
 

The socio-ecology of two species of 

Australian native rodent—

Notomys mitchelli 

and 

Notomys alexis 
 

 

 

Clare Bradley 

 

PhD candidate 

Environmental Biology 

School of Earth and Environmental Sciences 

University of Adelaide 

 

November 2008 

 



Chapter Four—The population ecology of N. alexis 

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 117

4. The population ecology of Notomys alexis 

4.1. Introduction 

4.1.1. The arid zone environment 

Arid Australian acacia shrublands occupy an area of some 1,600,000 km2 and are 

usually dominated by Acacia aneura (mulga) and A. papyrocarpa (western myall, 

Morton & Landsberg 2003). The vegetation often includes smaller shrubs and grasses. 

The dominance of Acacia spp. over species of Eucalyptus indicates very low levels of 

available moisture, and mulga shrubland formations frequently align with local 

drainage patterns (Morton & Landsberg 2003). The Australian arid zone is subject to 

long periods of drought followed by intensive rains, subject to the El Niño-Southern 

Oscillation cycle (Allan 2003). As such, they are extremely unpredictable habitats.  

 

As in semi-arid Australia, arid zone plants and animals have evolved highly efficient 

water-conserving physiologies. A large number of ephemeral plants are found in arid 

Australia, regenerating after heavy rain and rapidly producing long-lived seed 

(Morton & Landsberg 2003). Australian desert mammals tend to be small, burrowing 

species—with minimal water requirements and reduced exposure to extremely high 

daytime temperatures (Stafford Smith & Morton 1990). Larger-bodied macropods 

have evolved complex reproductive physiologies that ameliorate the effects of 

unpredictable resource availability in xeric environments (May & Rubenstein 1985; 

Moss & Croft 1999). Similarly, reproductive behaviour in some arid zone rodent 

species is also known to be influenced by rainfall, resulting in ‘plague’ numbers on 

occasion and very low numbers at other times (Dickman et al. 1999; Finlayson 1939; 

Newsome & Corbett 1975; Pomley 1972; Predavec 1994).  
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4.1.2. Social behaviour of arid-zone rodents 

Rodent species that inhabit arid environments worldwide exhibit common 

morphological and physiological traits, convergently evolved to cope with the 

extreme conditions of desert life (Kotler et al. 1994; Morton et al. 1994). Bipedal 

locomotion and concomitant morphologies have evolved in the kangaroo rats and 

mice of the United States (the Heteromyidae), jerboa species in Asia and Africa (the 

Dipodidae) and the hopping mice (Notomys spp.) of Australia (Ben-Moshe et al. 2001; 

Prakash & Ghosh 1975). However, while common environmental influences have 

resulted in similar physiological development and some degree of behavioural 

similarity, the social organisations of desert rodent species are diverse (Morton 1979; 

Morton et al. 1994; Randall 1994).  

 

Of all mammal species, the most highly evolved social organisation occurs in rodent 

species of the African family Bathyergidae. Naked mole rats (Heterocephalus glaber) 

and Damaraland mole rats (Cryptomys damarensis) are eusocial mammals which live in 

large subterranean colonies (Lovegrove & Knight-Eloff 1988; Spinks et al. 2000). A 

number of other Bathyergidae are also suspected of being eusocial (Jarvis et al. 1994). 

All highly social mole-rat species live in arid habitats, whereas species from more 

mesic environments tend to form small groups (e.g. Faulkes et al. 1997; Yeboah & 

Dakwa 2002). Eusociality in xeric mole-rat species is thought to have evolved to 

counter extreme climatic conditions and unpredictable rainfall (Burda et al. 2000; 

Faulkes et al. 1997; Jarvis et al. 1994). Eusocial Bathyergidae are dependent on 

subterranean food resources in ground that is often too hard to work. Group-living 

allows the animals to co-operate to rapidly expand burrow systems and acquire new 
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food resources in rainy seasons, the only time when conditions are amenable to such 

activity (Jarvis et al. 1994).  

 

Other burrowing rodents in arid environments, such as gerbils, exhibit varying 

complexities of social organisation but are generally socially-tolerant (Breed 1981a; 

Clark et al. 2003; Gromov et al. 2001; Randall 1994). The jerboas of the Russian deserts 

(e.g. Stylodipus telum and Pygeretmus pumilio) tend to be less social but share non-

exclusive home ranges and probably have polygamous mating systems (Heske et al. 

1995; Rogovin et al. 1996). The mice of the desert habitats across southern Africa, for 

example Aethomys namaquensis and Rhabdomys pumilio, have also been described as 

social, although they often forage alone (Fleming & Nicolson 2004; Schradin 2004; 

Schradin & Pillay 2004; 2005). Some social desert rodent species (e.g. Rhombomys 

opiums) have evolved complex communication behaviours (Randall et al. 2000), 

possibly aggregating because of increased protection from predators in larger groups. 

The social organisation of Rhombomys opiums is also thought to be influenced by 

population density; being more social when population density is high (Randall et al. 

2005).  

 

Conversely, the heteromyid rodents of arid North America are largely solitary (Braun 

1985; Newmark & Jenkins 2000; Price & Correll 2001; Price et al. 1994; Reichman 1983; 

Yoerg 1999), defending limited and patchy food resources (Randall 1994). Although 

Dipodomys stephensi has been observed to nest with conspecifics (Brock & Kelt 2004), 

kangaroo rats generally exhibit intra-sexual avoidance (see Braun 1985; Newmark & 

Jenkins 2000; Shier & Randall 2004). Divergent social behaviours and organisations in 

Dipodomys spp., and desert rodent species more generally, are thought to be due to 

differences in the dispersion of resources, including dietary resources, and the risk of 
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predation in addition to climate (Randall 1994; Schradin & Pillay 2004; Spinks et al. 

2000). 

 

4.1.2.1. Australian desert mammals 

Rodent species make up a significant proportion of Australia’s mammal fauna and 

many of these species inhabit arid or semi-arid areas (Lee et al. 1981; Strahan 1998; 

Wilson 2003). Nonetheless, few studies have examined the socio-ecology of 

Australian rodent species in detail and three publications from 1976 remain the most 

detailed descriptions of the social behaviour and reproduction of native rodent 

species yet published (Happold 1976a; 1976b; 1976c). As described in previous 

chapters, these studies reported that species from highly stable habitats (e.g. bore-

drain sedgelands and temperate forests), where resources were continuously or 

predictably available, exhibited higher levels of agonistic interaction and avoidance 

strategies between individuals in the laboratory, and formed only small groups in 

their natural habitat. Species from intermediate habitats were found to form 

intermediate-sized groups. From highly unpredictable habitats, Notomys alexis 

exhibited high levels of amicable social interaction between individuals in the 

laboratory and free-living populations reportedly formed large social groups 

(Happold 1976a; Stanley 1971). From these studies it was posited that the type of 

social organisation formed by a rodent species could be predicted from a knowledge 

of the species’ typical environment (Happold 1976a; 1976b; 1976c). 

 

Recent observations of Australian rodent species in arid environments have lent some 

support to Happold’s (1976a) theory. Pseudomys chapmani, from the Pilbara region of 

Western Australia, has been observed to form large groups of up to twelve 
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individuals and establish robust, permanent pebble-mounds over the entrance of their 

burrows (Anstee et al. 1997; Start & Kitchener 1998). This indicates a high degree of 

group stability for this desert species. Radio-telemetry data also suggested high levels 

of social tolerance between both individuals and groups (Anstee et al. 1997). The 

irruptive rodent P. australis has been noted for its opportunistic reproduction and 

field studies have suggested a high degree of social tolerance in this arid-dwelling 

species (Brandle 1994). Laboratory studies have also observed P. australis to birth 

litters of mixed paternity (Breed & Adams 1992), strengthening the case for a socially-

tolerant breeding system.  

 

4.1.3. The spinifex hopping mouse—Notomys alexis (Thomas, 1922) 

Notomys alexis (the spinifex hopping mouse or tarrkawarra, Braithwaite et al. 1995) is 

one of five extant species in the genus, and by far the most widespread. The species is 

somewhat smaller than N. mitchelli, the subject of the previous chapter, weighing  

27–45g (Breed 1998a). As discussed in earlier sections, N. alexis, like other species in 

the genus, is a nocturnal, semi-fossorial species. It inhabits sand dune and tussock 

grassland environments throughout most of the Australian arid zone (see Chapter 

Two). 

 

Notomys alexis has been a relatively frequent subject of ecological research. The species 

can be quite common at times and is known to undergo massive population eruptions 

(Newsome & Corbett 1975; Philpott & Smyth 1967; Southgate & Masters 1996). 

Accordingly, fieldwork has concentrated on the issue of reproductive behaviour (e.g. 

Breed 1979), the species’ behavioural response to rainfall (e.g. Southgate & Masters 
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1996) and the long range movements individuals can make in order to exploit 

unpredictable resources (e.g. Dickman et al. 1995). 

  

Similarly, much of the laboratory research involving N. alexis has focused on the 

species’ reproductive behaviour and capabilities (Breed 1979; 1981b; 1983; 1985; 1990a; 

1990b; Breed & Adams 1992; Crichton 1974; Smith et al. 1972). The reproductive 

anatomy of the species is highly unusual; males have tiny reproductive organs and 

associated glands, and produce small sperm in low numbers (Breed 1982; 1997; Breed 

& Taylor 2000; Peirce & Breed 2001). As found for free-living N. mitchelli (Chapter 

Three), adult females are somewhat larger than males, and are thought to be the more 

aggressive of the sexes (Breed 1983; Happold 1976a). Females have also been observed 

mating with multiple males during oestrus, suggesting that the species is not 

monogamous (Breed 1990b) but multiple matings have not been observed to produce 

litters of mixed paternity (Breed & Adams 1992). 

 

Behavioural observation and social experimentation involving captive Notomys alexis 

has also been undertaken. Stanley’s (1971) ethogram defining the behavioural 

repertoire of N. alexis in captivity established the animal as highly social and provided 

data on the reproduction and ontogeny of the species and, as previously described,  

N. alexis was a focal species in her later work on the social behaviour of Australian 

conilurine rodents (Happold 1976a; 1976b; 1976c). In those studies, adult N. alexis 

were again observed to be highly social in the laboratory and young incorporated 

many social behaviours into their play. Young animals maintained strong bonds with 

the adults in the group as they matured whereas the mother-young bonds of other 

species (from more predictable environments) broke down quite early, often 

provoked by the mother (Happold 1976b). Notomys alexis’ sociality was attributed to 
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requiring strong group cohesion in the species’ unpredictable desert habitat (Happold 

1976a; 1976b).  

 

4.1.4. Study aims 

With little focal research conducted on wild Notomys alexis populations, this study’s 

primary aim was to add to the knowledge of the species’ behavioural ecology. 

Further, this study presented an opportunity to observe N. alexis populations in an 

area where the species has only recently been recorded (Kinhill-Stearns Roger Joint 

Venture 1982; Read & Bowen 2001).  

 

Designed as a comparison project for the study of N. mitchelli (Chapter Three), this 

work was also based on that of Happold (1976a). It was hypothesised that free-living 

N. alexis would be observed to be highly social and that the social groups formed by 

this more arid-dwelling species would be larger than those observed for N. mitchelli. 

Accordingly, the particular phenomena of interest for this study were N. alexis 

capture frequencies, site tenacity, social group composition and reproductive 

behaviour. Specifically, the study’s aims were to: 

 

1. Characterise the N. alexis population at Roxby Downs in terms of sex and age 

structure; 

2. Locate and describe the species’ burrow systems; 

3. Describe the species’ social organisation;  

4. Determine the longevity of resident animals; and  

5. Describe reproductive activity in this population. 
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4.2. Methods 

4.2.1. Roxby Downs study area 

The socio-ecology of free-living Notomys alexis was studied outside the township of 

Roxby Downs, in the southern section of the South Australian arid zone (30o29’S, 

136o55’E, approximately 520km north of Adelaide, see Figure 4.1). The Olympic Dam 

copper and uranium mine, currently operated by BHP Billiton, is situated 

approximately ten kilometres north of the township. The terrain in the area between 

the township and the mine is relatively undisturbed and consists of east-west low-

lying sand dunes dominated by stands of Callitris glaucophylla, Acacia papyrocarpa and 

A. ligulata. Chenopod-dominated swales intersperse the dunes.  

 

Summer daytime temperatures in this region regularly exceed 40oC and mean daily 

temperatures peak in January. Temperature minimums occur in July, when night-

time temperatures can fall below 0oC. Rainfall is highly erratic and aseasonal, and in 

many years falls short of the long-term average of approximately 170mm p.a. (BoM 

2005, see also Bowen & Read 1998, Read 1999).  

 

Intensive environmental monitoring has been conducted in the area surrounding the 

Olympic Dam mine since 1982 (Kinhill-Stearns Roger Joint Venture 1982; Read 1994; 

Read 1998). Despite the severe environmental conditions, the area supports a diverse 

array of mammal, bird and reptile fauna. Small carnivorous marsupials, including 

Planigale gilesi, P. tenuirostris, Sminthopsis macroura and S. crassicaudata, occur in the 

areas with heavier soils, and a number of rodent species have also been found to 

inhabit this habitat; Leggadina forresti, Pseudomys bolami, and P. desertor (Kinhill-Stearns 

Roger Joint Venture 1982; Read 1994).  
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Notomys alexis seem to be a relatively recent arrival to the region. The species was not 

recorded in the mine’s original environmental impact statement nor biological 

surveys conducted in the area in the early 1990s (Kinhill-Stearns Roger Joint Venture 

1982; Moseby & Read 1998). Read (1994) noted that while the Olympic Dam EIS 

accurately described the region’s amphibian, reptile and bird species, its predictions 

regarding mammals were less accurate, particularly for irruptive rodent species.  

N. alexis was first observed near Roxby Downs in 1996 when rabbit numbers crashed 

following the outbreak of rabbit haemorrhagic disease in the area (Bowen & Read 

1998; Moseby & Read 2001). This occurrence of N. alexis represents the southern-most 

point of the species’ range in South Australia. 

 

 
Figure 4.1: Map of Notomys alexis distribution 

Note: image adapted from Strahan (1998) 
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Three fourteen-day field trips were made to Roxby Downs between April 2001 and 

February 2002. The first two sessions were conducted in April 2001 and May/June 

2001 in order to assess short-term persistence and behaviour of individuals in the 

study area, while the final field session was conducted nine months later in 

January/February 2002, to give an indication of longer-term persistence. As for the 

work with N. mitchelli, field sessions were conducted during the lower-light phases of 

the moon to maximise trap response (e.g. Abramsky et al. 2004; Mandelik et al. 2003; 

Kramer & Birney 2001; Read & Moseby 2001; Predavec & Dickman 1994).  

 

4.2.2. Habitat 

Four trapping transects were established along dune crests, spaced approximately 

1km apart, 8km north of the township of Roxby Downs (Figure 4.2). This area is part 

of the Municipal Lease which, along with the Special Mining Lease to the north, was 

de-stocked of cattle and sheep in 1986. The first three transects (trapping areas A, B 

and C, furthest from town) were in open dunes, dominated by Acacia ligulata, Dodonea 

augustissima and Alectryon oleifolium, with a sparse understorey of chenopods 

(Enchylaena tomentosa and Atriplex vesicaria) and grasses (Aristida spp. and Eragrostis 

spp., see Plate 4.1 and Plate 4.2). The final transect (trapping area D, approximately 

4km north of the town) was situated on a relatively low dune, dominated by Callitris 

glaucophylla with an understorey of low perennial grasses and the occasional 

chenopod (see Plate 4.3).  
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Figure 4.2: Aerial view of Roxby Downs study site and trapping areas 
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Plate 4.1: Dune system typical of Roxby Downs trapping areas A, B, and C. 

 

 
Plate 4.2: Typical vegetation on the dunes outside of the Roxby Downs township 
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Plate 4.3: Callitris spp. habitat at Roxby Downs trapping area D 

 

4.2.3. Trapping methods 

Each of the four trapping transects consisted of a single line of 20 Elliott traps spaced 

10m apart. While N. alexis is known to forage mostly in open areas (Predavec 1994), 

interference, primarily from Australian ravens (Corvus coronoides), led to traps being 

located as close to vegetation as possible, in a rather futile attempt to protect the traps 

from being disturbed. Traps were baited with rolled oats and peanut butter. All traps 

were checked early in the morning to avoid heat stress in captured animals and traps 

were closed during the day to prevent non-target captures.  

 

Traps were opened for 3–4 nights at the beginning of each field session, closed for 6–7 

nights while radio-tracking was undertaken, then re-opened for an additional 2–3 

nights at the end of the field session, primarily to retrieve radio-collars. 

Supplementary traps (10–20 in number) were also placed around burrows as they 

were located in order to establish the composition of social groups (as in Chapter 
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Three). Burrows were also re-trapped in subsequent field sessions if they appeared to 

be potentially habitable. To prevent adverse effects on the burrow occupants, burrows 

were only trapped for 3–4 consecutive nights. The total number of trapnights for this 

study was 2,580 (Table 4.1). 

 

Upon initial capture, N. alexis were weighed, sexed and marked with a unique set of 

ear notches corresponding to their individual identification number. Evidence of 

reproductive activity (e.g. obviously pregnant, lactating or perforate females) was 

recorded and some animals were fitted with transmitters for radio-telemetry work 

(see also Chapter Five). Animals were given small pieces of apple and kept in cloth 

bags indoors until dusk, when they were returned to their point of capture. Upon 

recapture, marked animals were immediately identified, weighed and released if 

conditions permitted. Non-target captures (principally Mus musculus at a rate of 0.6 

per N. alexis capture) were released at the point of capture as traps were checked and 

closed. 

 

As for Notomys mitchelli, the age of N. alexis was estimated by the weight of the animal 

at first capture; male N. alexis weighing 20g or less and females weighing 22g or less 

were classed as subadults, following Breed (1979). 
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Table 4.1: Trapping effort and capture success at Roxby Downs 2001–02; target and  
non-target captures 

 April 2001 May 2001 January 2002 Total 

Transect traps 480 420 560 1,460 

Burrow traps 270 400 450 1,120 

Total trapnights 750 820 1,010 2,580 
     
Notomys alexis captures 31 29 40 100 

Target captures per 100 nights 4.1/100 3.5/100 4.0/100 3.9/100 
     
Pseudomys bolami captures 0 1 0 1 

Mus musculus captures 18 22 19 59 

Nephrurus levis captures 0 0 1 1 

Non-target captures per 100 nights 2.4/100 2.8/100 2.0 /100 2.4/100 
 

4.2.4. Burrow location techniques 

Notomys alexis individuals were tracked to their daytime burrows using radio-

telemetry. A number of low-cost tracking techniques had been trialled in the study of 

N. mitchelli but were found to be problematic (see Chapter Three). Radio-collars were 

judged the most expedient form of hopping-mouse tracking and were the only 

method of tracking utilised in this study.  

 

Small single-stage radio-transmitters were obtained from Titley Electronics Pty. Ltd 

and Biotelemetry Tracking Australia. These were fitted using a small plastic zip-tie 

and weighed approximately 2g in total. Consensus suggests that radio-collar weight 

be less than 10% of the animal’s bodyweight (e.g. Goth & Jones 2001; de Mendonca 

1999; Berteaux et al. 1996) and as such, animals weighing less than 20g were not 

collared here. The radio-collars had very small batteries, to conserve weight, and 

functioned for approximately ten days. All the collared individuals were recaptured 

at the end of each tracking session to retrieve the transmitters and remove the collars. 
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4.3. Results 

4.3.1. Notomys alexis trapping success 

Fifty-four individuals were caught a total of 100 times in 2,580 trapnights during the 

study. This equated to 3.9 captures per 100 trapnights for the study’s duration, with 

little difference in capture rates between field sessions (Figure 4.3).  
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Figure 4.3: Captures per 100 trapnights for Notomys alexis caught near Roxby Downs, South 
Australia, by field session 

 

4.3.2. Notomys alexis capture frequencies 

Individuals were caught between one and seven times (Figure 4.4) and a mean of 1.9 

times (± 0.21 S.E.) per animal. More than half the sample were caught only once 

(n=32, 59.3%). Accordingly, the rate at which a known animal was recaptured was 

relatively low, with 1.8 marked animals caught per 100 trapnights. The number of 

times each individual was caught did not differ between field sessions (Kruskall 

Wallis �2 2 df=2.0, p=0.38). 
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Figure 4.4: Capture frequencies for male and female Notomys alexis near Roxby Downs 

 

4.3.3. Notomys alexis captures by sex 

Thirty-one males and 23 females were caught over the three field sessions, a ratio of 

1.3 males to every female. This was not significantly different to parity (�2 1 df=1.2, 

p=0.28). Males were caught a mean of 1.7 times (± 0.24 S.E.) while females were 

caught a mean of 2.0 times (± 0.37 S.E.). Again, this difference was not significant 

(Mann-Whitney U=337.0, p=0.70). Further, no difference was noted in the number of 

male and female individuals caught in each field session (�2 2 df, p�0.20) or the number 

of times males and females were captured within each session (Mann Whitney U, 

p�0.54). 

 

Similarly, the sex of the individuals caught or the number of times these animals were 

captured did not appear to be influenced by the trapping area at which the animals 

were located. Over the entire study period, male and female individuals were caught 

in approximately equal numbers at each of the four trapping areas (�2, p�0.23,  

Figure 4.5). Males and females were also trapped similar numbers of times at each 
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trapping area, except for area D where females were captured more often than males 

(Mann Whitney U=3.0, p<0.05). Sample sizes were too small to make such 

comparisons within single trapping sessions.  
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Figure 4.5: Number of Notomys alexis individuals captured, by trapping area of capture 

 

4.3.4. Notomys alexis captures by age 

Most Notomys alexis at Roxby Downs were adults when first captured (77.8%, n=42). 

Further, more male adults than female adults were captured (�2 1 df =6.1, p=0.01), a 

ratio of 2.2 adult males to each adult female. Adult sex ratios were male-biased at all 

four trapping areas (range: 1.3–2.7 males per female in each area) and in each 

trapping session (range: 1.4–3.5 males per female). No reproductively active adult 

females were identified in the study population.  

 

Twelve subadult N. alexis were captured at Roxby Downs, 22.2% of the individuals in 

this study. Unlike adult animals, more female (n=10) than male (n=2) subadults were 

captured (�2 1 df =5.3, p<0.05), a male to female ratio of 0.2 to one. The two male 
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subadults weighed 17g and 19g when first captured while the ten female subadults 

weighed 16–22g (see Figure 4.6). As for N. mitchelli, adult female N. alexis were 

significantly heavier than adult males (t 40 df=-3.62, p<0.01). Adult females weighed 

33.2g on average (± 1.1 S.E., range 26–40g) and adult males weighed 28.1g on average 

(± 0.8 S.E., range 21–38g). 
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Figure 4.6: Weight at first capture (grams) for individual Notomys alexis at Roxby Downs, 
by age class and sex 

 

While the sample was too small to analyse subadult sex ratios by site or field session, 

it is worth noting that subadults were captured at each of the study’s four trapping 

areas and that subadults were captured in all three of the study’s sessions (see Figure 

4.7). Subadults were caught a mean of 1.8 times (± 0.28 S.E.), which did not 

significantly differ from the mean number of captures for adult individuals (1.9 times 

± 0.26 S.E. Mann-Whitney U=229.5, p=0.60).  
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Figure 4.7: Notomys alexis individuals by age and trapping session at Roxby Downs,  
South Australia 

 

4.3.5. Known To Be Alive and residency in the Notomys alexis 
population 

While this study was not explicitly designed to look at long-term population 

demographics, some demographic information can be extracted from the three field 

sessions. Of note, the majority of individuals were captured in only a single trapping 

session (81.5%, n=44, Figure 4.8), despite two of the trapping sessions being separated 

by only 29 days. Nine animals (16.7%) were caught in two sessions, with eight of the 

nine (88.9%) being caught first in April 2001 and then a month later in May 2001. The 

remaining animal caught in two sessions was caught in May 2001 and again in 

January 2002. Only one animal, an adult female, was caught in all three sessions. As 

such, most animals (81.5%) were Known To Be Alive (KTBA) for only one month, the 

session of capture, while the female caught in all three sessions was KTBA for ten 

months. As this animal was a fully-grown adult at the time of first capture, it can be 

deduced that the potential life-span for the species in this location is in excess of 13 

months. 
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Figure 4.8: Number of sessions in which captured and number of months Known To Be 
Alive for Notomys alexis near Roxby Downs, South Australia 

 

As for N. mitchelli, N. alexis individuals were considered to be ‘residents’ of the study 

population if they were caught in more than one session. Accordingly, 18.5% (n=10) 

of the sample were considered to be resident in the population. All resident animals 

were recaptured in the same trapping area where they were originally caught. No 

concrete conclusions could be drawn for the large proportion of animals that were not 

recaptured; whether these animals were actually resident at the site but uncaught, 

whether these were truly transient animals, or whether these individuals had died.  

 

Six of the ten individuals identified as residents were males and eight of the ten 

residents were adults when first captured. Unsurprisingly, resident animals were 

caught significantly more times than non-resident animals (Mann Whitney U=17.0, 

p<0.001); residents were caught a mean of 4.2 times (± 0.66 S.E.) over the study period 

while non-residents were caught only 1.3 (± 0.09 S.E.) times. More importantly, 

resident animals were also caught more frequently than non residents within 

individual trapping sessions, suggesting different movement and/or foraging 
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patterns for these animals; in a single session, resident animals were caught a mean of 

2.5 (± 0.47 S.E.) times while non-residents were caught only 1.4 (± 0.08 S.E.) times. This 

difference was highly significant (Mann Whitney U=162.5, p<0.01). 

 

4.3.6. Notomys alexis burrow use 

4.3.6.1. Burrow locations 

Twenty-six Notomys alexis burrows were located during the three trapping sessions. 

Most (n=21) were located by radio-tracking captured animals, while the remaining 

five burrows (19.2%) were found opportunistically. These five did not appear to have 

any occupants; no animals were caught in the area surrounding each of the burrows 

and they lacked obvious hopping mouse tracks around the popholes (see Plate 4.4).  

  

 
Plate 4.4: Notomys alexis burrow pophole in open ground showing obvious signs of activity 
(Roxby Downs, South Australia, April 2001) 
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Burrows were located at all four of the trapping sites; six burrows each at trapping 

areas A and B, ten burrows at area C and four burrows at trapping area D. New 

burrows were found in each sampling period. Burrows were predominantly located 

at the top or on the sides of dunes (88.5%, n=23), with very few burrows located in the 

inter-dune swale (11.5%, n=3. See Figure 4.9). 
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Figure 4.9: The position of Notomys alexis burrows in the dune system. Roxby Downs, 
South Australia 

 

The amount of vegetation surrounding the burrow was measured in a similar manner 

to that for N. mitchelli in Chapter Three (open ground, low cover, medium cover, and 

high cover). The majority of burrows (80.8%, n=21) were located in areas of open 

ground or low cover (<33% cover in the immediate vicinity of the burrow, Figure 

4.10). Further, the amount of cover surrounding the burrow was significantly 

correlated with the burrow’s position on the dune (Spearman’s rho = 0.39, p one-tailed = 

0.05). Burrows low on the dune or located in swale (areas of harder soil) were 

generally more heavily vegetated than burrows higher on the dune. These findings 

were consistent with the availability of the different microhabitats within the study 

area. 
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Figure 4.10: Proportion of vegetation cover in the area immediately surrounding the 
Notomys alexis burrows near Roxby Downs 

 

4.3.6.2. Notomys alexis burrow size 

As for Notomys mitchelli, N. alexis burrow size was approximated in two ways; the 

number of popholes visible and the distance between the two furthest popholes. 

Similarly, burrow size measurements were taken at the end of the monitoring process 

to account for any development of the burrow over the course of the field session(s). 

 

Illustrated in Plate 4.4 above, Notomys spp. popholes are distinctive and quite easy to 

see, particularly in the generally open habitat at Roxby Downs. Given this, and the 

care that was taken in searching for popholes, it is unlikely that any extant popholes 

were missed. The number of popholes per burrow ranged from one to 15, with a 

mean of 3.7 (± 0.62 S.E.) holes per burrow and a median of two (30.8%, n=8). Larger 

burrows were found at trapping areas A and C, having an average of 3.7 and 4.5 

mean popholes per burrow (respectively) compared to 2.8 and 3.0 popholes per 

burrow at areas B and D. 
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The maximum distance measured between the two furthest popholes, i.e. the width of 

the burrow, ranged from 0.0m (where only a single pophole was detected) to a 

maximum of 8.1m. Most burrows (38.5%, n=10) measured 1.5m or less at the widest 

point and only two burrows (7.7%) measured in excess of 4.0m. The mean width for 

all burrows was 1.9m (± 0.33 S.E.) and mean widths did not vary widely according to 

trapping area, ranging from 1.6m at area A to 2.1m at area C. 

 

The number of popholes associated with a burrow was significantly correlated with 

the width of the burrow (Spearman’s rho = 0.82, p one-tailed < 0.001, see Figure 4.11). 

While the size of the burrow did not appear to be influenced by the position of the 

burrow on the dune (Spearman’s rho, p one-tailed � 0.18), the width of the burrow 

appeared to be negatively correlated with the amount of vegetation in the 

surrounding area (Spearman’s rho = -0.47, p one-tailed < 0.01). That is, larger burrows 

were found in more open ground. 
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Figure 4.11: Width of the Notomys alexis burrow between the two widest popholes vs. the 
total number of popholes found at the burrow 
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4.3.6.3. Notomys alexis burrow density 

The mean distance between burrows within a site was 224.5m (± 11.1 S.E.). The mean 

distance between an occupied burrow and other active burrows at the same site in the 

same session was somewhat longer however; 249.3m (± 18.3 S.E.). The mean distance 

between active burrows differed significantly according to the trapping area (Kruskall 

Wallis �2 3df=9.6, p<0.05), with burrows situated further apart at areas A and C than at 

areas B and D (Figure 4.12). This may be related to the size of the burrows; burrows at 

areas A and C were larger in terms of the number of popholes present than those at 

areas B and D. 

 

The mean distance between active Notomys alexis burrows was 65.3m longer than that 

identified for N. mitchelli in Chapter Three, which implies a more spatially dispersed 

population. However, the distribution of N. alexis burrows within the activity areas of 

the captured individuals was the same as that noted for N. mitchelli: a mean of 0.5 

burrows were located per hectare (range: 0.3 to 1.0 per hectare by trapping area). 
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Figure 4.12: Mean distance (± S.E.) between an active Notomys alexis burrow and all other 
active burrows located at the same trapping area  
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4.3.6.4. Notomys alexis burrow occupancy 

When a burrow was located, the surrounding area was trapped to estimate the 

number of burrow occupants. Burrows were re-trapped if the burrow was still intact 

in later field sessions. As described above, 26 burrows were located during the course 

of this study, but only 21 were found to be in use during the field sessions. Many 

burrows were only active in the session of first location (76.2% of occupied burrows, 

n=16), falling into disrepair, and sometimes completely disappearing, by the time of 

the next trapping session, even when only a month separated the two. Some burrows 

were still active in a second, subsequent session (23.81%, n=5) but no burrows were 

known to be active in all three trapping sessions.  

 

Twenty six social groups were identified during the monitoring of the 21 occupied 

burrows (animals using a burrow in a second active session were generally different 

to those from the initial session and were considered to be a different group, 

discussed further below). More than half of the social ‘groups’ identified (61.5%, 

n=16) consisted of a single animal (Figure 4.13). However, up to seven individuals 

were found to occupy a single burrow at any one time (3.8%, n=1).  

 

Most commonly, burrow occupants were single male animals (42.3%, see Figure 4.14). 

Single females constituted 19.2% (n=5) of the N. alexis social groups identified in this 

study. Four burrows were found to be occupied by a mixed-sex pair (15.4%) and 

another four burrows were occupied by mixed sex groups of between three and seven 

animals. All four of these mixed sex groups contained multiple adult females as well 

as multiple males. Two further social groups were identified, one consisting of two 

males and the other of two females. Each was a subadult-adult pair. 
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Figure 4.13: The number of Notomys alexis identified in a burrow (a social group) during a 
single period of occupancy 
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Figure 4.14: The social groups identified in occupied Notomys alexis burrows near Roxby 
Downs 
 

Figure 4.15 illustrates the relationship between burrow size and occupancy. The total 

number of occupants found in the burrow was significantly correlated with the 

number of the burrow’s popholes (Spearman’s rho = 0.34, p one-tailed < 0.05). More 

particularly, the total number of females in the group was associated with the number 

of popholes of the burrow (Spearman’s rho = 0.50, p one-tailed < 0.05) rather than the 
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number of males (Spearman’s rho = 0.20, p one-tailed = 0.20). Similarly, the width of the 

burrow was highly correlated with the total number of burrow occupants 

(Spearman’s rho =0.67, p one-tailed < 0.001).  
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Figure 4.15: The relationship between Notomys alexis burrow size and group size—the 
number of popholes present vs. the number of animals found at the burrow 

Note: the size of the diamonds indicates the frequency of observations  
 

Only one burrow was known to be occupied by at least some of the same individuals 

in different sessions and in this case, the burrow was in use in both April 2001 and 

May 2001. The animals common to the burrow in both sessions were a single adult 

male and two adult females. Another burrow was known to be re-occupied after a 

period of inactivity (i.e. occupied in April 2001 and January 2002, but not in May 

2001). The individuals occupying this burrow, ten months after the burrow’s initial 

discovery, were completely different to those identified in the first session. The 

remaining three burrows known to be occupied in more than one session were 

occupied first in April 2001 then in May 2001. The individuals occupying these 

burrows in May 2001 were also completely different to those identified as the 

burrows’ occupants in April 2001. 
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Interestingly, some animals (n=4) were observed to use two or three different burrows 

within a single field session. Two of these animals were adult males and the other two 

animals observed to used multiple burrows were subadults (one male and one 

female). None of these animals appeared to be associated with each other despite 

three of the four being caught at trapping area C in April 2001. That is, none of these 

animals re-located to new burrows as pairs or identifiable groups. Movements 

between burrows within a single field session appeared to be progressive; having left 

one burrow for another, these four animals were not observed to return to a previous 

burrow location.  

 

4.3.6.5. Social group comparison with Notomys mitchelli 

Field work involving Notomys alexis at Roxby Downs was less intensive (i.e. involved 

fewer sessions, over a shorter period) than that for N. mitchelli in the Middleback 

Ranges. Nonetheless, similar amounts of data regarding burrow use were obtained 

for both species. In three field sessions 26 N. alexis social groups were identified while 

thirteen field sessions in the Middleback Ranges identified 27 N. mitchelli social 

groups (see Chapter Three). The equivalence of these observations means that some 

direct comparison is valid despite differences in field protocols.  

 

The burrows of each species had similar numbers of popholes, although the burrows 

of N. alexis took up significantly more area than those of N. mitchelli (i.e. N. alexis 

popholes were further apart, Table 4.2). Accordingly, it is possible that N. alexis 

burrows cover a larger subterranean area than those of N. mitchelli. Both species 

showed a preference for burrowing in the dunes rather than in areas of swale  

(Figure 4.16). Likely reflecting the difference in vegetation structure of the two sites, 
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N. mitchelli burrows tended to be surrounded by more vegetation than those of N. 

alexis (Figure 4.17). Interestingly, individuals of both species tended to use each 

burrow for only a short time; N. mitchelli burrows were active a mean of 1.3 sessions 

(± 0.13 S.E.) and N. alexis burrows were active a mean of 1.2 sessions (± 0.10 S.E. Table 

4.2).  

 

Table 4.2: Comparison of burrow demographics, Notomys mitchelli (Middleback Ranges, 
South Australia) and Notomys alexis (Roxby Downs, SA) 

 Notomys mitchelli Notomys alexis p* 

Burrow size     

Number of popholes (range) 0–10 1–15  

Number of popholes (mean ± S.E.) 2.6 ± 0.5 3.7 ± 0.6 0.11 

Width between furthest popholes (range) 0.0–2.6m 0.0–8.1m  

Width between furthest popholes (mean ± S.E) 0.9m ± 0.2 1.9m ± 0.3 0.01‡ 

    

Occupancy    

Number of males in group (mean ± S.E.) 1.0 ± 0.1 1.0 ± 0.2 0.68 

Median males 1 1  

Number of females in group (mean ± S.E.) 0.5 ± 0.1 0.8 ± 0.2 0.29 

Median females 0 1  

Total animals in group (range) 1–4 1–7  

Total animals in group (mean ± S.E.) 1.5 ± 0.2 1.8 ± 0.3 0.80 

Median animals 1 1  

Mean sessions burrow active (mean ± S.E.) 1.3 ± 0.1 1.2 ± 0.1 0.67 

* Mann Whitney U statistic 
‡ Test is significant at the p<0.01 level 
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Figure 4.16: Comparison of the position of burrows in the dune system for Notomys 
mitchelli and Notomys alexis 
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Figure 4.17: Comparison of the amount of vegetation surrounding burrows for Notomys 
mitchelli and Notomys alexis 

 

On each occasion of use, burrows were occupied by similar numbers of animals 

regardless of the species (Table 4.2, Kolmogorov-Smirnov Z=0.28, p=1.00). Further, 

the types of social groups identified in N. alexis burrows did not differ significantly 

from those identified for N. mitchelli (Pearson’s �2 5 df =1.7, p=0.89, see Figure 4.18). It 
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is interesting to note, however, that four social groups containing multiple adult 

females were identified for N. alexis whereas no adult female N. mitchelli were ever 

discovered co-habiting in the same burrow. 
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Figure 4.18: Comparison of Notomys mitchelli and Notomys alexis social group types as 
identified at the Middleback Ranges and Roxby Downs, South Australia field sites 

Note: the one multi-female group for N. mitchelli consisted of an adult and her young, similarly the one N. alexis multi-
female group consisted of an adult and a subadult, but their relationship could not be determined. 
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4.4. Discussion 

4.4.1. Capture behaviour of Notomys alexis 

While Notomys alexis was not recorded in the surveys underpinning the Olympic Dam 

Environmental Impact Statement in the early 1980s (Kinhill-Stearns Roger Joint 

Venture 1982) or the biological surveys conducted in the area in the early 1990s 

(Moseby & Read 1998), 54 individual N. alexis were caught near Roxby Downs, South 

Australia over three field sessions conducted in 2001–2002.  

 

The N. alexis capture rate observed over the duration of this study was relatively high 

compared with other studies of arid-zone rodents (e.g. Moseby & Read 1998). Further, 

N. alexis individuals were captured more frequently at Roxby Downs (54 individuals 

in 2,520 trapnights) than N. mitchelli individuals were during the study conducted in 

the Middleback Ranges (60 individuals in 17,640 trapnights, see Chapter Three). 

Similarly, capture rates (per 100 trapnights) were higher for N. alexis than observed 

for N. mitchelli (3.9 captures per 100 trapnights vs. 1.4, respectively). This suggests that 

there is a higher density of N. alexis in the dunes of Roxby Downs than there is of  

N. mitchelli in the Middleback Ranges, despite the semi-arid habitat at Middleback 

being presumably better resourced (in terms of rainfall and vegetation).  

 

The rate of recapture of marked N. alexis was very low, however, and comparable to 

that found for N. mitchelli. Further, very few N. alexis were caught in successive field 

trips, despite a spacing of only a month between the April and May 2001 sessions. 

While feral cat and fox densities in this habitat can be quite high (see Read & Bowen 

2001; Robley et al. 2004), N. alexis does not appear to comprise a large part of these 

species’ diets (Read & Bowen 2001). Accordingly, the high turnover of N. alexis 
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individuals at Roxby Downs may due to mobility rather than being heavily preyed 

upon by mammalian predators. If so, this supports a number of ecological studies that 

have observed a high turnover rate of individuals in the population and low 

recapture rates for populations of N. alexis in various parts of the species’ range 

(Breed 1992; see also Newsome & Corbett 1975; Predavec 1994). Similarly, a study of 

two South Australian populations of the closely-related N. fuscus has also reported 

low recapture rates (Moseby et al. 2006). Nonetheless, all of the N. alexis individuals 

recaptured over multiple field sessions in this study (residents) were caught in the 

same trapping area in each session, suggesting that, as for N. mitchelli, some members 

of the population are relatively sedentary. Southgate and Masters (1996) report 

similar observations from their N. alexis study population in the Watarrka National 

Park, Northern Territory. Importantly, resident N. alexis in the current study were also 

caught more frequently than non-residents within discrete field sessions, suggesting 

different movement and/or foraging patterns for these more sedentary individuals. 

 

Just under a quarter of the N. alexis study population were subadults when first 

captured. This is a larger proportion of the study population than that observed for  

N. mitchelli (where fewer than 10 per cent were subadults). But like N. mitchelli, very 

few adult female N. alexis (in this case, none at all) showed signs of recent 

reproduction. For both species this was somewhat surprising given that rainfall levels 

were average or above average over the study periods (BoM 2005) and both habitats 

apparently contained sufficient resources to maintain ostensibly large populations. 

Notomys alexis is known to be an opportunistic breeder and to have a relatively rapid 

reproductive response to rainfall (Breed 1990a; Predavec 1994; Southgate & Masters 

1996). It is not unreasonable to assume, then, that high rainfalls in 2000 and early 2001 

(BoM 2005) would have provoked a pronounced level of reproductive activity during 



Chapter Four—The population ecology of N. alexis 

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

the study period. Moreover, the relatively high number of N. alexis individuals, of any 

age, captured during this study suggests that the food resources available in the 

Roxby Downs habitat were sufficient to sustain a large population at this time. It 

remains puzzling that no pregnant or lactating adult females were observed during 

the 2001–2002 study period. 

 

Similar observations have been made for N. alexis populations in other parts of the 

species’ range (Breed 1979; 1992). Little evidence of reproduction was found in a 

population of N. alexis in the (southern) Northern Territory despite apparently 

abundant resources (Breed 1979). Additionally, pregnant females were only found in 

one of seven field trips to the same region in later years (Breed 1992). Breed (1979; 

1992) suggested that density-dependent population regulation processes and 

physiological mechanisms of reproductive suppression, rather than resource 

availability, may explain these observations (see also Predavec 2000). Given that the 

capture rates reported in these studies (Breed 1979; 1992) are comparable to that 

observed in the current study at Roxby Downs, density-dependent population 

regulation may similarly explain the low level of reproductive activity observed for 

this population. Further study of N. alexis at Roxby Downs (and similarly N. mitchelli 

at Middleback) over a longer time period, incorporating more detailed analysis of 

rainfall patterns and resource availability, may be useful.  

 

4.4.2. Notomys alexis burrow use behaviours 

The burrows of both Notomys mitchelli and N. alexis were similarly positioned within 

their respective habitats. Most burrows were located in sandy soil on the upper parts 

of the dunes and in areas relatively clear of vegetation. With very similar 
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morphological characteristics, it is likely that both species find burrows on higher 

ground easier to dig and likewise rely on sparse vegetation around burrows to 

facilitate rapid ingress/egress when confronted by predators.  

 

As was observed for N. mitchelli, and has been anecdotally reported for N. alexis 

(Baker et al. 1993), particular burrows had a short life-span; very few burrows were 

occupied over multiple field sessions and a number of burrows disappeared 

completely within the space of a month. Other burrows appeared to be structurally 

sound when assessed in subsequent field sessions but remained unoccupied. When 

particular individuals were subsequently re-captured, they were generally found to 

be sheltering elsewhere in the area rather than the burrow they were initially 

associated with. Some N. alexis were observed to use multiple burrows within a single 

session, however no individuals were observed to move back to a burrow after 

leaving it for another. Accordingly, as suggested for N. mitchelli, it is assumed that N. 

alexis do not maintain a particular set of burrows within their home range but rather 

progressively occupy one burrow and then another. Similar burrow-use behaviour 

has been noted for the brush-tailed mulgara (Dasycercus blythi), a small marsupial that 

is sympatric with N. alexis across much of its range (Körtner et al. 2007). However, it 

remains unknown as to why mulgaras, and hopping mice, abandon their burrows so 

frequently.  

 

As mentioned in Chapter Three, the energy involved in this constant burrowing is 

considerable (e.g. Ebensperger & Bozinovic 2000b; White et al. 2006) and to do so, yet 

remain in the same general area (as at least a proportion of the N. alexis population 

does), implicates predator avoidance rather than convenience or resource acquisition 

as a driver for this behaviour. Supporting this, and as was observed for N. mitchelli, a 
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number of predator reptiles (including elapid snakes, e.g. Pseudechis australis, the 

mulga snake) were seen to enter N. alexis burrows during the day. Accordingly, and 

as suggested for N. mitchelli, it is thought that by frequently establishing new burrows 

N. alexis may decrease the risk of attracting chemo-sensing, diurnal predators (e.g. 

Banks et al. 2002; Whitaker & Shine 2003), vindicating the substantial cost of the 

behaviour. 

 

The frequent relocation of animals to new burrows may also serve to reduce the 

impact of ectoparasites, as has been suggested for a variety of mammal species (e.g. 

Meles meles, Broeseth et al. 1997; Lasiorhinus latifrons, Finlayson et al. 2005; 

Gymnobelideus leadbeateri, Lindenmayer et al. 1994; and Parotomys brantsii, Roper et al. 

2002). Flea infestation can be costly for rodents, particularly juvenile animals (e.g. 

Hawlena et al. 2007; Hawlena et al. 2006a; Hawlena et al. 2006b). Some N. alexis 

individuals, but not others, were observed to harbour fleas, as were some N. mitchelli. 

Regrettably, data was not collected regarding the ectoparasite load of the animals 

observed to move to new burrows within a field session. It would be interesting if 

future studies of N. alexis’ burrow use behaviour records a measure of parasite load 

for particular individuals or includes a parasite-reduction study similar to that by 

Roper et al. (2002) to see whether sheltering behaviour becomes more sedentary, and 

social group dynamics change, after parasite removal.  

 

The number of popholes visible in the burrow area and the distance between the 

holes was assumed to be indicative of the burrow’s subterranean area and, 

accordingly, the size of the social group housed within (e.g. Mankin & Getz 1994). 

While the burrows of N. alexis at Roxby Downs consisted of a comparable numbers of 

popholes as those identified for N. mitchelli in the Middleback Ranges, these holes 
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tended to be further apart, suggesting a larger subterranean area. As such, it was 

expected that the observation of ostensibly larger burrows for N. alexis would be 

associated with the observation of larger social groups than for N. mitchelli. 

Nevertheless, this study did not detect a difference in the size of the burrow groups 

formed by the two species (discussed further below). As a result, it is thought that the 

surface dimensions of Notomys spp. burrows are not good indicators of the number of 

occupant animals within.  

 

4.4.3. Notomys alexis social groups 

As was observed in the study of N. mitchelli, the N. alexis social groups identified from 

the monitoring of burrow systems were much smaller than expected. Given that 

groups of up to ten N. alexis have been found sharing burrows in the wild (Breed 

1998a; Watts & Aslin 1981), it was surprising to find that burrows at Roxby Downs 

were frequently occupied by only a single animal and the largest group identified 

consisted of only seven animals. Moreover, when N. alexis individuals were 

recaptured in subsequent field sessions and their new burrows were located, animals 

co-occupying the burrow were generally different to those with whom the individual 

had previously been associated with. Similar to N. mitchelli, N. alexis do not seem to 

form strong bonds between particular individuals, at least at the level of the burrow 

social group. However, as described above, the marked animals that remained in the 

population for some time (at least two field sessions) were always caught in the area 

of original capture, suggesting that there can be high site fidelity in this species.  

 

The social organisation of Notomys alexis, then, may be operating on a larger scale than 

the burrow, encompassing the area of a particular dune. That is, the occupants of a 
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particular burrow may not be a discrete social group but rather one part of a social 

group that encompasses a number of different burrows. While the temporary nature 

of N. alexis burrow use makes this unlikely, if true the high level of sociality in this 

species as reported by various authors (Happold 1976a; 1976b; Harvey 1999; Stanley 

1971; Watts & Aslin 1981) is plausible. However, captive studies have shown that 

groups of N. alexis generally nest together in a huddle and even when space permits, 

single animals nesting alone are uncommon (this study, Chapter Six; Baudinette 1972; 

Stanley 1971). It follows then, that this tendency would be observed in free-living 

animals as burrow groups of more than one animal. As this was not the prevailing 

finding in the present study, it is possible that the high levels of sociality observed in 

laboratory settings is an artefact of captivity and not reflective of natural populations. 

The high density of N. alexis in a relatively small area, as well as the small number of 

occasions when many animals have been found in a single burrow, support a high 

level of social tolerance in this species, but to present the species as forming ‘groups’ 

may allude to stronger bonds between individuals as the observations here would 

suggest. 

 

4.4.4. Summary 

Despite inhabiting distinctly different climates (see Chapter Two), the social 

behaviour of Notomys alexis observed at Roxby Downs was remarkably similar to that 

of N. mitchelli in the Middleback Ranges. This suggests that the theory posited by 

Happold (1976a), namely that the social organisation of conilurine rodent species can 

be predicted from a knowledge of the resource predictability of their typical habitat, 

may not be appropriate for these two species of Notomys, and by extension, other 

native rodent species. That N. alexis was one of Happold’s (1976a) study species 
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emphasises that the predominantly laboratory-based hypothesis is of limited validity 

for free-living populations, as has been suggested by other authors (e.g. Bubela & 

Happold 1993).  
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5. The spatial behaviour of two species of 
Notomys spp.  

5.1. Introduction 

As described in previous chapters, mammalian spatial behaviour is governed 

primarily by resource availability; the dispersion of females is largely determined by 

resource availability and its influence on reproductive success, while the dispersion of 

males is primarily influenced by the distribution of females (Bond & Wolff 1999; 

Brown & Weatherhead 1999; Clutton-Brock 1989a; Emlen & Oring 1977; Jonsson et al. 

2002). Depending on the species, the resources critical for survival may include 

dietary resources, shelter/nest sites or other features of the habitat (e.g. Andrewartha 

& Birch 1954; Gehrt & Fritzell 1998; Johnson et al. 2002; Maher & Lott 2000; Valenzuela 

& Macdonald 2002). Where these 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). Conversely, increasingly patchy resource 

distribution acts to ‘clump’ female distribution and promote polygynous, or 

promiscuous, mating systems (Alexander 1974; Hughes 1998; Johnson et al. 2002).  

 

Resource distribution similarly influences species’ typical home range size. Home 

range areas for both male and female animals in habitats where resources are 

uniformly dispersed (i.e. monogamous species) are thought to be similar in size; the 

home ranges of monogamous females need be no larger than that which encompasses 

sufficient resources to ensure survival and reproductive success and the home ranges 

of monogamous males need only encompass that of a single mature female (Ribble & 

Salvioni 1990; Shier & Randall 2004). The home ranges of polygamous (or 
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promiscuous) males, however, are thought to be much larger than those of females 

(e.g. Bond & Wolff 1999; Madison 1980; Ribble & Stanley 1998; Shier & Randall 2004). 

Like monogamous females, polygamous females need only have a home range area 

sufficient to support survival and reproduction but the home range of a polygamous 

male should encompass that of many females to ensure reproductive success. 

Similarly, the daily distances travelled by polygamous males are expected to exceed 

those of female conspecifics (e.g. Begg et al. 2005; Price et al. 1994).  

 

Accordingly, observations of a species’ movement behaviour and home range size can 

validate hypotheses regarding the mating system and critical resource distribution in 

the habitat (e.g. Conditt & Ribble 1997; Kraus et al. 2003; Oka 1992). It has been 

suggested that Australian rodents inhabiting unpredictable arid environments, where 

resources vary widely in space and time, form large, highly amicable social groups 

(Happold 1976a). This suggests a polygamous, or promiscuous, mating system and 

consequently it is expected that sexually dimorphic home ranges and movement 

behaviour would be observed for rodent species in these habitats. 

 

5.1.1. Observing rodent spatial behaviour 

Capture-recapture studies reporting inter-trap movements can provide information 

on both the spacing of small mammals within the trapping area and the social 

organisation of the species (Calhoun & Casby 1958; Gurnell & Gipps 1989; Magnusson 

et al. 1995). Trapping studies are limited however, in that activity ranges can only be 

defined within the study area and movements outside of this area remain unknown 

(Moro & Morris 2000; Parmenter et al. 2003). As such, studies utilising only trapping 

methodologies to determine the spatial behaviour of rodent species generally result in 
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estimations of home range which are much smaller than that determined using a 

more flexible approach (Bubela & Happold 1993; Frank & Heske 1992; Hoffmann & 

Klingel 2001; Pavey et al. 2003; Price et al. 1994; Ribble et al. 2002). 

 

Trapping studies can be augmented with low cost tracking methods to move beyond 

the confines of the trapping grid, improving knowledge of habitat utilisation and 

spatial behaviour. For suitable species, in suitable habitats, fluorescent powders can 

be used to examine microhabitat use (e.g. Lemen & Freeman 1985; Predavec & 

Dickman 1994; Sutherland & Predavec 1999; van Dyck 1998-99). Spool-and-line 

tracking, using a small cotton spool attached to the released animal by way of a 

harness or glue, is another alternative (see Leung 1999; Leung et al. 1993; Moseby & 

Read 1998). The ability to trace fine-scale movements in three-dimensional habitat 

leads spooling to be more advantageous in certain studies than other forms of 

tracking (e.g. Berry et al. 1987; Carthew 1994; Garavanta et al. 2000; Goldingay 2000; 

Key & Woods 1996). Spooling is also an appropriate method to locate animal refuges 

(e.g. Boonstra & Craine 1986; Miles et al. 1981; Woolley 1989). Home range size has 

also been explored using spool-and-line tracking (Anderson et al. 1988; Broughton & 

Dickman 1991; Stott 1987) but the technique is limited due to the finite length of the 

spool and its temporary attachment (Cox et al. 2000). Although relatively costly, radio-

telemetry is of far more utility in studies of broad-scale movement behaviour (Bart et 

al. 1998; Geers et al. 1997). Studies incorporating radio-telemetry have demonstrated 

efficacy in research investigating the social organisation of numerous small mammal 

species (e.g. Chambers et al. 2000; Lazenby-Cohen & Cockburn 1991; Masters 2003; 

Randall 1991; Shier & Randall 2004).  
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The degree of range overlap between animals, when measured by radio-telemetry, 

can give a good indication of the mating system of the species as well as the 

territoriality or degree of sociality of the species (e.g. Avenant & Nel 1998; Begg et al. 

2005; Branch 1993; Brown & Orians 1970; Cranford 1977; Hingrat et al. 2004; Salvatori 

et al. 1999). For example, radio-tracking studies of Peromyscus boylii (brush mice) have 

revealed that the home ranges of males are larger than those of females and overlap 

with both male and female ranges (indicating a promiscuous mating system), while 

the home ranges of females do not overlap with other females, indicating nest-defence 

or resource-defence territoriality (Ribble & Stanley 1998). Evidence of a promiscuous 

mating system in Neotoma cinerea (bushy-tailed wood rats) has also been suggested 

from radio-telemetry, contrary to the prediction that the species would be polygynous 

(Topping & Millar 1996b). If the wood rats had been polygynous, males would have 

displayed intersexual but not intrasexual overlap of home ranges, but this study 

revealed that the home ranges of male N. cinerea overlapped considerably. A 

monogamous mating system would see intersexual overlap but an absence of 

intrasexual overlap, giving the formation of distinct male-female pairs (e.g. Braun 

1985; Lambin & Krebs 1991; Ohnishi et al. 2000). 

 

Home range size as estimated from radio-telemetry can also give an indication of the 

kind of energy and nutritional requirements the animal needs and the degree to 

which the environment can provide them (Corp et al. 1997; Dexter 1999; Fisher 2000; 

Fisher & Owens 2000; Harris & Leitner 2004; Hubbs & Boonstra 1998; Norbury et al. 

1994; Topping & Millar 1996a; 1996b). Accordingly, home range use may change in 

accordance with food availably or environmental conditions, and as such, estimations 

must take into consideration the time scale of the observations made (Broome 2001; 

Frank & Heske 1992; Hoffmann & Klingel 2001; Kraus et al. 2003; Lurz et al. 2000; 
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Phelan & Sliwa 2005). For example, non-random changes in daily home range use 

have been shown to occur in Sigmodon hispidus (hispid cotton rats) such that animals 

exhibit a daily home range which is, in turn, part of a larger home range (Cameron 

1995). It is thought that this type of regular movement results in more efficient 

foraging in areas where resources are patchily distributed. Similarly, estimates of 

animals’ home ranges have been observed to change seasonally for a number of small 

mammal species in Australia (e.g. Broome 2001; Chambers et al. 2000; Gust & 

Handasyde 1995; Moseby et al. 2005). 

 

5.1.2. Rodent home range characteristics in arid environments 

In arid environments, resource availability is highly unpredictable and resources are 

often widely dispersed (Dickman et al. 1995; Norbury et al. 1994; Stafford Smith & 

Morton 1990; Wiens 1976). As outlined previously, rodent species in such habitats are 

thought to develop highly gregarious social organisations in order to exploit 

ephemeral increases in resource abundance (e.g. Happold 1976a; Jarvis et al. 1994). 

Studies of spatial behaviour, therefore, would be expected to demonstrate high levels 

of home-range overlap in arid-dwelling species. A lack of overlap would suggest 

social intolerance, and possibly territoriality and active resource defence (e.g. Brown 

& Orians 1970; Shier & Randall 2004). 

 

As discussed in the previous chapter, an extreme example of highly-social desert 

dwelling rodents is the Bathyergidae, several species of which are the only examples 

of truly eusocial mammals. The varying social organisations in this family 

demonstrate the impact that environment has on social behaviour; sociality in mole 

rat species is highly correlated with increasing aridity of habitat. The solitary species 
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of the family are found in mesic environments while the eusocial species (e.g. 

Cryptomys damarensis, the Damaraland mole-rat, and Heterocephalus glaber, the naked 

mole-rat) live in highly arid environments (Faulkes et al. 1997). Group-living allows 

the animals to co-operate to rapidly expand burrow systems and acquire new food 

resources in rainy seasons, the only time when conditions are amenable to such 

activity (Jarvis et al. 1994) and the monogamous, cooperative breeding system that is 

definitive of eusocial groups ensures that home range ‘overlap’ between animals is 

effectively 100% (Burda et al. 2000; Spinks et al. 2000).  

 

More commonly, desert-dwelling small mammals are promiscuous or polygamous 

(Solomon 2003), however there is still a high degree of diversity of social structure 

between desert regions (Kelt et al. 1999; Morton 1979; Randall 1994). Gerbils living in 

the Asian deserts form stable family groups and jerboas in northern Africa and Russia 

may be socially tolerant (Randall 1994; Rogovin et al. 1996). Accordingly, studies of 

home range in these species have reported quite variable levels of range overlap (e.g. 

Gromov et al. 2000; Heske et al. 1995; Rogovin et al. 1996). The heteromyid rodents 

from North America, however, generally live alone and display limited tolerance of 

neighbours (Brock & Kelt 2004; Randall et al. 2002; Randall & King 2001; Shier & 

Randall 2004; Yoerg 1999). Inter-sexual home range overlap is limited and intra-sexual 

home range overlap is generally not observed for heteromyids, particularly females 

(e.g. Behrends et al. 1986; Braun 1985; Schroder 1979; Shier & Randall 2004).  

 

The arid and semi-arid regions of Australia possess a rich rodent fauna (e.g. Happold 

1976a; Lee 1995; Robinson et al. 2000; Watts & Aslin 1981) but autecological studies are 

relatively few in number. Nonetheless, studies of Australian arid and semi-arid-

dwelling rodents generally report polygamous or promiscuous social systems, which 
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enable the exploitation of vital rain events (Cockburn 1981b; Happold 1976a; 

Newsome & Corbett 1975). Some Australian rodent species inhabiting unpredictable 

environments have social organisations that are composed of presumed family 

groups sheltering in large above-ground constructions (e.g. the western pebble-

mound mouse Pseudomys chapmani Anstee et al. 1997; and the stick-nest rats  

Leporillus spp. Robinson 1998; Watts & Aslin 1981). Other xeric species are thought to 

form large, amicable groups of adults communally nesting in subterranean burrows 

(e.g. most Notomys spp. and Pseudomys spp. Cockburn 1981b; Happold 1976a; Philpott 

& Smyth 1967). Levels of home range overlap are thought to be considerable in these 

species, particularly for group-members (e.g. Anstee et al. 1997). Conversely, arid-

dwelling Leggadina spp. are apparently solitary, with burrow co-habitation limited to 

suckling mothers and their young. Accordingly, little home range overlap is thought 

to occur between adult conspecifics (Dickman 1993a; Moro & Morris 2000; Philpott & 

Smyth 1967; Start & Kitchener 1998). 

 

5.1.3. Long distance movements and home range size 

Animals in unpredictable environments like Australia’s arid zone may be expected to 

make lengthy movements in search of food, particularly during periods of drought 

and/or following rainfall events (Norbury et al. 1994; Southgate & Masters 1996). 

While studies of northern hemisphere arid-dwelling rodent species discuss ‘long-

distance’ movements of 300m or more (e.g. Clark et al. 1988; Diffendorfer & Slade 

2002; Topping & Millar 1996a), it has been demonstrated that small mammal species 

in the Australian semi-arid and arid zones may regularly travel in excess of 400m in a 

single day and can make long distance movements of up to 14km within a fortnight 

(Dickman et al. 1995; Moseby et al. 2006; Pedler & Copley 1993; Read 1984).  
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Australian arid-zone species’ capability to travel extremely long distances in search of 

resources is reflected in their estimated home ranges, which are comparatively larger 

than those of rodents in desert environments elsewhere in the world (such as Fleming 

& Nicolson 2002; Gromov et al. 2000; Harris & Leitner 2004). Although a very small 

mouse (~12g), the arid-dwelling Pseudomys chapmani has a large (though highly 

variable) mean home range of 14.4ha for males and 4.6ha for females (Anstee et al. 

1997). Similarly, Leggadina lakedownensis (Lakeland Downs mouse) has a reported 

median home range of 4.8ha in semi-arid environments, which fluctuates between 

3.0ha and 5.3ha in the breeding and non-breeding seasons (winter/spring and 

summer/autumn respectively, Moro & Morris 2000). This same study reported that 

the feral house mouse (Mus domesticus) has a smaller home range in this habitat than 

the native species (Moro & Morris 2000). The closely related Leggadina forresti 

(Forrest’s mouse) inhabits more arid areas and has been demonstrated to be more 

nomadic, not having a home range as such and making long movements to suitable 

habitat (Dickman 1993a).  

 

Although limited by small sample sizes, Brandle (1994) and Moseby and Brandle 

(1995) reported mean ranges of 1.7ha for Notomys fuscus (dusky hopping mouse), 

achieved in only 1–4 nights of radio-tracking (see also Moseby et al. 2006). Similarly, 

Brandle and Moseby (1999) reported activity ranges of 0.2ha in good habitat and 0.7ha 

in poor for Pseudomys australis (plains mouse), derived from a mean of only ten 

locations. Both of these species inhabit the extremely arid deserts of northern South 

Australia and it is thought that a greater tracking effort would reveal still larger range 

areas (Brandle 1994; Brandle & Moseby 1999). 
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5.1.4. Aims and hypotheses 

This study aims to describe the spatial behaviour of two species of Australian rodents, 

Notomys mitchelli (Mitchell’s hopping mouse) and N. alexis (spinifex hopping mouse). 

As confirmed in Chapter Two, the two species occupy significantly different 

environments and this is thought to affect the species’ social and spatial behaviour.  

 

Movement and spatial behaviour in Notomys mitchelli has not been explicitly studied 

to date. As previously discussed, the species inhabits semi-arid areas of southern 

Australia where resources are relatively predictable. Accordingly, the movements 

made by N. mitchelli and the activity areas utilised by the species are hypothesised to 

be similar to those observed for other semi-arid native rodents (e.g. Moro & Morris 

2000; Pedler & Copley 1993) and somewhat smaller than those estimated for more 

arid-dwelling species (e.g. Anstee et al. 1997; Brandle & Moseby 1999; Moseby et al. 

2006) due to the relative abundance of resources in this type of habitat.  

 

Additionally, the semi-arid habitat of N. mitchelli is thought to have a social 

organisation based on small multi-female groups (Happold 1976a). Such a social 

organisation would be expected to display high levels of intra-sexual home range 

overlap between female group members but relatively low levels of intra-sexual range 

overlap for adult males. While the study of the species’ population ecology in the 

Middleback Ranges (Chapter Three) did not support the idea that N. mitchelli groups 

were of the type suggested by Happold (1976a), some animals were observed to 

burrow together and multiple individuals were found to utilise the trapping areas 

within field sessions. Accordingly, the activity areas of N. mitchelli are hypothesised to 

overlap with those of other adults, predominantly those from the same burrow group.  
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While Notomys alexis is known to make extremely long movements in response to 

rainfall (e.g. Dickman et al. 1995), more typical home range characteristics have not 

been estimated for the species. The species’ arid habitat is hypothesised to provoke 

longer foraging movements than observed for the semi-arid N. mitchelli and 

concomitantly, larger activity areas. Notomys alexis activity areas observed in this 

study are also hypothesised to be somewhat larger than those reported for N. fuscus 

and Pseudomys australis in similar environments (Brandle et al. 1999; Moseby & 

Brandle 1995) when based on a longer data collection period. 

 

Further, the arid environment inhabited by N. alexis is thought to provoke a social 

organisation based on large multi-adult groups (Happold 1976a). Such a social 

organisation would be expected to display high levels of both intra-sexual and inter-

sexual home range overlap, particularly for members of the same burrow group. 

While the study of the species’ population ecology (Chapter Four) did not support the 

idea that N. alexis groups were as large or as stable as that suggested by Happold 

(1976a), or that groups were significantly larger than those observed for N. mitchelli, 

radio-tracking data may reveal higher levels of range overlap for N. alexis as 

compared to N. mitchelli.  
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5.2. Methods 

5.2.1. Study areas 

A population of Notomys mitchelli was studied in the Middleback Ranges, on the 

upper Eyre Peninsula, South Australia (33o09’ S, 137o07’ E, 438 km from Adelaide). 

Thirteen field sessions were conducted here between January 2000 and December 

2001. A detailed description of the habitat in the area and the study’s trapping 

methodology has been included previously in Chapter Three.  

 

Described in Chapter Four, a population of Notomys alexis at Roxby Downs, South 

Australia (33o33’ S, 136o54’ E, 511 km north of Adelaide) was similarly assessed 

during three periods in 2001–2002.  

 

5.2.2. Radio-telemetry 

5.2.2.1. Notomys mitchelli protocol 

Radio-tracking of N. mitchelli at the Middleback field site (see Chapter Three) was 

attempted during eight of 13 field sessions and 18 individuals were fitted with radio-

collars in total, some (n=5) in up to five separate sessions. Spool and line tracking was 

initially attempted, but the technique was abandoned due to poor attachment success 

and the length of the spool being too short in the few cases when the spooling worked 

(load considerations prevented the use of longer spools). A maximum of six animals 

were fitted with radio collars per session. Small single-stage radio-transmitters were 

obtained from Titley Electronics Pty. Ltd and Biotelemetry Tracking Australia and 

were fitted to the mice using a small plastic zip-tie. Collar weights ranged from 2.2g to 

4.0g, 4.0g being seen as the maximum weight that most (adult) individuals could 
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carry without detriment, as current consensus recommends that radio-collar weight 

be less than 10% of the animal’s initial bodyweight (Berteaux et al. 1996; de Mendonca 

1999; Goth & Jones 2001). To conserve weight, the radio-collars had a short battery-life 

of approximately ten days.  

 

Animals were selected for collaring from those captured within the first few days of 

the field session. To be a candidate for radio-collaring the animal had to have been 

captured at least once previously and be of adult weight (males > 23g and  

females > 25g, small animals were fitted with only the lightest collars). An effort was 

made to collar equal numbers of males and females. Selected animals were retrieved 

from the traps early in the morning and taken back to the field camp. Radio-collars 

were fitted soon afterwards and the mice were held in captivity for the day in order to 

monitor their reaction to the collars. The captive mice were provided with apple and 

sunflower seeds and placed in a cool, dark area. At dusk, the collars were checked for 

fit and function and the animals released at their point of capture. Tracking 

commenced two hours after release. In addition to night-time tracking, daytime 

shelter locations were monitored daily.  

 

Radio-tracking was undertaken using both hand-tracking and triangulation. Initial 

attempts at tracking on foot met with limited success and only a few burrows were 

located during the day. Recaptures of animals with functioning collars suggested that 

they were regularly utilising the study/trapping area but were also travelling out of 

ascertainable range on a daily basis. Tests of the collars’ signal strength indicated that 

signals could be reliably detected within 145m when the transmitter was above 

ground and 75m when buried at a depth of 0.5m and most collars were detectable at 

greater distances (to 300m above ground). While these distances are acceptable in 
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some circumstances, the distances that the mice appeared to be regularly travelling 

were much larger than this. As such, tracking was also attempted from three fixed 

Yagi antenna towers (height = 4.5m, Plate 5.1), capable of detecting radio signals at 

greater distances. 

 

 

Plate 5.1: One of the three Yagi antenna towers used at the Middleback Ranges field site 

 

Triangulation of signals using these towers was also thought to be advantageous as it 

minimised disturbance in the trapping area. Tests indicated that the antenna towers 

were capable of detecting signals at least 200m away and, again, most collars were 
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detectable at greater distances (to 400m above ground). Nonetheless, like the previous 

attempts at hand-tracking, radio-tracking using the tracking towers also yielded few 

results; signals were rarely audible at all three towers simultaneously, preventing 

triangulation, and the fixed nature of the set-up was disadvantageous in the 

undulating habitat (towers could revolve 360o but, being situated on the crest of 

dunes, had difficulty receiving signals from deep in the swale). On balance, hand-

tracking was deemed the most successful strategy, due to greater manoeuvrability, 

and for the remainder of the study animals were tracked by hand using (hand-held) 

Yagi antennas and Biotelemetry Tracking Australia’s RX3 and Titley Electronics’ 

Regal 2000 receivers. 

 

The study aimed to fix a location for each collared animal once every 30–60 minutes 

during the nocturnal (active) tracking period. While some researchers suggest that it 

is both difficult and undesirable to eliminate autocorrelation from radio-tracking data 

(e.g. De Solla et al. 1999; Rooney et al. 1998), the infrequent location of collared animals 

meant that potential autocorrelation between fixes was not an issue; due to the 

difficulty tracking the animals, the mean time elapsed between successive fixes was a 

substantial 1.5 days (± 0.1 S.E.). Mobile animals, if detected, were tracked to within 

~25m or flight distance if unintentionally disturbed. Locations were marked using 

flagging tape and precise coordinates were recorded the following day using a 

Trimble GPS. Location coordinates for trapped animals or those in burrows were 

recorded at the time of location. Known (and seemingly active) burrows were 

monitored daily for the presence of radio-collared animals.  
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5.2.2.2. Notomys alexis protocol 

At the Roxby Downs field site (see Chapter Four), radio-tracking N. alexis proved far 

simpler than for N. mitchelli. Following a similar methodology to that described 

above, six animals in each of the three field sessions (n=16 different individuals) were 

fitted with radio-collars and released at dusk from the capture site. As for N. mitchelli, 

no subadult N. alexis were radio-tracked in this study due to load considerations. 

Learning from the Middleback experience, only hand-tracking was attempted and 

tracking followed the same protocol and used the same equipment as for N. mitchelli. 

The general layout of the study area ameliorated concerns regarding data 

autocorrelation: an entire circuit of the trapping grids (i.e. one fix per individual and 

travel-time) took about an hour to complete. In contrast to the N. mitchelli study, this 

data collection target was achieved for most N. alexis individuals. Additionally, 

collared animals were tracked to their burrow each day, usually mid-morning, to 

confirm their location or reveal the site of a new burrow. 

 

5.2.3. Analysis 

5.2.3.1. Home range calculation 

Few animals recorded 20 or more fixes (data for N. mitchelli was particularly sparse), 

so all available data (i.e. both trapping and tracking locations) was utilised to calculate 

the minimum distance moved between locations and to generate estimates of home 

range. Global Positioning System (GPS) coordinates for all locations were entered into 

ArcView GIS 3.2 (ESRI Systems, Redlands, CA, USA). Minimum convex polygons 

were then calculated for all individuals having three or more recorded locations using 

ArcView. Data tables, including minimum distance measures were then exported and 

analysed using SPSS version 12.01 statistical software. 
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5.3.  Results 

5.3.1. Notomys mitchelli movements 

Point locations for a total of 38 Notomys mitchelli were used in this analysis (n=330). 

This included trapping and radio-tracking locations from 13 females and 25 males, 

collected over a two-year period. Due to the difficulties experienced with radio-

tracking, half of the location data was obtained through trapping only (n=163, 49.4%), 

and as such were confined to the trapping areas. As most animals were only captured 

in the one trapping area, the movement data collected from radio-tracking were 

significantly longer than those derived from trapping (170.7m ± 15.4 S.E. vs. 137.8m ± 

24.2 S.E. respectively, Mann-Whitney U = 8,154.0 p<0.01). Accordingly, trapping data 

and data derived from radio-tracking have been analysed separately.  

 

Most of the data collected pertain to males (n=246, 74.5%), males appearing to be 

more sedentary than females and thus more readily re-captured and/or radio-located 

(described in Chapter Three). None of the five N. mitchelli subadults captured during 

the study were fitted with radio-collars, largely due to load considerations, and only 

one subadult was trapped multiple times. As such, this analysis cannot consider the 

influence of age on movement behaviour.  

 

5.3.1.1. Inter-trap movements within discrete sessions—Notomys mitchelli 

The total number of inter-trap movements collected during the study includes 

movements made between the last capture in one trapping session and first capture in 

another. As the longer time periods available for such movements skews the analysis, 

this section examines only the inter-trap movements made within single field 
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sessions, to give a more accurate picture of the kind of movements made regularly by 

N. mitchelli.  

 

A mean of 2.2 (± 0.3 S.E.) inter-trap distance measurements were collected per 

individual within a single field session (range: 1–7, mode=1). More information was 

available for males (mean 2.5 ± 0.4 S.E inter-trap distances per session, total n=69) 

than for females (mean 1.6 ± 0.3 S.E inter-trap distances per session, total n=21). 

 

The minimum distance travelled by N. mitchelli between successive trap locations 

within a field session was 0.0m (n=1), when the animal was caught in the same trap as 

that previously, while the maximum distance observed between successive trap 

locations in a session was 1,501.8m (n=1), when an adult male was captured at a 

different trapping area than that three days previously. The mean distance travelled 

between consecutive trap locations within a field session for all animals was much 

shorter than this maximum however; 79.5m (± 17.2 S.E.). While males travelled 

further between successive trap locations than females (88.3m ± 22.2 S.E. vs. 50.6m ± 

8.4 S.E. respectively), this difference was not significant (Mann Whitney U, p=0.31).  

 

Given the trap spacing was similar at all three trapping areas, it was not surprising to 

find that the distances travelled between successive trap locations within a session for 

the different trapping areas were comparable (Kruskall Wallis �2 2df = 2.5, p=0.28). 

Somewhat unexpectedly, however, the length of the inter-trap movements made 

within a session did not significantly differ according to the season in which the 

trapping session was undertaken (Kruskall Wallis �2 3df = 6.4, p=0.09). Nonetheless, as 

can be seen in Figure 5.1, mean inter-trap distances according to the season of the 
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session had a bimodal distribution; mean inter-trap movements were larger in 

summer and winter than in autumn and spring.  
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Figure 5.1: Inter-trap movements (mean ± S.E.) made by Notomys mitchelli within single 
sessions, by season of session 

 

5.3.1.2. Cumulative inter-trap movements within discrete sessions—Notomys 
mitchelli 

An indication of N. mitchelli’s movement behaviour within a single session, without 

radio-tracking, can be gained by adding successive inter-trap distances together. 

However, it must be remembered that the number of measurements contributing to 

the cumulative distance here are small (as described above, a mean of 2.2 distances 

per individual per session).  

 

Both the minimum (0.0m) and maximum (1,501.8m) successive inter-trap distances 

described above came from animals caught only twice within the single field session. 

Accordingly, these were also the minimum and maximum cumulative inter-trap 

distances observed. Again, the cumulative inter-trap distance travelled within a single 
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field session was vastly shorter than this maximum for most animals; nearly three-

quarters of the sample (73.2%, n=30) moved 200m or less (Figure 5.2). However, the 

cumulative distance travelled per session was highly correlated with the number of 

times trapped per session (Spearman’s rho = 0.64, p one-tailed < 0.001. Figure 5.3).  
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Figure 5.2: Total inter-trap distance travelled by Notomys mitchelli within a single session, 
by sex 
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Figure 5.3: Total inter-trap distance travelled by Notomys mitchelli within a single session, 
by the number of inter-trap distances recorded in the session 
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Males were recorded moving a mean cumulative distance of 217.6m (± 54.6 S.E.) 

between traps in a single field session. For females, this distance was 86.9m (± 22.2 

S.E.). While significant (Mann Whitney U = 100.0, p<0.05), this was thought to be 

unduly influenced by the single large (1,501.8m) movement made by an adult male. 

Removing this outlier, the mean total inter-trap distance travelled within a session for 

male N. mitchelli reduced to 170.0m (± 27.9 S.E.) and the significance of the 

comparison was reduced (p=0.06). It must be remembered, however, that more inter-

trap distances were collected for males than for females and that the cumulative 

distances were highly correlated with the number of contributing data points. It is 

likely that the apparent significance of this comparison would be further reduced 

with more information regarding the inter-trap movements of females.  

 

As in the previous section, the mean cumulative inter-trap distance travelled by  

N. mitchelli within a field session did not differ by either the trapping area of capture 

(Kruskall Wallis �2 2df = 3.1, p=0.22) or by the season in which the session was 

conducted (Kruskall Wallis �2 3df = 1.4, p=0.71). Unlike individual inter-trap 

movements, however, the bimodal distribution of longer movements in summer and 

winter and shorter movements in autumn and spring were not observed for the 

cumulative inter-trap distances travelled by N. mitchelli within a field session.  

 

5.3.1.3. Inter-trap movements between sessions—Notomys mitchelli 

As mentioned above, inter-trap movements made between two trapping sessions 

often took place over a long period; the mean length of time between the last capture 

in the previous session and the subsequent relocation of the animal was 96.7 days  

(± 11.9 S.E.). Unsurprisingly, the mean distance moved between sessions was quite a 
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bit longer than the mean distance moved within sessions (259.8m ± 62.0 S.E. as 

compared to 79.5m ± 17.2 S.E.) and this difference was highly significant (Mann 

Whitney U = 1,122.0, p<0.001). The mean inter-trap movement between trapping 

sessions for males was 282.4m (± 56.3 S.E.) and for females, 160.8m (± 60.5 S.E.), but 

this difference was not statistically significant (Mann Whitney U = 234.5, p=0.15). 

 

The shortest inter-trap distance travelled between trapping sessions was 0.0m, when 

two adult females were caught in the same location as that previously. For males, the 

shortest inter-trap distance travelled between trapping sessions was 13.0m (the 

distance between two neighbouring traps, n=1). The longest single inter-trap 

movement observed was 1,980.8m. This movement was made by an adult male 

travelling from one trapping area to another in the space of 322 days. Most 

movements between sessions were relatively short however; two-thirds of the sample 

(66.1%) travelled distances of less than 200m between trapping sessions (see Figure 

5.4). As discussed in Chapter Three, this suggests that a reasonable proportion of the 

N. mitchelli resident population at Middleback are relatively sedentary.  
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Figure 5.4: Distance travelled by Notomys mitchelli between trapping sessions, by sex 
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Unlike the previous analyses, the inter-trap movements made by N. mitchelli between 

trapping sessions did significantly differ according to the trapping area at which they 

were originally caught (Kruskall Wallis �2 2df = 6.1, p<0.05). Animals caught at 

trapping area A moved a mean of 400.3m (± 108.8 S.E.) between captures, between 

sessions, while animals caught at trapping area B travelled a mean of 178.0m (± 41.7 

S.E.). Animals originally captured in trapping area C travelled a mean of 512.9m  

(± 499.7 S.E.), but this figure is based on only two such movements. Excluding these, 

the significance of the difference between the inter-trap distances travelled by animals 

originally captured at trapping area A and those captured at trapping area B 

remained (Mann Whitney U = 229.5, p<0.05). That five of the seven animals observed 

to move to a different trapping area during the study originated from trapping area A 

contributed to this result.  

 

The distance moved by an animal between the last capture in the previous session 

and its next recorded trap location was significantly correlated with the length of time 

elapsed between the captures (Spearman’s rho = 0.29, p one-tailed < 0.05. See Figure 5.5). 

Nonetheless, the significance of the difference in the mean length of movements made 

between sessions according to trapping area, described above, is not adequately 

explained by longer periods between such captures at trapping area A (excluding 

Area C results: Mann Whitney U = 303.0, p =0.17).  
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Figure 5.5: Distance travelled by Notomys mitchelli between sessions versus the number of 
days between sessions 

 

5.3.1.4. Radio locations—Notomys mitchelli 

Eighteen Notomys mitchelli were radio-tracked during the course of this study, with 

five animals being collared in multiple sessions (range: 1–5 sessions, mean: 1.5 ± 0.2 

S.E.). Because of the short battery life of the small collars, and ethical considerations, 

collars were removed at the end of the session in which they were fitted. That is, no 

animal was left in the field with a collar attached. As such, the data presented here is 

limited to movements made within discrete field sessions and not between sessions. 

 

To facilitate collar-retrieval, only animals that had already been captured at least once 

previously (i.e. they were not ‘trap-shy’) were fitted with transmitters. This protocol 

resulted in more males (n=13) than females (n=5) being fitted with radio-collars as 

males were more readily re-captured (see Chapter Three). Accordingly, a larger 

proportion of movements detected through radio-tracking pertained to males (73.6%). 
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Further, a larger proportion of radio locations pertained to animals caught (and 

tracked) at trapping area B (75.0%). 

 

Radio-tracked animals were located a mean of 6.2 times (± 0.8 S.E.) per (radio) session. 

Only three animals recorded more than ten radio-locations within a single session 

(two adult males, 12 and 18 points per session, and an adult female with 18 points in a 

session). The shortest distance travelled between consecutive radio-locations was 

0.0m, when animals remained in their burrows (which occurred at night as well as 

during the day). The longest single movements detected through radio-tracking were 

878.6m (by an adult male) and 1,001.2m (by an adult female). While these maximum 

movements were smaller than those recorded for inter-trap movements (described 

above), the average distance moved between locations by a radio-collared animal 

(159.9 ± 15.4 S.E.) was significantly longer than that travelled between consecutive 

trapping events (Mann-Whitney U = 8,154.0 p<0.01). Males travelled further on 

average (172.5 m ± 16.5 S.E.) than females (124.7m ± 35.4 S.E.), a difference which was 

highly significant (Mann Whitney U = 1,320.0, p<0.01).  

 

Collared animals at trapping area A moved a mean distance of 120.9m (± 17.5 S.E.) 

between radio-locations while animals at area B moved 158.1m (± 16.4 S.E.). Only 

three radio-tracking movements were recorded for a single animal from area C and as 

such these were excluded from the analysis. Similar to the results presented in section 

5.3.1.1, the mean distance travelled by N. mitchelli between consecutive radio-locations 

did not differ according the trapping area at which they were originally captured 

(area A vs. area B; Mann Whitney U = 1,556.5, p=0.53).  
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Described in Figure 5.6, the movements detected via radio-tracking differed 

significantly according to the season of the session in which they were made (Kruskall 

Wallis �2 3df = 8.5, p<0.05). As was observed for consecutive inter-trap movements 

within trapping sessions, a bimodal distribution with longer movements in summer 

and winter and shorter movements in autumn and spring was observed for radio-

tracked animals. This was despite a similar amount of time elapsing between fixes in 

all seasons (Kruskall Wallis �2 3df = 2.9, p=0.41).  
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Figure 5.6: Mean distance travelled by Notomys mitchelli between consecutive radio 
locations (± S.E.), by season of session 

 

5.3.1.5. Cumulative radio-tracked movements within discrete sessions—Notomys 
mitchelli 

As a comparison for the results presented in section 5.3.1.2, successive radio-tracking 

movements for each animal were added together to give an approximation of the total 

distance travelled within a session. The smallest cumulative distance a radio-tracked 

animal was observed to travel within a single field session was 96.8m, when an adult 
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male was observed to move from the point of release to a nearby burrow where he 

‘remained’ for the duration of the study *. The maximum cumulative distance a radio-

tracked animal was observed to travel within a single field session was very much 

larger than that recorded for cumulative inter-trap distances; 5,910.4m. Similarly, the 

mean cumulative distance a radio-tracked animal was observed to travel within a 

single field session was 829.1m (± 218.3 S.E.), which again was a much larger distance 

travelled than that reflected by inter-trap movements.  

 

Radio-tracked males (n=21) were observed to travel a mean total of 846.2m (± 272.0 

S.E.) during a single session while females (n=6) travelled 769.1m (± 279.8 S.E.). While 

the sample was small and male-biased, significance testing indicated that this was not 

a noteworthy difference in movement behaviour (Mann Whitney U = 57.0, p=0.73). As 

can be seen in Figure 5.7, most radio-collared animals were observed to make total 

movements of less than 1,000m in a field session, with half (51.9%, n=14) travelling 

less than 500m in the session. Figure 5.8 presents the total distance travelled by radio-

collared N. mitchelli within a single field session against the number of locations 

contributing to the measure. As expected, larger numbers of location points tended to 

be associated with larger total distance measurements.  

 

                                                      

* As mentioned previously, the radio-tracking conducted during this study was problematic in 

that animals often travelled out of detection range, even when concerted efforts were made to 

locate them. This was one of these occasions; while the individual was noted to be absent from 

the burrow at night, it was not located at these times. While it is obvious that the animal 

actually moved further, only the validated 96.8m distance can be analysed for this individual.  
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Due to the small sample size, a problem compounded by the predominance of 

observations from trapping area B (n=18, 66.7%), comparisons by trapping area were 

not undertaken. However, as found in section 5.3.1.2, the season in which the 

observations were made did not appear to influence the length of the total distance 

travelled despite the lengthier single movements observed in summer and winter.   
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Figure 5.7: Total distance travelled in a session for radio-tracked Notomys mitchelli, by sex 
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Figure 5.8: Total distance travelled for radio-tracked Notomys mitchelli in a session versus 
the number of locations per animal for the session 
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5.3.1.6. Minimum convex polygons—Notomys mitchelli 

At least three observations were collected over the entire study period for 26 animals, 

allowing minimum convex polygons (MCPs) to be calculated. Using both trap 

locations and radio-tracking fixes, MCPs were calculated for 19 males and seven 

females, a highly male-biased sample (�2 1df = 5.5, p<0.05). Only three animals had 

MCPs calculated from more than 15 location points over the study period (Figure 5.9), 

a very small amount of data for such analyses. The maximum number of locations 

used to calculate an individual’s MCP was 68, and these had been collected over a 

period of 20 months.  
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Figure 5.9: Total number of points per animal used to calculate Notomys mitchelli minimum 
convex polygons, males and females  

 

Minimum convex polygons generated from all locations across all sessions ranged 

from 0.03ha to 46.8ha. Not surprisingly, the total MCP area for an individual was 

highly correlated with both the number of locations contributing to the MCP 

(Spearman’s rho = 0.82, p one-tailed <0.001) and the number of field sessions in which the 

animal was caught (Spearman’s rho = 0.83, p one-tailed <0.001). As such, and for 
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comparability with previous sections and later analysis of N. alexis movements, the 

rest of this analysis concentrates on MCPs generated within a single session. 

 

Forty four single-session MCPs were produced for the 26 individuals in the sample. 

Only one MCP was produced for most animals (76.9%, n=20). One animal, an adult 

male, had nine MCPs created from his movements during the study. Within-session 

MCPs were based on very small numbers of points (see Figure 5.10), with a mean of 

5.7 locations (± 0.5 S.E.) per MCP. The number of contributing points per MCP did not 

differ according to the sex of the animal (Mann Whitney U = 162.5, p=0.83) or by the 

animal’s trapping area (Kruskall Wallis �2 2df = 1.6, p=0.44). 
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Figure 5.10: The number of points used to calculate Notomys mitchelli minimum convex 
polygons for data collected within a single session; males and females 

 

The area of within-session Notomys mitchelli MCPs was highly variable, with the 

smallest being 4.0m2 (when the animal was caught in three traps in a straight line) and 

the largest being 22.0 hectares (based on 18 locations). The mean area of within-

session MCPs was 1.3 hectares (± 0.5 S.E.). The 34 male MCPs were larger on average 
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(mean: 1.6ha ± 0.7 S.E.) than those of females (n=10, mean: 0.4ha ± 0.2 S.E.). However, 

likely due to the male-biased sample, this difference was not statistically significant 

(Mann Whitney U = 125.0, p=0.21). 

 

As can be seen in Figure 5.11, most MCPs for both males and females were very small, 

less than a hectare, with only one MCP being larger than ten hectares (22.0ha, as 

mentioned above). With this outlier removed from the analysis, the mean MCP area 

for males dropped to 1.0 hectares (± 0.2 S.E), nonetheless the difference between male 

and female MCPs remained insignificant (p=0.25). 
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Figure 5.11: Minimum convex polygon area for Notomys mitchelli in discrete field sessions, 
males and females 

 
 

Similarly, single-session MCPs did not significantly differ by trapping area (without 

22.0ha outlier: Kruskall Wallis �2 2df = 0.4, p=0.84) or by the season in which the field 

session was conducted (without outlier: Kruskall Wallis �2 3df = 1.0, p=0.81). Figure 

5.12 describes mean MCPs by the season of the field session, excluding the 22.0 

hectare outlier. Interestingly, the larger inter-trap and radio-tracked movements 



Chapter Five—The spatial behaviour of two species of Notomys spp.  

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 189 

observed in summer and winter (described above) were not complemented by larger 

MCPs in these seasons.  
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Figure 5.12: Notomys mitchelli minimum convex polygons for data* collected in a single 
field session, by the season of the session  

* Excludes large outlier from winter sample. 
 

Importantly, as other studies have found (e.g. Bradshaw & Bradshaw 2002; Price et al. 

1994; Ribble et al. 2002), MCPs derived from trapping data only were significantly 

smaller than MCPs derived from radio-tracking data (Mann Whitney U = 104.0, 

p<0.01). The mean size of MCPs derived from trapping data was 0.3 hectares  

(± 0.1 S.E.) while the mean size of MCPs derived from radio-tracking was 2.2 hectares 

(± 0.9 S.E.). This may be explained by the significant difference between the number of 

locations contributing to each type of MCP (trapping only: mean 4.4 locations ± 0.4 

S.E., radio-tracking: mean 6.7 locations ± 0.9 S.E. Mann Whitney U = 143.0, p<0.05). 

However, this result also reflects the larger mean distance moved between 

consecutive locations for radio-tracking data as reported in section 5.3.1.4. Figure 5.13 

describes the area of MCPs according to the method of data collection used. 
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Figure 5.13: Notomys mitchelli MCP areas (from a single field session) according to the 
method of data collection 

 

5.3.1.7. Minimum convex polygon overlap—Notomys mitchelli  

Surprisingly few of the 44 MCPs derived for Notomys mitchelli in single field sessions 

were observed to overlap with those of other animals active within each session. 

Many MCP were not observed to overlap with those for any other animals (47.7% of 

MCPs, n=21), while two MCPs, both less than 0.5 hectares, were totally overlapped by 

those of other animals (4.5% of all MCPs). The mean proportion of overlap observed 

per MCP was 24.2% (± 5.3 S.E.). The MCPs of male animals were overlapped by those 

of other animals to a higher degree (26.6% ± 6.2 S.E.) than those of female animals 

(16.0% ± 10.0 S.E.). However, most likely due to the small sample size, this difference 

was not significant (p=0.64).  

 

As more MCPs were determined for males (n=34) than for females (n=10), it was not 

surprising that most of the animals that shared overlapping activity areas within field 

sessions were male (e.g. Figure 5.14). On average, an animal’s MCP overlapped with 
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that of one other male (mean 1.0 ± 0.2 S.E.) but only 0.1 female (± 0.1 S.E.). More 

specifically, MCPs of male animals overlapped with 1.1 other males (± 0.3 S.E.) and 

0.1 females (± 0.1 S.E.). Minimum convex polygons for female animals were observed 

to overlap with 0.7 males (± 0.3 S.E.) but no females were observed to share an activity 

area with other females (e.g. Figure 5.15).  

 

Similarly, MCPs for animals at trapping area B (where the majority of MCPs were 

recorded) were overlapped by those of other animals within a single field session to a 

higher degree (mean: 29.2% of the MCP area ± 6.9 S.E.) than those for animals at area 

A (mean: 16.0% ± 8.5 S.E.). Animals at area B were also observed to have MCPs that 

overlapped with a higher number of other animals in the field session (mean: 1.3  

± 0.3 S.E.) than for animals at area A (mean: 1.2 ± 0.4 S.E.). However, again due to the 

small sample size, these differences were not significant (p>0.46). Only two MCPs 

were recorded for animals at area C and these occurred in different sessions (and so 

there was no overlap).  

 

Minimum convex polygon overlap differed according to session; the highest 

proportions of shared activity areas occurred in June 2000 (mean: 79.0% MCP overlap 

± 11.6 S.E.) and July 2001 (mean: 50.4% MCP overlap ± 16.5 S.E., see Figure 5.14). Both 

of these were winter sessions in which five MCPs were recorded. In these sessions, the 

mean number of animals with which an MCP overlapped were also the highest 

observed; 2.6 animals (± 0.6 S.E.) in June 2000 and 3.6 animals (± 0.2 S.E.) in July 2001. 

These sessions did not record the highest sheer number of MCPs per session however, 

which was the 11 MCPs recorded in September 2000. The mean proportion of the 

MCP area overlapped by other animals in this (September) session was 14.5%  
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(± 7.8 S.E., see Figure 5.15 for those MCPs calculated for animals at trapping area A in 

this session). 

 

Not surprisingly, the size of an MCP was positively correlated with the number of 

other animals known to be sharing the area; larger MCPs overlapped with 

significantly more animals than smaller activity areas (Spearman’s rho = 0.51,  

p one-tailed < 0.01). Somewhat counter-intuitively however, the size of an MCP was also 

positively correlated with the proportion of area overlapped by the MCPs of other 

animals; Spearman’s rho = 0.39, p one-tailed < 0.01. This finding is thought to be due to 

the limited success of the radio-tacking at Middleback, with most of the MCPs 

observed confined to the trapping grid areas (so larger MCPs incorporated more 

trapping locations and a greater probability of detecting other individuals in the area). 

 

The proportion of overlap noted for the few animals which had multiple within-

sessions MCPs calculated (n=6, 22.2% of the individuals in the sample) was relatively 

low; a mean of 44.7% convergence (± 9.4 S.E). One adult male at trapping area B that 

was radio-tracked particularly successfully generated nine different within-session 

MCPs and the mean proportion of overlap of these areas was 76.2% ± 12.4 S.E. (see 

Figure 5.16). The high degree of MCP convergence observed for this animal is 

thought, again, to be due to many of the single-session MCPs being small and centred 

on the trapping grid; these MCPs were completely covered by the larger (radio-

tracking) MCPs created for this individual. A lower degree of activity area 

convergence was observed for the other animals that recorded more than one MCP 

during the study (mean: 24.47% ± 10.1 S.E.). Sample sizes did not allow analysis by 

sex or by the trapping area of capture.  
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Figure 5.14: Minimum convex polygon overlap for five Notomys mitchelli observed at 
Middleback Ranges trapping area B in July 2001. 
(Note: scale = 1:7,500) 



Chapter Five—The spatial behaviour of two species of Notomys spp. 

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

 

Figure 5.15: Minimum convex polygon overlap for six Notomys mitchelli observed at the 
Middleback Ranges trapping area A in September 2000. 
(Note: scale = 1:7,500, as for Figure 5.14) 
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Figure 5.16: Minimum convex polygons for a regularly trapped and tracked Notomys 
mitchelli male, observed at trapping area B between May 2000 and December 2001. 
(Note: scale = 1:7,500, as in preceding Figures) 
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5.3.2. Notomys alexis movements 

Point locations from a total of 28 Notomys alexis contributed to this analysis. These 

included trapping and radio-tracking locations from 13 females and 15 males over the 

four trapping areas outside the township of Roxby Downs. Unlike N. mitchelli, the 

majority of N. alexis location data were obtained through radio-tracking (80.4%, 

n=324) and similar amounts of data points were obtained for both males and females 

(males: n=196, females: n=207). Three field sessions were conducted for this study, but 

most animals were only located in a single session (78.6%, n=22).  

 

5.3.2.1. Inter-trap movements within discrete sessions—Notomys alexis 

As described above, most N. alexis movement data was obtained through radio-

tracking. However, for comparability with the N. mitchelli analyses presented in the 

previous sections, analysis of inter-trap (i.e. trapping only) movement is presented 

here. 

 

Eleven individuals were caught more than once in a trapping session (and were not 

radio-collared), allowing inter-trap distances to be calculated. Six of these animals 

were males and five were female (with one female caught in two different sessions). 

Each animal was caught a mean of 2.5 times (± 0.3 S.E.) per trapping session while the 

maximum number of times an animal was trapped in a session was five (n=1). 

 

Then mean distance travelled by N. alexis between consecutive trap locations was 

42.9m (± 18.2 S.E.). The minimum was 0.0m, when animals were recaptured in the 

same trap as that previously (n=10) while the maximum inter-trap distance travelled 

was 367.7m, when an animal travelled from the trapping grid and was re-captured in 
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traps placed around a burrow. Males travelled slightly longer distances than females 

(53.4m ± 14.6 S.E. versus 35.0m ± 30.4 S.E.), but the sample was too small to subject to 

significance testing. Likewise, mean inter-trap distances by trapping area, age or 

season of session were not analysed and cumulative (total) distances travelled 

between trap locations are not presented here.  

 

5.3.2.2. Inter-trap movements between sessions—Notomys alexis 

As for N. mitchelli, no N. alexis were left in the field with a radio-collar attached. 

Accordingly, the only measure of distance travelled over a longer period than the 

field session (up to nine months if captured in both the April 2001 and January 2002 

sessions) comes from trapping data. Ten individuals were caught in multiple sessions, 

allowing between-sessions distances to be calculated (n=11, one animal contributed 

two such distances). The distances travelled between sessions were short, ranging 

between 0.0m and 168.2m, and the mean distance travelled between sessions was 

59.6m (± 23.2 S.E.).  

 

The majority of animals caught in two or more trapping periods were caught in both 

the April 2001 and May 2001 sessions (n=9). As such, it is not particularly surprising 

that the animals were not observed to have travelled far between the last capture of 

the first session and the first capture of the second session. The two animals that were 

caught in both the May 2001 and the January 2002 field sessions travelled 33.5m and 

168.2m, extremely small distances considering that the best part of a year had elapsed 

between captures (specifically, 246 days). Unlike N. mitchelli, however, the distance 

travelled between field sessions by N. alexis was not correlated with the length of time 

elapsed between captures (Spearman’s rho = 0.20, p one-tailed = 0.28. See Figure 5.17).  
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Figure 5.17: Distance travelled by Notomys alexis between field sessions by the number of 
days separating the captures 

 

5.3.2.3. Radio locations—Notomys alexis 

Seventeen N. alexis were successfully radio-tracked during this study, ten of which 

were male (58.8%). Only one animal, an adult female, was radio-collared in two 

different sessions. Each radio-collared animal was located between 2 and 32 times per 

session (mean 20.3 ± 1.9 S.E.) and eight animals had more than 20 locations recorded 

in a single session. Males and females were located a comparable number of times 

within each session (Mann Whitney U = 24.5, p=0.17). Similarly, no differences were 

noted in the number of times radio-collared animals were located according to the 

animals’ trapping area (Kruskall Wallis �2 3df = 3.1, p=0.37) or age (Mann Whitney  

U = 21.0, p=0.51).  

 

The mean distance travelled by N. alexis between consecutive radio locations in a field 

session was 75.2m (± 5.4 S.E.). The minimum distance travelled between consecutive 

locations was 0.0m, when some individuals were observed to remain in their burrow 



Chapter Five—The spatial behaviour of two species of Notomys spp.  

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 199 

over multiple checks in the night-time ‘active period’. The maximum distance 

travelled between consecutive radio locations was 546.0m, this distance being covered 

in a 22.5 hour period. Radio-collared males travelled 63.6m (± 7.5 S.E.) between 

consecutive locations and females travelled 86.2m (± 7.8 S.E.) and the difference 

between these distances approached significance (Mann Whitney U = 13,434.5, 

p=0.07).  

 

Animals representing all four trapping areas in the study were radio-tracked and the 

distances travelled between consecutive locations were comparable at all four areas 

(Kruskall Wallis �2 3df = 5.7, p=0.13. See Figure 5.18). The difference between distances 

travelled at area A and the distances travelled at other trapping areas approached 

significance (Mann Whitney U = 8,905.0, p=0.06). 
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Figure 5.18: Mean distance travelled by Notomys alexis between consecutive radio locations 
within a session (± S.E.), by trapping area 

 

Field sessions at Roxby Downs were only undertaken in autumn (April and May 

2001) and summer (January 2002). While data was biased towards data collected in 

autumn, sample sizes were such that significance testing was possible (autumn n=249, 
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summer n=98). Similar to results for N. mitchelli (section 5.3.1.4), N. alexis travelled 

significantly further between consecutive radio locations in summer than in autumn 

(Mann Whitney U = 9,651.5, p<0.01, see Figure 5.19).  
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Figure 5.19: Mean distance travelled by Notomys alexis between consecutive radio locations 
within a session (± S.E.), by season of session 

 

5.3.2.4. Cumulative radio-tracked movements within discrete sessions—Notomys 
alexis 

As in section 5.3.1.5, consecutive movements for each animal radio-tracked within a 

session were added together to give a measure of the extent of movements made in 

this time-frame (approximately one week). The minimum total distance a radio-

tracked animal was observed to travel between consecutive locations within a single 

field session was 546.0m while the maximum total distance observed was 3,068.9m. 

The mean cumulative distance a radio-tracked animal was 1,449.6m (± 197.1 S.E.), 

almost twice that observed for N. mitchelli (discussed further below), but as for  

N. mitchelli, the cumulative distance travelled by N. alexis per session was highly 

correlated with the number of times located per session (Spearman’s rho = 0.88,  

p one-tailed <0.001). 
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Female N. alexis accounted for the four largest total distances travelled as observed 

through radio-tracking (Figure 5.20). Nonetheless, while the mean cumulative 

distance travelled by radio-tracked females within a session (1,917.2m ± 346.8 S.E.) 

was nearly twice that of males (1,075.6m ± 149.4 S.E.), this difference only tended 

towards significance (Mann Whitney U = 20.0, p=0.08). Similarly, mean cumulative 

distances travelled varied widely according to the trapping area of the animals 

(Figure 5.21), but not significantly so (Kruskall Wallis �2 3df = 3.6, p=0.31).  
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Figure 5.20: Total distance travelled between consecutive locations by radio-tracked 
Notomys alexis within a single session by sex 
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Figure 5.21: Mean (± S.E.) total distance travelled by radio-tracked Notomys alexis within a 
single session by trapping area 
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Although sample sizes were small, unlike the distances moved between consecutive 

locations, the total distances travelled within a field session by radio-collared N. alexis 

did not differ according to the season of the field session (Mann Whitney U, p=0.40, 

Figure 5.22).  
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Figure 5.22: Mean (± S.E.) total distance travelled by radio-tracked Notomys alexis within a 
single session by the season in which the session was conducted 

 

5.3.2.5. Minimum convex polygons—Notomys alexis 

At least three observations were collected over the entire study period for 16 animals, 

allowing minimum convex polygons to be calculated. Two animals contributed data 

from two different sessions, generating MCPs of 0.5 hectares (an adult male) and 9.6 

hectares (an adult female) for the entire study period. However, most N. alexis were 

captured in only one field session and as such, the data presented here pertain to 

MCPs generated from locations collected in only a single session. Further, only one of 

these MCPs was generated from trapping data only. As this MCP was also the 

smallest observed (0.04ha), it was omitted from the analysis. 
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A total of 17 radio-based MCPs were therefore produced for the 16 animals in the 

sample. The mean number of locations per MCP was 21.4 (± 1.6 S.E.) and the number 

of contributing points per MCP did not differ according to the sex of the animal 

(Mann Whitney U = 24.5, p=0.27. See Figure 5.23) or by the animal’s trapping area 

(Kruskall Wallis �2 3df = 2.7, p=0.45). Unlike the data collected for  

Notomys mitchelli, the size of within-sessions MCPs generated for N. alexis was not 

significantly correlated with the number of locations contributing to the MCP 

(Spearman’s rho = 0.11, p one-tailed = 0.33). As such, it is suggested that the MCPs 

observed for N. alexis here are an accurate representation of the (short-term) areas 

utilised by the species in this region. 
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Figure 5.23: The number of points used to calculate within-session minimum convex 
polygons for Notomys alexis, males and females  

 

Similar to Notomys mitchelli, however, the area of within-session MCPs for N. alexis 

were highly variable. The mean N. alexis MCP in a single field session was 2.2 hectares 

(± 0.5 S.E.). The nine male MCPs derived using radio-tracking were smaller on 

average (mean: 1.8 hectares ± 0.4 S.E.) than those of females (mean: 2.7 hectares ± 0.9 
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S.E., n=8), but, likely due to the small sample, this difference was not significant 

(Mann Whitney U = 35.0, p=0.92). As can be seen in Figure 5.24, many MCPs for both 

males and females were relatively small, with a third (35.3%, n=6) less than a hectare 

in size. 
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Figure 5.24: Minimum convex polygon areas (hectares) for radio-tracked Notomys alexis 
within discrete field sessions, by sex 

 

While MCPs were calculated for animals from each of the four trapping areas, sample 

sizes were very small. Only three MCPs were generated for animals at trapping area 

A (two from the same animal in different sessions) and four MCPs were generated for 

animals at trapping area B (after omitting the one MCP derived from trapping data 

only). Trappings areas C and D each contributed five MCPs to the sample. As such, 

significance testing for MCPs according to trapping area was inappropriate. However, 

as can be seen in Figure 5.25, there appears to be little difference in the range of the 

animals located at different locations.  
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Figure 5.25: Mean MCP area (hectares ± S.E.) for radio-tracked Notomys alexis within 
discrete field sessions, by trapping area 

 
Five MCPs were generated from the January 2002 (summer) field session and these 

appear to be much larger (mean: 3.5ha ± 0.7 S.E) than those generated from data 

collected in the autumn field sessions (mean: 1.7ha ± 0.5 S.E, n=12. See Figure 5.26). 

This finding complements the results of the previous analyses that indicate that  

N. alexis travel longer distances between consecutive (radio-tracking) locations during 

summer (section 5.3.2.3). Further, as similar number of points contributed to MCPs in 

each season (summer: mean 20.6 locations ± 3.5 S.E. autumn: mean 21.7 locations ± 1.9 

S.E.), this observation cannot be explained by an obvious bias in the data.  
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Figure 5.26: Mean MCP area (hectares ± S.E.) for radio-tracked Notomys alexis within 
discrete field sessions, by the season in which the session was conducted 
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5.3.2.6. Minimum convex polygon overlap—Notomys alexis 

While radio-tracking Notomys alexis at Roxby Downs was more successful than that 

conducted at Middleback with N. mitchelli, the distribution of the radio-collared 

animals over the four trapping areas at Roxby and the lack of movement between 

sites meant that few of the observed activity areas overlapped. Nevertheless, while 

sample sizes were very small, some overlap between activity ranges was noted; five of 

the 17 single-session MCPs generated for N. alexis overlapped with that of another 

animal (29.4%). All five of these MCPs overlapped with the activity area of only one 

other animal, most likely due to the small sample (e.g. Figure 5.27). Unlike Notomys 

mitchelli, the MCPs of female N. alexis were observed to overlap with those of other 

females (n=2) as well as males (n=1).  

 

While the sample size was too small to conduct further analysis of activity area 

overlap for N. alexis, it is of some interest that the one animal for which MCPs were 

calculated in two separate field sessions demonstrated only limited overlap between 

the two activity areas, despite the sessions being separated by only a month. The first 

range calculated from 16 points was 1.0 ha and the second was 6.8 ha, calculated from 

32 points. The second, larger, MCP encompassed only 42.5% the activity area used by 

this individual in April 2001 (Figure 5.28). 
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Figure 5.27: Minimum convex polygon overlap for three Notomys alexis observed at Roxby 
Downs trapping area C in April 2001 
(Note: scale = 1:4,000) 
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Figure 5.28: Minimum convex polygons for a Notomys alexis female, observed at trapping 
area A in both April 2001 and May 2001 
(Note: scale = 1:4,000 as in preceding Figure) 
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5.3.3. Notomys mitchelli and Notomys alexis compared 

5.3.3.1. Notomys mitchelli and Notomys alexis distances travelled compared 

Due to the different protocols used in the studies of Notomys mitchelli and N. alexis, the 

overall results of movement behaviour analyses are not directly comparable— 

N. mitchelli were trapped and/or tracked over a much longer period than N. alexis and 

few inter-trap movements contributed to the analysis for N. alexis. Accordingly, this 

section concentrates on movements made within discrete field sessions by radio-

collared animals. 

 

The mean distance travelled between consecutive locations in a single session by 

radio-collared N. mitchelli was nearly twice that of N. alexis (159.9 ± 15.4 S.E. vs. 75.2m 

± 5.4 S.E. respectively), a highly significant difference (Mann Whitney U = 14,020.0, 

p<0.001). This is most likely due to the longer length of time elapsed between 

successive locations for N. mitchelli (mean: 1.5 days) than for N. alexis (mean: 6.4 

hours). Analysing each sex separately, the difference in the distance travelled between 

consecutive radio locations within a session remained significant for male Notomys 

spp. (Mann Whitney U = 3,958.5, p<0.001) but significance was reduced for females 

(Mann Whitney U = 2,632.0, p=0.05. Figure 5.29). 

 

Sample sizes were not large enough to analyse differences in movement behaviour by 

age (for either species). While sample sizes remained small, differences in the length 

of movements made were detected for both N. mitchelli and N. alexis according to the 

season in which the field session was conducted (sections 5.3.1.4 and 5.3.2.3). For a 

direct comparison, movements recorded for N. mitchelli in winter and spring were 

excluded. Figure 5.30 describes the mean distance travelled between consecutive 
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radio locations by sex and species for summer and autumn field sessions. As was 

found in previous analyses, distances moved in summer were longer than those made 

in autumn for both species, but the difference is most notable for N. mitchelli.  
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Figure 5.29: Mean distance (± S.E.) travelled between consecutive locations for radio-
collared Notomys spp., by species and sex 
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Figure 5.30: Mean distance (± S.E.) travelled between consecutive locations for radio-
collared Notomys spp., by species and season of field session (summer and autumn only) 



Chapter Five—The spatial behaviour of two species of Notomys spp.  

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 211 

5.3.3.2. Notomys mitchelli and Notomys alexis activity areas compared 

Minimum convex polygons calculated from single sessions data for radio-collared 

animals did not differ significantly by species (Mann Whitney U = 136.0, p=0.07). 

Nonetheless, this result approached conventional significance levels. Radio-collared 

Notomys mitchelli had a mean MCP of 2.2 ha ± 0.9 S.E. in a single session and radio-

collared N. alexis had a mean MCP of 2.2 ha ± 0.5 S.E.  

 

There was, however, a highly significant difference between the species in the number 

of data points contributing to each MCP (Mann Whitney U = 16.0, p<0.001). The mean 

number of data points recorded per session for radio-collared N. mitchelli was 6.7 (± 

0.9 S.E.) while MCPs for N. alexis were based on a mean of 21.4 data points (± 1.6 S.E.). 

As MCP area was highly correlated with sample size for N. mitchelli but not for N. 

alexis, it is suggested that if more data was collected for N. mitchelli, it would be found 

that this species actually utilise larger activity areas than N. alexis in comparable time 

periods.  

 

Due to the differences in data collection, the degree of activity area overlap observed 

for N. mitchelli and N. alexis are not validly compared. Notomys mitchelli MCPs were 

concentrated in two trapping areas while N. alexis MCPs were spread over four 

different trapping areas. Further, a higher rate of recapture of N. mitchelli individuals 

meant that some un-collared individuals generated enough trap-based locations to 

allow an MCP to be calculated, which was not the case for N. alexis. While this study 

appears to suggest that N. mitchelli actually have a higher degree of activity area 

overlap, and by extension are more social, this conclusion is flawed due to the reasons 



Chapter Five—The spatial behaviour of two species of Notomys spp. 

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

outlined above. More data has to be collected for both species before such conclusions 

may be drawn.  

 

Two findings are of note however; firstly, N. mitchelli females were not observed to 

share activity areas while N. alexis females were. This was true for both the analysis of 

MCPs presented here and the analysis of burrow composition reported in Chapters 

Three and Four. These findings suggest that differences in the behaviour of females 

may result in different social organisations for these two closely-related species. 

Secondly, neither N. mitchelli nor N. alexis appeared to maintain permanent home 

ranges as a low degree of MCP overlap was observed for animals generating MCPs in 

multiple field sessions. This adds to the evidence presented in Chapters Three and 

Four, suggesting that these species are relatively mobile, resulting in social 

organisations that are quite flexible and not based on bonded groups of individuals. 
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5.4. Discussion 

This study aimed to describe the movement behaviour of two species of Australian 

rodents, Notomys mitchelli and N. alexis. It was hypothesised that N. mitchelli, 

inhabiting a relatively stable climate where resources are predictably available, would 

have smaller home ranges, travel shorter distances and exhibit lower levels of range 

overlap than the arid-dwelling N. alexis (e.g. Brandle & Moseby 1999; Dickman et al. 

1995; Happold 1976a; Shier & Randall 2004; Waterman & Fenton 2000).  

 

5.4.1. Movement behaviour of Notomys mitchelli 

Contrary to expectations, Notomys mitchelli was observed to travel quite long distances 

between successive locations. The mean inter-trap distance moved by N. mitchelli 

within a field session was slightly larger than such distances calculated for the related 

N. fuscus in a more arid habitat in the north of the state (Moseby et al. 2006) and very 

much larger than the inter-trap distances reported for N. alexis in both this study and 

work by Southgate and Masters (1996). This is despite similar trap-spacing in all of 

these studies (10–20m) and the presumably better-resourced semi-arid habitat at 

Middleback. Similarly, inter-trap distances moved between field sessions were much 

larger than those reported by other authors for related Notomys spp. (Moseby et al. 

2006; Southgate & Masters 1996).  Periods of about four to six months separated 

trapping sessions in these studies, longer on average than the time elapsed for the 

between-sessions captures for N. mitchelli observed in the current work. Accordingly, 

longer movements for N. mitchelli are not easily explained by having longer amounts 

of time in which to travel. With few movements noted between the different trapping 

areas at Middleback, indicating a relatively sedentary nature, it nonetheless appears 
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that N. mitchelli utilise wider areas of their habitat than related species in more arid 

environments.  

 

The reliance on trapping data to study movement behaviour in N. mitchelli hampered 

the project considerably in regards to directly comparing these observations with 

those made of N. alexis at Roxby Downs. The mean time elapsed between successive 

N. mitchelli locations was longer than that observed for N. alexis and locations were 

generally confined by the trapping grids. As in other studies (e.g. Bubela & Happold 

1993; Pavey et al. 2003), it was found that distances travelled by N. mitchelli as 

calculated from radio-tracking were much larger than those derived from trapping. 

Movements in excess of 1,000m were detected using both methodologies however, 

and quite large movements in excess of 500m (large compared to international studies 

of rodent movements, e.g. Clark et al. 1988; Diffendorfer & Slade 2002; Topping & 

Millar 1996a) were observed to occur within a single day. Such movements, however, 

are comparable to those made by some Australian rodent species inhabiting the more 

arid areas of the country (e.g. Anstee et al. 1997; Moro & Morris 2000), although not 

the closely related N. alexis in the study discussed above (Southgate & Masters 1996).  

 

While little difference was noted in inter-trap movements by sex, male  

N. mitchelli were observed to travel longer distances between consecutive locations 

than female N. mitchelli when radio-tracked. However, as nearly three-quarters of the 

data pertained to males, this finding may be a biased result. The bias in the data is 

thought to be due to two factors; firstly, males were slightly more likely to be 

captured more than once and thus become candidates for being radio-collared, and 

secondly, once collared, males appeared to be more readily located than females. 

Radio-collared females frequently remained undetected in the study area at night, 
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more so than males, when presumably above ground and active. As such, females 

may actually be travelling much further than male N. mitchelli, returning to the 

trapping areas less frequently and regularly travelling outside the range of detection 

by radio-telemetry. While this suggestion needs to be more rigorously tested in future 

work, it fits with the suggestions made in Chapter Three regarding males as the more 

sedentary N. mitchelli sex. 

 

The sheer difficulty experienced here detecting even stationary animals (in burrows) 

during the day implies that N. mitchelli is capable of travelling long distances as a 

matter of course. That is, the recapture and/or detection of free-moving collared 

animals on or around the trapping grids when they had failed to be detected 

previously after extensive searching both during the day and at night, supports 

previous findings that N. mitchelli is capable of travelling very long distances 

(Baverstock 1979). However, as all collars were retrieved, and high recapture rates 

were observed for many individuals generally (Chapter Three), these results suggest 

that N. mitchelli is not as transitory as implied by Cockburn (1981a), although there is 

some evidence that ranges drift over time (e.g. the limited degree of activity area 

overlap for animals generating multiple minimum convex polygons during the 

study).  

 

Some seasonal differences in movement behaviour were observed for N. mitchelli; 

animals moved further between consecutive locations, whether between traps or 

between radio-locations, in summer and winter than in autumn and spring. This 

finding suggests that N. mitchelli’s foraging efforts are less extensive in the more mild 

seasons of the year, compatible with an abundance of resources at these times. 

Although it was expected that this observation would translate into larger activity 
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areas for N. mitchelli in summer and winter, the relatively small amount of data 

available did not confirm this. Nonetheless, given that similar observations have been 

made for small mammal species when food availability has been manipulated 

experimentally (Fortier & Tamarin 1998; Hubbs & Boonstra 1998; Jonsson et al. 2002; 

Mares et al. 1982; Taitt 1981; Taitt & Krebs 1981), it is expected that future studies of  

N. mitchelli movement behaviour may reveal that home range area is affected by 

(seasonal) resource availability.  

 

5.4.1.1. Notomys mitchelli activity areas 

Minimum convex polygons for animals recording three or more locations over the 

entire study period indicate that activity ranges for N. mitchelli can be extensive. 

While based on sample sizes insufficient to comprehensively ascertain ‘home range’ 

(following Worton 1987), MCPs generated from radio-tracking data collected within a 

single session (mean number of data points = 6.7) had a mean size of 2.2 hectares.  

 

For an animal weighing less than 50g this is a large area (Lindstedt et al. 1986), even 

amongst Australian species (e.g. Lock & Wilson 1999; Puckey et al. 2004). It is 

however, similar to the ranges estimated for some arid-zone rodents (Anstee et al. 

1997; Brandle 1994; Moro & Morris 2000) and by the South Australian government’s 

Rare Rodent Project for the closely related Notomys fuscus in particular (Brandle 1994; 

Moseby & Brandle 1995; see also Moseby et al. 2006). Activity ranges for N. fuscus 

were estimated from data collected in less than five days of tracking and those 

polygons constructed from more than eight location points were generally larger than 

two hectares in size. Brandle (1994) observed that radio-tracked animals used only 

small portions of the trapping grids, having the majority of their range outside of this 
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area. He suggested that the animals may have smaller specific foraging ranges within 

their total range. A similar proposition is suggested here for N. mitchelli (e.g. the 

burrows of radio-collared animals were frequently not located although the animals 

regularly returned to the trapping grids at night).  

 

The high correlation between sample size and MCP area, and the unexpectedly low 

sample sizes, must also be considered here (e.g. Mares et al. 1980). Such results 

suggest that the activity areas presented here for N. mitchelli should be regarded as the 

very minimum area occupied by this species. In periods of less than a fortnight, 

animals were observed using areas in excess of two hectares and in one case, up to  

22 hectares. The semi-arid environment is thought to be more resource-rich than the 

arid zone and as such it was somewhat surprising to observe N. mitchelli occupy such 

large areas, implying that the habitat may not be of the quality assumed. As described 

above, some small mammal studies have reported that food supplementation reduces 

foraging movements and decreases home range area (e.g. Fortier & Tamarin 1998; 

Hubbs & Boonstra 1998; Jonsson et al. 2002; Mares et al. 1982; Taitt 1981; Taitt & Krebs 

1981). Similarly, resource availability has been suggested to affect range size in the 

arid-dwelling Australian species Pseudomys australis (Brandle & Moseby 1999). It is 

suggested that future projects conduct detailed habitat assessments (including dietary 

and metabolic analysis) to more thoroughly understand the species’ range 

requirements.  

 

As the bioclimatic analyses in Chapter Two supports the assertion that N. mitchelli 

inhabits a more stable, seasonal environment than N. alexis in South Australia, it is not 

suggested here that the Middleback Ranges habitat is actually poorer than that at 

Roxby Downs, but rather that N. mitchelli may not be as able to fully exploit 
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environmental resources as N. alexis. As described in section 1.5.1.3, it has been 

suggested that the diet and excretory processes of N. mitchelli and N. alexis are quite 

different, N. mitchelli requiring more green feed and being less able to conserve water 

(Murray et al. 1999). Given the species digs relatively large burrows which are used 

for a short time, the energetic cost of this activity must be substantial (Ebensperger & 

Bozinovic 2000a; Ebensperger & Bozinovic 2000b; Ebensperger & Cofré 2001; 

Reichman & Seabloom 2002; White et al. 2006). Coupled with a less efficient 

metabolism, this burrowing behaviour may result in N. mitchelli requiring a larger 

range than more arid-dwelling species in order to survive.  

 

Activity area size aside, the reasonable degree of overlap between animal’s ranges, 

including burrow-sharing, indicates that N. mitchelli is a socially tolerant species, as 

has been suggested by a number of authors (Brazenor 1956-1957; Happold 1976a; 

Watts 1998a). Although the issue of temporal partitioning (that is sharing range area 

but avoiding interaction through use of different areas at different times) could not be 

adequately addressed in this study, the observation of activity area overlap and the 

constantly changing nature of burrow groups confirm observations of the reasonably 

social nature of this species. It is doubtful that the number of activity ranges observed 

to be completely overlapped (i.e. 100%) by those of other animals reflects the true 

state of affairs, however, as these MCPs are all based on a very small number of data 

points. The correlation between MCP size and the contributing number of data points 

suggests that with more observations these ranges would increase, making it likely 

that some area of the full range is not overlapped by that of another animal. While 

this study did find a significant positive association between activity area size and the 

proportion of the activity area that was overlapped by that of other animals, it is 

suggested that this may be an artefact of the small amount of data generated for this 
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analysis. That is, if future work can achieve more success in monitoring the 

movements of animals away from the trapping areas it is expected that a lesser degree 

of activity area overlap will be observed.  

 

5.4.2. Movement behaviour of Notomys alexis 

The observations of radio-tracked Notomys alexis made during this study do not 

support the hypothesis that the more arid habitat at Roxby Downs would result in 

larger range areas for the species compared to N. mitchelli. Male and female N. alexis 

moved similar distances between location points, and the activity ranges for each 

were approximately two hectares in size. Comparable in size to the areas utilised by 

N. mitchelli in single field sessions when using the same tracking methodology, this 

area is also similar to the activity ranges reported for other desert species (Anstee et al. 

1997; Brandle 1994; Moro & Morris 2000).  

 

The mean minimum distance travelled between location points was observed to be 

shorter for N. alexis than for N. mitchelli but comparable to the movements observed 

for the species by Southgate and Masters (1996). This was largely as expected; given 

that N. alexis was tracked more successfully than N. mitchelli, the time in which the 

animals had to move between locations was also shorter for N. alexis. What is of note 

however, is that the polygons derived from this more robust sample (more fixes per 

animal) were of a similar size to those calculated for N. mitchelli. Assuming that the 

estimate of activity range for N. alexis is a more accurate estimate of the species’ home 

range than the estimate obtained for N. mitchelli (which were based on fewer data 

points), it is suggested that the true home range of N. mitchelli is actually larger than 

that of N. alexis. 
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The presumption that the more arid, less well-resourced habitat at Roxby Downs 

would necessitate N. alexis having a larger range than N. mitchelli does not appear to 

be correct. As discussed above, two related explanations for this are possible. First, 

the habitat at Roxby Downs may not actually be more impoverished, for hopping 

mice at least, than the semi-arid mallee of the Middleback Ranges. It is of note that the 

burrows of radio-collared N. alexis were located more often than N. mitchelli and the 

largest distances observed to be travelled by N. alexis were considerably smaller than 

those for N. mitchelli. This suggests that N. alexis do not make the regular long 

foraging movements that N. mitchelli appears to. That is, both the dietary and shelter  

requirements of N. alexis seem able to be met within a smaller area of the Roxby 

Downs habitat than for N. mitchelli at Middleback, who frequently appeared to move 

large distances between their burrows (outside of detection range) and the trapping 

areas (where they were regularly recaptured and/or radio-located). Further research 

collecting data specifically addressing diet, foraging behaviour and available food 

resources in the two habitats could quantify this. Second, the requirement of  

N. mitchelli to consume greater amounts of succulent food, being less able to survive 

on a diet of dry seed than N. alexis (Murray et al. 1999), may lead to the larger ranges 

observed. Studies have demonstrated range contraction in better quality habitats (e.g. 

Broughton & Dickman 1991; Hubbs & Boonstra 1998), and the similar size of N. alexis 

polygons to ranges of other desert rodents implies that it is N. mitchelli which is the 

exception here. 
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5.4.3. Movement behaviour summary 

Notomys mitchelli were observed to travel long distances as a matter of course. Long 

distances were travelled by the few radio-collared animals successfully located. 

Importantly, relatively few burrows were located using radio-telemetry within the 

study area, implying that N. mitchelli regularly travel much further than the quite 

short mean inter-trap distances observed. Conversely, radio-tracking N. alexis was 

comparatively easy, with many animals regularly located foraging and burrowing 

within the study area. N. alexis were rarely recaptured in more than one field session 

however, suggesting either rapid changes of activity area taking the individuals away 

from the study sites or a high level of predation in this environment. The lack of any 

long-distance movements observed during tracking points to the latter explanation. 

Within-session activity areas suggest that contrary to expectations, the home range of 

N. mitchelli in a typical semi-arid habitat is likely larger than that observed for the 

desert-dwelling N. alexis and other related arid zone rodents. 

 

Unexpectedly, the degree of activity range overlap observed was not more 

pronounced for N. alexis than for N. mitchelli, although the available data did not 

allow this to be rigorously tested. More needs to be known about the true home range 

area of N. mitchelli and a method of assessing the activity area ‘overlap’ of animals 

sharing burrows for which MCP information is lacking needs to be developed.  While 

it is of interest that N. mitchelli females were not observed to share activity areas while 

N. alexis females were, on the basis of this study overall it cannot be said that the 

movement behaviours observed support the hypothesis that N. alexis is more social 

than N. mitchelli due to differences in environmental variability.  
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6. The behaviour of Notomys alexis in captivity 

6.1. Introduction 

6.1.1. Social behaviour 

Social groups may consist of related individuals, family groups, or unrelated animals 

that aggregate in order to better survive in their particular environment (Clutton-

Brock et al. 1999a; Hughes 1998; Johnson et al. 2002; Kleiman 1977; Ostner & Kappeler 

2004; Wittenberger 1980). The basic determinant of social organisations is the mating 

system. As discussed previously, monogamous systems are thought to evolve in 

habitats that are stable in space and time while polygamous systems are thought to 

evolve in more fluctuating environments, where resources are unevenly distributed 

(Orians 1969; Wiens 1976).  

 

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

provide adequate resources for a polygamous mating system, and in such situations, 

breeding may be limited to the dominant animals of the group (Creel et al. 1997; 

Faulkes et al. 1997; Hacklander et al. 2003). Here, group-living may better guarantee 

survival for subordinate animals at the cost of lost mating opportunities (Clutton-

Brock 2002; Cockburn 1998a; Wiggett & Boag 1992). Similarly, 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 (e.g. 

Hughes 1998; MacColl & Hatchwell 2003; MacDonald 1979; Schradin & Pillay 2004).  
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6.1.2. Reproductive Suppression 

Where environmental resources favour both the formation of a social group and a 

monogamous breeding unit, the dominant animal(s) must limit reproduction in 

subordinates. Commonly, reproduction in females is suppressed through 

hormonally-driven delayed maturation; the onset of oestrus is deferred for juveniles 

exposed to the pheromones of mature females (Barnett 1964; Batzli et al. 1977; Bronson 

1979; Drickamer 1974; Strecker & Emlen Jr. 1953; Terman 1984). Similarly, exposure to 

pheromonal stimuli can result in the commonly observed ‘Bruce effect’, whereby 

pregnancies in (adult) female rodents are terminated on exposure to strange males 

(Batzli et al. 1977; Schwagmeyer 1979).  

 

Male reproductive output in monogamous social groups may be controlled through 

the dispersal of superfluous males, as is common in polygamous social organisations, 

but (hormonally-driven) delayed maturation has also been observed in males of some 

rodent species (e.g. Harvey 1999; Terman 1984). Confrontation between rivals may 

also lead to the development of dominance hierarchies, where psychological and 

physiological stress may accompany subordination, and as such suppress 

reproduction (Barnett 1964). Here, aggressiveness does not necessarily imply physical 

fighting, as conflicts involving only shoving and/or chasing have been demonstrated 

to invoke reproductive suppression (Terman 1984). Studies have also observed this 

phenomenon in free-living small mammal populations (e.g. Hacklander et al. 2003; 

McGuire et al. 2002; Prevot-Julliard et al. 1999; Waterman 2002). 
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6.1.3. Infanticide 

Dominant individuals may also try to increase their reproductive fitness more directly 

by killing the offspring of rivals (Agrell et al. 1998; Kleiman 1977). Infanticide by adult 

males commonly occurs when the dominant male is replaced by another. The 

dominant male may kill the dependent young of the previous male and this may also 

bring the group’s females into oestrus to the further benefit of the new male (Baker et 

al. 1996). Infanticide is also commonly observed in crowded populations of a variety 

of rodent species (Labov et al. 1985; Sherman 1981; Watts & Aslin 1981). Female adults 

may also commit infanticide, actively killing the offspring of other females (Nogueira 

et al. 1999; Wolff 1993; 1997).  

 

6.1.4. Territoriality 

A less drastic method of ensuring breeding exclusivity is the maintenance of discrete 

territories. Territoriality in small mammals is thought to prevent immigrants from 

settling in occupied home ranges and as such serves to regulate population size and 

structure (Anderson 1965; Healey 1967; Wolff 1997). Territoriality in males is 

considered to be a highly stable strategy of resource defence resulting from 

competition between males for the monopolisation of females (Emlen & Oring 1977; 

Flowerdew 1987). Territoriality in females, however, is thought to have evolved as a 

counter-strategy to infanticide perpetrated by strange females (Wolff 1993; 1997; 

Wolff & Peterson 1998). This does not necessarily preclude the formation of multi-

female groups, but emphasises the risk of infanticide committed by unfamiliar females 

(see also Armitage 1998; Nogueira et al. 1999). Female territoriality, as well as delayed 

maturation and reduced reproductive success, has also been implicated in the 

regulation of populations of many small mammal species (e.g. voles: Boonstra et al. 
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1987; Hansson 1992; Lambin & Krebs 1991; Madison 1980; Saitoh et al. 1999; dormice: 

Juskaitis 2003; and squirrels Madden 1974).  

 

6.1.5. Dispersal 

As mentioned above, another mechanism regulating population size and social group 

structure is dispersal. If maturing offspring cannot be accommodated within the natal 

range, in terms of either space or reproductive opportunities, at some point it will 

become necessary for the individual to disperse (Clobert et al. 2001; Gaines & 

McClenaghan 1980; Johnson & Gaines 1990).  

 

Dispersal may also result from inbreeding avoidance (e.g. Bengtsson 1978; Johnson 

1986; Lambin 1994; Lambin et al. 2001; Wolff 1994). Many studies have demonstrated 

that juvenile emigration is correlated with the presence of opposite-sex relatives  

(i.e. parents) at the natal site and functions to avoid inbreeding (Clutton-Brock 1989b; 

Cockburn et al. 1985; Perrin & Goudet 2001; Pusey 1987). Other studies, however, 

have disputed this, instead finding support for a resource-competition model of 

dispersal (e.g. Boonstra et al. 1987; Wiggett & Boag 1992). Evidence that the presence 

of siblings can suppress maturation in voles, encouraging dispersal, supports this idea 

(Batzli et al. 1977). Further, some studies have not been able to find evidence of either 

mechanism explaining juvenile dispersal (McGuire et al. 1993). 

 

The proximate causes of dispersal, or dispersal mechanisms, are also varied. Most 

commonly, dispersing mammals are juvenile animals that leave their natal group 

when competition over resources incites aggression (Chitty 1967; Christian 1970; 

Dobson & Jones 1985; Gaines & McClenaghan 1980; Greenwood 1980; Johnson 1986). 
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Others suggest that dispersers may be juvenile animals that have failed to develop 

social bonds with siblings or other group members (Bekoff 1977). Here, a lack of social 

interaction drives dispersal rather than resource competition, and the population’s 

position relative to carrying capacity is not an influence. However, very few studies 

have demonstrated support for this ‘Social Cohesion Hypothesis’ (e.g. Harris & White 

1992; White & Harris 1994). 

 

Most theorists consider dispersal from the point of view of the disperser—the 

individual who is actively seeking to maximise their reproductive success despite the 

high costs which dispersal can bring. However, this viewpoint does not address the 

probability that reducing competition for resources via dispersal is of greater 

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

an alternative view of dispersal presents the process as analogous to territoriality 

(Anderson 1989; Liberg & von Schantz 1985; Marks & Redmond 1987; Wiggett & Boag 

1992; Wolff 1993). Defined by Anderson (1989), the Resident Fitness Hypothesis posits 

that resource competition incites aggressive/defensive behaviour from dominant 

animals towards subordinate animals and this drives dispersal in rodent species. 

Further, as juvenile animals are generally subordinate to adult animals, the 

hypothesis accounts for the propensity for juveniles to be involved in dispersal 

events.  

 

A related theory, the Oedipus Hypothesis (Liberg & von Schantz 1985), predicts the 

gender of the disperser according to the species’ mating system. As female offspring 

do not represent competition for mating resources in most (polygamous) mammal 

societies, they are not thought to provoke defensive, dispersal-producing behaviours 

from their fathers. It is therefore predicted that species having a polygamous mating 
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system will exhibit male-biased dispersal, a common observation for many small 

mammal species (see Byrom & Krebs 1999; Cockburn et al. 1985; Dobson 1982; 

Johnson 1986; Waterman 2002). Similarly, monogamous social systems would be 

expected to demonstrate equal dispersal ratios (Boonstra et al. 1987; Dobson 1982). 

Support for this prediction has also been demonstrated for a variety of rodent species 

(for example, Microtus sp. Kovach Sanders & Gaines 1991; Peromyscus sp. Swilling & 

Wooten 2002).  

 

Female-biased dispersal is extremely rare in mammal species (Dobson 1982; Sweitzer 

& Berger 1998), but is thought to occur when it is necessary for males to control and 

defend resources at the natal site (e.g. Favre et al. 1997). Female-biased dispersal is 

thought to occur in at least three small mammal species; Saccopteryx bilineata (greater 

sac-winged bat, Bradbury & Vehrencamp 1976), Crocidura russula (greater white-

toothed shrew, Duarte et al. 2003; Favre et al. 1997) and Peromyscus californicus 

(California mouse, Ribble 1992).  

 

6.1.6. Social Behaviour in Captivity 

While the age and sex of dispersing animals can be predicted from knowledge of a 

species’ social organisation, as described above, studying the social behaviour of 

small mammals can be difficult; small size and (commonly) nocturnal behaviour 

patterns complicate observation and this contributes to a dearth of extensive research 

on natural populations (Macmillen 1964; Nel 1975).  

 

It is sometimes assumed that rodents are social because several animals are seen in 

one location. Systematic behavioural observations, however, may reveal that they are 
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intolerant of close contact with conspecifics and overlap only as a result of high 

densities (Randall 1994). Observations under natural conditions are necessary to 

verify social structure and mating systems as the establishment of pairs or groups and 

reports of male parental care in the laboratory may be artefacts of captivity (Frank & 

Heske 1992; Patris & Baudoin 2000; Thomas & Birney 1979). However, detailed 

descriptions from interactions in captivity may provide better information on species-

specific patterns of behaviour in more cryptic species (for example Dewsbury 1983; 

Stanley 1971).  

 

6.1.6.1. Captive studies of Australian mammal species 

Despite the inherent limitations, observations of captive populations have contributed 

to our understanding of the behaviour of a number of Australian mammal species. In 

such studies, the social aggregations formed by species of dasyurids (e.g. Dasyurus 

hallucatus, Dempster 1995) and macropods (e.g. Petrogale penicillata Bulinski et al. 1997) 

have been observed and group sizes have been experimentally manipulated to see 

how this affects behaviour (e.g. Blumstein et al. 1999). Specific social interactions have 

been observed for captive species, with behavioural repertoires or ethograms being 

developed (e.g. Dempster 1995; Lundie-Jenkins 1993; Ord et al. 1999; Stanley 1971). 

Captive populations of Australian mammals have also been used to elucidate greater 

understanding of mating behaviours (e.g. Gonzalez & Close 1999; Holland & Jackson 

2002; Radford et al. 1998; Shimmin et al. 2002). Foraging, dietary and developmental 

behaviours have also been observed (e.g. Gonzalez & Close 1999; Heimeier et al. 2002; 

Lee et al. 1984; Murray & Dickman 1994a; Murray & Dickman 1994b; Murray & 

Dickman 1997; Murray et al. 1995; Watson & Croft 1993; Woods & Kennedy 1997). 

Captive studies of endangered species can also contribute to the success of 
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reintroduction programs. For example, experimental interventions have attempted to 

modify behavioural responses to predators in endangered Tammar wallabies, 

Macropus eugenii (Griffin et al. 2000; Griffin & Evans 2003).  

 

Studies combining captive observations with complementary observations of free-

living populations are particularly useful. Comparisons between captive and free-

living populations of Acrobates pygmaeus (feathertail gliders) have demonstrated that 

captivity can affect physiological processes and the authors caution against 

extrapolating the results of captive-only observations to free-living populations 

without follow-up research (Geiser & Ferguson 2001). Combinations of captive and 

field observations have also provided valuable insight into the behaviour of a number 

of Australian rodent species, including the three studies by Meredith Happold 

discussed in previous chapters (Happold 1976a; 1976b; 1976c). While most of the 

work conducted by Happold (1976a) observed captive populations, field observations 

were also undertaken for some of the study species, and appeared to confirm the 

laboratory results. Additional studies of free-ranging populations of Happold’s 

(1976a) focal species have also demonstrated some support for her findings 

(Cockburn 1981a; 1981b).  

 

More recent studies of other Australian rodent species have generally failed to lend 

weight to Happold’s (1976a) conclusions however. While field observations of the 

alpine-dwelling Mastacomys fuscus (broad-toothed rat) indicate that the social 

aggregations of this species are climatically driven, the species’ tendency to be solitary 

in the summer but social in the winter does not fit into any of Happold’s described 

social organisations (Bubela & Happold 1993; Happold 1998). Similar plasticity in the 

aggregation behaviour of Pseudomys fumeus (smoky mouse), which also inhabits 
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mountainous areas, has been reported. While laboratory observations of P. fumeus 

suggest that the species is monogamous, in line with Happold’s (1976a) predictions, 

data from free-living populations suggest that this species may also breed 

communally (Woods & Ford 2000).  

 

The social systems of desert-dwelling rodents also appear to be more variable than 

can be adequately encompassed within Happold’s (1976a) four described social 

organisation types. While the arid-dwelling species Pseudomys australis (plains rat) is 

thought to form very large groups, this is when animals are not in breeding condition 

(Brandle & Moseby 1999). Much smaller groups, consisting of only a single male and 

one or two females, are observed during reproduction (Brandle & Moseby 1999). 

Similarly, Happold’s (1976a) observation of solitary behaviour in reproductively-

active P. desertor (desert mouse) in both captivity and a rather unrepresentative 

permanent bore-drain habitat, has not been confirmed for free-living populations in 

other parts of the arid zone (Kerle 1998). Here, the species has been observed to be 

relatively social, particularly at high densities (Kerle 1998; Read et al. 1999).  

 

While observing behavioural interactions in the field is difficult, the importance of 

using field observations to lend credence to phenomena observed under captive 

conditions, and vice versa, has been demonstrated. Such observations contribute to 

the wider understanding of the population dynamics of a species and the ecological 

processes and evolutionary environment under which such behaviour developed. 
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6.1.7. Observing population regulation in captivity 

As discussed above, captive settings are ideal for measuring reproductive behaviours, 

social behaviours, physiological parameters and development (see also Barry & 

Kemper 1982; Bartmann & Gerlach 2001; Deutschlander et al. 2003; Eilam & Shefer 

1997; Ims 1990; Pillay 2001; Sundell 2003). Captive populations can also be used in 

experimental manipulations of environmental conditions such as diet and water 

consumption (e.g. Diaz et al. 2001; Moro & Bradshaw 1999; Shanas & Haim 2004; 

Weissenberg & Shkolnik 1994). Habitat preference, inter-specific competition and 

temporal partitioning can also be studied using captive populations in naturalistic 

enclosures (e.g. Abramsky et al. 1998; Abramsky et al. 2001; 2002; Gray et al. 2000; 

Gutman & Dayan 2005; Ostfeld 1994; Pusenius & Schmidt 2002; Wywialowski 1987).  

 

However, in captive settings the animals only have a limited capacity to control their 

environment and critical population processes such as dispersal can be frustrated 

(Carlstead 1996; Pfeifer 1996; Wolff et al. 1996). In species with relatively small spatial 

requirements, large enclosures have allowed animals to replicate natural dispersal 

behaviour to some degree (Boonstra et al. 1987; Davis-Born & Wolff 2000; Gregory & 

Cameron 1988; Ims 1990; Lidicker 1976; Mappes et al. 1995). However, the proximate 

mechanisms underlying dispersal behaviour are still difficult to determine at this 

scale. Close observation of behavioural interactions are required to sufficiently test 

dispersal theories incorporating social aspects and as such, are better suited to the 

laboratory despite the inherent difficulties. Using complex enclosures, the interaction 

behaviours preceding dispersal in populations of house mice have been successfully 

observed (Gerlach 1990; 1996; 1998; Krackow 2003; Rusu & Krackow 2005).  
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Gerlach’s (1990; 1996; 1998) experimental observations of dispersal in the laboratory 

established groups of feral house mice (Mus domesticus Rutty) in enclosure systems 

containing water barriers limiting access to additional housing. As subadults 

matured, dispersal movements (across the water barrier) were observed after a period 

of increasingly agonistic interactions with adult animals (Gerlach 1990). In particular, 

subadult males were driven to disperse following agonistic encounters with the male 

parent and this study found evidence of reproductive suppression in non-dispersing 

males (Gerlach 1996). Female subadults were found to be less likely to disperse than 

males, but at high densities dispersal provided the only reproductive opportunities 

for these animals (Gerlach 1990). Some emigrating females, from litters born later in 

the experiment, were found to have uterine scars indicating that they had been 

pregnant but had not reproduced successfully (Gerlach 1996). Some evidence was also 

found for the Social Cohesion Hypothesis (Bekoff 1977), in that dispersing males 

exhibited lower levels of social cohesion than non-dispersing male and female 

offspring (Gerlach 1998). Female dispersers however, showed the same degree of 

social cohesion as their philopatric sisters and no difference was noted between the 

levels of social integration of reproductive and non-reproductive females. Similar 

experimental designs have also reported sex-biased and aggression-motivated 

dispersal in captive populations of house mice (Krackow 2003; Rusu & Krackow 

2005).  

 

While only dealing with a single rodent species, these studies suggest that dispersal 

mechanisms in small mammal species can be successfully replicated in the laboratory, 

shedding light on both the causes and functions of dispersal behaviours. 
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6.1.8. Aims and hypotheses 

This study aimed to describe the social and reproductive behaviour of an Australian 

arid-dwelling native rodent, Notomys alexis (spinifex hopping mouse), in captivity 

with respect to social group formation and dispersal behaviours. Comparative 

observations of N. mitchelli (Mitchell’s hopping mouse), the other focal species of this 

thesis, were not conducted as captive subjects were not readily available.  

 

Following the observations of Happold (1976a) it was hypothesised that groups of  

N. alexis would be large, cohesive and highly social. As such, a diverse and complex 

behavioural repertoire was expected, as described by Stanley (1971). However, based 

on the observation of ten or fewer animals sharing burrows in free-living populations 

(e.g. Breed 1998a; this study, Chapter Four), it was also expected that once the captive 

groups of N. alexis neared this size, individuals would attempt to disperse or begin to 

defend a discrete area of the enclosure away from the other animals (e.g. Cant et al. 

2001; Gerlach 1990; 1996; Waterman 2002).  

 

Reproductive output was hypothesised to be high when population density was low 

and decrease as density increased (Breed 1979; 1992). Young adults were expected to 

remain in the social group with their parents at low population densities but it was 

hypothesised that at higher densities, aggressive behaviour from older adults would 

provoke dispersal behaviours in the young (Anderson 1989; Gerlach 1990). It was also 

thought that there would be a male sex-bias in relation to dispersal behaviour 

observed, due to the more limited reproductive opportunities for male subadults 

(Greenwood 1980; Johnson 1986; Pusey 1987).  
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6.2. Methods 

For this study, two captive colonies of Notomys alexis were established and closely 

observed over an eight-month period.  

 

6.2.1. Study species 

As described in previous chapters, N. alexis is one of five extant species in the genus. 

The species is relatively small, between 30–50g, and like other species in the genus,  

N. alexis is a nocturnal, semi-fossorial species (Watts & Aslin 1981).  

 

Notomys alexis is one of the most studied native rodents in Australia, particularly 

under captive conditions. The species is also one of the few native mammal species to 

be kept as domestic pets. Stanley’s (1971) ethogram defined the behavioural repertoire 

of the species in captivity and established the animal as highly social. Her later work 

confirmed this and provided detailed behavioural and ontological information 

(Happold 1976a; 1976b; 1976c). The species’ highly specialised renal physiology has 

also been a focus of laboratory studies (Heimeier et al. 2002; Hewitt et al. 1983; Lee et 

al. 1984; Wheldrake et al. 1979) and a large proportion of studies involving N. alexis 

has examined the species’ reproductive morphology and intriguingly high 

reproductive output (Breed 1989; Breed 1982; 1985; 1990a; Peirce & Breed 2001; Telfer 

& Breed 1976).  

 

Fieldwork involving N. alexis has concentrated on the issue of reproductive and 

behavioural responses to rainfall (Breed 1979; Southgate & Masters 1996), including 

the long-range movements which the animals are now known to make in order to 

exploit unpredictable resources (Dickman et al. 1995). Observations of a free-living 
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population at Roxby Downs, South Australia (this study, Chapter Four) confirmed 

that the species is relatively social but indicates that particular social groupings may 

be short-lived.  

 

6.2.2. Subjects 

Eight (four males and four females) N. alexis were obtained from the University of 

Adelaide’s Department of Anatomy experimental colony in June 1999. These animals 

originate from founding stock caught in the area surrounding Curtin Springs in the 

north of South Australia. Males were approximately six months of age (adult) and 

females were slightly younger; two months of age (subadult). Subadult females were 

used as founders to minimise agonistic interactions while the groups were being 

established—older females are known to be relatively aggressive in this species 

(Breed 1983, Bill Breed, pers. com.). Animals were placed into two groups of four, 

each consisting of two unrelated males and two unrelated females. At introduction, 

the animals were monitored closely for signs of aggression, however no overt fighting 

was observed. 

 

The nocturnal N. alexis were kept under reversed light conditions, on a 12:12 hour 

light/dark cycle. The laboratory was fitted with dim red lights to allow some light to 

work by while not disturbing the animals. A torch covered with red cellophane was 

used if additional light was necessary. Ambient temperature was maintained at 21oC, 

which is within the range experienced by free-living populations (Lee et al. 1984). 

Animals were provided with a standard diet of mixed seed (such as millet, panicum, 

corn, canola and sunflower seeds) and fresh fruit (see Williams 1991). Although  

N. alexis are known to be able to survive without consuming free water, as they are 
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able to extract adequate moisture from seed (Lee et al. 1984; Stanley 1971), fresh water 

was available ad libitum. Fresh grass, branches, boiled eggs and mealworms were also 

provided periodically and the omnivorous N. alexis appeared to relish these foods. 

The enclosures were cleaned weekly.  

 

6.2.3. Housing  

Each group of four mice was housed in a large, complex environment (Figure 6.1). 

Five large polyurethane plastic tubs (530mm x 330mm x 350mm, approximately 68L 

each) with aluminium mesh lids were interconnected using rigid PVC plumbing pipe 

(75mm diameter), branching off of from large, glass-fronted, wooden hutch (900mm x 

450mm x 450mm, approximately 180L). The connector pipes ranged between 500mm 

and 1000mm in length. Sufficient space surrounded each housing system so that mice 

were easily observed in any of the six distinct housing areas. The PVC pipes 

connecting the areas had been fitted with clear plastic inserts (15mm wide) so that 

mice were observable while they were inside the pipes. The only points in the entire 

system where the mice were not visible were the t-junctions connecting two of the 

peripheral areas to the main wooden enclosure. 

  

The floor of each area was covered with absorbent substrate (a pelletised recycled 

paper product commonly available in supermarkets), to a depth of 20–50mm, and 

food and water provided in most areas. Fresh, leafy Eucalyptus spp. and Callistemon 

spp. branches were supplied frequently for nesting material and environmental 

enrichment. Spent toilet rolls and paper tissue were also provided for nesting 

material. The diameter of the interconnecting pipes was larger than the tunnels dug 

by free-living N. alexis but these were thought to be small enough so that each area 
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was reasonably isolated from the others. That is, if during the course of the 

experiment, group size expanded above a critical threshold, smaller groups of 

animals could readily defend a particular area of the environment.  

 

One of the aims of this experiment was to replicate dispersal following Gerlach (1990; 

1996; 1998). Once the hopping mice had become acclimatised to their housing, a 

dispersal barrier was added to the system, which led to an additional housing area 

(another 68L container). Initial experiments using water barriers similar to those used 

by Gerlach (1990; 1996; 1998) demonstrated that N. alexis are apparently far less 

reluctant to cross water than M. musculus and most individuals successfully 

‘dispersed’ soon after gaining access to the barrier. Instead, a complex wooden maze 

covering 1m2 in area, in which pieces of mirror had been attached to the walls in order 

to increase complexity, was placed between the main enclosure and the additional 

‘dispersal’ enclosure. The maze was opened ten weeks after group establishment. 

Unfortunately, while the hopping mice took a little longer to successfully negotiate 

the maze than they had in crossing the water barrier, the maze was not sufficient in 

either size or complexity to adequately simulate dispersal for this species. As such, 

observed spatial isolation of animals or groups of animals would have to suffice as a 

measure of ‘dispersal’ or rather, as an indicator of preferred group size.  

 

In total, each housing system covered an area of approximately 2.5m2, not including 

the connecting pipes. 
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Figure 6.1: Housing system for the Notomys alexis captive study (scale in metres) 
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6.2.4. Observations 

From introduction, the two enclosure groups were surveyed daily—births and/or 

deaths were noted and any evidence of aggression (bites, scratches) was monitored. A 

week after establishment (so that the animals had acclimatised to their new 

environment) behavioural observations began. Behavioural observations were made 

at random intervals throughout the full 24-hour period, but sampled the animals’ 

active phase more heavily. During each sampling session, one focal animal was 

observed for a fifteen-minute period and its behaviour recorded at 30-second intervals 

(following Altmann 1974). If the sampled behaviour was an interactive behaviour, the 

other animal(s) involved in the interaction were noted. Behaviour categories followed 

those of Stanley (1971) and included: locomotion (fast/slow); resting (alone); 

huddling (in groups); exploration; foraging; digging; nesting; marking; grooming 

(self); allogrooming (social grooming); playing; fighting; and mating.  

 

Animals were observed over an eight month period. Each observation session 

comprised of between two and eight 15-minute focal animal observation periods, 

giving a total of 972 such observation periods over the entire study. In order to reduce 

sampling bias, the starting time for observations was picked at random (out of a ‘hat’) 

and the order of the focal animals selected in the same way. Once the first focal 

animal had been observed for 15 minutes, the next animal was observed and so on. 

Only a sample of the individuals was observed on any particular day. 
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6.3. Results 

In the eight months (35 weeks) of the experiment, 243 hours of formal observations 

were made (Table 6.1). During this time, 23 litters were produced between the two 

groups. 

 
Table 6.1: Observations of captive Notomys alexis made under reversed light conditions—
hours per group 

 Group One Group Two  

 Males Females Males Females Total 

‘Night’ (active period, 0630–1830 hours) 34.8 35.8 47.0 51.3 168.8 

‘Day’ (passive period, 1830–0630 hours) 17.8 26.3 10.0 20.3 74.3 

Total hours observed 52.5 62.0 57.0 71.5 243.0 

Note: values may not sum to total due to rounding. 

 

6.3.1. Captive Notomys alexis population growth 

From the founding stock of four animals (two males and two females), each of the 

groups multiplied rapidly. Eighty young were born during the period of the study. 

Ten litters were born to Group One animals; 16 males and 23 females. Thirteen litters 

were born to Group Two; 16 males and 25 females. Litters contained between one and 

five young, with four being the most frequent litter size (30.4%, see Figure 6.2). The 

mean number of animals born in a litter was 3.5 (± 0.27 S.E.). Litters born in Group 

One were slightly larger (3.9 ± 0.31 S.E.) than litters born in Group Two (3.2 ± 0.39 

S.E.), but this difference was not significant (Mann Whitney U = 45.0, p=0.20). Litter 

sex ratios at birth ranged between 0.0 males per female (no males born) and 3.0 males 

per female (Table 6.2). The mean male to female sex ratio for all litters born was 0.8 

males per female, ± 0.12 S.E. The population increase of the two groups is described in 

Figure 6.3. 
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Table 6.2: Captive Notomys alexis births: young born and surviving young, by group 

 Born Surviving 

Litter Males Females Total Ratio (M:F) Males Females Total Ratio (M:F) 

Group One         

1 1 3 4 0.33 0 0 0* NA 

2 3 2 5 1.50 2 1 3* 2.00 

3 1 2 3 0.50 1 2 3 0.50 

4 2 2 4 1.00 2 2 4 1.00 

5 2 3 5 0.67 2 3 5 0.67 

6 2 3 5 0.67 0 0 0* NA 

7 1 3 4 0.33 1 3 4 0.33 

8 2 2 4 1.00 2 2 4 1.00 

9 1 1 2 1.00 1 1 2 1.00 

10 1 2 3 0.50 1 2 3 0.50 

Group Two         

1 0 1 1 0.00 0 1 1 0.00 

2 1 1 2 1.00 1 1 2 1.00 

3 2 3 5 0.67 0 0 0* NA 

4 1 4 5 0.25 0 2 2* 0.00 

5 2 3 5 0.67 2 1 3* 2.00 

6 1 3 4 0.33 1 3 4 0.33 

7 1 1 2 1.00 1 1 2 1.00 

8 1 1 2 1.00 1 1 2 1.00 

9 1 1 2 1.00 1 1 2 1.00 

10 3 1 4 3.00 3 0 3* NA 

11 1 3 4 0.33 1 3 4 0.33 

12 1 2 3 0.50 1 2 3 0.50 

13 1 1 2 1.00 1 1 2 1.00 

Total 32 48 80 0.67 25 33 58 0.76 

Mean 1.4 2.1 3.5 0.79 1.1 1.4 2.5 0.80 

S.E. 0.15 0.20 0.27 0.12 0.17 0.21 0.29 0.13 

Median 1 2 4  1 1 3  

Mode 1 1 4  1 1 2  

Minimum 0 1 1  0 0 0  

Maximum 3 4 5  3 3 5  

* Denotes neonatal deaths.  
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Figure 6.2: Number of Notomys alexis young born in captivity: frequency of litter size 
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Figure 6.3: Population growth of Notomys alexis in captivity, by group  

 

Figure 6.4 shows the sex ratio of each group at the beginning of each observation 

week. Groups were founded with a M:F sex ratio of 1.0. With the birth of five young 

in August (three males and two females, eight weeks after the study commenced), the 

sex ratio of Group One was initially male-biased. With subsequent births, however, 

the sex ratio returned to 1.0 and below. Including the original founders, the final 
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Group One population numbered 31 animals (14 males and 17 females). The final sex 

ratio of animals in Group One was 0.8 males to females. 

 

The sex ratio of the population in Group Two rapidly fell below zero from the birth of 

its first litter in early August 1999. This group exhibited a strong female bias in all 

weeks except for a fortnight in December 1999 when the group contained ten males 

and nine females. Including the founders, the final population for Group Two was 33 

animals—15 males and 18 females. As for Group One, the sex ratio of animals in 

Group Two was 0.8 males to females at the end of the study period. 
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Figure 6.4: The sex ratio (males : females) of the Notomys alexis captive groups, by week of 
observation 

 

The youngest female observed to give birth was 16 weeks and three days old, which is 

comparable to previous observations of N. alexis in captivity (approximately 12 weeks 

to adulthood + 32 day gestation length, see Breed 1979; Smith et al. 1972). Ten of the 17 

females who reached 16 weeks’ of age gave birth to young (58.8%). Females gave birth 
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to between one and four litters, and the founder females, the oldest, gave birth to the 

most litters. In Group One however, half (n=5) of the adult females had not bred by 

the end of the study, and were 18–24 weeks of age at that point. Similarly, in Group 

Two two adult females (of seven, 28.6%) did not breed (aged 22 and 23 weeks at the 

end of the study period, the youngest females old enough to breed in this group). By 

the time these non-breeding females matured, each group had increased to more than 

25 animals and already contained multiple breeding females. Population density, 

close proximity to mature females, may have caused delayed maturation of the 

youngest females.  

 

6.3.1.1. Deaths of captive Notomys alexis 

Twenty two neonatal deaths were observed during the study, in seven of the 23 litters 

born (30.4%). The number of neonatal deaths as a proportion of the litter size ranged 

from 0% (no deaths observed) to 100%. At least some young survived to maturity in 

four (57.1%) of the litters which sustained deaths. Deaths were usually noted the day 

after birth, but juvenile deaths were observed up to 26 days after birth. The number of 

deaths observed was highly correlated with the size of the litter born (Spearman’s rho 

= 0.69, p one-tailed < 0.01). However, as animals were not observed at all times it is 

unknown whether the smaller litters experienced deaths/cannibalism immediately 

after birth. Twice as many female young died than male young (15 vs. 7), giving a 

male to female ratio of 0.47 male deaths per female death observed. This did not affect 

the mean sex ratio for surviving young, which remained at 0.80 males per female (± 

0.13 S.E.). 
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 The mean number of surviving young per litter was 2.5 animals (± 0.29 S.E., see  

Table 6.2 above). More females (n=48) were born than males (n=32) and this majority 

remained even after the deaths were observed (n=33 surviving females and n=25 

surviving males). Each litter had a mean of 1.1 (± 0.17 S.E.) surviving males and 1.4  

(± 0.21 S.E.) surviving females. 

 

Two deaths were noted in mature animals, with one founding adult female from each 

group dying of apparent natural causes (P. Stott, pers. comm.) at 6.5 and 8.5 months 

of age.  

 

6.3.2. Time budgets in captivity 

Behaviour patterns were significantly different between night (active phase) and day 

(resting phase) observations; Mann Whitney U tests, p<0.01 for all behaviour 

categories except resting, nesting, mutual grooming (allogrooming), playing, fighting 

and mating. The low rate of observation of the last four behaviour categories listed  

(<1.0% of observations) probably contributes to this lack of significance.  

 

During active periods (night-phase lighting), the animals spent a mean of 33.2% (± 

0.68 S.E.) of their time huddling with other animals, resting in a surface nest 

constructed of paper, cardboard and leaves (see Figure 6.5). Large amounts of time 

were also spent foraging* (26.9% ± 0.68 S.E.), moving slowly around the enclosure 

(13.9% ± 0.34 S.E.) and moving rapidly around the enclosure (12.9% ± 0.35 S.E.). As 

                                                      

* Food was provided throughout the enclosure system in the form of small bowls of seed, 

branches of leaves, piles of fruit etc. Animals could therefore ‘forage’ in a more naturalistic 

manner rather than feed from one particular source. 
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mentioned above, active social behaviours such as mating, allogrooming behaviours 

and fighting were observed infrequently (mean <1.0% of observations). The 

territorial/communicative behaviour of scent-marking was also uncommon (mean 

0.2% of observations, ± 0.10 S.E.). Rare too were observations of animals resting alone 

(mean 1.3%, ± 0.33 S.E.).  

 

During passive periods (day-phase lighting), animals spent the majority of their time 

huddling together (mean: 79.5% ± 1.06 S.E.). Foraging accounted for 5.1% (± 0.46 S.E.) 

of the animals’ time budgets during the ‘day’ and few social interaction behaviours 

other than allogrooming and contact in the huddle were observed.  
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Figure 6.5: Time budget of Notomys alexis (all ages), by time of day (reversed light 
conditions); mean percentage of observations (± S.E.) 
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6.3.2.1. Notomys alexis behavioural profiles by sex 

Males and females exhibited somewhat different patterns of behaviour (see Figure 6.6 

and Table 6.3). Females spent significantly less time moving about the enclosure 

system (Mann Whitney U = 101,272.0, p<0.001) and significantly more time huddling 

with other animals (Mann Whitney U = 102,790.5, p<0.01), nesting (Mann Whitney U 

= 108,621.0, p<0.001), and allogrooming (Mann Whitney U = 109,823.0, p<0.001). 

Males spent more time digging than females (Mann Whitney U = 108,373.5, p<0.001). 

Some of the more interesting observations of digging behaviour involved females 

however; on four occasions gravid females were observed to pile much of the 

enclosure’s substrate up against the enclosure’s entrance hole in the 24 hours before 

giving birth, temporarily blocking other animals’ access from the nest enclosure.  

 

Male and female behaviour patterns did not differ significantly in terms of foraging, 

fighting, grooming and scent-marking. 
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Figure 6.6: Notomys alexis behavioural profile: mean percentage of observations (± S.E.); 
males and females 
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Table 6.3: Notomys alexis behavioural observations; mean proportion of behaviour types 
observed per session, males (n=438) and females (n=534) 

 Males Females  

 Mean S.E. Mean S.E. p‡ 

Not visible 0.3% 0.07 0.4% 0.07 0.85 

Moving (all) 23.5% 0.68 20.0% 0.59 0.00** 

Paused (still) 1.7% 0.23 1.0% 0.14 0.01* 

Resting alone 1.7% 0.49 0.5% 0.12 0.18 

Huddling (with other animals) 44.1% 1.27 50.1% 1.24 0.00** 

Investigating enclosure 4.3% 0.38 4.6% 0.32 0.26 

Foraging 21.1% 0.85 19.6% 0.82 0.07 

Digging 0.4% 0.07 0.1% 0.07 0.00** 

Nesting 0.6% 0.12 1.1% 0.16 0.00** 

Scent-marking 0.1% 0.04 0.2% 0.12 0.26 

Grooming self 1.7% 0.17 1.6% 0.17 0.29 

Allogrooming 0.3% 0.07 0.7% 0.11 0.00** 

Playing (with other animals) 0.2% 0.05 0.2% 0.04 0.73 

Fighting  0.0% 0.01 0.0% 0.02 0.16 

Mating behaviour 0.0% 0.01 0.0% 0.01 0.68 

‡ Mann Whitney U test 
* Significant at the p<0.05 level. 
** Significant at the p<0.01 level. 

 

6.3.2.2. Notomys alexis behavioural profiles by age 

As expected, adult animals spent significantly less time huddling (Mann Whitney  

U = 95,233.5, p<0.001) and significantly more time foraging (Mann Whitney  

U = 75,142.5, p<0.001) than the younger, often nursing, animals (Figure 6.7). Similarly, 

when only subadults and juveniles were compared, subadult animals were 

significantly more active than juveniles (Table 6.4). Juveniles were observed to engage 

in play behaviours more often than subadults (Mann Whitney U = 17,790.0, p<0.01), 

but subadults were seen to be involved in aggressive encounters more often than 

juveniles (Mann Whitney U = 18,840.0, p<0.05). Younger animals’ behavioural profiles 

did not differ by sex. 
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Figure 6.7: Notomys alexis behavioural profile: mean percentage observations (± S.E.); 
adults and younger animals 

 

Table 6.4: Notomys alexis behavioural observations; mean proportion of observations by 
age 

 Adults Subadults Juveniles  

 Mean S.E. Mean S.E. Mean S.E. p‡ 

Obscured from sight 0.3% 0.05 0.5% 0.13 0.5% 0.13 0.13 

Moving (all) 21.9% 0.56 24.4% 0.93 18.9% 1.07 0.00** 

Paused (still) 1.4% 0.19 1.4% 0.28 1.0% 0.17 0.64 

Resting 1.2% 0.36 0.3% 0.16 1.0% 0.34 0.41 

Huddling (with other animals) 44.0% 1.13 39.8% 1.68 60.4% 1.90 0.00** 

Investigating enclosure 2.9% 0.23 3.9% 0.55 8.4% 0.67 0.00** 

Foraging 24.5% 0.77 26.0% 1.34 6.3% 0.68 0.00** 

Digging 0.4% 0.08 0.1% 0.07 0.2% 0.08 0.01* 

Nesting 0.9% 0.13 0.5% 0.15 1.2% 0.25 0.51 

Scent-marking 0.2% 0.12 0.1% 0.07 0.0% 0.03 0.10 

Grooming self 1.8% 0.18 1.9% 0.26 1.1% 0.17 0.01* 

Allogrooming 0.4% 0.09 0.9% 0.23 0.4% 0.11 0.00** 

Playing (with other animals) 0.0% 0.01 0.1% 0.07 0.6% 0.12 0.00** 

Fighting  0.0% 0.01 0.1% 0.06 0.0% 0.00 0.06 

Mating behaviour 0.0% 0.01 0.0% 0.00 0.0% 0.00 0.35 

‡ Kruskall Wallis �2 test 
* p<0.01 
** p<0.001 
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6.3.2.3. Notomys alexis behavioural profiles according to group 

Behaviour patterns differed slightly between the two groups (see Figure 6.8). Group 

One animals spent significantly less time moving about the enclosure (Mann Whitney 

U = 93,852.5, p<0.001) and significantly more time huddling with other animals 

(Mann Whitney U = 99,940.0, p<0.001) than animals in Group Two. Although based 

on a very small number of observations, Group One animals were observed to fight 

more than animals in Group Two (Mann Whitney U = 116,164.0, p<0.01) and Group 

One animals were less playful than those in Group Two (Mann Whitney  

U = 114,631.5, p<0.05). Other social interaction/communication behaviours, 

principally allogrooming, mating, and scent marking, did not differ between the two 

groups.  

 

Behavioural profiles in terms of age and sex for each group were similar to that 

described for both groups combined (previously, sections 6.3.2.1 and 6.3.2.2).  
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Figure 6.8: Notomys alexis behavioural profile: mean percentage of observations (± S.E.) by 
group 
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6.3.3. Interactions between captive Notomys alexis 

Both amicable and agonistic social interactive behaviours were observed, with 

peaceful interactions recorded more often than aggressive encounters. Observed 

social behaviours included huddling together, allogrooming, play, cooperative 

digging and nesting, and fighting. Huddling behaviour was the most frequently 

observed social behaviour and was most often observed in female animals (see 

above). Other social behaviours were seen much less frequently.  

 

Allogrooming (mutual grooming) was noted in 64 observation sessions. 

Allogrooming sessions lasted between 30 seconds and four minutes, a mean of 1.1 

minutes (± 0.09 S.E.). Females were observed to allogroom more often than males (50 

of 64 observations, �2 1 df = 20.3, p<0.001). Not surprisingly, adults and subadults were 

observed to allogroom more often than juveniles (51 of 64 observations, �2 2 df = 7.7, 

p<0.05). Allogrooming was observed more often during the ‘night’, the active period 

(47 observations, 73.4%).  

 

Digging behaviours were observed on 45 occasions, less frequently than would be 

expected in wild animals dependent on burrows for shelter, particularly in light of the 

burrow use behaviours observed in the field (see Chapter Four). Cooperative digging 

was noted on only two of these occasions, however, and both instances involved 

Group Two animals. On one occasion, an adult male was observed to rapidly dig 

through substrate in one of the peripheral tubs, kicking the material through his hind 

legs and into the connector tube. A second adult male, inside the connector tube, then 

continued pushing the substrate down the tube into the main enclosure, again by 

digging with the front paws and kicking the material through his hind legs. This 
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behaviour continued for three minutes until the first animal left the peripheral tub 

and returned to the main enclosure and the second animal left the area. The first 

animal then proceeded to kick the collected substrate back towards the connector 

tube, sealing off the opening to some extent. On the second occasion, a similar pattern 

was observed, with two animals working together to seal off the opening of a 

connector tube from the main enclosure. On this occasion the animals involved were 

an adult male and an adult female. 

 

Cooperative nesting was observed quite often, with multiple animals participating in 

nest-construction after new materials had been added to the enclosure. Nesting 

behaviour was noted in 108 observation sessions (11.1%) and was most frequently 

performed by females (77 of 108 observations, 71.3%, �2 1df = 19.6, p<0.001). On 23 

occasions (21.3%), the observed nesting behaviour was a cooperative effort. Again, the 

majority of the participants in cooperative nesting were female (n = 15, 65.2%). During 

cooperative nesting, one to three animals were seen to bring nesting material from 

other areas of the enclosure and deposit in the nest area where an adult female would 

add the material to the nest. That is, up to four animals were involved in the nesting 

effort. The animal observed constructing the actual nest was always an adult female, 

while ‘helper animals’, bringing the material to the nest site, included both males and 

females, adults and subadults. Helpers were not always directly related to the nesting 

female (i.e. offspring).  

 

As described above, animals also occupied nests together—‘huddling’. Huddling was 

both the most commonly observed social behaviour and the most commonly 

observed behaviour type overall. Usually, all animals in the group huddled in a single 

large nest. With increasing population density, however, additional, somewhat 
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smaller, nests were occasionally built in different parts of the enclosure system. These 

additional nests appeared to be built by gravid females and litters were born here 

soon after the nest was constructed (within 24 hours, on six occasions). Other animals 

were also observed to use these nests along with the mother and newborn pups. 

Commonly, once secondary nests had been constructed and pups born, the mother 

and her young moved into the primary nest and other adult animals used the 

secondary nest. When the group contained more than one unweaned litter, the 

mothers suckled all young in the nest indiscriminately. Also, in addition to the 

juveniles’ mother, both adults and subadults were observed to retrieve juveniles from 

straying too far from the nest, further indicating shared ‘parental’ care. These 

behaviours were observed in both Group One and Group Two. 

 

Agonistic behaviour, in the form of fighting, was noted in only six observations 

sessions and only in Group One animals. Early in the study (July 1999), one of the 

founder females in Group One was observed to fight with the other enclosure 

inhabitants on five occasions while still a subadult. This animal appeared to be the 

victim of the aggression, being chased off from food areas or the communal nest by 

both adult males and the other adult female in the group at this time. The aggressive 

animals bit at the victim female and chased her from the immediate area. The victim 

female responded to this aggression by fleeing rapidly. This behaviour stopped in the 

third observation week and all animals were seen to huddle together peacefully. One 

further incident of aggression was noted, and the same female, now fully adult, was 

seen to be bitten at and chased from the group’s nest. In this case the aggressor was 

the other adult female of the group, who had given birth to her second litter the 

previous day. This was not interpreted as nest-defence behaviour as interactions with 

other animals were amicable and nest co-occupancy observed. 
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6.3.4. Spatial separation and dispersal behaviours in captivity 

As previously described, Notomys alexis quickly negotiated the ‘dispersal’ maze when 

it was opened in September 1999 (ten weeks into the behavioural study). Within three 

days, most animals were observed to be regularly traversing the maze. In Group One, 

an adult male was the first animal to be observed to negotiate the maze, while in 

Group Two it was a subadult male. Females quickly followed. The additional 

enclosure beyond the maze was used as often as the rest of the system in both groups. 

Defence of these areas was not observed and specific animals did not appear to 

occupy this space exclusively.  

 

Moreover, even though the population in both groups increased rapidly, little 

evidence of any type of territorial behaviour was observed during this study; animals 

did not form smaller, discrete groups within the enclosure system and all animals 

were seen to huddle together regularly. Mothers exhibited no obvious nest-defence or 

pup-defence behaviours, and subadults and other adults regularly huddled with one 

or more mothers with young. There were, however, a number of incidents of 

infanticide, although none were directly observed. As described in section 6.3.1, 

neonatal deaths were noted in 30.4% of the litters born during the course of the study. 

Dead juveniles often had obvious bite marks around the head and neck. Deaths 

occurred over the entire study period, the first litter born (all) dying within 24 hours 

while one animal from a litter of four died at six days of age three weeks before the 

end of the study. There was no apparent correlation between neonatal deaths and 

increasing population density. As discussed above, while female young were no less 

likely to die than male young (Pearson’s �2 1 df = 0.8, p=0.36) neonatal deaths 

increased the male : female sex ratio of surviving young. 
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6.4. Discussion 

Notomys alexis is a gregarious animal, field studies finding up to seven or eight 

animals cohabiting in a burrow (this study, Chapter Four, also Watts & Aslin 1981).  

Notomys alexis has also been observed to live in amicable groups under captive 

conditions (Breed 1990b; Happold 1976a; Harvey 1999). This study aimed to extend 

observations of the social and reproductive behaviour of N. alexis in captivity and 

determine behavioural dispersal mechanisms if apparent.  

 

Nearly 250 hours of observations were made of two groups of captive N. alexis over a 

period of eight months. Founding populations of the two groups each consisted of 

four unrelated animals, two adult males and two subadult females. Agonistic 

behaviour at introduction was observed in one group, but this quickly settled and 

observed interactions were almost entirely amicable.  

 

Rodent species living in arid climates, such as N. alexis, often have numerous 

precocious young and short reproductive cycles and post-partum oestrus in order to 

maximise breeding success in these unpredictable habitats (Aslin & Watts 1980; Breed 

1981a; Crichton 1974; see also Pianka 1970; Zeveloff & Boyce 1980). Despite having 

lower reproductive rates than European species (Yom-Tov 1985), some Australian 

desert rodent populations, including N. alexis, rapidly expand to ‘plague’ proportions 

in particularly suitable seasons (Dickman et al. 1999; Newsome & Corbett 1975; 

Predavec 1994). In this study, births were observed in each group of captive N. alexis 

within eight weeks of introducing the founding animals. Each population increased 

exponentially and the birth rate did not appear to slow as population density 

increased.  
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Rapid exploitation of conditions suitable to support reproduction in arid 

environments is thought to be facilitated by living in large groups (Happold 1976a; 

Stanley 1971) and as hypothesised, the captive N. alexis formed large, highly social 

groups which remained cohesive even at high population densities. 

 

6.4.1. Juvenile deaths in captivity 

Groups were founded with an equal sex ratio, but with the births of new animals over 

the study period the sex ratio for each group became female-biased. Such a bias was 

expected for this presumably polygamous, group-living species (although this 

expectation was not supported for free-living N. alexis, Chapter Four). What was not 

expected, however, was the frequency of deaths in juvenile animals, apparently due 

to infanticide rather than disease (dead juveniles were frequently found with obvious 

bite-marks and physical damage). Unfortunately, these deaths were not directly 

observed and the perpetrators remain unknown. It must be noted, however, that as 

most of the animals in this study were closely related, it is highly probable that the 

perpetrator(s) of the infanticides were relatives of their victims. Additionally, nest 

defence behaviours were not generally witnessed, which suggests that the threat of 

infanticide from strange females observed in other rodent species (e.g. Nogueira et al. 

1999; Wolff 1993) is not as serious for N. alexis. Future studies may provide greater 

insight into infanticidal behaviour in N. alexis if they utilise video cameras, or similar, 

to observe the animals remotely.  

 

Similarly, future studies should follow up the observation of ‘tunnel blocking’ 

behaviour in gravid females to ascertain this behaviour’s purpose. On a number of 

occasions pregnant females were observed to pile much of the enclosure’s substrate 
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up against the enclosure’s entrance hole prior to giving birth. This prevented other 

animals from accessing the nest enclosure. Within a day of the litter’s birth, however, 

the blockage was removed (although it is unknown which animals did so) and the 

other animals in the group were observed to huddle and interact with the mother and 

her new litter. Analogous behaviour has been observed in mongooses and is assumed 

to be due to the threat of infanticide (Clutton-Brock et al. 1998). Nevertheless, juvenile 

N. alexis were still killed and as such, it is assumed that the pregnant females’ 

substrate-manipulation had more to do with influencing environmental conditions in 

the nesting area than the prevention of infanticide (e.g. Kinlaw 1999; Lee et al. 1984; 

Shenbrot et al. 2002). 

 

Commonly, deaths of juveniles were observed in the larger litters and resulted in the 

survival of two to three pups. Selective infanticide has been observed in strains of 

domestic mice and hamsters (see Labov et al. 1985) and apparently deliberate brood 

reduction has also been noted in other native small mammal species (Antechinus 

stuartii, Cockburn 1994). A similar process may be at work here. Although a highly 

inefficient resource-conservation strategy, it is thought that male offspring would be 

more likely to be victims of infanticide in this reportedly polygamous species, as 

fewer males are necessary to maintain reproductive output for species where paternal 

care of juveniles is not required (Trivers 1972). However, more female than male 

deaths were observed in this study and the death of these juveniles did not alter the 

groups’ overall sex ratio. It is possible, then, that the observed infanticide may have 

served as a population regulation mechanism by limiting the number of (potentially) 

reproducing females.  
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The observation that juvenile deaths were more common in larger litters may support 

the hypothesis that such deaths are a regulatory mechanism employed to ensure the 

survival of a more ‘manageable’ number of young (see Labov et al. 1985). Like all 

conilurine rodents, Notomys alexis have only four teats, which implies that litters 

larger than this would be less able to suckle sufficiently. As in other reports (e.g. 

Watts & Aslin 1981), this study found that young were most commonly born as litters 

of four, although litters of at least five pups were observed. However, deaths quite 

soon after parturition reduced this to a median of three surviving young and no 

deaths were observed in the smaller litters of one to three young. While this does not 

preclude the possibility that small litters had already experienced deaths prior to 

observation (in that adult N. alexis may have consumed entire corpses when 

unattended; two neonates from the same litter simply ‘disappeared’ overnight, and it 

was presumed that they had been eaten), this finding does suggest that there is a 

regulatory function underlying infanticide.  

 

Support for this hypothesis can also be found in the literature. As in this study, Breed 

(1979) reported that litters of four young were the most common, however litters as 

large as eight animals were observed on occasion (mean litter size=4.0, range 2–8). 

None of these largest litters survived to weaning and only half of litters containing 

five or six animals did not experience deaths (Breed 1979). Deaths of juvenile N. alexis 

were also noted by Harvey (1999), particularly in the presence of adult female 

conspecifics. Further, observations by Aslin and Watts (1980) for the closely related 

species N. fuscus reported litters of one to five animals, with litters of two animals 

most frequently surviving to weaning age. In addition, N. fuscus rejected by their 

mothers were frequently accepted and suckled by a foster mother, which lends 
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weight to the hypothesis that juvenile deaths may be an attempt reduce litter sizes 

rather than being indicative of a fundamental pathology.  

 

An alternative explanation for the observation that juvenile deaths maintained 

ostensibly equal sex ratios is that Notomys alexis may not actually be polygamous as is 

implied by its gregarious nature. Monogamy has previously been suggested for the 

species (Breed & Adams 1992; Dewsbury & Hodges 1987; Kleiman 1977) but has not 

been adequately verified. The presence of conspecifics has been demonstrated to 

suppress sexual maturation in both male and female N. alexis (Harvey 1999), 

indicative of monogamy in a group-living species, and a number of females in this 

study were not observed to breed despite being old enough to do so. Further, despite 

an occasional mating with a second male in laboratory pairings, tests of paternity 

(using allozyme electrophoresis) have demonstrated that all pups in a litter of N. alexis 

are fathered by the same male (Breed 1990b; Breed & Adams 1992; Breed & 

Washington 1991). The unusually small testes and low sperm quality of N. alexis and 

the presence of a copulatory plug after mating also suggest a monogamous mating 

system and a lack of sperm competition (Breed 1981a; 1997; Hyde & Elgar 1992; 

Kenagy & Trombulak 1986; Peirce & Breed 2001). While genetic assessment was not 

undertaken in the present study, the observation that juvenile deaths lead to an 

equalisation of biased sex ratios in the groups lends weight to the hypothesis that  

N. alexis is a monogamous species living in co-operative groups.  

 

While not a frequent phenomenon, particularly for rodent species, this type of group 

structure is not unheard of in mammal societies. Moreover, mammal species which 

form such social groups commonly inhabit extreme environments, including the very 

cold habitat of the alpine marmot (Marmota marmota, Hacklander et al. 2003), or, like 
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that of N. alexis, extremely arid desert habitats (e.g. suricates Clutton-Brock et al. 

1999b; mole rat species, Faulkes et al. 1997). However, in these species the social 

structure is one typified by a dominant breeding pair plus subordinate, generally non-

breeding, animals; a social group that would not specifically require an equal sex 

ratio. As this does not exactly fit the observations of captive N. alexis in this study, 

further research, ideally utilising genetic analyses and longer captive observations, is 

needed to clarify this issue.  

 

6.4.2. Dispersal 

Population regulation by means of infanticide may have been the result of the 

frustration of dispersal events under captive conditions. Despite the inclusion of a 

complex maze leading to an isolated, and potentially defensible, area within the 

enclosure system, nothing resembling dispersal behaviour was observed during this 

study. 

 

Gerlach (1990; 1996; 1998) successfully replicated dispersal behaviour in Mus musculus 

using a water-barrier dispersal feature. Predominantly subadult males, animals were 

observed to ‘disperse’ after aggressive interactions with adults in the natal area. 

Having crossed the water-barrier, none of these dispersers were seen to return to the 

natal group. Similar experimental designs have reported sex-biased dispersal in 

captive populations of house mice (Krackow 2003; Rusu & Krackow 2005). In the 

current study, preliminary attempts at replicating Gerlach’s (1990; 1996; 1998) 

enclosure system quickly demonstrated that water is not a barrier for N. alexis and the 

enclosures’ design was modified to include a complex maze. In addition to the 

dispersal barrier, the enclosure systems used here included ostensibly defensible 
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small areas, provided with food and water, within the main system. This arrangement 

could have potentially allowed animals to break away from the main group and 

defend an exclusive area in the absence of dispersal.  

 

Unfortunately, within a short period of having access to the dispersal maze animals 

were observed to frequently negotiate the ‘barrier’ and utilise the isolated area as 

much as other parts of the system. That is, animals moved backwards and forwards 

across the maze with ease. Dispersal is notoriously difficult to replicate in captivity 

(Pfeifer 1996; Wolff et al. 1996) and given that N. alexis is known to travel long 

distances in the wild (Dickman et al. 1995), it was a tall order to be able to successfully 

recreate dispersal conditions and a far more complex system would be recommended 

if further research was to be attempted. 

 

More significant however, this study did not observe an increase of 

defensive/territorial behaviours or group fission as population density increased. 

Given that the largest group-size reported for free-living N. alexis is ten individuals 

(Breed 1998a; Watts & Aslin 1981), it is unlikely that the captive groups of more than 

30 individuals achieved by the end of the current study did not represent a crowded 

population. Nevertheless, few aggressive encounters of any kind were observed and 

particular individuals did not appear to preferentially occupy specific areas of the 

enclosure system. As discussed above, adult females were seen to pile up the 

enclosure substrate to block off access to an area immediately (~24 hours) prior to 

giving birth, but within another day all other group members were seen to re-enter 

the nest area and huddle with the mother and newborn pups. So despite rapid 

population increase, in the presence of sufficient food and water the N. alexis groups 

remained cohesive throughout the study.  
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As described above, despite a number of juvenile deaths, this study did not observe 

any selective culling of excess males to compensate for frustrated dispersal. Further, 

no male-male aggression of any kind was observed throughout the study period as 

may be expected on the basis of much mammalian dispersal theory (Christian 1970; 

Dobson 1982; Gaines & McClenaghan 1980; Johnson 1986; Perrin & Mazalov 2000). As 

has been suggested elsewhere (Breed 1983), female N. alexis were observed to be the 

more aggressive sex, if such a thing can be said on the basis of so few observations. 

However, while females were more often involved in aggressive encounters, both as 

aggressors and victims, the high level of cooperation between animals does not 

support a simple reversal of dominance and/or dispersal theory. Parous females were 

observed to nest together and cooperatively suckle young. Animals of both sexes and 

all ages were observed to huddle with mothers and young litters and to contribute to 

the nest-building effort. Similarly, animals other than the mother were seen to 

contribute to parenting by retrieving young which had strayed from the nest. In short, 

absolutely no defensive behaviour was observed during this study.  

 

6.4.3. Summary 

In sum, this study confirms that Notomys alexis is a highly social species that can 

undergo rapid population expansion in favourable conditions. No evidence of 

dispersal behaviours in juveniles or resource-defence behaviours in adults was found, 

even at high densities. The level of social tolerance in captivity allowed very large 

groups to form, much larger than those observed in free-living populations (Chapter 

Four). As such, it is suggested that this species has highly flexible grouping behaviour 

capable of adapting to a range of resource conditions. The strength of group bonds is 

unknown and field studies suggest that populations are highly mobile (Chapters Four 
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and Five, also Dickman et al. 1995; Southgate & Masters 1996). This behavioural 

plasticity, then, may ameliorate the effects of an unstable environment.  

 

Further, behaviours observed in this study appear to support the findings of previous 

research which suggest that N. alexis may be monogamous (Breed 1990b), a 

suggestion which appears not to have been further explored in the literature. While 

multiple adult females readily bred in each captive group, some of the females did 

not, despite being old enough to do so. It is suggested that future research attempt to 

examine reproductive suppression mechanisms under more natural conditions (e.g. 

using even larger, more complex enclosure systems, and lengthier observation 

periods). Breeding suppression is to be expected in group-living monogamous 

animals (Allaine 2000). Paternity was not tested in this study, but previous work 

suggests that litters are generally fathered by a single male (Breed & Adams 1992). 

Further research may reveal that each breeding female may preferentially mate with a 

particular male within the group, confirming suggestions of monogamy in this 

species.  

 

Given the difficulty in replicating dispersal movements in captivity experienced here, 

it is also suggested that further research attempts to measure dispersal in this species 

concentrate on studies of free-living animals, tracking juvenile movements from 

weaning if possible. Work with free-living animals here (Chapters Four and Five) 

suggest that N. alexis forms only small groups (<8 animals) and it is suggested that the 

large groups observed in captivity are an artefact of limited dispersal opportunities. 

Only when, or if, social groups are able to form without constraint, will the 

observations drawn from captive settings be valid. 
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7. Discussion 

7.1. Study objectives review 

This study tested the theory that the predictability of the environment and resource 

availability in the habitats of the closely-related Notomys mitchelli and N. alexis have 

shaped the social organisations of these species (following Clutton-Brock 1989a; 

Emlen & Oring 1977; Happold 1976a; Randall 1994; Wiens 1976; Wittenberger 1980). 

Specifically, this study hypothesised that the social organisations of free-living  

N. mitchelli and N. alexis populations would follow the pattern suggested by Happold 

(1976a), the prevailing study of Australian native rodent social behaviour. Based 

primarily on laboratory observations, Happold (1976a) posited that Australian rodent 

species from unpredictable habitats (e.g. N. alexis from the arid interior of the country) 

form large, gregarious social groups in order to fully exploit ephemeral periods of 

abundance in these extreme habitats. The somewhat more predictable semi-arid 

habitat of N. mitchelli is thought to have shaped a social organisation based on small 

groups of adult females ‘visited’ by adult males (Happold 1976a). In sum, Happold 

(1976a) suggested that the more predictable the typical environment’s resource 

availability, the smaller the rodent’s usual social group and the lower the level of 

intra-specific tolerance. Nevertheless, while the work is often cited (e.g. Breed 1983; 

1992; Breed & Taylor 2000; Cockburn 1981b; Hayes 2000; Masters 1993; Pellis & 

Iwaniuk 1999), Happold’s (1976a) theory of social behaviour in Australian native 

rodents has never been explicitly tested. 
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7.2. Bioclimatic modelling 

Notomys mitchelli and N. alexis are known to be sympatric in at least part of their range 

(Churchill 2001; Watts & Aslin 1981). It is therefore not necessarily true that these 

species occupy environments with patterns of resource availability distinct enough to 

provoke appreciably different behavioural adaptations. Nevertheless, this study 

demonstrated significant environmental differences between the typical habitats 

occupied by the two hopping mice, using the bioclimatic modelling software 

BIOCLIM (Busby 1991; Nix 1986).  

 

The bioclimatic profiles generated for N. mitchelli confirmed that the environment in 

which this species occurs is typically ‘Mediterranean’; mean temperatures are warm 

to hot in summer and mild in winter, and annual rainfalls are moderate and generally 

recorded in winter. The southern encroachment of the arid zone in the area of the 

Nullarbor Plain had a clear effect on the distributions modelled from the profiles, 

demonstrating that increased aridity limits the presence of N. mitchelli in this area. 

Conversely, the climatic influence of the coastal environment (e.g. higher rainfalls) 

allowed N. mitchelli to occupy a more northerly habitat in the western extremes of its 

distribution. Cooler and wetter conditions, on the other hand, appeared to limit  

N. mitchelli’s distribution in the eastern portion of the country. These findings 

demonstrate that N. mitchelli is correctly thought of as a semi-arid species.  

 

Notomys alexis, on the other hand, was observed to favour a significantly warmer and 

drier environment than that of N. mitchelli, covering most of the Australian arid zone. 

The bioclimatic profile generated for N. alexis described a habitat with warm to hot 

mean annual temperatures and low annual rainfalls. The profile for N. alexis also had 
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a much higher precipitation seasonality coefficient of variation than that for  

N. mitchelli, indicating that, in addition to having lower rainfall, the environment 

occupied by N. alexis was also more unpredictable. The core of the distribution 

modelled from this profile sat squarely over the central arid zone. These findings 

demonstrate that N. alexis is correctly thought of as an arid-dwelling species. 

 

The bioclimatic modelling of N. mitchelli and N. alexis distributions in this study raised 

some interesting questions. While the predicted distribution map generated for the 

entire N. mitchelli dataset adequately matched the range the species is known to 

occupy, modelling from particular subsets of data suggested that there is reason to 

further investigate the possibility of subspecies delineations along the lines of 

historically-described N. mitchelli macropus and N. mitchelli alutacea (Brazenor 1956-

1957; Troughton 1946). This distinction appears to have fallen out of use more recently 

(e.g. Watts 1998a), however the finding that the predicted distribution map generated 

from the cooler, most easterly cluster of N. mitchelli data points did not adequately 

predict the species’ national distribution (while the warmer western and central 

clusters largely did) suggests a basis for divergent adaptation which matches older 

observations. Similar findings have also been presented as a basis for possible 

speciation in the Australian possum Trichosurus caninus (Fischer et al. 2001).  

 

Further, while N. mitchelli was first identified and described in the east of the country, 

the designation of the eastern form N. mitchelli macropus (Thomas 1921) as the typical 

race (Troughton 1946) might be an artefact of the pattern of European exploration; 

from a biogeographical point of view, the central and western portions of N. mitchelli’s 

range best represents that of the whole species. Future morphological and genetic 

analysis may provide further insight into these divisions and the influence that this 
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possible speciation may have had on behaviour, particularly if the theoretical 

emphasis on climatic predictability as a predictor of social behaviour is continued.  

 

While the BIOCLIM distribution maps for N. alexis did not form clusters of highly 

suitable habitat as distinct as those for N. mitchelli, there was some congruence 

between areas of high habitat suitability in the south-western Queensland portion of 

the species’ range and the delineation of N. alexis reginae as a subspecies in this area 

(Breed 1998a; Troughton 1946). Here, genetic analysis may also substantiate possible 

speciation in this region. However, while it is possible that speciation may underpin 

these results, the two other subspecies historically described for the species (N. alexis 

everardensis and N. alexis alexis) were not suggested by clustered concentrations of 

areas of high habitat suitability.  

 

It seems more likely that the observed N. alexis core-area cluster in south-west 

Queensland reflects an inadequacy of the bioclimatic modelling undertaken here. The 

resolution of the BIOCLIM method may be too broad for this species in this region 

and/or critical biological factors may not have been considered. For example, three 

species of hopping mice (N. alexis, N. cervinus and N. fuscus) are known to be present 

in this part of south-west Queensland and topography and/or soil type is known to 

influence habitat use (Moseby et al. 1999; Watts 1998b, 1998c). Accordingly, future 

distribution models should utilise algorithms which incorporate such variables as 

local geology and the vegetation communities specific to the area. Similarly, further 

modelling work should attempt to address the issue of more biologically-appropriate 

envelopes than those utilised by BIOCLIM (see Elith et al. 2006; Farber & Kadmon 

2003; Guisan & Thuiller 2005). Further bioclimatic modelling would also benefit from 

including all three Notomys spp. present in the region. Such analyses may reveal that 
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the distribution of N. alexis in south west Queensland is limited by microhabitat 

separation and/or competition with sympatric Notomys spp., explaining the apparent 

mismatch between the paucity of records from this area and the BIOCLIM prediction 

that this habitat should be ideal for N. alexis.  

 

Despite the issues raised by such observations, the main hypothesis driving this 

bioclimatic investigation was upheld; significant differences between the BIOCLIM 

bioclimatic profiles of N. mitchelli and N. alexis were identified, particularly in relation 

to the temperature, rainfall and environmental predictability of these habitats. 

Further, the region in which both species are known to be sympatric was found to lie 

in the non-core areas of each species’ distribution. These findings confirmed that it 

was valid to hypothesise that the different environments inhabited by these closely 

related species have led to observable behavioural adaptations of the type suggested 

by Happold (1976a). 

 

7.3. The socio-ecology of Notomys mitchelli 

Notomys mitchelli, while one of the first native rodent species to be identified by 

Europeans, is little known to modern ecology. This two-year field study conducted in 

the Middleback Ranges represents the most extensive description of the species’ 

behaviour in its natural environment as yet undertaken, although it was not without 

its difficulties. 

 

Notomys mitchelli was evidently common in the semi-arid mallee habitat at the 

Middleback Ranges study site. Capture rates were comparable to similar studies of 

Australian rodent fauna (e.g. Baverstock 1979; Braithwaite & Brady 1993; Moseby & 
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Read 1998) and unlike previous studies in the area (see Bos & Carthew 2001; Carthew 

& Keynes 2000), this work demonstrates that N. mitchelli makes up a considerable 

proportion of the small mammal biota at this site.  

 

Unmarked adult N. mitchelli were regularly caught throughout the study period, 

suggesting a highly mobile population, supporting observations by previous field 

researchers (e.g. Cockburn 1981a). Male and female individuals were caught in equal 

proportion, as expected (following Happold 1976a). Somewhat surprisingly however, 

males were far more likely to enter the ‘resident’ population. This was unanticipated 

since the social organisation predicted for N. mitchelli was one based on small groups 

of (relatively sedentary) females accompanied by (relatively transient) adult males 

(Happold 1976a). Further, female animals, once identified as residents, were captured 

as frequently as resident males, discounting suggestions of a male-dominance social 

structure and related behavioural trap-bias (e.g. Boonstra & Krebs 1978; Kikkawa 

1964; Summerlin & Wolfe 1973). This finding provides good evidence that the social 

organisation of N. mitchelli is not of the type predicted by Happold’s (1976a) 

environmental hypothesis. It also raises the possibility that female N. mitchelli might 

be the more transient sex, which is unusual in rodents (e.g. Fleming & Nicolson 2004; 

Ford et al. 2003; Solomon & Jacquot 2002) and most mammal species for that matter 

(e.g. Greenwood 1980; Perrin & Mazalov 1999).   

 

Support for the proposition that female Notomys mitchelli might be more transient 

than males is bolstered by the finding that adult males weighed less, on average, than 

adult females. This has also been found for N. alexis, and female N. alexis have been 

observed to be the more aggressive sex, suggesting dominance (see Breed 1983). 

Larger bodyweight and a more aggressive temperament may enhance survival in a 
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roaming, or immigrating, animal (e.g. Isaac 2005; Lambin et al. 2001; Nunes et al. 1998; 

O'Riain & Braude 2001; Stamps 2001; Wauters et al. 2007). Larger bodyweight may 

also require the maintenance of a larger home range area (e.g. Jetz et al. 2004; 

Lindstedt et al. 1986; McNab 1963) and, accordingly, longer foraging movements (e.g. 

Swihart et al. 1988). Unfortunately, analyses in the present study regarding the 

animals’ movements and activity areas by sex were not conclusive due to low sample 

sizes, particularly for females. Nevertheless, the difficulty experienced during radio-

tracking in and of itself suggests that sizeable distances are regularly travelled and 

future research using more powerful modern transmitters may be better able to 

measure potential gender differences in home range.  

 

Further evidence that the social organisation of N. mitchelli did not conform to the 

type suggested by Happold’s (1976a) environmental stability hypothesis was found 

through observations of burrow use. Very few burrows were found to be used in 

more than one field session, and when particular animals were monitored over 

multiple sessions, individuals were usually burrowing in new locations in each 

session. That is, resident animals were observed to move about within the study area 

and not remain associated with a particular burrow for any reasonable length of time. 

Further, individuals (residents) did not appear to form stable associations with each 

other or form a particular social group. When burrow-mates from one session were 

located subsequently, they were generally residing in different burrows with different 

animals. Particular individuals were also observed to use multiple burrows within a 

single field session, and groups were not observed to re-locate en masse. The social 

organisation of N. mitchelli was thus observed to be extremely fluid and not based on 

particular associations, even in the short term. This is also at odds with the 

predictions of Happold (1976a).  
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Furthermore, the social groups identified from the monitoring of burrow systems 

were smaller than expected; more than 60% of identified social ‘groups’ consisted of 

only a single animal. Mixed-sex pairs were relatively common and groups containing 

multiple males or multiple males and a single female were also observed. Groups of 

adult females, as described by Happold (1976a), were not observed at any stage of the 

study. While the burrow monitoring protocol used was perhaps not as robust as that 

used in similar studies (e.g. Anstee et al. 1997), due to the difficulty of constructing 

breach-proof enclosures in this semi-fossorial, saltatorial species, it is considered that 

the three-night, trap saturation method was adequate. Animals known to inhabit the 

burrows through radio-tracking were repetitively caught while burrow occupation 

was being monitored. Further, when burrows were re-trapped to retrieve a radio-

collar at the end of a field session, no additional animals were found to be in 

occupation (indicating that all burrow occupants had been caught during 

monitoring). While not attempted in this study, as it was considered unnecessarily 

disruptive, future research could attempt to excavate burrows in a single period to 

reveal the occupants within (e.g. Anstee & Armstrong 2001; Heske et al. 1995) and 

confirm the observations of this study. Despite these limitations, however, enough 

evidence was gathered here to suggest that the burrow groups identified were an 

accurate portrayal of the social organisation of N. mitchelli; one that is based on very 

loose associations of male adults or male(s) with a single adult female, quite unlike 

the small groups of females predicted by Happold (1976a). 

 

Why the social organisation of Notomys mitchelli at Middleback is not based on small 

groups of females and why these N. mitchelli do not appear to form any particular 

bonds or stable associations is not entirely understood. It may be that Happold’s 

(1976a) observations of N. mitchelli of Victorian origin may not be validly extrapolated 
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to the species as a whole, as the bioclimatic modelling conducted in Chapter Two 

does suggest some isolation between the populations from this region and other parts 

of the country. Alternatively, something other than resource predictability and/or 

reproductive opportunities may drive N. mitchelli social behaviour; predation risk for 

example. The present study’s finding that individuals frequently abandon burrows to 

shelter elsewhere within a reasonably small area suggests that it is not a lack of 

general site fidelity that drives this behaviour. Moreover, evidence of snake activity 

was observed at many of the abandoned burrows shortly after the inhabitants moved 

on. In this habitat, where elapid snakes are a key predator of small mammals, it may 

be beneficial to frequently move to a newly-dug burrow to reduce the chances of 

predation by minimising the build-up of tell-tale odours emanating from a well-used 

location (Banks et al. 2002; Behrends et al. 1986; Peinke & Brown 2005; see also 

Whitaker & Shine 2003).  

 

Build-up of a different kind, ectoparasite load, has also been implicated in the shelter 

use behaviour of other mammal species (Broeseth et al. 1997; Finlayson et al. 2005; 

Lindenmayer et al. 1994; Peinke & Brown 2005; Roper et al. 2002). Certain N. mitchelli 

were observed to be carrying a substantial load of fleas, although this was not 

explicitly measured. The effect of ectoparasites on the health of Notomys spp. does not 

appear to have been examined to date, but it is assumed that, as for other small 

mammals (e.g. Hawlena et al. 2007; Hawlena et al. 2006a; Hawlena et al. 2006b), a 

heavy parasite load would be costly. It may be that individuals frequently relocate to 

new burrows to reduce exposure to parasites and, accordingly, it would make sense 

that new burrows be dug instead of re-occupying old, infested, burrows, even if these 

have remained structurally sound during vacancy (e.g. Solomon et al. 2005). Further, 

not maintaining an association with burrow-mates would also be logical, in order to 
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reduce exposure to a parasite-host. Future studies of parasite load and N. mitchelli 

burrow-use behaviour would be enlightening. Such work could explicitly identify 

and measure the ectoparasite load for N. mitchelli populations, compare physiological 

and behavioural differences between parasite-bearing and parasite-free individuals 

and/or examine the physiological and behavioural effects of parasite reduction.  

 

One more factor that may explain the apparent lack of social bonds in N. mitchelli is 

resource availability; the level of resources in the study habitat may be more 

predictable than is suggested by its semi-arid bioclimatic profile. Future diet and 

habitat analysis may reveal that the resources specifically utilised by N. mitchelli are 

unusually abundant in the Middleback Ranges, allowing the species to form a social 

organisation more like that termed ‘dispersed’ by Happold (1976a). Nevertheless, 

given the reasonably frequent observation of short-term burrow-sharing for  

N. mitchelli it is suggested that this is unlikely; species from highly stable habitats 

described as having ‘dispersed’ social organisations by Happold (1976a) were 

extremely agonistic towards most conspecifics and would not be expected to cohabit 

with animals other than dependent offspring. Moreover, breeding is generally 

distinctly seasonal and synchronous in highly stable habitats but reproductively 

active N. mitchelli were captured infrequently and in all seasons other than winter. 

This decidedly sporadic capture of reproductively active animals further discredits 

the suggestion that N. mitchelli at Middleback has a ‘dispersed’ social organisation.  
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7.4. The socio-ecology of Notomys alexis 

Whether for reasons of predation, parasite reduction or resource abundance, or a 

combination of these and other factors, free-living Notomys mitchelli in a typically 

semi-arid habitat do not appear to maintain a social organisation based on small 

groups of adult females as predicted by Happold (1976a). However, the 

environmental stability hypothesis may still be considered valid if significant social 

differences between N. mitchelli and N. alexis are observed, given that the distribution 

of N. alexis has been demonstrated to be significantly more arid than that of  

N. mitchelli. Accordingly, the socio-ecology of a free-living population of N. alexis was 

examined at a site outside Roxby Downs, South Australia.  

 

Fifty-four individual N. alexis were caught at four sites over three field sessions 

during 2001–2002. The capture rate observed over the duration of this study was 

relatively high compared with other studies of arid-zone rodents (e.g. Moseby & Read 

1998) and comparatively more N. alexis individuals were captured at Roxby Downs 

than N. mitchelli individuals were during the study conducted in the Middleback 

Ranges. This suggests that there is a higher density of N. alexis in the arid dunes of 

Roxby Downs than there is of N. mitchelli in the semi-arid Middleback Ranges and 

provides initial evidence for the assertion that free-living N. alexis are more socially-

tolerant than N. mitchelli. 

 

The rate of recapture of marked N. alexis was very low, however, and comparable to 

that found for N. mitchelli. Further, very few N. alexis were caught in successive field 

trips and, given that N. alexis appears to form only a small component of feral 

predator’s diets in this region (Read & Bowen 2001), this finding suggests that the  
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N. alexis population at Roxby Downs is extremely mobile. Previous studies have also 

noted high population turnover elsewhere in the species’ range (e.g. Breed 1992; 

Predavec 1994). High levels of mobility for N. alexis would necessarily place limits on 

the size and permanency of social groupings. Nevertheless, while the number of  

N. alexis recaptured in multiple field sessions in this study was very small, all 

‘residents’ were caught in the same trapping area on each occasion. This suggests that, 

as for N. mitchelli, at least a small proportion of the N. alexis population at Roxby 

Downs is relatively sedentary. These sedentary animals may be critical to the 

development of the species’ social system and, although numbers were small, it is 

worthwhile to note that a higher proportion of resident N. alexis were female (40%) 

than was observed for the N. mitchelli resident population (19%).  

 

Nevertheless, even ‘sedentary’ Notomys alexis did not remain in the same specific 

location for very long; as was found for N. mitchelli, very few N. alexis burrows were 

observed to remain active over multiple field sessions. Some N. alexis burrows, 

located in open sand high on the dune as many were, disappeared completely within 

the space of a month and some N. alexis individuals were observed to use multiple 

burrows within a single session. These findings support observations reported by 

indigenous communities in Central Australia that suggest that N. alexis burrows have 

a short life-span and when individuals are subsequently re-captured, they are often 

found to be sheltering elsewhere in the area (Baker et al. 1993). Moreover, no animal at 

Roxby Downs was observed to move back to a burrow after leaving it for another, 

which indicates that, as suggested for N. mitchelli, N. alexis do not maintain a 

particular set of burrows within their home range but rather progressively occupy one 

burrow and then another. Further, particular associations of N. alexis (i.e. a burrow 

group) were not maintained after moving to a new burrow. These observations imply 
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that, as suggested for N. mitchelli, the social organisation of  

N. alexis is extremely fluid, at odds with the predictions of Happold (1976a). 

 

The energy required for this constant burrowing must be costly (see White et al. 2006) 

and to do so, yet remain in the same fairly small area, implicates something other than 

convenience or resource acquisition as a driver for this behaviour (that is, travelling to 

food resources and returning to an extant burrow would be a more conservative 

strategy than frequently digging a new shelter). The same factors that have been 

suggested as potential explanations for the burrow-use behaviours in N. mitchelli, 

predation and/or ectoparasite avoidance, are equally applicable to N. alexis. A 

number of predatory reptiles (Varanus gouldii, Pseudechis australis), were seen to enter 

occupied N. alexis burrows during daylight hours during the study, confirming that at 

least some predators of this species locate burrows by sensory means rather than 

chasing a prey animal down. Accordingly, regular shifts to new burrows by N. alexis 

may minimise the scent-trails followed by terrestrial predators (Banks et al. 2002; see 

also Pastro & Banks 2006; Whitaker & Shine 2003), as suggested for N. mitchelli. 

Similarly, the frequent relocation of animals to new burrows may also limit the build-

up of ectoparasites, as discussed above (as for N. mitchelli, some N. alexis, but not 

others, were observed to harbour fleas). Again, it would be enlightening if future 

studies of N. alexis’ burrow use behaviour record a measure of parasite load or 

possibly include a parasite-reduction study similar to that by Roper et al. (2002) to see 

whether sheltering behaviour becomes more sedentary after parasite removal. 

 

As Notomys alexis burrow-use behaviour was found to be similar to that of N. mitchelli, 

so too were the social groups formed by the two species. The N. alexis social groups 

identified from the monitoring of burrow systems were smaller than expected  
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(e.g. Breed 1998a; Watts & Aslin 1981); burrows were frequently occupied by only a 

single animal and the largest group identified consisted of only seven animals. The 

proportion of social ‘groups’ identified for N. alexis that consisted of only a single 

animal (61.5%) was very similar to that for N. mitchelli (63.0%). As discussed in 

relation to N. mitchelli, while there was no reason to believe that the observations of 

smaller than expected burrow groups was due to a flawed methodology, it would be 

beneficial if future researchers could confirm this if willing to excavate, but in the 

process destroy, the mice’s burrows.  

 

Unlike Notomys mitchelli however, and more compatible with Happold’s (1976a) 

theory, multiple adult female N. alexis were observed to occupy the same burrow on a 

number of occasions. Nevertheless, the low frequency of such observations, coupled 

with the apparent high density of the N. alexis population studied (as indicated by the 

low level of reproductive activity in the population, see Breed 1979; 1992), suggests 

that far from being the norm as suggested by Happold (1976a) large groups of 

animals of both sexes is not the typical social group type for N. alexis. Furthermore, 

the mean number of N. alexis individuals occupying a burrow was not significantly 

different from that for N. mitchelli, implying that typical group sizes did not conform 

to the pattern hypothesised by Happold (1976a).  
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7.5. Movement and density in free-living Notomys spp. 
populations 

As well as examining the population ecology of Notomys mitchelli and N. alexis, this 

study examined the movement behaviour of the two species using a combination of 

trapping and radio-telemetry. It was hypothesised that in its relatively stable, 

predictably resourced semi-arid habitat N. mitchelli would have smaller activity areas 

(and consequently travel shorter distances) and exhibit lower levels of range overlap 

than the arid-dwelling, and theoretically more social, N. alexis. These hypotheses were 

not upheld. 

 

Contrary to expectations, N. mitchelli were observed to travel relatively long distances 

between inter-trap and radio-tracked locations. The mean inter-trap distance moved 

within a field session was slightly larger than such distances calculated for the related 

N. fuscus in a more arid habitat in the north of the state (Moseby et al. 2006) and very 

much larger than the inter-trap distances reported for N. alexis in both this study and 

work by Southgate and Masters (1996). Similarly, inter-trap distances moved between 

field sessions were much larger than those reported by other authors for related 

Notomys spp. (Moseby et al. 2006; Southgate & Masters 1996). The movements made 

by radio-collared N. mitchelli in the present study were also considerable and the 

difficulty experienced locating the burrows of most radio-collared individuals 

indicated that long distances were travelled in a very short time-span. That is, while 

radio-collared animals were often located in the study area at night, the inability to 

locate many of their daytime shelters suggests that distances in excess of a kilometre 

or more may have been travelled between foraging areas and burrows. These findings 

support previous observations of N. mitchelli from a more easterly part of the species’ 

range (Baverstock 1979). However, as all of the collars deployed in this study were 
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retrieved, and high recapture rates were observed for many individuals generally, it is 

suggested that N. mitchelli in the Middleback Ranges is not as transitory as implied by 

Cockburn (1981a).  

 

Minimum convex polygons (MCPs) for N. mitchelli individuals with three or more 

location points over the entire study period indicate that the activity areas utilised by 

individual N. mitchelli can also be extensive. While of insufficient size to 

comprehensively ascertain ‘home range’ (following Worton 1987), MCPs generated 

from radio-tracking data collected in discrete field sessions were a mean size of 2.2 

hectares. For an animal weighing less than 50g this is a large area (Lindstedt et al. 

1986), even amongst Australian species (e.g. Lock & Wilson 1999; Puckey et al. 2004). 

It is however similar to those ranges estimated for some arid-zone rodents (Anstee et 

al. 1997; Brandle 1994; Moro & Morris 2000) and the closely related Notomys fuscus 

(Brandle 1994; Moseby & Brandle 1995; see also Moseby et al. 2006).  

 

Given a presumably more impoverished habitat, and a demonstrably less predictable 

one, it was somewhat surprising to find that Notomys alexis at Roxby Downs appeared 

to travel shorter distances between locations and occupied smaller activity areas than 

the semi-arid N. mitchelli. The observation that the mean minimum distance travelled 

between locations was shorter for N. alexis could be explained to some extent by the 

fact that N. alexis were radio-tracked more successfully in this study than N. mitchelli 

were and as such, the time elapsed between observations was shorter. However, 

Southgate and Masters (1996) have observed similarly short inter-trap movements for 

un-collared N. alexis. Moreover, the burrows of N. alexis in the current study were 

located more often than those of N. mitchelli (often much closer to the traplines) and 

the largest distances observed to be travelled for N. alexis were smaller than those for 
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N. mitchelli, despite being less constrained by the size of the trapping grids. These 

findings suggest that N. alexis do not make the regular long foraging movements that 

N. mitchelli appear to. Importantly, the polygons derived from this more robust 

sample (more fixes per animal) were of a similar size to those determined for  

N. mitchelli and similar to the activity ranges that have been reported for other desert 

species (Anstee et al. 1997; Brandle 1994; Moro & Morris 2000).  

 

The estimated activity range for N. alexis obtained in this study is presumed to be a 

more accurate estimate of the species’ home range than that estimated for N. mitchelli. 

Accordingly, it is suggested that if a more reliable estimate of the home range of  

N. mitchelli at Middleback is obtained in future, it would be somewhat larger than that 

of N. alexis. The hypothesis that the more arid, more sparsely resourced habitat at 

Roxby Downs would necessitate N. alexis having a larger range than N. mitchelli thus 

does not appear to be correct. As discussed above, despite being significantly more 

arid and less predictable, the habitat at Roxby Downs may not actually be more 

impoverished, for hopping mice at least, than the semi-arid mallee of the Middleback 

Ranges. Further research focussed on understanding the food resources in the two 

habitats could quantify this. Additionally, differences in diet and/or physiological 

capabilities between the two species may be influencing home range size. For 

example, the requirement of N. mitchelli to consume greater amounts of succulent 

food (being less able to survive on a diet of dry seed than N. alexis; Murray et al. 1999) 

may result in larger activity areas. Studies have demonstrated range contraction in 

better quality habitats (e.g. Fortier & Tamarin 1998; Hubbs & Boonstra 1998; Taitt 

1981; Taitt & Krebs 1981), and the similarity in size of N. alexis polygons to ranges of 

other desert rodents implies that it is N. mitchelli which is the exception here. 
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The current study also assessed the degree of activity area overlap for both N. mitchelli 

and N. alexis, with the expectation that the (theoretically) more social N. alexis would 

experience a higher degree of activity area overlap than N. mitchelli (see Conditt & 

Ribble 1997; Heske et al. 1995; Lambin & Krebs 1991; Madison 1980; Shier & Randall 

2004). Unfortunately, slight differences in data collection meant that sample sizes 

were small in regards to measuring activity area convergence, with very few N. alexis 

generating enough data to calculate activity areas at the same trapping area, in the 

same field session. Thus, while it appeared that N. mitchelli experienced a higher 

degree of activity area convergence than N. alexis, further study is required if a valid 

conclusion is to be drawn.  It is expected that additional work with N. mitchelli would 

show increased activity area sizes and increases in the proportion of activity area that 

is exclusively occupied (i.e. decreased overlap). Conversely, it is expected that 

additional work with N. alexis would not result in increased activity area size, but 

rather an increase in the number of individuals monitored and an increase in the 

proportion of activity area that is shared with other animals. Accordingly, it is 

suspected that further work would reveal that the degree of activity area overlap is 

similar for both N. mitchelli and N. alexis, and as such, could reasonably indicate that 

there is little difference in the social organisations of these species, contrary to the 

environmental predictability hypothesis of Happold (1976a).  

 



Chapter Seven—Discussion 

The socio-ecology of two species of Australian native rodent—N. mitchelli and N. alexis 283 

7.6. Notomys alexis in captivity 

This study’s observations of free-living Notomys mitchelli and N. alexis populations 

provided evidence that the social organisations of these species do not conform to the 

hypothesis presented by Happold (1976a). It is possible that reports of high levels of 

social tolerance in laboratory-housed Notomys spp. and the relatively large groups 

occasionally recorded in the wild (e.g. Watts & Aslin 1981) may be an artefact of 

artificially high population densities (e.g. McGuire et al. 1993; Randall et al. 2005). 

Extrapolation from opportunistic field observations and captive studies to the wider 

free-living population may therefore be in error.  

 

Artificially high densities in captivity can be provoked through an inability to 

disperse. Accordingly, this study sought to simulate naturalistic dispersal and spacing 

behaviour in the laboratory through the use of a spatially complex enclosure system 

(following Gerlach 1990; Gerlach 1996, 1998; also Gregory & Cameron 1988; Lidicker 

1976). Given the large number of prior studies of captive N. alexis it was expected that 

the groups would be observed to be very socially tolerant (e.g. Happold 1976a; 

Harvey 1999; Stanley 1971). However, based on the relatively small size of the 

burrow-groups observed for free-living animals (this study, Chapter Four), it was also 

expected that once the captive groups of N. alexis reached a critical size (such as the  

7–8 individuals maximum observed in the wild) and/or offspring attained sexual 

maturity, individuals would utilise the enclosure’s ‘dispersal barrier’ and settle in an 

isolated part of the system or begin to defend a discrete area of the enclosure away 

from the other animals (akin to ‘group fission’, Cant et al. 2001; Waterman 2002).  
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Nearly 250 hours of observations were made of two groups of captive N. alexis over a 

period of eight months. Founding populations for the two groups each consisted of 

four unrelated animals, two adult males and two subadult females. Agonistic 

behaviour at introduction was observed in one group, but this quickly settled and 

observed interactions were predominantly amicable. Births were observed in each 

group of captive N. alexis within eight weeks of introduction. Each population 

increased exponentially and the birth rate did not appear to slow as population 

density increased. Given the ethical requirement to provide plentiful food and water, 

carrying capacity may not have been technically reached for these populations but 

given the limited physical area of the enclosures it is likely that conditions were 

overcrowded, particularly in the later stages of the study. The sustained high birth 

rate thus suggests that socially-induced reproductive suppression does not play a 

large role in the population regulation of captive N. alexis, despite indications that 

population density limits reproduction in wild populations even when resources are 

apparently abundant (Breed 1979; 1992).  

 

Group size was limited by frequent juvenile deaths, however, and such deaths were 

apparently due to infanticide rather than disease. As these deaths were not directly 

observed, and the perpetrators unknown, it could not be determined as to whether 

this recurrent behaviour served to regulate the population (infanticide reduced the 

number of surviving female offspring, therefore affected the reproductive output of 

the group) or enhance survival for a smaller number of young (N. alexis have only 

four nipples and infanticide was most commonly observed in litters larger than this). 

Nonetheless, the infanticide observed throughout the study limited population 

growth and somewhat ameliorated the frustration of dispersal events in captivity.  
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Despite the inclusion of a complex maze leading to an isolated, and potentially 

defensible, area within the enclosure system, nothing resembling dispersal behaviour 

was observed during this study. Large enclosure systems have been successfully used 

by a number of researchers to observe naturalistic spacing and social behaviours (e.g. 

Mus spp. Dewsbury 1983; Dobson & Baudoin 2002; Gray et al. 2000; Lidicker 1976; 

Apodemus sylvaticus Zgrabczynska & Pilacinska 2002). In a more confined situation, 

Gerlach (1990; 1996; 1998) successfully replicated dispersal behaviour in Mus musculus 

using a water-barrier dispersal feature. The current study attempted to replicate 

Gerlach’s (1990; 1996; 1998) enclosure system but quickly demonstrated that water is 

not a barrier for N. alexis. The enclosure design was modified to include a complex 

maze. In addition to the dispersal barrier, the enclosure systems used here included 

presumably defensible smaller areas provided with food and water within the main 

system. Nonetheless, within a short time of having access to the dispersal maze 

animals were observed to frequently negotiate the ‘barrier’ and utilise the most 

isolated area as frequently as other parts of the system. Dispersal is notoriously 

difficult to replicate in captivity (Pfeifer 1996; Wolff et al. 1996) and given that N. alexis 

is known to travel long distances in the wild (the current study, see also Dickman et 

al. 1995), it was a tall order to be able to successfully recreate dispersal conditions. 

Further attempts to replicate Notomys spp. activity in captivity are not recommended 

unless a radically different enclosure design or experimental process is identified.  

 

More significantly, however, this study did not observe an increase of 

defensive/territorial behaviours or group fission as population density increased. 

Few aggressive encounters of any kind were observed and animals did not appear to 

preferentially occupy specific areas of the enclosure system. Adult females were seen 

to pile up the enclosure substrate to block off access to an area immediately (~24 
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hours) prior to giving birth, but within another day all other group members were 

seen to re-enter the nest area and huddle amicably with the mother and neonates. No 

specific nest-defence behaviours were observed, despite a surprisingly high level of 

infanticide (see Wolff 1993). Further, no male-male aggression of any kind was 

observed throughout the study period as might be expected on the basis of much 

mammalian dispersal theory (Christian 1970; Dobson 1982; Gaines & McClenaghan 

1980; Johnson 1986; Perrin & Mazalov 2000).  

 

So despite rapid population increases, the N. alexis captive groups remained cohesive 

throughout the study. These observations confirm previous reports of the species’ 

high social tolerance in captivity and its capacity to form (amicable) groups much 

larger than those observed in the wild. However, even taking into account the failure 

to replicate dispersal, the surprising level of infanticide and the lack of evidence to 

suggest density-induced reproductive suppression in this study, the possibility 

remains that this high level of sociality is an artefact of confined conditions. 

Moreover, frustration of naturalistic spacing behaviour is not the only artefact of 

captive housing, as predation and animal health issues (e.g. ectoparasites) are also 

controlled.  Given that parasite-load is suggested as a driver of the burrow-use 

behaviours observed in free-living Notomys spp. (this study, Chapters Three and 

Four), it may not be a coincidence that these large, amicable captive groups were 

parasite-free. As such, theories regarding the determinants of social organisation that 

are largely based on captive observations, such as Happold (1976a), must be viewed 

with some scepticism unless validated by extensive fieldwork.  
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7.7. Study conclusions 

So despite inhabiting significantly different environments, the socio-ecology of 

Notomys mitchelli in the semi-arid Middleback Ranges was remarkably similar to that 

of N. alexis observed near Roxby Downs in arid South Australia. This suggests that the 

theory posited by Happold (1976a), namely that the social organisation of conilurine 

rodent species can be predicted from a knowledge of the environmental predictability 

of their typical habitat, may not be appropriate for these two species, and by 

extension, other native rodents.  

 

It remains that Notomys spp. social groupings may be operating at a larger scale than 

the individual burrow, the focus of the current work. While this may be the case, it is 

nevertheless at odds with the idea that large social groups form in order 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 (apparently) unpredictably spread throughout a complex habitat.  

While possible, this detracts from the hypothesised reasons for the existence of social 

groups in these native rodent species. Notomys spp. do not appear to forage in groups 

(this study, also Breed 1992), do not appear to have the complex anti-predator 

behaviours seen in other small-mammal societies (e.g. vigilance and alarm-calling 

behaviours Clutton-Brock et al. 1999a; Randall et al. 2000; Rosenzweig et al. 1997; 

Tchabovsky et al. 2001; Trouilloud et al. 2004) and reproductive success is not 

dependent on paternal or cooperative maternal behaviours. Accordingly, it would 

appear that maintaining a social group that utilises a number of burrows in ever-

changing locations would serve no purpose.  



Chapter Seven—Discussion 

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

Unless based on a relatively permanent association of animals moving to new 

burrows together, or inhabiting a relatively permanent burrow array, Happold’s 

(1976a) hypothesis that social group sizes increase with environmental 

unpredictability does not make sense; if these ‘large social groups’ are widely 

dispersed throughout the habitat, there does not seem to be a distinction between 

these societies and those of species considered to be relatively un-social but which 

manage to find breeding partners when conditions (maturity, receptiveness, 

resources) are favourable. While both N. mitchelli and N. alexis are undoubtedly 

socially tolerant, this study suggests that predation and/or parasite load, driving 

burrowing behaviour, has a greater influence on the social behaviour of free-living 

rodent populations in xeric environments than habitat predictability. 
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