little understanding of the ecology of any of the rock-dwelling macropods of the 

tropics of the Northern Territory, Australia. Study of these other species (the short-eared 

rock-wallaby Petrogale brachyotis, nabarlek P. concinna and the northern subspecies of 

the common wallaroo M. robustus woodwardi), would be faced with many of the same 

problems inherent in studying M. bernardus. However, examining the rock-dwelling 

macropods as a group would allow information to be collected on any of the species 

whenever it was available. It would also allow questions about the comparative ecology 

of the group to be addressed. Furthermore, since there has been little examination of 

which techniques can be successfully used to study these species, initially it would be 

important to examine the effectiveness of various techniques.  
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Thus I embarked on a journey to seek ecological understanding of the four rock-dwelling 

macropod species of the tropics of the Northern Territory. Clearly, investigating the 

ecology of four little-known species is too vast a question to be answered by a single 

study. Therefore, my approach was to take a range of first steps in investigating some 

aspects of this question. Naturally, some of the trialled techniques failed and, for those 

techniques that succeeded, the data often raise as many questions as they answer. Despite 

this, many of the findings presented in this thesis represent the first information on 

aspects of the ecology of these species. 

 

In contrast with the paucity of scientific knowledge about the rock-dwelling macropods, 

a large body of knowledge about them is held by indigenous people in the region. This 

presented an opportunity to try to combine the detailed knowledge held by Aboriginal 

people, with information gathered with scientific techniques. 

 

This thesis begins with an introduction in which I review existing information about the 

species in the context of the question of their ecological separation. The thesis then 

comprises six data chapters and a final discussion chapter. The six data chapters have 

been written as stand-alone papers for publication in a range of national and international 

journals. Four of the manuscripts have been accepted for publication and have therefore 

been improved with the comments from the reviewers of those journals. Due to the data 

chapters being submitted for publication in their current form, some information is 

unavoidably repeated in the individual introductions and discussions of the chapters. 
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1.2 Rock-dwelling macropods 

A range of rocky habitats are found across Australia, including boulder outcrops, shaly 

hills, river gorges, cliffs, rocky plateaux and scree slopes. Many faunal species are 

adapted to living in, and using the resources of these rocky habitats. Within the 

Marsupial family Macropodidae (the kangaroos and wallabies), there are two kangaroo 

species (genus Macropus) that are considered rock-specialists: the black wallaroo, 

Macropus bernardus, and the common wallaroo, M. robustus. There are also 16 species 

of rock-wallaby (Petrogale spp.) in Australia, which, as their name implies, are strongly 

associated with rocky environments (Strahan 1995). 

 

Rocky habitats offer many advantages to the fauna that inhabit them. The most 

commonly suggested reason for use of caves and rocky habitats by macropods is the 

enhanced microclimatic conditions present (Russell 1969; Short 1982; Copley and 

Robinson 1983; Lim et al. 1987; Sharp 1997b). This hypothesis is supported by the 

habits of species such as the brush-tailed rock-wallaby, Petrogale penicillata, which 

often favours caves with a northerly aspect (Short 1982). However, it is also suggested 

that rocky habitats are used because they provide, or have provided in the past, 

protection from predators (Pople 1989; Spencer 1991). This is consistent with some 

species’ behavioural patterns, such as the flight of animals to shelter when disturbed and 

restriction of use of open areas to night time (Pople 1989). The importance of caves as 

nursery sites has also been stressed by some authors (Sharp 1997b). 

 

There are a range of other advantages that rocky habitats offer in different regions. Some 

rocky habitats provide greater resources, such as higher plant productivity and diversity, 

compared with surrounding environments (Freeland et al. 1988). Rocky habitats may 
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also create a patchy distribution of fuel which can lead to some areas being protected 

from fire (Price et al. 2003). The unsuitability of rocky habitats for agriculture has also 

meant that they have not been subject to land clearing and vegetation modification to the 

same extent as other habitat types, and hence, species associated with them have 

sometimes fared better than those in other environments (Burbidge and McKenzie 1989; 

Johnson et al. 1989). 

 

The strong association of rock-specialist fauna with rocky environments affects many 

aspects of their biogeography and ecology. Their distributions tend to be patchy 

following the discontinuous nature of the rocky habitats (Short 1982; Jarman and Bayne 

1997). For example, most rock-wallaby species are found in small colonies associated 

with discrete rocky areas (Short 1982; Sharp 1997b; Gibson 2000). Other aspects of the 

ecology of rock-dwelling species are also affected, such as behavioural dynamics that 

centre around favoured rocky shelter sites (Batchelor 1980; Barker 1990; Jarman and 

Bayne 1997).  

 

1.3 The rock-dwelling macropods of the Timorean bioregion of Australia 

One region of Australia which has a particularly high diversity of rock-dwelling 

macropods is the Timorean bioregion. The mammals of Australia were initially 

described by Spencer in 1896 in three broad biogeographic regions: the Bassian region 

in the south, the Eyrean region covering arid Australia and the Torresian region in the 

tropical north of the country (Fig. 1.1; Johnson et al. 1989). The regions were later 

subdivided, the tropical north being divided into the Torresian subregion for Cape York 

peninsula in Queensland and the Timorean subregion for the north-west area from the 

Kimberley across the tropical parts of the Northern Territory (Fig. 1.1; Keast 1981; 

Heatwole 1987; Maynes 1989).
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Fig. 1.1 The biogeographical regions and subregions of the fauna of northern Australia 

(Johnson et al. 1989; Maynes 1989).  
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The highest mammal diversities in Australia are present in the tropical north of 

Australia, including north-western Australia where 38% of the Australian total (94/250) 

is present in 15% of its land mass (Woinarski 1992). Within the Timorean subregion, the 

highest mammal diversities are present in the rocky and coastal habitats of Arnhem Land 

and the Kimberley (Woinarski et al. 1992). The diversities of rock-specialist mammals 

in this region are unusually high compared with rocky areas in other parts of Australia 

(Freeland et al. 1988). 

 

Within the rock-specialist mammal assemblage of the Timorean bioregion, there is a 

high diversity of macropod species (Maynes 1989). Four of these are endemic: the short-

eared rock-wallaby Petrogale brachyotis, nabarlek P. concinna, monjon P. burbidgei 

and black wallaroo Macropus bernardus. A fifth rock-dwelling macropod, the common 

wallaroo Macropus robustus ssp. woodwardi, also inhabits the rocky areas of the 

Timorean subregion but is not endemic to the area. These species are also unusual in the 

high levels of sympatry between them. This is the only region in Australia where two 

Macropus species (M. bernardus and M. robustus) inhabit the same rocky environments 

(Press 1989). It is also rare for rock-wallaby species (Petrogale spp.) to inhabit the same 

areas (Maynes 1989), but P. brachyotis is found in some areas with P. burbidgei 

(Kitchener and Sanson 1978) and other areas with P. concinna (Sanson et al. 1985; 

Churchill 1997). 

 

The rock-dwelling macropods of the Timorean bioregion are some of the least studied 

macropods in Australia. Little is known of their ecology, and aspects of their taxonomy 

and their conservation status remain unclear (Eldridge 1997a; Woinarski 2002). The high 

diversity and sympatry of the rock-dwelling macropods raise questions about how these 

species coexist in the same habitats and the mechanisms of their niche separation. This 
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thesis addresses these questions for the four macropod species whose distributions 

overlap in the rocky areas in the tropics of the Northern Territory. 

 

1.3.1 Species descriptions 

The short-eared rock-wallaby, Petrogale brachyotis (Gould 1841), and nabarlek, P. 

concinna (Gould 1842), live sympatrically in rocky areas of the tropics of the Northern 

Territory and Western Australia. They are morphologically similar (Plates 1.1 and 1.2), 

but P. brachyotis is larger (weighing 2–5.5 kg compared with P. concinna’s 1–1.5 kg; 

Sanson 1995; Sharman et al. 1995). Young P. brachyotis are easily confused with P. 

concinna (Churchill 1997). Petrogale concinna has the unique feature among marsupials 

of continually replacing its molariform teeth (Sanson et al. 1985). This unusual dentition 

led to the erection of a new genus, Peradorcas, by Thomas in 1904 (Sanson et al. 1985). 

However, the species was found to be chromosomally similar to Petrogale brachyotis 

and P. burbidgei (Briscoe et al. 1982) and thus was restored to the genus Petrogale 

(Eldridge 1997b). 

 

Both P. brachyotis and P. concinna are variable in colour across their range. Petrogale 

brachyotis was initially described as several species due to this colour variation, but it is 

now recognised as a single species with possibly three separate races present 

allopatrically in the Kimberley of Western Australia, Arnhem Land of the Northern 

Territory and the Victoria River District of the Northern Territory (Sharman et al. 1995). 

Petrogale concinna is currently divided into three subspecies: P. c. concinna from the 

Mary River and Victoria River regions of the Northern Territory; P. c. canescens from 

eastern Arnhem Land; and P. c. monastria from the north-west Kimberley, Western 

Australia (Calaby and Richardson 1988; Sanson 1995). However, Eldridge (1997b) 

suggests the validity of these races and subspecies requires confirmation. 
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Plate 1.1 Short-eared Rock-wallaby, Petrogale brachyotis. 

 

 

Plate 1.2 Nabarlek, Petrogale concinna.
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Also inhabiting the rocky country of the tropical north of the Northern Territory are two 

Macropus species. Both are in the ‘wallaroo’ group of kangaroos, having short forelimbs 

and hindlimbs, a heavy build and shaggy fur. The black wallaroo, Macropus bernardus 

(Rothschild 1904), is endemic to the area and is the smallest of the wallaroos. Its sexual 

dimorphism is striking, with males being black and weighing 21 kg on average, and 

females being grey-brown and weighing 13 kg on average (Plate 1.3 and 1.4; Calaby 

1995).  

 

The common wallaroo, Macropus robustus (Gould 1841), is much larger, but is also 

sexually dimorphic in stature, with males weighing up to 60 kg and standing to 2 m tall, 

and females weighing up to 25 kg and standing to 1.5 m (Plate 1.5; Poole 1995). Its 

colour varies from dark-grey to reddish. Macropus robustus has several common names 

used in various parts of Australia which are synonymous with different subspecies: M. r. 

erubescens is referred to as 'the Euro' in central and western Australia, M. r. robustus 'the 

Common Wallaroo' in eastern Australia and M. r. woodwardi 'the Northern Wallaroo' in 

northern Australia. A fourth subspecies, M. r. isabellinus, is also recognized for Barrow 

Island in Western Australia (Poole 1995). Macropus r. woodwardi is the subspecies that 

inhabits the rocky areas of the monsoon tropics of the Northern Territory, and hence was 

studied in this research. 

 

1.3.2 Taxonomy 

The 16 Australian rock-wallaby species have been grouped into three taxonomic groups 

(Eldridge and Close 1997). The lateralis - penicillata and xanthopus groups incorporate 

rock-wallaby species in a range of climatic regions. However, the brachyotis group, 

consisting of P. brachyotis, P. concinna and P. burbidgei, is found solely in the 
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Plate 1.3 Male black wallaroo, Macropus bernardus 

 

 

Plate 1.4 Female black wallaroo, Macropus bernardus 
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Plate 1.5 Male common wallaroo, Macropus robustus. 
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monsoon tropics. They are chromosomally distinct, being characterised by dramatically 

altered karyotypes, and are the only rock-wallaby species that display extensive 

centromeric heterochromatin (Sharman et al. 1990; Eldridge et al. 1992). These species 

are chromosomally the most divergent from the other Petrogale species (Eldridge and 

Close 1997).  

 

Of the three rock-wallaby groups in Australia, the brachyotis group is the least well 

understood genetically. They are thought to have evolved from a common ancestor and 

speciated in northern Australia in isolation from the rest of the genus (Maynes 1989). 

DNA / DNA hybridisation analysis suggests that the brachyotis group is the result of the 

earliest Petrogale radiation (Campeau-Peloquin et al. 2001). However, cytochrome b 

sequencing suggests that the brachyotis group forms a sister clade to the lateralis / 

penicillata lineage (Metcalfe 2002). Within the brachyotis group, P. concinna is 

understood to be more closely related to P. brachyotis than to P. burbidgei, with 

cytochrome b sequence data consistently placing P. burbidgei as basal to P. concinna 

and P. brachyotis (Metcalfe 2002).  

 

There has been little genetic study of the within-species taxonomy of P. brachyotis and 

P. concinna. The varied morphs of P. brachyotis led to it being previously described as 

four species (P. brachyotis, P. venustula, P. wilkinsi and P. longmani), and then as three 

allopatric races (Kimberley, Victoria River and Arnhem Land races; Sharman et al. 

1995). The highly variable specimens that were used to erect the species P. venustula, P. 

wilkinsi and P. longmani are now designated to the Arnhem Land race, which includes 

the Alligator Rivers region, Arnhem Land, western Gulf of Carpentaria and Groote 

Eylandt. Genetic studies are required to clarify the validity of the races of P. brachyotis 

and the subspecies of P. concinna.  
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Macropus bernardus is unusual among the large wallabies and kangaroos in having a 

diploid chromosome number of 18 (other species have 16, or 20 in the case of the red 

kangaroo M. rufus, Calaby 1995). Biochemical and morphological studies have placed 

M. robustus and M. bernardus in the Osphranter group of macropods, together with M. 

rufus and M. antilopinus (Dawson and Flannery 1985; Flannery 1989). Flannery (1989) 

postulates that M. bernardus is the most primitive of the Osphranter group on the basis 

of the more distinctly grooved 12-3 which is more similar to that found in the 

Notamacropus and Macropus groups. However, genetic analysis is required to confirm 

whether this is the case. 

 

1.3.3 Distributions and biogeography 

The distributions of the four rock-dwelling macropod species are quite different. 

Petrogale brachyotis has a broad distribution from the Kimberley of Western Australia, 

through Arnhem Land and east towards the Gulf of Carpentaria to the border of the 

Northern Territory (Fig. 1.2). There are also records of P. brachyotis from a range of 

islands such as Koolan Island, Groote Eylandt, the Wessel, English Company and Sir 

Edward Pellew groups of islands, and two very small islands (< 20 ha, Woinarski et al. 

1999). Records of P. brachyotis across its distribution are patchy due to the species’ 

association with rocky habitats. 

 

Petrogale concinna is found in a smaller area within the range of P. brachyotis (Fig. 

1.2). It has been recorded at a small number of scattered sites in the Mary River and 

Victoria River regions of the Northern Territory and in the Prince Regent River and 

Mitchell River regions of the Kimberley of Western Australia (Churchill 1997; Lundie-

Jenkins and Findlay 1997). The relatively scattered location records for the species  
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Fig. 1.2 Existing records (historical and recent) of Petrogale brachyotis, P. concinna, 

Macropus bernardus and M. robustus in northern Australia (Parks and Wildlife Commission 

of the Northern Territory, Western Australian Museum and Queensland Wildnet fauna 

databases).  
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suggest it has either a limited and highly fragmented distribution or there is a lack of data 

on the distribution of the species. The latter suggestion is supported by the low 

trapability and survey difficulties reported for P. concinna (Churchill 1997) and the 

paucity of location records for other small mammal species in the region (Lundie-

Jenkins and Findlay 1997). 

 

Petrogale brachyotis is sympatric with P. concinna in some areas and with P. burbidgei 

in others (McKenzie et al. 1975; Kitchener and Sanson 1978; Churchill 1997). While P. 

concinna and P. burbidgei are not described in the literature as found at the same sites, 

there are reports that this occurs in some areas, e.g. the Prince Regent Nature Reserve 

(A. Burbidge pers. comm.). 

 

Macropus robustus is the most widely distributed macropod in Australia (Frith and 

Calaby 1969; Russell and Richardson 1971). Its range covers most of the Australian 

mainland except for north-west Cape York in Queensland, the coastal regions of south-

west Western Australia, and south-east South Australia and Victoria. Its distribution is 

somewhat discontinuous following its favoured rocky habitats generally in areas of high 

topographic relief (Fig. 1.2; Frith and Calaby 1969; Croft 1981). In northern Australia, 

M. r. woodwardi is found on the Arnhem Land escarpment and outliers, at the foot of the 

escarpment and on other heavily eroded sandstone remnants (Press 1988).  

 

In contrast to the broad distribution of M. robustus, M. bernardus has a small isolated 

distribution on the Arnhem Land Plateau and rocky outliers such as Nourlangie Rock 

and Mt Brockman (Fig. 1.2; Parker 1971). It is assumed that M. bernardus has had this 

very small distribution through historical times (Johnson et al. 1989). Yet it is not clear 

why such a mobile, medium-sized macropod has such a limited distribution. 
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1.3.4 Ecology of the rock-dwelling macropods 

1.3.4.1 Habitat 

Petrogale brachyotis and P. concinna are described as inhabiting a variety of rocky 

habitats including broken cliffs, scree slopes, gorges and boulder piles in the tropics of 

the Northern Territory and Western Australia (Press 1988; Churchill 1997). The 

vegetation communities associated with their habitats include low open Eucalyptus 

woodlands over hummock grasses, deciduous vine thickets, low Acacia scrubs over 

hummock grasses and fringing riparian forests of Melaleuca spp. (McKenzie et al. 1975; 

McKenzie et al. 1977; McKenzie et al. 1978; Woinarski et al. 1992). Many sites are 

inhabited by both species, but Churchill (1997) found sites with P. concinna tended to 

have more horizontal slit caves, small shrubs and Eucalyptus tetrodonta and E. 

confertiflora, than those with P. brachyotis. 

 

Macropus bernardus inhabits the steep rocky escarpments and heavily dissected 

sandstone country of the Arnhem Land Plateau (Parker 1971; Press 1989). A variety of 

vegetation types are associated with these areas including tropical monsoon forest and 

Eucalyptus woodland with an understorey of shrubs or hummock grasses (Press 1989). 

Macropus robustus is described as having superficially similar habitat requirements to 

M. bernardus (Parker 1971; Press 1989). It is found in a range of habitats across 

Australia, but is most commonly associated with rocky ranges, hills, scree slopes, scarps, 

ridges and plateaux with a variety of vegetation types present (Russell and Richardson 

1971; Press 1989; Poole 1995).  

 

Press (1989) suggests that further investigation is needed to differentiate the habitat 

requirements of M. bernardus and M. robustus, and there are similar calls for further 
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understanding of the habitat requirements of P. brachyotis and P. concinna (Woinarski 

2002). 

 

1.3.4.2 Diet 

Diet is suggested to be the major mechanism of niche separation between P. brachyotis 

and P. concinna (Sanson 1989). Petrogale brachyotis is reported to eat both grass and 

browse (trees and shrubs) including Terminalia seeds and leaves, Cyperus seed, Triodia 

and Solanum schistum (Sanson et al. 1985). It has been observed to actively seek out 

Terminalia trees, cracking the seeds open with its teeth (Sanson et al. 1985). Petrogale 

concinna, with its unique molar teeth replacement, has been found to eat predominantly 

the fern Marsilea ternata with a small amount of Cyperus and Triodia in the dry season, 

and a wider range of plant material including grasses, browse and particularly the sedge 

Cyperus in the wet season (Sanson et al. 1985). Thus, Sanson et al. (1985) suggest the 

molar replacement in P. concinna is a mechanism to withstand the high silica content 

and abrasive nature of its preferred food item Marsilea. Yet Churchill (1997) did not 

find Marsilea at other sites where P. concinna was present, suggesting further 

clarification of the species’ diet is required.  

 

There are no reports of the diet of M. bernardus, however on the basis of dentition it is 

presumed, similar to other large Macropus species, to be a grazing species that consumes 

mainly grass (Sanson pers. comm.). The body size and dentition of M. robustus suggest 

it is a grazer and its diet has been found to contain 52–98% grass in various parts of 

Australia (Ellis et al. 1977; Taylor 1983b; Croft 1987).  

 

The requirements of the species for drinking water are unclear. There are no reports of 

whether P. brachyotis and P. concinna drink free-standing water. Within the Petrogale 
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genus, some species obtain sufficient water through their diet and are not reliant on 

surface water (e.g. P. assimilis, Horsup 1994) while others drink water almost daily in 

summer (e.g. P. xanthopus, Lim et al. 1987). Large kangaroos such as M. bernardus and 

M. robustus are well known to come down to waterholes to drink (Dawson 1995), but M. 

robustus has also been found to survive in some parts of Australia without surface water 

(Croft 1981). 

 

1.3.4.3 Behaviour 

All four species are cryptic and largely nocturnal or crepuscular. They generally shelter 

in caves during the day and forage at night (Parker 1971; Sanson et al. 1985; Poole 

1995; Sharman et al. 1995). Activity patterns of P. brachyotis and P. concinna observed 

at Mt Borradaile in north-west Arnhem Land were found to be slightly different in the 

wet and dry seasons (Sanson et al. 1985). In the dry season, individuals rarely emerged 

before dusk and were not seen after dawn. In contrast, in the wet season, animals were 

observed feeding for several hours before dusk and basking for up to three hours after 

sunrise (Sanson et al. 1985).  

 

Both P. concinna and P. brachyotis appear to be aggressive, perhaps due to territoriality 

for shelters. In captive studies of P. concinna, female animals were observed to attack 

other individuals to the point of death during oestrus (Goldstone and Nelson 1986). 

Although there have been no behavioural studies of P. brachyotis, anecdotal reports 

from wildlife carers suggest it is also aggressive, attacking and often ripping the ears of 

co-habiting larger kangaroo species (G. Males pers. comm.).  

 

Macropus bernardus and M. robustus are both usually solitary, only occasionally 

congregating in larger groups to feed on grasses, to use a watering point or shelter in 
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caves (Parker 1971; Croft 1981; Taylor 1982; 1983a; Press 1989). The two species are 

sometimes seen together, or with M. antilopinus which can also use some of the same 

habitats (Russell and Richardson 1971; Press 1989). 

 

There are no reports of the home ranges of P. brachyotis, P. concinna or M. bernardus. 

Macropus robustus is relatively sedentary compared with other Macropus species and 

home range estimates vary greatly between regions. For example, mean home ranges for 

M. r. erubescens in arid New South Wales were 143 ha for females and 223 ha for males 

(Croft 1991), whereas one radio-tracked male M. r. woodwardi in the tropics of the 

Northern Territory occupied a much smaller home range limited to one ridge (9.9 ha, 

Croft 1987). Studies have found most individual M. robustus shift the position of their 

home range only marginally from year to year, and only a small proportion of animals 

are more dispersive (Clancy and Croft 1990; Croft 1991).  

 

The predation pressure on P. concinna and P. brachyotis is likely to be similar, although 

the smaller size of P. concinna may make it easier prey for predators such as the white-

breasted sea eagle (Churchill 1997). Predation pressure for the two Macropus species is 

likely to be minimal. The rocky habitats M. robustus inhabits and its agility in these 

environs, are thought to reduce the velocity of attacking dingos sufficiently to allow the 

wallaroos to detect and outrun them (Croft 1987). 

 

Many of the behavioural characteristics within these congeneric pairs of species appear 

to be similar. However, the lack of recorded knowledge about the behaviour and biology 

of the species makes comparison between the species within each pair difficult.  
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1.3.5 Conservation status 

Petrogale brachyotis has been previously described as ‘fairly common’ in many areas 

(Parker 1973) and is not considered threatened under the Australian Environment 

Protection and Biodiversity Conservation (EPBC) Act 1999 (Department of the 

Environment and Heritage 1999). Recent records have generally been as widely 

distributed as historical records, although there are reports of minor contractions in the 

range of P. brachyotis in the extreme west of its range and in the Gulf region of the 

Northern Territory, on the eastern edge of its range (Calaby 1976; K.A. Johnson, 

unpublished data in Johnson et al. 1989; Sharman et al. 1995).  

 

There has been debate over the conservation status of P. concinna. Some authors state P. 

concinna is rare (Lundie-Jenkins and Findlay 1997), but there are other suggestions that 

it is common in some areas (Press 1988). Surveys by Sanson and Nelson (in 1976 and 

1977, cited in Nelson and Goldstone 1986) and Churchill (1997) failed to find P. 

concinna at sites where it was previously recorded or collected. This apparent 

disappearance of P. concinna from a small number of sites where the species was 

recorded over 20 years ago is of some concern. However, they are persisting at other 

sites and have also been found recently at some previously undocumented sites 

(Churchill 1997). Thus, evidence suggests P. concinna may be common in limited areas, 

may have declined in some areas and is likely to be present in further unrecorded areas. 

Petrogale concinna is not rated as threatened nationally (Department of the Environment 

and Heritage 1999) and it is rated as ‘Near Threatened’ in the Northern Territory (Parks 

and Wildlife Commission of the Northern Territory 2006). However, Woinarski (2002) 

suggests the species essentially fits the category of ‘vulnerable’ due to its low population 

size and likely decline in some parts of its range. The lack of population size estimates 
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for the species currently limit the IUCN criteria being applied with any confidence 

(Woinarski 2002). 

 

The conservation status of M. robustus is secure due to its extensive range. Macropus 

bernardus is not threatened nationally (Department of the Environment and Heritage 

1999) and is considered 'data deficient' in the Northern Territory (Parks and Wildlife 

Commission of the Northern Territory 2006). Woinarski (2002) suggests the species 

could be rated as ‘vulnerable’ on the basis of its small distribution, despite both its high 

abundance within parts of its range (densities have been found to be up to 1.5–2.5 

animals km-2 in monsoon forest patches in the dissected escarpment, Press 1989) and the 

assumption that its distribution has been restricted historically. Some people also suggest 

that M. bernardus is 'sensitive' with many hand-raised animals dying for no apparent 

reason and a group of hand-raised individuals dying when they contracted a virus from 

other kangaroo species at the Territory Wildlife Park, near Darwin in the Northern 

Territory (G. Males pers. comm.). The lack of basic knowledge of the ecology and 

abundance of M. bernardus makes it difficult to predict the impact on this species of 

changes to management practices such as fire regimes (Woinarski 2002).  

 

1.3.6 Threatening processes 

The contractions in range of P. concinna and P. brachyotis may be cause for concern. 

Where rock-wallaby species in southern and central Australia have suffered alarming 

contractions in range, some to the point of near extinction, those in northern Australia 

have been presumed to be more secure (Calaby and Grigg 1989; Johnson et al. 1989). 

However, Johnson et al. (1989) warn that, where extinctions of mammals in the last 200 

years have occurred primarily in southern and central Australia, the decline of 
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macropods may be entering a new phase in northern Australia, and urge that research 

focuses on these species.  

 

Furthermore, general concern for the small mammals of northern Australia has been 

growing recently as reports of declines in their range and abundance have become 

increasingly common (Woinarski 2000; Woinarski et al. 2001; Lochman and Lochman 

2003; Pardon et al. 2003). These reports of declines in mammal species follow similar 

findings in other faunal taxa in northern Australia, particularly granivorous birds 

(Garnett 1992; Franklin 1999).  

 

The growing number of such reports suggests that, rather than being isolated events, 

there may be a general pattern of regional fauna decline. Yet with large areas of northern 

Australia remaining relatively remote and distribution data being limited and patchy, it is 

difficult to determine whether species are decreasing in either range or abundance. 

Furthermore, the causes of decline are not immediately apparent as the landscape is 

relatively intact and few of the factors that have threatened central and southern 

Australian species (e.g. introduced predators such as foxes Vulpes vulpes, competitors 

such as rabbits Oryctolagus cuniculus and broad-scale habitat modification and clearing) 

are present in the north (Calaby and Grigg 1989; Johnson et al. 1989). 

 

Processes that are potentially threatening to the rock-dwelling macropods include 

predation by introduced species, degradation of habitat by grazing of domestic and feral 

animals, and changes in fire regimes (Lundie-Jenkins and Findlay 1997). For example, 

the retraction in range of P. brachyotis in the east of its range was attributed to over-

enthusiastic burning of the area for cattle production (Calaby and Grigg 1989). Foxes 
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may also pose a risk to P. brachyotis in the southern part of its range but are not present 

in the tropical north (Pearson and Kinnear 1997). 

 

Increasingly, the change in fire regimes associated with the loss of Aboriginal peoples 

from their lands is being suggested as a possible agent of decline in the tropical savannas 

(Fraser 2000; Woinarski et al. 2001; Pardon et al. 2003). Churchill (1997) hypothesised 

that changes in fire frequency and intensity may have caused the loss of P. concinna 

from the granite boulder hills in the Pine Creek and Mary River area where there have 

been no recent sightings. Changes in fire regimes have been implicated in the decline of 

several macropod species in other parts of Australia (Johnson et al. 1989). The 

disappearance of mammals from the desert regions of central Australia was shown to 

coincide with the depopulation of the area by Aboriginal people and the subsequent 

change in fire regime (Burbidge et al. 1988). The rufous hare-wallaby, Lagorchestes 

hirsutus, was found to depend on habitat that required the pattern of deliberate burning 

by Aboriginal peoples (Bolton and Latz 1978). Frequent, hot fires are also suggested to 

have contributed, together with predation by introduced predators, to the low numbers of 

the black-footed rock-wallaby, P. lateralis, in some areas (Gibson 2000). The 

importance of traditional burning practices for macropods is highlighted in the early 

quote by Mitchell (1848):  

Fire, grass, kangaroos and human inhabitants, seem all dependent on each other for 

existence in Australia; for any one these being wanting, the others could no longer 

continue (p. 412 cited Johnson et al. 1989). 

 

1.4 Studying the species 

The recent reports of decline of some mammal species in northern Australia (Woinarski 

et al. 2001; Lochman and Lochman 2003; Flannery 2004) bring some urgency to 
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addressing the paucity of knowledge about the rock-dwelling macropod species of the 

monsoon tropics. Many authors have called for more information about the distribution 

and ecology of these species to enable their conservation status to be clarified (Eldridge 

1997a; Lundie-Jenkins and Findlay 1997; Woinarski 2002). Others stress the importance 

of studying these species now before there are further reductions in their abundance and 

range (Johnson et al. 1989). In order to manage land for such species and identify threats 

to their conservation, detailed information on aspects of their ecology, particularly 

habitat requirements, habitat use, home range and diet is required.  

 

The lack of information recorded about these rock-dwelling macropod species is partly 

because they are difficult to study. They are evasive and shy, largely nocturnal, and they 

move rapidly through their rocky terrain. The inaccessible rocky areas they inhabit are 

difficult for researchers to access and move about in without disturbing the animals 

(Churchill 1997). Traditional scientific techniques such as trapping have failed for P. 

concinna (Churchill 1997) and are not feasible for the larger species. Fieldwork in these 

remote areas is also expensive and time consuming.  

 

However, indirect techniques such as using scats (faecal pellets) provided a potential 

avenue for studying aspects of the ecology of these species that, to date, had not been 

explored. Trapping was also potentially feasible for P. brachyotis which would allow 

methods such as radio-telemetry and genetic analysis to be employed.  

 

1.4.1 Indigenous knowledge 

While little scientific knowledge exists about the ecology of these macropod species, 

Aboriginal communities in northern Australia have a large body of knowledge about the 

ecology of macropods in the area (Thomson 1949; Russell-Smith 1985). Early naturalists 
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such as Baldwin Spencer and Gerard Krefft, and later Donald Thomson, were heavily 

dependent on local people for specimens and ecological knowledge. Studies in other 

parts of Australia have found indigenous knowledge of fauna to be extremely detailed 

(Finlayson 1961; Tunbridge 1991; Baker and Mutitjulu Community 1992). For example, 

a collaborative project on Petrogale lateralis in central Australia recorded detailed 

information about the preferred habitat, movements, diet and predators of the species 

(Pearson 1992).  

 

Ethnoecological studies can assist with the inter-generational transfer of knowledge and 

can give respect and meaningful employment to those involved. Therefore, this study 

used both indigenous and scientific knowledge to understand the ecology of the rock-

dwelling macropod species.  

 

1.5 Project aims and structure 

This project aimed to examine aspects of the ecology of the four rock-dwelling 

macropods of the monsoon tropics of the Northern Territory, and the mechanisms of 

niche separation between the species. The major research questions addressed were:  

• What are the habitat requirements of the species? 

• Are there differences in their diet? 

• Are there differences in their behaviour, activity or use of space, habitats and 

shelters? 

• How does the patchy distribution of the species affect contemporary and 

historical gene flow? 

 

Where possible, these questions were addressed for the entire group of tropical rock-

dwelling macropods within the Northern Territory. However, due to logistical 
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constraints, sometimes only P. brachyotis was examined. This species was chosen for 

more detailed study because of its relative abundance, the close proximity of sites where 

it is present and its potential trapability. The patterns found in P. brachyotis were used to 

construct hypotheses concerning the ecology of the other rock-dwelling macropods.  

 

In this thesis, indigenous knowledge of the ecology of the species recorded from 

consultants in western Arnhem Land is first described in Chapter 2. Then, studies of 

aspects of the ecology of the species investigated using a range of scientific techniques 

are described (see Fig. 1.3 for diagram of thesis structure). The scientific data chapters 

are as follows:  

• Chapter 3 is a methodological paper examining how scats can be most accurately 

used to study the ecology of the rock-dwelling macropods; 

• Chapter 4 investigates the habitat requirements of the species using both a 

regional-scale GIS analysis and a more local scale survey;  

• Chapter 5 examines the diets of the species using a macro-analysis and carbon 

isotope ratio analysis of scats; 

• Chapter 6 investigates the use of space, habitats and shelters by P. brachyotis 

using radio-telemetry; and  

• Chapter 7 examines the patterns of contemporary and historical dispersal and 

phylogeography of P. brachyotis with a genetic study. 

 

In Chapter 8 the conclusions of the studies are synthesised and the conservation and 

management implications of the research are described. I also discuss how useful the 

different techniques employed were for addressing ecological questions about the 

species. 
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This research was transdisciplinary in nature and required a collaborative approach that 

drew on the expert skills and knowledge of others. Indeed various parts of the project 

would not have been possible without the significant contributions made by other 

people. The indigenous consultants openly shared their knowledge of the ecology of the 

species and Dr Murray Garde, a linguist / anthropologist, translated the interviews 

conducted in western Arnhem Land. The relationships Murray has with people in the 

region were essential to the success of this work. Dr Mark Eldridge, of the Australian 

Museum and Macquarie University, conducted the DNA extraction, amplification and 

screening of the P. brachyotis tissue samples, and assisted me in the analysis phase of 

the genetics study. I also acknowledge the advice and guidance of my supervisors in the 

design of many aspects of the research. As a result of these contributions, throughout this 

thesis I describe the methods that ‘we’ conducted and refer to ‘our’ results. 

 

The research had approval from the Charles Darwin University Human Research Ethics 

Committee (H02054) and Animal Ethics Committee (A02011). Permits were also 

obtained from the Parks and Wildlife Commission of the Northern Territory (13308 and 

17815), Kakadu National Park (RK601) and Nitmiluk National Park. For the indigenous 

knowledge component of the research, a research agreement was also developed with the 

Northern Land Council and permits were obtained for access to Arnhem Land. 
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2 Chapter 2  Indigenous Knowledge 

2.1 Abstract 

Indigenous peoples of western Arnhem Land, central northern Australia, have detailed 

knowledge of the rock kangaroos1 of the region, species that are little known to science. 

Information about the ecology of the species is required for their conservation and 

management. Ethnoecological studies can assist senior indigenous people with transfer 

of knowledge and can give respect and meaningful employment to those involved. We 

used semi-directive interviews in the regional vernacular Bininj Kunwok, to record 

indigenous knowledge of the ecology of the four rock kangaroo species (Petrogale 

brachyotis, P. concinna, Macropus bernardus and M. robustus). Discussions focussed 

on habitat preferences, diet, activity patterns, reproduction, predation, and hunting 

practices. The ethnoecological knowledge of the rock kangaroo species was extensive, 

and both complemented and extended that reported in the scientific literature. In contrast 

to scientific understanding of taxonomy and ecology, consultants recognised the rock 

kangaroos as a natural group. Yet they also described subtle differences in the species’ 

comparative ecology. The methodology used proved highly successful and we 

recommend recording indigenous knowledge of the ecology of fauna species in the local 

vernacular wherever possible. This study is one of the most comprehensive 

ethnozoological studies of a group of species undertaken in Australia. 

                                                   

1 In this chapter the four rock-dwelling macropod species are described as the ‘rock kangaroos’, 

following the literal translation of the language used by indigenous consultants. Also, the common 

names for the species, rather than the scientific names, are used since this paper was targeted at a 

multi-disciplinary audience. 
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2.2 Introduction 

Indigenous peoples around the world have a rich body of knowledge about the ecology 

of local flora, fauna and ecosystem processes, accumulated and applied through many 

generations of observation and experience. This local knowledge often far exceeds 

scientific knowledge and is being increasingly recognised as valuable for improving 

scientific understanding, conservation programs and management practices (Williams 

and Baines 1993; Berkes et al. 2000; Moller et al. 2004). For example, ethnoecological 

studies with local people of the Brazilian Pantanal found indigenous knowledge was able 

to bridge gaps in scientific knowledge (Calheiros et al. 2000), and management of 

caribou has been improved by incorporating Inuit knowledge with scientific data 

(Beverly and Qamanirjuaq Caribou Management Board 1996; Ferguson and Messier 

1997). There is also a growing literature on the links between indigenous languages and 

ecological knowledge, and the importance of recording indigenous ecological knowledge 

in the local vernaculars, many of which are now endangered minority languages (Maffi 

2001). 

 

In Australia, ethnoecological studies have documented indigenous names, classification 

systems and uses of plants and animals in some regions (e.g. Waddy 1988; McKnight 

1999; Raymond et al. 1999) and others have involved indigenous people in biological 

surveys and threatened species work (e.g. Burbidge et al. 1988; Benshemesh 1997). 

Management programs that have incorporated both scientific and indigenous knowledge 

and involved Aboriginal traditional land owners in the process, such as that for the Mala, 

an endangered hare-wallaby (Lagorchestes hirsutus) of the Tanami desert, are thought to 

have been more successful than if they had been conducted without such involvement 

(Johnson et al. 1996). The Australian Federal Government states that ‘maintaining and 

recording ethnobiological knowledge’ is one of its objectives for biodiversity 
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conservation (Environment Australia 2001). Despite this, only a few studies have 

systematically recorded the detailed knowledge that Aboriginal people have of the 

biology and ecology of faunal species and most of these studies have been conducted in 

arid and semi-arid Australia (Finlayson 1961; Tunbridge 1991; Baker and Mutitjulu 

Community 1992; Pearson 1992; Geelen 1999).  

 

In parts of tropical northern Australia, such as western Arnhem Land in the Northern 

Territory, many indigenous peoples did not move from their traditional estates into large 

communities until the 1960s (Commonwealth of Australia 1987). Consequently, there 

are still senior Aboriginal people who grew up on their estates, who possess strong 

cultural heritage and knowledge of fauna species in the region. Yet many of these people 

are elderly and passing away, and as a result indigenous ecological knowledge in the 

region is now "suffering an escalating extinction phase" (Horstman and Wightman 

2001). Senior Aboriginal people have custodial responsibilities for passing on 

knowledge. However, at times they struggle to do so as young people often prefer to be 

in the larger communities and may view traditional knowledge as no longer relevant 

(Baker and Mutitjulu Community 1992). If conducted as part of negotiated community 

collaborations, ethnoecological studies can assist senior custodians to make knowledge 

available to younger generations and can give respect and meaningful employment to 

those involved (Baker and Mutitjulu Community 1992; Horstman and Wightman 2001).  

 

In this same region of the tropics of the Northern Territory, there is limited scientific 

knowledge of the ecology of many mammal species and other vertebrate taxa (Woinarski 

1992; Strahan 1995). Recently there have been reports of a decline in small mammal 

species in the region, with changes in fire regimes implicated as a cause of the decline 

(Woinarski et al. 2001; Pardon et al. 2003). Given the record of catastrophic extinction 
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of small to medium-sized mammal species in more arid parts of Australia (Short and 

Smith 1994), the suggestions of a decline in the largely intact landscapes of northern 

Australia are grounds for concern. Yet the lack of understanding of the ecology of 

species in tropical Australia hinders our ability to address such issues.  

 

One such group of animals that is poorly known to science is the rock kangaroos (family 

Macropodidae). Four species, the short-eared rock-wallaby (Petrogale brachyotis), 

nabarlek (P. concinna), black wallaroo (Macropus bernardus) and common wallaroo 

(M. robustus), inhabit the rock country of central northern Australia. The nabarlek and 

short-eared rock-wallaby are small rock-wallaby species weighing less than 5 kg and the 

black wallaroo and common wallaroo are larger kangaroos (up to 22 kg and 47 kg 

respectively). Many authors have called for more information about the distribution and 

ecology of these species to enable their conservation status to be clarified (Eldridge 

1997a; Lundie-Jenkins and Findlay 1997). In order to identify threats to the conservation 

of the species, detailed information on aspects of their ecology, such as their habitat 

requirements, behaviour and diet, is required. Yet studying these species using scientific 

techniques is difficult because of their largely nocturnal and shy nature, and the remote 

and inaccessible rocky areas they inhabit.  

 

Since most of the sandstone rock country of the Northern Territory is Aboriginal owned 

land (e.g. Arnhem Land) or in National Parks which are co-managed by Aboriginal 

people (e.g. Kakadu and Nitmiluk National Parks), the conservation of the rock 

kangaroo species largely depends on the management of these vast and poorly accessible 

rocky habitats by Aboriginal people. One of the rock kangaroo species, the black 

wallaroo, is found only on the Arnhem Land Plateau and its rocky outliers, an area 

entirely owned or co-managed by Aboriginal people. Peoples living in and adjacent to 
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the sandstone rock country in the region, have always hunted these rock kangaroo 

species for food (Altman 1984; Press 1988; Russell-Smith et al. 1997). A study of the 

diet of Kunwinjku people at one outstation of western Arnhem Land found that 

mammals constituted up to 91% of their energy intake at some times of the year, and 

macropods (kangaroos and wallabies) made up more than half of the mammal species 

eaten (Altman 1984). Given the importance of kangaroos as a food source, generations 

of Aboriginal hunters have had extensive direct experience of observing them and their 

collective knowledge has been passed down from one generation to the next. The 

cultural and mythological significance of the species is also reflected in the abundance of 

stories and rock paintings about them (Lewis 1988; Chaloupka 1993; Taylor 1996). 

 

The ethnoecological knowledge of the rock kangaroos in the region has not been 

previously documented in detail. Thus, this study aimed to record expert knowledge of 

the species from Aboriginal people in western Arnhem Land. Specifically we sought to 

gather information about aspects of the ecology of the rock kangaroo species such as 

their habitat preferences, diet, activity, reproduction, and predators, and to compare this 

information with existing scientific knowledge. We also recorded hunting practices that 

may affect land management and conservation of the species. A number of senior 

Aboriginal people in western Arnhem Land are keen for their knowledge to be 

maintained and passed down to future generations, and this project is assisting with that 

process. It was also an ideal opportunity for indigenous knowledge to be used in a 

complementary manner with scientific knowledge to understand and, ultimately, manage 

and help conserve these species.  
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2.3 Methods 

Bininj Kunwok is a collective term for a chain of mutually-intelligible dialects 

(Kuninjku, Kune, Gundjeihmi, Kunwinjku, Mayali and Kundedjnjenghmi) spoken by 

people living in western Arnhem Land and much of Kakadu National Park. The area 

encompasses much of the Arnhem Land Plateau (Fig. 2.1), a mass of resistant sandstone 

that rises abruptly from the flat plains to elevations up to 380 m. The Plateau and its 

outliers are comprised of rocky escarpments, outcrops and platforms dissected by 

chasms and gorges, and are collectively described in Bininj Kunwok as 

kuwarddewardde, ‘the rock country’ or ‘stone country’. The four rock kangaroo species 

are all found in this rock country and the black wallaroo is restricted in its distribution to 

this area. The Plateau is largely unoccupied by people today, but there are some small 

family based communities or ‘outstations’ (~25 persons each) scattered throughout the 

area (Yibarbuk et al. 2000). 

 

We interviewed 14 individual indigenous consultants (who refer to themselves as Bininj 

‘Aboriginal people’) between July 2002 and August 2004 at seven outstations in western 

Arnhem Land and Kakadu National Park where the consultants lived (Fig. 2.1). Nine of 

these interviews were conducted in three dialects of the local lingua franca Bininj 

Kunwok (i.e. Kundedjnjenghmi, Kune and Kuninjku) facilitated and translated by one of 

the authors (MG). This allowed much more comprehensive discussion of the topics than 

was received in the other five early interviews that were conducted in English. 

Interviews conducted in Bininj Kunwok were recorded on video, and later transcribed as 

full text in language and translated to English. Most interviews were conducted on a one-

to-one basis, although other family members were also often present. A book of pictures 

and photographs of the kangaroo species in the region was used as an elicitation prompt. 

The knowledge about the ecology of the kangaroo species given was largely ‘public 
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Fig. 2.1 Map of north central Australia, showing the outstations and communities where 

indigenous knowledge was recorded, and areas where each Bininj Kunwok dialect is 

spoken. The rocky Arnhem Land Plateau is shown by the 200 m elevation contour, and the 

area to the east of the marked boundary is Arnhem Land, a large tract of Aboriginal owned 

land. 

 



Chapter 2 Indigenous knowledge 

36 

knowledge’. There is also a large body of traditional knowledge relating to the religious 

and cultural significance of rock kangaroos, and some of this material was recorded but 

our focus was on ecological knowledge regarding the kangaroos. 

 

Selection of interviewees was deliberately non-random. Consultants were chosen who 

are recognised by the community to have knowledge and experience of rock kangaroos. 

Only men were interviewed, however, on many occasions comments were added by 

women present at the interviews. Men were chosen for interview because hunting is a 

male activity and it is through hunting that they have intimate knowledge of the habits of 

the animals. Inter-generational knowledge has also been passed down to them about the 

ecology of the species and how to hunt and prepare them. Two classes of men were 

interviewed; older men who used to hunt rock kangaroos with spears and young men 

who are still actively hunting the species with firearms. The low number of consultants 

interviewed reflects the few people who remain living on or near the sandstone country, 

and who have detailed knowledge and familiarity with the species. There were a further 

four indigenous informants in the area with extensive knowledge who could not be 

interviewed due either to their poor health or unavailability. This research did not 

attempt to examine the ethnography of rock kangaroos across the community, but sought 

to document ‘expert’ knowledge of the ecology of the species.  

 

Unstructured interviews were conducted, with each consultant asked similar questions in 

an open discussion format. This style of semi-directive interview, in which questions are 

presented in the context of discussion rather than as a formal question and answer 

session, is effective because it allows more ‘natural’ conversation to occur and non-

anticipated insights to emerge (Huntington 2000; Mackinson 2001). Since local dialects 

used different names for the species, including names for different age classes and sexes, 
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we often started conversations with recording the local species names and the physical 

characteristics of the species. The following topics were then discussed: the species’ 

habitat preferences, activity and behaviour, diet, predators, and hunting practices. 

Additional information about the diet of the species was obtained on two occasions by 

walking through rocky areas with consultants who identified plant species that are eaten 

by the kangaroo species.  

 

Although information about the distribution and change in abundance of the rock 

kangaroo species is needed to assess their conservation status, to gather such information 

accurately requires detailed use of maps, timelines, demography of the people involved 

and knowledge of the local names for places in the region. A project is currently being 

conducted by the Department of Environment and Heritage to record this information for 

all mammal species from custodians in the region, thus it was not a focus of the present 

study. Furthermore, when this subject was raised with consultants, it was not found to be 

a subject to which they related from the same perspectives. As a general observation in 

western Arnhem Land, Aboriginal people have a phenomenological approach to animal 

populations: the animals are part of the environment and do not go away. However, there 

are supernatural and religious explanations for population changes, such as neglect of 

‘increase’ ritual ceremonies. 

 

The intellectual and cultural property rights over the knowledge recorded in this study 

remain clearly with the indigenous custodians of the knowledge. The research 

conformed to the Guidelines for Ethical Research in Indigenous Studies produced by the 

Australian Institute for Aboriginal and Torres Strait Islander Studies (AIATSIS), 

including development of a research agreement with the Northern Land Council and 

informed consent. Copies of the digital videos were returned to the communities 
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involved and archived with AIATSIS. The knowledge recorded was also developed into 

a bilingual storybook and teaching resource for the outstation schools in the region 

(Appendix 1).  

 

The data were collated by grouping answers from consultants by species and theme. 

Since consultants were not specifically asked the same questions, it was not possible to 

statistically analyse the proportion of consultants who gave a particular response. 

However, it was still useful to quantify and specify the number of consultants who gave 

a response, in order to show the strength of support for a comment and whether the 

knowledge is commonly held across the community. On most occasions, collective 

views emerged from the combined responses of the consultants; however, for topics 

where different opinions were given, the range of responses is described. Other studies 

have only included information corroborated by more than one interviewee (e.g. Henfrey 

2001); however, we found noteworthy information was often raised by a single 

consultant and this information has been included in the analysis but noted as being from 

a single consultant. In the results we note the number of consultants who gave a response 

in brackets after the statement described, e.g. (n = 3). 

 

In order to highlight the comparative ecology of the rock kangaroo species, data are 

presented by ecological theme rather than by species. Some translated quotes are given 

to highlight particular points and Linnean species names replace local species names in 

these translations. Existing scientific knowledge about each ecological theme is 

described throughout the results in brief point form to allow comparison with the 

indigenous knowledge. Comparison of the knowledge bases in this way was not 

provided in order to validate the indigenous knowledge against the scientific knowledge 

but to use the two ‘tool boxes’ in tandem; to learn about the species from the similarities 
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and differences existing between the two knowledge systems. In the text, description of 

the ‘rock kangaroos’ refers to all four species (the nabarlek, short-eared rock-wallaby, 

black wallaroo and northern wallaroo). There is also often reference to two pairs of 

species: the small rock-wallaby species of the Petrogale genus (nabarlek and short-eared 

rock-wallaby) and the larger wallaroo species of the Macropus genus (black wallaroo 

and common wallaroo).  

 

2.4 Results 

2.4.1 Language and knowledge 

In general, consultants gave similar accounts of the ecology of the different rock 

kangaroos. They viewed the rock kangaroo species as a natural group, with many aspects 

of their ecology such as diet, reproduction and predators described similarly. However, 

they also described subtle differences between the ecology of each species or between 

the pairs of rock kangaroos (the nabarlek and short-eared rock-wallaby, and the black 

wallaroo and common wallaroo). The information was detailed and reflected great 

familiarity with the species. Each person gave their own insights based on their unique 

experiences and observations of the animals, but respondents also provided information 

on diet based on their examination of faeces and the gut contents of hunted animals. 

Some consultants were more familiar with and had a greater depth of knowledge about 

some individual species, and discussion sometimes focussed on a particular species as a 

result of the consultant’s interest. Some knowledge may have been passed down inter-

generationally, however consultants did not separately identify information they knew 

from direct experience from that which they had been told. 

 

In each Bininj Kunwok dialect there are many names for the rock kangaroo species 

(Table 2.1). For the smaller rock-wallaby species a single name is used, whereas for the 



Chapter 2 Indigenous knowledge 

40 

larger wallaroo species (in which the sexes are far more conspicuously morphologically 

distinct) separate names are used for the males and females. Each rock kangaroo species 

was clearly recognised as distinct, and there were also names given to some age classes 

such as large males, as well as there being ceremonial names. Different verbs were used 

to describe the hopping movement for each species or groups of species, and the moiety 

and subsection affiliations2 of each species were also recorded (Table 2.1). 

 

• Bininj classification of the species was clearly the same as the scientific 

nomenclature (Strahan 1995).  

• The scientific literature recognises that the species inhabit similar rocky habitats but 

describes the two pairs of closely related species of each genus as having more 

similar ecology, rather than the four species being associated as a group (Strahan 

1995). 

 

2.4.2 Physical characteristics 

Consultants described the nabarlek and short-eared rock-wallaby as being very similar in 

appearance, but the short-eared rock-wallaby being larger. For both rock-wallaby species 

the males and females were described as looking similar, with the males tending to be 

                                                   

2 Throughout Arnhem Land, Aboriginal people organise the natural and spiritual world into two 

named, patrilineally inherited moieties (duwa and yirridjdja) and eight ‘subsections’ (marriage classes 

which mesh with the moiety system). Aboriginal people in western Arnhem Land incorporate all 

macropod species into this system based on the religious view that at the time of creation all animals 

were previously in human form and have since transmutated into all the animal species of the region. 
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larger. When asked about the specific diagnostic features they used to separate the rock-

wallaby species, consultants suggested that the short-eared rock-wallabies have dark 

underarms (n = 5), the nabarlek’s snout is shorter (n = 2), the short-eared rock-wallaby 

has white on its cheeks (n = 1) and the short-eared rock-wallaby’s forehead was finer / 

longer (n = 1). Consultants all described the male black wallaroo as being black and 

larger than the lighter coloured female. The common wallaroo was always described as 

the largest of the rock kangaroos and the female common wallaroo was suggested to be 

grey, similar in colour to the female black wallaroo (n = 4).  

 

• Similarly in the literature, differences in size and some colour markings between the 

two rock-wallabies are described (Menkhorst 2001). Also present in the literature 

are descriptions that the nabarlek jumps with its tail held high and arched over its 

back and suggestions that it continually replaces its molar teeth (Sanson et al. 1985; 

Churchill 1997).  

• The male common wallaroo is sometimes reported to be darker than the female 

(Poole 1995). 

 

2.4.3 Habitat use  

All consultants considered the rock country to be the main habitat of the nabarlek and 

short-eared rock-wallaby, and that they sleep in caves and crevices in the rocks (n = 14). 

Opinions differed over whether nabarleks and short-eared rock-wallabies use rainforest 

patches. Some consultants stated that they did not use rainforests (n = 2), one described 

them using rainforest in the tops of gorges and another said they use rainforests 

dominated by the large, endemic tree Allosyncarpia ternata. Many consultants 

specifically described the nabarlek as living “deep in the rock country” (n = 7) and 

others went further to say “they live away from human scent” (n = 3). Several 
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consultants also separately referred to nabarlek living near Blepharyocarya depauperata 

trees, although the reason for proximity to this particular plant species was not specified.  

 

The black wallaroo and common wallaroo were always described as living in the rock 

country, usually sheltering in caves during the day (n = 14). It was also suggested that 

black wallaroos rest in other habitats such as Triodia hummock grass, rainforest patches, 

under trees and in sandy creek beds. When asked whether the common wallaroo uses the 

same habitats as the black wallaroo, some consultants described them as using the same 

rocky areas, whereas others suggested the common wallaroo is also found “in more open 

places”, “on the soil” and “lower down on the margins of the rock country”. One 

consultant explained the difference as temporal: 

They would meet up at night. But not in the day time, they would be in different places. 

(LBN) 

Some also suggested the common wallaroo’s use of habitat changes with season, with it 

moving up into the rock country in the wet season (n = 2). Caves, overhangs, the shade 

of Terminalia carpentariae, Calytrix brownii thickets and rainforests were also 

mentioned as resting places for the common wallaroo. 

 

• Scientific knowledge of the habitat use of the short-eared rock-wallaby and nabarlek 

is limited, but they are known to live sympatrically in broken cliffs, scree slopes, 

gorges and boulder piles (Press 1988; Churchill 1997).  

• The black wallaroo is known by science to inhabit the steep rocky escarpments and 

heavily dissected sandstone country of the Arnhem Plateau (Parker 1971; Press 

1989) and the common wallaroo is found associated with rocky ranges, hills, scree 

slopes, scarps, ridges and plateaux across Australia (Press 1989; Poole 1995). The 

wallaroo species are known to live sympatrically (Press 1988), but no specific 

differences in habitat or resting places are recorded in the literature.  
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2.4.4 Diet 

Consultants identified over 35 plant species that are consumed by the rock kangaroo 

species (Table 2.2). In the interviews, consultants collectively described 29 species that 

are eaten. When asked about the diet of one of the kangaroo species in the interviews, 

each consultant recalled between two and six plant species, often describing in detail the 

part of the plant that is eaten, the season of consumption and sometimes the feeding 

behaviour associated with a particular plant. Additional plant species were identified 

when we walked through rocky areas with consultants and discussed the uses of the 

various plant species found. For example during one walk with a single consultant, he 

recognised 22 plant species as dietary items of rock kangaroos.  

 

Many consultants described the rock kangaroos as having the same diet. One consultant 

summarised this saying,  

They all eat the same food, such as Terminalia carpentariae. (JR) 

Yet there were also some differing opinions about whether a plant species was eaten by a 

particular kangaroo species. In general, consultants stated that all the rock kangaroos eat 

grass, leaves and fruit of trees, and yams (tubers). The grass Triodia microstachya was 

claimed by most consultants to be a major food item of all the rock kangaroos (n = 9). 

As well as the various Triodia species, consultants mentioned 18 other plant species that 

are eaten by the short-eared rock-wallaby and/or nabarlek. The rock-wallaby species 

were also described as digging for yams (n = 3).  
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Table 2.2 Plants eaten by four rock kangaroo species according to indigenous knowledge in 

western Arnhem Land 

Plant species  Growth 
form^ 

Kangaroo species that 
consumes it# 

Notes 

Acacia difficilis S BW1 Leaves and flowers eaten 
Acacia latescens T BW1, SE1 Fallen seeds eaten 
Alloteropsis semialata G CW1 Fleshy white roots eaten 
Aristida sp. G CW1 Eaten when young, but when it is large it 

pokes them in the eye and they choke on the 
seeds 

Alyxia tropica S BW1  Fruit and flowers eaten 
Blepharocarya depauperata T BW, NB, SE Leaves and fruit eaten 
Buchanania obovata T BW, NB, CW1, SE1 Fallen fruit eaten 
Decaschistia byrnesii S BW, NB, CW, SE1 Leaves eaten, dig tubers sometimes  
Dioscorea transversa  C BW Dig up long yams to eat 
Eriachne triseta G CW1,BW1*,SE1* Eaten when young 
Ficus platypoda T BW, NB1, CW1*, SE* Leaves and fruit eaten 
Ficus subpuberula T BW, CW1, SE1 Leaves and fruit eaten throughout the year 
Ficus virens T BW1, SE1 Leaves and fruit eaten 
Fimbristylis composita D CW1   
Flagellaria indica C BW1, CW1  
Gardenia fucata T BW, NB1, SE Leaves eaten 
Ipomoea abrupta C SE1, NB1 Dig up roots to eat 
Melodorum rupestre C BW, NB, CW1, SE1 Leaves eaten 
Memecylon arnhemensis  S BW1, NB* Leaves eaten 
Murdannia sp. H BW1 Finger like roots are eaten 
Pandanus basedowii T BW New central leaves are eaten 
Pavetta brownii T BW1, CW1 Many species eat the leaves but really CW 

food. Often see tracks to it because so many 
are eating it, and male CWs fight for it. 

Persoonia falcata T BW1, CW1 Fruits eaten 
Pouteria arnhemica T BW1, CW, SE1 Leaves and fruits eaten 
Pouteria pohlmaniana T BW1, CW1 Leaves eaten 
Schizachyrium sp. G CW1  
Solanum sp. (echinatum, 
clarkiae and 
asymmetriphyllum) 

S BW, CW, SE*1 Favourite BW food, eat leaves and flowers in 
wet season 

Sorghum sp. (annual) G BW1, CW1 Eaten when young 
Sterculia quadrifida  T BW1, NB1 Fruit / seeds eaten in the wet, thunder 

season 
Terminalia carpentariae T BW, NB, CW, SE Fruit / seeds eaten 
Terminalia ferdinandiana T BW, NB, CW1, SE1 Fruit / seeds eaten 
Triodia plectrachnoides G BW1, NB1, CW1, SE1 Eaten when both young and old  
Triodia microstachya G BW, NB, CW, SE Important food for all rock kangaroos – eaten 

throughout the year.  Shoots, seeds and 
seedheads eaten 

Anbodjub$ G BW1 Another rock Spinifex species eaten 
Andarlkbang$ S BW1 Sandstone shrub with white flowers eaten 
Andorlkbakbak$  BW1  
Anngarranjngarranj$ G BW Little fingerlike tubers eaten 
Ankarrarndjalhkarrarndjalh$ G BW1 Another rock Spinifex species eaten 
Djilawanbed grub   BW1 Eats this giant millipede that lives in 

Allosyncarpia ternata forest 

^ C- climber, D – sedge, G- grass, H – herb, S – shrub, T - tree 
# BW- Black Wallaroo Macropus bernardus, CW - Common wallaroo Macropus robustus, SE - Short-eared 
Rock Wallaby Petrogale brachyotis, NB - Nabarlek Petrogale concinna 

* this plant species was described as eaten by one consultant, but said not to be eaten by another consultant 
$  Identification of this plant is still unknown 
1 Described as eaten by only one consultant 



Chapter 2 Indigenous knowledge 

46 

Many consultants described the black wallaroo as eating Triodia, other grasses, leaves, 

flowers and/or fruit of various trees species. They also mentioned the shrub Solanum 

echinatum as one of its favourite foods (n = 4). It was described as follows: 

When it eats the Solanum echinatum plant it closes its eyes, not eating with open eyes 

otherwise the sharp spikes of the plant would pierce its eyes. It’s like eating chilli, 

chomping away with its eyes closed and it keeps going eating this plant until they get 

fat. That is the food of the black wallaroo. (JK) 

The black wallaroos were also said to dig up yams and long yams (Dioscorea 

transversa) (n = 5). The most unusual dietary item described for the black wallaroo was 

the ‘djilawanbed’, a giant millipede that lives in Allosyncarpia ternata forest. This was 

described by one of the senior consultants on several occasions as being eaten only by 

the black wallaroo and not by other kangaroos. He described it: 

In the Allosyncarpia groves, it eats them. It bites the long body of the grub and carries it 

off. It sees them crawling around and eats them. It belongs to the black wallaroo. (LBN) 

 

Many of the same plants eaten by the other rock kangaroos were also described for the 

common wallaroo. However, it was also said to consume several grass species that are 

eaten by the plains kangaroo species (n = 3), and to dig for yams on softer ground (n = 

3). When asked whether the diet of the two wallaroo species differs in any way, one 

consultant suggested the common wallaroo eats “dried out grass, the dead grass which 

has rotted down”. He also said: 

They eat separately, but still eat similar things, Solanum echinatum, but common 

wallaroos tend to eat ‘softer’ foods of the open bushland, but black wallaroos can too. 

We say that the black wallaroos eat the foods which appear after burning. (LBN) 

Consultants also specified that the common wallaroo does not eat Pandanas basedowii, 

Ficus platypoda, or the ‘djilawanbed’ millipede, items that were described as eaten by 

the black wallaroo.  
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• The view of Bininj that the diet of the rock kangaroos is largely the same contrasts 

with the scientific understanding that the wallaroos are grazers and the smaller rock-

wallabies have a larger component of browse in their diet (Dawson 1989).  

• The diet of the short-eared rock-wallaby and nabarlek is suggested by some 

scientists to be the major mechanism of niche separation between the two species. 

Both species are described as eating a range of grass and browse (tree and shrub) 

species, but the nabarlek, which has unique molar replacement, is thought to be 

more of a grazer, eating predominantly a fern and sedges in the dry season (Sanson 

et al. 1985).  

• In contrast to the broad diet described by consultants, in the scientific literature the 

common wallaroo is reported to consume mainly grass (Ellis et al. 1977; Taylor 

1983b). There are no scientific records of the diet of the black wallaroo. 

 

2.4.5 Water use 

A range of opinions was given about the use of water by the different rock kangaroo 

species, with some consistent themes emerging between the rock-wallabies and between 

the wallaroos. Many consultants suggested the smaller rock-wallaby species stay 

amongst the rocks and find water there from dew, puddles or seeps after rain (n = 6). 

However, one consultant suggested, “it stays in the rocks. It doesn’t drink”. Rock-

wallabies were said to use lower areas and creeks in the rock country to drink, but not to 

come down to large sandy creeks (n = 7). However, one consultant described them using 

sandy billabongs if they are really desperate for water. 

 

All consultants agreed that black wallaroos and common wallaroos come down from the 

rocks primarily at night to drink from creeks, rivers and billabongs. Some suggested that 
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the black wallaroo only comes down in the dry season (n = 2), and one described this as 

follows: 

It comes down to drink at the creek. It comes down at night. When it rains, it drinks the 

pools of water on the top of the rocks. It doesn’t come down. It only comes down in the 

hot dry season to drink. (DjNg) 

Another consultant mentioned them digging for water when really thirsty. 

 

• There are no reports in the literature of whether the short-eared rock-wallaby and 

nabarlek drink free-standing water. However, reports of other rock-wallaby species 

drinking water lying amongst the rocks (Geelen 1999), ‘sucking’ rocks (Tunbridge 

1991), travelling to drink water at dry times (Lim et al. 1987) or not needing to 

drink surface water (Kennedy and Heinsohn 1974) are similar to the range of 

options given by consultants.  

• Large kangaroos are commonly reported to come down to waterholes to drink, yet 

the common wallaroo can also survive in areas without surface water (Croft 1981). 

 

2.4.6 Activity and behaviour 

Consultants agreed that rock kangaroos hide or rest in caves during the day and come out 

at dusk to forage through the night and early morning (n = 12). Occasionally it was 

mentioned that they move about in the day, and the rock-wallabies come out and play 

after rain (n = 2).  

 

Numerous consultants claimed that nabarleks and short-eared rock-wallabies stomp their 

feet (n = 5). This was described as the rock-wallabies dancing (n = 3), e.g.:  

You know that this one … it has its own dance. You know how we humans have songs 

and dances, well so do they (the rock wallabies). They all come out and they dance 
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‘stomp’. Yes, they dance and sing and the other wallabies in the rocks hear them and 

come out and dance. They go stomp stomp stomp, ‘yey’ they call out. (TN) 

 

There was only limited discussion about the territories and fidelity to den sites of the 

species. However, the black wallaroo was said to use a range of shelter sites (n = 2) and 

some consultants described always seeing the same black wallaroo in the same area (n = 

2). Black wallaroos were suggested to have territories (n = 2): 

They stay in the same place forever. It might go off to another place to eat and drink but 

then comes back to its territory. If another wallaroo comes into the area the owner says 

‘get lost’ and the foreigner is afraid to sit down there. (In his territory) he has a female 

partner and might find another within his area. Each male has his female. (LBN) 

The rock-wallaby species were described as using a range of dens (n =2) and one 

consultant explained this as a predation-avoidance strategy. Some commented that the 

rock wallabies and black wallaroo get tired if they have to move around on the flat 

ground for long (n = 3). 

 

There was consensus amongst consultants that the condition of the rock kangaroos 

becomes poor and some of their fur falls off in the build-up (late dry season, September–

November). This phenomenon was commonly described for the wallaroos (n = 6), and 

also for the rock-wallabies (n =3). Several consultants pointed out that the condition of 

the animals improves again when feed becomes abundant with rain in the wet season. 

This improvement in condition was also described in terms of the marrow in the bones 

being full at this time:  

When the rain starts, the first storms, well their fur grows back again. When the spear 

grass is up, their fur is healthy. On the upper body, the fur appears thick…it breaks the 

grass down and eats the flowers of the grass. That’s when we say the black wallaroos 

are at their peak. It eats grass and gets fat, lots of marrow and is healthy. That’s when it 

has fat and plenty of bone marrow. (LBN) 
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The behavioural patterns of the rock kangaroos that Bininj described were similar to 

those reported for these or other macropod species in the scientific literature:  

• Rock kangaroos rest during the day and come out at dusk to forage through the 

night and early morning (Parker 1971; Sanson et al. 1985; Strahan 1995).  

• Rock-wallabies use a range of diurnal shelters (Batchelor 1980; Jarman and Bayne 

1997).  

• The hind foot thump is a common behaviour in macropods (Coulson 1989).  

• The change in condition of the fur, bone marrow and fat deposits of rock kangaroos 

with season has not been reported in the literature for the rock kangaroo species but 

is concordant with the low weights in the dry season and the gains in weight at the 

onset of the wet season found in the agile wallaby (M. agilis) (Bolton et al. 1982). 

 

2.4.7 Mating and reproduction 

All consultants who talked about mating in the rock-kangaroos corroborated that the 

species form pairs: 

The male and female live together. He never leaves her. He follows the same female. 

(MK) 

However, it was also mentioned that the male sometimes take another female. In both 

the black wallaroo and common wallaroo, males were described as fighting with other 

males over females (n = 6). Similar fighting between male rock-wallabies was also 

described (n = 2). Several people stated the rock kangaroos mate at any time of the year 

(n = 4), while others referred to them mating in the wet season and having large joeys in 

the dry season (n = 3). It was agreed that like other kangaroo species, the rock kangaroos 

carry their young in the pouch and look after them until a certain size at which time the 

young become independent. 
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• The descriptions by Bininj of fighting between male rock kangaroos and of females 

looking after pouch young until a certain size are common behaviours documented 

for macropods (Coulson 1989; Delaney 1997; Jarman and Bayne 1997).  

• The suggestion by consultants that breeding can occur at any time of year is 

concordant with the continuous breeding found in other rock-wallaby species such 

as P. assimilis (Delaney 1997). The peak in joey numbers in the dry season 

described by consultants supports Sanson et al.’s (1985) suggestion that the 

nabarlek is a seasonal breeder.  

• Although Bininj commonly claimed that males and females move around in pairs, 

life-long monogamy was not necessarily assumed. Scientific reports also vary over 

whether rock-wallabies are monogamous with some studies suggesting they exhibit 

facultative long-term monogamy (Barker 1990; Horsup 1994) and others that they 

are polygamous (Batchelor 1980; Laws and Goldizen 2003). 

 

2.4.8 Predators and associations with other species 

Consultants consistently suggested that the Oenpelli python (Morelia oenpelliensis) is a 

predator of nabarleks, short-eared rock-wallabies and young black wallaroos (n = 9). The 

details of the method of attack were also consistent, namely: 

It strikes and then coils itself around with its long body. It attacks it. If it doesn’t kill it by 

striking, it coils itself around the kangaroo and kills it. It crushes it to death. (DjNg) 

Eagles were identified as predators of rock-wallabies (n = 5) and sometimes of black 

wallaroo and common wallaroo joeys (n = 3). One consultant specified that the wedge-

tailed eagle (Aquila audax) attacks the eyes of the kangaroo. Opinion was divided about 

whether dingoes (Canis lupus dingo) take rock kangaroos. Some said that the rock-

wallabies are taken (n = 3) and another stated that black wallaroos are taken, while 
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others suggested that rock-wallabies are too fast and the dingo can not get them amongst 

the rocks (n= 3). The dingo was sometimes described as preferring common wallaroos or 

the kangaroos that live on the plains (Macropus agilis and M. antilopinus) (n = 3). 

 

Associations between the black wallaroo and birds were mentioned on several occasions 

(n = 4). The most common story told was of a bird that sings out to the black wallaroo to 

warn it when people are coming to hunt it. The other story is of a bird that cleans the 

ticks off the black wallaroo: 

They don’t have lice but ticks in their groins and rump area and in their ears. A little bird 

bites off the ticks for them. It is the djang ‘dreaming’ for the black wallaroos… It calls out 

‘yuk yuk yuk yuk, yukkkoh’. It picks off the ticks on its groin and holds onto the wallaroos 

and chatters away saying maybe ‘there’s a kangaroo there (let’s go!)’. We used to see 

them on the wallaroos. It’s a bird called yirlinkirrkkirr. A little bird. It works for a long time 

crawling over them tirelessly. (LBN) 

Further questioning suggested the bird removing the ticks is the sandstone shrike-thrush 

(Colluricincla woodwardi), which is found in similar rocky habitats to the rock 

kangaroos and has a distinctive call. 

 

• Pythons, white-bellied sea-eagles (Heliaeetus leucogaster) and wedge-tailed eagles 

are reported as predators of rock-wallabies in other parts of Australia (Sanson et al. 

1985; Geelen 1999). Dingoes are known to take kangaroos (Robertshaw and Harden 

1989), but there are also suggestions in the literature that the common wallaroo may 

escape predation because of its agility in the rocky terrain it inhabits (Croft 1987). 

The literature also describes cats preying on rock-wallabies (Spencer 1991; Geelen 

1999), which was not mentioned by consultants.  

• There are no records of a symbiotic relationship between wallaroos and bird species.  
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2.4.9 Hunting and fire 

Although consultants stated that fire is not used to hunt rock kangaroos in drives as it is 

for the kangaroo species that live on the plains (n = 5), some recounted that fire is used 

to flush the rock kangaroos from the rocks: 

We light fires in the Triodia grass to flush them out. We see them coming out when we 

light the fires. They climb up higher on the rocks and watch the flames. We shoot them. 

(DjNg) 

Consultants also described using fire to create new growth that is an important food 

source for the kangaroo species.  

 

Consultants suggested that few rock kangaroos are now hunted. Two of the main young 

hunters at outstations on the Arnhem Land Plateau described hunting only a few black 

wallaroo and even fewer rock-wallabies each year. Antilopine wallaroos (M. antilopinus) 

and agile wallabies (M. agilis) are the main kangaroo species that continue to be hunted. 

While questions were not asked specifically about the status of the species, it was clear 

from the discussions that the rock kangaroo species are still considered abundant in the 

rock country. One consultant describing the nabarlek said, “They are still numerous but 

no one is out looking for them in the caves where they live” (LBN). 

 

The similarities and differences between the indigenous and scientific knowledge of the 

ecology of the rock kangaroos are summarised in Table 2.3. 

 

2.5 Discussion 

2.5.1 Reflections on indigenous and scientific knowledge 

Bininj have detailed ecological knowledge of the rock kangaroos in the region. The 

many names used for each of the species reflect their great familiarity and depth of  
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Table 2.3 Comparison of indigenous ecological knowledge (IEK) and scientific ecological 

knowledge (SEK) for the four rock kangaroo species of north central Australia 

 P. brachyotis P. concinna M. bernardus M. robustus 
 IEK SEK IEK SEK IEK SEK IEK SEK 

Habitat use         
Use rocky habitats + + + + + + + + 
Use rainforests +/- ? +/- ? + + + + 
Use woodlands +/- + +/- + +/- + + + 
Rest in caves + + + + + + + + 
Rest in sandy creek beds - ? - ? + ? + ? 
Diet         
Eat grass + + + + + ?+ + + 
Eat browse leaves + + + + + ? + + 
Eat browse fruits/ seeds + + + ? + ? + - 
Dig and eat yams + ? + ? + ? + ? 
Water use         
Use large creeks - ? - ? + ? + ? 
Get water amongst rocks +/- ?+ +/- ?+ + ? ? ?+ 
Drink free water +/- ?- +/- ?+/- + ?+ + + 
Activity         
Emerge at dusk to forage 
nocturnally + + + + + + + + 

Use a range of shelters + ?+ + ?+ + ?+ + ? 
Behaviour          
Stomp hind feet + + + ?+ ? ?+ ? + 
Lose condition seasonally  + ? + ? + ?+ + ?+ 
Fidelity to small home range + ?+ + ?+ + ? ? + 
Reproduction         
Mate anytime of year + ?+ + ?+ + ?+ + + 
More joeys in dry season + ? + + + ? + ? 
Stay with one female + ?+/- + ?+/- + ? + - 
Males fight over females + ?+ + + + ?+ + + 
Predators and sympatry         
Oenpelli python + ? + ? + ? + ? 
Wedge-tailed eagle + ?+ + + + ?+ + + 
Dingo +/- ? +/- ? +/- ?+/- +/- +/- 
Bird sympatry - ? - ? + ? ? ? 

+ occurs in this species;  - does not occur in this species;   

+/- differing opinions about whether it occurs in this species;  ? not known for this species;   

?+ not known for this species but found to occur in other similar species;   

?- not known for this species but found not to occur in other similar species 

?+/- not known for this species and differing opinions about whether it occurs in other similar 
species 

Sources for SEK: (Kennedy and Heinsohn 1974; Croft 1981; Bolton et al. 1982; Taylor 
1983b; Sanson et al. 1985; Croft 1987; Lochman 1987; Press 1988; Coulson 1989; Press 
1989; Tunbridge 1991; Jarman 1994; Strahan 1995; Churchill 1997; Delaney 1997; Geelen 
1999)
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knowledge of the species. The ethnoecological knowledge was largely consistent with, 

and in many subject areas more extensive than that currently recorded in the scientific 

literature. Indeed, the high level of concordance between the two knowledge bases was 

striking (Table 2.3). There were only two incidences of contradiction between the 

indigenous and scientific data; Bininj described the common wallaroo eating fruit and 

seeds of browse species and staying with one female, which contrasts with descriptions 

in the literature. However, in this case the scientific knowledge is drawn from non-

tropical subspecies of the common wallaroo (Ellis et al. 1977; Taylor 1983b) and it is 

possible that research on the northern subspecies may indeed support the indigenous 

knowledge. 

 

Much of the indigenous knowledge about the rock kangaroos is noteworthy, particularly 

given the lack of existing scientific data on these species (Table 2.3). For example, the 

morphological similarities of the nabarlek and short-eared rock-wallaby have made 

scientific survey of the nabarlek difficult (Churchill 1997), but the diagnostic features 

that Bininj use to separate these two rock-wallaby species may assist with future survey 

work. Similarly, indigenous knowledge recorded about the comparative ecology of the 

rock kangaroos will assist science in understanding how these species coexist in the 

same areas.  

 

Consultants’ knowledge is by its nature local knowledge. It reflects what Bininj observe 

in their area and does not try to generalise to what these species do everywhere (as is 

often a goal of science). For example, Triodia microstachya was claimed by consultants 

to be a major food item for the short-eared rock-wallaby. Yet short-eared rock-wallabies 

are certainly present in many areas without Triodia sp. (Churchill 1997). Conversely, 

there was no mention by consultants of the fern Marsilea crenata, that was postulated by 
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scientists to be an important dietary item for the nabarlek from the findings at one site 

(Sanson et al. 1985). Perhaps too much emphasis has been placed scientifically on the 

findings from this one location, and the molar replacement of the nabarlek may be an 

evolutionary vestige, important when speciation occurred but no longer a mechanism of 

niche separation. Hence this study highlights that we should be equally wary of 

extrapolating scientific and indigenous knowledge recorded at a single location. 

 

Some of the information given by consultants suggested that there may be biases in the 

scientific techniques used to understand aspects of the ecology of species such as rock 

kangaroos. The most striking example of this was the broad range of dietary items of the 

rock kangaroos described by consultants. Bininj described the rock kangaroos eating 

grass, flowers, seeds, leaves and fruit of trees, and yams. Certainly rock-wallabies are 

reported to include many of these high-protein items in their diet (Horsup and Marsh 

1992; Pearson 1992; Geelen 1999), but this is a far more diverse diet than generally 

reported for large kangaroos (Dawson 1989). The diverse and protein rich diet suggested 

for the wallaroos by consultants may reflect the relatively high diversity of fruit trees and 

yams available in the tropical north (Taylor and Dunlop 1985; Egan and Williams 1996), 

particularly in the rocky country (Freeland et al. 1988). Alternatively, it may be that the 

traditional scientific techniques used to determine diet, namely cuticle analysis in which 

the leaf particles in faeces or stomach samples are examined, do not identify items such 

as flowers, seeds, fruits and yams. Some authors have also been concerned about the 

limitations of the cuticle technique and suggest that kangaroos eat more diverse diets 

than are usually reported, including flowers and seeds (Jarman 1994).  

 

While indigenous and scientific observations of ecology may often correlate, the 

explanation for why a particular animal behaviour occurs may be quite different. For 
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example, consultants described rock-wallabies stomping their hind feet and this is a 

common behaviour reported for rock-wallaby and kangaroo species (Coulson 1989). 

Bininj understood this behaviour culturally as the rock-wallabies dancing. A closely 

related rock-wallaby species (P. burbidgei) was similarly described by a naturalist as 

stamping its feet vigorously while repeatedly turning, “literally dancing!” (Lochman 

1987). This behaviour is understood by scientists to be the rock-wallaby threatening 

another conspecific animal or an alarm signal given by an individual in response to 

disturbance by a possible predator (Batchelor 1980; Coulson 1989).  

 

2.5.2 Reflections on the data 

For some subject areas consultants gave common responses, whereas for other themes 

there were varied or contradictory responses. Variation in the information given on some 

subjects may arise from several reasons. Firstly, the knowledge given reflects the 

personal experience of the consultant and some of the apparent contradictions may stem 

from differences between the areas where the consultants live and environments in 

which the animals were observed. For example, the variation in answers about whether 

the rock-wallabies use rainforest habitats may reflect the different types of vegetation 

present (the Allosyncarpia vine forests that were said to be used by some consultants are 

not present in other areas where consultants said the rock-wallabies did not use 

rainforests). Secondly, opinions may not contradict each other, but rather show the range 

of habits of a species. In the case of the range of water use options described for the 

rock-wallabies (dew, seeps, puddles, creeks, or not drinking), these options may all be 

used by the species at different times or in different places. Indeed, this variation is also 

found in the literature for other rock-wallaby species (Lim et al. 1987; Tunbridge 1991; 

Geelen 1999).  
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The one subject area where new information was still being received in each additional 

interview, and saturation was probably not reached, was diet. Many plant species were 

only described as dietary items by a single consultant and there was obviously a limit to 

the number of plant species recalled by each consultant. Thus, it was unclear from 

interviews whether apparent differences in the diet of the species were real or just 

reflected the limitations of recall. The information about rock-wallaby diet could be 

verified with direct questions about individual plant species in follow up interviews or 

group discussions (Henfrey 2001), and by accompanying more of the consultants on 

walks through the rock country to record the plant species eaten by the kangaroos. 

However, it is still possible that inter-individual variation in some responses is accurate 

and reflects a regional abundance of a particular plant species, and therefore greater 

importance of that plant in the diet of kangaroos in that area.  

 

2.5.3 Management implications and synthesis 

Descriptions of hunting and use of fire gave some information about land management 

practices and the sustainability of rock kangaroo harvest levels in the region. Consultants 

described fire being used differently for these rock kangaroo species from the fire drives 

recorded for hunting the kangaroo species of the plains (Yibarbuk et al. 2000; Bowman 

et al. 2001; Vigilante 2004). Fire is still used to create new growth for the kangaroos and 

to flush the rock kangaroos from the rocks. It is clear from this and other reports 

(Vigilante 2004) that the sandstone country vegetation is periodically burnt. However, 

the reports here from consultants did not suggest any seasonality in the burning.  

 

Although the conservation status of the species was not a specific focus of the study, it 

was evident that consultants regarded all of the rock kangaroo species as being abundant 

in the rock country. Discussions suggested that the current harvest levels for these 
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species in the region are very low. Probably less than ten black wallaroos are hunted in 

the region each year and almost no rock-wallabies are hunted. The low number of 

animals being hunted reflects reduced hunting effort as outstation communities are 

increasingly relying on store foods, rather than alluding to a reduced abundance of rock 

kangaroos in the area. There was no suggestion that the nabarlek is rare or had 

disappeared from areas as thought by some scientists (Sanson et al. 1985; Lundie-

Jenkins and Findlay 1997). This may be due to local abundance of the species persisting 

in the consultants’ country and the contraction in the species’ range may only currently 

be in more marginal rocky areas on the edge of the species’ range. The statement by one 

consultant that nabarlek “are still numerous but no one is out looking for them in the 

caves where they live”, highlights the difficulty of assessing status from local 

knowledge. Few people are living in and moving around the rock country. There is only 

a scattering of outstations in this region and people are no longer reliant on hunting the 

species for food. Thus it is unclear whether descriptions of species being abundant 

reflect recent observation or past recollection. Travelling the various estates of the rock 

country with the relevant Aboriginal land owners and checking sites where the species 

are thought to be abundant would be the best way to accurately assess the status of the 

species, as was successfully conducted for the black-footed rock-wallaby (Petrogale 

lateralis) in central Australia (Pearson 1992). 

 

Indigenous knowledge that extends or contrasts with scientific understanding can be 

used to create hypotheses and models that can be tested with field data. In this study the 

indigenous knowledge of the comparative ecology of the rock kangaroos suggested 

many hypotheses that warrant investigation. For example:  

1. Nabarlek live deep in the rocky country, further from human scent than the short-

eared rock-wallaby. 
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2. The nabarlek and short-eared rock-wallaby eat similar foods and this is not a 

mechanism of ecological separation. 

Comparison between indigenous knowledge and existing scientific knowledge also 

raised hypotheses about the ecology of these northern tropical species compared to 

similar species in other regions of Australia such as: 

1. The diet of the wallaroos is more diverse and includes higher proportions of protein 

rich browse species than kangaroo species in more temperate or arid areas. 

2. All macropods in the tropics lose their fur and have decreased condition (e.g. bone 

marrow) in the late dry season. 

Sadly, for many parts of Australia there is no longer access to the extensive indigenous 

ecological knowledge that once existed. However, the wealth of local knowledge held by 

land managers and natural historians should also be recognised as useful and similarly 

employed in the formulation of hypotheses to drive scientific research. 

 

This research represents one of the most comprehensive ethnozoological studies of a 

group of species undertaken in Australia. It was cost effective and far superior to the 

information that could have been gathered in a short-term scientific project. Importantly, 

it also afforded senior custodians respect and acknowledgement of their knowledge. 

Cross-disciplinary collaborations amongst ecologists, linguists and social scientists 

working together with indigenous communities are extremely important in 

ethnoecological studies. In those communities where a traditional language is still 

spoken, the depth of local ecological knowledge is expressed more extensively and 

vividly in the vernacular. Potential for incorporating indigenous knowledge into 

conservation and management programs is particularly great for the north of Australia, 

where there is a paucity of scientific knowledge and the landscapes being managed 

remain largely intact. However, the opportunities for recording knowledge and assisting 
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with inter-generational transfer of knowledge are fast being lost as senior Aboriginal 

people who carry the extensive ecological knowledge are passing away.
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3 Chapter 3 Potential for using scats as a survey tool 

3.1 Abstract 

The ecology of the rock-dwelling macropod species of the Australian monsoon tropics is 

poorly understood, largely because they are behaviourally elusive and difficult to 

observe in the rugged terrain they inhabit. We evaluated the potential of using scats 

(faecal pellets) as a survey tool for this faunal assemblage by: (1) developing a key to the 

scats of the seven macropod species in the tropics of the Northern Territory; (2) 

conducting field experiments to examine the rates of loss and decomposition of short-

eared rock-wallaby (Petrogale brachyotis) scats in these tropical environments; and (3) 

comparing the distribution of scats of P. brachyotis with their use of space and habitats 

determined with radio-telemetry. Classification Tree modelling was able to discriminate 

the scats of the species, primarily on the basis of width, and the reliability of 

identification was greatly improved by including both measurements of a large sample of 

scats and knowledge of the habitat from whence the scats were collected. Rates of loss 

and decay were variable and the greatest losses occurred in the wet season, particularly 

on sandy soils. Scats underestimated the total area used by P. brachyotis at the site; 

however, the distribution of scats showed the same broad patterns of habitat use as found 

with radio-telemetry. Hence, we conclude that with knowledge of the biases involved, 

scats can be accurately used to study the presence and habitat preferences of rock-

dwelling macropod species. 
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3.2 Introduction 

Spoor, particularly scats (faecal pellets), has been widely used by indigenous peoples 

and hunters to identify the presence and location of animals. Ecologists and land 

managers have also favoured using scats to study wildlife populations because it is a 

non-intrusive technique and far less labour intensive than traditional methods such as 

mark - recapture or behavioural observations (Putman 1984; Kendall et al. 1992; 

Webbon et al. 2004). Scats have been used in wildlife surveys of a range of taxa, 

including ungulates and carnivores (e.g. Neff 1968; Komers and Brotherton 1997; 

Bonesi and Macdonald 2004). In Australia, the technique has shed insights into the 

ecology and behaviour of various macropod species (e.g. Caughley 1964; Hill 1981a; 

Lunney and O'Connell 1988; Banks 2001).  

 

The successful use of scats in ecological studies of macropods suggests that they may be 

an ideal tool for investigating the cryptic rock-dwelling macropods of the monsoon 

tropics of northern Australia. The rock-dwelling macropods (Petrogale brachyotis, P. 

concinna, Macropus bernardus and M. robustus) inhabit steep rocky terrain and flee to 

shelter when disturbed. The physical environment and their wary behaviour present 

formidable challenges to ecologists, and to date little is known about their ecology 

(Strahan 1995). It remains uncertain whether scats can be effectively used to collect 

information about these species for which scientific knowledge is poor. Recent advances 

in DNA analysis of scats offer great accuracy in determining the presence of species; 

however, for the rock-dwelling macropod species of northern Australia that inhabit such 

rugged, remote areas, a relatively efficient technique that does not depend on the 

extraction of DNA from fresh scats is required. Thus the purpose of this study was to 

evaluate the potential of using scats as a survey tool to fill gaps in the scientific 



Chapter 3. Rock-dwelling macropod scats 

64 

knowledge of the ecology of the rock-dwelling macropods of the monsoon tropics. 

 

There are a number of critical assumptions that underpin the use of scats in surveys. 

Firstly, the scats of the species must be identifiable from other sympatric species. This is 

possible for many macropod species in Australia whose scats have a characteristic and 

distinct shape (Triggs 1996; Jarman and Capararo 1997). However, high rates of 

identification error sometimes occur. For example in a Tasmanian study, all observers, 

including those who frequently identified scats in the field, sometimes incorrectly 

identified Bennett’s wallaby (Macropus rufogriseus) and pademelon (Thylogale 

billardierii) scats (Bulinski and McArthur 2000). The scats of the macropods of the 

Northern Territory have received little attention. Triggs (1996) offers photographs and 

broad size categories for some species, and Churchill (1997) suggests scats of P. 

concinna and P. brachyotis are distinguishable but does not describe how. Thus it 

remains unclear whether the scats of the sympatric species can be reliably identified.  

 

If scats are used to determine habitat preference and monitor changes in site occupancy 

of species, it is critical to determine whether the loss of scats is equal across habitats and 

between seasons (Perry and Braysher 1986; Southwell 1989). Two processes affect the 

persistence of scats: decay occurs in situ by physical weathering and insect activity, and 

loss of scats occurs by factors such as run-off, wind, fire and removal by invertebrates. 

Experiments have found that environmental conditions and substrate greatly affect scat 

longevity. For example, scats persist much longer in cool, dry conditions and disappear 

rapidly in warm, wet conditions (Harestad and Bunnell 1987; Johnson and Jarman 1987; 

Vernes 1999). Also, scats deposited on rocks and in caves may dehydrate quickly and 

decay slowly (Jarman and Capararo 1997), and those in long grass decay quicker than 

those in short grass (Johnson and Jarman 1987). To date, most studies of persistence 
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have tended to be short-term (1–3 months; Johnson and Jarman 1987; Vernes 1999) and 

therefore, investigation of the rates of loss and decay of scats over the course of a wet 

and dry season cycle for species inhabiting the monsoonal tropics is warranted. 

 

When scats are used in surveys of habitat use and foraging range, it is often assumed that 

the density and distribution of scats faithfully reflect the daily and seasonal movement 

patterns of the species. In the case of macropods, defecation has been observed to occur 

frequently while feeding and infrequently while resting (Hill 1978; Johnson et al. 1987). 

Thus the density and distribution of scats have primarily been interpreted as showing 

which habitats are used by macropod species for feeding (Caughley 1964; Hill 1981b; 

Lundie-Jenkins 1993). However, there has been little detailed examination of the 

concordance between the distributions of scats and the activity patterns and foraging 

ranges of macropod species. Studies in North America have found that the distribution of 

deer pellets underestimated their use of some habitats as determined by observation or 

radio-telemetry (Collins and Urness 1981; Loft and Kie 1988). Clarification of the 

relationship between the distribution of scats and a species’ use of space and habitats is 

therefore required before the techniques are employed to study the habitat use of the 

macropod species.  

 

This research provides the background information required to use scats as a tool to 

study the rock-dwelling macropods of the monsoon tropics of the Northern Territory, 

Australia. To specifically address the above assumptions, we (1) developed a key to the 

scats of the seven macropod species in the tropics of the Northern Territory; (2) 

conducted field experiments to examine the rates of loss and decomposition of short-

eared rock-wallaby (Petrogale brachyotis) scats in these tropical environments; and (3) 
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compared the distribution of scats of P. brachyotis with their use of space and habitats 

determined with radio-telemetry.  

3.3 Methods 

3.3.1 Scat identification key 

We collected scats from seven macropod species found in the tropics of the Northern 

Territory (Table 3.1) from areas where the identity of the scats was known (from direct 

observation, previous studies and / or local knowledge). Scats of the rock ringtail 

possum (Petropseudes dahli) were also examined as this species is commonly found in 

the rocky habitats used by the rock-dwelling macropods. Between 50 and 500 scats per 

species were measured depending upon the availability of scats, with 2 300 scats 

measured in total. 

 

We measured the size dimensions (length, width and breadth) of each scat with calipers 

to an accuracy of 0.1 mm (Fig. 3.1). Also recorded were colour (black, brown, fawn, 

grey, white or rufous), shape (square, round, rectangular, heart- or tear-shaped), and the 

presence of ‘squeeze points’ (thin taperings at the end of scats; Fig. 3.1). A scat 

identification key was developed using Classification Tree modelling (Breiman et al. 

1984; Feldesman 2002) in the software package R (version 2.0.1, R Development Core 

Team). Classification Trees use binary recursive partitioning to predict sample 

membership in the classes of a categorical response variable (macropod species) from 

measurement of explanatory variables (size, shape, colour and presence of squeeze 

point). A maximum of 200 scats per species (selected randomly) were included in the 

analysis so that sample sizes were approximately equal between species. We first ran the 

model with scats of all species, and then reran the model with only scats of the rock-

dwelling macropod species to examine the accuracy of identifying scats found solely in 

rocky habitats.
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Table 3.1 Size characteristics and collection locations of the scats of the macropods and 

associated species in the monsoon tropics of the Northern Territory 

Species No. scats 
measured Length^ (mm) Width^ (mm) Breadth^ (mm) 

Location of scat 
collection 

Latitude      Longitude 

Macropus agilis 
agile wallaby 

500 22.7  (11.5–41.8) 15.9  (10.7–25.8) 12.4  (8.7–21.1) 12.413oS 130.830oE 

M. antilopinus 
antilopine wallaroo 

180 24.9  (11.1–41.5) 20.1  (11.5–28.3) 15.7  (10.5–22.4) 13.180 oS 131.310 oE 

M. bernardus 
black wallaroo 

300 24.7  (13.4–38.6) 19.9  (11.9–28.5) 14.5  (7.8–20.9) 12.768 oS 133.839 oE 

M. robustus 
northern wallaroo 

140 24.2  (14.5–35.9) 22.9  (12.5–30.5) 16.1  (10.0–19.8) 13.215 oS 130.744 oE 

Petrogale brachyotis 
short-eared rock-wallaby 

500 17.1  (7.0–32.4) 10.5  (5.5–14.5)   8.6  (4.2–17.8) 13.126 oS 130.815 oE 

P. concinna 
Nabarlek 

100 10.3  (6.9–14.3)   8.7  (6.1–12.0)   7.1  (4.4–9.7) 12.060 oS 132.884 oE 

Onychogalea unguifera 
northern nailtail wallaby 

  35 20.4  (11.1–37.3) 12.3  (7.0–19.0) 10.4  (5.8–14.5) 13.127 oS 131.372 oE 

Petropseudes dahlia 
rock ringtail possum 

120 18.0  (13.5–25.8)   7.0  (5.4–8.9)   6.6  (3.8–8.5) 12.377 oS 132.936 oE 

 ^mean with range given in brackets 
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Fig. 3.1 Characteristics of scats measured for the scat identification key. 
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3.3.2 Scat persistence experiment 

We investigated the effects of substrate and season on the rate of decomposition and 

persistence of scats in the monsoon tropics in an experiment run over two years at Litchfield 

National Park (13o 07’S, 130o 48’E). Like the rest of the monsoon tropics in northern 

Australia, this region has a strongly seasonal distribution of rainfall (100–600 mm per month 

in the wet season, December–April, vs. <10 mm per month in the dry season, May–

September, Australian Bureau of Meteorology 2004). Another characteristic of the 

environment in the region, including at the sites of this study, is landscape fire, which occurs 

frequently in the dry season (Edwards et al. 2001). 

 

In September 2002 (prior to the onset of the wet season), we established groups of four 

replicate 1 m x 1 m quadrats on two substrate treatments (rock, and litter over sand) at four 

spatially separated sites (over a distance of 15 km). This experimental design maximised the 

chance of some sites escaping being burnt in the dry season and captured local variation in 

substrate conditions. To ensure that no new scats were deposited within the quadrats, we 

situated quadrats on outcrops and in adjacent sandy areas where there were no existing scats 

or signs of rock-wallaby presence. We reset the experiment in the dry season of 2003 at one 

site, with eight replicates on each of the two substrates, to examine the decay and loss of 

scats starting in the dry season (the first experiment is referred to as ‘experiment A’ and this 

later one as ‘experiment B’). 

 

In both experiments, we positioned 15 fresh short-eared rock-wallaby (Petrogale brachyotis) 

scats, collected from a nearby site, within each quadrat. Every two months, the number of 

scats remaining and the condition of the scats were recorded. The condition of the scats was 
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visually characterised in six categories based on colour, proportion of light coloured fibres 

visible and condition of the surface of pellets (as listed in Table 3.2). The presence of insect 

damage was also recorded.  

 

Changes in the condition of the scats with both time and substrate were examined using 

descriptive statistics, and t-tests were used to examine the effect of substrate on the 

persistence of scats in each condition category. The effect of different substrates on the loss 

of scats over time was analysed using repeated measures Analysis of Variance.  

 

3.3.3 Spatial distribution of scats 

We compared how well the distribution of scats indicated the use of space and habitats of 

short-eared rock-wallabies with that found using radio-telemetry from a concurrent study. 

Eight P. brachyotis were radio-tracked in June and July 2003 at a 100-ha site at Litchfield 

National Park (documented in detail in Chapter 6). In that study, fixes (locations of the 

animals at any particular time) were obtained both nocturnally and diurnally, and used to 

make estimates of home range area and use of habitats. Across the study site where the 

radio-tracking study was conducted, we measured the density of P. brachyotis scats in a 1 

m2 quadrat at points of a 100 m lattice (located using a global positioning system) in August 

2003. Scat densities were attributed to four categories: none, low (1–2 scats), medium (3–6 

scats) and high (≥ 7 scats). For each quadrat we also visually estimated the following 

environmental variables: habitat type (Outcrop, Flat adjacent to outcrop, Hill slope, Hilltop, 

and Swale), percentage cover of rock, presence or absence of grass, and whether the area 

had been burnt.  
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Table 3.2 Categories of scat condition used in measurement of Petrogale brachyotis scat 

persistence and decay in experiments at Litchfield National Park 

Category Description 

1 Shiny black or dark brown, dried mucous coating still present, pellets firm and no 
signs of breakdown, sand particles may be adhering to pellets 

2 Matte black / brown, pellets firm and no signs of cracking or breakdown 

3 Dull black / brown in colour, 0–25% light coloured fibres showing, cracking 

4 Dull black / brown in colour, 25–50% light coloured fibres showing, cracking 

5 Patchy dull black to grey in colour, 50–75% light coloured fibres showing, weathered 
appearance  

6 Generally dull grey, 75–100% light coloured fibres showing, weathered appearance 
and often crumbly to touch 

7 Signs of insect damage visible or half eaten  
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We estimated the coverage of scats and habitats across the site from the classification of the 

site into the 100 m x 100 m cells of the lattice. The influence of environmental variables on 

P. brachyotis scat density was measured using Generalised Least Squares (GLS) modelling. 

To overcome the inherent spatial autocorrelation in the study design we first examined a 

range of geostatistical autocorrelation models (Spherical, Ratio, Linear, Gaussian, and 

Exponential) to determine which model best fitted the spatial patterning of our data (Keitt et 

al. 2002). These models account for spatial patterning by modelling the correlation between 

errors directly as a function of distance (Keitt et al. 2002). We ran each autocorrelation 

function with a GLS of the global model and used Akaike’s Information Criterion (AIC, 

Burnham and Anderson 2002) to rank the models. There was little difference in the AIC 

values and Akaike weights between the different geostatistical autocorrelation models, but 

the lack of support for the global model run without an autocorrelation correction showed it 

was important to use one of the corrections in the analysis. Thus we subsequently used GLS 

with a linear correlation function to analyse a set of candidate models to determine which 

environmental variables were correlated with scat density. The candidate model set included 

univariate models of the variables, HABITAT, BURNT, and ROCKINESS, and other combinations 

of these variables (Table 3.3). Presence of grass was highly correlated with BURNT so was 

excluded from the analysis. The candidate models were ranked using AICc (the second order 

form of Akaike’s Information Criterion used for small sample sizes) to determine the best 

model.  

 

Determining habitat preferences using traditional χ2 tests has been commonly criticised as 

biased due to pooling across individuals and non-independence of samples and habitat 

proportions (Aebischer et al. 1993). Thus, in Chapter 6 (6.3.3) Compositional Analysis 

(Aebischer et al. 1993) was used to rank the habitat preferences of P. brachyotis determined  
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Table 3.3 Model selection results of GLS models of density of Petrogale brachyotis scats and 

influence of habitat variables at Litchfield National Park. Log(L) is the maximised log likelihood of 

the model, K is the number of estimated parameters, AICc is the selection criterion, ΔAICc is the 

difference between the model’s AICc value and the minimum AICc value, and wi is the Akaike 

weight. The candidate model with substantial empirical support (ΔAICc < 2) is shown in bold 

 Candidate models Log(L) K AICc ΔAICc wi 

1. HABITAT -108.40 5 227.33   0.00   0.84 

2. HABITAT + BURNT -109.18 6 231.09   3.76   0.13 

3. HABITAT + ROCKINESS -110.65 6 234.04   6.71   0.03 

4. ROCKINESS + HABITAT + BURNT -111.43 7 237.85 10.52 <0.00 

5. ROCKINESS -129.01 2 262.13 34.80 <0.00 

6. ROCKINESS + BURNT -129.58 3 265.36 38.04 <0.00 

7. BURNT -139.41 2 282.91 55.59 <0.00 
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using radio-telemetry. In this chapter, we compare the ranking of the regression coefficients 

of the GLS model of how scats represent the use of habitats, with that found in Chapter 6 

(6.4.3), namely: Outcrop > Flat > Hill slope > Swale > Hilltop.  

 

For diagrammatic representation, scat density was smoothed using regularised spline 

interpolation (12 nearest neighbour points with a weighting of 0.1) in ARCMAP with Spatial 

Analyst (ESRI 2001).  

 

3.4 Results 

3.4.1 Scat identification key 

The size and shape of scats varied greatly within and between individuals of each species 

(Table 3.1). Nonetheless, there were sufficient differences in the scats of each species to 

enable their identification and separation into a key (Fig. 3.2). Scats of Petrogale brachyotis 

and P. concinna (the rock-wallaby species) and the rock ringtail possum (Petropseudes 

dahli) were first separated from the scats of the larger Macropus species on the basis of 

width. Rock-wallaby scats were small (generally < 14 mm in width) and black to brown in 

colour, and were separated from the scats of the rock ringtail possum, which are usually 

more rufus in colour. Nabarlek (P. concinna) scats were separated from those of the short-

eared wallaby (P. brachyotis) by their shorter length (generally < 12 mm).  

 

The classificatory process separated the scats of the agile wallaby, M. agilis, from those of 

the other Macropus species on the basis of their lesser width (< 19 mm), and M. robustus 

scats from those of M. bernardus and M. antilopinus by their greater width (> 24 mm). The 

scats of these latter two species were separated by shape: scats of M. bernardus tended to be
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Fig. 3.2 Classification Tree model of the scats of the macropods and associated species of the 

monsoon tropics of the Northern Territory (AG – agile wallaby Macropus agilis, AN – antilopine 

wallaroo M. antilopinus, BW – black wallaroo M. bernardus, CW – common wallaroo M. 

robustus, NB – nabarlek Petrogale concinna, RRP – rock ringtail possum Petropseudes dahli, 

SE – short-eared rock-wallaby Petrogale brachyotis). Numerical values represent scat 

measurements in millimetres.
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more heart-shaped, whereas those of M. antilopinus were predominantly rectangular. Scats 

of the northern nailtail wallaby, Onychogalea unguifera, tended to be smaller and more 

cylindrical than the Macropus species but, due to the low number of scats available, the 

classification modelling did not separate scats of this species from the other macropod 

species. 

 

In the model of all of the macropod species, the overlap in the size and shape of the scats of 

many of the species (Table 3.1) caused a high misclassification error rate (31.9%). For 

example, the scats of young P. brachyotis were often indistinguishable from those of P. 

concinna, and many scats of the different Macropus species were also indistinguishable. 

When only scats of the rock-dwelling macropod species (M. bernardus, M. robustus, P. 

concinna and P. brachyotis) were included, the model classified the species using the same 

explanatory variables (Fig. 3.3) but had a much lower misclassification rate (14.8%). This 

misclassification rate is based on prediction of any one scat, so species prediction will be 

reasonably accurate when a greater number of scats are measured.  

 

No species were classified in the key on the basis of the presence or absence of ‘squeeze 

points’, which were a common characteristic across scats of the macropod species (42–58% 

of those sampled) but uncommon in rock-ringtail possum scats (4%). Although not used in 

developing the key, texture and density of scats can also assist identification. All macropod 

scats had a fibrous texture in contrast to the finer texture of the rock ringtail possum and 

other small mammal scats. P. brachyotis and M. bernardus scats were usually found in high 

densities as a result of their sedentary use of rocky shelters and the high densities of animals 

in the vicinity of these rocky areas (pers. obs.). 
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Fig. 3.3 Classification Tree model of the scats of the rock-dwelling macropods of the monsoon 

tropics of the Northern Territory (BW – black wallaroo Macropus bernardus, CW – common 

wallaroo M. robustus, NB – nabarlek Petrogale concinna, SE – short-eared rock-wallaby 

Petrogale brachyotis). Numerical values represent scat measurements in millimetres.
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3.4.2 Scat persistence experiment 

In both experiments a large proportion of P. brachyotis scats were lost in the first six months 

(54.4% of all scats in experiment A and 59.2% in experiment B), yet some scats persisted 

for over two years (Fig. 3.4). The greatest losses of scats occurred in the wet season 

(December–March) and there was also substantial destruction of scats by fires in the dry 

season (April–November; Fig. 3.4). There was a significant effect of substrate on the rate of 

loss of scats (experiment A: F1,30 = 5.270, P = 0.029; experiment B: F1,14 = 4.932, P = 

0.044). In both experiments more scats were lost over a shorter time period from plots with 

litter over sand compared to those on rocky substrate.  

 

In general, scats lost their black exterior and more light coloured fibres became visible with 

time. ‘New’ scats appeared black / brown and glossy (category 1) for up to four months 

(Fig. 3.5). However, ‘old’ scats (grey and fraying) may be anything between 2 and > 24 

months old. After two years nearly all scats appeared ‘very old’ (grey, crumbling to touch, 

75–100% fibres visible). Decay of scats also occurred more slowly in the dry season than in 

the wet season, and scats decayed and aged more rapidly on rocky plots than on sandy plots 

with litter. Scats persisted significantly longer in category 2 (black and matte with no 

cracking) in sandy than in rocky plots (exp A: t1 = 3.667, P = 0.001) and significantly longer 

in category 6 (grey, 75–100% fibres visible) on rock than in sandy plots (exp A: t1 = -4.018, 

P < 0.001). Substrate did not significantly affect the persistence of scats in all other 

categories including category 7 (insect damage).  
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Fig. 3.4 Loss of scats per plot with time and substrate in (a) experiment A starting in September 

2002 and (b) repeated in experiment B starting in May 2003 (means ± S.E.) at Litchfield National 

Park. Fifteen fresh scats were initially positioned within each plot. 
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Fig. 3.5 Percentage of scats decaying to each category with time on (a) sandy litter substrate in 

experiment A, (b) sandy litter substrate in experiment B, (c) rocky substrate in experiment A, and 

(d) rocky substrate in experiment B.  

  Category 1 New black & glossy     Category 2 Black matte, no cracking  

  Category 3 Black cracking 0-25% fawn fibres   Category 4 Black 25-50% fawn fibres  

  Category 5 Grey 50-75% fawn fibres     Category 6 Grey 75-100% fawn fibres 
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3.4.3 Spatial distribution of scats 

GLS analyses with AICc model selection indicated that HABITAT was the best model of 

scat density with an 84% probability of being the best model of the candidate set (Table 

3.3). There was little support for other models that contained the variables BURNT and 

ROCKINESS. The standardised regression coefficients of the HABITAT model showed that, 

of the different habitat types, Outcrops had the highest P. brachyotis scat densities, 

followed by the Flat adjacent areas, the Hill slope, Swale and the Hilltop. Thus scat 

densities indicated the same ranking of the use of habitats as found with radio-telemetry: 

Outcrop > Flat > Hill slope > Swale > Hilltop (Chapter 6). However, in contrast to the 

telemetry results, these coefficients and their 95% confidence intervals suggested that 

there was significantly greater use of the Outcrops than other habitats, and less obvious 

differences in the use of the flat areas, hill slope and swale (Fig. 3.6). Thus, there were 

some fine-scaled differences in the use of habitats described by the two techniques. 

 

Scat densities were not strongly associated with the locations of all fixes of P. brachyotis 

(Fig. 3.7). Many fixes were in cells with no scats present (21.1%) and in areas with low 

scat densities (32.9%). However, scats were strongly associated with diurnal fixes 

(resting and den sites): scats were always present where there were diurnal fixes. High 

densities of scats were found on outcrops and scats decreased in density with distance 

from these areas.
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Fig. 3.6 Regression coefficients (and 95% confidence intervals) of Petrogale brachyotis scat 

density as predicted by the model containing the explanatory variable HABITAT in the GLS 

analysis. 
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Fig. 3.7 Diurnal and nocturnal fixes of eight radio-tracked P. brachyotis (Chapter 6) over a 

regularized spline interpolation of scat densities at Litchfield National Park in July / August 

2003. 
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3.5 Discussion 

The three experiments of this study showed that scats can be used effectively to survey 

cryptic species such as the rock-dwelling macropods of the monsoon tropics. In the 

following discussion we describe how scats can be used most accurately in surveys of 

distribution and habitat use of these species, and to monitor their ongoing presence at 

sites. We primarily discuss the case study of the short-eared rock-wallaby, P. brachyotis, 

but also extend the discussion to the rest of the rock-dwelling macropod assemblage 

found in the tropics of the Northern Territory, Australia. 

 

3.5.1 Surveying distribution  

Scats of P. brachyotis were the most distinctive of the seven macropod species in the 

region. They could be easily distinguished from those of other species, including the 

similarly sized, but more rufous-coloured and finer-textured, rock ringtail possum scats 

that are found in the same rocky habitats. Thus scats could be used successfully to 

determine the presence of P. brachyotis and to clarify the distribution of the species. 

Densities of P. brachyotis scats were highest in rocky habitats and they also persisted 

longer on rock than on sandy substrates. Therefore, to most efficiently identify the 

presence of P. brachyotis in an area, surveys should target rocky habitats.  

 

Basic measurements of size, shape and colour also enabled acceptably accurate 

identification of the scats of other macropod species in the region. Scats are inherently 

variable in appearance. So, to maximize accuracy of identification, a large number of 

scats should always be measured and the habitats from whence the scats were collected 

should also be known. For example, some scats of the black wallaroo, M. bernardus, and 

common wallaroo, M. robustus, overlap in size and shape and can be confused when 
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based on basic observations. However, the scats of the two species can be reliably 

identified by measuring their width. For cryptic and largely nocturnal species such as M. 

bernardus and M. robustus, scats offer a far greater probability of detection compared 

with alternative techniques such as observation and trapping, and hence represent an 

important technique for studying these species. 

 

Of the species examined, the scats of the nabarlek, P. concinna, are the most difficult to 

identify and therefore use in surveys of distribution. The scats of P. concinna can look 

the same as scats of young P. brachyotis with which they live sympatrically at many 

sites. Since positive visual identification of individuals of P. concinna continues to be 

problematic due to their physical similarity to P. brachyotis, the most effective method 

for identifying the presence of P. concinna would be analysis of the DNA in scats. This 

process is feasible for genetically distinct species such as these (M. Eldridge pers. 

comm.), and is becoming more viable as these molecular techniques are refined 

(Davison et al. 2002; Piggott 2004). 

 

3.5.2 Surveying habitat use 

A major assumption of using scats to determine habitat use is that the rate of loss of scats 

is equal across habitats. We found P. brachyotis scats persisted longer on rocky 

substrates than on sand with litter. Therefore, if defecation rates are equal on these two 

substrates, more scats will be found in rocky areas. Yet this effect was strongly seasonal, 

with loss of scats only being significantly different between habitats in the wet season 

due to runoff and sometimes in the dry season due to fire. Thus, scats can be used to 

survey habitat use in the monsoon tropics, but surveys should be conducted in the early 

dry season prior to burning or in the late dry season post-burning. Furthermore, since 
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substrate also affected the rate of decay and apparent ‘age’ of scats, only new (dark and 

glossy) scats should be used in surveys of the relative use of habitats.  

 

Our analysis of the distribution of P. brachyotis scats suggested that examining scat 

densities can be an effective method for determining broad habitat preference. Scat 

distribution ranked the use of habitats in the same order as found with radio-telemetry 

(Chapter 6). Yet there were fine-scaled differences in the relative use of habitats 

determined by the two methods. For example, in our study the scat densities suggested 

outcrops were used significantly more than other habitats, whereas the radio-tracking 

fixes suggested adjacent flat areas were used to a similar extent as the outcrops. This 

difference may result from a bias in scat density towards rocky areas due to either the 

lower disappearance rates of scats from rocky habitats or behavioural effects such as 

higher defecation rates in rocky habitats immediately after animals have been resting. 

Alternatively, the use of the outcrops may have been under-represented by the weighting 

of diurnal to nocturnal fixes in the telemetry study (Chapter 6).  

 

While scat distribution can show broad habitat preferences, our results suggested it was 

not a good surrogate for total area used by P. brachyotis. Radio-tracked animals ranged 

up to 480 m from their shelters (Chapter 6), but at the site in this study and in transects 

measured at many sites across the landscape (Chapter 4), scats of P. brachyotis were 

only found up to 200 m from potential rocky shelter sites. Other studies of rock-wallaby 

species also report scats disappearing at distances between 50 and 200 m from diurnal 

shelters (Lunney et al. 1996; Jarman and Capararo 1997; Geelen 1999). However, it is 

well known that rock-wallabies commonly range to greater distances than this (Lim 

1987; Horsup 1994). Jarman and Capararo (1997) argue that the probability of a rock-

wallaby occurring at any point is dependent upon both the wallaby’s preference for that 
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habitat and the distance of that point from the wallaby’s shelter sites. While we support 

this model of exponentially declining densities of scats with increasing distance from a 

diurnal shelter, our data suggest that the zone of wallaby activity actually continues well 

beyond the zone where scats are detected around a focal point such as a den.  

 

3.5.3 Monitoring of site occupancy 

We are confident that scats will accurately show broad habitat use for other rock-

dwelling macropods, but may not be able to discern fine-scale differences in the relative 

use of habitats or the extent of space used. Thus, such data are appropriate for addressing 

questions of which habitats are used and interspecific differences in habitat use, rather 

than the relative use of different habitats. For other macropod species that do not use 

permanent fixed shelters, the relative use of habitats and total space used may match 

more closely with the distribution of scats because these species are not ‘tethered’ to a 

particular location such as a den. 

 

3.5.4 Conclusion 

Scats provide wildlife managers with a simple and cost effective method of monitoring 

occupancy of rock dwelling macropod populations such as P. brachyotis. We suggest 

that permanent plots or search areas should be established in rocky habitats where 

existing scats are present to maximize the chance of detecting changes in the use of an 

area by the target species. Rocky sites should be selected because they are core areas of 

use, and dark and glossy scats, known to be only a few months old in these habitats, will 

signal recent use of an area of interest. In contrast, weathered grey scats can persist up to 

two years and are of variable age, so are not useful for surveys of occupancy. Since scats 

are lost most rapidly in the wet season, monitoring at this time of year would give the 
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most precise measurements of recent occupancy. However, the dry season will be the 

most successful time for monitoring because of the lower probability of detecting ‘false 

absences’ (MacKenzie et al. 2002).  
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4 Chapter 4  Habitat requirements 

4.1 Abstract 

Four rock-dwelling macropod species (Petrogale brachyotis, P. concinna, Macropus 

bernardus and M. robustus) inhabit the tropics of the Northern Territory, Australia, but 

the mechanisms of niche separation that allow their sympatry are unclear. We examined 

the habitat requirements of the rock-dwelling macropods at two spatial scales: at the 

regional scale using existing museum records and at the local scale using data collected 

in a survey. We analysed museum records of the species and environmental correlates 

using geographic information systems and generalised linear modelling. The 

environmental variables used in this modelling were elevation, geology type, vegetation 

type, distance to drainage and distance to ‘rugged’ terrain (a large change in elevation). 

The survey of the presence of the species and associated habitat characteristics was 

conducted at 80 sites across the tropics of the Northern Territory. From the regional scale 

analysis, it was clear that distance to rugged terrain strongly influences presence of all 

four species. Responses to this variable suggest M. bernardus and P. concinna have 

greater requirements for rugged terrain and are more rock-specialists, whereas M. 

robustus and P. brachyotis are found across a broader range of habitats and are rock-

habitat generalists. The local scale analysis suggested presence of M. robustus is 

primarily driven by vegetation type, M. bernardus by the cover of outcrops, boulders and 

large rocks, and P. brachyotis by the density of caves. The results of this study suggest 

the species overlap in their use of some habitats, but there are also some differing habitat 

requirements between the species.  
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4.2 Introduction 

The sandstone plateaux and rocky habitats of north-western Australia have some of the 

highest diversities of mammals in Australia (Woinarski 1992). Some authors have 

suggested these high levels of diversity and endemism are due to enhanced water 

availability in these rocky environments, which has led to greater plant species richness 

and subsequent specialisation of fauna to use these diverse resources (Freeland et al. 

1988). Others describe how on an evolutionary time-scale these rocky habitats, such as 

the Arnhem Land Plateau and the Kimberley of Western Australia, have acted as major 

refugia in the climatic oscillations of the Quaternary and late Tertiary (Ford 1978; 

Woinarski 1992; Woinarski and Gambold 1992; Shapcott 1998). Thus, it is thought that 

in periods of isolation within these refugia, divergence and speciation have occurred, 

resulting in high fauna diversity and endemism.  

 

Within the rock-dwelling mammal assemblage of north-western Australia, one 

particularly interesting group of fauna is the macropod species (kangaroos and wallabies, 

family Macropodidae). Three closely-related rock-wallaby species (the short-eared rock-

wallaby Petrogale brachyotis, nabarlek P. concinna, and monjon P. burbidgei) and two 

larger kangaroos (the black wallaroo Macropus bernardus, and common wallaroo M. 

robustus) inhabit the rocky environments of the region. Together this makes an 

unusually high diversity of rock-dwelling macropods. The sympatry between these 

species is unique: rock-wallabies do not usually inhabit the same areas (Maynes 1989) 

and it is the only place in Australia where two larger rock-dwelling kangaroo species 

have overlapping distributions (Press 1989). The species also have varied distributions: 

P. brachyotis has a broad distribution across north-western Australia; P. concinna is 

found within a smaller subset of that range; M. robustus is found throughout most of 
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mainland Australia (within distinct ecotypes); and M. bernardus has a small distribution 

only on the Arnhem Land Plateau and outliers (Strahan 1995).  

 

The mechanisms of niche separation that allow the coexistence of this high diversity of 

rock-dwelling macropod species and the reasons for their differing distributions have not 

been investigated. Some authors suggest that diet may be an important mechanism of 

ecological separation between P. concinna and P. brachyotis (Sanson et al. 1985; 

Sanson 1989). However, neither indigenous knowledge (Chapter 2), nor a study of the 

dry season diet of these species (Chapter 5), found evidence to support this hypothesis. 

In contrast, indigenous knowledge (Chapter 2) and Churchill’s (1997) study suggest 

some differences in the use of habitats by these species may exist.  

 

A habitat is defined as a set of resources and conditions present in an area that allows 

occupancy of an organism (Hall et al. 1997), and studies of the sympatry of closely 

related organisms have commonly found selection and use of habitats to be an important 

mechanism of niche partitioning (e.g. Schoener 1974; Loveridge and Macdonald 2003; 

Namgail et al. 2004). Certainly habitat selection has been found to be a major factor in 

the separation of sympatric macropod species in other parts of Australia (Kaufman 1974; 

Fox 1989; Coulson 1990). Therefore, in this study we investigated whether the sympatry 

of the rock-dwelling macropods of the monsoon tropics can be explained by differences 

in their habitat requirements. 

 

When investigating sympatry between species, it is important to consider the scale at 

which differences may exist. For example, species may have overlapping distributions 

but use different habitats within these distributions, or they may use the same broad 

habitat but different resources or micro-habitat features within a habitat (Jones and 
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Barmuta 2000). Thus, we investigated the habitat requirements of the rock-dwelling 

macropods at two spatial scales. Firstly, we conducted a regional-scale analysis of the 

habitat associations of the species using existing museum records and environmental 

correlates in a geographic information system (GIS). Secondly, to investigate the 

species’ habitat requirements at a more local scale, we conducted a survey of the 

presence of the species and associated habitat characteristics. We limited our study to the 

four rock-dwelling macropod species, P. brachyotis, P. concinna, M. bernardus and M. 

robustus, whose distributions overlap within the tropics of the Northern Territory, 

Australia. 

 

4.3 Methods 

4.3.1 Modelling approach 

Many methods have been developed to investigate the relationship between species’ 

distributions and their environments (e.g. bioclimatic envelopes, Lindenmayer et al. 

1991; machine learning methods such as GARP, Austin and Meyers 1995; multivariate 

association methods, Hirzel et al. 2002; and generalised regression analyses, Lehmann et 

al. 2002; Engler et al. 2004). Recent reviews suggest generalised regression approaches 

are versatile and accurate in the modelling of species’ distributions and habitat correlates 

(Elith 2000; Rushton et al. 2004). Such regression techniques require presence and 

absence data. However, studies that make use of museum records, where only presence 

data are available, have generated ‘pseudo-absences’ and successfully compared them 

with existing presence records (Zaniewski et al. 2002; Engler et al. 2004). 

 

To analyse both the regional-scale GIS data and our more local-scale survey data, we 

opted to use generalised linear modelling (GLM) with an information-theoretic approach 

(Akaike’s Information Criterion, AIC) to determine the best model of each species’ 
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presence. AIC objectively identifies the best model (from a candidate set developed a 

priori), which explains a substantial proportion of the variance in the data, yet is 

parsimonious and does not include unnecessary parameters that cannot be justified given 

the data (Burnham and Anderson 2002).  

 

4.3.2 Regional-scale habitat requirements 

To investigate the regional-scale habitat requirements of the species, we obtained 

existing distribution records (dating back to the 1900s) for the four species (M. 

bernardus, M. robustus, P. brachyotis and P. concinna) from the Parks and Wildlife 

Commission of the Northern Territory, the Queensland Environmental Protection 

Agency Wildnet and the Western Australian Museum fauna databases. All records for 

M. bernardus, P. brachyotis and P. concinna are located within the monsoon tropics of 

northern Australia. This region is characterised by extreme wet / dry seasonality, with 

almost all precipitation falling in the summer wet season (Bowman 2002). For M. 

robustus, whose distribution covers most of mainland Australia, we limited our analysis 

to records of the species that fall within the influence of the tropical monsoon (>18oS 

latitude; Bowman et al. 1988) so that the analysis could focus on the environmental 

variables driving the species’ presence within this climatic zone. 

 

We mapped and examined the records of each species’ presence in ARCMAP (version 

8.1, ESRI 2001), and those with low position accuracy were eliminated from the data set. 

As a result, 92 records of M. bernardus, 498 of M. robustus, 306 of P. brachyotis and 56 

of P. concinna were used in the analysis. We created a polygon of the distribution of 

each species which tightly enclosed the species’ records. ‘Pseudo-absences’ (of an equal 

number to the number of presences for each species) were then created randomly within 

the distribution envelope of each species using the Hawth’s Analysis Tools extension 
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(version 2.1, 2002) in ARCMAP. Some studies have found pseudo-absences were more 

accurate when weighted towards areas with environmental characteristics similar to the 

presences (Zaniewski et al. 2002). We examined this option by creating environmental 

envelopes for each species in ANUCLIM (Houlder et al. 2003), and generating pseudo-

absences within these envelopes. However, due to the very small distributions of M. 

bernardus and P. concinna these envelopes were broader than the real distributions of 

the species. Hence, we found the pseudo-absences generated within the distributions of 

the species were more meaningful and would potentially give more accurate results. 

 

We mapped the presence and pseudo-absence points over environmental layers of 

surface geology (1: 2 500 000, Shaw et al. 1998), vegetation (1: 1 000 000, Fox et al. 

2001), drainage (1:250 000, Geoscience Australia) and a digital elevation model (DEM, 

90 m, AUSLIG 1996) in the GIS. We created a ‘ruggedness’ layer by running a moving 

window (using 11 x 11 90 m cells, i.e. 990 m x 990 m window) over the DEM. We 

reclassified the raster layer generated so that changes in elevation ≥  40 m were defined 

as ‘rugged’. From examination of a range of classified changes in elevation, we found 

this height to best represent significant changes in elevation across the region. We 

spatially joined the presence and pseudo-absence points to the DEM (ELEV), geology 

(GEOL) and vegetation (VEG) layers using the Spatial Analyst and Hawth’s Analysis 

Tools extensions in ARCMAP. We then determined the distance of each presence and 

absence point to the closest drainage feature (DRAIN), and to ‘ruggedness’ (RUG) using 

the Nearest Feature extension in ARCVIEW (version 3.2, ESRI 2002).  

 

From the spatial joins, we generated output tables of the presences, pseudo-absences and 

values for each of the explanatory variables (ELEV, VEG, GEOL, RUG and DRAIN). To 

reduce the number of categories to be modelled, we reclassified geology type into three 
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categories (Sedimentary, Igneous or Metamorphic rock), and reclassified vegetation type 

into seven categories (1. Monsoon low open woodlands dominated by Eucalyptus spp.; 

2. Closed-forest communities; 3. Open-forests dominated by Eucalyptus spp. and 

Corymbia spp.; 4. Monsoon woodlands and open-woodlands primarily dominated by 

Eucalyptus tetrodonta and Eucalyptus miniata; 5. Woodlands of Melaleuca spp. 

(paperbark) associated with rivers, plains and swamps; 6. Tussock grasslands; and 7. 

Acacia spp. shrublands on sandstone hills, sand and clay plains). 

 

We examined the explanatory variables using Pearson’s r and found that no two 

variables were strongly correlated, so all could be included in the GLM analysis. We 

developed a candidate set of 18 models that addressed various hypotheses about the 

habitat requirements of the species drawn from the literature (Table 4.1). Both univariate 

and additive multivariate models were included in the candidate set, but interactions 

among variables were not considered. The same candidate set was used to examine the 

regional-scale habitat requirements of each of the four rock-dwelling macropod species 

separately. We used global models (that include all variables) to examine the goodness 

of fit of the model from the difference between the residual and null deviance (Crawley 

2002). However, we did not include the global model in the candidate set of models 

since it did not relate to a specific hypothesis under examination. 

 

We fitted models using GLM assuming a binomial error structure with a logit link 

function (logistic regression) in the software package R (version 2.0.1, R Development 

Core Team).We ranked candidate models using AIC corrected for small sample sizes  
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 (n/K < 40; AICc; Burnham and Anderson 2002). To determine the responses of the 

species to the categorical variables in the best models, we back-transformed the 

coefficients (which were output in logits, ln(p/(1 – p), due to the binomial errors in the 

models) to obtain estimated means (Crawley 2002). 

 

4.3.3 Local-scale habitat requirements 

In the dry seasons of 2002 to 2004, we conducted a survey to investigate the habitat 

associations of the four rock-dwelling macropods at a more local scale. The survey was 

limited to the ‘Top End’ of the Northern Territory, within the region where mean annual 

precipitation is > 1000 mm. We surveyed 80 sites at locations where the species had 

previously been recorded or at accessible rocky sites with varying proximity to the 

Arnhem Land Plateau (Fig. 4.1). The Arnhem Land Plateau and outliers are resistant, 

flat-bedded Proterozoic sandstones (Galloway 1976) which reach elevations of up to 330 

m from the relatively flat plains that stretch across northern Australia. We chose the 

Plateau and outliers as the focus of this survey because this is the area where the 

distributions of the four rock-dwelling macropods overlap. 

 

Since direct observation of these species is problematic due to their nocturnal and cryptic 

habits and the difficult terrain in which they live (Strahan 1995; Churchill 1997), we 

used the presence of scats to indicate the presence of the species and their use of 

different habitat types. Scats have been successfully used to survey macropods in other 

parts of Australia (Hill 1981a; Johnson and Jarman 1987; Ingleby et al. 1989; Lundie-

Jenkins 1993) and our previous research showed that scats of these species can be 

reliably identified and accurately used to indicate broad habitat use (Chapter 3). 
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Fig. 4.1 Survey sites sampled on the Arnhem Land Plateau (shown by the 200 m elevation 

contour) and rocky areas at varying distances from the Plateau in the humid zone (above 

1000 mm mean annual precipitation) of the tropics of the Northern Territory, Australia.
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We sampled scat presence and habitat characteristics along 300 m transects walked using 

a Global Positioning System (GPS). All transects started on or crossed rocky habitats 

such as outcrops, escarpments or gorges. Thus in this way, the survey was stratified 

towards habitats in the vicinity of rocky habitats that are potentially used by these 

species. We chose the directions of the transects from a random number table, but due to 

the topography of many sites, the transects were limited to directions within a certain 

radius where it was possible to walk. At 50 m intervals along the transect, we identified 

the scats present within 2 m radius circular plots (12.5 m2). We adopted this size for the 

plots after a preliminary trial found this size was adequate to detect the sparser scats of 

the larger, more mobile Macropus species. The choice of length of transect and plot size 

is a trade-off between and representativeness of a site and maximising the chance of 

detection, and search effort. The time taken to search larger plots (where there is still a 

chance of recording a false absence) would have restricted the number of plots and sites 

surveyed. 

 

Within each plot where scats were collected, we recorded the slope (with a clinometer to 

the nearest degree) and aspect (with a compass to the nearest major compass point: 

north, south, east or west), and estimated the percentage covers of herbs, sedges, 

perennial, annual and hummock grasses, and each rock size class (outcrop, boulders: > 2 

m diameter, large rocks: 60 cm–2 m, rocks: 20–60 cm, small rocks: 6–20 cm, stones: up 

to 6 cm). We estimated the cave density (CAVES) in a 10 m radius around the plot in the 

categories (none; low: 1–5; medium: 6–10; high: > 11) as visible from the plot, and 

noted whether there was evidence of recent (< 1 year) fire scars at the site. Since the 

vegetation type included in the GIS modelling was of a coarse scale, we also recorded 

the vegetation type (savanna woodland, sedge dominated plain, rainforest or rock-

specialist flora) present at this local scale. 
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The local-scale analysis was limited to M. bernardus, M. robustus and P. brachyotis 

because the low number of sites where P. concinna was located made it impossible to 

model the response of this species. To reduce the number of variables in the modelling, 

we summed the percent cover of herbs and sedges, and cover of perennial and annual 

grasses into two variables (HERBSDG and PERAN). Similarly, and due to autocorrelation 

between the cover of the different rock sizes, percent covers of outcrop, boulders and 

large rocks were summed into one variable of ‘rockiness’ (ROCK). We analysed a 

candidate set of 15 models (Table 4.1) for each species using GLM with a binomial error 

structure and AICc model selection. The data were analysed at the plot level (560 plots 

per species). However, since plots within each site were spatially autocorrelated, ‘site’ 

was found to account for a substantial proportion of the variance in the data. Thus, we 

used mixed effects GLM (Crawley 2002) with site as a random effect in each of the 

models. This allowed the variance accounted for by site to be partitioned and enabled the 

influence of the other explanatory variables on the remaining variance to be examined. 

 

4.4 Results 

4.4.1 Regional-scale habitat requirements 

The most striking result of the regional-scale habitat association analysis was that, for all 

four rock-dwelling macropods, distance to ruggedness (RUG) was present in all models 

with any support (ΔAICc < 10, Table 4.2). The presence of Macropus bernardus was 

most negatively correlated with distance to ruggedness, followed by P. concinna, P. 

brachyotis and then M. robustus (Fig. 4.2). Hence, M. robustus had the greatest 

probability of being found furthest from rugged terrain. 

 

In addition to distance to ruggedness, the best model for M. robustus presence also 

included vegetation type, and for M. bernardus and P. brachyotis, both geology and 
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Table 4.2 Model selection results for the regional-scale analysis of the presence of Macropus 

robustus, M. bernardus, Petrogale brachyotis and P. concinna and environmental variables 

across northern Australia. Only models with support (ΔAICc < 10) are shown ranked in order of 

their relative likelihood given by the Akaike weights (wi), and those models with substantial 

support (ΔAICc < 2) are shown in bold. Log(L) is the maximised log-likelihood of the model, K is 

the number of estimated parameters, AICc is the selection criterion, and ΔAICc is the difference 

between the model’s AICc value and the minimum AICc value 

Species Candidate models Log(L) K AICc ΔAICc wi 

M. robustus RUG + VEG -681.1 9 1380.3 0.0 0.81 

 RUG + GEOL + VEG -680.5 11 1383.3 3.0 0.18 

5.2% of variance in data explained by the global model 

M. bernardus RUG + GEOL + VEG -61.00 10 213.13 0.00 0.67 

 RUG + VEG -62.88 8 214.62 1.48 0.32 

56.7% of variance in data explained by the global model 

P. brachyotis RUG + GEOL + VEG -428.0 10 685.8 0.0 0.96 

 RUG + ELEV + DRAIN -440.3 5 694.6 8.8 0.01 

 RUG + ELEV -441.6 4 694.7 8.9 0.01 

 RUG + GEOL -440.4 5 694.8 9.1 0.01 

 RUG + VEG -436.8 8 695.3 9.5 0.01 

8.3% of variance in data explained by the global model 

P. concinna RUG -65.2 3 101.4 0.00 0.40 

 RUG + ELEV -64. 5 4 102.6 1.15 0.22 

 RUG + DRAIN -65.1 4 103.5 2.08 0.14 

 RUG + ELEV + DRAIN -64.4 5 104. 7 3.28 0.08 

10.8% of variance in data explained by the global model 
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Fig. 4.2 Probability of Macropus bernardus, M. robustus, Petrogale brachyotis and P. 

concinna presence with distance to ruggedness from analysis of existing records of the 

species across northern Australia. AICc model selection suggested distance to ruggedness 

was the most important variable affecting presence of these species at the regional scale. 
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vegetation type (Table 4.2). Macropus robustus was found across the broadest set of 

vegetation types and examination of the estimated means showed that it is more likely to 

be found in Acacia spp. shrublands, Monsoon low open woodlands and Closed forest, 

and less likely in Tussock grassland communities and Melaleuca spp. woodlands (Table 

4.3). Macropus bernardus was found in four vegetation communities and was most 

likely to be found in Tussock grasslands, Closed forests and Monsoon low open 

woodlands. Petrogale brachyotis was commonly found in Monsoon low open 

woodlands and Tussock grasslands, but rarely in Melaleuca woodlands and not in 

Closed forest and Acacia spp. shrublands. 

 

While all of the rock-dwelling macropods were found on sedimentary rock types, the 

probability of their presence on the other geology types varied. The back-transformed 

coefficients of the models showed Macropus bernardus was rarely found on 

metamorphic rock, whereas P. brachyotis was rarely found on igneous rock (Table 4.3). 

 

The best model for P. concinna included distance to ruggedness; however, there was 

also some support for the model that combined elevation with distance to ruggedness 

(Table 4.2). Examination of the coefficients showed that there was a negative correlation 

between P. concinna presence and elevation (r = -0.79). 

 

4.4.2 Local-scale habitat requirements 

Among the 15 models we considered, the best model for discriminating the presence of 

M. bernardus at the local scale was a combination of ROCK (percentage cover of outcrop, 

boulders and large rocks) and SLOPE (Table 4.4). Examination of the changes in deviance 

of the models in the candidate set clearly showed that support for the best model was 

largely due to the effect of ROCK and the contribution of SLOPE was relatively small.  
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Table 4.3 Probability of presence of Macropus robustus, M. bernardus and Petrogale 

brachyotis (+ S.E.) with categorical variables (geology and vegetation type). These 

variables were supported in AICc model selection of the regional-scale habitat 

requirements of the species 

 M. robustus M. bernardus P. brachyotis 

 Estimate (+ S.E.) Estimate (+ S.E.) Estimate (+ S.E.) 

Geology:    

   Igneous 0.49 (0.04) 0.52 (0.09) 0.32 (0.05) 

   Metamorphic 0.67 (0.16) 0.18 (0.16) 0.55 (0.15) 

   Sedimentary 0.48 (0.04) 0.49 (0.10) 0.48 (0.06) 

Vegetation type:    

   Acacia shrubland 0.53 (0.08) 0.00 (0.00) 0.00 (0.00) 

   Closed Forest 0.50 (0.31) 0.75 (0.15) 0.00 (0.00) 

   Melaleuca woodland 0.33 (0.14) 0.00 (0.00) 0.14 (0.17) 

   Monsoon low woodland 0.54 (0.09) 0.55 (0.25) 0.53 (0.28) 

   Monsoon woodland 0.46 (0.09) 0.40 (0.28) 0.40 (0.27) 

   Eucalyptus Open Forest  0.41 (0.13) 0.00 (0.00) 0.42 (0.09) 

   Tussock grassland 0.29 (0.09) 0.83 (0.13) 0.52 (0.15) 
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Table 4.4 Model selection results for the local scale analysis of the presence of Macropus 

bernardus, M. robustus and Petrogale brachyotis and habitat variables measured in a survey 

across the tropics of the Northern Territory, Australia. Only models with support (ΔAICc < 10) 

are shown ranked in order of their relative likelihood given by the Akaike weights (wi), and 

those models with substantial support (ΔAICc < 2) are shown in bold. Log(L) is the 

maximised log-likelihood of the model, K is the number of estimated parameters, AICc is the 

selection criterion, and ΔAICc is the difference between the model’s AICc value and the 

minimum AICc value 

Species Candidate models Log(L) K AICc ΔAICc wi 

M. bernardus ROCK + SLOPE -207.2 4 422.5 0.00 0.59 

 ROCK -209.6 3 425.2 2.64 0.16 

 ROCK + HUMGR -209.5 4 427.1 4.55 0.06 

 CAVES + HUMGR + PERAN -207.1 7 428.5 5.96 0.03 

 SLOPE + CAVES -208.3 6 428.8 6.25 0.03 

 CAVES -209.5 5 429.1 6.57 0.02 

 NULL -212.6 2 429.2 6.70 0.02 

 HUMGR + PERAN + HERBSDG -209.7 5 429.5 6.98 0.02 

 BURNT -211.8 3 429.6 7.10 0.02 

 CAVES + VEGT + BURNT -205.9 9 430.2 7.64 0.01 

 SLOPE -212.2 3 430.4 7.85 0.01 

 VEGT + CAVES -207.1 8 430.5 7.96 0.01 

 HUMGR -212.3 3 430.6 8.12 0.01 

7.7% of variance in data explained by the global model 

M. robustus VEGT -244.4 5 498.9 0.00 0.65 

 BURNT + VEGT -244.3 6 500.7 1.80 0.26 

 VEGT + CAVES -244.1 8 504.5 5.65 0.04 

 HUMGR + PERAN + HERBSDG -247.4 5 504.8 5.99 0.03 

 CAVES + VEGT + BURNT -244.0 9 506.3 7.47 0.02 

6.3% of variance in data explained by the global model 

P. brachyotis CAVES + HUMGR + PERAN -212.1 7 438.4 0.00 0.84 

 CAVES -216.3 5 442.6 4.29 0.10 

 SLOPE + CAVES -216.2 6 444.5 6.18 0.04 

 VEGT + CAVES -215.1 8 446.5 8.16 0.01 

15.3% of variance in data explained by the global model 
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Furthermore, there was considerable model uncertainty (the best model having a 59% 

probability of being the best model in the candidate set). Yet the presence of ROCK in the 

next two best supported models confirmed the importance of this variable (Table 4.4). 

There was a positive association between M. bernardus presence and ROCK (percent 

cover of outcrops, boulders and large rocks, Fig. 4.3), but a negative association with 

slope (more commonly found on less steep slopes). 

 

The best model explaining the presence of M. robustus at the local scale was vegetation 

type (VEGT), with a 65% probability of it being the best model in the candidate set (Table 

4.4). There was also substantial support (ΔAICc < 2) for the model that combined VEGT 

and BURNT. Inspection of the coefficients of vegetation type showed that M. robustus 

was more likely to be found in woodland and rainforest, was sometimes found in rocky 

flora communities, but not found in sedge plain communities (Fig. 4.4). The relationship 

between M. robustus presence and the variable BURNT was slightly positive. 

 

For presence of P. brachyotis, all models with support included the variable cave density 

(CAVES; Table 4.4). The best model (with an 84% probability of being the best model in 

the candidate set) was a combination of cave density, cover of hummock grass, and 

cover of perennial and annual grasses. Examination of the coefficients showed a clear 

trend of increasing probability of P. brachyotis presence with increasing density of caves 

(Fig. 4.5) and also a positive correlation with abundance of all of the grass types. 

 

4.4.3 Model fit 

In both the regional- and local-scale modelling, the goodness of fit of the models was 

sometimes low (5.2–56.7% of the variance in the data was accounted for by the global 

models).  
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Fig. 4.3 Probability of Macropus bernardus presence with rockiness (percent cover of 

outcrop, boulders and large rocks) from survey data collected across the tropics of the 

Northern Territory. AICc model selection suggested rockiness was the most important 

variable affecting presence of this species at the local scale. The lines represent the fitted 

model response with 95% confidence intervals. 
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Fig. 4.4 Probability of Macropus robustus presence with vegetation type from survey data 

collected across the tropics of the Northern Territory. AICc model selection suggested 

vegetation type was the most important variable affecting presence of this species at the 

local scale. The bars represent the fitted model response with 95% confidence intervals. 
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Fig. 4.5 Probability of Petrogale brachyotis presence with cave density from survey data 

collected across the tropics of the Northern Territory. AICc model selection suggested cave 

density was the most important variable affecting presence of this species at the local scale. 

The bars represent the fitted model response with 95% confidence intervals. 
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4.5 Discussion 

Given the well-documented preference of the rock-dwelling macropod species for rocky 

habitats, the strong association of these species with rugged terrain was not surprising. 

However, the responses of each species to distance to ruggedness were interesting: M. 

bernardus and P. concinna had a stronger association with rugged terrain and appeared 

to be more restricted to the extreme rocky country, whereas M. robustus and P. 

brachyotis were also present further from large changes in elevation, on more marginal 

rocky country. This, and several of the other results of this study, suggested M. 

bernardus and P. concinna are more rock-specialists whereas M. robustus and P. 

brachyotis are rock-habitat generalists. In the following discussion we examine this trend 

and the importance of habitat selection as a mechanism of niche separation between the 

species of each congeneric pair (the larger wallaroo Macropus species, and the smaller 

rock-wallaby Petrogale species). 

 

Some models in this study had relatively low model fit. This may partly be due to 

measurement error associated with the lack of true absences in the regional GIS analysis 

and to detectability issues in the survey. In wildlife surveys, whether they are from scat 

counts or observation of animals, there is invariably a chance of recording ‘false 

absences’ by not detecting the presence of a species in an area it inhabits (MacKenzie et 

al. 2002). Low model fit was also expected since the presence of a species in an area is 

dependent on a large range of factors, many of which are dynamic and the result of 

historical factors that could not be measured, such as past and present rates of predation 

and interspecific competition, past disturbance regimes and the effects of climatic 

changes on resource availability. Therefore, the model fits in this study as acceptable and 

we believe the models give an insight into the ecology of the species.  
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4.5.1 Habitat requirements and niche separation of the wallaroos  

Macropus bernardus inhabits found amongst the outcrops, massifs and heavily dissected 

sandstone of the Arnhem Land Plateau (Press 1988). Consistent with this, we found M. 

bernardus to be very strongly associated with rugged terrain at the regional scale, and 

rockiness (presence of outcrops, large boulders and rocks) was the key driver of its 

presence at a local scale. By all accounts, M. bernardus is highly adept at moving 

dexterously amongst the boulders and steep slopes of the rugged, rocky environments of 

the Arnhem Land Plateau and indigenous consultants suggest that it “gets tired’ on 

flatter ground (Chapter 2). Its densities of up to 2.5 km-2 in the habitats of the Plateau 

(compared with < 1 km-2 for M. robustus within the same area; Press 1989) are testament 

to its successful exploitation of these environments. Yet it remains unclear whether the 

specialised habitat requirements of M. bernardus have led to its small, restricted 

distribution, or if other factors limited its distribution and it has subsequently adapted to 

life in this region.  

 

The benefits for fauna generally ascribed to rocky habitats are the enhanced 

microclimatic conditions (Russell 1969; Short 1982; Copley and Robinson 1983; Lim et 

al. 1987; Sharp 1997b), protection from predators (Pople 1989; Spencer 1991; Sharp 

1997b), protection from fire (Price et al. 2003), and the high diversity and productivity 

of habitats and food resources that can be available (Freeland et al. 1988). Macropus 

bernardus may benefit from many or all of these factors in this region. Yet the lack of a 

strong association at the local scale with either rock flora vegetation or density of caves 

in our analysis suggests it is not these benefits which are driving its association with 

rocky habitats. This result is supported by indigenous knowledge, which described M. 

bernardus using a range of food resources and a variety of resting sites such as 

rainforest, creek beds and shrub thickets, in addition to caves and overhangs (Chapter 2). 
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Thus, it appears that, at least in present times, shelter and protection from predators are 

not primary drivers of use of these rocky habitats. Furthermore, we did not find M. 

bernardus to favour habitat features that are found specifically on the Arnhem Land 

Plateau (such as extreme slopes, elevations, and cave densities) compared to other rocky 

areas in the tropics of the Northern Territory. Therefore, we postulate that the limited 

distribution of M. bernardus in this region is more likely to be due to the historic 

restriction of the species to the Plateau refugia in periods of glacial maxima (Ford 1978; 

Woinarski 1992; Woinarski and Gambold 1992; Shapcott 1998), and that it has 

subsequently adapted to use the high diversity of endemic plant species present 

(Chapters 2 and 5; Freeland et al. 1988). 

 

In contrast to M. bernardus, M. robustus was not limited to very rocky sites and was 

found across a broad range of environments. Although it was still found associated with 

rugged terrain, presence of M. robustus appeared to be most strongly driven by 

vegetation type at both the regional and local scale. Macropus robustus was present in a 

wide variety of vegetation types including Acacia shrublands which were not used by the 

other species. Comparison of the use of vegetation communities by M. robustus and M. 

bernardus suggested overlap certainly exists in Closed forests and Monsoon low open 

woodlands. However, there were also differences in the use of habitats by the two 

species; M. robustus rarely used the sedge-dominated communities in the local scale 

analysis and rarely used the tussock grasslands in the regional-scale analysis, whereas M. 

bernardus had positive associations with these vegetation types. 

 

Indigenous knowledge suggests that there may be seasonal differences in the use of 

habitats, and hence the niche overlap, of the two wallaroo species. In the wet season, M. 

robustus was described as moving up into the ‘proper’ rock country (the favoured 
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habitats of M. bernardus, Chapter 2) where it would benefit from the dry shelters and 

abundant grass present at that time. Then, in the dry season, as well as using rocky 

habitats, M. robustus also moves further out into the savanna woodland to forage on 

older grasses (Chapter 2). If this is the case, and M. robustus can opportunistically use 

pulses of grass when available in the dry season, the relationship found between 

presence of this species and burning could be expected.  

 

4.5.2 Habitat requirements and niche separation of the rock-wallabies 

The regional-scale analysis suggested P. concinna has a greater requirement for rugged 

terrain than P. brachyotis. This trend is supported by the description by indigenous 

people that P. concinna lives “deep in the rocky country, away from human scent” 

(Chapter 2). In addition to this association with ruggedness, the results also suggested P. 

brachyotis presence is influenced by geology and vegetation type. Interestingly, both 

rock-wallaby species (P. brachyotis and P. concinna) were rarely present in areas with 

outcropping igneous rock. This was despite reports of P. brachyotis being primarily 

found on rocks of volcanic origin in the north-west Kimberley of Western Australia 

(Lochman 1987). Areas with igneous rock may not be used to the same extent as other 

rock types by these species because they may lack the crevices and caves that are 

required for diurnal shelter by the rock-wallabies (Chapter 6; Churchill 1997).  

 

In contrast to the other species, from the regional-scale analysis there was some evidence 

that elevation affects the presence of P. concinna. The negative relationship found may 

result from the species being present primarily close to the coast and on offshore islands 

in Western Australia. There are only limited records for this species (56) and Churchill 

(1997) suggests that, because of the problems associated with its detection, there are 

likely to be other unknown locations where this species is present. Therefore, further 
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study of the distribution of P. concinna is necessary to elucidate whether it is truly 

limited to areas of lower elevation and why this is the case.  

 

For P. brachyotis, the most important driver of presence at the local scale was density of 

caves, rather than general rockiness. It has also been suggested for other rock-wallaby 

species that caves and shelters are the critical resource rather than rocks (Short 1982; 

Jarman and Bayne 1997). This is supported by rock-wallabies using other structures for 

shelter when caves are unavailable (e.g. fig tree roots by the brush-tailed rock-wallaby, 

P. penicillata, Jarman and Bayne 1997). While we were unable to analyse the habitat 

requirements of P. concinna at the local scale, as with other rock-wallaby species, cave 

density is likely to strongly influence presence of this species. Differences in cave and 

shelter use may be an important mechanism of niche separation between P. concinna and 

P. brachyotis. Churchill (1997) found sites with P. concinna had more horizontal slit 

caves than those with P. brachyotis. Also, at a site in Arnhem Land, some differences in 

the use of rocky outcrops were observed; P. brachyotis was found sheltering in both 

lower (narrow fissures in sandstone) and upper levels of the outcrops (massive sandstone 

with crevices formed by boulders), whereas P. concinna appeared only to use the lower 

levels (Sanson et al. 1985). Thus P. concinna may have stricter shelter site requirements 

and may be outcompeted by P. brachyotis for caves in some areas leading to P. 

concinna’s restricted distribution and greater requirement for rugged terrain. 

Alternatively, P. concinna may favour sites with narrow fissues in which to sequester 

their young, as is suggested for some other rock-wallaby species (Sharp 1997b). Further 

examination is needed into the interspecific competition for diurnal shelters between 

these species to understand the role it may play in their niche separation. 
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Presence of P. brachyotis at a local scale was also influenced by the cover of hummock, 

perennial and annual grasses. This relationship may be because P. brachyotis is found 

primarily on the margins of the rocky country and not in some areas that have naturally 

low grass abundance such as the rock-sheets of the Arnhem Land Plateau (Press 1988). 

Alternatively, the preference of P. brachyotis for eating grass (Chapter 5), and its 

requirement for resources being available in close proximity to their shelter sites 

(Chapter 6), may mean sites with high grass abundance are used preferentially by P. 

brachyotis. The importance of grass for presence of P. brachyotis does support the 

hypothesis that P. brachyotis is a browser whereas P. concinna fills a more grazing niche 

(Sanson et al. 1985; Sanson 1989). It appears both species may be opportunistic in their 

use of grass and browse when available (Chapter 5). If this is the case, P. concinna may 

no longer benefit from its adaptation to deal with an abrasive grazing diet (Sanson 1989). 

Thus P. concinna may have adapted to fill a grazing niche but that niche may no longer 

be broadly available, and the larger size and more generalist strategies of P. brachyotis 

may allow it to outcompete P. concinna at many sites. This would explain the more 

restricted distribution of P. concinna.  

 

4.5.3 Conclusion 

Our modelling gave a snapshot of contemporary species presence and current habitat 

correlates in the landscape. It suggested some differing habitat factors drive the presence 

of the four rock-dwelling macropod species of the tropics of the Northern Territory. 

However, to further understand the sympatry of this unique group of rock-dwelling 

macropods, more detailed study of their micro-habitat use is required. This could best be 

achieved by examining the species’ use of resources (e.g. shelters, space and diet) at sites 

where both species of each congeneric pair are present.  
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5 Chapter 5  Diet 

5.1 Abstract 

An unusually high diversity of macropods inhabit the rocky areas in the monsoon tropics 

of the Northern Territory, Australia, yet the mechanisms that allow their niche separation 

are not clear. Previous studies suggest that the nabarlek, Petrogale concinna, may have a 

more grazing diet than the short-eared rock-wallaby, Petrogale brachyotis, with which it 

coexists. Thus, diet may be an important mechanism of niche separation between these 

species. We examined the diet of the four sympatric species (the black wallaroo 

Macropus bernardus, common wallaroo M. robustus, P. brachyotis and P. concinna) to 

determine whether there are differences in the dominant plant groups eaten by the 

species across the landscape and with season. Diets were determined with a macroscopic 

analysis of the seed and fruit content of scats and an analysis of the 12C to 13C isotope 

ratios of scats using mass spectrometry. In the dry season the rock-wallaby species 

predominantly consumed browse and/or forbs, and the larger wallaroos predominantly 

consumed grass. However, there was large variation across the landscape in the dry 

season diets of P. brachyotis, M. bernardus and M. robustus, including high proportions 

of grass eaten at some sites and high proportions of browse at other sites. In the wet 

season, greater proportions of grass were eaten by P. brachyotis and M. bernardus than 

in the dry season. Generally, there was little evidence to support the previous suggestion 

that P. concinna is more of a grazer than P. brachyotis, but there was some evidence 

than M. bernardus consumes greater amounts of browse and/or forbs than M. robustus.  
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5.2 Introduction 

The niche separation of sympatric species is often explained by differences in their diet 

or feeding strategies (e.g. Hanley and Hanley 1982; Bothma et al. 1984; Wahungu 1998; 

Julien-Laferriéri 1999). In many herbivorous mammal taxa, these differences in diet 

strongly correlate with body size. Smaller species with higher mass-specific metabolic 

rates tend to select high-quality foods that can be quickly digested, whereas larger 

animals consume abundant, evenly distributed, low quality foods that require longer 

digestion times (Demment and Van Soest 1985; Illius and Gordon 1987). This trend 

generally holds true in the Marsupial family Macropoidea: large kangaroos tend to be 

grazers of grasses which are abundant but nutritionally poor; medium-sized 

macropodoids tend to be generalist feeders of a range of grass and browse (trees and 

shrubs) species; and smaller species tend to have more specialized diets of sparsely 

distributed high quality foods (Dawson 1989; Norbury et al. 1989; Hume 1999). Thus, 

the sympatry of macropods in some areas has been attributed to these size-related 

differences in diet (Jarman and Phillips 1989). 

 

In the monsoon tropics of the Northern Territory, Australia, there is an unusually high 

diversity of rock-dwelling macropods. Rock-wallaby species (Petrogale spp.) do not 

usually inhabit the same areas (Maynes 1989), but the short-eared rock-wallaby 

Petrogale brachyotis, and the nabarlek P. concinna, are found sympatrically at some 

sites (Sanson et al. 1985; Churchill 1997). It is also the only area in Australia where 

another kangaroo, the black wallaroo Macropus bernardus, co-inhabits rocky areas with 

the common wallaroo M. robustus. These four species have quite different distributions. 

P. brachyotis is found in rocky habitats across the Kimberley of Western Australia and 

the north of the Northern Territory, and P. concinna is restricted to a smaller range of 

sites within that distribution (Strahan 1995; Churchill 1997). Macropus robustus is 
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distributed throughout most of mainland Australia and M. bernardus is endemic to the 

rocky plateau and escarpments of Arnhem Land in the Northern Territory (Press 1989; 

Strahan 1995). The ecological factors that have led to differences in the distributions of 

these species are not apparent, and little is documented about their general ecology, so 

the factors that allow them to coexist sympatrically remain unclear. 

 

Difference in diet is the one hypothesis that has been proposed to explain the niche 

separation of P. brachyotis and P. concinna. On the basis of body size, both rock-

wallaby species (P. brachyotis ~3.5 kg and P. concinna ~1.5 kg) would be categorised as 

browsers, eating herb, tree and shrub leaves in addition to some grass (Norbury et al. 

1989). Yet P. concinna has unusual dentition: it is the only marsupial to continually 

replace its molars (Sanson et al. 1985). This molar replacement led Sanson (1989) to 

suggest that it may have a more abrasive grazing diet than would be expected due to its 

size, and grouped it with the yellow-footed rock-wallaby P. xanthopus, as an 

intermediate browser / grazer. This hypothesis was supported by analysis of gut samples 

from several animals from Mt Borradaile in Arnhem Land which showed that in the dry 

season P. concinna was feeding on grass, sedges and a fern Marsilea crenata, which was 

high in silica (Sanson et al. 1985). Yet Marsilea crenata has not been found at other sites 

where P. concinna is present (Churchill 1997). Moreover, Aboriginal people in western 

Arnhem Land describe the diet of both P. concinna and P. brachyotis to be a similar 

range of grass and browse species (Chapter 2). Therefore, further clarification of the diet 

of these species is required to confirm this dietary distinction between P. concinna and 

P. brachyotis, and whether it may account for their sympatry and the more restricted 

distribution of P. concinna in northern Australia.  
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Both the dentition and large body size of M. robustus (25–60 kg) lead to it being 

categorised as a grazer (Sanson 1989). This classification has been confirmed by studies 

of the diet of M. robustus in other parts of Australia that found it consumes high 

proportions of grass throughout the year (Ellis et al. 1977; Taylor 1983b). On the basis 

of the body size hypothesis, the smaller M. bernardus (13–21 kg) would be expected to 

be an intermediate browser / grazer. However, its dentition suggests that, like the other 

wallaroos, M. bernardus is a grazer (G. Sanson pers. comm.). While there are no 

descriptions of the diet of M. bernardus in the scientific literature, indigenous knowledge 

of the diet of M. robustus and M. bernardus suggests they eat a broad range of grasses 

and browse, including leaves, fruit, flowers and yams, and occasionally invertebrates 

(Chapter 2). Yet the relative importance of these dietary items, and whether these two 

wallaroo species use food resources differently, is not apparent.  

 

As well as investigating questions of sympatry and biogeography, understanding the diet 

and feeding strategies of these rock-dwelling macropods is also important for 

conservation of the species. In the tropical north of Australia there are increasing 

concerns about the conservation status of many small mammal species and the impacts 

of recent changes in fire regimes on their range and abundance (Woinarski et al. 2001; 

Pardon et al. 2003). It is difficult to determine appropriate management strategies and 

fire regimes when basic facets of the ecology of the species, such as diet, are not 

understood.  

 

This study aimed to examine the diet of the four rock-dwelling macropod species of the 

Northern Territory’s monsoon tropics and to investigate whether the species are using 

different dietary niches. Many techniques have been used to study the diet of macropods, 

including analysis of stomach contents (Ellis et al. 1977; Sanson et al. 1985; Hollis et al. 
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1986), plant cuticle fragments in scats (Copley and Robinson 1983; Pearson 1989; Short 

1989; Ellis et al. 1992; Horsup and Marsh 1992; Lundie-Jenkins et al. 1993; Wann and 

Bell 1997), isotope ratios of scats (Horsup and Marsh 1992) and observation (Horsup 

and Marsh 1992; Stirrat 2002). We trialled direct observation of the consumption of food 

items by the rock-dwelling macropod species in their natural environments but found it 

was not possible in most cases due to the flightiness and cryptic nature of the animals. 

We also conducted a pilot study of cuticle analysis of scats, but found that the high 

proportions of unidentifiable fragments in the samples made the technique incapable of 

accurately quantifying the plant species or plant groups consumed. This technique is also 

limited to examining diet at sites for which a plant reference collection is available, thus 

preventing broad questions about the diet of the species across the landscape being 

addressed.  

 

Therefore, we used a macroscopic analysis and a carbon isotopic analysis of scats to 

address the questions: (1) What is the importance of seeds and fruit in the diets of the 

species? (2) What are the dominant plant groups in the diet of each of the species? (3) 

Do the plant groups eaten vary across the landscape or are they selecting the same 

resources in all areas? And, (4) are there seasonal differences in the species’ diets? 

 

5.3 Methods 

In northern Australia, carbon isotope ratios in scats can be used to quantify the 

proportions of grass and browse eaten by a species. Ratios of the stable isotopes 12C and 

13C in plant tissues vary due to differential assimilation of the isotopes in different 

photosynthetic pathways (Witt 2002). In the Australian tropics, most grasses use the C4 

photosynthetic pathway which results in δ13C values of -9 to -17‰ (the standard notation 

for 13C/12C ratios is δ13C as per mil relative to the carbon isotopic ratio of the PDB 
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standard (Peterson and Fry 1987) in units of parts per thousand, ‰) (Boutten et al. 1998; 

Bowman and Cook 2002). In contrast, browse and forb species use the C3 pathway and 

have δ13C values of between -22 and -32‰ (Boutten et al. 1998; Bowman and Cook 

2002). Feeding trials have confirmed that the carbon isotope ratios of scats strongly 

correlate with that of the foliage eaten by a range of herbivores (Jones et al. 1979). The 

δ13C of scats of the allied rock-wallaby (P. assimilis) also correlated with the ratios of 

grass and browse found with cuticle analysis in the tropics of Queensland, Australia 

(Horsup and Marsh 1992). Therefore, we used an isotopic analysis of scats to determine 

the broad diets of the species across the landscape and changes in diet with season. 

 

5.3.1 Macroscopic and isotopic analysis of scats 

For the macroscopic and isotopic analyses, scats of P. brachyotis, M. bernardus and M. 

robustus were collected at 15 sites over a distance of 400 km across the landscape (Fig. 

5.1). Scats of P. concinna were only collected at two sites due to the restricted range of 

and difficulties in locating the species. Sample sites were chosen at locations where each 

species had previously been recorded or from accessible rocky areas with varying 

proximity to the Arnhem Land Plateau. Usually scats of each species were collected at 

different sites; however, occasionally more than one of the species were present at a site. 

In these cases, scats were only included if the species identification was unambiguous 

(Chapter 3). Environmental characteristics were also recorded at the sites, including 

habitat type (woodland, rainforest or rock flora), percentage cover of grass, and whether 

the site was burnt within the current year. Scats were collected and habitat variables 

recorded within 2 m radius circular plots. To examine the influence of season on dietary 

consumption, scats of P. brachyotis were also collected at a site at Litchfield National 

Park and of M. bernardus from a site at Kakadu National Park in both the wet and the  
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Fig. 5.1 Sites where scats of Petrogale brachyotis (Pb), P. concinna (Pc), Macropus 

bernardus (Mb) and M. robustus (Mr) were collected in the Northern Territory, Australia.  

1 Walker Creek (Pb), 2 North of Tolmer (Mr), 3 Lost City (Mr), 4 Tjaynera Falls (Mr), 5 Florence Falls 

(Pb), 6 Education Centre Creek (Mr), 7 Aida Jump-up (Pb), 8 Robin Falls Apostles (Pb, Pc), 9 Robin 

Falls (Mr), 10 Hayes Creek (Mr, Pb), 11 Umbrawarra Gorge (Mr, Pb), 12 Pine Creek (Mr), 13 Edith 

Falls (Pb), 14 Ikoymarrwa (Mb), 15 Mary River site (Mb), 16 Mary River site2 (Mr), 17 Gunlom (Mb), 19 

Nitmiluk Gorge (Mr), 18 Maguk (Pb), 20 Windolf Nitmiluk (Mr), 21 Yukmikmik (Mb), 22 Motorcar Creek 

(Mb, Pb), 23 Twin Falls (Mb), 24 Nowalanja (Mb), 25 Nourlangie Rock (Mb), 26 Jim Jim (Pb), 27 

Lightning man Mt Borradaile (Mb), 28 1st Hill Mt Borradaile (Mb, Pc), 29 Mt Borradaile (Pb), 30 East 

Alligator (Pb), 31 East Alligator (Mr), 32 Ubirr (Pb), 33 Kodjekbin waterhole (Mb), 34 Kodjekbin creek 

(Mb), 35 Kodjekbin site (Mb), 36 Kodjekbin old camp (Mr), 37 Kabulwarnamyo road (Pb), 38 

Kabulwarnamyo (Mb), 39 Yimeny (Mb), 40 near Korlorbidadah (Pb, Mr). 
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dry season. All collected scats were air-dried and stored for subsequent analysis at room 

temperature. 

 

To determine the importance of fruit and seeds in the diet, three scats were randomly 

selected from those collected at each site. Each scat was crushed by hand and examined 

under a dissecting microscope. The presence of grass seed, browse seed and fruit skin 

was recorded and each scored as ‘minor’ (< 20%), ‘moderate’ (21–70%) or ‘major’ (> 

70%) components of the scats (sensu Ingleby et al. 1989). 

 

To examine the carbon isotope ratios of the scats of the rock-dwelling macropod species 

across the landscape, three scats for each species were randomly selected for analysis 

from those collected at each site. The number of scats analysed per site was limited to 

three due to the cost of the analyses. The sampling design of analysing fewer scats from 

a greater number of sites was chosen to capture the breadth and variability of each 

species’ diet across the landscape, not to describe the diet of individuals of each species 

at particular sites. Ten P. brachyotis and M. bernardus scats collected in the wet and dry 

season from single sites were also analysed to investigate the effect of season.  

 

Scats were dried at 60oC for 48 hours and then ground in stainless steel containers in a 

plant grinder for one minute until fragments were < 1 mm diameter. 1–1.5 mg of sample 

material (yielding between 600–800 μg of carbon) was placed into tin capsules and 

sealed. Samples were combusted and analysed for δ13C on a 20-20 Europa Scientific 

Automated Nitrogen Carbon Analysis – Mass Spectrometer (ANCA-MS, Crewe, UK).  

 

We made estimates of the proportions of C4 and C3 plants in the scats from the δ13C of 

the samples as follows:  % C4 plants =    μδ13CC3 plants - δ13Csample       x 100 

μδ13CC3 plants - μδ13CC4 plants   
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where μ δ13CC3 plants (the global mean value for C3 plants) is -26.5‰ and μδ13CC4 plants (the 

global mean for C4 plants) is -12.5‰ (after Van der Merwe 1982; Cerling et al. 1997). 

With a few minor exceptions, grass species in tropical northern Australia use the C4 

photosynthetic pathway (Bowman and Cook 2002). Hence we interpret the proportion of 

C4 plants in the scats as directly related to the amount of grass in the diet. Negative % 

grass values (where the sample δ13C values are more negative than the global mean 

value for C3 plants) should be interpreted as containing no grass. 

 

5.3.2 Data analysis 

Analysis of variance was used to test differences in δ13C of scats between species across 

sites, and unpaired, two-tailed t-tests were used to examine differences in δ13C of scats 

within species between seasons. To investigate whether the δ13C of scats collected across 

the landscape was most influenced by the macropod species, the habitat type, the 

percentage cover of grass, or whether the site was burnt, these explanatory variables 

were incorporated in the a priori development of a candidate set of eleven models (Table 

5.1). The models were analysed using generalized linear modelling with a Gaussian error 

structure in the software package R (version 2.0.1, R Development Core Team). Changes 

between the residual and null deviance were examined to assess the goodness of fit of 

the models (Crawley 2002). Candidate models were ranked using Akaike’s Information 

Criterion corrected for small sample sizes (AICc; Burnham and Anderson 2002). This 

information-theoretic approach objectively identifies the best fit model which explains 

the most substantial proportion of the variance in the data, yet is parsimonious and does 

not include unnecessary parameters that cannot be justified given the data (Burnham and 

Anderson 2002). 
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Table 5.1 Model selection results for the influence of species (Petrogale brachyotis, P. 

concinna, Macropus bernardus or M. robustus), habitat (rainforest, woodland or rock flora), 

% cover of grass and whether a site was burnt, on scat isotope ratios (δ13C) across the 

landscape. The models are shown ranked in order of their relative likelihood given by the 

Akaike weights (wi). Log(L) is the maximised log-likelihood of the model, K is the number of 

estimated parameters, AICc is the selection criterion, ΔAICc is the difference between the 

model’s AICc value and the minimum AICc value, and Δdeviance is a measure of the 

goodness of fit of the model compared to the null model deviance. The candidate model with 

substantial levels of empirical support (ΔAICc < 2) is shown in bold 

Candidate models Log(L) K AICc ΔAICc wi Δdeviance 
(%) 

SPECIES + BURNT -373.4 6 759.4 0.0 0.98 69.3 

SPECIES + HABITAT + GRASS + BURNT -372.0 11 767. 9 8.5 0.01 69.8 

SPECIES -381.6 5 773.7 14.3 0.00 65.9 

SPECIES + GRASS -380.7 6 774.0 14.6 0.00 66.3 

SPECIES + HABITAT -380.5 9 780.3 20.9 0.00 66.4 

HABITAT -458.0 6 928.5 169.2 0.00 9.8 

HABITAT + BURNT -456.9 7 928.6 169.2 0.00 11.0 

HABITAT + GRASS -457.6 7 929. 9 170.5 0.00 10.2 

BURNT -464.2 3 934.6 175.2 0.00 2.3 

GRASS + BURNT -464.2 4 936. 7 177.3 0.00 2.3 

GRASS -465.9 3 938.0 178.7 0.00 0.1 

NULL -466.0 2 936.2 178.7 0.00 0.0 
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5.4 Results 

In the dry season, grass and browse seeds and fruit skin were common items in scats of 

all of the rock-dwelling macropods. Grass seeds were present in 36% of P. brachyotis 

scats, 29% of M. robustus scats and 24% of M. bernardus scats (Fig. 5.2). Browse seeds 

were also found in large proportions of scats (36% of M. bernardus, 22% of P. 

brachyotis and 18% of M. robustus scats). Fruit skin was present in 18% of P. brachyotis 

scats, but only 7% of M. bernardus scats and 4% of M. robustus scats. With the 

exception of one P. brachyotis scat which was almost entirely a large browse seed, grass 

and browse seed and fruit skin were minor components (< 20%) of the scats of the three 

species. Leaf and stem made up the remainder of the material in the scats. 

 

The δ13C values of scats collected in the dry season across all sites were significantly 

different between species (F3,43 = 46.158, P < 0.0001). The δ13C of the scats of the rock-

wallaby species (P. brachyotis -26.05 ± 0.15‰ and P. concinna -26.07 ± 0.87‰) were 

significantly more negative than the scats of the wallaroo species (M. bernardus -18.31 ± 

0.16‰ and M. robustus -16.71 ± 0.18‰), but there were no significant differences 

within these pairs from each genus (Fig. 5.3). Thus in the dry season, the Petrogale spp. 

consumed higher proportions of browse and / or forbs in their diet (P. brachyotis mean 

3.2% and P. concinna 3.1% grass) than the wallaroo species which consumed higher 

proportions of grasses (M. bernardus mean 58.5% and M. robustus 69.9% grass). 

 

Isotope ratios from scats of M. bernardus, M. robustus and P. brachyotis varied greatly 

across the landscape (Fig. 5.4). At some sites, M. bernardus consumed predominantly 

grass, whereas at other sites high proportions of browse were consumed (δ13C range  

-14.69 to -23.69‰; 20.1–84.3% grass). Macropus robustus had the largest variation in 

diet (δ13C range -12.76 to -24.38‰; 15.2–98.1% grass), and a greater number of 
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Fig. 5.2 Percent of scats containing fruit skin, grass seed and other browse seed present for 

Petrogale brachyotis, Macropus bernardus and M. robustus collected during the dry season 

at 15 sites in the Northern Territory, Australia. 
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Fig. 5.3 Mean (± S.D.) δ13C values and percent grass in scats from Petrogale brachyotis, 

Macropus bernardus, and M. robustus (15 sites) and P. concinna (2 sites) collected during 

the dry season in the Northern Territory, Australia. The % grass estimates are based on 

global mean values for C4 plants of -12.5‰ and for C3 plants of -26.5‰ (Heaton 1999). 

Different letters denote a significant difference at P = 0.05. 
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Fig. 5.4  Mean (± S.D.) δ13C values and percent grass in scats from a) Petrogale 

brachyotis, b) Macropus bernardus and c) M. robustus collected during the dry season at 

15 sites in the Northern Territory, Australia. Note: columns are labelled according to site 

reference numbers (see Fig. 5.1) and shaded columns refer to the means (± S.D. of the 

mean) for each species across all sites.
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M. robustus scats were dominated by grass than for M. bernardus. There was also broad 

variation in the diet of P. brachyotis between sites (δ13C range -15.3 to -31.6‰, 0–47.0% 

grass). Analysis of the diet of P. concinna was limited to scats from only two sites and at 

both of these sites browse and / or forbs dominated the diet (δ13C range -23.65 to  

-29.76‰, 0–20.3% grass).  

 

The best model explaining the variation in δ13C values for scats was a combination of the 

variables ‘species’ and ‘burnt’, with a 98% probability of being the best model in the 

candidate set. The changes in deviance show this was largely due to the effect of 

‘species’ and the contribution of the variable ‘burnt’ was relatively small (Table 5.1). As 

found in the ANOVA results, examination of the standardised regression coefficients 

suggested that the effect of ‘species’ on δ13C of scats was primarily driven by the 

differences between the two pairs of species of each genus rather than within the pairs. 

For the variable ‘burnt’, the coefficients show that the δ13C was less negative (a higher 

proportion of grass was consumed) in burnt areas.  

 

The δ13C values for scats of P. brachyotis collected from a site at Litchfield National 

Park and for M. bernardus from a site at Kakadu National Park were significantly 

different between seasons (P. brachyotis t1,18 = -2.953, P = 0.009; M. bernardus t1,18 =  

-5.457, P < 0.0001). In both species, higher proportions of grass were consumed in the 

wet season than in the dry season (Table 5.2). The magnitude of this displacement 

towards grass consumption in the wet season was very similar for the two species  

(-2.24‰ in P. brachyotis and -2.61‰ in M. bernardus). 
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Table 5.2 δ13C values and estimates of percent grass in scats of Petrogale brachyotis and 

Macropus bernardus collected from single sites at Litchfield National Park and Kakadu 

National Park in the Northern Territory, Australia, during a wet and dry season. Different 

superscript letters denote a significant difference at P = 0.05 between the seasons within 

each species 

 P. brachyotis M. bernardus 

 
Mean δ13C (± S.D.) 

(‰) 
% grass 

Mean δ13C (± S.D.) 

(‰) 
% grass 

Dry season -20.20a (± 1.75) 45.0 -16.07r (± 0.89) 74.5 

Wet season -17.96b (± 1.65) 70.0 -13.46s (± 1.23) 93.2 

Difference -2.24 15.99 -2.61 18.65 
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5.5 Discussion 

We found that the small rock-wallabies (P. brachyotis and P. concinna) predominantly 

consumed browse and / or forbs, and the larger wallaroos (M. bernardus and M. 

robustus) predominantly consumed grass. These broad differences between the genera 

support the hypothesis of greater consumption of browse with decreasing body size. Yet 

our results also showed that the diets of the rock-dwelling macropods varied both 

seasonally and within species at the landscape scale. The possible importance of 

seasonality and landscape fire, and the ecological and evolutionary significance of the 

patterns between the two pairs of congeneric macropods, are considered below.  

 

5.5.1 Seasonal differences 

Our results suggested at one site each P. brachyotis and M. bernardus consumed higher 

proportions of grass in the wet season than in the dry season. Seasonal variations in δ13C 

of ±1‰ are not uncommon in C3 plants as a result of changing environmental conditions, 

particularly water availability (Heaton 1999). However, when these shifts occur, δ13C 

becomes more negative with increasing water availability which, in northern Australia, 

would lead to an increased signal of C3 plants (browse) during the wet season. Therefore, 

the magnitude of the shift towards grass we found in the wet season may well be 

conservative.  

 

The grass-dominated diets of P. brachyotis and M. bernardus in the wet season when 

both grass and browse are available, suggest that these species prefer grass but rely on 

browse during dry times of year when the nutritional content of grass is low. The diets of 

M. robustus, M. agilis (another tropical macropod) and other rock-wallaby species have 

also been found to switch from the species consuming primarily grasses during wetter 
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conditions to including greater proportions of browse during drier conditions (Dawson 

and Ellis 1979; Copley and Robinson 1983; Allen 2001; Stirrat 2002). Given the 

magnitude of the shift in diet from the dry to the wet season was similar for P. 

brachyotis and M. bernardus, the dietary overlap between the species may remain the 

same between the seasons. However, the large pulse of grass growth associated with 

high rainfall and temperatures in the wet season in northern Australia makes interspecific 

competition unlikely at this time. In the wet season, animals tend to be relatively 

sedentary, using favoured diurnal shelters and not travelling far to find food (as found in 

P. assimilis in the wet-dry tropics of Queensland; Horsup 1994). In the dry season, 

however, it is presumably more difficult for the species to find food, and hence there is 

likely to be greater interspecific competition and diet may play a greater role in niche 

separation. Certainly the greatest differences in the diets of the species will be present in 

the dry season and therefore support our more detailed examination of the feeding niches 

of the four tropical rock-dwelling macropods in this season. 

 

Landscape burning is another important facet of the dry season that affects the food 

resources available for macropods in the tropics. Indigenous peoples commonly use fire 

to produce green pick for kangaroos and to protect and encourage fruit trees and food 

resources for animals and people (Bowman et al. 2001; Vigilante and Bowman 2004). 

Concern has been growing over the shift from traditional burning regimes to more 

frequent and large-scale fires in northern Australia and its effects on the persistence of 

small mammal species (Woinarski et al. 2001; Pardon et al. 2003). Our modelling results 

showed that, while ‘species of macropod’ had the greatest influence on scat isotope 

ratios, whether a site had burnt was also important. This suggests that resprouting 

grasses may be a significant component of the diet of the rock-dwelling macropods in 

the region. If this is so, then fire management practices that maintain a diversity of plant 
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species including fruit-bearing browse species, and also produce pulses of resprouting 

grass, may be critical for the conservation of these macropod species. Further 

investigation of the effects of fire on the diversity and abundance of plant species eaten 

by the rock-dwelling macropods is therefore necessary.  

 

5.5.2 Diet of the Petrogale species 

The broadly browsing diet of P. brachyotis we found in the dry season (Fig. 5.4) is 

consistent with predictions based on tooth morphology (Sanson 1989). Yet the variation 

in the diet across the landscape, including high proportions of grass at some sites, 

suggests that P. brachyotis is able to use a variety of available resources. This apparently 

opportunistic strategy would allow these rock-wallabies, which forage in close proximity 

to their diurnal shelter sites (Chapter 6), to survive through the often drought-like 

conditions of the dry season. The breadth of P. brachyotis’ diet included seeds, fruit, 

browse and grass, and was similar to that found for other rock-wallaby species (Copley 

and Robinson 1983; Short 1989; Horsup and Marsh 1992; Geelen 1999). Sanson (1989) 

placed most Petrogale species in the ‘browser’ category, including the brush-tailed rock-

wallaby (P. penicillata), despite its scats containing up to 50% and 90% grass at some 

sites (Wakefield 1971; Short 1989). Petrogale brachyotis, another apparent browser 

(sensu Sanson 1989), was sometimes found to consume large proportions of grass in our 

study (Table 5.2). Perhaps these rock-wallaby species are better placed in the 

intermediate browsing / grazing category to encapsulate such dietary breadth. 

 

The diet of P. concinna at Mt Borradaile and Robin Falls Apostles was dominated by 

browse and / or forbs during the dry season. In contrast to previous research (Sanson et 

al. 1985; Sanson 1989), we found no evidence that P. concinna was more of a grazer 

than P. brachyotis. Sanson et al.’s (1985) conclusion was based on studies at Mt 
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Borradaile at a time of intense buffalo browsing, which had severely degraded the 

surrounding floodplain vegetation (G. Sanson pers. com.). Today the floodplain at Mt 

Borradaile consists of dense stands of grasses and sedges and we hypothesise that, if 

unburnt, it may now be impenetrable to small macropods like P. concinna. Indigenous 

knowledge also suggests that the diet of P. concinna is a similar mix of browse and grass 

to that consumed by P. brachyotis. Perhaps the unusual feature of molar replacement in 

P. concinna is an evolutionary vestige that was important when speciation occurred and 

the species is no longer restricted to a high silica, grazing diet. Investigation of the diet 

of P. concinna across its distribution, including in a range of habitats, would illuminate 

the current dietary breadth of this species compared to the food resources available. Of 

particular interest would be to examine P. concinna’s diet on the off-shore islands of the 

Kimberley, Western Australia, where it is suggested to have speciated (Maynes 1989). 

 

5.5.3 Diet of the Macropus species 

The use of fruit, seeds and browse by M. bernardus suggests that this species may be an 

intermediate grazer / browser, rather than a strict grazer (G. Sanson pers. comm.). This 

finding is consistent with Hume’s (1999) argument that there is a continuum from 

grazing to browsing with medium-sized macropods being quite varied in the proportions 

of grass and browse they consume. Jarman (1994) has cautioned that many Macropus 

species use high protein items such as fruit and seeds more often than is generally 

recognised. Thus despite grazing dentition, the high levels of consumption of browse 

leaf, seed and fruit by M. bernardus and M. robustus at some sites is not completely 

unexpected. Such opportunism is likely to be an important strategy to allow these 

wallaroos to survive the long dry-season conditions when grass becomes of limited 

nutritional value compared to the browse seeds, leaves and fruits that remain available at 
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this time of year (Brock 2001). The plasticity of the diet of M. robustus would also allow 

it to exploit the range of environments it inhabits throughout mainland Australia. 

 

There was some evidence to suggest that diet may play a role in the ecological separation 

of the two wallaroo species. While this was not reflected by a statistical difference in the 

δ13C values between the scats of the two species, there was a trend for M. bernardus to 

consume more browse than M. robustus in the dry season. M. robustus scats were more 

dominated by grass and contained a lower proportion of browse seeds than found in M. 

bernardus scats. It is unclear from the isotope ratios whether the plant species consumed 

by the two species were different. Indigenous people in the region have suggested that 

both wallaroo species eat a range of grass, leaves, fruit, flowers and yams (Chapter 2). 

However, they particularly described M. bernardus consuming rock-specialist plants 

such as Triodia spp., Solanum echinatum, Ficus spp. and Pandanus basedowii. 

Indigenous people describe M. robustus, as well as consuming rock-specialist plant 

species, as also venturing further onto the plains in the dry season to consume older, dry 

grasses like those normally consumed by other plains kangaroos (e.g. M. agilis and M. 

antilopinus; Chapter 2). Further examination of the quantities of plant species eaten by 

these two species is required to confirm the extent of dietary niche differentiation 

between them in space and time. 

 

The ability of M. bernardus to consume a range of rock-specialist plants in the dry 

season may allow it to persist in the restricted and infertile habitats of the Arnhem Land 

Plateau. It is unclear whether the endemism of M. bernardus is the product of vicariant 

speciation and / or if the diverse vegetation mosaic of the Arnhem Land Plateau played a 

more direct role in the evolution of this species. Freeland et al. (1988) suggest the 

diversity of rock-dwelling mammals in the rocky habitats of this region may be the result 
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of their specialisation to exploit the diversity of plant species present. However, the 

grazing teeth of M. bernardus suggest it may have evolved to fill a grazing niche, more 

likely associated with the open plains. There is mounting evidence that the high 

biodiversity on the Arnhem Land Plateau is related to the region acting as an isolated 

refugium in the arid, glacial phases of the Pleistocene (e.g. Ford 1978; Woinarski et al. 

1992; Shapcott 1998). Thus it is possible that M. bernardus became restricted to the 

Plateau during these phases and subsequently evolved the ability to process a diverse 

range of woody plant taxa, many of which are heavily chemically defended (Freeland et 

al. 1988). Interspecific competition with the larger, sympatric M. robustus for the 

grazing resources on the margins of the Plateau may have further forced M. bernardus 

into a browsing diet in this area. 

 

The smaller size and lower absolute metabolic requirements of M. bernardus may have 

allowed it to exploit the shelter and food resources of the extremely rugged Arnhem 

Land Plateau more successfully than M. robustus and the larger browsing megafauna. M. 

bernardus is extremely well adapted to moving dexterously amongst the boulders and 

steep slopes of the escarpment, and is less graceful on flat terrain. Examination of the 

comparative ecophysiology and use of space by M. bernardus and M. robustus would be 

interesting to determine whether M. bernardus has morphological adaptations that give it 

an ecological advantage in this rocky environment. Further analysis of the diet of M. 

bernardus could also determine if it is restricted to foraging on plants that are unique to 

the Arnhem Land Plateau, and hence the role that diet may play in driving its unusually 

small distribution. This has obvious implications for the conservation of this unique 

species.  
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5.5.4 Conclusion 

There is clear evidence of differentiation in the feeding ecology of the sympatric rock-

wallaby and wallaroo species of the Australian monsoon tropics. However, because of 

the coarse resolution of the macroscopic analysis of scats and the carbon isotope 

approach we have used, there remains much to be learned about the specific dietary 

overlap between the species seasonally and across their ranges. Of particular importance 

is to understand how landscape fire influences the dietary breadth of these macropods 

during the prolonged dry season when food resources are most limiting. 
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6 Chapter 6  Space, habitat and shelter use by P. 

brachyotis 

6.1 Abstract 

It is widely recognised that the use of fixed diurnal shelters by rock-wallabies greatly 

affects their ecology. However, the details of how shelters and surrounding habitats are 

used, and how similar these characteristics are across rock-wallaby species, remain 

scarcely understood. The dry season home range, and use of habitats and den sites, of the 

short-eared rock wallaby (Petrogale brachyotis) were examined at Litchfield National 

Park, Northern Territory, Australia. We radio-tracked ten individuals on foot to locate 

diurnal shelters, and with fixed towers to determine their nocturnal positions. Petrogale 

brachyotis used a range of rock piles and outcrops for dens, and showed a strong 

preference for rocky habitats and adjacent woodland. On average, animals used four 

dens within outcrops, as well as more exposed resting sites. Individual rock-wallabies 

sometimes shared dens, but there appeared to be male - male intolerance of simultaneous 

use of dens. Mean home range in the dry season was 18.3 ha, and there was no 

significant difference in home range area between sexes. Petrogale brachyotis’ use of 

space was very similar to that reported for another tropical rock-wallaby species, P. 

assimilis, and many behavioural traits were also similar to those found across the 

Petrogale genus.  
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6.2 Introduction 

All rock-wallaby species (genus Petrogale, Family Macropodidae) use diurnal shelters, 

most commonly caves in rocky outcrops, cliffs and gorges (Short 1982; Lim et al. 1992; 

Strahan 1995). These shelter sites offer ameliorated environmental conditions (Short 

1982; Copley and Robinson 1983; Lim et al. 1987), protection from predators (Burbidge 

and McKenzie 1989; Pople 1989; Spencer 1991) and nursery sites for juveniles (Sharp 

1997b). In brush-tailed rock-wallabies, P. penicillata, diurnal shelters have been found 

to include both ‘dens’ and ‘resting sites’ (Batchelor 1980; Jarman and Bayne 1997). 

Dens are usually caves with more than one entrance and are deep in the rock, whereas 

resting sites are less enclosed, often having only a single entrance and using more 

diverse structures such as the spaces under boulders and roots of fig trees (Batchelor 

1980; Jarman and Bayne 1997). Individual rock-wallabies may use a range of dens and 

resting sites. One study found P. penicillata used between two and seventeen resting 

sites, as well as their preferred dens (Batchelor 1980). 

 

It is widely recognised that the consistent use of shelter sites by rock-wallabies affects 

many aspects of their ecology. The availability of suitable shelters is understood to limit 

the size of rock-wallaby colonies (Barker 1990; Jarman and Bayne 1997). Use of a fixed 

set of shelters also affects the social behaviour of rock-wallabies. In the allied rock-

wallaby, P. assimilis, most agonistic encounters between individuals were observed to 

occur in the vicinity of shelters (Horsup 1996) and in P. penicillata, dominant 

individuals displaced subordinate animals from resting sites (Batchelor 1980). The 

pattern of intraspecific competition exhibited by rock-wallabies is described as a linear 

dominance hierarchy centred around the best shelter sites (Batchelor 1980; Barker 1990). 

However, much remains unclear about the manner in which shelter sites are used and 

whether patterns are common across all rock-wallaby species.  
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The use of dens by rock-wallabies and their small size (0.9–12 kg), limits their foraging 

to habitats near shelter sites, rather than them being able to move to new areas in 

response to pulses of green grass, as is the case for larger macropods (Horsup 1994; 

Jarman and Bayne 1997). Thus, rock-wallabies require sites that have both suitable 

shelters and high quality food available in close proximity throughout the year. There 

has been little investigation of the preferences of rock-wallabies for specific habitats 

within their home ranges. This information, and understanding of how changes to 

habitats and food resources affect the home range, is required so that habitats in the 

vicinity of rock-wallaby colonies can be managed most appropriately to ensure 

persistence of the species.  

 

Over half of the 16 Petrogale species inhabit the monsoon tropics of northern Australia, 

yet only the ecology of P. assimilis has been studied in any detail (Horsup 1994; 1996). 

In particular, little is known about the ecology of the three species that inhabit the 

monsoon tropics of the Northern Territory and Western Australia (P. brachyotis, P. 

concinna and P. burbidgei). The rock-wallabies of northern Australia have been 

considered largely secure in conservation status because they have been less at risk to the 

factors such as introduced predators, competitors and habitat modification, that have 

threatened their more southerly counterparts (Calaby and Grigg 1989; Johnson et al. 

1989). Yet, there are some reports of contractions in the ranges of P. brachyotis and P. 

concinna (Calaby 1976; K.A. Johnson unpub. data in Johnson et al. 1989; Churchill 

1997) and there have also been recent reports of decline in other small mammal species 

in northern Australia (Woinarski 2000). Changes in fire regimes have been implicated in 

the small mammal decline (Woinarski et al. 2001; Pardon et al. 2003), and without basic 

knowledge of the habitats used and the home ranges of the rock-wallabies it is difficult 
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to understand the effects that different fire regimes could have on persistence of the 

species.  

 

We studied P. brachyotis, a medium-sized rock-wallaby (2–5.5 kg) that inhabits rocky 

habitats from the Kimberley of Western Australia across the north of the Northern 

Territory (Sharman et al. 1995). The aim of the study was to examine the dry season 

home range, use of habitats and diurnal shelter sites of P. brachyotis using radio-

telemetry. We compared the home range areas and overlap between the sexes, and 

examined the number of den sites and types of outcrops used for dens. The study was 

limited to the dry season due to the intractable problems of radio-tower work in the wet 

season, namely damage to the equipment and potentially the users, by incessant rain and 

lightning strikes. Although the study was limited to determining the activity of this 

species at one site in the dry season, it represents a useful contribution given the need to 

further understand habitat and space use by rock-wallabies and the importance of 

obtaining ecological understanding of these species.  

 

6.3 Methods 

6.3.1 Study site 

The study was conducted at Litchfield National Park in the Northern Territory, Australia 

(13o 07’S, 130o 48’E; Fig. 6.1). The climate in the area is tropical with a mean maximum 

temperature of 33oC throughout the year, a mean annual rainfall of 1515 mm and distinct 

wet and dry seasons (records from Batchelor, 25 km from the site, Bureau of 

Meteorology 2004). The ‘study site’ was described post-hoc as the 100 ha area that  
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Fig. 6.1 Diurnal shelter sites used by ten Petrogale brachyotis and habitats available at the 

radio-tracking site at Litchfield National Park in the Northern Territory, Australia, in June / 

July 2003. 
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encompassed the area trapped, the radio-towers and the measured ranging of the rock-

wallabies. The site is dissected by two public roads (Fig 6.1). The rock-wallabies crossed 

these roads on frequent occasions during the night and thus it was assumed that the rock-

wallabies’ use of habitats and home ranges was not affected by the presence of the roads. 

The site is comprised of numerous sandstone outcrops surrounded by flat areas and a hill 

(up to 200 m elevation) dominated by Eucalyptus miniata and E. tetrodonta woodland 

and an understorey of shrubs and annual grasses. Tree species such as Blepharocarya 

depauperata and Ficus subpuberula are present on the rocky outcrops. There is also a 

swale in the north-western corner of the site that has an understorey of sedges and herbs. 

Water is present in the drainage lines and swale area of the site in the wet season but the 

nearest creek with year-round free-standing water is approximately 1 km from the 

boundary of the study site. 

 

6.3.2 Radio telemetry  

Between 3 June and 21 July 2003, P. brachyotis were trapped in ten 38 cm x 38 cm x 76 

cm collapsible treadle traps (Mascot Wireworks, Australia), baited with apple, and a 

mixture of peanut butter and oats. Traps were positioned in clusters across the site both 

on outcrops and in areas between outcrops where scats were present in high densities. 

Eighteen individual P. brachyotis were trapped at the site over 11 capture nights. Mark-

recapture analysis of the trapping data, using jack-knife estimation (Williams et al. 2002) 

for a closed population in the program CAPTURE (Rexstad and Burnham 1991), 

suggested a population of 55 ± 15 animals (mean ± S.E.). However, this population 

estimate only represents a proportion of the entire colony size as rocky outcrops 

extending to the north and east of the site were not trapped.  
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Collars with radio-transmitters were attached to six male and six female P. brachyotis. 

Transmitters, weighing < 1% of each animal’s body weight (two-stage, 150–151 MHz 

frequency, either 15 g on smaller animals, Biotrack, UK, or 24 g on larger animals, 

Sirtrack, New Zealand), were used on collars made of leather or nylon ribbon. Early in 

the study a transmitter failed on one adult male, another adult male died (road kill) and 

the smaller transmitters on two of the females did not give strong enough signals to be 

detected from the radio towers. Thus, four male and six female P. brachyotis were 

tracked on foot to den sites, but only four males and four females were tracked from 

radio towers to obtain nocturnal locations. 

 

In order to find diurnal locations, collared animals were tracked on foot using a three 

element hand-held Yagi antenna and receiver (Advanced Telemetry Systems, USA) 

between 8 am and 6 pm on each of 21 days within the period of 5 June and 1 August 

2003. Each animal was tracked until either a fixed den position was found or the animal 

was flushed from a shelter. Animals were not visible when they were in their dens, but it 

was possible to track the signal from an animal’s transmitter to a specific location within 

an outcrop or rock pile. Thus the use of dens was inferred from these ‘den positions’ 

within an outcrop or rock pile. At each den position occupied by a telemetered animal 

we recorded the following data: location using a Global Positioning System unit (GPS, 

Garmin, USA); time of fix; aspect (north, south, east or west) using a compass; physical 

dimensions (length, width and height) of the outcrop and rock pile using a laser 

rangefinder (Bushnell, USA); the type of rock formation (rock pile: literally pile of 

boulders, or outcrop: more continuous rock stratum); and types of caves visible from the 

exterior (horizontal splits, vertical splits, overhang caves or boulder caves). All outcrops 

in the area had scats present and appeared to be used, so it was not possible to compare 

used and unused outcrops. 
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Collared rock-wallabies were tracked from four fixed radio towers over eight nights 

between 25 June and 11 July 2003 in two shifts (6 pm–1 am, 1 am–7 am) to determine 

nocturnal locations. The position of each tower was obtained by averaging locations 

determined using a GPS unit. Each radio tower consisted of a 10 m rotating mast which 

passed through a compass rose marked in 1o divisions and was fitted with twin four 

element Yagi antennas (Faunatech, Australia), a receiver (Advanced Telemetry Systems, 

USA or Telonics, USA) and a null peak system (Sirtrak, New Zealand). The null-peak 

system combines the output of the antennas to obtain a ‘null’ (absence of signal) which 

is easier for the observer to determine than the highest point of the peak, and results in 

more accurate determination of bearings (Spencer et al. 1987). The observer recorded 

the range in bearings of the null signal, or peak signal if a null could not be identified, 

and the mid point of this range was subsequently used for triangulation. Two dummy 

transmitters were used to determine accuracy of fixes through time. Locations were 

recorded for each collared rock-wallaby and dummy transmitter simultaneously from 

each tower every 50 ± 10 min. An interval of 50 min between locations allowed for 

independence of fixes as the wallabies could easily move from one end of their home 

range to the other within this time (Swihart and Slade 1985). Fixes were obtained within 

a five minute period and use of two-way hand-held radios assisted with communication 

between stations and synchronisation of timings of bearings. Animals were re-trapped 

and collars removed at the conclusion of the study in August 2003. 

 

The habitat types (rocky outcrop, flat area, hill slope, hilltop and swale) present at the 

site were assigned at 100 m intervals in a regular grid across the site and then the extent 

of the habitat types were mapped in more detail by walking the site and following the 

boundaries of each habitat type using a GPS. A map of the site was then created by 
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overlaying these points on a geo-rectified aerial photograph of the site in ARCMAP (Esri 

2001).   

 

6.3.3 Analyses 

Preferences of rock-wallabies for den positions with a particular aspect were examined 

using a χ2 test (STATISTICA 6.1, Statsoft 2002). Other aspects of den use were 

investigated with descriptive statistics. To determine nocturnal fixes, triangulation of 

bearings using the Maximum Likelihood Estimator and calculation of error ellipses were 

performed using the program LOCATE II (Pacer, Canada). There were considerable 

problems with poor triangulation because of signal interference due to the presence of 

rocks. Therefore, fixes with error ellipses greater than 1 ha were eliminated. Mean error 

ellipses between individuals varied from 0.22 ha to 0.53 ha, with a mean of 0.39 ha. Of 

the data collected, 57.6% was of sufficient precision to include in the analysis. However, 

the data eliminated were not biased towards any particular part of the site, since the lack 

of triangulation was only strongly related to position of the animals in 0.04% of 

locations (when signals could only be obtained by two of the four towers). Due to the 

elimination of such a large proportion of the data set, the numbers of fixes available for 

home range analyses were smaller than desired. However, incremental area analysis of 

the fixes of all the animals (Kenward 2001) showed that 30 independent fixes gave a 

stable estimate of home range. Thus the home range of only one animal (♂3) may be 

underestimated because only 28 fixes were available for this animal. The diurnal fixes 

(one per day) collected during the diurnal tracking period were included in the estimates 

of home range area. Since movement of rock-wallabies is minimal during the day, this 

was seen as an adequate balance of nocturnal and diurnal fixes. Home ranges given are 

therefore understood to be 24-hour home ranges. 
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Both Kernel and Minimum Convex Polygon (MCP) methods were used to estimate 

home range area of P. brachyotis in the program RANGES VI (Kenward et al. 2003). 

Kernel analysis was used because it is robust to outliers and performs better than other 

techniques with small sample sizes (Kernohan et al. 2001). Within the RANGES VI 

program, we chose fixed kernel analysis because it produces accurate and precise home 

range estimates (Seaman and Powell 1996) and we used reference bandwidth selection 

because it created realistic home range shapes. MCPs were also reported as they have 

been commonly used and are useful for comparison between taxa and different studies 

(e.g. Fisher and Owens 2000). Utilisation plots of 5% kernels showed that 50% was an 

appropriate core area to use. Mean range lengths were calculated for each rock-wallaby 

from the distances of each nocturnal fix from the den used by that animal on that day 

(using the focal site function in RANGES VI). For a species which uses a fixed focal site, 

this is a useful measure of range length and is more credible than a measure of range 

length between sequential nocturnal fixes which is affected by activity and the time 

interval between fixes. Home ranges and mean range lengths were compared with body 

weight and number of fixes using simple linear regression. Differences in home range 

area between the sexes were examined using a t-test, and proportions of home range 

overlap between male-male, male-female, female-male and female-female animals 

(arcsine transformed to normalise the data) were compared using one-way Analysis of 

Variance in STATISTICA (Statsoft 2002).  

 

The proportion of the 100 ha study site in each habitat type, and the proportion of each 

animal’s 95% kernel home range and fixes within each of the habitat types, were 

calculated in RANGES VI (Kenward et al. 2003). We then used Compositional Analysis 

(Aebischer et al. 1993) in the RESOURCE SELECTION program (Leban 1999) to compare 

the proportions of home ranges in each habitat with the habitats available at the site. 
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These comparisons used log-ratios of utilised and available habitats, and resulted in a 

ranking of the habitats in order of preference. Any 0% value in the data set, 

corresponding to a habitat type that was available but not used by an animal, was 

replaced with 0.001% (a positive value less than the smallest recorded non-zero 

proportion present) since a log ratio transformation of zero is invalid (Aebischer et al. 

1993).  

 

6.4 Results 

6.4.1 Diurnal shelters 

Petrogale brachyotis used rock piles and outcrops for dens, including a rock pile that 

was made in the construction of the road that bisects the site. The size of rock piles and 

outcrops used varied from 20 m2 to 6000 m2, with heights between 2 m and 15 m. It was 

not physically possible to assess the number of caves or crevices within the outcrops, nor 

the extent to which subterranean passages were linked. However, all outcrops that were 

used by rock-wallabies for dens had vertical crevices, horizontal splits and/or boulder 

caves visible from the exterior. Furthermore, the many den positions that rock-wallabies 

used within the larger outcrops suggested many caves or an extensive network of caves 

were present within these outcrops. Positions of dens were not significantly different 

from an even distribution of aspects (dens were not correlated with any particular aspect; 

χ2 = 3.704, d.f. = 3, n = 42, P = 0.295).  

 

Animals varied in the number of dens they used (range 1–7, mean = 4; Table 6.1) and 

the number used did not differ significantly between the sexes (F = 0.146, d.f. = 9, P = 

0.713). Some den positions were used by many animals (Fig. 6.1), for example a den in 

one relatively small outcrop (8 m x 17 m) was used by five different animals at different 
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Table 6.1 Minimum Convex Polygon and 95% fixed kernel home ranges, 50% kernel core 

use areas, mean range length from den and number of areas of outcrops used for dens by 

radio-tracked Petrogale brachyotis at Litchfield National Park in June / July 2003 

Sex + ID 
Body 

weight 
(g) 

No. of 
Fixes 

MCP 
(ha) 

95% Kernel 
(ha) 

50% Kernel 
(ha) 

Mean range 
length 

(m) 
No. of dens 

used 

♂ 1 4250 33 19.4 22.3 1.9 163.8 5 

♂ 2 4550 30 21.3 28.2 4.0 230.2 6 

♂ 3 3100 28 8.9* 6.4* 0.5* 235.9 3 

♂ 4 2450 39 17.7 19.3 1.8 196.7 4 

♀ 1 2650 40 19.7 19.2 2.9 169.7 1 

♀ 2 2550 32 18.3 21.0 2.1 151.6 2 

♀ 3 3300 50 16.7 16.2 4.0 204.8 3 

♀ 4 3500 41 12.9 14.2 1.9 270.1 7 

♀ 5 1900 20 -   - 5 

♀ 6 2800 21 -   - 6 
 

* may be underestimates since incremental area analysis suggested home range area 

stabilized at 30 fixes. 
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times. Animals were also often found concurrently in the same den position. On these 

occasions, two females, or a male and a female, were found together in the same den 

position, however, no two males were found simultaneously in the same den. When 

animals were tracked in the morning and middle of the day they appeared to be deep 

within outcrops or rock piles and were rarely flushed. However, late in the day animals 

were often flushed from less protected areas of the rock piles or outcrops. 

 

6.4.2 Home range 

Petrogale brachyotis occupied mean (± S.E.) home ranges in the dry season of 18.34 (± 

0.80) ha estimated with 95% kernel analysis and 16.85 (± 0.51) ha with MCP (Table 

6.1). All home ranges encompassed the diurnally used den sites and were a variety of 

shapes (Fig. 6.2). Mean core area (50% kernel) was 2.36 (± 0.15) ha. Mean range length 

from dens was 202.85 (± 5.10) m (Table 6.1), and maximum range length was 482.5 m.  

 

Home range area and mean range length were not correlated with the number of fixes 

obtained between individuals (MCP: r = 0.086, P = 0.839; 95% kernel: r = -0.083, P = 

0.844; mean range length: r = 0.027, P = 0.526; n = 8). There was no evidence that home 

range area or range length increase with body weight (MCP: r = 0.230, P = 0.584; 95% 

kernel: r = 0.411, P = 0.311; mean range length: r = 0.310, P = 0.454) and there was no 

significant difference in home range area between the sexes (MCP: t = 0.0305, d.f. = 6, P 

= 0.977; 95% kernel: t = 0.288, d.f. = 6, P = 0.783).  

 

All eight home ranges overlapped to some extent and the mean overlap of home ranges 

based on 95% kernel estimates was 38.74% (range 4.52%–90.83% overlap). Unmarked 

conspecifics were also often observed using the same rocky outcrops, suggesting a  
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Fig. 6.2 95% Kernel home ranges of a) four male and b) four female Petrogale brachyotis 

over habitats available at the radio-tracking site at Litchfield National Park in June / July 

2003.
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further overlap of use between individuals. Clearly, home ranges of rock-wallabies 

overlap extensively between pairs of animals of either sex. There were no significant 

differences in the mean overlap of home ranges between the different gender pairings (F 

= 0.783, d.f. = 3, P = 0.508) but mean overlap between male animals was lower than 

between females, or males and females (mean overlap ♂-♂ 28.04%, ♀-♀ 40.35%, ♀-♂ 

42.37%, ♂-♀ 41.92%). 

 

6.4.3 Habitat preferences 

Habitat use (indicated by both nocturnal and diurnal fixes) by P. brachyotis was neither 

random nor proportional to the availability of the habitats at the site (χ2 = 18.373, d.f. = 

4, P < 0.05; Table 6.2). Petrogale brachyotis were most frequently found on the outcrops 

and in the flat areas of woodland adjacent to the outcrops, and sometimes the woodland 

dominated hill slopes. However, individuals rarely used the swale or hilltop at the site. A 

simplified matrix ranked habitats in order of preference: Outcrop > Flat > Hill slope > 

Swale > Hilltop (Table 6.3). There was no detectable difference in use of the two top-

ranking habitats (outcrops and the flat areas adjacent to outcrops, t = 0.462, P = 0.658), 

or between the two lowest ranked habitats (swale and hilltop, t = 0.286, P = 0.783). All 

other comparisons were significant (Table 6.3). 

 

6.5 Discussion 

Petrogale brachyotis exhibited some characteristics in their use of habitat and space 

that seem to be typical of the genus Petrogale, whilst other aspects of their activity 

seem more responsive to the environment in which they live. As is common in other 

rock-wallaby species, P. brachyotis sheltered diurnally within rocky outcrops and 

boulder piles, and their home ranges encompassed these den sites. The outcrops and 
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Table 6.2 Mean percentage of Petrogale brachyotis fixes and 95% kernel home ranges in 

each habitat, and percentage of the 100 ha study site in each habitat, at Litchfield National 

Park in June / July 2003 

 % of fixes % home ranges % of site 

Outcrop 41.5 40.2 24.0 

Flat 32.5 32.9 21.5 

Hill slope 24.4 25.7 29.8 

Hilltop 1.7 0.9 19.8 

Swale 0.00 0.3 5.0 
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Table 6.3 Matrix of mean (± S.E.) log-ratio differences of habitat pairings for proportions of 

95% kernel home ranges in each habitat compared to proportions of habitats available in the 

study area for Petrogale brachyotis at Litchfield National Park in June / July 2003 

Habitat type Hilltop Hill slope Outcrop Flat Swale 

 x # (± S.E.) x # (± S.E.) x # (± S.E.) x # (± S.E.) x # (± S.E.) 

Hilltop  -6.53* (±1.32 ) -7.25* (± 1.47) -7.21* (± 1.43) -0.27 (± 0.95) 

Hillslope 6.53* (± 1.32)  -0.72* (± 0.29) -0.68* (± 0.25) 6.26* (± 1.13) 

Outcrop 7.25* (± 1.47) 0.72* (± 0.29)  0.04 (± 0.09) 6.98* (± 1.21) 

Flat 7.21* (± 1.43) 0.68* (± 0.25) -0.04 (± 0.09)  6.94* (± 1.15) 

Swale 0.27 (± 0.95) -6.26* (±1.13 ) -6.98* (± 1.21) -6.94* (± 1.15)  

Rank^ 0 2 4 3 1 

# a positive log-ratio indicates that the row habitat (proportion of home ranges) was used 
more than the column habitat (proportion available in the study area). 

*significant differences at P < 0.05. 

^Largest ranking value indicates the most preferred habitat. 
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rock piles used for dens were a range of sizes, and contained vertical and horizontal 

crevices. Amongst the facets of the species’ ecology more related to the tropical 

environments in which they live is the lack of sensitivity to aspect in den choice. 

While some temperate rock-wallabies have been found to use north-facing shelters to 

maximise exposure to the sun (Short 1982; Bulinski et al. 1997), the more constant 

high temperatures in the tropics may remove some of the physiological challenges 

posed by a more variable climate.  

 

The food resources required by P. brachyotis appeared to have been met within the 

rocky areas and adjacent woodland at the site, whereas the hilltop and sedge-

dominated swale were less preferred habitats. Although few studies have described 

the use of habitats of rock-wallabies, P. assimilis in the monsoon tropics of 

Queensland also did not use a low-lying, often sodden area close to their rocky 

shelters (Horsup 1994), and P. xanthopus rarely moved onto ephemeral herb-fields 

adjacent to rocky habitats (Lim 1987). Examination of the diet of P. brachyotis may 

assist with understanding why these two habitats at this study site were rarely used. 

 

The mean area of the dry season home range for P. brachyotis (18.3 ha) was in the 

range of those found in most studies of rock-wallaby home ranges (2–26 ha; 

Batchelor 1980; Short 1980; Horsup 1994; Sharp 2002; Laws and Goldizen 2003), 

and particularly similar to that found for P. assimilis in the tropics of Queensland 

(dry season 16.1 ha; Horsup 1994). Petrogale brachyotis did not move large 

distances from dens when foraging nocturnally (up to 480 m, with a mean range 

length of 202 m). While some species have been documented as making longer 

forays to water (e.g. up to 2 km by P. xanthopus; Lim 1987), this was not observed 
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for P. brachyotis. Thus, as well as finding its required food resources close by in 

habitats adjacent to the shelter sites, P. brachyotis, like some other rock-wallaby 

species, probably obtains sufficient water from its diet or seeps amongst the rocks, or 

does not require free standing water (Kennedy and Heinsohn 1974; Horsup 1994; 

Geelen 1999). 

 

The size of home ranges of rock-wallabies may change with the availability of food 

resources in the vicinity of the shelters. We would expect wet season home ranges of 

P. brachyotis to be smaller than the dry season ranges found due to the greater 

availability of high quality food resources at that time, as found for other tropical 

macropod species P. assimilis (Horsup 1994) and Macropus agilis (Stirrat 2002). 

More longitudinal studies are needed to determine how habitat use of P. brachyotis is 

affected by such seasonal or irregular changes in resource availability.  

 

In August 2003, when animals were being re-trapped to remove their transmitters, a 

fire burned the study site. While our trapping continued, we tracked the six P. 

brachyotis that were still collared at that time to their diurnal den positions and found 

that they continued to shelter in the same outcrops. From this evidence, it is clear that 

at least some rock-wallabies were not killed by the fire and did not move to new 

areas in response to the fire. However, fire may have a delayed impact on fauna 

through removal of food resources and a longer term impact on the vegetation 

composition and structure of an area (e.g. Russell-Smith et al. 1998). The longer-

term effects of this fire are not known. Yet fire is a frequent (often yearly) 

occurrence in this area (Edwards et al. 2001) and genetic analysis of this and 

neighbouring colonies (Chapter 7) suggests that these populations are extremely 
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sedentary and have persisted in this area for extended periods of time despite the 

high fire frequency. Changes in fire regimes were suggested to be a contributing 

factor in the local extinction of populations of P. lateralis in central Australia 

(Gibson 2000), and the decline of other small macropods (Bolton and Latz 1978; 

Johnson et al. 1989), and are being increasingly viewed as an important threatening 

process for species in northern Australia (Woinarski et al. 2001; Pardon et al. 2003; 

Woinarski et al. 2005). In order to ensure the conservation of the rock-wallaby 

species of the north, the range of fire regimes tolerated by the species, including how 

the timing, frequency and intensity of fire affect the resources available to the rock-

wallabies, should be examined across the landscape.  

 

The high degree of overlap between home ranges of P. brachyotis individuals was 

consistent with that reported for other rock-wallaby species (Batchelor 1980; Lim 

1987; Horsup 1994; Sharp 2002; Laws and Goldizen 2003). Indeed, the mean 

overlap of 38% of home ranges of P. brachyotis is the same as that found for P. 

assimilis (Horsup 1994), although the large proportion of unmarked individuals in 

the population of P. brachyotis studied would suggest that the levels of overlap 

found in this study are minimums. High degrees of overlap in home ranges are 

expected since rock-wallabies do not defend foraging areas (as found in P. 

penicillata; Jarman and Bayne 1997). Instead, it is suggested that male rock-

wallabies have smaller contiguous shelter site ‘territories’ that encompass the 

shelters of up to several females (Jarman and Bayne 1997).  

 

In contrast to many macropods and some other rock-wallaby species (Batchelor 

1980; Fisher and Owens 2000; Sharp 2002; Laws and Goldizen 2003), male home 
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ranges were not larger than female home ranges in P. brachyotis. In many animal 

taxa, male home ranges are larger to encompass the home ranges of several females 

and/or to access greater food resources to meet the energetic needs of larger body 

size in sexually dimorphic species (Harestad and Bunnell 1979; Perry and Garland 

2002). No differences in home range area were also found between the sexes in P. 

assimilis (Horsup 1994). The similar home range areas found between the sexes in P. 

brachyotis and P. assimilis may be due to the lack of sexual dimorphism present in 

these species. Both sexes in these species would need to range similar distances to 

find sufficient food to meet their physiological requirements. Furthermore, as found 

in other macropod species (Fisher and Owens 2000), since there is a high density of 

animals at the site and considerable overlap of female home ranges, males have 

adequate access to many females without widening their home ranges. 

 

Our finding that two males never simultaneously sheltered in the same den in an 

outcrop supports the hypothesis of males having shelter site territories. Other studies 

of P. penicillata have also found shelters to be simultaneously used by two females, 

females and juveniles, or males and females, but never by two males (Batchelor 

1980). This finding of male – male intolerance concurs with behavioural studies that 

found male P. penicillata were rarely within five metres of each other (Jarman and 

Bayne 1997). Female rock-wallabies are also often aggressive towards each other 

and exhibit a dominance hierarchy (Goldstone and Nelson 1986; Horsup 1996; 

Bulinski et al. 1997). The sharing of dens by females, as suggested in this study, may 

often be between mothers and daughters, a hypothesis supported by recent genetic 

research of P. penicillata that suggests females live in clusters of related females 

(Hazlitt et al. 2004). 
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We found the number of dens used by P. brachyotis varied, but on average four dens 

were used by individual animals. As well as having dens deep within outcrops, P. 

brachyotis were sometimes flushed from more exposed resting sites such as under 

the side of boulders, particularly late in the day. Other authors have also found 

individual P. penicillata persistently using the same small set of dens, but also more 

insecure resting sites (Batchelor 1980; Jarman and Bayne 1997). A range of exposed 

resting sites may be favoured in response to particular environmental conditions, but 

it is unclear why more than one den is used. Senior indigenous people in the region 

suggest use of a range of dens is a behaviour to avoid predation (Chapter 2). 

Certainly predators in the region such as carpet and olive pythons (Morelia spilota 

and Liasis olivaceus) could access the dens and drive such a response. If a linear 

dominance hierarchy for dens exists as found for other species (Batchelor 1980; 

Barker 1990), a relationship between the number of dens used and body size could 

occur. Larger individuals, which tend to be dominant, may use one highly sought 

after den site and subordinate animals use a range of less optimal sites. However, we 

did not find such a relationship for P. brachyotis. For P. brachyotis, study of a group 

of marked rock-wallabies with a known social structure is necessary to investigate 

whether den choice is indeed hierarchical and why a range of dens are used by an 

individual.  

 

The information about the home range and habitat use of P. brachyotis gathered in 

this study adds to our knowledge of tropical rock-wallabies. It was striking how 

similar the use of space of P. brachyotis was with that reported for P. assimilis of the 

wet - dry tropics of Queensland (Horsup 1994). Thus, in response to environmental 
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conditions and the resources available, some ecological characteristics may be most 

similar between rock-wallaby species within a climatic zone. However, there were 

also aspects of the ecology of P. brachyotis that seemed to corroborate with that 

found across the Petrogale genus and may reflect the restrictions placed upon the 

ecology of the genus by use of fixed dens. For conservation and management of 

rock-wallabies, it is important that we understand their requirements for shelter sites, 

but also maintain the range of habitats and food resources present in the vicinity of 

these shelters.  
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7 Chapter 7  Relatedness of colonies of P. brachyotis 

7.1 Abstract 

This study offers both a first examination of the phylogeography of a mammal species in 

north-western Australia, and an investigation of the extent of relatedness of rock-wallaby 

colonies in a relatively unmodified landscape. We used mtDNA and microsatellites to 

examine the genetic structure of colonies of the short-eared rock-wallaby, Petrogale 

brachyotis, and to make inferences about the biogeography of the species. Nine mtDNA 

control region haplotypes were identified within the seven colonies sampled. Unusually 

high levels of sequence divergence (7.0%) were found within colonies at Litchfield 

National Park. To cause such divergence, we postulate that there has been long-term 

population separation within P. brachyotis in large areas of rocky refugia, and 

subsequent gradual dispersal across the landscape. Microsatellite and mtDNA data 

suggested both contemporary and longer term gene flow is limited between colonies at 

distances greater than 1.2 km in this region. Microsatellite results also showed no 

evidence of inbreeding, but the higher genetic variation found in the Kakadu National 

Park population suggested this is a larger, more well-connected population, compared to 

the smaller, more isolated colonies at Litchfield National Park.  
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7.2 Introduction 

Phylogeographic studies have offered new insights into the biogeographic patterns 

within and between species, and the processes that have led to these patterns in different 

parts of the world (Bermingham and Moritz 1998). For example, in south-eastern USA, 

concordant phylogeographic discontinuities were found across many freshwater fish and 

coastal taxa suggesting species were affected by similar events of vicariant population 

separation (Bermingham and Avise 1986; Avise 1992). Also, molecular studies of many 

European species suggest that populations have been isolated and diverged in glacial 

periods, and then have recolonised the landscape and remerged as climates have warmed 

(Taberlet et al. 1995; Kvist et al. 1999) 

 

North-western Australia has some of the highest mammal diversities in Australia 

(Woinarski 1992), but the biogeography of the species has been largely neglected. Broad 

analyses of species diversities have suggested some common patterns across taxa 

(Woinarski et al. 1992), but there has been little investigation of the evolutionary 

processes involved. The mammalian fossil record in northern Australia is limited to 

some poorly dated mid Tertiary deposits and a few Quaternary deposits such as 

Riversleigh (Archer et al. 1991) As a result, beyond simple recognition of the climatic 

oscillations and aridity associated with the glacial cycles, there is limited understanding 

of the historic environments of the region since the late Tertiary (Bowman 2002). 

Molecular techniques now present an opportunity for understanding the biogeography of 

many species in regions such as this. Furthermore, Schneider and Moritz’s (1999) 

phylogeographic work in the wet tropics of eastern Australian found profound insights 

even in an environment with a more extensive historical context. 
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One group of species that has great potential to shed insight into the evolutionary 

processes of the regions it inhabits is the rock-wallabies (genus Petrogale, family 

Macropodidae). In contrast to the extremely conservative karyotypic evolution found in 

most marsupials, there is exceptional chromosomal diversity within the 16 species of 

rock-wallaby in Australia (Sharman et al. 1990; Eldridge and Close 1993). Rock-

wallabies inhabit discrete rocky habitats and form small colonies within these habitats 

(e.g. < 5 to 100 animals per colony in P. penicillata, Jarman and Bayne 1997). 

Contemporary effective dispersal between colonies has been found to be rare (Pope et al. 

1996; Sharp 1997a). The small population sizes and lack of dispersal between colonies 

have likely facilitated the remarkable karyotypic diversity between the species.  

 

Although the distinctive population structure and rapid genetic divergence of rock-

wallabies suggest the phylogeographic patterns of the species may be interesting, to date, 

genetic studies have focussed on documenting contemporary patterns of inter-colony 

dispersal and within colony structuring (e.g. Pope et al. 1996; Eldridge et al. 2001b; 

Hazlitt et al. 2004). Little attention has been given to the longer term patterns of gene 

flow and the within-species divergence of rock-wallaby species across the landscape. 

Furthermore, studies of the population genetics of rock-wallabies have usually examined 

fragmented populations of threatened species. For example, populations of the brush-

tailed rock-wallaby P. penicillata, in temperate Australia, and the yellow-footed rock-

wallaby P. xanthopus, in semi-arid Australia, have commonly been studied. These 

populations are now a small subset of their former range due to declines in density and 

the local extinction of some colonies (Copley 1983; Jarman and Bayne 1997; Eldridge et 

al. 2001b). Studies with both mtDNA and microsatellite markers have shown each 

colony to be genetically distinct in these species (Pope et al. 1996; Browning et al. 2001; 
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Eldridge et al. 2001a; Eldridge et al. 2001b), but it is unclear how much this pattern is a 

product of these recent local extinction events.  

 

In the tropical north of Australia, the landscapes remain relatively unmodified as 

National Parks, Aboriginal Land or continuous tracts of cattle-farmed savannah 

woodland, and the rock-wallaby species in the region are largely secure in conservation 

status (Department of the Environment and Heritage 1999). Therefore, study of these 

rock-wallaby species will allow us to determine the scale at which contemporary and 

longer-term gene flow has occurred between colonies of rock-wallabies that have not 

suffered recent fragmentation and contractions in range. Such a study will also be the 

first examination of phylogeographic patterns within a mammal species of the region. 

 

The rock-wallaby species in north-western Australia form a unique group of 

taxonomically distinct species. The three species, the short-eared rock-wallaby P. 

brachyotis, nabarlek P. concinna and monjon P. burbidgei (collectively known as the 

brachyotis group), are the most chromosomally divergent of the Petrogale species 

(Eldridge and Close 1997). They are thought to have evolved from a common ancestor 

and speciated in northern Australia in isolation from the rest of the Petrogale genus 

(Maynes 1989; Eldridge and Close 1997). Molecular clock inferences suggest that 

speciation of the brachyotis group from other Petrogale occurred early relative to that of 

other rock-wallaby species (dated to 3.7 MYBP), and speciation within the brachyotis 

group has subsequently occurred (~2.2 MYBP, Campeau-Peloquin et al. 2001). Thus 

there have been long periods of time for change and divergence both between and within 

the species to occur.  
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In this study, we examined the genetic structure of colonies of the short-eared rock-

wallaby, P. brachyotis, which is the largest (up to 5.5 kg), most widespread and common 

member of the brachyotis group (Sharman et al. 1995). Petrogale brachyotis is found in 

many rocky habitats from the Kimberley of Western Australia across the north of the 

Northern Territory, Australia. The varied morphs of P. brachyotis led to it being 

previously described as four species (P. brachyotis, P. venustula, P. wilkinsi and P. 

longmani), which were later restored to the one species P. brachyotis. Three allopatric 

races have subsequently been designated (the Kimberley, Victoria River and Arnhem 

Land races; Sharman et al. 1995) but have not been verified with genetic techniques. 

This Arnhem Land race incorporates the highly variable specimens that were used to 

erect the species P. venustula, P. wilkinsi and P. longmani, and the colonies studied in 

this research fall within the area covered by this race.  

 

We examined the phylogeography and genetic differentiation of seven colonies of P. 

brachyotis in the tropics of the Northern Territory using mtDNA analyses. We also 

investigated the genetic variation and inbreeding levels within three of these colonies 

using microsatellite analyses.  

 

7.3 Methods 

7.3.1 Sample collection and DNA extraction 

A total of 105 P. brachyotis was trapped between November 2002 and August 2004 

from seven colonies. To investigate the scale at which matrilineal gene flow has 

occurred, three P. brachyotis colonies in close proximity (1.2 to 4 km apart) were 

sampled at Litchfield National Park (NP) and another three colonies were sampled along 

a transect (running south-east) at distances up to 135 km from Litchfield NP (Fig. 7.1). 
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Fig. 7.1 Sites where Petrogale brachyotis were sampled and sample sizes at each site in the 

tropics of the Northern Territory, Australia.  
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For comparison, samples were also collected at East Alligator in Kakadu NP, some 250 

km east of Litchfield NP, in an area of extensive rocky outcrops at the edge of the 

escarpment of the Arnhem Land Plateau (refer to Table 7.1 for sample sizes at each 

colony).  

 

Microsatellite analyses were also conducted to further understand genetic diversity 

within, and differentiation among, colonies. However, these analyses were limited to the 

three colonies where large sample sizes were collected (n > 10). Two of these colonies 

were in close proximity in Litchfield NP (4 km apart) and the East Alligator colony was 

much further away (250 km east). All sampled colonies are present in discrete rocky 

habitats but other unsampled colonies may also be present between them. The number of 

samples collected from each colony did not necessarily correlate with population density 

at the colonies.  

 

Animals were trapped in ten 38 cm x 38 cm x 76 cm collapsible treadle traps (Mascot 

Wireworks, Australia), baited with apple and a mixture of peanut and oats. Traps were 

positioned on outcrops and in areas between outcrops where high densities of scats were 

present. Trapped animals were sexed and weighed, and a 4 mm ear biopsy was taken. 

Samples were preserved in 90% ethanol before total cellular DNA was extracted using 

the ‘salting out’ method (Sunnucks and Hales 1996). 

 

7.3.2 Amplification and screening 

Variation in the hypervariable left domain of the mtDNA control region was determined 

using single strand conformation polymorphism (SSCP) (Sunnucks et al. 2000) and 

polymerase chain reaction (PCR) amplification for samples from all seven colonies. To 

investigate sequence differences among haplotypes identified, PCR products from 
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Table 7.1 Locations of sampled colonies, sample sizes and number of individuals with each 

haplotype in seven colonies of Petrogale brachyotis 

 Latitude Longitude Sample 
size 

A B C D E F G H I 

East Alligator 12o 26’S 132o 56’E 32 23 7 2       

Umbrawarra Gorge 13o 57’S 131o 41’E 8      7 1   

Butterfly Gorge 13o 43’S 131o 34’E 6    5 1     

Robin Falls Apostles 13o 20’S 131o 07’E 10     10     

Aida jump-up 13o 07’S 130o 48’E 5     3   1 1 

Buley turn-off 13o 07’S 130o 48’E 30     10   19 1 

Florence Falls 13o 05’S 130o 47’E 14         14 
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between 1 and 4 representatives of each haplotype were sequenced using BigDye 

termination (Perkin-Elmer Applied Biosystems) and resolved on an ABI 377 sequencer. 

 

For samples from the three colonies with large sample sizes, each animal was genotyped 

for 10 polymorphic microsatellite loci. Loci were derived from the following libraries: 

six from the allied rock-wallaby (P. assimilis): Pa55, Pa297, Pa385, Pa593, Pa595, 

Pa597 (Spencer et al. 1995), three from the tammar wallaby (Macropus eugenii): Me2, 

Me15, Me17 (Taylor and Cooper 1998) and one from the eastern grey kangaroo (M. 

giganteus): G26.4 (Zenger and Cooper 2001). Detection of microsatellite alleles from 

genomic DNA was conducted using techniques as described previously (Spencer et al. 

1995; Taylor and Cooper 1998; Zenger and Cooper 2001). 

 

7.3.3 Genetic diversity 

mtDNA control region sequences were aligned and edited using SEQUENCHER (version 

4.1, Gene Codes Corporation 2000). MtDNA haplotypic and nucleotide diversities 

within colonies were determined in ARLEQUIN (version 2.0 Schneider et al. 2000). 

 

Conformance to Hardy-Weinberg equilibrium for each microsatellite locus and linkage 

disequilibrium within each of the three examined colonies was carried out in GENEPOP 

(version 3.1, Raymond and Rousset 1995) using the Markov chain method with 1000 

iterations. P values were adjusted using the sequential Bonferroni procedure (Rice 1989). 

Allele frequency, observed heterozygosity (Ho), expected heterozygosity (HE) and allelic 

diversity corrected for sample size (An) were calculated using FSTAT (version 2.9.3, 

Goudet 1999). Differences in HE and An between the three colonies were tested with 

Friedman’s ANOVA using STATISTICA (version 6.1, Statsoft 2002). Inbreeding levels 

(FIS) were also examined at each locus for each population in FSTAT. 



Chapter 7 Relatedness of colonies of P. brachyotis 

171 

 

7.3.4 Genetic structure and phylogeography 

Distance matrices were constructed with the Kimura two-parameter model and mtDNA 

differentiation (pairwise ΦST) between all seven colonies was assessed (with 10 000 

permutations) in ARLEQUIN. Phylogenetic trees were built using 1000 bootstrap 

replicates of neighbour-joining and maximum parsimony techniques in PAUP* (version 

4.0, Swofford 2003). Brush-tailed rock-wallaby (P. penicillata) sequence (from Woko 

National Park) was used as an outgroup in these analyses. 

 

Differentiation among the three colonies in the microsatellite data was assessed by 

calculating pairwise FST using 1000 permutations in FSTAT. 

 

7.4 Results 

7.4.1 Genetic diversity 

SSCP analysis identified nine mtDNA control region haplotypes among the 105 

individuals of P. brachyotis (Table 7.1). Between 520 and 630 bp of mtDNA control 

region sequence was obtained for each distinct haplotype. mtDNA haplotypic and 

nucleotide diversities were highest at the Aida and Buley colonies at Litchfield NP ( h 

range 0–70%, π  range 0–2.94%, Table 7.2)  

 

The three colonies of P. brachyotis examined conformed to Hardy-Weinberg equilibrium 

at all microsatellite loci and there was no significant linkage disequilibrium (P > 0.05). 

The average number of alleles detected per locus was 6.35 ± 0.128, ranging from 2 to 13 

(Table 7.2). The average heterozygosity (HE) and corrected allelic diversities (An) were 

significantly higher in the East Alligator population than in the Litchfield populations  
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Table 7.2 mtDNA diversity indices for seven colonies and microsatellite diversity indices for 

three populations of Petrogale brachyotis (h haplotypic diversity, π  nucleotide diversity,  A 

mean number of alleles per locus, An mean number of alleles corrected for common sample 

size of 14 individuals, HE mean expected heterozygosity, FIS inbreeding levels) 

Sample location mtDNA diversity Microsatellite diversity 

 % h (± S.D.) % π  A (± S.D.) An (± S.D.) HE (± S.D.) FIS 

East Alligator 44.56 (± 8.7) 0.26 7.8 (± 0.3) 6.6 (± 0.3) 0.782 (± 0.01) 0.022 

Florence Falls 0.00 (± 0.0) 0.00 3.4 (± 0.1) 3.4 (± 0.1) 0.550 (± 0.01) -0.014 

Buley  50.34 (± 6.4) 0.87 4.6 (± 0.2) 4.2 (± 0.2) 0.619 (± 0.02) 0.014 

Aida 70.00 (± 21.8) 2.94     

Robin Falls 0.00 (± 0.0) 0.00     

Butterfly Gorge 33.33 (± 21.5) 0.16     

Umbrawarra Gorge 25.00 (± 18.0) 0.20     
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(HE: χ2 = 9.80, P < 0.0075; An: χ2 = 11.128, P < .0038), but the Litchfield populations 

(Buley and Florence Falls) were not significantly different from each other. Inbreeding 

levels (FIS) were not significant at any locus in each of the three colonies (P > 0.05 

following sequential Bonferroni correction). 

 

7.4.2 Genetic structure 

Three haplotypes (A, B and C) were detected within the East Alligator population 

(Kakadu NP), with haplotype A being most prevalent (Table 7.1). At Umbrawarra Gorge 

there were two different haplotypes that were not detected at other locations (haplotypes 

F and G). All animals at Robin Falls Apostles shared one haplotype (E) and this 

haplotype, together with another haplotype (D), was found at Butterfly Gorge. Within 

Litchfield National Park, three haplotypes (E, H and I) were found at Aida and Buley, 

although only one animal had haplotype I at Buley despite a large sample size. 

Haplotype I was the only haplotype identified at Florence Falls.  

 

MtDNA differentiation (pairwise ΦST) was significant between almost all colonies 

(Table 7.3) with the exceptions being the Aida and Buley colonies at Litchfield NP, and 

between these two colonies and Robin Falls (~40 km to the south-east). 

 

All pairs of FST values between the three colonies examined with microsatellites were 

significantly different (average FST = 0.145 ± 0.02; Table 7.3). The Fst value between the 

Buley and Florence Falls colonies was moderate (0.085) but was high given the 

separation distance of only 4 km, whereas the Fst values of 0.155 and 0.195 between 

these colonies and the East Alligator colony were high, but was moderate for separations 

of 250 km.  
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Table 7.3 Differentiation between colonies of Petrogale brachyotis. Pairwise ΦST values for 

mtDNA data between all colonies below diagonal and pairwise FST for microsatellite data 

between three colonies above the diagonal 

 East Alligator Florence Buley Aida Robin Falls Butterfly 

East Alligator  0.195* 0.155*    

Florence 0.972*  0.085*    

Buley 0.861* 0.911*     

Aida 0.843* 0.854* 0.150    

Robin Falls  0.948* 1.000* 0.348* 0.166   

Butterfly 0.938* 0.993* 0.287* 0.144 0.851*  

Umbrawarra 0.935* 0.989* 0.456* 0.265* 0.856* 0.758* 

*significant after Bonferroni correction at P < 0.05 
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7.4.3 Phylogeographical analyses 

Phylogenetic analyses revealed three distinct groups of haplotypes within the colonies of 

P. brachyotis sampled (Fig. 7.2). One clade was formed by the three haplotypes from 

East Alligator (Kakadu NP), which had similar control region sequences (average 

divergence 0.7%). A second clade was formed solely by haplotype I. Haplotype I was 

highly distinct, differing by an average of 6.7% (range 6.1–8.3%) from all other 

identified P. brachyotis haplotypes (Table 7.4). The other five haplotypes (D–H), found 

in the populations between Litchfield NP and Umbrawarra Gorge, formed a third clade 

of genetically similar haplotypes (average sequence divergence 0.8%). Between the East 

Alligator haplotypes (A–C) and haplotypes D–H, there were substantial levels of 

divergence (average 3.7%). The average divergence between the outgroup P. penicillata 

and all P. brachyotis haplotypes was 13.8%. 

 

7.5 Discussion 

7.5.1 Phylogeographic patterns 

We found exceptionally high levels of mtDNA sequence control region divergence 

(7.0%) within populations of P. brachyotis at Litchfield National Park. In other animal 

taxa, such divergent haplotypes have only rarely been identified at single locations 

(Bermingham and Avise 1986; Wayne et al. 1990).  

 

In other rock-wallaby species, the level of control region sequence divergence found in 

P. brachyotis has previously only been found between subspecies or races, not within a 

single population. For example, 5.3% average sequence divergence separates subspecies 

of the yellow-footed rock-wallaby (P. xanthopus xanthopus and P. xanthopus celeris, 

~1000 km apart, Pope et al. 1996), and 7.7% average divergence exists between the 
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Fig. 7.2 Phylogenetic tree of nine haplotypes of Petrogale brachyotis from seven populations 

in the tropics of the Northern Territory and rooted using P. penicillata as an outgroup. 

Numbers on branches indicate percent of bootstrap replicates (when ≥  70%) conforming to 

each branching (neighbour-joining above line and maximum parsimony below line). 
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Table 7.4 Sequence divergence between haplotypes of Petrogale brachyotis and P. 

penicillata found using the Kimura 2-parameter distance model 

 P. penicillata P. brachyotis 

  I A C B H D E F 

I 0.143         

A 0.125 0.061        

C 0.163 0.083 0.004       

B 0.130 0.063 0.006 0.012      

H 0.142 0.070 0.036 0.044 0.039     

D 0.137 0.066 0.034 0.042 0.037 0.008    

E 0.132 0.064 0.032 0.045 0.036 0.010 0.005   

F 0.134 0.063 0.032 0.045 0.036 0.013 0.008 0.006  

G 0.132 0.066 0.031 0.043 0.034 0.008 0.006 0.005 0.008 
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Victorian and New South Wales populations of P. penicillata (~400 km apart, Browning 

et al. 2001). Even at the species level, 7.6% divergence has been found between P. 

penicillata and P. herberti (Browning et al. 2001). The levels of divergence we found 

within colonies of P. brachyotis raise questions about either the validity of some 

taxonomic designations in other rock-wallaby species or the taxonomy of P. brachyotis. 

 

Typically in rock-wallabies, a single haplotype or a few closely related haplotypes are 

present in each population (Pope et al. 1996; Browning et al. 2001). The divergent 

haplotypes within colonies of P. brachyotis raise questions about the mechanisms that 

have given rise to such divergence. Fernando et al. (1999) describe three possible 

mechanisms that could explain the relatively high levels of divergence found between 

haplotypes of Asian elephants within Sri Lanka: (1) incomplete lineage sorting, (2) 

introgression of mtDNA through hybridization with a closely related species, and (3) 

ancestral isolation in allopatry with secondary admixture. We explore these hypotheses 

for P. brachyotis below.  

 

The first hypothesis of lineage sorting by random genetic drift can only occur if the 

effective population size is very large, since persistence of two lineages is only expected 

to occur for 4Ne generations (Avise et al. 1988; Georgiadis et al. 1994). Petrogale 

brachyotis populations are currently small (generally < 100 individuals per colony, pers. 

obs.) and are unlikely to have been vastly different in historical times given the reliance 

of rock-wallabies on rocky habitats and shelter sites that limit colony numbers (Jarman 

and Bayne 1997). Thus this hypothesis has little merit. 

 

The second hypothesis of hyridisation is possible since introgression is known to have 

occurred between parapatric rock-wallaby species in eastern Australia (Sharman et al. 
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1990; Bee and Close 1993). Hybridization may have occurred with the nabarlek, P. 

concinna, which is found at some sites with P. brachyotis. This is generally unlikely 

given the different size of P. brachyotis and P. concinna (up to 5.5 kg cf. up to 1.5 kg), 

but possible between a young male P. brachyotis and mature female P. concinna or 

between a young female P. brachyotis and mature male P. concinna. Yet, their sympatry 

at many sites suggests there is strong ecological separation and reproductive isolation 

between the two species. Comparison of the mtDNA sequence of P. concinna with the 

haplotypes found in P. brachyotis is needed to confirm that introgression has not 

occurred.  

 

Hybridization may also have occurred if the currently described P. brachyotis actually 

includes other taxa and there has been introgression between these species. Alternatively, 

a further taxon that is now extinct may have been involved in hybridization.  

 

The third hypothesis of allopatric divergence and secondary admixture is also plausible 

for P. brachyotis. Locations where individuals have relatively high levels of divergence 

are often understood to be contact zones between two separate lineages that have merged 

after isolation (e.g. in European blue tits, Kvist et al. 1999; northern bettongs, Pope et al. 

2000; and common voles, Fink et al. 2004). Thus, similarly, two P. brachyotis lineages 

may have been isolated and the Litchfield area may represent a secondary contact zone. 

However, the geographic barriers that led to allopatry between populations of P. 

brachyotis are not immediately obvious. 

 

Within the time that the species of the brachyotis group have been present in northern 

Australia (~2.2 MY, Campeau-Peloquin et al. 2001), there have been major changes in 

the environments of northern Australia. Large variations in climate associated with 
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glacial and interglacial cycles have led to changes in the extent of vegetation 

assemblages, such as the dominance of rainforest across the region (Russell-Smith et al. 

1993). There are many endemic and vicariant species present in the extensive rocky 

plateaux and escarpments of Arnhem Land and the Kimberley of Western Australia (Fig. 

7.3), which suggests these areas have acted as major refugia at multiple times (Ford 

1978; Woinarski 1992; Woinarski and Gambold 1992; Shapcott 1998). For example, the 

Arnhem Land rock-rat (Zyzomys maini) and Kimberley rock-rat (Zyzomys woodwardi) 

found in these areas are morphologically similar and were likely once to have been one 

species before populations became isolated and diverged. The Joseph Bonaparte Gulf, 

the more arid stretch of land between the Kimberley and Arnhem Land, has also been 

identified as a barrier that has driven speciation and subspeciation in many bird taxa 

(Ford 1978).  

 

For P. brachyotis, the arid conditions of a glacial period may have caused local 

extinction of populations between Arnhem Land and the Kimberley, and the isolated 

populations that remained in the large rocky refugia of these areas may have 

subsequently diverged over time. Haplotype ‘I’ found in this study may have diverged in 

the Kimberley or in situ in the rocky habitats of the Litchfield Mt Tolmer plateau at a 

time when it was more isolated. 

 

Following this period of population retraction and isolation, gradual dispersal and 

recolonisation of suitable habitat patches across the landscape would have occurred (Fig. 

7.3). The increasing levels of divergence with distance that we generally found between 

colonies across the landscape support this hypothesis. If dispersal occurred westward 

from the refugia of the Arnhem Land Plateau, intermediate haplotypes should be present 

in the populations situated between the clade of haplotypes at East Alligator in Kakadu  
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Fig. 7.3 Existing records of Petrogale brachyotis, sample sites and potential patterns of post-

glacial dispersal from refugia in the Kimberley and the Arnhem Land Plateau in north-

western Australia. 
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National Park (A–C) and the haplotypes further to the west (D–H). This hypothesis 

should now be examined by sampling colonies in this intermediate zone between the two 

areas sampled in this study. Further sampling in the Kimberley and other populations in 

the vicinity of Litchfield NP and south around the Joseph Bonaparte Gulf would also 

clarify whether the Litchfield area is a contact zone between two previously separated 

lineages that have remixed from the east and west. 

 

7.5.2 Inter-colony gene flow and intra-colony genetic variation 

At a distance of 1.2 km (between the Buley and Aida colonies) the presence of the same 

haplotypes suggests female-mediated mixing has occurred between these two colonies 

through time. However, at a distance of 4 km (between the Florence Falls and Buley 

colonies), the different haplotype frequencies and significant differentiation found, 

suggest maternal gene flow has been very rare at this scale. Clearly the mtDNA results 

imply maternal gene flow between most colonies of rock-wallabies has been restricted 

and infrequent at distances greater than 1.2 km over long periods of time. However, 

given that dispersal in rock-wallabies is thought to be male-mediated (Sharp 1997a) and 

females are very sedentary, exhibiting strong philopatry (Hazlitt et al. 2004), it is also 

important to consider nuclear markers to understand gene flow. Our microsatellite data 

also showed significant differentiation between the Florence Falls and Buley colonies, 

confirming that contemporary male dispersal is also limited at this scale. 

 

The lack of differentiation between the Aida and Buley colonies and the Robin Falls 

colony (~40 km apart) is probably due to the presence of haplotype E at all of these sites. 

Since gene flow appears to be limited at distances of 4 km, it is unlikely that the 

presence of this haplotype represents contemporary gene flow between these colonies. 

Also, the levels of sequence divergence between the D–H haplotypes (0.8%) are of a 
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similar magnitude to that found in populations separated by 10–70 km in P. xanthopus 

celeris (0.42% sequence divergence, Pope et al. 1996) and within Victorian populations 

of P. penicillata (1.3% average sequence divergence, Browning et al. 2001). Thus, these 

levels of divergence suggest longer-term separation of colonies, and it is more likely that 

haplotype E was a common allele in the ancestral population that recolonised these areas 

and that the other closely related haplotypes present (such as D and H) may have 

diverged from this haplotype in situ. 

 

The levels of genetic variation detected in the colonies of P. brachyotis with 

microsatellites are similar to those observed in colonies of other rock-wallaby species 

(Pope et al. 1998; Eldridge et al. 1999; Hazlitt et al. 2004). There was significantly 

greater genetic variation in the East Alligator colony at the edge of the Arnhem Land 

escarpment compared to the more isolated colonies in the small rocky outcrops and 

gorges of Litchfield NP. The rocky habitats at the edge of the Arnhem Land Plateau 

currently support numerous and often large (n > 100) colonies of P. brachyotis (pers. 

obs.). Thus, as in the historical past, the large, well-connected populations at the edge of 

the Arnhem Plateau may act as source populations for other smaller colonies in the 

region. Yet despite the relative isolation of the Litchfield colonies, as found in mainland 

populations of other rock-wallaby species (Spencer et al. 1997; Eldridge et al. 2004; 

Hazlitt et al. 2004), we detected no evidence of inbreeding in these colonies. Gene flow, 

while occurring infrequently, must occur at a rate that maintains genetic diversity, 

although this diversity may also be being maintained by within colony social structuring 

(Spencer et al. 1997; Hazlitt et al. 2004). 
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7.5.3 Conclusions and implications 

This study offers the first examination of the population genetics and phylogeography of 

a mammal species in north-western Australia. The phylogeographic pattern found in P. 

brachyotis suggests that the mammals in the region may have been affected by similar 

large-scale retraction events that have led to speciation and vicariance in other taxa. In 

the absence of the one extremely divergent haplotype found, conservation of colonies of 

P. brachyotis across its distribution would conserve genetic diversity. Yet the presence 

of this divergent haplotype suggests that geographic distance is not necessarily a good 

indicator of genetic variation within this species. Each colony (at distances of >1.2 km in 

this study) has a unique genetic profile, and should be conserved to maintain genetic 

diversity. The phylogeography of P. brachyotis across its distribution and of its sister 

species, P. concinna and P. burbidgei, should be examined to further illuminate the 

biogeographic patterns and processes that have occurred in the region. 
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8 Chapter 8  Synthesis and conclusions 

8.1 Synthesis 

This study was the first examination of many aspects of the ecology of the rock-dwelling 

macropods of the tropics of the Northern Territory, and represents a significant 

contribution to our knowledge of these species. A particular focus of the study was to 

investigate the comparative ecology and mechanisms of niche separation between the 

species. Therefore, in this discussion I synthesise the similarities and differences found 

between the species, and make suggestions for future research of their ecology. I then 

examine the implications of the research for conservation and management, and discuss 

the relative success of the techniques employed.  

 

8.2 The comparative ecology of the rock-dwelling macropods 

The rock-dwelling macropod species of the tropics of the Northern Territory were 

viewed as a natural group by indigenous consultants in western Arnhem Land and this 

grouping was supported by some of the findings of our scientific studies. The similarities 

found within the group included their use of rocky habitats and strong association with 

rugged terrain (Chapters 2 and 4), use of caves for shelter (Chapters 2 and 6), use of 

rainforests, woodlands and rock-flora communities (Chapters 2 and 4), largely nocturnal 

habits (Chapters 2 and 6), some common dietary items such as hummock grass Triodia 

microstachya, and the ability to consume a broad range of items including grass and 

browse leaves, fruit, flowers and seeds (Chapters 2 and 5). The research also found the 

species used higher proportions of browse in the dry season than the wet season (Chapter 

2 and 5) and lose fur and body condition at this time (Chapter 2). However, these last 

trends reflect the availability of resources and may be common across many fauna 
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species of the monsoon tropics, rather than being characteristics unique to the rock-

dwelling macropods.  

 

Often aspects of the ecology of the rock-dwelling macropods were most similar within 

each congeneric pair of species and greater differences were present between the genera. 

For example, in the dry season the Petrogale (rock-wallaby) species had a broadly 

browsing diet and the larger Macropus (wallaroo) species used a broadly grazing diet 

(Chapter 5). There were distinct similarities in water use within each congeneric pair: the 

rock-wallaby species find water in seeps amongst the rocks or do not need to drink free-

standing water (Chapter 2 and 6); whereas the larger wallaroos use water holes and 

creeks, in addition to seeps amongst the rocks (Chapter 2). The rock-wallabies also have 

strict requirements for shelters, generally in crevices and caves (Chapter 2 and 6), 

whereas the wallaroos can rest in a broader range of micro-habitats including the shade 

of rock-overhangs, trees, hummock grass and shrub thickets, rainforests and sandy creek 

beds (Chapter 2).  

 

Some results of our research grouped M. robustus with P. brachyotis, and M. bernardus 

with P. concinna. For example, M. robustus and P. brachyotis appeared to be more 

generalist in their use of habitats, vegetation types and ability to use varied food 

resources when available (Chapters 2, 4 and 5). In contrast, our results indicated M. 

bernardus and P. concinna were more specialist in their habitat requirements and 

possibly their food requirements (Chapters 2, 4 and 5). Macropus bernardus and P. 

concinna both have restricted distributions, greater requirements for rugged terrain and 

were present in a narrower range of vegetation types (Chapter 4).  
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Differences were also apparent between the species of each genus which suggested some 

mechanisms of their niche separation. Macropus bernardus had a greater association 

with sedge plains and tussock-grass areas of the Arnhem Land Plateau than M. robustus 

(Chapter 4). Our survey of habitat requirements at the local scale suggested the presence 

of M. bernardus was most strongly influenced by rockiness, whereas M. robustus was 

most influenced by vegetation type (Chapter 4). There was also some evidence that the 

niche overlap of these species may change seasonally, with M. robustus moving out into 

the woodlands in the dry season to consume grasses, whereas M. bernardus remains 

restricted to the ‘proper’ rock country and relies more heavily on browse species 

amongst these rocky habitats (Chapter 2 and 5).  

 

Between the rock-wallaby species, there were fewer mechanisms of niche separation 

apparent from either indigenous knowledge or the scientific studies. Our habitat analysis 

suggested P. concinna has greater requirements for rugged terrain than P. brachyotis 

(Chapter 4) and this trend was supported by the description by indigenous consultants 

that P. concinna lives “deep in the rock country, away from human scent” (Chapter 2). 

Contrary to other studies (Sanson et al. 1985; Churchill 1997), we found little evidence 

of differences between the diets of P. concinna and P. brachyotis (Chapter 2 and 5). Our 

understanding of the niche partitioning between these species was limited by the few 

sites where we found P. concinna in our scientific studies. However, indigenous 

consultants also suggested few differences in the ecology of these species (Chapter 2), 

suggesting the mechanisms of their niche separation may be subtle.  

 

8.2.1 Research priorities for understanding the ecology of the species 

Clearly more study of the ecology of P. concinna is needed at a range of locations. The 

distribution of P. concinna should be confirmed by collecting scats at sites where the 
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species is potentially present and analysing the DNA within the scats. Use of DNA in 

scats is becoming more feasible as the techniques are refined (Davison et al. 2002; 

Piggott 2004). Certainly, analysis of the DNA in scats will be logistically simpler than 

trying to catch or visually identify P. concinna. Indigenous people in the region know of 

sites where they have observed and hunted P. concinna, and to utilise this knowledge, 

surveys for the species should be conducted collaboratively with Aboriginal 

communities where possible. 

 

If sites are found where P. concinna but not P. brachyotis is present, the distributions of 

scats at these sites could be used to determine broad habitat use of the species (Chapter 

3). Scats identified with DNA analysis should also be used to determine the diet of P. 

concinna across the landscape and in both seasons. In this case, analysis should include 

sites where P. concinna is sympatric with P. brachyotis or P. burbidgei to investigate 

differences in the diet of these species. It would also be particularly interesting to include 

in this analysis the offshore islands of the Kimberley where P. concinna is thought to 

have speciated (Maynes 1989).  

 

More fine-scale study of diet is also needed to clarify the dietary overlap of M. 

bernardus and M. robustus. Such a study should include analysis of the relative 

importance of high protein items such as fruit, flowers, yams and the djilawanbed giant 

millipede described by an indigenous consultant (Chapter 2). Analysis of isotopes was 

certainly found to be an efficient and useful tool for understanding the diet of these 

species in the Australian monsoon tropics (Chapter 5) and should be used to quantify the 

proportions of browse and grass consumed in future studies. However, to determine diet 

to the plant species level, cuticle analysis may also need to be conducted. Furthermore, 

the recording of indigenous knowledge about the plant species eaten by the macropods 
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should be extended by accompanying more consultants on walks though habitats and 

identifying the plant species eaten until there is saturation in the plant species described 

(Chapter 2).  

 

Use of space, habitats and shelters by P. concinna, P. brachyotis and P. burbidgei should 

also be examined at sites where they coexist to understand whether these aspects of their 

ecology allow their niche differentiation. It would be particularly interesting to 

determine whether both intra- and inter-specific competitive hierarchies are present 

within and between these species for shelter sites. To achieve this, observation of P. 

brachyotis and P. concinna, which has had some success in past studies, may be possible 

(Sanson et al. 1985; Churchill 1997). If the problems with catching P. concinna can be 

overcome, radio-telemetry may be useful, and infra-red cameras could also assist in 

investigating shelter use. 

 

To further understand the niche separation of M. bernardus and M. robustus, study of 

their behaviour and habitat use in areas where both species coexist is needed. 

Observation may illuminate some behavioural differences such as use of shelters and 

resting sites, but is generally difficult due to the low frequency of sighting these animals. 

Radio-telemetry may also be useful for understanding the use of space and habitats by 

these species. However, signal interference by the rocky terrain will make radio-tracking 

difficult and moving about in these environments at night is problematic for researchers. 

Greater success may be gained with satellite transmitters. Signals from these transmitters 

will also be intercepted by rocks, but signals should sometimes be obtained particularly 

when animals are on the higher-elevated sandstone sheets of the Arnhem Land Plateau. 

Such tracking would allow estimates of the home range of the animals to be made and 

help to understand the overlap in use of space of the species. However, care would be 
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needed (if darts are used to catch the animals) to ensure sedated animals do not fall 

within the rocky terrain or return to caves where they are not accessible for attaching a 

transmitter. 

 

Our study of the phylogeography of P. brachyotis suggested that its distribution, in small 

isolated colonies associated with rocky habitats, greatly affects its population dynamics 

(Chapter 7). The study also highlighted the great potential of the rock-wallaby species of 

the brachyotis group to give insight into the evolutionary processes that have shaped the 

biogeography of the taxa of the region. The phylogeography of P. brachyotis, P. 

concinna and P. burbidgei should be further examined across their distributions. Study 

of the phylogeography of M. bernardus and M. robustus would also be interesting. For 

M. bernardus, such a phylogeographic study could illuminate whether the species has 

been through a genetic bottleneck and, for M. robustus, it may show large-scale 

contemporary and historical barriers to gene flow that have been present across 

Australia. Samples of these larger Macropus species do become available from hunting 

by Aboriginal people in Arnhem Land and could also be obtained with biopsy-punch 

darts that drop to the ground for retrieval.  

 

8.3 Conservation and management 

8.3.1 Conservation status and threats 

This research was not designed to examine the conservation status of the rock-dwelling 

macropod species. However, the studies have contributed some understanding to this 

issue. Certainly healthy P. brachyotis populations were found in many areas of the 

tropics of the Northern Territory, and our results (Chapter 7) suggest that even isolated 

colonies of this species are not inbred and are maintaining genetic variation despite 

limited inter-colony dispersal. 
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The conservation status of P. concinna remains uncertain and our results gave little 

clarity to this issue. Currently, a research project is being conducted by the Parks and 

Wildlife Commission of the Northern Territory to record indigenous knowledge of the 

past and present distributions of mammal species across northern Australia. Hopefully 

that study will shed some light on whether the distribution of P. concinna is retracting. 

However, as discussed in Chapter 2, indigenous knowledge can be confounded by 

changes in visitation rates to areas, changes in hunting practices, non-numeric 

understanding of abundance, and the cultural phenomenological view that species always 

exist in the landscape. Thus, a preferred technique for determining status of P. concinna 

would be to undertake a survey with indigenous people visiting sites where the species 

was previously known to be present and searching for signs of the species (sensu 

Pearson 1992). Broader surveys that collect scats for DNA analysis should also be 

conducted across rocky habitats in other areas not on Aboriginal land.  

 

Our research suggested scats will be a useful tool for monitoring ongoing occupancy of 

sites by the rock-dwelling macropod species of the tropics of the Northern Territory 

(Chapter 3). They can be most easily used for P. brachyotis, but may also be useful for 

the other larger macropod species. When such studies are conducted, they should: (1) use 

new, dark glossy scats; (2) be conducted in the dry season; and (3) target rocky habitats 

that are core areas of use and where rates of loss of scats are low (Chapter 3).  

 

8.3.2 Land tenure and habitat modification 

The rock-dwelling macropod species are present in many conservation reserves of the 

Northern Territory, including Kakadu National Park for all of the species, and Litchfield 

and Nitmiluk National Parks for some of the species. Most of the sandstone rocky 
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country within the Northern Territory is in National Parks, Conservation Reserves and 

on Aboriginal-owned land. Hence, the tenure of these areas is secure and the vegetation 

in these habitats is unlikely to be cleared or modified for agriculture or pastoralism due 

to the rocky nature of the terrain. 

 

As a result, the conservation of the rock-dwelling macropods largely depends on the 

management of these vast and often inaccessible rocky habitats by Aboriginal people 

and National Park staff. Within these areas, the major land management issue is fire. 

There have recently been increased efforts between Aboriginal land managers, Park 

managers and the NT Bushfires Council to achieve desired fire regimes in the sandstone 

country (http://savanna.cdu.edu.au, Russell-Smith et al. 1998). Within the National 

Parks and Conservation Reserves, disturbance by people appears to have little effect on 

persistence of the species. For example, P. brachyotis, P. concinna and M. bernardus are 

present in areas of Kakadu National Park and for some species, Litchfield National Park, 

at sites frequented by very high numbers of tourists.  

 

8.3.3 Harvesting 

Discussions with Aboriginal consultants suggested very low numbers of rock-dwelling 

macropods are harvested within western Arnhem Land and Kakadu National Park 

annually (Chapter 2). Some M. bernardus and M. robustus continue to be harvested but 

P. brachyotis and P. concinna are only hunted very occasionally. Use of vehicles and 

firearms has altered access to areas and the efficiency of harvest of some species 

(Vardon et al. 1999). However, there is no evidence that harvest rates of the rock-

dwelling macropods have increased as a result of such technology. Hunting of the rock-

dwelling macropods remains an arduous task due to their nocturnal, shy natures and the 

rugged habitats in which they live.  
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8.3.4 Predators, competitors and disease 

Indigenous knowledge suggested that the primary predators of the rock-dwelling 

macropod species are pythons, eagles and sometimes dingoes (Chapter 2). There is little 

to suggest that densities of these predators will change in abundance in the future and be 

a greater threat to the rock-dwelling macropods. Cats were not mentioned as a predator 

of these species by indigenous consultants (Chapter 2). Cats are certainly known to be 

predators of rock-wallabies in other parts of Australia (Spencer 1991; Geelen 1999) and 

are present in National Parks such as Kakadu and Litchfield (Park staff pers. comm.). It 

is not clear whether cat densities in the region are stable or increasing, and whether they 

could negatively impact on populations of the rock-dwelling macropods. While difficult, 

this would be a valuable avenue of future research.  

 

There is currently no threat to the rock-dwelling macropods from any species of feral 

competitor. Disease, however, may pose more of a threat to the species. It is feared that 

disease has the potential to decimate populations of M. bernardus and threaten the 

species given its small distribution (Curtis 2006). Disease has also been described as a 

possible agent involved in the decline of small mammal species in the region (Woinarski 

et al. 2001). 

 

8.3.5 Fire regimes 

Fire plays an integral role in structuring vegetation communities in the tropics of the 

Northern Territory and is likely to have many and varied effects on the persistence of the 

rock-dwelling macropod species in the region. It is clear from indigenous knowledge 

(Chapter 2) that the sandstone vegetation in the region is periodically burnt. However, 
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concern has been expressed that some current fire regimes (particularly frequent, large-

scale, hot fires) may be having a catastrophic effect on fire-sensitive vegetation 

communities in sandstone areas (Russell-Smith et al. 1998; Russell-Smith et al. 2002).  

 

Our research (Chapter 6 and 7) suggested P. brachyotis continues to use the same areas 

when the landscape is burnt. But given this species forages in a relatively small area in 

the vicinity of its rocky shelters (Chapter 6), it is important that fire regimes do not 

negatively impact on these food resources. There was also some evidence that 

resprouting grasses may be a significant component of the diet of the rock-dwelling 

macropods (Chapter 5) and may be particularly important in the often drought-like 

conditions of the dry season. If this is so, then fire management practices that produce 

pulses of resprouting grass at the needed times, may be critical for the persistence of 

these species. In order to ensure the conservation of these species, the range of fire 

regimes they can tolerate, including the effect of timing, frequency and intensity of fire 

on resource availability, should be examined across the landscape.  

 

8.4 Lessons from a multi-disciplinary approach 

This research project engaged a range of techniques including describing both scientific 

and indigenous knowledge. Difficulties were encountered in several aspects of the 

research including: 

• observation, which was problematic due to the shy nature of the species and 

terrain in which they live; 

• cuticle analysis of scats, which had unacceptable levels of unidentified fragments 

and from which it was difficult to achieve useful levels of resolution (e.g. to 

species or genus level); 
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• Scat identification for some species, which had high error rates (e.g. P. 

concinna); 

• Trapping of P. brachyotis, which was unsuccessful early in the dry season but 

became increasingly easy later in the season; and  

• Darting of M. bernardus, which was investigated but abandoned due to 

significant ethical and logistical issues related to sedating these animals. 

Petrogale concinna and M. bernardus continue to be elusive, and future research 

techniques will need to continue to be creative and patient in attempts to gather 

information on these species. 

 

The multidisciplinary approach of this research, however, was very effective. There was 

a high level of concordance between indigenous and scientific knowledge, and 

indigenous knowledge extended the recorded knowledge of many aspects of the ecology 

of the species. This research highlighted the value of local knowledge which should be 

utilised where available, including that held by natural historians and land managers. 

Such local knowledge is useful for guiding the questions, hypotheses and directions 

taken in scientific research, and as a prompt for investigating interesting phenomena 

unique to the species.  

 

The strengths of each knowledge system should also be acknowledged and used 

accordingly. Particular strengths of scientific techniques lie in their ability to quantify 

and find broad patterns across taxa and geographic scales. In contrast, indigenous 

knowledge strongly describes the range of behaviours exhibited by species and local-

scale differences in the ecology of the species.  
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The scientific components of this research, such as the all-night radio-tracking and 

examination of scats, were interesting and often character building. However, on a 

personal level, it was particularly enriching to work with indigenous peoples in western 

Arnhem Land. It was both humbling and exciting as a scientist to observe and 

experience the depth of knowledge held by indigenous peoples. I believe that those 

involved enjoyed teaching us about the species and the work afforded senior custodians 

respect for their knowledge. I hope that future research can be conducted with a similar 

multi-disciplinary approach to understand the ecology of the many other fascinating 

species of the tropics of the Northern Territory that are little known to science. 
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Appendix 1 

Bilingual story book about the ecology of the rock-dwelling macropods based on 

indigenous knowledge recorded in western Arnhem Land (Chapter 2). This resource was 

prepared for outstation schools in western Arnhem Land and Kakadu National Park. 

Birgit Hallenstein assisted with the preparation of the book. The text was pitched at 

lower high school level and included direct quotes to allow the voice of the indigenous 

consultants to be heard by the reader. The text is primarily in Kunwinjku, the main 

dialect and lingua franca for the region. 
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