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1. Introduction 

1.1. Mammalian social systems 

Many mammal species live in social groups that can consist of related individuals, 

family groups, or unrelated animals (Alexander 1974). Animals aggregate in order to 

better survive and reproduce in their particular environment, possibly gaining from 

shared parental care, cooperative foraging, or a reduction in predation through 

increased vigilance (Berger & Stevens 1996; Clutton-Brock 1989a; Hughes 1998; 

Johnson et al. 2002; Kleiman 1977; see also Carr & Macdonald 1986). The basic 

determinant of social organisation in animals is the mating system, and mating 

systems of mammals are generally thought to be governed by the resources available 

in the habitat, since the distribution of resources determines the spatial distribution of 

females and this, in turn, determines the distribution of males (Clutton-Brock 1989a; 

Emlen & Oring 1977; Shier & Randall 2004; Trivers 1972; Wiens 1976; Wittenberger 

1980).  

 

In very stable or predictable environments, where resources are uniformly distributed 

in space and time, females can be widely dispersed and monogamous mating systems 

are thought to be most likely (Emlen & Oring 1977; Keverne 1985; Kleiman 1977; 

Komers & Brotherton 1997; Reichard 2003). However, increasingly patchy resource 

distribution acts to ‘clump’ female distribution in areas of higher quality and promote 

polygynous systems (Clutton-Brock 1989a; Johnson et al. 2002; Orians 1969; Reynolds 

1996). In such environments, a successful breeding strategy for a male is one where he 

can gain access to multiple females through controlling, in some way, the resources 

that govern the females’ dispersion (Greenwood 1980; Perrin & Mazalov 2000; 
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Vaughan & Schwartz 1980). For example, to exclude competitors, males may exhibit 

territorial behaviour, guarding a distinct area or particular group of females 

(Carranza et al. 1996; Ostfeld 1985; Schradin 2004; Schradin & Pillay 2004; Trivers 

1972). In environments where resources fluctuate markedly however, it becomes 

disadvantageous for animals to maintain an exclusive territory. Social organisations 

tend to become more gregarious and tolerant of conspecifics, and thus more able to 

exploit ephemeral resources and breeding opportunities (Flowerdew 1987; Johnson et 

al. 2002; Wiens 1976).  

 

Extremely unpredictable habitats may favour group-living, but may fail to provide 

adequate resources for a polygamous mating system. In such situations, breeding 

may be limited to the dominant animals of the group (e.g. some African mole-rat 

species, Faulkes et al. 1997; alpine rodents, Hacklander et al. 2003; some canids, 

Kleiman 1977). Remaining with the group may better guarantee survival for 

subordinate animals at the cost of lost mating opportunities (Clutton-Brock 2002; 

Cockburn 1998a; Wiggett & Boag 1992). In some species, non-breeding animals may 

contribute to the rearing of the dominant animals’ offspring, investing in the survival 

of close relatives (e.g. siblings) or honing parental skills for a later time (Hughes 1998; 

MacDonald 1979). While this ‘helping’ behaviour is a more common phenomenon in 

birds (Langen 2000; MacColl & Hatchwell 2003), some mammalian social systems (for 

example, those of foxes, marmots, voles, and meerkats) are also known to benefit 

from subadult helpers (Allaine 2000; Clutton-Brock et al. 1998; Clutton-Brock et al. 

2003; Getz et al. 1987; Griffin & West 2002; MacDonald 1979; Roberts et al. 1998).  

 

Environmental resource availability is also thought to predict the rate of development 

of juveniles. Stable environments are thought to favour the production of altricial 
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young, whose slow maturation is sustained by predictable food resources, while the 

production of precocious young when ephemeral resources are available is thought to 

be advantageous in less stable environments (MacArthur & Wilson 1967; Pianka 1970; 

Southwood et al. 1974; Zeveloff & Boyce 1980). 

 

1.2. Social groups and dispersal 

Social group structure is maintained in part by the dispersal of juveniles. When 

maturing offspring cannot be accommodated within the natal range, due to limited 

resources or reproductive opportunities, it may become necessary for them to 

disperse (Boonstra et al. 1987; Clobert et al. 2001; Gaines & McClenaghan 1980; 

Johnson & Gaines 1990; Lambin 1994; Wiggett & Boag 1992). Dispersal may also 

function to limit inbreeding (Clutton-Brock 1989b; Cockburn et al. 1985; Flowerdew 

1987; Lambin et al. 2001; Perrin & Goudet 2001; Pusey 1987).  

 

The direct causes of dispersal, or dispersal mechanisms, are varied. Frequently, 

dispersing animals leave their natal group when competition over resources incites 

aggressive interactions (Chitty 1967; Christian 1970; Dobson & Jones 1985; Gaines & 

McClenaghan 1980; Greenwood 1980; Johnson 1986). One theory suggests that 

dispersers may be animals that have failed to develop social bonds with siblings or 

other group members (Bekoff 1977), although few studies have demonstrated support 

for this ‘social cohesion’ hypothesis for mammals other than group-living canids  

(e.g. Ferreras et al. 2004; Sharpe 2005; White & Harris 1994).  Many hypotheses 

consider dispersal from the point of view of the disperser; an individual that is 

seemingly actively seeking to maximise its reproductive success despite the high costs 

which dispersal can bring (Dobson 1982; Greenwood 1980; Johnson 1986; Perrin & 
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Mazalov 2000; Solomon 2003). However, this viewpoint does not adequately address 

the probability that reducing competition for resources via dispersal is of greater 

advantage to animals that already dominate those resources—mature adults. 

Accordingly, some theorists’ views of dispersal see the process as analogous to 

territoriality, where resource competition incites aggressive/defensive behaviour in 

dominant (adult) animals towards subordinate (juvenile) animals, precipitating the 

subordinates’ dispersal (Anderson 1989; Liberg & von Schantz 1985; Marks & 

Redmond 1987; Wiggett & Boag 1992; Wolff 1993).  

 

Mating opportunities represent a vital resource for male breeding success in 

polygamous social systems. Defence of mating opportunities by the father is thus 

thought to provoke dispersal in sons more frequently than similar behaviour by 

mothers provokes dispersal in daughters, hence the observation of male-biased 

dispersal in many mammal species (Liberg & von Schantz 1985). Similarly, it is 

thought that sex-biased dispersal should be less evident in monogamous social 

organisations (Johnson & Gaines 1990; Liberg & von Schantz 1985). 

 

For the reasons described above, knowledge about patterns of resource availability in 

the environment can be used to predict the mating system of the mammals present in 

the habitat. In turn, knowledge of a species’ mating system, and the resources which 

may be defended by established adults, can be used to suggest mechanisms and 

gender-biases of the dispersal behaviours which maintain these mammalian social 

groupings.  
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1.3. Australian arid ecosystems 

The range of habitats found in Australia is highly diverse, including tropical 

rainforest and alpine woodlands as well as expansive arid habitats in the centre and 

south west of the country. Each habitat type provides a unique system of resources, 

which vary in both space and time and which shape the social systems and behaviour 

of its inhabitant fauna.  

 

Most of the Australian continent is classified as arid or semi-arid, with these zones 

covering an estimated 70% of the land mass (Morton & Landsberg 2003). 

Characteristically impoverished soils receive low annual rainfall and endure baking 

summer temperatures and climatic cycles dominated by the El Niño system (Allan 

2003; Stafford Smith & Morton 1990). Average annual rainfall is typically 250mm or 

less in the southern arid regions, with higher temperatures producing slightly higher 

rainfall in the north (Morton & Landsberg 2003). Actual annual rainfall fluctuates 

markedly, falling unreliably and unpredictably from year to year (Adams et al. 2003). 

Compared to other arid areas of the world, Australia’s arid environment is 

particularly variable; many years of low rainfall are interspersed with short, 

extremely wet periods which have a major impact on the environment (Stafford Smith 

& Morton 1990). 

 

1.3.1. Adaptations in arid habitats  

The Australian xeric flora is highly adapted to harsh, unpredictable conditions. 

Shrublands dominated by mallee-form eucalypts are typical flora in the southern 

semi-arid zone, highly adapted for regeneration after fire or drought (Martin 1989; 
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Morton & Landsberg 2003; Sparrow 1989). Arid woodland systems are dominated by 

Eucalyptus spp. and, in drier regions, Acacia spp.; species that are highly adapted 

harvesters and conservers of resources. In regions drier still, woodlands give way to 

hummock grasslands, principally Triodia spp., or chenopod-dominated shrublands in 

areas of heavier soils. Ephemeral species grow and set seed rapidly in the periods 

following significant rainfall (Morton & Landsberg 2003).  

 

Animals have also developed highly efficient strategies for coping with the extremely 

variable arid habitat. The invertebrate fauna of Australia’s xeric regions is abundant, 

dominated by colonial species of ants and termites that are well protected from the 

vagaries of harsh climate (Morton & Landsberg 2003; Stafford Smith & Morton 1990). 

Ectothermic lizards dominate the Australian vertebrate fauna and the arid regions 

have a particularly rich diversity of reptiles (Cogger 2000; James & Shine 2000; Pianka 

1969; Read 1998). The bird fauna of the arid zone is also highly diverse, with massive 

flocks travelling great distances to converge at ephemeral water bodies (James et al. 

1999; Olsen & Doran 2002; Zann et al. 1995).  

 

A large number of mammal species also inhabit the arid regions of Australia, 

principally rodents and small-bodied carnivorous marsupials (Morton 1979; Morton 

1993; Strahan 1998). Desert mammal species have developed complex combinations of 

behavioural and physiological adaptations to ameliorate the impact of extreme 

temperatures and limited free water, typically being nocturnal, semi-fossorial and 

having the ability to extract all their water requirements from their food (Morton & 

Landsberg 2003; Shenbrot et al. 1999; Whitford 2002). Some species have also 

developed sophisticated reproductive mechanisms in order to efficiently exploit the 

‘boom and bust’ cycles of the desert. In many macropod species, embryonic diapause 
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suspends foetal development until environmental resources are sufficient to support 

reproduction (Poole 1973; Tyndale-Biscoe 2005; Wooller et al. 2003). This mechanism 

can also quickly replace pouch-young lost to predation, important in species which 

have dependent young for long periods in such an unpredictable environment 

(Strahan 1998). Other species groups, the desert rodents for example, have relatively 

short reproductive cycles, numerous precocious young and post-partum oestrus in 

order to maximise breeding success in resource-rich periods (Aslin & Watts 1980; 

Breed 1981a; Crichton 1974). Despite having generally lower reproductive rates than 

introduced European species (Yom-Tov 1985), some desert rodent populations can 

rapidly expand to ‘plague’ proportions in particularly suitable seasons (Newsome & 

Corbett 1975). 

 

1.4. Australian conilurine rodents 

Australia’s endemic rodent fauna consists of some 57 species of murids (Wilson 2003), 

the majority of which form the Tribe Conilurini—the ‘Old Endemic’ rodents. These 

species are thought to have a monophyletic origin, with evidence suggesting arrival 

in Australia around five million years ago (see Aplin 2005; Baverstock et al. 1981; Ford 

2006; Lee et al. 1981; Lidicker & Brylski 1987; Watts et al. 1992). Since then, species 

have radiated into many habitat types across the country. Morphological and 

physiological adaptations have given rise to four general groups: the small mouse-like 

forms (e.g. Pseudomys spp.); the robust, vole-like forms (e.g. Mastacomys fuscus); the 

large, arboreal forms (e.g. Mesembriomys spp.); and the saltatorial, bipedal forms (e.g. 

Notomys spp., see Watts & Aslin 1981). The ‘New Endemics’, true rats (Rattus spp.), 

became apparent in the Australian fossil record about 40,000 years ago, and a third 
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wave of rodent fauna, including Rattus rattus, R. norvegicus and Mus musculus, entered 

Australia only recently, via an association with humans (Lee 1995; Lee et al. 1981). 

 

The earliest identified species of Australian conilurine rodent, Notomys mitchelli 

(Mitchell’s hopping mouse), was captured and recorded during Major Thomas 

Mitchell’s 1836 journey through northern Victoria and western New South Wales 

(Bennett & Lumsden 1995). Subsequently some 25 rodent species have been described 

from the arid and semi-arid regions of Australia, primarily species of the genera 

Notomys and Pseudomys. At least seven of these arid-dwelling species are now thought 

to be extinct, and many more have suffered range contraction since colonisation (Lee 

1995; Watts & Aslin 1981).  

 

Early observers of Australian arid/semi-arid fauna recorded rodent species’ 

distributions and reproductive patterns, and the excavation of burrows gave insight 

into social associations (e.g. Brazenor 1956-1957; Finlayson 1941; Finlayson 1946; 

Philpott & Smyth 1967; Troughton 1946; Wood Jones 1923-1925). More recent studies 

have defined the distribution and ecology of the more cryptic desert rodent species 

(for example: Pseudomys desertor, Kutt et al. 2004; Read et al. 1999; and P. bolami, 

Moseby & Read 1998) and have examined some highly specific aspects of the ecology 

of arid-dwelling conilurine species, such as the physiological adaptations which 

reduce their need for free water (e.g. Notomys alexis, Lee et al. 1984; Wheldrake et al. 

1979; Leggadina lakedownensis, Moro & Bradshaw 1999a; Moro & Bradshaw 1999b; and 

P. hermannsbergensis, Murray et al. 1995). Several studies have also observed the 

lengthy distances travelled by some desert rodents to areas where it has recently 

rained (Dickman et al. 1995; Predavec 1994). The environmental impact of events such 

as wildfire has also been examined, suggesting that some rodent species are 
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particularly adept at colonising early succession stage sites (Letnic 2003; Masters 1993; 

Southgate & Masters 1996). Much research, principally involving N. alexis under 

captive conditions, has been undertaken into the reproductive biology of species 

known to experience extreme population increases when resources allow (Breed 

1981a; 1990a; Breed & Adams 1992; Breed & Taylor 2000; Crichton 1974; Peirce & 

Breed 2001; Smith et al. 1972). 

 

1.4.1. Behaviour of Australian rodents 

Few studies have focused directly on the behaviour and mating systems of Australia’s 

rodent fauna in the wild. It is often assumed that rodent species are social because 

several animals are seen in one location and/or multiple animals are observed to 

cohabit amicably in captivity (e.g. Copley 1999; Happold 1976a; Nel 1975; Randall 

1994; Ride 1970; Troughton 1946; Watts & Aslin 1981). Their small size and nocturnal 

habit make direct observation difficult, so many field studies involving Australian 

rodents have determined the presence of a species (or suite of species) through 

trapping in a particular habitat and have inferred behavioural mechanisms from this 

(e.g. Pseudomys apodemoides: Cockburn 1981a; 1981b; P. fumeus: Cockburn 1981c; 

1981d; P. higginsi: Monamy 1995; Notomys alexis and P. hermannsbergensis: Southgate & 

Masters 1996). 

 

Improving technology has more recently allowed the smaller rodents to be fitted with 

radio-transmitters, however, and their movements and interactions tracked quite 

closely. Field studies using this technology have contributed more robust 

observations on the behaviour of some native rodent species, their habitat utilisation 

and probable social group composition (e.g. Anstee & Armstrong 2001; Bubela & 
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Happold 1993; Leung 1999; Puckey et al. 2004). For example, radio-tracking by Maitz 

and Dickman (2001) has shed light on the habitat utilisation of sympatric Rattus spp., 

leading the authors to suggest that the observed habitat partitioning most likely 

results from competitive dominance of R. lutreolus (swamp rat) over R. fuscipes (bush 

rat).  Similarly, Moro and Morris (2000) used radio-tracking to describe and contrast 

the home range use and movement behaviour of sympatric rodent species (Leggadina 

lakedownensis, Lakeland Downs mouse, and Mus domesticus, feral house mouse) in a 

semi-arid island habitat. Radio-tracking has also been used to compare different 

populations of the same species of native rodent (Pseudomys australis, plains mouse), 

with results suggesting that the observed differences in movement behaviour 

between the populations were due to differences in habitat productivity (Brandle & 

Moseby 1999). While promising, such studies are nevertheless relatively few in 

number and have frequently relied on quite small amounts of data to describe home 

range. Published research utilising radio-tracking with Australian rodent species have 

not yet been able to describe the more detailed interaction behaviours of particular 

individuals within discrete social groups (the one exception being the work 

undertaken by Anstee et al. 1997). As a result, early laboratory observations of several 

native rodent species remain the most comprehensive study of fine-scale social 

behaviour, ontogeny and reproductive development (Crichton 1974; Happold 1976a; 

Stanley 1971).  

 

Happold’s (1976a; 1976b; 1976c) description of social behaviour and reproduction in 

eight Australian rodent species gives a level of detail that is, as yet, unsurpassed. 

Supplementing laboratory with field observations, these studies focused on behaviour 

and development in four conilurine species from varying habitats; Notomys alexis, 

Pseudomys apodemoides (as P. albocinereus), P. shortridgei, and P. desertor, with 
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additional information provided on a further four species from similar habitats. As 

outlined above, resource availability is recognised as an important determinant of 

mammalian social and spatial behaviour (Emlen & Oring 1977; Flowerdew 1987; 

Hughes 1998; Johnson et al. 2002) and fittingly, Happold (1976a) found that the social 

group size and complexity of the Australian rodent species she studied varied in a 

manner which was inversely related to the predictability of resources within the 

habitat (see Table 1.1). 

 

Table 1.1: Happold's (1976a) observations of conilurine rodent social behaviour  

Focal species Additional species Habitat type Social organisation 

 

In the most predictable habitat studied, permanent bore drain sedgelands, Pseudomys 

desertor (the desert mouse) was almost asocial, pairing only for mating (Happold 

1976a). Pseudomys shortridgei (heath mouse), from a stable, seasonal temperate 

woodland habitat, formed very small groups and exhibited high levels of agonistic 

interactions and avoidance of conspecifics. Species from less stable habitats, where 

resources fluctuated to some degree, were observed to be more social. For example,  

P. apodemoides (silky mouse), inhabiting a reasonably unpredictable semi-arid mallee 

environment, formed small groups and exhibited amicable relations within the 

groups, but agonistic relations between members of different groups. Inhabiting 

highly unpredictable, arid environments, Notomys alexis (spinifex hopping mouse) 

a1001984
Text Box

a1172507
Text Box
                           NOTE:     This table is included on page 11  of the print copy of the thesis held in    the University of Adelaide Library.
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was observed to form large social groups and exhibited high levels of amicable social 

interactions between individuals and very low levels of agonistic behaviour (Happold 

1976a).  

 

Some of the types of amicable social behaviours that were observed in the more social 

species (N. alexis, P. apodemoides) were absent in the behavioural repertoire of the 

species originating from more predictable environments (P. shortridgei, P. desertor). 

Conversely, territorial behaviours, social avoidance and nest-defence behaviours were 

noted only in the species originating from predictable environments (Happold 1976a). 

Mother-young and sibling-sibling bonds were observed to break down quite early for 

P. desertor and P. shortridgei, possibly forcing dispersal, while mother-offspring and 

sibling-sibling bonds remained strong in species from more unpredictable habitats, 

with maturing juveniles being absorbed into the natal group. Further, social 

behaviours were incorporated into the play of young N. alexis and P. apodemoides, 

serving to strengthen long-lasting group bonds (Happold 1976b). Accordingly, 

Happold (1976a) suggested that social group size, complexity and cohesion varied 

with the degree of the predictability of resources in the typical habitat.  

 

While some studies have reported social organisations for Australian rodents that 

support Happold’s (1976a) environmental-predictability hypothesis (e.g. Cockburn 

1981a; 1981b), it is more frequently suggested that the social systems of Australian 

rodents appear to be more variable than can be adequately encompassed within 

Happold’s (1976a) four social organisation types, particularly for xeric species. For 

example, while the arid-dwelling species Pseudomys australis is thought to form very 

large groups, this apparently only occurs when animals are not in breeding condition 

(Brandle & Moseby 1999). Much smaller groups, consisting of a single male and one 
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or two females, are observed for reproductively active animals. Similarly, large 

groups of non-breeding P. hermannsburgensis (sandy inland mouse) have been 

observed, while reproductively active animals have only been observed in small 

groups (Breed 1998b). Conversely, Happold’s (1976a) observation of solitary 

behaviour in captive (and reproductively active)  P. desertor has not been confirmed 

for free-living populations in other parts of the arid zone (Kerle 1998). More 

commonly, the species has been observed to be relatively social, particularly when 

population density is high (Kerle 1998; Read et al. 1999).  

 

The social organisations of the structure-building rodent species of the Australian arid 

and semi-arid zones also appear not to conform to the continuum described by 

Happold (1976a). For example, Leporillus conditor (greater stick nest rat) is thought to 

build large communal nests, with several generations of animals present in the 

structure (e.g. Pedler & Copley 1993). Inhabiting a semi-arid habitat, L. conditor would 

be expected to conform to Happold’s (1976a) ‘communal social organisation type 2’, 

with aggregations consisting of small groups of multiple adult females and their 

young. However, sociality in L. conditor has only been assumed from observations of 

animals in close proximity in natural conditions and social tolerance in captive 

settings (Ride 1970; Troughton 1946; Watts & Aslin 1981). More recent field 

observations suggest that the species is less social than commonly thought and that 

animals are often solitary or part of groups consisting of a single adult female and her 

young (Copley 1999).  
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1.5. Research summary 

The intention of the work presented in this thesis was to test Happold’s (1976a) theory 

that the social organisation of Australian native rodent species can be predicted by the 

species’ typical environment, and to do this by studying the socio-ecology of two 

closely-related Australian rodent species; Notomys mitchelli and N. alexis.  

 

1.5.1. Study species  

1.5.1.1. Notomys mitchelli 

Notomys mitchelli (Mitchell’s hopping mouse or pankot, see Braithwaite et al. 1995) has 

not been the focus of any published ecological work and little is known of its social 

organisation and behaviour (e.g. Baverstock 1979).  

 

Notomys mitchelli is the largest of the extant hopping mouse species, weighing  

40–60g (Strahan 1998). Like all hopping mice, N. mitchelli has elongated back feet and 

frequently moves in a bipedal fashion. The species’ pelage is somewhat variable in 

colour, ranging from fawn to grey-brown dorsally, with pale to white fur ventrally 

(see Plate 1.1). The species has the typical hopping-mouse ‘brush’ at the end of its tail, 

which is thought to aid balance as it moves at speed (Watts & Kemper 1989). Neither 

male nor female N. mitchelli have the gular pouch that is present in other Notomys spp. 

(Watts 1975; Watts & Aslin 1981).  

 

Notomys mitchelli occurs throughout much of semi-arid southern Australia, and is 

reported to be particularly common on the Eyre Peninsula, South Australia (Watts & 

Aslin 1981). The preferred habitat for the species appears to be mallee shrublands 
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associated with sandy dune systems (Watts 1998a). According to Brazenor (1956-1957) 

the species shelters in ‘typical’ hopping mouse burrows, that is, a small number of 

interconnected, vertical shafts, burrowing deep into the dune. Up to eight animals 

have been found in a single burrow (Watts & Aslin 1981).  

 

Fieldwork by Baverstock (1979) reported the capture of a single marked individual 

over a period of two years, with distances of up to 400m separating capture locations. 

This indicates that this species may live a considerable time and may have a sizable 

home range. Other reports have also suggested that N. mitchelli is highly mobile (e.g. 

Cockburn 1981a) while Watts and Aslin (1981) state that N. mitchelli may live up to 

five years in the laboratory. This mobility and/or long lifespan may be strategies 

evolved to combat the breeding-constraints of lengthy periods of drought.  

 

 

Plate 1.1: Notomys mitchelli (photo and copyright Peter Robertson) 

 

a1172507
Text Box
                           NOTE:     This figure is included on page 15  of the print copy of the thesis held in    the University of Adelaide Library.
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1.5.1.2. Notomys alexis 

In contrast to Notomys mitchelli, the closely-related N. alexis (the spinifex hopping 

mouse or tarrkawarra, Braithwaite et al. 1995) has been the focus of a number of 

studies examining aspects of the species’ reproduction, response to environmental 

conditions and social behaviour (e.g. Breed & Washington 1991; Happold 1976a; 

Harvey 1999; Masters 1993; Southgate & Masters 1996; Stanley 1971).  

 

Notomys alexis is a somewhat smaller species than N. mitchelli, weighing 27–45g, and is 

light brown in colour with a pale belly (Strahan, 1998, see Plate 1.2). Both male and 

female N. alexis have a gular pouch, an area of bare skin at the throat, but the function 

of this pouch is currently unknown. Glands in this neck and chest area, which are also 

present in N. mitchelli, are thought to be related to scent-marking (Watts 1975). Other 

than these small differences, N. alexis is morphologically similar to N. mitchelli.  

 

Notomys alexis is widely distributed throughout the Australian arid-zone (Breed 

1998a). Found in the sand dune and tussock grassland habitats of the arid zone,  

N. alexis is sympatric with N. mitchelli in the southern extreme of its range (Churchill 

2001; Watts & Aslin 1981). The species is thought to be considerably gregarious;  

groups of up to ten animals have been found sharing burrows in the wild (Breed 

1998a; Watts & Aslin 1981) and laboratory studies have reported that the species is 

highly social (Happold 1976a; Stanley 1971). Notomys alexis are quite common in their 

arid habitat and, at times, undergo massive population eruptions (Newsome & 

Corbett 1975; Southgate & Masters 1996).  
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Plate 1.2: Notomys alexis (image adapted from Strahan 1998) 

 

1.5.1.3. The diets of Notomys mitchelli and Notomys alexis 

The diets of Australian semi-arid and arid-zone rodents are relatively poorly 

understood. Notomys spp. are generally thought of as granivorous or omnivorous and 

the most common note made in relation to their diets is their capacity to survive in the 

absence of free water (i.e. obtain sufficient water from food only, see Lee et al. 1984; 

Stanley 1971; Watts & Aslin 1981).   

 

Of the five extant Notomys spp., most is known about the diet of N. alexis.  Studies 

have demonstrated N. alexis is best classed as omnivorous and that the particular 

foods ingested differ seasonally; seeds constitute the majority of the diet in summer 

and winter while more invertebrate matter than seed is ingested in autumn (Murray 

& Dickman 1994a; Watts 1977). When given a choice (in cafeteria trials), N. alexis 

appear to prefer to eat insects over vegetable matter (Murray & Dickman 1994b).  This 
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preference may be based on the water-content, and to a lesser extent the protein-

content, of the foods (Murray & Dickman 1994b), but it is more likely that N. alexis 

consume a variety of foodstuff to satisfy several dietary requirements (e.g. nitrogen, 

Murray & Dickman 1997).  

 

While still classed as omnivorous, the closely-related N. cervinus and N. fuscus 

reportedly consume greater amounts of seed matter than N. alexis, with a much 

smaller proportion of their diet constituted of insect material (Murray et al. 1999). 

Similarly, N. mitchelli is omnivorous but seeds and plant material (roots, stems, 

leaves) make up the majority of the diet (Cockburn 1981a; Murray et al. 1999).  As for 

N. alexis, N. mitchelli is noted to incorporate a wide variety of food plants into the diet 

(Cockburn 1981a). The proportion of green material in the diet of N. mitchelli is 

thought to be correlated with periods of drought, indicating that N. mitchelli is less 

able to extract adequate water from dry seed than other Notomys spp. (Murray et al. 

1999). Further, while N. alexis may obtain additional water from insect matter in dry 

times, invertebrates appear to constitute only about 12% or less of N. mitchelli’s diet 

(Murray et al. 1999), likely heightening the need for water-rich plant foods. 

 

Specific analysis of diet and foodstuff availability for N. mitchelli and N. alexis was 

beyond the scope of the current work. It remains unknown as to the extent to which 

the apparent differences in the typical diets of the two species may influence 

comparisons of their socio-ecology. However, given the indications of extremely 

flexible food preferences (Cockburn 1981a; Murray & Dickman 1997), it is not 

considered likely that this impact, if any, would be substantial under usual 

environmental conditions.   
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1.5.2. Study outline and hypotheses  

The central premise of this work is that the typical habitats of Notomys mitchelli and  

N. alexis are environmentally distinct and that this has resulted in observable and 

predictable differences in the species’ socio-ecology. Accordingly, the first task of this 

project was to confirm that significant bioclimatic differences could be observed for 

the two distributions.  

 

Chapter Two presents the results of bioclimatic modelling of the species’ distributions 

using the BIOCLIM package produced by the Centre for Resource and Environmental 

Studies at the Australian National University (see Busby 1991; Houlder et al. 2000). 

Based on field reports (e.g. Brazenor 1956-1957; Cockburn 1981a; Watts 1998a; Wood 

Jones 1923-1925), it was hypothesised that the bioclimatic profile produced for  

N. mitchelli would reflect a ‘Mediterranean’ climate of hot summers and cool winters 

with seasonal rainfall during late winter and spring while the bioclimatic profile for 

N. alexis would be significantly hotter, more arid and have indistinct rainfall patterns 

(Breed 1998a; Cole & Woinarski 2000; Dickman et al. 1999). Similarly, it was expected 

that the predicted distribution maps generated for each species would be incongruent. 

 

If the habitats of Notomys mitchelli and N. alexis are truly distinct, it is logical that the 

species would have developed different social organisations and behaviours in 

response to the differing patterns of resource availability in these environments (e.g. 

Emlen & Oring 1977; Randall 1994). Accordingly, the socio-ecology of a free-living 

population of N. mitchelli was studied in the semi-arid Middleback Ranges, South 

Australia. Following Happold (1976a), it was hypothesised that the social groups 

formed by the semi-arid dwelling N. mitchelli would consist of small groups of adult 
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females, with largely transient adult males occasionally joining these aggregations. 

Reported in Chapter Three, the two-year study collected information regarding 

population persistence, site fidelity, social organisation and burrow use in N. mitchelli, 

representing the most extensive research on the species as yet undertaken.  

 

The habitat of Notomys alexis is thought to be more arid and sparsely-resourced than 

that of N. mitchelli. The highly gregarious nature of captive N. alexis is thought to be a 

behavioural adaptation for survival in the unpredictable arid environment, serving to 

maximise reproduction opportunities when conditions are favourable (Happold 

1976a). Accordingly, it was hypothesised that free-living N. alexis would be observed 

in larger, more cohesive groups than N. mitchelli. A study was undertaken on a 

population of N. alexis at Roxby Downs, South Australia, following a similar protocol 

to that used in the Middlebacks. Reported in Chapter Four, the study collected 

information regarding population persistence, site fidelity, social organisation and 

burrow use in N. alexis, to be compared with data collected from N. mitchelli.  

 

In both field studies, Notomys mitchelli and N. alexis individuals were fitted with radio-

transmitters, chiefly to enable burrows to be located and social groups to be 

identified. During the course of the studies, however, additional movement 

information was collected to supplement data on inter-trap movements and to allow 

estimation of the animals’ typical activity areas. Chapter Five reports the analysis and 

comparison of the movement behaviour of both study species. It was hypothesised 

that as N. mitchelli was thought to inhabit a significantly more stable, regularly 

resourced semi-arid habitat, the species would make smaller foraging movements and 

have smaller activity areas (home ranges) than N. alexis (e.g. Broughton & Dickman 

1991; Jonsson et al. 2002). Conversely, as the species is known to make extremely large 
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movements to better resources (e.g. Dickman et al. 1995), it was hypothesised that  

N. alexis would be observed to make larger foraging movements and consequently 

have larger activity areas in its more arid, less predictably resourced habitat.  

 

Happold’s (1976a; 1976b; 1976c) observations of, and inferences regarding, Australian 

conilurine rodents were based on captive groups in relatively rudimentary 

enclosures. In captivity, social interactions and the spacing of individuals may be 

artificially constrained by the limited space (Carlstead 1996; Pfeifer 1996; Wolff 2003). 

Resource-defence and dispersal events may be similarly frustrated. However, small-

scale interactions and behaviours are difficult to observe in wild populations and 

research using captive populations may be illuminating (e.g. Butler 1980; Dewsbury 

1983; Eisenberg 1963; Goldman & Swanson 1975; van Wijngaarden 1960) Described in 

Chapter Six, behavioural observations were conducted using laboratory-reared  

N. alexis housed in spatially-complex enclosures.  

 

This work aimed to corroborate the size of groups observed in wild populations and 

reveal some of the behavioural antecedents of dispersal behaviour in N. alexis. Based 

on previous laboratory observations (Happold 1976a; Stanley 1971), it was expected 

that social interactions between N. alexis would be largely amicable but that groups of 

N. alexis would be limited to sizes similar to those observed in the wild (Breed 1998a; 

Watts & Aslin 1981, Chapter Four), When the population grew larger than this, it was 

expected that resource-defence behaviours in adult animals (Anderson 1989) and/or 

reproductive suppression would be observed. The enclosure design facilitated 

‘dispersal’ opportunities via a complex maze leading to an isolated area (following 

Gerlach 1990; 1996; 1998) and some animals were expected to break away from the 

main colony and establish separate groups as density increased (e.g. Lidicker 1976). 
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 As a whole, this research explicitly tests long-held assumptions about the social 

behaviour of Australian native rodents. It uniquely applies bioclimatic profiling and 

prediction modelling to native rodent species to compare typical habitats. It then tests 

predictions based on these findings, observing free-living populations of two closely-

related species of native rodent. The study provides a detailed description of the 

socio-ecology of the little-known Notomys mitchelli. This is an important contribution 

as, to date, no scientific work has addressed the autecology of this species. This study 

also validates observations of comparatively well-known N. alexis in both field and 

captive settings. Importantly, this study represents a comprehensive examination of 

the principal behavioural theory commonly applied to Australian native rodent 

species, untested since its publication three decades ago.  
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2. The biogeography of Notomys mitchelli and 
Notomys alexis 

2.1. Introduction 

2.1.1. Environmental effect on social behaviour 

From a monophyletic origin, the Australian conilurine rodents have physiologically 

adapted to diverse environments, ranging from alpine areas and cool temperate 

sclerophyll forests in the south of the country, to the harsh central arid zone and the 

tropical north (Lee et al. 1981; Watts & Aslin 1981). As such, it is to be expected that 

behavioural adaptations have also occurred to enable best use of each habitat’s 

resources (Armitage 1977; Emlen & Oring 1977; Faulkes et al. 1997; Randall 1994; 

Roberts et al. 1998). In her work on the social behaviour of conilurine species, 

Happold (1976a) suggested that given the close relatedness of the Australian 

conilurine rodents, differences in social behaviour may be attributed to differences in 

environment. Environmental differences, then, may be used to explain the adaptive 

significance of behaviour for Australian rodent species (Happold 1976a).  

 

Happold’s (1976a; 1976b; 1976c) studies focused on four endemic rodent species, 

representative inhabitants of four distinct environments. Observing interaction 

behaviours in the laboratory, Happold (1976a) monitored group formation and sexual 

and parental behaviour. Reproductive behaviour and physiological and social 

development were also studied (Happold 1976b; 1976c). From these observations, 

four types of social organisations were described which appeared to be correlated 

with the species’ typical environment. As outlined in the previous chapter, species 

appeared to form larger groups, with higher levels of amicable interactions, when 
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their typical habitat was highly unpredictable in terms of environmental resources 

(e.g. the arid central deserts habitat of Notomys alexis). In more stable habitats, such as 

the temperate forest habitat of Pseudomys shortridgei, rodent species formed much 

smaller groups, typically pairs, in response to regular resources. In extremely stable 

habitats, such as the bore drain sedgeland occupied by P. desertor, rodents have been 

observed to be largely solitary and interactions between adult animals generally 

agonistic. As such, Happold suggested that knowledge of an Australian rodent 

species’ typical environment can inform hypotheses regarding the social behaviours 

and group size expected for the species. 

 

2.1.2. The known distribution of Notomys mitchelli 

Notomys mitchelli is considered to be a relatively common native rodent species, 

occurring throughout much of semi-arid southern Australia (Watts 1998a). The 

species inhabits mallee scrub and heathland areas from western Victoria to the 

Western Australian wheat-belt, and is thought to be particularly abundant in remnant 

scrubland on the Eyre Peninsula, South Australia (Watts & Aslin 1981).  

 

Notomys mitchelli was first discovered by Major Thomas Mitchell in 1836, and 

described by Ogilby in 1838, in the area of the junction of the Murray and 

Murrumbidgee rivers, New South Wales (Brazenor 1956-1957; Troughton 1946). Many 

specimens were also caught in this region during the Blandowski Expedition of 1856–

1857 (Troughton 1946). A number of subspecies were described in the early twentieth 

century (Brazenor 1956-1957), but these taxonomic divisions appear to have fallen into 

disuse (e.g. Watts 1998a). 
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In the northern and western extremes of its range, Notomys mitchelli is thought to be 

sympatric with other closely related species—historically, N. fuscus (dusky hopping 

mouse) and N. cervinus (fawn hopping mouse) in the Ooldea region of western South 

Australia (Wood Jones 1923-1925) and contemporarily, N. alexis in areas in Western 

Australia (Churchill 2001; Watts & Aslin 1981, see Figure 2.1). Mallee shrubland 

associations are the typical habitat of N. mitchelli, especially areas with sandy soils and 

slight sand dune formations (Watts & Aslin 1981). In some areas, including the 

Nullarbor region of South Australia, the species inhabits areas of mallee vegetation 

which lack a significant understorey (Churchill 2001). In other parts of its range, such 

as the Eyre Peninsula, eastern South Australia and western Victoria, N. mitchelli is 

found in areas with a relatively dense understorey—typically mallee-broombush and 

mallee-Triodia associations (Baverstock 1979; Brazenor 1956-1957; Woinarski 1989). In 

Western Australia, the species is been found in similar habitat, including mallee-

Melaleuca and mallee-Leptospermum associations (Watts & Aslin 1981).  

 

Although the species is considered to be ‘secure’, it has been estimated that between 

of 50-90 per cent of N. mitchelli’s range has been cleared for agricultural purposes (Lee 

1995). This range reduction has occurred principally in the eastern and western 

extremes of N. mitchelli’s distribution and the species appears to be confined to 

remnant patches of native vegetation, where disturbance has been minimal (Watts & 

Aslin 1981). Dickman (1993a) has reported that N. mitchelli is no longer found in the 

semi-arid region of New South Wales where the species was first identified. Similarly, 

the species has been reported to have become ‘locally extinct’ in the Adelaide 

metropolitan area since 1990 (Tait et al. 2005). However, it is arguable that N. mitchelli 

has ever occurred in this region; the data sources used by Tait et al. (2005) are rather 

general in nature (e.g. Watts & Aslin 1981; Wood Jones 1923-1925) and are not 
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supported by either South Australian Museum or South Australian Department for 

Environment and Heritage records (see section 2.2.2, Figure 2.2).  

 

 

Figure 2.1: Known distributions of the five extant species of the genus Notomys: A) N. 
alexis, B) N. aquilo, C) N. cervinus, D) N. fuscus, E) N. mitchelli 

Note: image adapted from Strahan (1998) 

A B 

C 

D E 



Chapter Two—The biogeography of N. mitchelli and N. alexis 

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 27

2.1.3. The known distribution of Notomys alexis 

Notomys alexis (the spinifex hopping mouse) is the most widespread of all of the 

species in the genus. It occurs in areas of sandy soil throughout the central arid zone; 

from south-western Queensland to the west coast of Western Australia (Breed 1998a; 

Watts & Aslin 1981). In south-western Queensland, N. alexis shares areas of its range 

with both N. cervinus and N. fuscus. While N. cervinus is thought to prefer gibber 

plains, conflicting observations mean that it is not precisely known whether N. alexis 

and N. fuscus are sympatric in the sandy areas of the region (Predavec 1994; Watts & 

Aslin 1981). As outlined previously, there is evidence to suggest that N. alexis is 

sympatric with N. mitchelli in the southern extremes of its range (see Figure 2.1).  

 

Notomys alexis was first described by Thomas in 1922, from specimens found in 1905 

near Alexandria Downs Station, Northern Territory (Troughton 1946). While the 

species was well-known in locations throughout most of the arid zone, Troughton 

(1946) implied that the southern boundary of the species’ range was in the area of the 

Northern Territory–South Australian border. Similarly, Wood Jones’ (1923-1925) 

guide to the mammals of South Australia does not include a description of N. alexis. 

However, by the close of the twentieth century N. alexis had been observed as far 

south as the township of Roxby Downs. Not identified during the extensive 

environmental impact assessment for the Olympic Dam mine in the early 1980s 

(Kinhill-Stearns Roger Joint Venture 1982), the species was first observed in 

abundance in the Roxby Downs area in 1996 after the region’s rabbit population was 

decimated by Rabbit Haemorrhagic Disease (John Read, pers. comm. 2001, see also 

Bowen & Read 1998).  
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Several subspecies have been described for N. alexis; N. alexis reginae (Troughton) in 

central Queensland, N. alexis everardensis (Finlayson) in the Everard Ranges, South 

Australia and N. alexis alexis in the rest of its range (Breed 1998a; Troughton 1946). 

These subspecies have been determined not by genetic analysis but by superficial 

morphological differences, such as hair length and colour, and body size. The 

legitimacy of the subspecies delineation is unknown and in this study, as in others 

(Ettema 1997; Heimeier et al. 2002; Murray et al. 1995; Swann et al. 2002), the 

demarcation is largely ignored. 

 

As its common name suggests, N. alexis is often found in areas where spinifex grasses 

are the dominant understorey vegetation (Watts & Aslin 1981). In Wartarrka National 

Park, the species is found in sandy areas dominated by Allocasuarina decaisneana with 

an understorey of Plectrachne schinzii (Southgate & Masters 1996). Further south, in 

Uluru National Park, the species is found in vegetation complexes dominated by  

A. decaisneana and Triodia basedowii (Masters 1993). In the Great Victoria Desert, 

bordering South and Western Australia, N. alexis is found in a variety of habitats, 

including eucalypt woodlands, acacia shrublands and tussock grasslands (Churchill 

2001; Watts & Aslin 1981).  

 

2.1.4. Bioclimatic modelling 

The current work employs Happold’s (1976a; 1976b; 1976c) studies of Australian 

rodent social behaviour as a basis from which to research the behavioural socio-

ecology of wild populations of Notomys mitchelli and N. alexis in South Australia. The 

assumption that the habitats typically occupied by these species are inherently 

different is fundamental to this work. However, at the boundaries of their ranges,  
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N. mitchelli and N. alexis are known to be sympatric (Churchill 2001; Watts & Aslin 

1981), which raises the possibility that the species’ distributions are determined by 

factors other than the environment; competition for example.  

 

The assumption that two species’ habitats are environmentally dissimilar can be 

tested using bioclimatic modelling. Using the geographic coordinates of localities 

where the species have been observed and databases of environmental variables 

based on historical climate data, bioclimatic profiles and predicted distributions can 

be generated to describe the typical (climatic) habitat preferences of the species. The 

degree of overlap, or lack thereof, of the two species’ predicted distributions may be 

used as an indicator of habitat-separation. Further analysis of the bioclimatic profiles 

may determine statistically significant differences. 

 

2.1.4.1. BIOCLIM 

One of a number of bioclimatic envelope models described in the literature, the 

BIOCLIM package produced by the Centre for Resource and Environmental Studies 

at the Australian National University is a particularly popular method and is used by 

researchers both in Australia and overseas. The software has been utilised to study 

the distributions of a multitude of different organisms including plants and plant 

diseases (e.g. Backhouse & Burgess 2002; Lindenmayer et al. 2000), invertebrates 

(Beaumont & Hughes 2002; Steinbauer et al. 2002), reptiles (Nix 1986), birds (e.g. 

Neave et al. 1996), and mammals (e.g. Catling et al. 2002; Caughley et al. 1987; Jackson 

& Claridge 1999; Lindenmayer et al. 1991). BIOCLIM has also been utilised to model 

the effect of environmental events, such as flooding (which may influence food 

resources, e.g. Olsen & Doran 2002). Similarly, by adjusting temperature tolerances, 
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BIOCLIM has also been utilised in studies investigating the impact of global climate 

change (e.g. Hughes 2003) and the historical distributions of species, for example taxa 

recorded in coal seams (Kershaw 1997). BIOCLIM has also been adapted for use in 

international studies (Eeley et al. 1999; Godown & Peterson 2000; Parra et al. 2004; 

Tellez-Valdes & Davila-Aranda 2003) and the results of BIOCLIM analyses have been 

utilised in such areas as planning conservation effort, directing pest control regimes, 

and developing agro-forestry ventures (Busby 1991; Claridge 2002; Cunningham et al. 

2002; Lindenmayer et al. 1997). 

 

The BIOCLIM algorithm creates a bioclimatic profile for sets of locations using 

parameters derived from mean monthly climate estimates to approximate energy and 

water balances at a given location (Nix 1986). Approximately 100 years of 

meteorological observations are utilised in the BIOCLIM climatic surfaces. Thirty-five 

parameters are reported and are based on maximum temperature, minimum 

temperature, rainfall, solar radiation and evaporation (Busby 1991; Nix 1986). 

Summarised, these parameters describe the typical habitat of the species and this 

profile may be mapped using the BIOMAP component of the software to create a 

predicted distribution for the target species. BIOMAP is an algorithm-based technique 

which compares the species’ bioclimatic profile with the climate surface grids 

(Lindenmayer et al. 1997). Termed ‘homoclime matching’, cells of the surfaces which 

match the species’ bioclimatic profile are included in the predicted distribution map, 

which also incorporates a habitat suitability indicator (as percentile classes) for the 

point in question (Houlder et al. 2000). The bioclimatic profile and predicted 

distributions of different species, or the same species under different conditions, may 

then be compared statistically.  
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2.1.5. Aims & hypotheses 

The aim of this study was to conduct BIOCLIM analyses on location data for the 

entire distributional range of both Notomys mitchelli and N. alexis; to generate 

bioclimatic profiles for each species and map their predicted distributions in order to 

determine the degree to which the species’ habitats can be said to be similar. 

 

Described above, Notomys mitchelli is known from locations in the southern half of the 

country and as such, it was hypothesised that the bioclimatic profile for N. mitchelli 

will define a typically ‘Mediterranean’ climate with warm summers, cool winters and 

seasonal winter rainfall (Lamont 2003). While Notomys alexis is known to be sympatric 

with N. mitchelli in part of its range, most of the observations of N. alexis have been 

from the central desert areas. As such, it was hypothesised that the bioclimatic profile 

for N. alexis would differ significantly from the environment typical for N. mitchelli, 

having hotter summers and lower rainfall across most of its range. With differing 

bioclimatic profiles, it was hypothesised that the predicted distributions for  

N. mitchelli and N. alexis would be separate for most of their range.  

 

This study provides a foundation for fieldwork with populations of each species in 

South Australia (Chapters Three, Four and Five). Accordingly, a subset of the data 

consisting of only South Australian locations were examined to confirm the 

hypothesis that the South Australian populations of N. mitchelli and N. alexis, in 

particular, inhabit distinctly different environments, in order to suggest that observed 

differences in the social behaviour of the species may be due to environmental factors.  
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2.2. Methods 

2.2.1. Locality data 

All localities recorded for both Notomys mitchelli and N. alexis were obtained from 

museum and government sources around the country, including the South Australian 

Museum, the South Australian Department for Environment and Heritage, the 

Western Australian Museum, the Northern Territory Museum, the Queensland 

Museum, the Australian Museum and Museum Victoria. Records pertaining to  

N. mitchelli were also obtained from the Atlas of Victorian Wildlife (Victorian 

Department of Sustainability and Environment). No records were obtained from New 

South Wales collections as N. alexis has never been recorded in the state and the only 

known locations for N. mitchelli in NSW (in the region of the junction of the Murray 

and Murrumbidgee rivers) were duplicated in the Victorian collections (see NSW 

National Parks & Wildlife Service 2003).  

 

Data obtained in degrees, minutes and seconds were converted to decimal degrees 

and elevation values were extracted from the GEODATA 9-Second Digital Elevation 

Model V.2 (Geoscience Australia 2000) following Busby (1991). Some studies gather 

elevation data by plotting the points on 1:100,000 and 1:250,000 topographical maps 

(for example Crowther 2002; Olsen & Doran 2002) but this was considered to be 

unnecessary given the scale of the current analysis. As a first check of the data, 

locality points were mapped using ArcView 3.2 (ESRI Systems, Redlands, CA, USA) 

and were confirmed to reflect the likely distributions of each species. Incomplete or 

unconfirmed records were removed from the sample, as were multiple records—

duplicate records within a single BIOCLIM envelope do not make any additional 
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contribution to the analysis (and as such, species abundance does not influence the 

predicted distribution).  

 

From an initial data set containing 1,211 records, 557 unique and accurate records 

were retained for analysis for Notomys mitchelli. These records had been collected 

between 1836 and 2004 (see Figure 2.2 for point locations). For N. alexis, 653 records 

were retained for analysis from 1,544 records and these records had been collected 

between 1891 and 2004. 

 

2.2.2. Bioclimatic analyses 

Location data for Notomys mitchelli and N. alexis were entered into BIOCLIM and 

bioclimatic profiles generated. These were then entered into a statistical software 

package (SPSS version 12.01; SPSS Inc., Chicago, IL, USA) and the species’ profiles 

were tested for independence. 

 

Predicted distributions for the species were created from the BIOCLIM profiles using 

BIOMAP. These distributions were then mapped using ArcView 3.2. The 0–100% 

envelopes were used to define the total range, and the 10–90% envelopes used to 

define the ‘core’ range, for each species, following Sumner and Dickman (1998). The 

distributions predicted for N. mitchelli and N. alexis were then compared. 

Additionally, the data sets were divided into two or three subsets according to the 

clusters seen in the initial predictions and bioclimatic profiles and distributions were 

generated using these subsets. Similar to a test of validity, comparing subsets of the 

data is a test of the homogeneity of the distributions. Dissimilarities may support 

subspecies divisions (e.g. Crowther et al. 2002; Sumner & Dickman 1998).  
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Using an analogous process, observations were divided into time-periods to detect 

any changes in the distributions over time. The location data used in these analyses 

covered a period in excess of 150 years, the earliest record being from 1836  

(N. mitchelli). European settlement has had a marked effect upon Australia’s wildlife 

(Baynes 1984; Beattie et al. 1992; Copley 1999; Dickman 1993b; Robinson et al. 2000; 

Smith & Quin 1996) and as such, the predicted distributions of N. mitchelli and N. 

alexis may be expected to have varied over time. Six time-steps were used for this 

analysis, generally ten-year increments (see Table 2.1).  

 

Table 2.1: The number of records for Notomys mitchelli and Notomys alexis in each time-
step applied to the BIOCLIM analysis 

 Notomys mitchelli Notomys alexis 

Prior to 1960 30 (5.4%) 21 (3.2%) 

1960–69 48 (8.6%) 68 (10.4%) 

1970–79 143 (25.7%) 101 (15.5%) 

1980–89 204 (36.6%) 128 (19.6%) 

1990–99 69 (12.4%) 244 (37.4%) 

2000–04 63 (11.3%) 91 (13.9%) 

Total unique locations 557 653 
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Figure 2.2: The Notomys mitchelli and Notomys alexis location points used in the BIOCLIM 
analyses 
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2.3. Results 

2.3.1. Notomys mitchelli distribution 

The 557 records for Notomys mitchelli covered locations throughout southern Western 

Australia, South Australia and Victoria, to the border with New South Wales. The 

bioclimatic profile generated for N. mitchelli described a habitat with mild annual 

temperatures (mean: 16.5oC ± 0.05 S.E.) and moderate annual rainfall (mean: 

303.6mm, ± 2.49 S.E., see Table 2.2). Rainfall was higher during the coldest quarter 

(103.8mm ± 1.83 S.E.) than in the warmest quarter (54.0mm ± 0.39 S.E.). Mean 

temperature and precipitation seasonality (the coefficient of variation—the standard 

deviation of the weekly means expressed as a percentage of the overall mean) were 

low (1.6 ± 0.01 S.E. for temperature, and 31.8 ± 0.62 S.E. for precipitation.) The 

bioclimatic profile confirms that N. mitchelli inhabits regions with typical semi-arid 

climates and relatively stable seasonal cycles.  

 

The predicted distribution model for Notomys mitchelli, based on the bioclimatic 

profile, indicated a slightly wider distribution in south-eastern Western Australia than 

the known observations suggest (see Figure 2.3). Extending west to the Shark Bay 

region of Western Australia and east to the Mallee area of Victoria, N. mitchelli was 

predicted to occur across most of southern Australia with the exception of the south-

western extreme of Western Australia, the lower south-east of South Australia and 

most of temperate Victoria.  

 

The core range (10–90% envelope) for the species had a significantly lower mean 

annual temperature than the 0–100% envelope (16.1oC ± 0.04 S.E. vs. 17.2oC ± 0.15 S.E. 

respectively, Mann Whitney U=6,816.0 p<0.001). The mean annual rainfall in the core 
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area was similar to that of the 0–100% envelope (306.9mm ± 1.85 S.E. vs. 299.4mm ± 

8.11 S.E. respectively, Mann Whitney U=11,157.5, p=0.21). However, the predictability 

of rainfall patterns (as described by the precipitation seasonality measure) was 

significantly more predictable in the core envelope (p<0.001). Table 2.3 describes the 

results of significance testing between the 0–100% and 10–90% envelopes for all 

climatic variables. 
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Table 2.2: Bioclimatic profile for Notomys mitchelli based on all 557 validated records 

 Mean S. E. Min. 5% 10% 90% 95% Max. 
Temperature indices         
Annual Mean Temperature 16.5 0.05 14.2 14.7 15.0 17.5 18.1 21.6 
Mean Diurnal Range 1 13.4 0.04 8.9 11.7 11.9 14.4 14.8 15.8 
Isothermality 2 0.5 0.00 0.5 0.5 0.5 0.5 0.5 0.6 
Temp. Seasonality (C of V) 1.6 0.01 1.0 1.3 1.3 1.9 1.9 2.1 
Max Temp. of Warmest Period 31.1 0.09 24.9 27.8 28.3 33.4 34.7 36.5 
Min Temp. of Coldest Period 4.5 0.04 3.0 3.1 3.2 5.7 6.0 10.5 
Temp. Annual Range 3 26.6 0.10 17.2 22.4 22.9 29.4 29.8 31.5 
Mean Temp. of Wettest Qtr. 12.3 0.13 8.6 9.3 9.6 12.6 20.0 25.8 
Mean Temp. of Driest Qtr. 20.8 0.07 12.8 18.4 19.7 22.5 23.2 23.6 
Mean Temp. of Warmest Qtr. 22.4 0.07 19.2 20.4 21.0 24.2 25.3 26.9 
Mean Temp. of Coldest Qtr. 10.6 0.05 8.6 8.9 9.1 11.9 12.4 16.6 
Precipitation indices         
Annual Precipitation 303.6 2.49 159.0 191.0 229.0 372.0 391.0 502.0 
Precipitation of Wettest Period 9.5 0.13 4.0 5.0 6.0 13.0 14.0 23.0 
Precipitation of Driest Period 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
Precipitation Seasonality (C of V) 31.8 0.62 10.0 13.0 16.0 52.0 59.0 88.0 
Precipitation of Wettest Qtr. 107.3 1.38 47.0 54.0 69.0 150.0 156.0 237.0 
Precipitation of Driest Qtr. 49.2 0.49 0.0 36.0 39.0 64.0 66.0 69.0 
Precipitation of Warmest Qtr. 54.0 0.39 37.0 40.0 43.0 66.0 67.0 72.0 
Precipitation of Coldest Qtr. 103.8 1.38 31.0 51.0 69.0 149.0 154.0 236.0 
Radiation indices         
Annual Mean Radiation 18.8 0.05 16.8 17.4 17.5 20.1 20.3 22.2 
Highest Period Radiation 28.6 0.03 27.1 27.6 27.7 29.5 29.6 31.3 
Lowest Period Radiation 8.9 0.05 7.0 7.3 7.4 10.6 10.9 12.0 
Radiation Seasonality (C of V) 36.8 0.14 29.0 32.0 33.0 41.0 41.0 42.0 
Radiation of Wettest Qtr. 13.3 0.20 8.4 8.8 9.1 15.7 25.9 27.8 
Radiation of Driest Qtr. 24.6 0.13 15.5 17.7 20.2 27.4 28.0 30.0 
Radiation of Warmest Qtr. 26.2 0.03 24.2 25.3 25.6 27.1 27.3 27.6 
Radiation of Coldest Qtr. 10.8 0.06 8.5 8.9 9.0 12.2 12.5 14.8 
Moisture indices         
Annual Mean Moisture Index 0.2 0.00 0.1 0.1 0.1 0.3 0.4 0.5 
Highest Period Moisture Index 0.5 0.01 0.1 0.2 0.3 0.8 0.8 1.0 
Lowest Period Moisture Index 0.0 0.00 0.0 0.0 0.0 0.1 0.1 0.1 
M.I. Seasonality (C of V) 74.4 0.57 36.0 56.0 64.0 89.0 100.0 119.0 
Mean M.I. of High Qtr. 0.5 0.01 0.1 0.2 0.2 0.7 0.7 0.9 
Mean M.I. of Low Qtr. 0.1 0.00 0.0 0.0 0.0 0.1 0.1 0.1 
Mean M.I. of Warm Qtr. 0.1 0.00 0.0 0.0 0.1 0.1 0.1 0.1 
Mean M.I. of Cold Qtr. 0.5 0.01 0.1 0.2 0.2 0.7 0.7 0.9 
 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
 
Note: Shading highlights key indices 
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Table 2.3: Comparison of 0–100% and 10–90% envelopes, Notomys mitchelli 

 0–100% 10–90% Mann-Whitney U 
 Mean S.E Mean S.E. p 
Temperature indices      
Annual Mean Temperature 17.2 0.15 16.1 0.04 0.00** 
Mean Diurnal Range 1 13.3 0.13 13.4 0.05 0.53 
Isothermality 2 0.5 0.00 0.5 0.00 0.23 
Temperature Seasonality (C of V) 1.6 0.03 1.6 0.01 0.53 
Max Temperature of Warmest Period 31.6 0.30 30.7 0.08 0.03* 
Min Temperature of Coldest Period 5.1 0.12 4.1 0.05 0.00** 
Temperature Annual Range 3 26.4 0.35 26.6 0.11 0.67 
Mean Temperature of Wettest Quarter 14.0 0.44 11.5 0.05 0.00** 
Mean Temperature of Driest Quarter 20.0 0.27 21.1 0.03 0.00** 
Mean Temperature of Warmest Quarter 23.1 0.22 22.0 0.04 0.15 
Mean Temperature of Coldest Quarter 11.4 0.13 10.2 0.05 0.00** 
Precipitation indices      
Annual Precipitation 299.4 8.11 306.9 1.85 0.21 
Precipitation of Wettest Period 10.6 0.40 8.9 0.11 0.00** 
Precipitation of Driest Period 0.0 0.00 0.0 0.00 1.00 
Precipitation Seasonality(C of V) 39.2 1.76 27.4 0.61 0.00** 
Precipitation of Wettest Quarter 116.8 4.25 102.3 1.20 0.01* 
Precipitation of Driest Quarter 41.6 1.36 53.5 0.55 0.00** 
Precipitation of Warmest Quarter 50.7 0.95 56.6 0.51 0.00** 
Precipitation of Coldest Quarter 109.6 4.42 100.3 1.18 0.03* 
Radiation indices      
Annual Mean Radiation 19.3 0.12 18.4 0.05 0.00** 
Highest Period Radiation 28.8 0.08 28.3 0.04 0.00** 
Lowest Period Radiation 9.6 0.13 8.5 0.06 0.00** 
Radiation Seasonality (C of V) 35.2 0.35 37.9 0.16 0.00** 
Radiation of Wettest Quarter 14.1 0.61 12.6 0.17 0.19 
Radiation of Driest Quarter 24.6 0.37 25.0 0.14 0.05* 
Radiation of Warmest Quarter 26.4 0.08 26.1 0.03 0.00** 
Radiation of Coldest Quarter 11.5 0.14 10.2 0.07 0.00** 
Moisture indices      
Annual Mean Moisture Index 0.2 0.01 0.2 0.00 0.00** 
Highest Period Moisture Index 0.5 0.02 0.6 0.01 0.49 
Lowest Period Moisture Index 0.0 0.00 0.1 0.00 0.00** 
Moisture Index Seasonality (C of V) 76.7 1.86 73.2 0.47 0.04* 
Mean Moisture Index of High Qtr.  0.5 0.02 0.5 0.01 0.82 
Mean Moisture Index of Low Qtr.  0.1 0.00 0.1 0.00 0.00** 
Mean Moisture Index of Warm Qtr.  0.1 0.00 0.1 0.00 0.00** 
Mean Moisture Index of Cold Qtr.  0.5 0.02 0.5 0.01 0.76 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
* Test is significant at the p<0.05 level (two-tailed) 
** Test is significant at the p<0.01 level (two-tailed) 

Note: Shading highlights key indices 
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Figure 2.3: Known locations and predicted distribution map, Notomys mitchelli 

Note: the dotted lines represent the division points for geographical subsets analysed in section 2.3.2 (125.0o longitude 
and 139.0o longitude) 
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2.3.2. Predicting Notomys mitchelli distributions from geographic 
subsets 

The predicted distribution generated from all 557 observations of Notomys mitchelli 

indicated three distinct areas of core habitat for the species (see Figure 2.3). Dividing 

the data at 125.0o longitude and 139.0o longitude, these areas can be roughly thought 

of as a western, a central and an eastern subset. These subsets were analysed to 

determine their ability to predict N. mitchelli’s distribution throughout its entire range. 

 

Bioclimatic profiles were generated for the locations in each core area and compared 

with each other and that of the entire Notomys mitchelli dataset. Mean annual 

temperatures were significantly different between the three subsets (Kruskall Wallis 

�2 2df=238.2, p<0.001), temperatures being higher in the west and lowest in the east 

(see  Table 2.4). Concomitantly, the eastern profile had the highest mean annual 

rainfall. Mean annual rainfall was significantly different across each of the three 

regions (Kruskall Wallis �2 2df=78.0, p<0.001), with the lowest rainfall occurring in the 

central region. Rainfall seasonality was also more stable for the eastern profile, as 

indicated by the coefficient of variation. Tests between the regions for all other 

climatic variables were significant at the p<0.001 level except for mean temperature of 

the wettest quarter (p<0.01) and precipitation of the driest quarter (p=1.0). Although 

significantly drier than the other geographic subsets, for all other indices the central 

region appears to represent the climatic ‘middle ground’ between the western and 

eastern extremes of N. mitchelli’s known range (see  Table 2.4). 

 

A predicted distribution map was generated for each regional profile. Described in 

Figure 2.4, each subset failed to adequately predict the entire known N. mitchelli 

distribution. It can be seen that the central subset provided the best approximation of 
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the true N. mitchelli distribution but did not include either the eastern or western 

extremes of the species’ known range. The western and eastern subsets adequately 

predicted the distribution of the species within each region, but failed to predict 

anything like the national N. mitchelli distribution. While the western subset produced 

a reasonable approximation of the population’s range in South Australia, the eastern 

subset failed to predict anything outside of its own scope. This suggests that the 

climate of the eastern portion of N. mitchelli’s range is quite different to that of the 

species’ distribution to the west. These findings have ramifications when attempting 

to describe the ‘typical’ climate or environment for this species or extrapolating 

environmentally-mediated behavioural observations of animals in the east to other 

parts of the species’ range. 
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 Table 2.4: Bioclimatic profile means for Notomys mitchelli geographic subsets 

 Western region Central region Eastern region 
  Mean S.D. Mean S.D. Mean S.D. 
Temperature indices       
Annual Mean Temperature 17.3 1.38 16.9 0.98 15.5 0.61 
Mean Diurnal Range 1 13.7 0.78 12.9 1.19 13.8 0.31 
Isothermality 2 0.5 0.02 0.5 0.02 0.5 0.01 
Temp. Seasonality (C of V) 1.8 0.22 1.5 0.17 1.7 0.08 
Max Temp. of Warmest Period 33.0 2.31 30.2 2.15 30.8 0.74 
Min Temp. of Coldest Period 4.9 1.08 5.1 0.68 3.5 0.31 
Temp. Annual Range 3 28.2 2.45 25.0 2.56 27.3 0.82 
Mean Temp. of Wettest Qtr. 11.6 1.55 13.6 4.33 11.4 1.33 
Mean Temp. of Driest Qtr. 21.6 1.49 20.4 2.35 20.8 0.50 
Mean Temp. of Warmest Qtr. 23.8 2.00 22.2 1.32 21.7 0.84 
Mean Temp. of Coldest Qtr. 11.0 1.09 11.4 0.81 9.5 0.42 
Precipitation indices       
Annual Precipitation 314.8 43.24 275.9 70.59 327.7 35.06 
Precipitation of Wettest Period 12.1 2.71 8.6 3.45 8.9 1.40 
Precipitation of Driest Period 0.0 0.00 0.0 0.00 0.0 0.00 
Precipitation Seasonality (C of V) 48.1 15.93 30.8 11.69 22.6 4.59 
Precipitation of Wettest Qtr. 134.3 27.14 97.6 37.95 101.2 15.48 
Precipitation of Driest Qtr. 39.9 12.02 44.4 7.08 60.6 4.16 
Precipitation of Warmest Qtr. 49.7 8.23 48.4 6.35 63.0 3.74 
Precipitation of Coldest Qtr. 127.0 25.21 94.9 40.21 99.3 16.30 
Radiation indices       
Annual Mean Radiation 19.4 0.99 19.4 0.75 17.7 0.36 
Highest Period Radiation 28.8 0.83 29.1 0.47 27.9 0.23 
Lowest Period Radiation 9.6 0.87 9.7 1.00 7.6 0.30 
Radiation Seasonality (C of V) 34.5 1.77 35.0 2.58 40.3 0.99 
Radiation of Wettest Qtr. 11.0 1.34 14.1 6.54 13.8 2.41 
Radiation of Driest Qtr. 27.2 1.13 23.9 3.69 23.8 1.80 
Radiation of Warmest Qtr. 26.3 0.75 26.7 0.55 25.7 0.27 
Radiation of Coldest Qtr. 11.8 0.94 11.5 0.87 9.2 0.33 
Moisture indices       
Annual Mean Moisture Index 0.2 0.06 0.2 0.08 0.3 0.05 
Highest Period Moisture Index 0.6 0.12 0.4 0.20 0.6 0.10 
Lowest Period Moisture Index 0.0 0.01 0.0 0.01 0.1 0.01 
M.I. Seasonality (C of V) 89.3 13.05 70.8 13.27 68.9 2.96 
Mean M.I. of High Qtr. 0.6 0.12 0.4 0.19 0.6 0.10 
Mean M.I. of Low Qtr. 0.0 0.02 0.1 0.01 0.1 0.01 
Mean M.I. of Warm Qtr. 0.1 0.02 0.1 0.01 0.1 0.01 
Mean M.I. of Cold Qtr. 0.6 0.12 0.4 0.18 0.6 0.09 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
 
Note: Shading highlights key indices 
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Figure 2.4: Predicted distribution maps for each geographic subset, Notomys mitchelli 
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2.3.3. Notomys alexis distribution 

The 653 accurate records for Notomys alexis covered most of the western and central 

Australian arid zone. The bioclimatic profile generated for all N. alexis records is 

described in Table 2.5. Notomys alexis occurred in areas with warm annual 

temperatures (mean 21.2 o C ± 0.08 S.E.) and low annual rainfall (mean 241.7mm,  

± 2.60 S.E.). Massive fluctuations in rainfall were apparent, with the maximum annual 

rainfall recorded as 757.0mm. The derived precipitation seasonality index (coefficient 

of variation) was 60.7 (± 0.96 S.E.) and higher mean rainfalls were recorded during the 

warmest quarter (88.4mm ± 1.81 S.E.) than in the coldest quarter (57.0mm ± 1.62 S.E.). 

The bioclimatic profile confirmed that N. alexis inhabits regions with typically arid 

climates; hot with unpredictable rainfall (see Table 2.5).  

 

The predicted distribution for N. alexis, generated in BIOMAP, closely matched the 

acknowledged range for the species (see Figure 2.5). However, while this species is 

known to be present in most areas of the arid zone, few unique records exist from 

southwest Queensland (n=24). Interestingly, the predicted distribution map 

highlights the Channel country as a particularly climatically-suitable area for N. alexis, 

despite the paucity of records from this region. The core range (10–90% envelope) of 

the species’ distribution had a significantly lower mean annual temperature than the 

0–100% range (20.6oC ± 0.08 S.E. and 21.7oC ± 0.22 S.E., respectively. Mann Whitney 

U=4,885.5, p<0.05). However, the core area also had a much lower mean annual 

rainfall (197.6 ± 3.28 S.E. compared to 274.1mm ± 6.81 S.E. Mann Whitney U=1,825.0, 

p<0.001). Most of the other profile variables also differed between the 0–100% and 10–

90% envelopes (Table 2.6). 
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Table 2.5: Bioclimatic profile for Notomys alexis based on all 653 validated records 

 Mean S. E. Min. 5% 10% 90% 95% Max. 
Temperature indices         
Annual Mean Temperature 21.2 0.08 15.7 18.8 19.3 22.7 22.2 26.9 
Mean Diurnal Range 1 14.5 0.05 10.1 14.1 14.1 15.6 15.8 16.8 
Isothermality 2 0.5 0.00 0.4 0.5 0.5 0.5 0.5 0.6 
Temperature Seasonality (C of V) 1.9 0.01 1.2 1.8 1.9 2.2 2.2 2.3 
Max Temp. of Warmest Period 36.5 0.07 31.1 34.7 35.7 37.8 37.4 41.0 
Min Temp. of Coldest Period 5.7 0.10 2.1 2.7 3.4 5.8 6.1 13.0 
Temp. Annual Range 3 30.8 0.12 21.3 30.4 31.0 33.3 33.5 34.7 
Mean Temp. of Wettest Qtr. 24.7 0.24 10.3 12.8 24.7 29.5 28.8 31.7 
Mean Temp. of Driest Qtr. 18.2 0.15 12.6 12.9 13.2 19.5 23.3 26.5 
Mean Temp. of Warmest Qtr. 28.1 0.07 21.8 25.3 26.4 29.7 29.0 32.1 
Mean Temp. of Coldest Qtr. 13.8 0.09 9.9 11.2 11.5 14.7 14.4 21.4 
Precipitation indices         
Annual Precipitation 241.7 2.60 120.0 143.0 158.0 278.0 327.0 757.0 
Precipitation of Wettest Period 11.6 0.24 4.0 5.0 6.0 14.0 16.0 53.0 
Precipitation of Driest Period 0.0 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
Precipitation Seasonality(C of V) 60.1 0.96 14.0 29.0 36.0 61.0 70.0 124.0 
Precipitation of Wettest Quarter 116.2 2.21 42.0 51.0 62.0 131.0 168.0 557.0 
Precipitation of Driest Quarter 14.5 0.59 0.0 25.0 0.0 33.0 36.0 56.0 
Precipitation of Warmest Quarter 88.4 1.81 26.0 44.0 60.0 122.0 149.0 312.0 
Precipitation of Coldest Quarter 57.0 1.62 6.0 29.0 24.0 51.0 156.0 212.0 
Radiation indices         
Annual Mean Radiation 21.8 0.03 18.4 20.5 20.8 22.4 22.7 23.1 
Highest Period Radiation 29.7 0.03 26.4 28.5 29.0 30.1 30.1 31.9 
Lowest Period Radiation 13.0 0.07 8.7 10.9 11.3 14.5 15.7 18.2 
Radiation Seasonality (Cof V) 26.7 0.18 12.0 20.0 22.0 31.0 32.0 36.0 
Radiation of Wettest Quarter 22.9 0.24 10.0 12.2 22.6 28.0 28.2 28.4 
Radiation of Driest Quarter 22.1 0.18 14.4 16.4 16.8 24.4 28.8 30.1 
Radiation of Warmest Quarter 27.5 0.02 24.8 27.0 27.5 28.3 28.5 28.7 
Radiation of Coldest Quarter 14.9 0.06 10.8 12.9 13.2 16.0 16.9 19.0 
Moisture indices         
Annual Mean Moisture Index 0.1 0.00 0.0 0.1 0.1 0.1 0.2 0.3 
Highest Period Moisture Index 0.3 0.01 0.1 0.1 0.1 0.3 0.7 1.0 
Lowest Period Moisture Index 0.0 0.00 0.0 0.0 0.0 0.1 0.1 0.1 
Moisture Index Seasonality (C of V) 67.9 1.13 29.0 32.0 35.0 64.0 107.0 122.0 
Mean Moisture Index of High Qtr. 0.2 0.01 0.1 0.1 0.1 0.2 0.6 0.9 
Mean Moisture Index of Low Qtr. 0.0 0.00 0.0 0.0 0.0 0.1 0.1 0.1 
Mean Moisture Index of Warm Qtr. 0.1 0.00 0.0 0.0 0.1 0.1 0.1 0.4 
Mean Moisture Index of Cold Qtr. 0.2 0.01 0.0 0.1 0.1 0.2 0.6 0.8 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
 
Note: Shading highlights key indices 
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Table 2.6: Comparison of 0–100% and 10–90% envelopes, Notomys alexis 

 0–100% 10–90% Mann-Whitney U 
 Mean S.E Mean S.E. p 
Temperature indices      
Annual Mean Temperature 21.7 0.22 20.6 0.08 0.02* 
Mean Diurnal Range 1 13.9 0.15 14.9 0.03 0.00** 
Isothermality 2 0.5 0.00 0.5 0.00 0.00** 
Temperature Seasonality (C of V) 1.8 0.03 2.1 0.01 0.00** 
Max Temperature of Warmest Period 36.0 0.21 36.7 0.06 0.31 
Min Temperature of Coldest Period 7.2 0.27 4.2 0.06 0.00** 
Temperature Annual Range 3 28.8 0.34 32.4 0.03 0.00** 
Mean Temperature of Wettest Quarter 23.3 0.56 27.5 0.14 0.07 
Mean Temperature of Driest Quarter 20.4 0.32 15.0 0.18 0.00** 
Mean Temperature of Warmest Quarter 27.9 0.19 28.0 0.09 0.34 
Mean Temperature of Coldest Quarter 14.9 0.25 12.5 0.06 0.00** 
Precipitation indices      
Annual Precipitation 274.1 6.81 197.6 3.28 0.00** 
Precipitation of Wettest Period 14.6 0.62 7.5 0.17 0.00** 
Precipitation of Driest Period 0.0 0.00 0.0 0.00 1.00 
Precipitation Seasonality(C of V) 72.2 2.25 40.6 0.54 0.00** 
Precipitation of Wettest Quarter 145.3 5.90 78.0 1.62 0.00** 
Precipitation of Driest Quarter 10.5 1.26 27.3 0.22 0.00** 
Precipitation of Warmest Quarter 91.8 4.82 75.8 1.59 1.00 
Precipitation of Coldest Quarter 75.0 4.25 35.4 0.63 0.00** 
Radiation indices      
Annual Mean Radiation 21.9 0.08 21.7 0.04 0.00** 
Highest Period Radiation 29.9 0.10 29.6 0.04 0.14 
Lowest Period Radiation 12.9 0.16 12.9 0.07 0.36 
Radiation Seasonality (C of V) 26.9 0.43 26.9 0.18 0.18 
Radiation of Wettest Quarter 20.6 0.53 26.7 0.17 0.00** 
Radiation of Driest Quarter 24.6 0.38 18.5 0.22 0.00** 
Radiation of Warmest Quarter 27.2 0.05 28.0 0.03 0.00** 
Radiation of Coldest Quarter 15.1 0.14 14.6 0.06 0.12 
Moisture indices      
Annual Mean Moisture Index 0.1 0.00 0.1 0.00 0.00** 
Highest Period Moisture Index 0.4 0.02 0.1 0.00 0.00** 
Lowest Period Moisture Index 0.0 0.00 0.0 0.00 0.00** 
Moisture Index Seasonality (C of V) 84.7 2.36 40.8 0.76 0.00** 
Mean Moisture Index of High Qtr.  0.3 0.02 0.1 0.00 0.00** 
Mean Moisture Index of Low Qtr.  0.0 0.00 0.0 0.00 0.00** 
Mean Moisture Index of Warm Qtr.  0.1 0.01 0.1 0.00 0.49 
Mean Moisture Index of Cold Qtr.  0.3 0.02 0.1 0.00 0.00** 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
* Test is significant at the p<0.05 level (two-tailed) 
** Test is significant at the p<0.01 level (two-tailed) 

Note: Shading highlights key indices 
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Figure 2.5: Known locations and predicted distribution map, Notomys alexis 

 



Chapter Two—The biogeography of N. mitchelli and N. alexis 

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 49

2.3.4. Predicting Notomys alexis distributions from geographic subsets 

Unlike Notomys mitchelli, the predicted distribution for N. alexis did not appear to 

form distinct clusters of highly suitable habitat. Nonetheless, the predicted 

distribution map did suggest that the region covering south-west Queensland, north-

western New South Wales and the north-eastern corner of South Australia is highly 

suitable N. alexis habitat despite few records in this locality (n=24, none of which were 

from NSW). As such, analysis was undertaken comparing these 24 ‘south-west 

Queensland’ records and the records from the rest of the country (i.e. the total sample 

was split at 138.0o longitude, see Figure 2.6). 

 

The bioclimatic profile generated for the south-west Queensland region was warmer 

and drier than the profile generated using all other N. alexis records (see Table 2.7). 

These two profiles were significantly different (Mann Whitney U, p<0.05) for all 

temperature indices except for the mean diurnal range and the minimum temperature 

of coldest period. Similarly, most precipitation indices significantly differed between 

the two regions (Mann Whitney U, p<0.001). Interestingly, mean annual rainfall was 

substantially lower in the south-eastern Queensland profile than for the rest of the 

species’ range (166.3mm ± 7.82 S.E. vs. 244.6m ± 2.61 S.E., respectively). 

 

Predicted distribution maps were generated for the two regional profiles using 

BIOMAP (Figure 2.6). While the south-west Queensland subset failed to predict N. 

alexis range far beyond its own scope, the subset compiled of the remaining records 

again predicted N. alexis occurrence in south-west Queensland and north-west New 

South Wales, despite having excluded the locations in this region from the analysis 

(and there being no record of the species in this part of NSW). 
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Table 2.7: Geographic subsets bioclimatic profiles, Notomys alexis 

 Rest of Australia ‘South-west Queensland’ 
 Mean S.E. Min Max Mean S.E. Min Max 
Temperature indices         
Annual Mean Temperature 21.2 0.08 15.7 26.9 22.2 0.17 20.6 23.8 
Mean Diurnal Range 1 14.5 0.05 10.1 16.8 14.8 0.08 14.3 15.7 
Isothermality 2 0.5 0.00 0.4 0.6 0.5 0.00 0.5 0.5 
Temperature Seasonality (C of V) 1.9 0.01 1.2 2.3 2.1 0.01 2.0 2.2 
Max Temperature of Warmest Period 36.5 0.07 31.1 41.0 37.9 0.11 37.0 38.8 
Min Temperature of Coldest Period 5.7 0.10 2.1 13.0 5.6 0.11 4.4 6.9 
Temperature Annual Range 3 30.7 0.12 21.3 34.7 32.3 0.10 31.5 33.2 
Mean Temperature of Wettest Quarter 24.5 0.25 10.3 31.7 29.4 0.11 28.4 30.4 
Mean Temperature of Driest Quarter 18.3 0.16 12.6 26.5 16.0 0.24 12.8 18.4 
Mean Temperature of Warmest Quarter 28.0 0.07 21.8 32.1 29.8 0.12 28.4 30.6 
Mean Temperature of Coldest Quarter 13.8 0.10 9.9 21.4 13.9 0.17 12.5 15.8 
Precipitation indices         
Annual Precipitation 244.6 2.61 123.0 757.0 166.3 7.82 120.0 277.0 
Precipitation of Wettest Period 11.7 0.24 4.0 53.0 7.8 0.64 4.0 14.0 
Precipitation of Driest Period 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.0 
Precipitation Seasonality(C of V) 60.2 0.99 14.0 124.0 56.1 2.72 31.0 80.0 
Precipitation of Wettest Quarter 117.6 2.27 42.0 557.0 78.0 5.12 43.0 133.0 
Precipitation of Driest Quarter 15.0 0.61 0.0 56.0 2.3 1.56 0.0 28.0 
Precipitation of Warmest Quarter 89.0 1.87 26.0 312.0 72.8 4.67 43.0 122.0 
Precipitation of Coldest Quarter 58.3 1.66 6.0 212.0 25.6 0.46 23.0 32.0 
Radiation indices         
Annual Mean Radiation 21.8 0.03 18.4 23.1 22.0 0.09 21.3 22.7 
Highest Period Radiation 29.7 0.04 26.4 31.9 30.0 0.05 29.2 30.4 
Lowest Period Radiation 12.9 0.07 8.7 18.2 13.3 0.20 11.8 15.1 
Radiation Seasonality (Cof V) 26.7 0.18 12.0 36.0 26.5 0.50 22.0 30.0 
Radiation of Wettest Quarter 22.8 0.25 10.0 28.4 27.0 0.11 26.1 28.3 
Radiation of Driest Quarter 22.2 0.18 15.7 30.1 18.3 0.26 14.4 20.7 
Radiation of Warmest Quarter 27.5 0.02 24.8 28.6 28.2 0.06 27.5 28.7 
Radiation of Coldest Quarter 14.9 0.06 10.8 19.0 15.0 0.19 13.4 16.6 
Moisture indices         
Annual Mean Moisture Index 0.1 0.00 0.1 0.3 0.1 0.00 0.0 0.1 
Highest Period Moisture Index 0.3 0.01 0.1 1.0 0.1 0.01 0.1 0.2 
Lowest Period Moisture Index 0.0 0.00 0.0 0.1 0.0 0.00 0.0 0.0 
Moisture Index Seasonality (C of V) 68.8 1.16 29.0 122.0 45.7 1.02 40.0 61.0 
Mean Moisture Index of High Qtr. 0.2 0.01 0.1 0.9 0.1 0.00 0.1 0.1 
Mean Moisture Index of Low Qtr. 0.0 0.00 0.0 0.1 0.0 0.00 0.0 0.1 
Mean Moisture Index of Warm Qtr. 0.1 0.00 0.0 0.4 0.1 0.00 0.0 0.1 
Mean Moisture Index of Cold Qtr. 0.2 0.01 0.0 0.8 0.1 0.00 0.1 0.1 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 

Note: shading denotes key indices. 
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Figure 2.6: The two geographic subsets for Notomys alexis  
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2.3.5. Notomys mitchelli and Notomys alexis compared 

The bioclimatic profiles for the entire Notomys mitchelli and N. alexis location sets were 

significantly different from each other for all but two of the 35 indices (Table 2.8), 

despite areas of range-overlap along the southern boundary of the arid zone  

(Figure 2.7). As such, this work confirms that the habitats for each species are 

environmentally dissimilar. 

 

The bioclimatic profile of Notomys mitchelli was significantly cooler than that for  

N. alexis, with a nearly 5oC difference in the mean annual temperatures. Temperatures 

were more stable for N. mitchelli (as indicated by the temperature seasonality 

coefficient of variance) and the range of temperatures experienced throughout the 

year was lower than for N. alexis. Notomys mitchelli habitat was also much wetter than 

that of N. alexis, with nearly 60mm more rain falling annually, on average. On the 

other hand, the range of mean annual rainfall (maximum – minimum annual 

precipitation) was much wider for N. alexis than for N. mitchelli (refer to Table 2.2 and 

Table 2.5, previously) indicating that annual rainfall was more unpredictable in this 

arid habitat. A significantly higher precipitation seasonality measure (60.1 ± 0.96 S.E.) 

for N. alexis supports this. 

 

 The core ranges of Notomys mitchelli and N. alexis (10–90% probability profiles) were 

likewise significantly different and the predicted distributions for the core ranges  

(10–90% envelopes) were not seen to overlap at all. Distribution overlap was only 

observed for the lower probability prediction envelopes and most fell in the 0–100% 

envelopes (Figure 2.7). 
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Table 2.8: Notomys mitchelli and Notomys alexis profiles compared 

 N. mitchelli N. alexis Mann-Whitney U 
 Mean S.E. Mean S.E p 
Temperature indices      
Annual Mean Temperature 16.5 0.05 21.2 0.08 0.00** 
Mean Diurnal Range 1 13.4 0.04 14.5 0.05 0.00** 
Isothermality 2 0.5 0.00 0.5 0.00 0.00** 
Temp. Seasonality (C of V) 1.6 0.01 1.9 0.01 0.00** 
Max Temp. of Warmest Period 31.1 0.09 36.5 0.07 0.00** 
Min Temp. of Coldest Period 4.5 0.04 5.7 0.10 0.00** 
Temp. Annual Range 3 26.6 0.10 30.8 0.12 0.00** 
Mean Temp. of Wettest Qtr. 12.3 0.13 24.7 0.24 0.00** 
Mean Temp. of Driest Qtr. 20.8 0.07 18.2 0.15 0.00** 
Mean Temp. of Warmest Qtr. 22.4 0.07 28.1 0.07 0.00** 
Mean Temp. of Coldest Qtr. 10.6 0.05 13.8 0.09 0.00** 
Precipitation indices      
Annual Precipitation 303.6 2.49 241.7 2.60 0.00** 
Precipitation of Wettest Period 9.5 0.13 11.6 0.24 0.00** 
Precipitation of Driest Period 0.0 0.00 0.0 0.00 1.00 
Precipitation Seasonality (C of V) 31.8 0.62 60.1 0.96 0.00** 
Precipitation of Wettest Qtr. 107.3 1.38 116.2 2.21 0.74 
Precipitation of Driest Qtr. 49.2 0.49 14.5 0.59 0.00** 
Precipitation of Warmest Qtr. 54.0 0.39 88.4 1.81 0.00** 
Precipitation of Coldest Qtr. 103.8 1.38 57.0 1.62 0.00** 
Radiation indices      
Annual Mean Radiation 18.8 0.05 21.8 0.03 0.00** 
Highest Period Radiation 28.6 0.03 29.7 0.03 0.00** 
Lowest Period Radiation 8.9 0.05 13.0 0.07 0.00** 
Radiation Seasonality (C of V) 36.8 0.14 26.7 0.18 0.00** 
Radiation of Wettest Qtr. 13.3 0.20 22.9 0.24 0.00** 
Radiation of Driest Qtr. 24.6 0.13 22.1 0.18 0.00** 
Radiation of Warmest Qtr. 26.2 0.03 27.5 0.02 0.00** 
Radiation of Coldest Qtr. 10.8 0.06 14.9 0.06 0.00** 
Moisture indices      
Annual Mean Moisture Index 0.2 0.00 0.1 0.00 0.00** 
Highest Period Moisture Index 0.5 0.01 0.3 0.01 0.00** 
Lowest Period Moisture Index 0.0 0.00 0.0 0.00 0.00** 
M.I. Seasonality (C of V) 74.4 0.57 67.9 1.13 0.00** 
Mean M.I. of High Qtr. 0.5 0.01 0.2 0.01 0.00** 
Mean M.I. of Low Qtr. 0.1 0.00 0.0 0.00 0.00** 
Mean M.I. of Warm Qtr. 0.1 0.00 0.1 0.00 0.00** 
 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
* Test is significant at the p<0.05 level (two-tailed) 
** Test is significant at the p<0.01 level (two-tailed) 

Note: Shading highlights key indices 
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Figure 2.7: Predicted distributions for both Notomys mitchelli and Notomys alexis 
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2.3.6. Notomys mitchelli and Notomys alexis in South Australia 

The South Australian data included in this analysis was of particular interest due to 

the documented sympatry of Notomys mitchelli and N. alexis in the west of the state (as 

demonstrated in the previous section, also Churchill 2001). Further, range 

convergence here would have important implications for conclusions drawn from the 

study of free-living South Australian animals, as reported in the following chapters. 

Separate analysis of the South Australian sample indicates the degree to which these 

habitats were typical for the species as a whole (i.e. the sample’s predictive ability, as 

above). 

 

Two hundred and forty-seven N. mitchelli and 199 N. alexis locations were used to 

generate bioclimatic profiles for South Australia (Table 2.9). Similar to the 

comparisons reported previously, all but two of the 35 bioclimatic variables differed 

significantly (Mann Whitney U, p<0.001). As in the previous analyses, only the 

precipitation of the driest period and the lowest period moisture index (indicative of 

drought situations) did not differ according to species. The South Australian profile 

for N. mitchelli describes a much cooler and wetter habitat (16.7oC ± 0.07 S.E. mean 

annual temperature and 286.7mm ± 4.68 S.E. mean annual precipitation) than that of 

N. alexis (20.2oC ± 0.06 S.E. annual mean temperature and 190.5mm ± 2.85 S.E. annual 

mean precipitation). Importantly, South Australian N. mitchelli habitat appears to be 

more stable than the more arid habitat of N. alexis (N. mitchelli; 1.5 ± 0.01 S.E. mean 

temperature seasonality and 30.5 ± 0.72 S.E. mean precipitation seasonality, as 

compared to N. alexis; 2.1 ± 0.01 S.E. mean temperature seasonality and 38.6 ± 0.41 S.E. 

mean precipitation seasonality). 
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Not surprisingly, the core distributions (10–90% envelopes) for the two species in 

South Australia were also significantly different from each other. For the core 

distributions, all comparisons returned significance levels of p<0.001 (Mann Whitney 

U tests) except for precipitation of the driest period (p=1.00). The mean annual 

temperature for locations within the core distribution for N. mitchelli was 16.5oC  

(± 0.07 S.E.), lower than that of the total South Australian distribution, while the mean 

annual temperature for N. alexis was 20.5oC (± 0.08 S.E.), higher than that of the total 

distribution. The mean annual precipitation for the core distribution of N. mitchelli 

was greater than for the species’ full South Australian range (303.7mm ± 6.82 S.E.). 

Similarly, the core distribution of N. alexis was somewhat wetter than its total range 

(194.8mm ± 3.66 S.E., see Table 2.10). 

 

As expected, the two distributions predicted from the South Australian profiles show 

limited areas of overlap to the west in the area of the Nullabor and Great Victoria 

Desert, but in general the two species are shown to inhabit distinctly different 

distributions (Figure 2.8). Neither of the two field sites used in the current study, in 

the Middleback Ranges and outside Roxby Downs, fell within the core distributions 

of the focal species. The Middleback Ranges fall within the 2.5–97.5% range of the  

N. mitchelli distribution while Roxby Downs, thought to be the southern-most limit of 

the species’ current distribution in South Australia, falls in the 0–100% range of the  

N. alexis distribution. 

 

Additionally, while the South Australian subset for Notomys mitchelli produced a 

predicted distribution that is similar to the entire range for the species, the South 

Australian subset for N. alexis largely failed to predict the species’ occurrence outside 

of that state. 
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Table 2.9: South Australian subsets bioclimatic profiles (0–100% envelopes), Notomys 
mitchelli and Notomys alexis 

 Notomys mitchelli Notomys alexis 
 Mean S.E. Min Max Mean S.E. Min Max 
Temperature indices         
Annual Mean Temperature 16.7 0.07 14.6 19.3 20.2 0.06 18.7 22.1 
Mean Diurnal Range 1 13.0 0.07 8.9 15.6 14.9 0.03 13.8 15.6 
Isothermality 2 0.5 0.00 0.5 0.6 0.5 0.00 0.5 0.5 
Temperature Seasonality (C of V) 1.5 0.01 1.0 1.9 2.1 0.01 1.8 2.2 
Max Temperature of Warmest Period 30.2 0.13 24.9 35.5 36.3 0.06 34.5 37.8 
Min Temperature of Coldest Period 5.0 0.05 3.3 7.7 4.2 0.06 2.2 5.7 
Temperature Annual Range 3 25.3 0.15 17.2 31.2 32.1 0.05 30.3 33.1 
Mean Temperature of Wettest Quarter 13.2 0.27 9.0 25.8 27.4 0.08 25.3 29.3 
Mean Temperature of Driest Quarter 20.4 0.14 12.8 23.5 14.0 0.06 12.6 16.1 
Mean Temperature of Warmest Quarter 22.1 0.08 19.2 25.8 27.5 0.08 25.3 29.8 
Mean Temperature of Coldest Quarter 11.2 0.06 9.0 12.7 12.3 0.05 10.7 13.7 
Precipitation indices         
Annual Precipitation 286.7 4.68 159.0 502.0 190.5 2.85 120.0 262.0 
Precipitation of Wettest Period 8.9 0.22 4.0 23.0 6.9 0.11 4.0 10.0 
Precipitation of Driest Period 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.0 
Precipitation Seasonality(C of V) 30.5 0.72 13.0 63.0 38.6 0.41 27.0 59.0 
Precipitation of Wettest Quarter 100.3 2.37 47.0 237.0 73.9 1.27 42.0 106.0 
Precipitation of Driest Quarter 46.1 0.51 26.0 64.0 24.0 0.85 0.0 37.0 
Precipitation of Warmest Quarter 49.9 0.47 38.0 67.0 72.9 1.27 42.0 106.0 
Precipitation of Coldest Quarter 98.1 2.51 31.0 236.0 33.8 0.39 23.0 45.0 
Radiation indices         
Annual Mean Radiation 19.2 0.06 17.2 21.1 21.6 0.03 20.5 22.3 
Highest Period Radiation 28.9 0.04 27.5 29.6 29.6 0.02 29.0 30.2 
Lowest Period Radiation 9.5 0.08 7.2 12.0 12.6 0.05 10.9 13.4 
Radiation Seasonality (C of V) 35.7 0.20 29.0 42.0 27.4 0.14 25.0 32.0 
Radiation of Wettest Quarter 13.9 0.40 8.9 27.8 27.5 0.03 26.6 28.4 
Radiation of Driest Quarter 23.8 0.22 15.5 27.6 17.4 0.06 14.4 19.1 
Radiation of Warmest Quarter 26.6 0.04 25.3 27.4 27.8 0.03 27.4 28.6 
Radiation of Coldest Quarter 11.2 0.07 8.9 13.8 14.4 0.05 12.5 15.2 
Moisture indices         
Annual Mean Moisture Index 0.2 0.01 0.1 0.5 0.1 0.00 0.0 0.1 
Highest Period Moisture Index 0.5 0.01 0.1 1.0 0.1 0.00 0.1 0.2 
Lowest Period Moisture Index 0.0 0.00 0.0 0.1 0.0 0.00 0.0 0.1 
Moisture Index Seasonality (C of V) 71.0 0.80 36.0 93.0 40.5 0.33 35.0 53.0 
Mean Moisture Index of High Qtr. 0.4 0.01 0.1 0.9 0.1 0.00 0.1 0.2 
Mean Moisture Index of Low Qtr. 0.1 0.00 0.0 0.1 0.0 0.00 0.0 0.1 
Mean Moisture Index of Warm Qtr. 0.1 0.00 0.0 0.1 0.1 0.00 0.0 0.1 
Mean Moisture Index of Cold Qtr. 0.4 0.01 0.1 0.9 0.1 0.00 0.1 0.2 

1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
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Table 2.10: South Australian subsets bioclimatic profiles (10–90% envelopes), Notomys 
mitchelli and Notomys alexis 

 Notomys mitchelli Notomys alexis 
 Mean S.E. Min Max Mean S.E. Min Max 
Temperature indices         
Annual Mean Temperature 16.5 0.07 15.4 17.4 20.5 0.08 19.3 21.2 
Mean Diurnal Range 1 12.8 0.14 11.7 14.5 15.0 0.03 14.5 15.4 
Isothermality 2 0.5 0.00 0.5 0.5 0.5 0.00 0.5 0.5 
Temperature Seasonality (C of V) 1.5 0.02 1.3 1.6 2.1 0.01 2.0 2.2 
Max Temperature of Warmest Period 29.9 0.22 27.9 32.3 36.6 0.07 35.7 37.2 
Min Temperature of Coldest Period 5.0 0.08 4.1 5.7 4.1 0.07 3.0 4.8 
Temperature Annual Range 3 24.9 0.27 22.5 27.9 32.5 0.03 31.7 32.9 
Mean Temperature of Wettest Quarter 11.2 0.10 9.8 12.2 27.8 0.10 26.4 28.7 
Mean Temperature of Driest Quarter 21.7 0.07 20.9 22.5 14.2 0.08 13.2 14.9 
Mean Temperature of Warmest Quarter 21.9 0.09 21.0 22.9 27.9 0.11 26.4 28.9 
Mean Temperature of Coldest Quarter 11.1 0.09 9.8 11.9 12.4 0.06 11.5 12.9 
Precipitation indices         
Annual Precipitation 303.7 6.82 229.0 372.0 194.8 3.66 162.0 248.0 
Precipitation of Wettest Period 9.7 0.30 6.0 13.0 7.1 0.14 6.0 9.0 
Precipitation of Driest Period 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.0 
Precipitation Seasonality(C of V) 35.4 0.90 20.0 45.0 39.3 0.35 36.0 44.0 
Precipitation of Wettest Quarter 111.6 3.18 69.0 149.0 76.5 1.60 62.0 101.0 
Precipitation of Driest Quarter 45.2 0.73 39.0 57.0 27.9 0.37 25.0 33.0 
Precipitation of Warmest Quarter 47.7 0.79 41.0 59.0 75.4 1.64 62.0 100.0 
Precipitation of Coldest Quarter 111.5 3.19 69.0 149.0 33.7 0.47 30.0 40.0 
Radiation indices         
Annual Mean Radiation 19.2 0.09 18.4 20.1 21.8 0.02 21.5 22.0 
Highest Period Radiation 29.0 0.07 28.4 29.5 29.6 0.04 29.1 30.0 
Lowest Period Radiation 9.4 0.11 8.4 10.6 13.0 0.03 12.4 13.3 
Radiation Seasonality (C of V) 35.8 0.27 33.0 38.0 26.6 0.09 25.0 28.0 
Radiation of Wettest Quarter 10.9 0.08 10.0 11.7 27.4 0.04 27.0 28.0 
Radiation of Driest Quarter 25.3 0.10 24.4 26.0 17.7 0.05 16.4 18.1 
Radiation of Warmest Quarter 26.7 0.06 25.7 27.1 28.0 0.04 27.5 28.3 
Radiation of Coldest Quarter 11.1 0.08 10.3 12.2 14.7 0.03 14.1 15.0 
Moisture indices         
Annual Mean Moisture Index 0.2 0.01 0.1 0.3 0.1 0.00 0.1 0.1 
Highest Period Moisture Index 0.5 0.02 0.3 0.7 0.1 0.00 0.1 0.2 
Lowest Period Moisture Index 0.0 0.00 0.0 0.1 0.0 0.00 0.0 0.1 
Moisture Index Seasonality (C of V) 79.0 0.73 65.0 85.0 38.2 0.28 36.0 44.0 
Mean Moisture Index of High Qtr. 0.4 0.02 0.2 0.7 0.1 0.00 0.1 0.2 
Mean Moisture Index of Low Qtr. 0.1 0.00 0.0 0.1 0.0 0.00 0.0 0.1 
Mean Moisture Index of Warm Qtr. 0.1 0.00 0.0 0.1 0.1 0.00 0.1 0.1 
Mean Moisture Index of Cold Qtr. 0.4 0.02 0.2 0.6 0.1 0.00 0.1 0.1 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
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Figure 2.8: South Australian subsets predicted distribution maps for Notomys mitchelli and 
Notomys alexis 
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2.3.7. Distributions over time 

The location data used in these analyses covers a period in excess of 150 years, 

allowing the data to be analysed according to the period in which the observations 

were taken, possibly detecting changes in the distributions over time. Accordingly, 

the data was divided into six time categories (see Table 2.1) and the resultant 

bioclimatic profiles mapped using BIOMAP (Table 2.11 and Table 2.12). 

 

The bioclimatic profiles from each time period demonstrate significant variation for 

most variables, for both species. Interestingly, the mean annual temperatures for the 

distributions were heterogeneous over time (N. mitchelli – Kruskall Wallis �2 5 df=19.6, 

p<0.01, N. alexis – Kruskall Wallis �2 5 df=16.6, p<0.01), as were mean annual rainfall 

indices (N. mitchelli: Kruskall Wallis �2 5 df=70.7, p<0.001, N. alexis: Kruskall Wallis �2  

5 df=75.8, p<0.001). However, there was no clear trend in these changes observed over 

time except that earlier records for N. alexis were from somewhat hotter and drier 

areas than later records. 

 

The predicted distributions generated for each time period for N. mitchelli data were 

similar to each other and that for the entire sample (see Figure 2.9). Some range 

contraction in the eastern extreme of N. mitchelli’s distribution was evident, however, 

despite more records for the species in this region in later years. The predicted 

distributions for N. alexis were more variable over time, expanding to the north and 

west over time (e.g. Figure 2.10). Distributions predicted from earlier records of  

N. alexis do not accurately reflect the distribution of the entire sample whereas later 

distributions do. This may be related to the relatively small number of records 

collected for N. alexis prior to 1960 (3.2%, n=21). 
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Table 2.11: BIOCLIM profiles for Notomys mitchelli over time  

 Prior to 
1960 1960–69 1970–79 1980–89 1990–99 2000–04 

Temperature indices       
Annual Mean Temperature 16.1 16.6 16.4 16.7 16.3 16.2 
Mean Diurnal Range 1 13.6 13.3 13.7 13.5 12.9 12.5 
Isothermality 2 0.5 0.5 0.5 0.5 0.5 0.5 
Temp. Seasonality (C of V) 1.6 1.6 1.7 1.6 1.5 1.5 
Max Temp. of Warmest Period 31.1 31.3 31.8 31.2 30.2 29.8 
Min Temp. of Coldest Period 4.3 4.7 4.2 4.4 4.9 4.8 
Temp. Annual Range 3 26.9 26.6 27.6 26.7 25.3 25.0 
Mean Temp. of Wettest Qtr. 11.8 12.1 11.9 13.4 11.5 11.3 
Mean Temp. of Driest Qtr. 20.9 21.2 21.4 20.2 21.1 20.7 
Mean Temp. of Warmest Qtr. 22.1 22.6 22.7 22.6 21.9 21.7 
Mean Temp. of Coldest Qtr. 10.3 10.7 10.3 10.9 10.8 10.6 
Precipitation indices       
Annual Precipitation 324.2 321.8 316.7 276.0 325.6 315.0 
Precipitation of Wettest Period 10.1 10.9 10.4 8.0 10.9 9.6 
Precipitation of Driest Period 0.0 0.0 0.0 0.0 0.0 0.0 
Precipitation Seasonality (C of V) 32.2 37.9 35.1 26.0 38.2 31.2 
Precipitation of Wettest Qtr. 113.5 121.0 116.0 90.6 123.6 110.7 
Precipitation of Driest Qtr. 51.7 47.6 49.6 49.6 46.6 50.2 
Precipitation of Warmest Qtr. 56.3 53.8 54.4 54.4 50.8 54.1 
Precipitation of Coldest Qtr. 110.0 116.8 112.1 86.8 121.1 108.8 
Radiation indices       
Annual Mean Radiation 18.3 18.7 18.6 19.0 18.8 18.9 
Highest Period Radiation 28.3 28.6 28.4 28.7 28.7 28.6 
Lowest Period Radiation 8.3 8.7 8.7 9.2 8.9 9.0 
Radiation Seasonality (C of V) 38.5 37.5 37.3 36.0 36.9 36.6 
Radiation of Wettest Qtr. 12.4 12.7 13.3 14.9 11.6 10.9 
Radiation of Driest Qtr. 24.1 25.4 25.2 23.5 25.5 25.7 
Radiation of Warmest Qtr. 26.0 26.1 26.2 26.3 26.4 26.3 
Radiation of Coldest Qtr. 10.1 10.6 10.6 11.0 10.8 10.9 
Moisture indices       
Annual Mean Moisture Index 0.3 0.3 0.3 0.2 0.3 0.2 
Highest Period Moisture Index 0.6 0.6 0.6 0.5 0.6 0.5 
Lowest Period Moisture Index 0.1 0.0 0.1 0.0 0.0 0.0 
M.I. Seasonality (C of V) 74.7 79.5 78.1 68.5 80.3 74.2 
Mean M.I. of High Qtr. 0.6 0.6 0.6 0.4 0.5 0.5 
Mean M.I. of Low Qtr. 0.1 0.1 0.1 0.1 0.1 0.1 
Mean M.I. of Warm Qtr. 0.1 0.1 0.1 0.1 0.1 0.1 
Mean M.I. of Cold Qtr. 0.6 0.6 0.6 0.4 0.5 0.5 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
 
Note: Shading highlights key indices 
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Table 2.12: BIOCLIM profiles for Notomys alexis over time 

 Prior to 
1960 1960–69 1970–79 1980–89 1990–99 2000–04 

Temperature indices   
Annual Mean Temperature 22.2 21.5 20.9 21.6 21.1 21.0 
Mean Diurnal Range 1 15.1 14.4 14.6 14.9 14.5 14.1 
Isothermality 2 0.5 0.5 0.5 0.5 0.5 0.5 
Temp. Seasonality (C of V) 1.9 1.9 1.9 1.9 2.0 1.9 
Max Temp. of Warmest Period 37.1 36.3 36.6 36.8 36.5 36.1 
Min Temp. of Coldest Period 5.7 6.2 5.9 5.4 5.6 6.2 
Temp. Annual Range 3 31.4 30.1 30.7 31.4 31.0 29.8 
Mean Temp. of Wettest Qtr. 27.8 24.1 21.2 24.8 25.7 25.2 
Mean Temp. of Driest Qtr. 17.5 18.8 20.0 18.4 17.4 17.7 
Mean Temp. of Warmest Qtr. 28.8 28.1 27.9 28.3 28.1 27.6 
Mean Temp. of Coldest Qtr. 14.5 14.3 13.6 14.0 13.6 13.8 
Precipitation indices       
Annual Precipitation 261.3 270.1 265.5 259.8 220.4 221.9 
Precipitation of Wettest Period 13.6 13.9 13.1 13.3 9.8 10.2 
Precipitation of Driest Period 0.0 0.0 0.0 0.0 0.0 0.0 
Precipitation Seasonality (C of V) 66.8 68.7 64.7 64.5 55.2 54.0 
Precipitation of Wettest Qtr. 136.4 137.6 131.1 129.8 100.5 102.6 
Precipitation of Driest Qtr. 14.7 11.7 15.4 13.7 15.2 15.2 
Precipitation of Warmest Qtr. 118.7 91.6 77.4 108.8 81.7 81.0 
Precipitation of Coldest Qtr. 32.2 72.7 83.9 47.9 50.6 51.5 
Radiation indices       
Annual Mean Radiation 22.1 22.0 21.6 21.8 21.9 21.6 
Highest Period Radiation 29.0 29.8 29.8 29.2 29.9 29.8 
Lowest Period Radiation 14.3 13.3 12.5 13.6 12.9 12.3 
Radiation Seasonality (C of V) 23.3 25.9 28.2 25.0 26.9 28.2 
Radiation of Wettest Qtr. 25.7 21.9 19.5 22.7 24.1 24.0 
Radiation of Driest Qtr. 20.1 23.0 24.5 22.1 21.3 21.3 
Radiation of Warmest Qtr. 27.4 27.4 27.4 27.3 27.7 27.4 
Radiation of Coldest Qtr. 15.8 15.3 14.6 15.2 14.9 14.4 
Moisture indices       
Annual Mean Moisture Index 0.1 0.1 0.1 0.1 0.1 0.1 
Highest Period Moisture Index 0.2 0.3 0.4 0.3 0.2 0.2 
Lowest Period Moisture Index 0.0 0.0 0.0 0.0 0.0 0.0 
M.I. Seasonality (C of V) 62.0 72.9 82.4 70.5 60.9 64.8 
Mean M.I. of High Qtr. 0.2 0.3 0.3 0.2 0.2 0.2 
Mean M.I. of Low Qtr. 0.0 0.0 0.0 0.0 0.0 0.0 
Mean M.I. of Warm Qtr. 0.1 0.1 0.1 0.1 0.1 0.1 
Mean M.I. of Cold Qtr. 0.1 0.2 0.3 0.2 0.2 0.2 
1 Mean Diurnal Range=(Mean (period max-min)) 
2 Isothermality index=(Mean diurnal range / Temperature annual range) 
3 Temperature annual range=(Max Temperature of Warmest period – Min temperature of coldest period) 
 
Note: Shading highlights key indices 
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Figure 2.9: Predicted distributions for Notomys mitchelli: records collected prior to 1960 and 
during 1990–99 
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Figure 2.10: Predicted distributions for Notomys alexis: records collected prior to 1960 and 
during 1990–99 
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2.4. Discussion 

On the whole, the bioclimatic profiles and predicted distributions generated using 

BIOCLIM support what is currently known about Notomys mitchelli and N. alexis. 

Notomys mitchelli has a range covering most of the southern mainland, excluding 

southeast Victoria. The species’ predicted range does not extend very far into the 

semi-arid zone of New South Wales (N. mitchelli is now considered to be extinct in 

NSW, Dickman et al. 2000b) and no records were identified to support Tait et al.’s 

(2005) assertion that N. mitchelli was present in the Adelaide metropolitan region prior 

to 1990. Notomys alexis has a vast distribution covering the entire Australian arid zone, 

extending into the semi-arid zone at the southern extremes of its range and into  

sub-tropical grasslands to the north. The distributions of the two species overlap in 

the south-western region of the arid zone.  

 

2.4.1. Preferred environment—Notomys mitchelli 

The BIOCLIM analyses corroborate observations that preferred habitat for N. mitchelli 

is one which is typically ‘Mediterranean’ in climate. Mean temperatures are warm to 

hot in summer and mild in winter. Annual rainfall is moderate and reasonably 

seasonal, with heavier falls recorded in winter. The western extreme of the 

distribution extends further north than in other parts, reflecting the higher rainfall 

along the coast of Western Australia than that of comparable areas (Adams et al. 2003; 

Lamont 2003). The western and central distributions appear contiguous but the 

eastern distribution is more isolated, divided by the Flinders and Mt. Lofty Ranges in 

South Australia. This divide is present, although less apparent, in the distribution 

predicted from observations recorded before 1960. Distributions generated from data 

points collected in later time periods suggest that there has been some contraction in 
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the species’ range in Victoria. These two findings suggest that agricultural 

development since this time may have influenced N. mitchelli’s range over and above 

the apparent barrier that the Ranges themselves present. The general thinning of the 

distribution in the area of the Nullabor Plain, although the distribution remains 

contiguous, reflects rainfall levels and the southern encroachment of the arid zone 

(Adams et al. 2003). Notomys mitchelli’s core distribution (10–90% prediction envelope) 

is concentrated in southern Western Australia, the Eyre Peninsula in South Australia 

and the Mallee region in eastern South Australia and Victoria. These areas of highly 

suitable habitat experience lower mean temperatures and a higher mean rainfall than 

the peripheral areas of N. mitchelli’s distribution.  

 

Analyses of the three distinct (geographical) cores of N. mitchelli’s distribution 

describe significantly different bioclimatic profiles, the climate being warmer and 

drier in the west than that of the habitat in the east. Mapping the distributions 

predicted from these subsets emphasises that the habitat of the centrally-located 

population represents ‘middle ground’ for the species, giving the most accurate 

description of the entire range of the species (Figure 2.4 and Figure 2.8). Further, this 

analysis highlights the similarity of the western and central habitats and the 

distinction of the eastern habitat. This finding suggests that attempting to describe the 

‘typical’ climate or environment for this species or extrapolating environmentally-

mediated behavioural observations of animals in the east to other parts of the species’ 

range may not be entirely appropriate.  

 

Further, the similarity and contiguity of the western and central habitats and the 

marked division between these and the eastern, ‘Victorian’, distribution raises the 

question as to whether these populations are connected and accordingly, whether or 
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not the populations from the two distinct regions of the range could have been 

isolated long enough to be considered different subspecies. Troughton (1946) and 

Brazenor (1956-1957) make mention of a number of subspecies for N. mitchelli, but 

more recent literature does not continue the distinction (e.g. Breed 1998a, see also 

Watts & Kemper 1989). Troughton’s description of the subspecies gives the name  

N. mitchelli alutacea Brazenor (1934) to the animals inhabiting the Ooldea area (South 

Australia) and westwards, being larger and having “longer fur and warmer reddish-

brown colouration than the typical race” (Troughton 1946, pg. 318), the typical race 

being that located in semi-arid Victoria (N. mitchelli macropus, Thomas 1921). The 

results of the BIOCLIM analyses for the different geographic cores could be 

interpreted as lending support to this division and further analysis, including 

morphological and genetic analysis, may reveal that these subspecies distinctions are 

valid.  

 

A small number of studies report similar results for analyses of mammal distributions 

using BIOCLIM. Work by Fischer and Lindenmayer (2001) described a strongly 

bimodal predicted distribution for Trichosurus caninus, the mountain brushtail 

possum. This finding supported prior observations of morphometric differences 

between the two parts of the species’ range and led the authors to suggest further 

work to clarify the taxonomic implications of these results. Similarly, analyses using 

BIOCLIM by Crowther et al. (2002) confirmed the taxonomic status of subspecies of 

the yellow-footed antechinus; Antechinus flavipes leucogaster and A. flavipes flavipes. 

Analyses by Crowther (2002) on the Antechinus stuartii–A. flavipes complex at a species 

level likewise confirmed differing bioclimatic profiles for this recently-revised 

taxonomic group (see also Sumner & Dickman 1998). Studies such as these support 

the suggestion that the observation of distinct geographic clusters (and the 
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concomitant differences in bioclimatic profiles) for N. mitchelli in this BIOCLIM 

analysis may be driven by valid taxonomic differences.  

 

2.4.2. Preferred environment—Notomys alexis 

Favoured habitat for Notomys alexis is significantly warmer and drier than that of  

N. mitchelli, covering most of the Australian arid zone. Mean annual temperatures are 

warm to hot, and the region experiences low, and highly variable, annual rainfall. 

Unlike the habitat typical for N. mitchelli, the area inhabited by N. alexis records the 

heaviest rains in the warmest months of the year. The core distribution (10–90% 

range) sits squarely over the arid zone and has two centres concentrated in central 

Australia and south-western Queensland. The entire distribution (0–100% envelope), 

however, encroaches into the semi-arid zone to the south and the subtropics to the 

north. The core distribution experiences slightly lower mean annual temperatures and 

a vastly lower mean annual rainfall than the total distribution. With a mean annual 

rainfall of less than 200mm, the core distribution of N. alexis is extremely arid.  

 

The predicted distribution of N. alexis formed less distinct geographical clusters than 

N. mitchelli. Nonetheless, despite few recorded observations (24 over a span of 100 

years) for N. alexis in south-west Queensland and north-east South Australia, a large 

portion of the distribution deemed most suitable for the species falls in this region. 

This is particularly interesting given that a named subspecies has been described for 

the area, based on morphological features (Breed 1998a; Troughton 1946). Having 

divided the sample in two accordingly, reanalysis suggested that the ‘south-west 

Queensland’ subset does not accurately represent the environmental conditions found 

throughout the entirety of the species’ distribution. That is, the south-west 
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Queensland subset failed to predict the species’ range in the rest of Australia while 

the ‘rest of Australia’ subset accurately predicted N. alexis in south-west Queensland. 

While this may be construed as further evidence for the subspecies delineation for  

N. alexis, and emphasises the need for further (including genetic) analysis, the fact that 

the ‘rest of Australia’ data adequately predicted N. alexis’ range in south-west 

Queensland, despite the absence of locations in the area, implies that there is not a 

vast difference in climate between the two regions.  

 

The slightly odd results observed for the south-western corner of Queensland suggest 

that the model may be indicating suitable habitat for the genus more generally. While 

there are few records of N. alexis from the south-western Queensland region, and 

none from north-west New South Wales, the related N. cervinus and N. fuscus have a 

stronghold in this area (Moseby et al. 1999; NSW National Parks & Wildlife Service 

2003; Watts 1998b; 1998c). Notomys cervinus typically inhabits gibber plains while both 

N. alexis and N. fuscus inhabit areas of sandy soil (Moseby et al. 1999; Watts 1998b; 

1998c). Reportedly, where N. alexis and N. fuscus are sympatric, N. fuscus dominates 

the sand dunes while N. alexis inhabits the sandy plains (Watts & Aslin 1981). The 

topography of the region, then, may be critical to understanding Notomys spp. 

distributions, but at the broad scale of the BIOCLIM analyses such hypotheses cannot 

be tested. Further research may reveal that the distribution of N. alexis in south west 

Queensland is limited by competition with sympatric Notomys spp. in addition to 

climatic variables, explaining the incongruity of the paucity of records from this area 

and the BIOCLIM prediction that this habitat should be ideal for N. alexis.  

 

Such findings in part support criticisms of relatively simplistic bioclimatic envelope 

modelling (e.g. Carpenter et al. 1993; Pearce & Boyce 2006; Robertson et al. 2004; 
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Walker & Cocks 1991; Wintle et al. 2005). BIOCLIM’s use of rectilinear envelopes to 

estimate the bioclimatic parameters in a given location has been criticised as being 

disadvantageous when compared with alternative techniques which utilise more 

biologically-appropriate ‘cells’ (for example, elliptical envelopes, see Farber & 

Kadmon 2003; Kadmon et al. 2003). BIOCLIM may also prove to be an inappropriate 

algorithm for organisms whose distributions are largely influenced by non-climatic 

factors, such as particular dietary requirements (Busby 1991; Hampe 2004). Given the 

continental scale of the current research, however, the impact of these limitations is 

considered to be minimal (Pearson & Dawson 2003). Nonetheless, future studies of 

smaller areas, including N. alexis’ presence in the south-west Queensland region, are 

encouraged to use more sophisticated modelling techniques.  

 

2.4.3. Known range over time 

Notomys mitchelli was first collected in 1836 and the earliest record for N. alexis comes 

from 1891, although the species was taxonomically described from a specimen located 

in 1905 (Troughton 1946). The location data obtained for this study from state 

museums and government environmental departments includes both the earliest and 

the most recent documented records of both species. Thus, the information used in 

these bioclimatic analyses represents a comprehensive history of each species.  

 

The caveat for this temporal analysis is that the standard BIOCLIM surface data was 

used to generate the profiles and distributions for each time period and any changes 

over time in the environmental variables are not reflected in the results. That is, the 

profile and predicted distribution generated from locations collected in 1960–69 was 

calculated using identical climatic information as the distribution generated from the 
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2000–04 locations. While BIOCLIM can be manipulated to model warmer or cooler 

temperature scenarios (e.g. Beaumont & Hughes 2002; Brereton et al. 1995; Eeley et al. 

1999; Meynecke 2004), it was not within the scope of this analysis to do so. As such, 

the climate data used in these models may not adequately describe the climatic 

conditions for the particular time period in question.  

 

Since colonisation, the known range of N. mitchelli and N. alexis has expanded 

artificially due to the accumulation of records via exploration and settlement. That is, 

what is known about the species has increased rather than the species necessarily 

inhabiting novel areas. Concomitantly, the consequences of European settlement 

(habitat loss and the invasion of the country by introduced predators and 

competitors) have had a severe impact on endemic fauna, particularly those with 

bodyweights less than 5kg, reducing the current distribution of many species (Brandle 

et al. 1999; Burbidge & McKenzie 1989; Cole & Woinarski 2000; Dickman et al. 2000a; 

Dickman et al. 2000b; Hocking & Driessen 2000; Moseby et al. 1999; Robinson et al. 

2000; Smith & Quin 1996; Wilson 2003; Woinarski 2000). This analysis suggests, 

however, that the modelled distribution of N. alexis has remained relatively stable 

over time and that the range of N. mitchelli has contracted only slightly in the area of 

its range thought to be most affected by habitat loss. These observations indicate that, 

at a broad scale, N. mitchelli and N. alexis have not been unduly affected by the 

threatening processes resulting from European settlement. Nevertheless, much of 

these species’ range is across areas of extremely low productivity and localised 

populations, such as that of central Victoria, may have experienced extinctions in 

areas which have been subject to greater levels of disturbance (see Glanznig 1995; 

National Land and Water Resources Audit 2001). It must also be recalled that 

abundance does not affect BIOCLIM analyses and as such, it cannot be said that local 
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populations have not been severely reduced in the locations contributing to this 

analysis.  

 

Furthermore, the bioclimatic profiles for each species over time were not generated 

using informed time periods. Environmental events (e.g. flooding events Olsen & 

Doran 2002) which may have influenced the species’ distributions did not frame this 

analysis and the differences observed in this study may be the result of the differing 

concentration of scientific effort in particular parts of the species’ range during each 

period. For N. mitchelli, most climatic indices, such as mean annual temperature, 

remain stable over time. While rainfall remains distinctly seasonal, particularly low 

mean annual rainfalls and mean rainfall of the coldest (wettest) quarter were reported 

for records collected in the 1980s and it is interesting to note that the largest number 

of records were collected in this period (204 of 557). It may be that the larger sample 

gives a more accurate prediction of N. mitchelli’s preferred environment. 

Alternatively, these locations may actually have been wetter in these particular years, 

but the aggregated climate information cannot adequately describe such variation. 

Most likely, the lower mean annual rainfall for the 1980–89 profile is due to the large 

number of records obtained from the region west of Ooldea, South Australia and into 

Western Australia. None of the other profiles include as many records from this area 

and while this does not discount a rainfall-driven population expansion, the lower 

mean annual rainfall for this time period may merely be an artefact of data collection 

processes.  

 

Similarly, the climate of the region occupied by N. alexis has remained generally stable 

over time but becomes noticeably drier from the 1990s (Table 2.12). Decreasing mean 

rainfall in the warmest (wettest) quarters, and a slight increase in precipitation in the 
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coldest quarter reflects the species’ apparent southerly distribution expansion. Later 

time periods (1990–99, 2000–04) include more records (51.3% of the total sample) than 

previous time periods and, importantly, more records collected from northern South 

Australia. As for the variation noted in the N. mitchelli distributions over time, it is 

unknown whether this is a true range expansion (although anecdotal evidence 

suggests this is the case; J. Read, BHP Billiton, pers. comm. 2001), or an artefact of data 

collection process. As noted above, heavy rainfalls over a short period that may drive 

distribution expansion may not be detectable from the BIOCLIM climate surfaces or 

arbitrary time-periods used here. That is, the mean rainfall of N. alexis’ distribution 

may have been, in reality, much higher than described for these ‘drier’ years. 

Evidence suggests that this is the case for the Roxby Downs region specifically, where 

the recent average annual rainfall has increased markedly since 1980 (see Bowen & 

Read 1998). Accordingly, and following the example of Olsen and Doran (2002), it 

may be worthwhile for future studies to conduct bioclimatic analyses of N. alexis 

distributions using time-steps and climatic data which better reflect known variation, 

in order to better understand the population processes of a species known to be 

influenced by extreme rainfall events (Letnic 2003; Newsome & Corbett 1975; 

Predavec 1994; Southgate & Masters 1996).  

 

2.4.4. Environmental predictability 

The bioclimatic profiles generated for both N. mitchelli and N. alexis locations match 

the known climatic characteristics of the broad geographic regions. In the southern 

parts of the country, N. mitchelli experiences lower mean annual temperatures and 

higher rainfall, and highest rainfalls occur in the cooler months. Conversely, the more 

northerly habitat occupied by N. alexis is warmer, more arid and records heaviest 
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rains in the warmer months. The differences between each species’ bioclimatic 

profiles, both total distributions and 10–90% core distributions, are statistically 

significant. 

 

Happold’s (1976a) hypothesis regarding the social behaviour of Australian rodent 

species discusses the climatic environment of a habitat in terms of resource 

predictability, or seasonality. As such, for this work some of the most pertinent 

indices examined here are the measures of seasonality. The seasonality indices are the 

coefficient of variation of the data and these are calculated as the standard deviation 

of the weekly means expressed as a percentage of the mean of that data (Houlder et al. 

2000). Low values indicate a stable seasonal cycle while high values represent highly 

variable conditions throughout the year. A seasonality measure is produced for 

temperature, precipitation, radiation and moisture.  

 

Temperature and precipitation seasonality measures for N. mitchelli were lower than 

for N. alexis. The bioclimatic profile for N. mitchelli gives a mean temperature 

seasonality of 1.6 (± 0.01 S.E.) and a mean precipitation seasonality of 31.8 (± 0.62 S.E.). 

Notomys alexis on the other hand has a mean temperature seasonality measure of 1.9 

(± 0.01 S.E.) and a mean precipitation seasonality of 60.1 (± 0.96 S.E.). Further, the 

range of mean annual temperature and mean annual rainfall (maximum – minimum) 

was much wider for N. alexis than for N. mitchelli, which is also indicative of a more 

unpredictable habitat. As such, in terms of both temperature and rainfall, it has been 

demonstrated that N. mitchelli occupies more stable habitat.  

 

Analysis of the bioclimatic profiles for the two species therefore supports the 

hypothesis that the habitats of N. mitchelli and N. alexis are significantly distinct, even 
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though the species are sympatric in some parts of their range. Most importantly, the 

critical environmental resource—rainfall—is reasonably stable for N. mitchelli and 

highly variable for N. alexis. As such, the species may need to have differing 

behavioural adaptations in order to most fully exploit the variations in the level of 

resources available in their habitats. Following Happold’s (1976a; 1976b; 1976c) 

theory, the species living under the least predictable conditions would be expected to 

form the largest, most complex social groups while the species occupying more 

predictable habitats would be expected to form smaller social groups. On the basis of 

these analyses, it is reasonable to expect that the social groups formed by free-living 

N. mitchelli will be smaller and less complex than those formed by N. alexis and this 

hypothesis forms the basis of the work reported in the following chapters.  
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3. The population ecology of Notomys 
mitchelli 

3.1. Introduction 

3.1.1. The semi-arid mallee environment 

Australian mallee shrublands occupy an area of some 416,000 km2 (Morton & 

Landsberg 2003). These woodlands are dominated by mallee-form Eucalyptus spp. 

and the understorey vegetation includes many smaller shrub species as well as 

grasses—predominantly Triodia spp. Mallee shrublands most frequently occur on 

calcareous and sandy soils along the southern fringes of the arid zone (Morton & 

Landsberg 2003). The Australian arid and semi-arid zones are subject to long periods 

of drought followed by intense rains, and are subject to the El Niño-Southern 

Oscillation cycle (Allan 2003). However, as described in the previous chapter, the 

southern semi-arid regions generally have regular winter rainfall and can be viewed 

as a relatively predictable climate compared to the extremely arid central deserts. 

Nevertheless, from year to year rainfall can be erratic and plants and animals have 

had to evolve highly efficient water-conserving physiologies to survive in these areas. 

As in other parts of the world, Australian mammals in semi-arid and arid 

environments are primarily nocturnal, burrowing animals—at once minimising water 

requirements and reducing exposure to temperature extremes (Stafford Smith & 

Morton 1990; Whitford 2002).  

 

The semi-arid mallee regions of southern Australia have a highly diverse vertebrate 

fauna, including many reptiles and small mammals (Aslin 1978; Bennett et al. 1989). 

Skinks (Scincidae) and small dragons (Agamidae) dominate the reptile fauna, with 
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many species of elapid snakes also present (Baverstock 1979; Copley & Kemper 1992; 

Owens et al. 1995; Woinarski 1989). A large number of mammal species are present 

throughout the mallee habitat, including small dasyurids of the genera Sminthopsis 

and Ningaui, the semi-arboreal Cercartetus spp. and many rodents, primarily of the 

genera Pseudomys and Notomys (Aslin 1978; Bos & Carthew 2001; Carthew & Keynes 

2000; Robinson et al. 1988; Twidale et al. 1985).  

 

The mammals of the semi-arid regions have been subject to high levels of disturbance 

since European settlement however, including exposure to predation and competition 

from introduced species (Beattie et al. 1992; Burbidge & McKenzie 1989; Dickman 

1996; Dickman et al. 2000b; Morris 2000). Animals in the critical weight range of  

35–5,500g have been particularly affected, including many rodent species (Burbidge & 

McKenzie 1989; Lee 1995; Smith & Quin 1996). Both the greater and lesser stick nest 

rats, Leporillus conditor and L. apicalis, have become extinct in their semi-arid habitats 

on the Australian mainland (Copley 1999; Pedler & Copley 1993; Robinson 1998; 

Robinson et al. 2000). Other species, including Notomys mitchelli, Pseudomys 

apodemoides, P. albocinereus and P. shortridgei, have suffered range reduction as much 

of the semi-arid zone has been cleared for agriculture and pastoral activities 

(Cockburn 1998b; 1998c; Lee 1995; Morris & Robinson 1998; Robinson et al. 2000). 

Despite this, species inhabiting semi-arid mallee regions have not been the focus of 

many biological studies and as such, little is known about their habitat requirements 

or socio-ecology. Knowledge of these species is vital for understanding the diversity 

of the Australian mammal fauna, complementing what is known about arid and 

temperate-dwelling species, and to prevent further range reduction (Robinson et al. 

2000). To this end, this study examines aspects of the ecology of a free-living 
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population of the little-researched Notomys mitchelli: Mitchell’s hopping mouse or 

‘pankot’ (Braithwaite et al. 1995).  

 

3.1.2. Mitchell’s Hopping Mouse—Notomys mitchelli (Ogilby, 1838) 

Few published studies report captures of Notomys mitchelli (Baverstock 1979; 

Churchill 2001; Cockburn 1981a). The species is known to occur in remnant shrubland 

throughout much of semi-arid southern Australia, and appears to be particularly 

common on the Eyre Peninsula, South Australia (Strahan 1998; Watts & Aslin 1981). 

The predicted distribution for N. mitchelli modelled in Chapter Two has this region at 

its core. Typical habitat for the species appears to be areas of mallee vegetation 

associated with sandy dune systems (Watts 1998a). It is estimated that 50–90 per cent 

of N. mitchelli’s range has been cleared for agricultural purposes since colonisation 

(Lee 1995). While the species is considered to be secure, it is in the critical weight 

range for mammals vulnerable to extinction processes (Burbidge & McKenzie 1989; 

Lee 1995; Smith & Quin 1996). 

 

Little is known of the social organisation and behaviour of Notomys mitchelli (Watts 

1998a). Up to eight animals have been reported to occupy a single burrow and Watts 

and Aslin add that these individuals were “apparently randomly assorted by sex” 

(1981, pg. 119). From laboratory observations, Happold (1976a) described N. mitchelli 

as gregarious, exhibiting ‘attraction behaviour’ and forming social bonds after initial 

aggressive encounters between unfamiliar individuals. She also reported findings of 

one to four animals, commonly three, co-occupying burrows in the wild. Happold 

(1976a) designated the species as having a stable, highly complex social group system, 

possibly based on bonds between females who raise their young communally. 
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Although information is limited, rodents in similar semi-arid environments across the 

country appear to have similar social organisations. Sympatric with N. mitchelli in the 

wetter, eastern portion of its range, Pseudomys apodemoides also form small social 

groups of up to three adult females, their young and a single male (Happold 1976a). 

The flexible social system of P. apodemiodes is thought to have developed in response 

to both the semi-arid environment and the vulnerability of this habitat to wildfire 

(Cockburn 1981b; Happold 1976a). Although P. apodemiodes is an opportunistic 

breeder, a peak in reproductive activity is observed at times of the year when 

resources are most abundant (winter to spring, Cockburn 1981b). A related species,  

P. bolami inhabits the southern semi-arid zone, and is sympatric with N. mitchelli in the 

central and western part of its range. Little is known of P. bolami’s social organisation 

and behaviour, but like P. apodemoides, the species appears to have a seasonal (spring) 

peak in breeding activity (Moseby & Read 1998). Further, it is thought that P. bolami 

populations irrupt following favourable conditions (Dickman 1993a), implying a level 

of sociality that facilitates rapid reproduction. Pseudomys albocinereus inhabits semi-

arid regions of Western Australia and in some areas of its distribution, breeding pairs 

have been observed to share burrows with their offspring (Morris 1998).  

 

Thus, Notomys mitchelli is thought to be a fairly typical example of a rodent generalist 

in the Australian semi-arid habitat. Physiological and behavioural adaptations 

ameliorate the consequences of inhabiting a drought-prone environment (Hewitt et al. 

1983; Murray et al. 1999) and it follows that the harsh conditions have similarly 

shaped the species’ social behaviour (Randall 1994). Like other rodent species in this 

environment, N. mitchelli is thought to form social groups which facilitate 

reproduction when conditions are favourable, but given the relative predictability of 

resources in these habitats, the groups formed are thought to be smaller than those of 
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species inhabiting more arid environments (Happold 1976a). Similarly, N. mitchelli is 

thought to be long-lived and relatively mobile in order to maximise the probability of 

survival (and successful reproduction) in semi-arid habitats (Baverstock 1979).  

 

3.1.3. Study aims 

With no focal, and very little incidental, research conducted on this species, this 

study’s primary aim was to investigate aspects of the ecology of free-living Notomys 

mitchelli in remnant mallee shrubland on South Australia’s Eyre Peninsula. Previous 

research has indicated that the species is highly mobile and occurs in low densities 

(Baverstock 1979; Cockburn 1981a). A primarily laboratory-based study has also 

suggested that this species may be characterised as having a relatively stable social 

organisation based on small groups of females and more nomadic males (Happold 

1976a). It was hypothesised the field data would support Happold’s observations. 

 

As such, the particular phenomena of interest for this study were capture frequencies, 

residency, social group composition and reproductive behaviour. The detection of 

dispersal events was also thought to be of importance due to dispersal’s role in 

population regulation. Accordingly, the study’s aims were to: 

 
1. Characterise the population in terms of sex and age structure via live trapping; 

2. Determine the presence and longevity of resident animals in the population 

through a mark-recapture study; 

3. Describe the species’ social organisation, utilising trapping and burrow-use 

data; and, 

4. Describe reproductive patterns for this species.  
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3.2. Study area and methods  

3.2.1. Middleback Ranges study area 

A free-living population of Notomys mitchelli was studied in the Middleback Ranges, 

South Australia. The Middlebacks are located on the upper Eyre Peninsula (137o07’ E, 

33o09’ S, 438 km from Adelaide), approximately 40 km west of the town of Whyalla. 

The Middleback Ranges are uplands in Banded Iron formation (Twidale et al. 1985) 

and OneSteel Pty. Ltd. is currently mining the Iron Knight deposit about 2km from 

the study area. The study site was situated on the western side of the North Cook 

Range, the south-western portion of the Ranges proper, an area dominated by low 

orange sand dunes. The study area covered parts of the Broadview and Moola 

pastoral leases, but had been relatively undisturbed by stock due to a lack of watering 

points.  

 

The region experiences hot, dry summers and cool winters. In summer the mean 

maximum daily temperature at the study site is 31.6oC (± 0.9 S.E.) while winter 

temperatures are much lower; a mean daily maximum of 17.4oC (± 0.5 S.E. Bos & 

Carthew 2001). Relevant for nocturnal animals, the mean daily minimum in summer 

is 16.1oC (± 0.8 S.E.) while in winter, temperatures drop to a mean of 4.1oC (± 0.7 S.E.) 

overnight (Bos & Carthew 2001). Heaviest rainfalls are experienced in the winter and 

spring and the average annual rainfall is low, approximately 275mm (BoM 2005; 

Loveys et al. 2001). Actual rainfall levels in the study area were slightly below average 

in 2000 (235mm) but above average in 2001 (347mm, BoM 2005).  

 

The vegetation at the site consisted of mallee overstorey (predominantly Eucalyptus 

socialis, E. gracilis, E. brachycalyx, E. incrassata and E. oleosa) with a shrubby 
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understorey including Eremophila scoparia, Senna artemisoides, Dodonea viscosa, Hakea 

francisiana, Melaleuca lanceolata and Acacia ligulata. Triodia irritans was the dominant 

groundcover in the area. Some areas of the study site had not experienced fire for 

many years, but other areas were burnt in 1990, giving rise to a thick swathe of 

regrowth (see also Churchill 2001).  

 

The semi-arid mallee has a biologically diverse vertebrate fauna, including many 

reptile and small mammal species (Aslin 1978; Bennett et al. 1989; Copley & Kemper 

1992; Owens et al. 1995). Skinks and small dragons dominate the Middleback reptile 

fauna, with species of elapid snakes also present in good numbers. Small mammals 

known to inhabit the area include Ningaui yvonnae, Cercartetus concinnus, Pseudomys 

bolami, Sminthopsis dolichura and S.psammophila (Bos & Carthew 2001; Carthew & 

Keynes 2000; Churchill 2001). Prior to this study, Notomys mitchelli were known to be 

present at the site; having been caught in a study of the area’s small mammal 

community (Carthew & Keynes 2000) and as by-catch in studies of the population 

ecology of Ningaui yvonnae (Bos & Carthew 2001; Bos et al. 2002).  

 

Fourteen field sessions, of between seven and fourteen nights each, were undertaken 

at Middleback between January 2000 and December 2001 (i.e. 24 months). Two 

sessions were conducted in quick succession in January 2000, so for analytic purposes 

the data from these sessions has been pooled. Field sessions were generally conducted 

during the last-quarter phase of the moon to maximise trap response (Abramsky et al. 

2004; Kramer & Birney 2001; Mandelik et al. 2003; Predavec & Dickman 1994; Read & 

Moseby 2001). There was an average of 50 days separating successive field sessions 

(range: 10–133). 
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Three primary areas were trapped consistently, with additional areas trapped at times 

throughout the study period (Figure 3.1). The first area (area A) consisted of 

Eucalyptus dumosa, E. socialis mallee shrubland with a dense, aging  

T. irritans understorey on low-lying sand dunes (Plate 3.1). Two grids of 30 traps 

(n=60) were established in this habitat. Each grid consisted of three lines of ten Elliott 

traps spaced approximately 10m apart. Trap-lines were laid out east-west along the 

crest of the dune and 50m to each side. These grids were on adjacent dunes, separated 

by approximately 50m.  

 

The second study area, area B, was located to the west of area A. Here, the dunes 

were more distinct and the vegetation was at a younger successional stage than at 

area A (Plate 3.2). The over-storey was dominated by E. oleosa and Acacia ligulata, with 

stands of Callitris verrucosa in the area. The understorey consisted of dense, mid-stage, 

T. irritans and various young shrubs. Again, two trapping grids were established, 

with the same 3x10 Elliott trap array as described for area A. At this site however, a 

distance approximating 1km separated the grids, in an attempt to detect animal 

transiency. Shortly after the commencement of trapping in this area it became 

apparent that animals were travelling between one of the trapping grids and a dune 

to the west of the grid. A further 40 traps were laid along the crest of this dune, 

bringing the total number of transect traps at area B to 100.  

 

A third trapping area was maintained 800m north-east of area A throughout the study 

period. Area C was located further up the flank of the North Cook range, although 

still in sandy soil, to the north of area A. Vegetation here was much older than both of 

the other primary sites, consisting predominately of stands of Eucalyptus incrassata 

and E. dumosa with large rings of mature T. irritans (Plate 3.3). Here three lines of ten 
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Elliott traps 10m apart ran north-south, with approximately 50m between the lines 

(n=30). All three study areas were consistently trapped for the duration of the study 

with little rearrangement over the two years. For summary details, see Table 3.1. 

 

Additional traps were placed around burrows located during the study following 

Anstee et al. (1997), amounting to some 1720 trapnights. Burrows were monitored for 

N. mitchelli activity in every field session until they became obviously inactive.  

 

Table 3.1: Middleback Ranges trapping effort by site 

Area Array Area Period Nights Sessions Trapnights 

A1 3 x ten grid 2.62 ha Jan-00 - Dec-01 100 11 3,000

A2 3 x ten grid 1.07 ha Jan-00 - Dec-01 100 11 3,000

B1 3 x ten grid 1.15 ha May-00 - Dec-01 86 10 2,580

B2 3 x ten grid 1.64 ha May-00 - Dec-01 86 10 2,580

B3 40-trap transect 2.60 ha Dec-00 - Dec-01 44 5 1,760

C 3 x ten grid 1.98 ha Jan-00 - Dec-01 100 11 3,000

Burrows Jan-00 - Dec-01 1,720

Total 17,640
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Figure 3.1: Aerial view of Middleback Ranges study site and trapping areas 
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Plate 3.1: Typical vegetation at Middleback trapping area A 

 

 
Plate 3.2: View to Iron Knight mine, across Middleback trapping area B 
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Plate 3.3: Trap placement at Middleback trapping area C 

 

3.2.2. Capture techniques  

All traps were baited with the standard mix of rolled oats and peanut butter 

(following Anstee et al. 1997; Monamy 1995; Stewart 1979; Thompson & Fox 1993). 

Traps were opened at dusk and checked at dawn the following morning and traps 

remained closed throughout the day. 

 

Records were made of all species captured and non-target species were released 

immediately. The most frequently caught non-target animals were Ningaui yvonneae 

(88 of 190 non-target captures, 46.3%) and Sminthopsis psammophila (n=82, 43.2%). All 

Notomys mitchelli captured were weighed, sexed, checked for reproductive condition 

(perforate, pregnant or lactating females or males with obvious testes) and identified 

at the point of capture. New animals were held during the day and were marked with 

a unique identifier using combinations of notches in the ears. Individuals were also 
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retained if cotton spools, chemi-tags or radio-transmitters were to be fitted or 

removed. Animals were kept in cotton bags in a cool, quiet place and given pieces of 

apple and sunflower seeds. At dusk, animals were released at their point of capture.  

 

3.2.3. Subadult definition 

In the absence of well-defined age-class characteristics for Notomys mitchelli, 

determining age at capture was somewhat difficult. Without the antecedent 

information necessary to age according to physical measurement and very few 

observations of reproductive activity in the study population (Notomys spp. testes are 

notoriously small and for all intents and purposes are undetectable in a live specimen 

Breed 1982; Breed & Taylor 2000), an approximate measurement of age had to be 

derived. Following Breed (1979) and Brandle and Moseby (1999), weight at capture 

was taken and subadults classed according to the minimum weight observed to be 

maintained once attained. Accordingly, males of less than 23g and females of less than 

25g were classed as subadults, slightly more than half the presumed full adult size 

(see Watts 1998a).  

 

3.2.4. Burrow location techniques 

Individuals were followed to burrows using several tracking techniques in an attempt 

to ascertain social organisation (e.g. Brock & Kelt 2004). Initially, some animals were 

fitted with cotton spools or chemi-tags (phosphorescent chemical lights) so that  

small-scale movements could be observed as the animal returned to its burrow. 

Chemi-tags allow the researcher to directly observe the fine-scale movements and 

behaviours of the illuminated nocturnal animal (e.g. Bos & Carthew 2003). Spool-and-
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line tracking allows the researcher to indirectly observe movement and make 

inferences about the activity of the animal at certain points along the spool (Anderson 

et al. 1988; Berry et al. 1987; Boonstra & Craine 1986). Both techniques have been 

successfully used with a number of small mammal species both in Australia and 

internationally (Brigham et al. 1997; Key & Woods 1996; Leung 1999; Moseby & Read 

1998). Here, however, the common methods of temporarily adhering the spool to the 

animals (cyanoacrylate glue or electrical-tape harnesses) proved unsuccessful. The 

few successful spool releases rapidly ran out of line and animals broke free before 

they reached their burrows. Larger spools could not be fitted due to load 

considerations and the technique was abandoned. Chemi-tags, on the other hand, 

were reasonably easy to adhere as they were lighter and less cumbersome, but the 

skittish N. mitchelli proved to be too fast to be successfully followed through the 

scrub. As such, this technique was also abandoned due to its limited returns.  

 

The attachment of small radio-transmitters was more successful and was used in 

preference to the other techniques attempted. Small single-stage radio-transmitters 

(Biotelemetry Tracking Australia and Titley Electronics Pty. Ltd) were fitted to the 

animal’s neck using a small plastic zip-tie. Each radio-collar weighed less than 4g in 

total, commonly 2.2g. To ensure that the collar-load was less than 10 per cent of the 

subject’s bodyweight (as per Berteaux et al. 1996; de Mendonca 1999; Goth & Jones 

2001), only adult animals were fitted with transmitters. To conserve collar weight, the 

radio-collars were powered by very small batteries and could only function for 

approximately ten days. All collars were retrieved or confirmed to be lost (animals 

being recaptured without their collar) at the end of each field session. 
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Once a burrow was located (by tracking the animals during the day using a hand-held 

Yagi antenna—no burrows were located opportunistically), the immediate surrounds 

were intensively trapped to reveal the burrow’s other inhabitants. Attempts were 

made to fence the burrow surrounds, following Anstee et al. (1997), but this proved 

unsuccessful, with animals managing to breach the fences easily. It was considered 

more effective to place a relatively large number of traps freely in the surrounding 

area and allow the bait to attract occupants. At each time, ten to 20 traps were placed 

within 1m of the burrow’s visible popholes. A burrow group was considered to be 

‘trapped out’ when no new animals were trapped for two nights*. As at least one 

animal in the burrow wore a radio-collar which needed to be retrieved, burrows were 

again intensively trapped at the end of the session of initial location. Burrows were 

monitored for signs of use (e.g. obvious tracks, new popholes) in subsequent sessions 

and re-trapped if possibly occupied. 

                                                      

* As it was possible that the intensity of the trapping may have an adverse effect on 

animals, due to high chances of recapture (see results), burrow trapping was limited 

to approximately four consecutive nights at each burrow. 



Chapter Three—The population ecology of N. mitchelli 

92 The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 

3.3. Results 

3.3.1. Notomys mitchelli trapping success 

The three trapping areas, A, B and C, were consistently trapped for the majority of the 

study period. Sixty Notomys mitchelli were caught a total of 252 times at these sites 

during the 24-months of the study period (57.0% of all captures). This equated to a 

target capture success rate of 1.4 captures per 100 trapnights.  

 

Animals were caught in every trapping session, but capture success fluctuated over 

time (Figure 3.2). Overall, the highest capture rate for all three trapping areas 

combined was recorded in September 2000 (7.1 target captures per 100 trapnights) 

and the lowest capture rate overall was observed in March 2000 (0.1 captures per 100 

trapnights, see Figure 3.2). Captures per 100 trapnights did not differ significantly 

according to the season of the field session (Kruskal Wallis �2 3df=6.3, p=0.09), despite 

high rates on some grids in the winter and spring of 2000.  
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Figure 3.2: Notomys mitchelli captures per 100 trapnights for each sampling session 
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3.3.2. Notomys mitchelli captures by site 

As a larger trapping effort was conducted in trapping areas A (n=6,340 trapnights) 

and B (n=8,300) than at trapping area C (n=3,000), it is not surprising that more 

animals were caught in the first two areas. Of the 60 individuals caught during the  

24-month study, 23 animals were captured at trapping area A (38.3%), 30 at trapping 

area B (50.0%), and the remaining seven animals were captured at trapping area C 

(11.7%). Taking differences in trapping effort into account, however, the populations 

at areas A and B still appeared larger; one new individual was captured every 300 

trapnights at areas A and B, while only 0.7 of a new individual every 300 trapnights at 

area C. It is of note that trapping areas A and B shared a similar habitat, with 

relatively young vegetation over distinct sandy dues. Trapping area C, on the other 

hand, was in an area of older, sparser vegetation on harder ground.  

 

An analogous pattern was observed for the total number of N. mitchelli captures (as 

opposed to N. mitchelli individuals) at each trapping area. Of the 252 captures made 

during the 24-month study, 81 were of animals at trapping area A, 156 were of 

animals at area B and only 15 were of animals at trapping area C. Again, trapping 

areas A and B had a similar capture rate (1.3 and 1.9 captures per 100 trapnights, 

respectively) while only 0.5 captures were made per 100 trapnights at area C. 

Moreover, accounting for differing trap-grid areas, there were more captures per 100 

trapnights per hectare of trapping grid at areas A and B than there were at area C 

(areas A and B both 0.35 captures per 100 trapnights/hectare trapped vs. 0.25 captures 

at area C). These findings suggest that not only were relatively fewer animals 

identified in the habitat at area C, these individuals were captured less frequently. 

Indeed, individuals at trapping area A were caught a mean of 3.4 (± 0.7 S.E.) times 
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each and individuals at trapping area B were caught a mean of 5.3 (± 1.3 S.E.) times 

each. Individuals at trapping area C, on the hand, were caught a mean of only 2.1  

(± 0.6 S.E.) times each.  

 

3.3.3. Notomys mitchelli captures by sex 

Thirty five males and 25 females were caught during the study and the number of 

individual males and females captured did not differ significantly from parity  

(�2 1df=1.7, p=0.25). Similar numbers of males and females were caught at each 

trapping area (Pearson’s �2 2df=1.0, p=0.60). The male to female sex ratio was highest 

at area B (1.7 males to every female) and lowest at trapping area C (0.8 males to every 

female). This suggests that approximately equal numbers of male and female  

N. mitchelli exist in the population at Middleback.  

 

Individual N. mitchelli were caught between one and 34 times (see Figure 3.3), with 

40.0% (n=24) of the sample being captured only once. The mean number of times an 

animal was caught was 4.2 (± 0.72 S.E.) As more male individuals (n=35) were caught 

than females (n=25) it is not surprising that more trapping events involved males; 

male animals were caught 189 times while females were captured 69 times (males to 

females ratio; 2.9 to one). Nevertheless, the number of times each particular 

individual was caught did not significantly differ according to sex (Mann Whitney 

U=337.5, p=0.12). Each male was caught a mean of 5.2 (± 1.15 S.E) times each while 

each female was caught a mean of 2.8 (± 0.57 S.E.) times. These findings suggest that 

there was a not substantially different behavioural response to the traps for male and 

female N. mitchelli. 
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Figure 3.3: Capture frequencies for male and female Notomys mitchelli in the Middleback 
Ranges 
 

3.3.4. Recruitment to the Notomys mitchelli study population and 
evidence of reproduction 

At least one new individual was captured in ten of the 13 trapping sessions (Figure 

3.4). All of the animals caught in the fourth session (May 2000, late autumn) were new 

to the study. New animals were not captured in March 2000, January 2001 and March 

2001 (late summer, early autumn). This finding coincides with relatively low capture 

rates in these sessions (Figure 3.2). The proportion of new animals caught in each field 

session did not decrease as the study progressed, with 42% and 64% of the animals 

caught in the final two field sessions previously unidentified.  

 

The new individuals were generally adults when they were first captured; only five of 

the 60 animals over the two year study period were classed as subadults when they 

were first identified (8.3%). As explained above, the age of the animal was estimated 

on the basis of weight; males weighing less than 23g and females weighing less than 

25g when first captured were classed as subadults. The one male subadult caught 
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weighed 17g when first captured while the four female subadults weighed 22–24g 

(Figure 3.5). Conversely, adult males weighed 39.5g on average (± 0.8 S.E., range  

27–47g) and adult females weighed 43.4g on average (± 1.4 S.E., range 32–56g). Adult 

females were significantly heavier than adult males (t 53 df =-2.65, p<0.05). 
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Figure 3.4: Captures for new and recaptured Notomys mitchelli by field session in the 
Middleback Ranges 
 

0

1

2

3

4

5

6

7

8

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56

Weight (g)

N
um

be
r o

f a
ni

m
al

s

Subadult males

Subadult females

Adult males

Adult females

 

Figure 3.5: Weight at first capture (grams) for individual Notomys mitchelli in the 
Middleback Ranges, by age class and sex 
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Subadults were only caught in November 2000 and December 2001 (Figure 3.6) and 

the two subadult individuals captured in November 2000 were not re-captured in any 

of the study’s subsequent field sessions (December 2001 was the final field session of 

the study). In both sessions in which subadult animals were captured, a 

reproductively-active female (obviously pregnant, lactating or perforate) was also 

caught. The lactating female caught in November 2000 was thought to be the mother 

of the subadults captured in the session, as they were caught together at the same 

burrow and no other adult female was identified in the vicinity. The reproductively-

active female caught in December 2001 was not thought to be the mother of the 

subadults captured in the session, as she was caught in a different trapping area. Only 

five of the adult females captured during this study were observed to be 

reproductively active at any point during the study and most (n=3) were caught in 

spring (September and November 2000, see Figure 3.6). In the four sessions in which 

they were caught, reproductively-active females represented 25–100% of the total 

number of adult females captured. 
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Figure 3.6: Captures of Notomys mitchelli subadults, reproductive females (perforate, 
pregnant or lactating) and non-reproductive adult females 
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3.3.5. Recaptures and resident Notomys mitchelli 

As described in Figure 3.3, a large proportion of N. mitchelli were caught only once 

(40.0%, n=24) and two-thirds of the sample were caught three times or less (66.7%, 

n=40). The rate of recaptures across all three trapping areas overall was low, 1.1 

marked animals caught per 100 trapnights. Of animals caught at least twice, the 

number of times males and females were recaptured were not statistically different 

(Mann Whitney U=190.5, p=0.17. Males: 7.4 captures on average; females: 4.4 captures 

on average).  

 

Animals known from previous sessions were caught during all trapping sessions 

except May 2000 (first session excluded, see Figure 3.4). These 21 individuals, present 

in the area for more than a month, were considered to be residents of the study 

population and represented 35.0% of the total number of individuals captured during 

the study. Residents formed a similar percentage of the individuals captured at each 

of the three trapping areas (�2 2df=1.8, p=0.40). Males, however, were far more likely to 

enter the resident population than females (�2 1df=6.8, p<0.01), despite the equal sex 

ratio amongst individuals overall. Seventeen males and four females were considered 

resident across the study sites, a ratio of males to females of 3.6 to one. However, 

despite the sex-biased sample, male and female residents were caught a similar 

numbers of times overall (males: 9.2 ± 1.96 S.E, females: 8.8 ± .63 S.E. Mann Whitney 

U=30.0, p=0.75).  

 

For the 21 resident animals identified during this study, the mean number of months 

Known To Be Alive (KTBA) was 10.6 months ± 1.59 S.E., and was similar for males 

and females (Mann Whitney U=27.5, p=0.56). Nevertheless, the two animals KTBA for 
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the entire 24 months of the study were both males (Figure 3.7). As trapping at area B 

began later than at area A, the maximum number of months possibly KTBA for the 

area B subpopulation was only 20 months. One more animal was known to be alive at 

area B for the entire 20-month study period, again a male. As such, while 65.0% of the 

N. mitchelli caught during this study remained in the area for less than the time 

between consecutive field sessions, at least 5.0% (n=3) of the study sample can be 

considered to have been known to be alive for the entire trapping period.  
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Figure 3.7: Number of months Notomys mitchelli were Known To Be Alive at three sites in 
the Middleback Ranges 

Note: animals KTBA at 20 and 24-months were known for 100% of the trapping effort at their home sites. 
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3.3.6. Notomys mitchelli burrow use 

3.3.6.1. Notomys mitchelli burrow locations 

As previously described, attempts were made to identify (occupied) Notomys mitchelli 

burrows. In total, 21 individual burrows were located, the majority of which (76.2%, 

n=16) were located at area B, with no burrows being located at area C. Significantly 

more burrows were found at area B than at area A (�2=5.8, p<0.05), largely due to 

greater radio-tracking success at this site. Further, there were fewer burrows located 

per hectare of study area at area A (0.5 burrows per hectare) than there were at area B 

(0.8 burrows per hectare).  

 

When burrows were located, their position on the dune and the amount of vegetation 

surrounding the burrow’s popholes at ground level (for 1m around burrows) was 

recorded. Most burrows were located high on the dunes (61.9%; see Figure 3.8) and in 

areas of low to medium amounts of vegetation (90.5%; see Figure 3.9). No burrows 

were found in completely open ground, and this reflected the general absence of this 

microhabitat type in the area. Swale and/or dense vegetation did not appear to be 

utilised by burrowing N. mitchelli, despite large areas of such habitat available in the 

vicinity. Nearly half of the burrows (42.9%, n=9) were associated with areas 

predominantly vegetated with Triodia irritans, consistent with the availability of this 

habitat type. 
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Figure 3.8: Location of Notomys mitchelli burrows on the dunes of trapping areas A and B 
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Figure 3.9: Proportion of vegetation cover at ground level in the area immediately 
surrounding Notomys mitchelli burrows, by trapping area 
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3.3.6.2. Notomys mitchelli burrow size 

Notomys burrows take the form of a number of vertical shafts, interconnected at the 

base, descending up to a metre under the surface (Brazenor 1956-1957; Watts & Aslin 

1981). It was assumed here that the overall size of a burrow should correlate with the 

size of the social group within (e.g. Brock & Kelt 2004). In order to estimate the size of 

N. mitchelli burrows without disturbing the occupants, two assumptions were made; 

firstly, that larger burrows would have more popholes associated with the burrow, 

and secondly, that the furthest distance between two popholes would be related to the 

area taken up by the actual subterranean structure of the burrow. Under these 

assumptions, two measures of pophole size were taken for each burrow found; total 

number of popholes and burrow ‘width’ — the largest linear distance between two 

popholes in the burrow area. Because nine of the 21 burrows (42.9%) were found to 

have undergone further development after the burrow’s initial location (as indicated 

by the appearance of additional popholes), burrow size measurements were taken at 

the end of the monitoring process for each burrow. As nearly all N. mitchelli burrows 

were located in fairly clear areas (low–medium vegetation), it was unlikely that any of 

the popholes in use were missed.  

 

Burrows ranged in size from 0.0 metres (e.g. when only one pophole was evident, see 

Plate 3.4) to 2.6 metres wide (Plate 3.5), with a mean width of 0.9m (± 0.17 S.E.). The 

total number of popholes associated with a burrow ranged from 0 (when a radio-

collared animal was consistently located at the base of a tree for a number of days but 

no pophole was visible) to ten holes, with a mean of 2.6 holes (± 0.46 S.E.). The area 

where the burrow was located (A or B) did not affect either measure of burrow size 

(Mann Whitney U, p�0.1, see Figure 3.10). 
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Plate 3.4: A single pophole Notomys mitchelli burrow located in the Middleback Ranges 
(width=0.0m, proportion vegetation cover < 33%). 

 

 
Plate 3.5: A large Notomys mitchelli burrow at trapping area B.  
Note: Six popholes are visible here, later developed to ten. Eventual width at widest point was 2.6m, vegetation was 
classed as <33%. 
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Figure 3.10: Indicators of Notomys mitchelli burrow size: number of popholes located per 
burrow 

 

The total number of popholes at a burrow was significantly (positively) correlated 

with burrow width (Spearman’s rho = 0.86, p one-tailed <0.001. Figure 3.11) and the total 

number of popholes at a burrow was negatively correlated with the amount of 

vegetation surrounding the burrow (Spearman’s rho = -0.51, p one-tailed <0.01). Larger 

burrows, in terms of the number of popholes present, tended to be found on the dune 

crest (Spearman’s rho = 0.38, p one-tailed <0.05).  

 

The number of animals, or the social group types, associated with a burrow were not 

significantly associated with any of the measures of burrow size (Spearman’s rho test, 

p one-tailed > 0.21). 
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Figure 3.11: Width of the Notomys mitchelli burrow between the two widest popholes vs. 
the total number of popholes found at the burrow 
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3.3.6.3. Distance between Notomys mitchelli burrows 

The mean distance between burrows at the same site was 368.2m (± 41.6 S.E.). One 

particular burrow at area B was situated a great distance from all others (mean 

distance from all other burrows at area B: 1,644.5m ± 28.4 S.E.), which skewed the 

analysis. Excluding this outlier burrow, the mean distance between a burrow and 

other burrows at the same trapping area was 208.1m (± 7.0 S.E.). However, burrows 

were not all occupied at the same time: the mean distance between an active burrow 

and other active burrows in the trapping area was shorter; 184.0m (± 14.6 S.E.). That is, 

active burrows tended to be somewhat clumped within the study area. This distance 

(between active burrows) was 165.6m (± 26.3 S.E.) at area A and 188.6 (± 17.1 S.E.) at 

area B, which was not a significant difference (p=0.84). Most burrows were within 

100–250m of others active at the same trapping area in the same session (Figure 3.12). 
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Figure 3.12: Distance between one active Notomys mitchelli burrow and others active at the 
same trapping area, in the same session 
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3.3.6.4. Notomys mitchelli burrow occupancy 

The 21 Notomys mitchelli burrows located were occupied by at least one animal on 27 

occasions. Between one and four (mean 1.5 ± 0.2 S.E.) animals were identified in each 

burrow group. Most (63.0%) of the ‘groups’ of animals detected appeared to be single 

animals (n=17, see Figure 3.13). Mixed-sex pairs were the next most frequent group 

types, pairs being found in 14.8% of the burrows (n=4). Three burrows were found to 

be occupied by multiple males. Only two mixed-sex groups of more than two animals 

were located (both consisting of a female and multiple males) and a single multiple-

female group consisted of a mother and her two recently-weaned female young. This 

was the only burrow with which juveniles were associated. The number of animals in 

a burrow was not correlated with the size of the burrow (number of popholes: 

Spearman’s rho = 0.15, p one-tailed = 0.26; burrow width: Spearman’s rho = 0.05, p one-tailed 

= 0.41). 
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Figure 3.13: The Notomys mitchelli social groups identified inhabiting burrows, by study 
area 

Note: The social group consisting of multiple females was the only group to contain juveniles. 
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Field sessions were separated by a mean of 50 days between sessions (range: 10–133). 

Monitoring known burrows in subsequent sessions indicated that few burrows 

remained in use during more than one sampling period (mean=1.3 ± 0.13 S.E., 

range=1-3 sessions). Where a burrow remained active for more than one session (n=6, 

28.6%), occupancy was generally over consecutive sessions (71.4% of re-use 

occasions). The animals found occupying the burrows in the second session of activity 

generally had not been present in the initial activity session. That is, burrow group 

integrity was not maintained between sampling sessions. Only two burrows were 

observed to be re-occupied after a period of vacancy (i.e. having been vacant during 

an intervening field session). In both cases these were single-animal ‘groups’. In one 

case, a different animal occupied the burrow than had been observed previously.  

 

As very few burrows were used over multiple field sessions, it was not surprising to 

observe that resident animals were usually found to be sheltering in a different 

location in each of the field sessions in which they were recaptured. For all residents 

for whom multiple burrow locations were known (n=5 animals), these burrows were 

located fairly close together within the same trapping area. While many of the burrow 

‘groups’ identified for residents consisted of just the one resident animal (5 of the 12 

burrows used by residents), it is interesting to note that some animals were observed 

to share different burrows with the same animals a number of times. Two resident 

males shared the same burrow on two occasions and one of these males shared a 

burrow with a resident female on another two occasions. All three animals were 

noted to share the same burrow in another field session. Although these three animals 

were also observed to be sheltering separately in some field sessions, this suggests 

that at least a small proportion of the N. mitchelli resident population appears capable 

of maintaining social associations.  
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3.4. Discussion 

3.4.1. Notomys mitchelli capture behaviours 

Notomys mitchelli appeared to be widespread and common at the Middleback Ranges 

study sites. Captures were made in every field session of the two-year study and 

individuals were caught at each of the three trapping areas, despite slightly different 

geologies and vegetation structures. Nonetheless, the capture of more individuals for 

equivalent effort in the sandier dunes, on which the vegetation was at a younger 

successional stage, suggests a preference for this type of habitat. Capture rates were 

slightly higher than those previously reported for this species (Baverstock 1979; 

Cockburn 1981a) and comparable to similar studies of Australian semi-arid rodents 

(e.g. Braithwaite & Brady 1993; Moseby & Read 1998), and, unlike previous studies in 

the area (which used pit-falls rather than Elliott traps, see Bos & Carthew 2001; 

Carthew & Keynes 2000), this study demonstrated that N. mitchelli makes up a 

considerable proportion of the small mammal biota at this site (57% of all captures 

during the study were of N. mitchelli). While population density, as reflected by a field 

session’s capture rate, fluctuated markedly, the N. mitchelli population at Middleback 

was persistent over time.  

 

Notomys mitchelli was suspected of having a fairly equitable social system (Happold 

1976a), and as such it was hypothesised that males and females would be caught in 

similar proportions. This was supported for individual animals captured, but not for 

resident animals. It was expected that, if sex-bias was to be observed in the study, 

there would be a tendency for resident animals to be female, as it was thought that the 

social organisation of N. mitchelli was based on small groups of adult females (and as 

observed for Pseudomys apodemiodes Cockburn 1981b; Happold 1976a). In this study, 



Chapter Three—The population ecology of N. mitchelli 

110 The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 

however, it was found that males were far more likely to enter the resident 

population than females. Further, the three individuals known to be alive for the 

entire trapping effort at their home area were all male. These observations suggest 

that adult male N. mitchelli exhibit greater site fidelity than female adults, which is at 

odds with the population structure described by Happold (1976a).  

 

Male-biased trapping responses are reasonably common in studies of small rodents; 

male mammals often outrank females in the social hierarchy (e.g. Newmark & Jenkins 

2000; Zgrabczynska & Pilacinska 2002) and studies have demonstrated that trap 

response behaviours may be linked to the animals’ status (e.g. Kikkawa 1964; 

Summerlin & Wolfe 1973). However, a similar number of males and females were 

captured at least once in this study, which did not suggest male-biased exploratory 

behaviour. Further, resident males and females were recaptured a similar number of 

times which indicates that females did not become trap-shy after their initial capture. 

As such, the conclusion that the N. mitchelli resident population at Middleback is 

male-biased seems valid.  

 

It appears, then, that instead of having a social organisation based on small groups of 

philopatric females and transient males (as suggested by Happold 1976a), this  

N. mitchelli population has relatively sedentary males and more transient females. As 

for other Notomys spp., adult female N. mitchelli in this study weighed significantly 

more than adult males. While female-biased sexual dimorphism is rare among 

mammals, it has been posited that it might confer a reproductive advantage for some 

rodent species (Isaac 2005; Lammers et al. 2001; Schulte-Hostedde et al. 2002). 

Moreover, female-biased sexual dimorphism may confer particular reproductive 

advantage for species for which reproductive success is determined by sperm-
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competition rather than male-male aggression (Sachser et al. 1999). Low levels of 

male-male aggression (e.g. Breed 1983; Smith et al. 1972; Stanley 1971) and the 

probability of sperm-competition (Breed & Taylor 2000; Breed & Washington 1991; 

Peirce & Breed 2001) have been noted for Notomys spp. Accordingly, larger size and 

the tendency to be the more aggressive sex may serve to increase survival and 

reproductive success in more mobile female N. mitchelli (e.g. Schulte-Hostedde 2007).  

 

In this study, new animals frequently entered the study population, with unmarked 

animals caught in ten of the thirteen trapping sessions. New animals were not 

captured in March 2000, January 2001 and March 2001, coinciding with relatively low 

recapture rates in these sessions. Somewhat surprisingly, the proportion of new 

animals caught in each field session did not decrease as the study progressed. That 

the vast majority of the unmarked animals were adults when first captured was also 

unexpected, as dispersal is generally observed in juvenile mammals (Dobson & Jones 

1985; Gaines & McClenaghan 1980; Greenwood 1980; Johnson 1986). These 

observations suggest a relatively high turnover of individuals in the N. mitchelli 

population at Middleback and/or, as others have observed (e.g. Baverstock 1979; 

Cockburn 1981a), a highly mobile population.  

 

Predation may account for high turnover in the N. mitchelli population; feral foxes, 

native owls and large snakes were all observed at the study site. Predation would not 

account for the continual appearance of unmarked, adult animals in the population 

however. More likely, the N. mitchelli population at Middleback is highly mobile and 

the new animals in the study population were not ‘dispersers’ as traditionally thought 

of, but rather transient animals or animals for which the trapping grids covered only a 

small part of their range (e.g. Brandle 1994; Price et al. 1994; Ribble et al. 2002). Adult 
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animals may have larger ranges than is expected for an animal of its size or may not 

establish a home range as such, instead travelling widely throughout suitable habitat 

(which concurs with the short-term use of burrows). These possibilities will be 

examined in greater depth in the forthcoming chapter reporting the results of the 

animal movement analyses (Chapter Five). 

 

3.4.2. Notomys mitchelli burrow use behaviours 

When Notomys mitchelli burrows were located in the study area, they were assessed 

and monitored in subsequent sessions to determine longevity of occupancy. Most 

burrows were only used for a short time, falling into disuse after the field session of 

initial discovery, and particular individuals were observed to use multiple burrows 

within single field sessions. None of the burrows observed were occupied for a period 

anything like the six months assumed by White et al. (2006) in their calculations of the 

energetic cost of burrowing in captive Notomys alexis.  

 

As a relatively unspecialised burrower, that is not possessing any distinct 

morphological feature to facilitate burrowing (such as the tooth and claw adaptations 

of the pocket gophers, Lessa & Thaeler 1989), N. alexis has been observed to expend 

considerably more energy digging burrows than more specialised fossorial species 

(see Ebensperger & Bozinovic 2000a; Ebensperger & Bozinovic 2000b; White 2005; 

White et al. 2006). The physiological cost of burrowing for N. alexis should be similar 

for the closely related, and only slightly larger, N. mitchelli. Given that most  

N. mitchelli burrows at Middleback were observed to be occupied for only short 

periods of about one to two months’ duration (and very rarely re-occupied after a 
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period of vacancy) it is suggested that the true energetic cost of burrowing in free-

living N. mitchelli is likely to be at least three times greater than currently thought.  

 

Some benefit must be returned by this apparently inefficient burrowing behaviour 

however. The Middleback habitat is known for its high diversity of reptile fauna, 

including large species which would present a significant predation risk for  

N. mitchelli, such as the peninsula brown snake, Pseudonaja inframacula, and the death 

adder, Acanthophis antarcticus (Cogger 2000; Shine 1980; 1989). A number of  

P. inframacula were observed in the study area and were occasionally observed to 

enter active N. mitchelli burrows. Similarly, some recently-occupied burrows had 

strong indications of large snake activity around them when checked in subsequent 

field sessions, with tracks entering the burrow and eroding the lips of the popholes 

extensively. After such observations, no further N. mitchelli activity was recorded for 

these particular locations.  

 

Although it is likely that some individuals were preyed upon, some occupants of 

burrows observed to be breached by snakes were captured subsequently. 

Accordingly, it is suggested that frequently changing burrow locations may a 

behavioural response to predation risk for N. mitchelli. Physiologically adapted for 

rapid above-ground movement (e.g. Ettema 1996), N. mitchelli is likely able to escape 

attacks from predators such as feral cats and foxes. However, the nocturnal  

N. mitchelli is vulnerable to (chiefly) diurnal predators, such as snakes, when at rest in 

burrows. Lengthy periods of occupation, particularly if multiple animals are resident, 

would increase the risk of attracting chemo-sensing predators to the burrow (Banks et 

al. 2002; Whitaker & Shine 2003). Regularly digging new burrows within the home 

range area may minimise this risk and vindicate the substantial cost involved. Future 
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studies could examine this theory by, firstly, measuring the extent to which  

N. mitchelli form part of the diet of the various predators in the Middleback habitat 

(e.g. Green 2002; Read & Bowen 2001; Shine 1977; Short et al. 1999), and secondly, 

examining N. mitchelli’s response to the presence of predators. Such a study may 

involve measuring N. mitchelli’s reaction to the odour or presence of predator species 

(e.g. Abramsky et al. 1996; Banks 1998; Jonsson et al. 2000; Powell & Banks 2004) or by 

manipulating the density of predators in the environment, if possible (e.g. Byrom et al. 

2000; Korpimaki & Norrdahl 1998; Risbey et al. 2000; see also Stokes et al. 2004).  

 

3.4.3. Notomys mitchelli social groups 

The social ‘groups’ identified from the monitoring of Notomys mitchelli burrow 

systems were smaller than expected from previous research (Happold 1976a; Watts & 

Aslin 1981), often consisting of only a single animal. A burrow was considered to be 

‘trapped out’ when no new animals were trapped for two nights. Additional trapping 

at burrows was conducted to retrieve radio-collars at the end of a field session which 

also provided further confirmation that all burrow occupants had been identified 

(that is, no new individuals were identified in the burrows at these times). Due to the 

large number of traps placed around burrows over multiple nights, even relatively 

trap-shy animals were likely to have been captured. Mixed-sex pairs were reasonably 

common and groups containing multiple males or multiple males and a single female 

were occasionally observed. Importantly, no social groups consisting of multiple 

adult females were identified in this study, contrary to expectations based on 

Happold’s (1976a) observations. 
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The observed N. mitchelli social groups also appeared to be fairly fluid in composition, 

with no multi-animal groups found to either stay as a group for more than a month or 

to move to a new burrow and remain a cohesive social unit. Possible long-term social 

associations were only observed for three individuals. These two adult males and 

single adult female were observed to cohabit individually, in pairs and all together 

over a number of field sessions. This may be interpreted as evidence of N. mitchelli 

social organisation operating at a larger scale than the single burrow. While this may 

be the case, it is nevertheless at odds with the idea that relatively large social groups 

form in semi-arid environments in order for the rodents to rapidly exploit ephemeral 

resources (Happold 1976a). Given the impermanence of both burrow locations and 

burrow associations, animals seeking to breed when suitable conditions arrive would 

be required to locate reproductively-mature, and receptive, conspecifics that are 

unpredictably spread throughout a complex habitat. Moreover, the strongest social 

association observed at Middleback was between two adult males, somewhat 

negating the idea that associations form to benefit reproductive opportunities. Far 

more work is required in order to fully understand the social behaviour of N. mitchelli 

and future researchers are recommended to closely examine the drivers of the 

apparent high level of mobility in the population before attempting to characterise a 

definitive social organisation type for the species.  

 

3.4.4. Summary 

Notomys mitchelli has not been the primary focus of any published socio-ecological 

work. This study has determined that N. mitchelli populations can be relatively stable 

over time and that certain animals can be resident in the population for years. These 

resident animals are more likely to be male, however. Females appeared to be 
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relatively transient and were not observed to co-habit with other adult females. 

Resident animals were not observed to maintain associations between individuals 

when a burrow was occupied in a new location. Accordingly, this study does not 

support the hypothesis that a semi-arid habitat gives rise to a rodent social 

organisation based on small bonded groups of adult females (Happold 1976a). More 

likely, N. mitchelli is a socially tolerant species whose burrowing behaviour is driven 

by predation risk and whose reproductive behaviour is determined by opportunistic 

matings in times of plentiful resources.  
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