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Abstract
Knowledge of the behaviour of endangered species is fundamental to the success of captive
breeding and reintroduction programs. Despite this, basic biological knowledge and
behavioural information is lacking for many endangered species at the inception of captive
conservation programs. Burramys parvus is a critically endangered marsupial restricted to the
alpine and subalpine regions of Victoria and New South Wales. This thesis describes the social
behaviour and non-social behaviours, postures and activity patterns of B. parvus in captivity.
Three focal groups of possums were investigated in this thesis; short term captive (captive < 3
days), extended term captive (captive > 6 months), and captive-bred. Social behaviour was
described from the encounters of male/female pairs, female/female pairs, and a small group of
females recorded and analysed over a three day period. Behaviour exhibited by B. parvus was
typical of other small marsupials, with terrestrial travel, climbing and feeding the most frequent
behaviours. Analyses of continuous recordings of the time spent active and activities of three
treatment groups of B. parvus time confirmed that B. parvus was predominantly nocturnal. In
all groups, the length of nocturnal activity was greater than diurnal activity. However, the
captive-bred group exhibited significantly more diurnal activity compared with the wild-bred
con-specifics with activity recorded every hour of the diurnal period. The time spent on six
focal activities (terrestrial travel, climbing, feeding, drinking, grooming and sitting) was also
compared between the treatment groups. Terrestrial travel was the most prevalent in all three
groups, with climbing and feeding also frequently observed. At the conclusion of this study,
the current findings are compared those from previous field and laboratory based studies of B.
parvus and other small marsupials. This study increases our knowledge of the behaviours and
activity patterns of B. parvus and will assist with the maintenance of natural behaviours in
captive breeding programs.
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Chapter 1
General Introduction

1

1.1 Decline in mammalian biodiversity
Over the past 300 years, more than 5,400 species of mammals have been described by
taxonomists, using specimens from wild populations. Today, a considerable proportion of these
species are extinct, or endangered (Wilson and Reeder 2005). In 2009, the International Union
for Conservation of Nature (IUCN) assessed the conservation status of 5,490 species of mammals
worldwide. Of these, 78 species were considered to be extinct or extinct in the wild, 188 species
were considered critically endangered, 449 were considered endangered; and 506 were classed as
vulnerable (IUCN 2009).

Nearly 50% of the world’s extinct mammal species were Australian

(McNeely 1988).

Since European settlement, more than 20 species of Australian mammals have become extinct,
with many more suffering declines in range and abundance (Short and Smith 1994, Wilson and
Friend 1999, Isaac 2008).

The taxonomic groups most affected by these extinctions are

marsupials and rodents (Short and Smith 1994). The majority of extinctions and significant
declines among Australian mammals have been confined to ground-dwelling species, ranging
from large murids to small macropods, measuring between 35 - 5,500 g in bodyweight
(commonly referred as the Critical Weight Range; CWR (Tyndale-Biscoe 2005). Arboreal, and
until recently flying species (chiropterans), have remained comparatively unaffected (Burbidge
and McKenzie 1989; Short and Smith 1994; Strahan 1995; Chisholm and Taylor 2010). These
declines are unevenly distributed across the Australian continent, with temperate south eastern
and south western grasslands and woodlands, and the southern and central arid zones exhibiting
the highest numbers of extinctions. The reasons for the demise of these species vary and are
often poorly understood (Short and Smith 1994; Fitzsimons et al. 2010).

Around the world, the decline or extinction of a species is often linked to habitat destruction and
fragmentation (Fitzsimons et al. 2010). In Australia, the decline in mammals has been attributed
to a number of factors which are frequently interlinked, including land clearing, introduced
predators, introduced herbivores, habitat fragmentation, changes in fire regimes and climate
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change (Wilson and Friend 1999; McKenzie et al. 2007). The replacement of native flora and
fauna with imported plants and animals utilised for agricultural and/or horticultural production
has simplified ecosystems by diverting away from native species (Tyndale-Biscoe 2005).
However, agriculture is not the sole reason for native mammal population declines and
extinctions. According to Short and Smith (1994), up to 95% of Australian shrubland and
woodland habitats have been substantially cleared, and it is the fragmentation of mammal
populations caused by this clearing which has increased the risk of extinction, as isolated
subpopulations are left vulnerable to other threats.

Introduced predators and competitors have dramatically affected the native fauna of Australia.
There is evidence that the demise of small to medium size (CWR) marsupials is a result of
introduced predators like Vulpes vulpes (red fox), Felis catus (domestic cat) (Burbidge and
McKenzie 1989; Short and Smith 1994; Kinnear et al. 2010). Feral competitors, such as Sus
scrofa (Eurasian wild pig), Oryctolagus cuniculus (European rabbit) and Capra hircus (domestic
goat), compete with native species for food and other resources, often excluding them from the
habitats in which they once thrived. Furthermore, each of these feral species is capable of causing
significant habitat alteration. The foraging behaviour of S. scrofa alters the habitat, adversely
affecting many mammals in the CWR particularly those reliant upon fungal fruiting bodies for
food, such as the endangered Bettongia tropica (northern bettong; DERM 2009).

Oryctolagus cuniculus and their extensive warrens can alter landscapes dramatically, and
compete with native burrowers for suitable burrowing sites. Additionally, O. cuniculus compete
directly with species such as Petrogale xanthopus (yellow-footed rock wallaby) and Macrotis
lagotis (greater bilby) due to significant dietary overlap (Dawson and Ellis 1984; Robley et al.
2001). Browsing by C. hircus can significantly alter vegetation structure over time by inhibiting
seedling recruitment, and these agile animals are known to compete for habitats with a number of
species of native mammals, especially with those confined to steep rocky terrain, such as
Petrogale penicillata (brush-tailed rock wallaby; Short and Milkovitis 1990).
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Prior to European settlement, much of the Australian landscape was burnt in mosaic patterns
which favoured the abundance of many CWR species (Bowman 1998). Today, changes in these
fire regimes mean these landscapes are either not burnt routinely, or are burnt more frequently,
more widely and/or during a different season; often as part of modern wildfire management
practices. This deviation from traditional fire regimes is thought to be responsible for extensive
understory changes and weed outbreak resulting in reduced food availability, affecting numerous
animals in the critical weight range, such as the B. tropica (DERM 2009).

The potential for interactions between the aforementioned factors and climate change to
accelerate mammal declines is under investigation. Higher temperatures, with more intensive hot
spells, are likely to affect the thermal tolerance of species (making their members prone to
disease and desiccation). Rainfall is predicted to increase in some parts of Australia and decrease
in others (Kutt et al. 2009). Rain is thought likely to fall more intensely for shorter periods of
time, potentially increasing flooding events. Greater rainfall may result in the rapid growth of
grasses, thereby creating larger fuel loads with the potential to cause greater intensity wildfires
(Kutt et al. 2009). A decrease in rainfall is likely to result in increased frequency and extent of
drought, thereby increasing pressure on already reduced habitats and creating greater competition
between feral and native species. Each of these scenarios has the possibility to alter habitat
structure dramatically and cause direct mortality of animals in flood or fire events.

4

1.2 Management intervention strategies for declining mammal species
Several methods of management intervention are available to attempt to arrest the decline in
mammal species. Clearly, these depend upon the extent to which the factors responsible for such
declines can be identified, eliminated or limited. The intervention techniques being used to slow
and or stop the decline of native wildlife include:
(i) Control of factors that are causing decline in the wild (e.g. loss of habitat, excessive
predation or competition).
(ii) Translocation and assisted colonisation of wild animals to re-establish a species in
an area that is part of its former range.
(iii) Translocation of wild animals to a more suitable area of natural habitat that lies
outside the species’ natural range.
(iv) Translocation of wild animals from one wild population to another to increase the
population number and enhance genetic diversity.
(v) Transfer wild animals into captivity to form a captive breeding program

To control environmental factors causing decline in a species current range these, factors such as
habitat loss, excessive predation and competition have to be addressed.

In the case of

Gymnobelideus leadbeateri (leadbeater's possum) management options to halt the decline of this
species include reducing the level of clear-felling of ash-type eucalyptus forest in the Victorian
highlands to produce timber and paper products. This would protect the habitat not only used by
G. leadbeateri but other fauna reliant on these mountain ash forests (Lindenmayer and
Possingham 1996). Reduction or removal of feral predators and/or competitors is critical in
improving the survival of a species that is currently in decline due to excessive predation or
competition. This can be done by shooting, trapping or baiting and may (or may not) require the
use of predator-proof fencing. In an attempt to eradicate V. vulpes and F. catus thereby reducing
predation on Burramys parvus (mountain pygmy possum) in the Victorian and New South Wales
alps, 1080 (Sodium fluoroacetate) ‘fox baiting’ programs have been implemented in conjunction
with shooting these pest species when sighted. Fox baiting is where a ‘bait’ (piece of food) has
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been infused with 1080.

When consumed the aconitase enzyme in the body is inhibited,

subsequently preventing energy production of cells resulting in the respiratory failure of
carnivores (Saunders and McLeod 2007). ‘Fox baiting’ programs in Western Australia have
decreased the number of V. vulpes thereby promoting Petrogale lateralis (black footed rockwallaby) growth, and the maintenance of larger populations (Kinnear et al. 1998). The success
of the Western Australian programs is, in part, be due to the high tolerance of local species to
1080. Sodium fluoroacetate occurs naturally in many plants in Western Australia, thereby many
of the Western Australia native fauna have evolved a natural tolerance to this poison (Twig and
King 1991). Vulpes vulpes is also a potential threat to Sarcophilus harrisii (Tasmanian devil) in
Tasmania as, both species compete for food sources, habitat and den sites. At present, it is
thought that S. harrisii is keeping V. vulpes numbers low, but it is predicted with the prevalence
of devil facial tumour disease reducing the S. harrisii numbers, thereby reducing competition for
V. vulpes their numbers could increase (DPIPWE 2010).

When successful, translocation and ‘assisted colonisation’ increases the geographical range of a
species and so should render it less vulnerable to extinction (Short and Smith 1994). As in the
control of environmental factors, success is dependent on being able to mitigate the factors that
caused the original decline. Accordingly, successful implementation of such reintroductions
often requires the provision of fenced enclosures and eradication of introduced predators and /or
competitors within the enclosures prior to the commencement of the reintroduction. A particular
form of this strategy involves reintroducing a species to its former range while focusing on the
use of areas of low predator density, or areas where the geography lends itself to cost efficient
control of predators (Short and Smith 1994). Dasyurus geoffroii (western quoll) have been reestablished in parts of its former range through the translocation of populations to Julimar State
Forest and other areas (Maxwell et al. 1996). Along with successes, there have been failures
with this reintroduction method. Both Lagostrophus fasciatus (banded hare-wallaby) and
Lagorchestes hirsutus (rufous hare-wallaby) were re-established at sites on the Peron Peninsula,
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with initial success. Later, both species succumbed to predation by F. catus and native predators
such as Aquila audax (wedge-tailed eagle; DEC 2009).

Translocations of this type have been used in South Australia in the Arid Recovery Program to
reintroduce species previously extinct in this region (Moseby and Read 2006). This program has
reintroduced species such as Leporillus conditor (greater stick-nest rat), Bettongia lesueur
(burrowing bettong) and Perameles bougainville (western barred bandicoot). The Australian
Wildlife Conservancy has a number of sites across Australia with predator-proof fencing to allow
the reintroduction of locally extinct/endangered species. These sites include Scotia in western
New South Wales where Myrmecobius fasciatus (numbat), Onychogalea fraenata (bridled nailtail wallaby) and B. lesueur have been reintroduced (Finlayson et al. 2008). Many Australian
islands have proven to be sanctuaries for small mammals vulnerable to exotic pests (Burbidge
and Manly 2002) and so are potential sources of animals for re-introduction and captive breeding
programs.

Species such as P. bougainville, B. lesueur, L. hirsutus, Thylogale billardierii

(Tasmanian pademelon), L. fasciatus, L. conditor and Pseudomys fieldi (shark bay mouse) were
once all found on the Australian mainland, but now are restricted to offshore islands (Strahan
1995). Reintroduction has been used with the L. conditor which, until recently, was confined to
East and West Franklin Islands off the South Australian coast. The re-introduction of the species
to Reevesby and St Peters Islands in South Australia and Salutation Island in Western Australia,
using captive-bred individuals originating from Franklin Island, has proven successful (Morris
2000). Pseudomys fieldi, which until recently was found only on Bernier Island after becoming
extinct on the mainland, has also been bred in captivity and reintroduced to Doole Island, in
Exmouth Gulf, and to the Montebello Islands (Lee 1995).

Translocation of wild animals from one wild population to another to increase population
numbers and enhance genetic diversity is the final attempt to stop a species from becoming
extinct. It is required when the factors causing decline are not understood or simply beyond
control. Translocation of individuals into these fragmented populations may increase gene flow
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and can be used to supplement genetic variation, reducing the possibility of loss of genetic
variation. A current translocation program using wild-caught animals and transferring them to
another wild population is the transfer of male B. parvus from Mt Hotham/Mt Higginbotham to
Mt Buller with the aim of genetic rescue and restoration (Mitrovski et al. 2008).

An insurance population was commenced in 2006 for S. harrisii in the face of potential
extinction due to devil facial tumour disease. This insurance population purpose is to maintain
and increase through captive breeding a disease-free captive insurance population of S. harrisii
and to provide for release, healthy animals back to the wild at an appropriate time (DPIPWE
2010).

Perameles gunnii (eastern barred bandicoot) were similarly placed into an insurance

population when the last wild P. gunnii population at Hamilton became extinct in the 1990s. This
insurance population has been used successfully to reintroduce P. gunnii from a small remnant
population near Hamilton into several sites within the Victorian Volcanic Plains Bioregion
(Watson and Halley 2000). These sites included Lake Goldsmith Wildlife Reserve, Woodlands
Historic Park and Lanark between 1989 and 2003, but due to overabundance of fungivores
‘eating’ the habitat (Rocklands Reservoir Victoria), and issues with fence maintenance allowing
exotic predators access to the release sites, some of the reintroduced populations were destroyed
(Hill et al. 2010). While P gunnii is currently classed as ‘extinct in the wild’, it persists behind
fences in three sites and in a long-term captive breeding program, with plans to introduce it to
islands and return it to the wild in the near future (M. Parrott. pers. comm.)
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1.3 Captive breeding
It is evident that captive breeding programs are an important component of at least two types of
intervention strategies. If the aim is solely to ensure that a species survives, a successful captive
breeding program is simply one that maintains a breeding captive population. However, most
captive breeding programs are undertaken with the longer term aim of providing a supply of
animals for reintroduction into the wild when the original cause of the species’ decline has been
identified and controlled or removed (Hutchins and Wiese 1991; Magin et al. 1994). Captive
breeding programs are the only way to maintain taxa already extinct in the wild (e.g. Bison
bonasus (European bison), and Equus ferus przewalskii (Przewalski's horse; Frankham 2008) and
such programs are more usually directed at species at risk of extinction in the wild. In most
cases, captive breeding programs focus directly on the species at risk and do not commence until
the situation is dire, e.g. L. hirsutus, L. fasciatus and M. lagotis (Maxwell et al. 1996) or S.
harrisii (Lees 2005) which may lead to issues in the program due to high levels of interbreeding,
low genetic diversity within the founder population and often a lack of basic knowledge about the
species’ biology.

Captive breeding is warranted in a situation where a declining species has been reduced to one
small population in the wild, or where the factor(s) causing decline are either not understood or
beyond the control of wildlife managers (Rahbek 1993; Snyder et al. 1996; Bowkett 2009). The
initiation of a captive breeding program often occurs when intensive management of a species is
required to prevent species extinction and the ‘wild’ management options have been exhausted
(Bowkett 2009). In most cases, the factors contributing to the demise of a species originate from
human activities (e.g. habitat destruction, exploitation, introduction of predators and
competitors). Such threats can push small, fragmented populations into the extinction vortex
(FAO 2011), where the effects of a reduced gene pool, exacerbated by demographic and
stochastic events, can cause a species to become extinct, irrespective of the potential to halt or
reverse the initial threats responsible. Hence, captive breeding programs commonly commence
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once the species in question is already enmeshed in the extinction vortex, so that they often
commence with a less than ideal genetic base.

The successful maintenance of any species in captivity requires that individuals remain in good
health, and breed successfully. However, where the aim is to provide stock for reintroduction it
is essential that individual animals possess the physiological and behavioural characteristics
necessary for reintroduction to, and survival in, the wild (Rahbek 1993; Snyder et al. 1996; Leus
2011). An interesting variant of captive breeding programs are ones which focus upon a close
relative of a species at risk - one which has robust populations - in order to develop and refine
captive breeding procedures, before applying them to the at-risk species. For example, semen
collection and cryopreservation procedures have been developed for Lasiorhinus latifrons
(southern hairy-nosed wombat) with the aim of making these techniques available for use on the
endangered Lasiorhinus krefftii (northern hairy-nosed wombat; Taggart et al. 1998).

Captive breeding programs aim to maintain a high proportion of the genetic diversity present in
the wild population. Maintenance of a high level of genetic diversity requires a larger captive
population (Gilpin and Soule 1986; Ballou 1991; Lacy 2000; Leus 2011). This begs the question
whether captive breeding programs should remove only a small number of individuals from the
wild, or an entire wild population, in order to begin the program. Successful provision of animals
for reintroduction requires more than just a successful breeding program. Not only must the
individuals intended for reintroduction be healthy and reproductively capable, they must be able
to survive and thrive in the wild environment. Thus the animals produced must be able to locate
food and shelter in the wild, avoid predators and naturally occurring toxins, interact appropriately
with wild conspecifics, and be capable of producing and nurturing young (Snyder et al. 1996;
Rabin 2003; Vickery and Mason 2003; Jule et al. 2008).
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1.4 Impacts of captivity
Captivity can have both positive and negative impacts on wild animals. Positive aspects may
include improved access to nutrition and shelter, freedom from predation and parasites, and
access to veterinary treatment, while negative aspects may include dietary deficiencies or a
tendency to obesity if a species’ nutritional and/or exercise/activity requirements are not
provided; the imposition of an inappropriate physical environment (e.g. temperature,
photoperiod, humidity), imposition of an inappropriate biological environment (e.g. contact with
novel species of parasites or microbes) or inappropriate social environment (e.g. crowding,
isolation, or segregation by cohort).

In some instances, captivity results in poor physical health (e.g. suppressed growth; suppression
of reproductive processes such as ovulation or spermatogenesis; Lacy 1993), or inappropriate or
even dangerous changes in individual or social behaviour, e.g. stereotypic pacing movements
along enclosure walls, self-grooming to the point of mutilation, excessive aggression towards
conspecifics (Bareham 1972; Carlstead 1996; Mallapur and Chellam 2002).

Exaggerated

aggression is thought to be a result of frustrated behaviours which are given an outlet that is selfdirected, leading to self-mutilation, or directed at conspecifics (Bareham 1972). Stereotypic
behaviours, such as enclosure pacing, can be described as movement patterns performed
repeatedly in a relatively invariant form, which have no apparent function or goal (Carlstead
1996). One of the causes of enclosure pacing is thought to be the inability of the animal to reach
a goal, such as natural feeding/foraging behaviour (Shepherdson et al. 1993; Carlstead 1996).

The proportion of an animal’s life which has been spent in captivity is reflected in the associated
impact on an animal’s health and/or behaviour (Carlstead 1996). Generally, animals taken from
the wild can be divided into two categories: i) those which were young at the time of capture and
hence relatively undeveloped morphologically and behaviourally, and ii) those which were older
at the time of capture and thus morphologically and behaviourally mature. The former are
generally more adaptive and more likely to adjust to a captive environment. The latter are
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generally less able to settle into the new environment, having lost some of their plasticity and
adaptability.

Animals born in captivity comprise a third group. They generally develop well morphologically,
provided the captive environment is appropriately furnished with food, shelter and other stimuli
and is sufficiently spacious for exercise. However, both captive born animals and animals which
were young at the time of entering captivity may fail to develop the full suite of ‘normal’ speciesspecific behaviours (e.g. foraging; grooming; reproductive and parental behaviours) in captivity
(Moltz 1965; Dickinson 1980; Huck and Banks 1980) if appropriate enclosures and social
interactions are not provided.
reintroduction-focused programs.

Such failure can inhibit species survival and undermine
Furthermore, some impacts of captivity which have no

apparent effect on survival and reproduction in captivity may undermine the program once
attempts are made to reintroduce this species to the wild. This will occur when the behaviours
which are lacking (e.g. predator avoidance) are essential for survival in the wild (Snyder et al.
1996; Blumstein et al. 2002; Rabin 2003; Jule et al. 2008).

Many programs are attempting to

mitigate such effects through aspects such as predator avoidance training, the use of specific prerelease and social interactions (Reading et al. 2013)

1.5 Effects of captivity on behavioural development
As with morphological development, the development of an animal’s behaviour depends upon a
complex interaction between its genome and environment (Hebb 1953; Bolhuis and Hogan
1999). Because the captive environment differs from the wild environment, animals born and
raised in captivity typically differ behaviourally from their wild counterparts (Moltz 1965). Such
differences have been well documented in behaviours where extended social learning (continual
learning from others throughout one’s life) is obvious, but also has been shown with striking
effect in some behaviours where the learning is less obvious and restricted to a critical period of
the life cycle (e.g. imprinting; Eible-Eibesfeldt 1970).
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Most researchers recognise that it is impossible to completely replicate an animal’s natural
environment in captivity, as the variables involved are infinite.

Nevertheless, it should be

possible to develop most, if not all, of an animal’s repertoire of behaviours if the major stimuli
for normal behavioural development are recognised and can be provided during the appropriate
phase of the animal’s life cycle (Carlstead 1996). However, identifying and controlling these
stimuli is often complex.

The animal’s behavioural plasticity must be considered when analysing the possible effects of
captivity. This plasticity varies within and between species, according to age and/or the task
involved (Ewer 1968b). In fast maturing marsupials, such as some species of Sminthopsis, there
is thought to be very little basis for development of individual skill so that innate responses
dictate most behaviours. Thus, in at least some members of this genus, the young do not appear
to be taught how to catch their prey (Ewer 1968b). In contrast, in marsupials with an extended
period of infancy, there is an increased opportunity for learning, and accordingly greater possible
benefits to be derived from behavioural plasticity.

In slower maturing marsupials such as

Potorous tridactylus (long-nosed potoroo) (Stodart 1966), S. harrisii (Ewer 1969) and Macropus
giganteus (eastern grey kangaroo, pers. obs.) the young learn to find food with the assistance of
conspecifics.

However, there is not always a simple relationship between the time taken to reach maturity and
the extent of behavioural plasticity. Most species are adapted to rapidly learn any behaviours
which are relevant to their survival, whilst they may seem incapable of learning other normally
less essential behaviours. For example, when a young Sminthopsis sp. first exits the nest, it
learns the locations of refuges. However, the same animal is unable to modify its feeding
behaviour to consume Sepia latimanus (cuttlefish) too large to be held in its paws, even when
under calcium stress (Ewer 1968b).
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When assessing the impact of environmental factors on mammalian behaviour, two life history
stages are frequently considered. The first is the prenatal period: the period of interaction
between the developing organism and the tissues of its pregnant mother. A number of studies
have demonstrated that the intrauterine environment can influence later behaviour (Moltz 1965).
For example, offspring of stressed female rats have a reduced propensity for social interaction
and increased anxiety in intimidating or novel situations compared with the offspring of
unstressed mothers (Weinstock 2001). Similarly, prenatally-stressed Macaca mulatta (rhesus
macaque) infants exhibit developmental delays (lower birth weights and delayed ability to selffeed) and are more easily distractible when compared with offspring from undisturbed
pregnancies of the same mothers (Schneider 1992).

The second life history stage commonly considered is the extended postnatal period: the period
between birth and adulthood. Unless appropriate physical, biological and social (i.e. involving
conspecifics) conditions are provided in the postnatal environment, a young mammal will lack
the specific stimulation essential to the development of normal species-specific behaviour
(Carlstead 1996). In some cases, this behavioural deficit can be corrected by later application of
the necessary stimulation, but this is not always successful.

Abnormal behaviour occurs in mammals in captive environments which either fail to include
other species normally encountered in the wild, or include other species not normally
encountered. The first scenario is exemplified by the situation in which young animals are raised
in an environment lacking predators common to their wild environment. In these circumstances,
predator recognition and avoidance behaviours can fail to develop with catastrophic
consequences when the captive-bred animals are released into the wild. This was the case in the
reintroductions of both L. fasciatus and L. hirsutus, which succumbed to predation by cats and
other predators (Dickman 1996). Predator avoidance training is a method employed to improve
the survival success of captive-bred individuals when released into the wild. Training methods
may include the use of live predators or models to teach predator avoidance (Griffin et al. 2001).

14

The second scenario is illustrated by the altered development of some behavioural characteristics,
and their subsequent manifestation in adult animals, as a result of hand-rearing by humans or
cross-fostering between species. Behaviours were modified in Bettongia gaimardi (Tasmanian
bettong) and P. tridactylus when cross-fostering occurred. The cross-fostered young initially
imitated the mode of locomotion of their foster mother (e.g. biped locomotion for B. gaimardi),
although, after time the fostered young reverted to their species-specific pattern of locomotion
(Sterneberg 2005). Problems were also evident when cross-fostered B. gaimardi were integrated
with members of their own species (Sterneberg 2005). The cross-fostered B. gaimardi went from
a situation involving a strong mother-young bond characteristic of P. tridactylus to a more
solitary life style of B. gaimardi. Consequently, cross-fostered male B. gaimardi became the
target of agonistic behaviour, resulting in injuries from adult female B. gaimardi (Sterneberg
2005).

Because of the impossibility of completely replicating a wild animal’s natural environment in
captivity, it has been suggested (see Carlstead 1996; Crockett et al. 2000) that captive breeding
programs may not only alter behaviour, but also change the genetic trajectory of a captive
population through the operation of factors favouring particular geno/phenotypes. According to
this view, the novel selection pressures associated with captivity may encourage the genetic and
phenotypic characteristics of captive animals to diverge from their population of origin, e.g.
individuals in captive population respond differently to stress. Even when genetic management is
practiced, some species become increasingly adapted to captivity within a few generations and
some aspects of this ‘adaptation’ may be deleterious to fitness in the wild (Phillippart 1995;
Snyder et al. 1996). In an experiment to identify whether captivity affected the breeding success
of Oncorhynchus kisutch (coho salmon) it was found that hatchery fish were competitively
inferior (i.e. less aggressive) than wild fish, resulting in hatchery males being denied access to
ovipositing females. In hatchery females, amongst other changes, there were greater delays in
breeding onset and greater loss of eggs through nest destruction by other females (Fleming and
Gross 1993).
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1.6 Study species
1.6.1 Distribution and habitat characteristics
The present study focuses on the critically endangered B. parvus (IUCN Red List 2009). In
2002, it became apparent that the genetically-distinct population at Mt Buller (Victoria) was in
strong decline. The most immediate driver for the implementation of a captive breeding program
was the drastic decline in the size of the population from an estimated 300 animals to
approximately 30 animals and in turn a significant loss in its genetic diversity (Mitrovski et al.
2007). Consequently, in 2006, a new captive breeding program was initiated by the Department
of Sustainability and Environment and Zoos Victoria (focusing on the Mt Buller population) to
augment and re-establish a robust population, investigate the use of genetic rescue (by
outcrossing Mt Buller population with the more genetically diverse Mt Hotham population) and
to commence studies relevant to preparing animals for later reintroduction to the wild.

Burramys parvus is the only Australian mammal restricted to alpine and subalpine regions. Its
present distribution includes three genetically distinct and isolated populations; one in the Mt
Hotham/Bogong High Plains area, one at Mt Buller and one in the Mt Kosciusko area (Smith and
Broome 1992, Osborne et al. 2000; Mitrovski et al. 2007) (Fig 1.1). In Victoria, the lowest
altitudinal record for B. parvus is just over 1,400 metres above sea level (between Mt Loch and
Mt Higginbotham), whilst the lowest altitudinal recording in New South Wales is 1,220 metres
(Schulz 2011). The highest altitudinal record is 2,230 metres (near the top of Mt Kosciusko;
Calaby 1983).

Burramys parvus inhabits boulderfields which were formed during the Pleistocene glacial periods
by cycles of freezing and thawing which caused water/ice to fracture large rock (layers) into
boulders (Mansergh and Broome 1994). The preferred habitat is recognised as boulderfields
covered with shrubby heathland; however, nest sites have also been identified in shrub lands with
scattered boulders and/or adjacent to large boulderfields (Caughley 1986; Mansergh et al. 1989).
The vegetation of the preferred habitat is characterised by alpine heathland composed of species
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such as Podocarpus lawrencei (mountain plum pine), Tasmania xerophila (alpine pepper) and
Olearia phloggopappa (dusty daisy-bush). Podocarpus lawrencei seeds form a major part of the
diet of B. parvus (Mansergh and Broome 1994). From spring to autumn, populations of B.
parvus extend into boulderfields with little to no vegetation. From September-October to MarchApril, these boulderfields contain large numbers of aestivating Agrotis infusa (bogong moth)
which over-Summer in the relatively cool crevices.

In Victoria, this habitat covers approximately 200 hectares. The Mt Bogong/Mt Higginbotham
populations are confined to an area that is 32 by 8 km and the Mt Buller population to one that is
3 by 2 km. These areas include 80 hectares of open boulderfields, and 120 hectares of vegetated
boulderfields. A greater area of B. parvus habitat exists in New South Wales and extends over an
area of approximately 800 hectares (Mansergh and Broome 1994; Heinze et al. 2004). However,
habitat quality differences are evident between Victoria and New South Wales. At Mt Kosciusko
in New South Wales, the rocks making up the boulderfields are composed of granite, while in
Victoria (Bogong to Mt Hotham) they are predominantly basalt. The Kosciusko boulderfields
support lower densities of B. parvus than those of basalt in Victoria, perhaps because they have
of fewer interstitial spaces between the boulders (Mansergh and Broome 1994).
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Figure 1.1: Distribution map of Burramys parvus (Broome et al. 2012).
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1.6.2 Physical characteristics
Burramys parvus is a small, scansorial, diprotodont marsupial. It is the largest member of the
family Burramyidae, weighing 35 – 80 g; however, the weight of an adult B. parvus fluctuates
depending on the season (Mansergh 1988). Like the other members of this family, B. parvus has
a short, pointed snout, large, forward-facing eyes, and large membranous ears (Mansergh 1988).
It has a prehensile tail which is lightly furred and slightly greater in length than the head and
body combined. The fore and hind limbs each have five digits equipped with terminal pads, and,
except for the first hind digits, all bear small claws. The clawless hallux is opposable to the other
four digits permitting a range of objects to be grasped. On the forefeet the digits are subequal in
length and non-opposable. On the hind feet the second and third digits are bound by a common
sheath of skin, a condition termed syndactylus, and thought to aid grooming (Mansergh 1988).

The family Burramyidae includes five extant species. However, B. parvus is the sole species in
the genus Burramys. Members of this genus can be distinguished from other living burramyids,
which are all members of the genus Cercatetus, by their greater size, by differences in the
structure of bones surrounding the middle ear, and most clearly in aspects of their dentition
(Turner and McKay 1989). Whereas all species of Cercatetus have a simple third premolar in
each upper and lower tooth row (i.e. one that is similar in shape and form to the molar teeth that
follow it), in B. parvus each of the third premolars is greatly enlarged and blade-like with a
serrated cutting-edge (Mansergh 1988). These highly modified premolars enable B. parvus to
access nutritious tissues from within food items that have hard exteriors, such as adult insects
with thick chitinous exoskeletons and seeds with thick coats (Dimpel and Calaby 1972).
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1.6.3 Diet
Extensive dietary studies have shown that B. parvus is omnivorous.

It consumes both

invertebrates and a variety of seeds and berries (Calaby et al. 1971; Dixon 1971; Green and
Osborne 1979). Mansergh et al. (1990) found that over two-thirds of food remains in B. parvus
faecal samples were of animal origin with the remaining one-third being of plant origin. The
majority of animal remains were invertebrates, with over half representing A. infusa. Agrotis
infusa migrates to the alpine region during spring and summer and is the key food item during the
periods when B. parvus is breeding and lactating. Other invertebrate species found in the diet
included grasshoppers, worms and spiders.

Of the plant remains found in scats the most

prevalent were from P. lawrencei and Leucopogon montanus (snow beard-heath).

1.6.4 Life history
Females of B. parvus are found in and around deep boulderfields throughout the year with this
habitat supporting greater densities of A. infusa, possum nest sites and protective vegetation than
adjacent areas at lower elevation (Mansergh 1988). In contrast, the males moved into these areas
only during the breeding season. Males and juveniles usually disperse from the breeding/natal
area into lower elevations of “poorer” quality habitat, between January and April (Mansergh and
Scotts 1986). This form of reproductive behaviour has been termed matriarchal resource defence
polygyny (Mansergh 1988).

The annual cycle of B. parvus is characterised by three periods: the breeding season, the active
non-breeding season, and the inactive (or hibernation) season. The highly synchronised breeding
begins in October and extends through to December (Mansergh and Broome 1994).

It

encompasses the gestation (13 - 16 days), pouch life of young (three weeks), and the nurture of
young in a nest (5 - 6 weeks). Females usually have only one litter a year, with a maximum of
four young per litter. However, they are polyestrus and can produce a second litter when a
mother loses her first litter (Mansergh and Scotts 1990 Heinze et al. 2004) or if conditions are
favourable.

20

The non-breeding season extends from January to around April (Mansergh and Broome 1994).
However field surveys have found females with pouch young up to March. It is thought these
females may have lost pouch young earlier in the season and have had a second litter. This is the
time when the young become independent and disperse along with the males to lower altitudes
(Mansergh and Scotts 1990). Pouch young born in March may struggle to reach hibernation
weight before the onset of the cooler months, therefore it is unlikely that they will survive the
winter period. The non-breeding season is also the period when the animals gain weight in
preparation for hibernation. Mature adults generally attain maximum body weight prior to
hibernation, whereas juveniles generally do not reach their adult weight before hibernation,
consequently they spend an average of two months less time in hibernation than their adult
counterparts (juveniles five months, adults seven months; Broome 1992).

The inactive or hibernation season typically extends from April to September. This is the period
when B. parvus undergoes long torpor bouts interrupted by short euthermic periods. What occurs
during these euthermic periods is unknown. However, it has been recorded that an individual
travelled 80 m under snow from its nesting site, possibly travelling to its food cache (Mansergh
and Broome 1994; Broome and Geiser 1995).

The duration of the inactive period varies

depending upon the time of onset of cooler conditions, which initiate hibernation, and the time of
snow melt, which ends hibernation (Mansergh and Broome 1994).

1.6.5 Behaviour
Accounts of the behaviour of B. parvus are limited and largely restricted to captive animals
(Dimple and Calaby 1972; Kerle 1982; 1984b; O’Reilly et al. 1986); although trapping and
telemetric studies have shed some light on the species’ movements in the wild (Mansergh 1988).
Wild specimens of B. parvus are largely nocturnal, usually emerging to feed within half an hour
of nightfall. In captivity, animals engage in bursts of nocturnal activity which alternate with
bouts of much reduced activity when the animals groom, sit or return to the nest (O’Reilly et al.
1986; Turner and McKay 1989).
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Captive specimens of B. parvus show a large degree of social tolerance, though studies are
limited. Interactions commonly observed between captive individuals generally involve face-toface sniffing, while males of this species regularly sniff the cloaca of females over the period
leading into oestrus (Kerle 1984b). The most aggressive encounters involve pairs of B. parvus
fighting over food (without a gender bias). These ‘fights’ begin with a chase around the
enclosure followed by the animals confronting each other, standing on their back feet with their
ventral surfaces in contact. The interactions generally end with the animals rolling apart and
running off in opposite directions (Kerle 1984b).

At the time of writing there was limited information on the mating behaviour of B. parvus. The
most comprehensive account is that of Kerle (1984b). She noted that in the lead up to oestrus,
the male B. parvus frequently sniffed the female’s anal region and conducted unenthusiastic
mounting attempts. During oestrus, the male would pursue the female, and when the female was
caught, he would attempt to mount. If she could not dislodge the male, he would hold onto her
hindquarters and run behind her into the nest box. No observations were made of the actual
mating event. However, Kerle (1984b) reported that there was commotion in the nest box for a
few minutes followed by silence after which the male exited the nest box. When the female
reappeared she sat licking her genital region.

As with mating behaviour, information on parental behaviour is scarce. Limited observations
suggest that lactating (and pregnant) B. parvus defend their nest box from all animals, except
their own suckling young (Kerle 1984b).

The mother grooms the young in the pouch by

squatting on her haunches whilst holding the pouch open with her fore legs and licking the backs
of the young (Dimpel and Calaby 1972; Kerle 1984b).

It is possible that the restricted range of B. parvus reflects the impact of competition with, or
predation by, other mammals, including Rattus fuscipes (bush rat) and Antechinus swainsonii
(dusky antechinus) which co-occur with B. parvus during the warmer summer months. Dietary
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studies make it clear that both B. parvus and R. fuscipes consume substantial numbers of seeds
and invertebrates, including A. infusa, (Mansergh and Broome 1994) so there is prima facia
evidence for competition over food. Moreover, there is anecdotal evidence to suggest B. parvus
avoids traps which have been used previously by R. fuscipes and carry the odour of that species
(D. Heinze. pers. comm.). Additionally, A. swainsonii are believed to prey upon B. parvus
nestlings (Green 1989).

1.7 Status of Burramys parvus and threats to the species’ survival
B. parvus is listed as endangered by the IUCN Red List (2009). Factors responsible for the
current conservation status of B. parvus include, but are not limited to, the following:

i.

It is a species consisting solely of three isolated populations, separated by low

lying river valleys and other unsuitable habitat. Within each of these isolated populations
there appears to be disruption to social connectivity as a result of ski resort activities. These
activities have caused destruction of areas of suitable habitats through the creation and
maintenance of ski runs, the construction of resort buildings, and the formation of roads
(Heinze et al. 2004).

The development of ski resorts has caused substantial habitat

fragmentation and although this has slowed over recent years, it has not ceased.

ii.

The three populations appear to be contracting. Data collected from Mt Buller

over the past decade and a half indicates this population is in dramatic decline. There is also
recent evidence indicating increasing concerns about the long term future of Mt Hotham and
Mt Kosciusko populations due to population decline and loss of genetic diversity (D. Heinze
pers. comm.). In the longer term, B. parvus may be profoundly threatened by climate change.
Climate change is likely to have adverse physiological effects, such as heat stress, and
impose other adverse environmental pressures through the further degradation and loss of
habitat, and through the loss of the over-winter competitive advantage the species currently
enjoys over other small mammals (ARMB 2005).

Recent modelling of the relationship

between snow cover and animal survival has suggested that declines in populations may be in
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part related to diminishing snow cover and early snow melt (Broome et al. 2012). When
snow cover is above 50 cm it provides additional insulation is provided for hibernating B.
parvus. However, when snow cover is shallow, rain can filter through to the hibernacula,
reducing the temperature, resulting in more frequent arousals and therefore depletion of
energy stores of hibernating individuals.

iii.

Burramys parvus is vulnerable to introduced predators such as F. catus, V.

vulpes and Canis lupus dingo.

Although the small possum seems relatively safe from

predation within the boulderfields, as a result of habitat fragmentation they are increasingly
required to cross open areas to locate mates and to use all of the remaining pieces of suitable
foraging habitat. In open areas they are extremely vulnerable to predators (Mansergh and
Broome 1994; ARMB 2005).

1.8 Captive breeding of Burramys parvus
In response to population decline at Mt Buller, a new captive colony was set up at the Zoos
Victoria facility at Healesville Sanctuary in 2006 with the aim of promoting captive breeding
(Osborne et al. 2000; McCarthy 2004; Mitrovski et al. 2008). This initiative was just one part of
a broader species recovery plan, which amongst other things, aimed to augment and re-establish a
genetically stronger population at Mt Buller (Mansergh et al. 2010). Other initiatives focusing on
the Mt Buller population included the rehabilitation of the damaged vegetation and boulderfields,
predator control programs and reconnection of disconnected areas of habitat (ARMB 2005).

In 2006, Healesville Sanctuary received ten females and one male B. parvus from Mt Buller and
ten males from Mt Hotham to join a group of 11 captive-bred animals already held at Healesville
Sanctuary. There was limited breeding success in the seasons prior to 2010 with only six litters
produced; one litter of Mt Buller x Mt Hotham provenance and five litters of captive and wild
Hotham provenance (Mansergh et al. 2010). However, improved understanding of the species,
research in mate choice and new facilities to mimic the temperature and photoperiod experienced
in the alpine zone has led to the production of over 90 young to date (M. Parrott pers. comm.)
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The Zoos Victoria captive breeding program has a number of key objectives (specifically
targeting the Mt Buller population), including (Zoos Victoria 2010):

i.

Develop a captive management program for the species and supplement wild

populations through captive breeding for reintroduction;

ii.

Maintain an insurance population in captivity;

iii.

Assist with population monitoring programs;

iv.

Increase community awareness of the plight of B. parvus and community support

for its conservation.

Following the production of fertile hybrid animals in the captive breeding program, a parallel
program was developed to temporarily introduce genetically-distinct males from Mt Hotham into
the Mt Buller populations. The goal of this program was to alleviate genetic decline in the Mt
Buller population (DSE 2011; Weeks et al. 2011). The success of this endeavour is evidenced by
the identification through genetic means of a hybrid Mt Hotham x Mt Buller juveniles (1 out of
the 17 genotyped) during the Summer survey of 2011 (Weeks et al. 2011).
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1.9 Thesis chapters
An understanding of the behaviour and behavioural development of captive B. parvus and
comparison to that of wild individuals is highly important to any captive breeding program which
aims to ensure the species’ long-term survival in captivity and successful reintroduction to the
wild. Such studies are fundamental to any endeavour which aims to produce animals in captivity
that can later be released back into the wild with a reasonable hope of survival and reproduction.

The number of questions relating to the behaviour and behavioural development of B. parvus
which require investigation far exceeds that which can reasonably be considered in a single PhD
thesis. Accordingly, it has been necessary to focus this work on matters and questions likely to
be useful to those undertaking captive husbandry, where husbandry and breeding goals lead to
restricted research access to animals at particular times of the year.

In light of these considerations, this thesis reviews and more fully characterises the behavioural
repertoire of B. parvus, and assesses behavioural differences between wild-bred and captive-bred
animals when both are held in captivity. Chapter 3 and 4 describe the species’ behavioural
repertoire based on observations of both wild-bred and captive-bred animals in individual and
group settings. Chapter 5 compares the time spent active over the diel period and how this time
is spent on particular activities between short term captive, extended term captive and captivebred groups of animals. Chapter 6 compares the current finding with those from of field and
laboratory based studies of B. parvus, and considers their implications for captive breeding and
identifies issues related to behavioural development in B. parvus which should be the focus of
future studies.
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Chapter 2
General Methods
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2.1 Introduction
The research described in the following chapters was conducted over a four year period from
February 2006 to December 2009. All procedures were approved by the La Trobe University
Animal Ethics Committee (Approval Number AEC06/20(L)), Department of Sustainability and
Environment (Permit Number 10004313), and Zoos Victoria Animal Ethics Committee (Project
Number ZV06003).

2.2 Treatment groups
Fundamental to these investigations were three treatment groups:
Group 1 consisted of animals which were trapped in the wild and transferred immediately into
captivity for a maximum of five days before being released back at the point of capture; hereafter
referred to as short term captive group.
Group 2 comprised animals which were trapped in the wild and subsequently held permanently
in captivity, filming of these animals occurred after 6 months post capture (hereafter referred to
as extended term captive group).
Group 3 comprised animals born and maintained in captivity (hereafter referred to as captivebred group).
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Group 1: Short Term Captive Group:

PRE-ADULT

ADULT LIFE

Time in Captivity

DEVELOPMENT

HISTORY STAGE

5 days

N=6
2♂ : 4♀

Group 2: Extended Term Captive Group:

PRE-ADULT

ADULT LIFE

> 6 Months in

DEVELOPMENT

HISTORY STAGE

Captivity

N=7
2♂ : 5♀

Group 3: Captive-bred Group:

PRE-ADULT

ADULT LIFE

Permanently

DEVELOPMENT

HISTORY STAGE

Captive

N = 11
6♂: 5♀

Natural (alpine) Environment

Artificial (captive) Environment

Figure 2.1: Comparison of the histories of the three treatment groups prior to their use in the present
investigations.
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2.3 General housing and husbandry
Observations and filming of behaviour occurred with the study animals held in special
experimental enclosures. Each experimental enclosure had a clear perspex viewing window,
solid galvanised metal walls and floor and a mesh roof to allow air flow (Figure 2.4). The
enclosures could be divided in two by a solid metal or mesh partition as required. Multiple
enclosures could be connected together via a tunnel system. All experimental enclosures had two
small surveillance cameras (B&W CCD Camera, Jaycar, CCD B/W Night View Camera, Base
10) mounted to the roof of the enclosure to allow continuous video recording onto an external
digital recorder (MPEG-4 DVR, Jaycar; Figure 2.4). An infrared light (Philips Darkroom lamp,
Reptapets Repta Infrared Lamp 15w) was hung over the individual enclosure (Figure 2.4).

All enclosures contained a wooden nesting box (25 cm x 16 cm x 10 cm) which provided shelter.
For group 1 the nest boxes were lined with wood shavings and wood wool, group 2 and 3 nest
boxes were lined with wood shavings and sea grass. The nest boxes were not changed until the
occupant had been released or returned to their normal exhibit enclosure. The enclosure flooring
was covered in wood shavings, with foliage and branches provided as climbing structures to
encourage enclosure exploration. Ad libitum water was provided. A fresh diet mix provided
daily at dusk (approximately 18:00 for Group 1 and to fit with Zoos Victoria work hours at 16:00
for Groups 2 and 3). This diet mix consisted of five green peas, five corn kernels, three walnuts,
10 sunflower seeds, 10 currants and three mealworms per night. A. infusa and other alpine
invertebrates were also offered when available.
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2.4 Short term captive group (Group 1)
Most B. parvus in this group were trapped on the eastern slope of Mt Higginbotham, in the Mt
Hotham Alpine Resort Victoria, Australia (36o 98’ S, 147o 14’ E), but one B. parvus came from
Mt Buller (see below).

Over two years, trapping occurred from January to March before animals enter hibernation.
Restrictions in the Department of Sustainability and Environment permit meant trapping could
only occur after the breeding season and before the hibernation period. As only a limited number
of individuals could be analysed at any one time, most trapping efforts were limited to two
nights. Elliott type A traps (Elliott Scientific Co., Upwey, Victoria, Australia; size 350 mm x 100
mm x 95 mm) were baited with walnut pieces. Wood wool (AAA Packaging Supplies,
Tullamarine, Victoria, Australia) was placed in each trap for nesting material and a plastic bag
was wrapped around the trap for protection against inclement weather. Trapping was avoided
during periods of extreme weather conditions including snow, storms or hot weather. To avoid
exposure to extreme weather conditions, traps were placed in sheltered areas under P. lawrencei,
logs or boulders. All traps were cleared before 1200h (Eastern Standard Time; EST). Captured
animals were removed from traps and placed individually into calico bags. For each animal, the
identification number (for previously caught animals), sex, body mass, breeding and general
body condition were recorded.

Field captured specimens of B. parvus (n = 2♂, n = 4♀) were transported to the CSIR lodge in
the Mt Hotham Alpine Resort and placed individually in experimental enclosures (60 cm x 90 cm
x 60 cm) for a maximum of five days. Most animals used for the on-mountain studies were
released at their original point of capture on Mt Higginbotham the morning after filming was
concluded. However, the one member of Group 1 that came from Mt Buller was not released
into the wild, but taken to Healesville Sanctuary where it became a member of the captive
breeding program. Filming of this female (ID No. 6698) occurred at Healesville Sanctuary
within one week of its capture on Mt Buller, and data on its behaviour were treated as part of the
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data set for Group 1. Table 2.1 presents fundamental information about each animal belonging to
Group 1.

The short term captive group were filmed under a natural light cycle as the holding facilities had
windows on two sides. The only additional lighting provided was the infra-red lighting used for
camera recording. The diurnal period at the time of recording varied between 14 hours 37
minutes (early January) and 12 hours 49 minutes (early March; Climatology: Sunrise/Sunset for
Mt. Hotham, Australia retrieved 2012). In the first week of February, which is approximately
midway through this period, sunrise occurs around 06:26 and sunset around 20:23. Thus these
animals experienced an average photoperiod of about 14:10 hours of light and darkness.

Table 2.1: Characteristics of short term captive group animals (Group 1).

Animal ID

Sex

Age

Trapping Location Entry Mass Exit Mass
(g)
(g)
Mt Hotham
41
42
Mt Hotham
42
43

Weight
Change
+2%

6566

Male

Adult

5151

Male

Adult

6600

Female Adult

Mt Hotham

27

32

+19%

4715
6698

Female Adult
Female Adult

Mt Hotham

47
44.3

+24%

Mt Buller

38
44

Female Adult

Mt Hotham

60

61

+2%

+2%

+1%

(became A70276)

5634

32

Figure 2.2: Experimental enclosure set-up.
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2.5 Extended term captive group (Group 2)
Studies of extended term captive animals were undertaken using facilities at Healesville
Sanctuary, Victoria, Australia (37 65’ S, 145 51’ E). The animals were collected from Mt
Buller and Mt Higginbotham to form a breeding colony established at the Sanctuary over the
period late November 2006 to early 2007. These animals were designated extended term captive
since at the time they were studied they had been in captivity for greater than six months. Video
records of the behaviour of seven of these animals (n = 2♂, n = 5♀) were used in the present
study. Table 2.2 provides fundamental information about these animals, including their dates of
capture. Restrictions in the permit granted by Zoos Victoria Animal Ethics Committee meant
research access to these animals could only occur after the breeding season and before the
hibernation period.

Other than the lighting regime described below all other aspects of housing and diet was as
presented in section 2.3. The Group 2 animals were filmed under a natural light cycle, as the
holding facilities had a number of skylights. In addition, automatic light settings were employed
so that the light/dark cycle mimicked that experienced in the wild.

Table 2.2: Characteristics of extended term captive group animals (Group 2).
Data courtesy of Zoos Victoria.

61158

Male

Adult Mt Hotham

1/11/2006

37.4

Mass (g) at Mass (g) at Weight
Start of
End of
Change
Filming
Filming
57.1
48.4
-15%

70234

Male

Adult Mt Hotham

8/2/2007

57

55.2

65.9

+19%

60260

Female Adult Mt Buller

9/2/2006

unknown

58.7

48.9

-17%

70298

Female Adult Mt Buller

21/2/2007

26

Unknown

unknown

-

70279

Female Adult Mt Buller

16/2/2007

28

44

44.3

+0.6%

70277

Female Adult Mt Buller

16/2/2007

37

59.2

56.4

-5%

70276

Female Adult Mt Buller

16/2/2007

44

56.1

49.5

-12%

Animal
ID

Sex

Age

Trapping
Location

Date of
Capture

Capture
Mass (g)

* Time elapsed between start of filming and end of filming was an average of twelve months
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2.6 Captive-bred group (Group 3)
Studies of captive-bred B. parvus were also undertaken at Healesville Sanctuary. These animals
were descendants of wild-caught animals previously from Mt Hotham. At the beginning of this
study (March 2006), the Sanctuary maintained eleven captive-bred animals (n = 6♂, n = 5♀).
These were kept together in gender groups in large indoor-outdoor aviaries when not being used
for observational purposes. Observations on these animals were made under the same conditions
as for Group 2 (the observation enclosure was the same enclosure which all animals had spent
time in prior to the commencement of filming), except for the lighting conditions. Table 2.3
provides fundamental information about these animals, including their age (= time in captivity).

Unlike the filming of animals in Groups 1 and 2, the animals of Group 3 were filmed under
totally artificial light. These lights were operated by Sanctuary staff to facilitate their duties and
the times which they were turned on and off were beyond the present researcher’s control. The
diurnal period at the time of filming was between 08:00 – 16:59 and nocturnal one was between
17:00 – 07:59, which is similar to the photoperiod occurring in late June (mid-winter) on Mt.
Higginbotham.

Table 2.3: Characteristics of captive-bred group animals (Group 3).
Data courtesy of Zoos Victoria.

Animal ID

Sex

Age at Start of
Filming

Start Mass

Final Mass

Weight
Change

10131

Male

7 years

49.6

47.9

-3%

41253

Male

3 years

50.3

46.9

-7%

41256

Male

3 Year

55.7

39.6

-30%

10134

Male

7 years

58.2

52.3

-10%

10137

Male

7 years

58.5

41.4

-29%

10139

Male

7 years

58.8

46.1

-22%

60202

Female

1 year

52.7

34.4

-35%

41254

Female

3 years

53.7

36.4

-32%

60201

Female

1 year

55.5

34.2

-38%

10130

Female

6 years

60.9

52.6

-14%

41255

Female

3 years

40.3

unknown

* Time elapsed between start and final weight was an average of two years
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Chapter 3
Ethogram of Non-social Behaviour of
Burramys parvus
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3.1 Introduction
Behaviour is a fundamental property of all animals. It encompasses all the responses of an animal
to internal and/or external stimuli and mediates its interactions with its environment, making
appropriate behaviour critical to an animal’s survival (Alcock 2001; Croft and Eisenberg 2006).
A species’ behaviour has evolved within the physical, genetic and biochemical constraints of the
animal itself and is a key element affecting its overall fitness. The behaviour of an individual
animal determines whether or not it is successful in obtaining food, finding shelter and avoiding
predators. Equally importantly, behaviour mediates an animal’s interactions with other members
of its species, thereby determining whether it achieves reproductive success (Croft and Eisenberg
2006).

Knowledge of the behaviour of an endangered species can make a major contribution to its
successful conservation through captive breeding. An appreciation of the behaviours an animal
uses in its maintenance, social interactions and foraging activities can provide insights into its
general state of health and suggest ways in which its conditions of enclosure and diet might be
modified for greater benefit.

Before any attempt is made to determine how behaviour develops and how it affects an animal’s
ability to survive and reproduce, a description of natural behaviours exhibited by members of a
species must be compiled. These descriptions, collectively known as an ethogram, provide an
inventory of the postures, gait, and other individual and social behaviours. Ethograms facilitate
comparisons within and between species. Consequently, they can provide data that assist in
understanding evolutionary relationships (Alcock 2001), or alternatively, when used in
conjunction with a cladogram derived from non-behavioural data, shed light on the history of
behavioural evolution within a group of closely related animals (Ridley 1995).

Ethograms have been constructed for a number of small marsupials, including at least one other
member of the order Diprotodontia. Russell (1986) presented an ethogram of Tarsipes rostratus
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(honey possum) using wild-bred animals which she observed in captivity. She described a
number of individual behaviours including locomotion, sitting, sleeping, grooming, feeding,
drinking, defecation, and exploration, as well as several social behaviours.

Ethograms are also available for several non-diprotodont marsupials. Ewer (1968a) presented an
ethogram of the small dasyurid Sminthopsis crassicaudata (fat-tailed dunnart). This included
descriptions of gaits and postures, exploratory, excretory, grooming, feeding, drinking and social
behaviours. Rigby (1972) studied the behaviour of caged wild-bred Antechinus stuartii (brown
antechinus) and presented descriptions of eating, drinking, grooming, exploration, nest building,
and social interactions in this species. The behaviour of Planigale maculata (common planigale)
was investigated by Van Dyck (1979); with direct enclosure observations made on wild-bred
individuals that had been held in captivity for over two years. Behaviours observed included
nesting activities, postures and expressions, sleeping, gaits, arboreal activities, exploratory
activities, grooming, defecation, feeding, vocalisation and social behaviour.

Three previous studies have provided insights into the behaviour of B. parvus. However, none of
these has provided a comprehensive behavioural inventory for this species. Dimpel and Calaby
(1972) observed the behaviour of wild-caught adult and juvenile B. parvus raised in captivity,
and described their feeding, breeding and hibernation. Kerle (1982) described the behaviour of
nine captive-bred individuals and one wild-caught animal kept under a reverse light cycle set-up.
Feeding, grooming, comfort (yawning, stretching and shaking) and social behaviour (including
some aspects of sexual behaviour), nest building, urination and exploratory activities were
described and discussed (Kerle 1982). O’Reilly et al. (1986) reported the activity patterns in
captivity of a single wild-bred female.

The present chapter provides detailed descriptions of the non-social behaviour of B. parvus. The
descriptions were prepared from observations and video recordings of wild and captive-bred
specimens made while they were held individually in observation enclosures. The behaviour
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described includes postures and gaits, as well as exploratory behaviour and maintenance
activities such as feeding, drinking, grooming, and sleeping/resting. The non-social ethogram
produced provides a basis for analysing the effects of captivity on the activity cycle of this
species (Chapter 5). It also provides information on the behavioural repertoire of B. parvus in a
form which facilitates comparison with the behavioural repertoires of other marsupials. These
comparisons provide insight into the non-social behaviour of B. parvus within the broader
context of behavioural evolution in the suborder Diprotodontia of the Marsupialia.

As individual behaviours typically do not occur in isolation, but occur in sequences, primary
transition matrices have been prepared based on film records wild and captive-bred B. parvus.
From these matrices kinematic diagrams have been developed. The later provide an overview of
behavioural sequencing and allow comparison of behavioural sequences used by the two
treatment groups.

39

3.2 Methods
Six short term captive (wild-bred; Group 1) and 11 captive-bred (Group 3) animals were
observed and filmed in order to prepare written descriptions and drawings of the non-social
behaviours of adult specimens of B. parvus. These film records were the source of the data used
to prepare the two primary transition matrices and the kinematic diagrams.

3.2.1 Experimental set-up
The study animals were housed individually in clear Perspex-fronted experimental enclosures (60
cm x 90 cm x 60 cm). The enclosures were equipped with two small surveillance cameras
mounted to the roof to allow continuous video recording onto an external digital recorder.
Infrared lights hung over the individual enclosures in dome reflectors served to facilitate
recording. Each enclosure had a small wooden nesting box lined with dried sea grass/or wood
wool. The enclosure floors were covered by wood shavings, and foliage and branches were
placed inside each enclosure to encourage exploration. Water was provided ad libitum, with a
fresh diet mix provided daily (see Chapter 2 for further information).

3.2.2 Analysis
The following ethogram and kinematic diagrams were based on the analysis of 1,224 hours of
recorded footage from both the short term captive (Group 1) and captive-bred (Group 3) animals.
The recordings took place after the breeding season and before the hibernation period as
stipulated in my permit. Each animal was filmed continuously for three consecutive days to
allow different postures, gaits and other individual behaviour to be described and illustrated, and
the contexts in which they were used identified.

A transition matrix was constructed and a kinematic diagram derived to express the probability
that one behaviour (see below for behaviours) will be followed by another. The mean number of
sequences (male and female short term captive animal data pooled) presented as % of
occurrences are based on the following behaviour categories: terrestrial travel (TT), climbing (C),
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feeding (F), drinking (D), grooming (G) and sitting (S). Chi-square analyses was performed to
identify differences in the number of transitions between short term captive and captive-bred
animals

41

3.3 Results
3.3.1 Ethogram
Through direct observation and examination of video recordings, 29 separate behaviours of B.
parvus were distinguished. These have been grouped into the following categories:

i. Posture, described in Table 3.1 and illustrated in Figure 3.1
ii. Gaits, described in Table 3.2 and illustrated in Figure 3.2 (Appendix ii)
iii. Exploratory Behaviour, described in Table 3.3 and illustrated in Figure 3.3
iv. Maintenance Behaviour, described in Tables 3.4, 3.5 and illustrated in Figures 3.4 and
3.5.
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Table 3.1: Description of postures exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour

Description

Comments

Quadrupedal
stance

All limbs on the ground or object. The tail may lie flat, This posture was observed in between activities:
relaxed and flush with the ground or be raised and held from climbing to quadrupedal walking, when
stiffly behind the animal, with only the tip touching the approaching a novel object, or pausing for a rest.
ground.

Bipedal
stance

The animal balances on its two hind limbs. This stance
covers all positions, from: barely raising the body off
the ground, with the whole of the hind feet on the
ground; to a completely vertical stance with the heels
of the hind feet elevated, so only the toes are in contact
with the ground. The tail orientation can be flat and
flush with the ground, or have only the tip touching the
ground when the animal is fully extended in the
vertical position.
The tail may or may not be used in tripod fashion to
bear additional weight for balancing purposes.
A more compact version of the bipedal stance, the
animal balances on its hind haunches, however, the
animal’s hind paws are flat on the substrate/object in
question, and the entire body is settled comfortably on
the haunches. The tail lies flat and relaxed behind the
animal.

Bipedal
rounded

This posture was observed when an animal
investigated its surrounds or when on high alert.
This stance frees the forepaws to manipulate
objects such as food items, or to facilitate upward
stretching of the body, thereby allowing the
animal to reach and otherwise investigate objects
taller than itself, or enhance its line of sight when
on high alert.

Figure

Cross Reference
B. parvus a, T. rostratus b,
P. tapoatafa d.

3.1 i
B. parvus a, A. rufescens c,
P. tapoatafa d, P. maculata e,
S. crassicaudata f, D. byrnei h.

3.1 ii

B. parvus a A. rufescens c, P.
maculata e,
D. byrnei h.

This posture was observed when the animal was
grooming, feeding or drinking.
3.1 iii

43

Table 3.1 continued: Description of postures exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour

Description

Comments

Investigatory
Stance

Three limbs are on the ground or object, whilst one front
paw is held in a raised position. The tail is often held off the
ground and directed backwards horizontally.

This posture was observed in response to a stimulus
(e.g. sound, or novel object).

Figure

3.1 iv

Crouch

All four limbs support the animal, whilst the tail is flat
against the ground or a branch. Usually the body is hunched
low, tense and motionless over the limbs. A more relaxed
crouch can also signal the beginning of a period of sleep/rest
outside the nest box, whereby the sleeping posture is soon
assumed, similar to the crouch, but with the head tucked into
the chest.

Cross Reference
B. parvus a T. rostratus bi, A.
rufescens c,
P. tapoatafa d, P. maculata e,
S. crassicaudata f,
A. stuartii g, D. byrnei h.

B. parvus a

Typical of a startled animal which is too far from its
nest box to return easily. Also observed at the
beginning of a sleeping/resting phase.
3.1 v

The animal walks forward on its fore limbs whilst keeping
This was observed infrequently; however whenever
B. parvus a, T. rostratus b,
the hind feet stationary, causing the hind limbs to stretch
observed, the animal began from a crouched position or
3.1 vi
S. crassicaudata f, D. byrnei h.
out.
whilst walking.
a
c
d
e
g
Kerle 1982 b Russell 1986
Johnson 1980
Cuttle 1982
Van Dyck 1979 f Ewer 1968a
Rigby 1972 h Aslin 1974 i Russel (1986) calls this posture pointing
toward in T. rostratus
Stretching
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Figure 3.1: Postures exhibited by Burramys parvus: (i) Quadrupedal stance, (ii) Bipedal stance, (iii)
Bipedal rounded, (iv) Investigatory stance, (v) Crouch, (vi) Stretching. Illustrations by B. Smart.
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Table 3.2: Description of gaits exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour

Description

Comments

Quadrupedal
walking
(lateral
sequence)

A slow symmetrical gait in which the limbs are activated one at a time. In
the more commonly used walking gait of B. parvus the limbs are activated
in the order left rear leg - left fore leg - right rear leg – right fore leg.
However, occasionally, B. parvus uses a different slow walking gait in
which the limbs are activated in the order right rear leg - left fore leg - left
rear leg - right fore leg. In both walking patterns, as with other symmetrical
gaits, the limbs on opposite sides of a limb girdle are 50% out of phase. In
neither walking gait is the tail for support, but instead is held straight behind
the body in an elevated position.
A symmetrical gait that is a form of the quadrupedal run (Hildebrand 1965,
1989) in which the diagonal pairs of limbs (e.g. right fore and left hind) are
activated in unison. The tail is held straight behind the body in an elevated
position.

Neither walking gait was commonly used, and
were mainly used investigating a novel object,
foraging, or when travelling a short distance. This
first of these walking gaits is the one that
Hildebrand (1965, 1989) terms a lateral sequence
walk. The second he terms a diagonal sequence
walk.

The fastest quadrupedal gait observed in B. parvus, these two asymmetrical
gaits are very similar. In both gaits the two hind limbs act in complete
synchrony and in alternation with the two fore limbs which either act
together either as a synchronised pair (bound) or as a nearly synchronised
pair (half bound). Support by one or other pair of limbs is punctuated by a
period of suspension

The fastest form of locomotion observed. The
bound and half bound are very similar gaits which
are often difficult to distinguish without
undertaking a slow motion examination.

Trotting

Bound/half
bound

The most common form of locomotion observed.
This gait was observed routinely when animals
travelled around the perimeter of a enclosure, or
to and from food bowls or nest boxes.

Figure

Cross Reference
T. rostratus a,
P. maculata g,
M. domesticai.

3.2 i

3.2 ii

-

T. rostratus a,
L. latifronsb,
P. brevicepsd.

L. latifronsb,
V. ursinusc,
P. brevicepsd
P. cinereae,
P. peregrinus f,
A. pygmaeusf
M. domesticai.
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Table 3.2 continued: Description of gaits exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour

Jumping/
Leaping

Description

Comments

From a bipedal stance, the animal stands upright and then uses a powerful
kick-off by the hind legs to propel itself forward and upwards.

Leaps were observed when an animal moved
from one branch to another, or more commonly,
when an animal moved from a branch to a food
bowl. Several animals used a standing vertical
jump to move from the floor of the enclosure to
the wire of its roof (a height of approx. 60 cm).

Vertical ascent/descent and horizontal locomotion along branches and/or the
wire roof. When climbing vertically, animals move head first; whether
ascending or descending.

Climbing

When manoeuvring along branches or moving inverted along the wire roof,
the tail is used for balance. Generally, the tail is not used in a prehensile
fashion; although if an animal becomes extremely unbalanced, the tail is
used to provide an additional point of attachment. More commonly, the tail
is flexed and curved and evidently acts to distribute the animal’s centre of
mass in a favourable manner.

a

Russell 1986

b

Wünschmann 1965

c

Böer 1998

d

Shapiro and Young 2010

e

Figure

The study animals spent a large proportion of
time climbing. Locomotion along branches often
used a trot. It was not uncommon to see animals
hanging inverted from the wire of the enclosure
roofs. Animals often fell or dropped from the wire
roof, and generally landed on their feet and
walked/ran away apparently unharmed. When
climbing along an enclosure roof the limb
movements used were similar to those in
quadrupedal walking and trotting.

Lee and Martin 1988 fTriggs 1985

g

Van Dyck 1979

h

Aslin 1974

Cross Reference
T. rostratus a.

3.2 iii

T. rostratus a,
P. maculata g,
D. byrnie h.

3.2 iv

i

Pridmore 1992
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Figure 3.2: Gaits exhibited by Burramys parvus: (i) Quadrupedal walking (diagonal sequence) (ii)
Trotting, (iii) Jumping/leaping, (iv) Climbing. Illustrations by B. Smart.
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Table 3.3: Description of exploratory behaviour exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour
Sniffing

Foraging

Fright/ freeze

a

Russell 1986

Description

Comments

The most frequent position employed for sniffing is the bipedal
stance in which an animal stands on its hind feet, with the fore
body raised and the fore limbs pulled in towards the body. Less
common is a position in which all four limbs are on the ground
with the tip of the snout raised in the direction of investigation.

B. parvus was frequently observed to pause during
an activity to sniff the air or foreign objects. Once
inspected, the object is either ignored or approached
(Kerle 1984b). Sniffing occurred in conjunction
with a variety of postures and gaits. Animals were
observed visibly sniffing when first exiting a nest
box, or when a new object was placed in the
enclosure. If disturbed, an animal usually remained
absolutely still, facing towards the disturbance in a
quadrupedal posture with all four feet on the ground
and the tail held straight off the ground. Depending
upon the nature of the disturbance, animals might
either continue their current activity or run into
their nest.

Substrate is pushed aside using the snout and/or fore paws.

An animal responding to a strange or disturbing stimulus
generally freezes in the posture employed at the time. Then, it
either remains motionless for a short period, or runs for the
cover of branches or the nest box.

b

Van Dyck 1979

c

Foraging was observed to involve digging through
substrate and investigating objects such as logs for
hidden invertebrates.

Figure

Cross Reference
T. rostratus a ,
D. marsupialis c
(as D. marsupialis virginiana).

3.3 i

T. rostratus a,
P. maculata b.
3.3 ii
3.3 iii

McManus 1970
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Figure 3.3: Exploratory behaviour exhibited by Burramys parvus: (i) Sniffing, (ii) Fright, (iii) Freeze.
Illustrations by B. Smart.
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Table 3.4: Description of maintenance behaviour exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour

Feeding

Description

Comments

Live food is held in the forepaws and its head and thorax region are bitten.
Fruit, vegetables and seeds are initially grasped by the incisor teeth and then
transferred to the fore paws where they are held to allow for ingestion. Hard
fruit and nuts are manoeuvred by the forepaws until positioned so they can be
cracked using the premolars. Seeds with hard outer coatings are cracked
longitudinally by the premolars so the incisors can remove the kernels. Feeding
animals generally adopt a bipedal posture, either perched on the edge of the
food bowl or sitting on the enclosure floor.

In this study, B. parvus was observed
to exhibit two patterns of behaviour to
obtain food. The most common pattern
was consuming food directly from the
food bowl; although the animals were
also observed to take larger food items
like nuts and sunflower seeds to a
particular enclosure corner or nest box.
B. parvus readily took cultivated fruits,
vegetables, seeds and walnuts, as well
as invertebrates, such as mealworms
moths and crickets. With invertebrates,
generally the thorax and head regions
were the only parts consumed; the
wings were usually discarded. Seeds
such as sunflower seeds were shelled.

Figure

Cross Reference
B. parvus a, P. tapoatafa e.

3.4 i

The second pattern of feeding observed
involved stalking of live insect prey.
The prey was caught and consumed,
with prey restrained by the fore paws
and rapid bites delivered to the thorax
and head region. Food caching was not
directly observed, however it must
have occurred as it was common to
find empty sun flowers seeds in the
nest box or in the preferred corner.
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Table 3.4 continued: Description of maintenance behaviour exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour

Drinking

Description
Water is lapped using rapid movements of the tongue.

Comments

Figure

Drinking was not often seen and was
always a brief exercise. When drinking,
animals were observed perching on the
edge of the water bowl.
Aside from the passage of waste there
was no noticeable change in behaviour.

Defecation/
Urination

Faeces and urine were expelled when the animal was standing.

Sleeping

When sleeping outside of the nest box the animal crouched on all four limbs
with its head tucked into its chest and tail curled tightly. When inside the nest
box, the animal curled up in a ball with its head tucked into its stomach with its
tail curled tightly.

This crouched position was adopted by
animals sleeping outside the nest box.

In the absence of other activity, sitting occurred in either the quadrupedal and
bipedal stance. It was employed when an animal was between other activities.

Observed any time an animal was
outside the nest box but, not involved
in activity.
Uncommon, observed during a
stretching sequence.

Sitting

Yawning

Wide opening of the mouth.

3.4 ii

-

Cross Reference
B. parvus a, T. rostratus c,
M. parma d.

B. parvus a, T. rostratus c,
M. parma d, P. maculata f,
S. crassicaudata g, D. byrnie h.
C. nanus b.

3.4 iii,
iv
T. rostratus c, S. crassicaudata g.
-

-

B. parvus a, M. parma d,
P. maculata f.

Shaking

Brisk movement of the whole body surface whilst in a crouched position or any
other quadrupedal posture.

Generally observed
grooming sequence.

after

a

long

-

B. parvus a, D. byrnie h.

Shaking

Brisk movement of the whole body surface whilst in a crouched position or any
other quadrupedal posture.

Generally observed
grooming sequence.

after

a

long

-

B. parvus a, D. byrnie h.
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Table 3.4 continued: Description of maintenance behaviour exhibited by B. parvus cross-referenced with the literature on other small mammals.
Behaviour

Description

Comments

Kerle 1982

Cross Reference

Nest building was not observed in this
study even with the provision of nest
materials. Instead the study animals
preferred to sleep in the readymade
nest boxes. However, Kerle (1982)
observed nests being built in captivity
over a shallow depression in the
ground (Kerle 1984b). Although, B.
parvus is thought to build and use nests
in captivity for sleeping, grooming and
feeding, I did not observe nest building
activity during any of my recording
sessions.

Nest
Building

a

Figure

b

Bartholomew and Hudson 1962

c

Russell 1986

d

Miller and Mernard 2003

e

Cuttle 1982

f

Van Dyck 1979

g

Ewer 1968a

h

Aslin 1974
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Figure 3.4: Maintenance behaviour exhibited by Burramys parvus: (i) Feeding, (ii) Drinking, (iii, iv)
Sleeping. Illustrations by B. Smart.
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Table 3.5: Description of grooming behaviour exhibited by Burramys parvus cross-referenced with the literature on other small mammals.
Behaviour
Grooming

Scratching with the fore and hind limbs, rubbing with the
forefeet, licking with the tongue and nibbling with the
incisors are the methods used. The animal is in the crouch or
bipedal position.

The study animals spent a large amount of the active
period grooming. An animal was capable of reaching
all parts of its body with its feet and mouth. Grooming
generally occurred after an animal roused from an
inactive period or after feeding.

Licking with the tongue and scratching with the forelimbs.
During pouch cleaning, the female pulls the front of her
pouch away from the body and inserts her snout, presumably
licking the pouch’s interior.

Pouch, testes
and cloaca

Head and forelimbs are twisted to either side using the fore
limbs to pull the skin towards the mouth so it may be licked.
The base of the tail is held and cleaned by licking whilst
manoeuvring it past the mouth.

Rest of the
body surface

Kerle 1982

Comments

Forelimbs rubbed over the head from the rear to the tip of
the snout. The forelimbs are licked, the head is lowered
slightly and the nose brushed vigorously with the forelimbs.
Whiskers are also cleaned by drawing them through the
mouth and running the forelimbs over the whiskers. The
head is lowered further and the forelimbs swept over the
head and ears.

Head

a

Description

b

Russell 1986

c

Figure

Cross Reference
B. parvus a, T. rostratus b,
D. byrnie c.

3.5

3.5 i ,ii

3.5 v

3.5 iii, iv

Aslin 1974
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Figure 3.5: Grooming behaviour exhibited by Burramys parvus: toward the (i, ii) Head, (iii, iv) Body and
(v) Pouch, testes or cloaca. Illustrations by B. Smart.
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3.3.2 Frequency of behavioural transitions
Before determining the frequency of behavioural transitions the percentage of occurrences for
terrestrial travel (TT), climbing (C), feeding (F), drinking (D), grooming (G) and sitting (S) for
both the short term captive and captive-bred animals were analysed (Figure 3.6). It can be seen
that there are a greater frequency of occurrences in terrestrial travel (25%), climbing (34%),
sitting (5%) and drinking (14%) in the short term captive bred animals, whereas the captivebred animals spend a greater amount of time feeding (21%) and grooming (20%) then their
short term captive counterparts.

S
G
5%
6%

i
D
14%

TT
25%

F
16%
C
34%

S
2%
G
20%

ii

TT
20%

D
6%

F
21%

C
31%

Figure 3.6 The percentage of occurrences of terrestrial travel (TT), climbing (C), feeding (F),
drinking (D), grooming (G) and sitting (S) in short term captive i (Group 1, n = 6) and captive-bred

ii

(Group 3, n = 11) Burramys parvus.
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The two transition matrices report the number of times a particular behaviour was observed and
the mean number of times a particular behaviour was succeeded by another therefore presenting
the frequency of behavioural transitions. In preparing this matrix transitions the following
behavioural categories were used: terrestrial travel (TT), climbing (C), feeding (F), drinking
(D), grooming (G) and sitting (S). Transition data for both male and female short term captive
animals were pooled with the results given as % of occurrences. The same was completed with
transition data for the same behavioural categories for male and female captive-bred animals.
Chi-square analyses was employed to statistically compare the number of transitions completed
between the short term captive and captive-bred animals.

Column 1 of Table 3.6 indicate that the behaviours most commonly used by the short term
captive group was climbing (65) and terrestrial travel (47), and that the least commonly used
behaviours of these animals were sitting (9) and grooming (11), with feeding (31) and drinking
(27) behaviours used at intermediate levels. Thus locomotor activity (terrestrial travel plus
climbing) was a prominent feature of their behaviour. Activity directly related to the provision
of nutrition (feeding and drinking) were less evident, but still common. However, grooming
and sitting were rare.

Table 3.6 and Figure 3.7 show that terrestrial travel in this short term captive group was most
likely to be followed by climbing (60%), and more rarely by feeding (21%) or drinking (17%),
and very rarely by grooming (2%). In contrast, climbing was most likely to be followed by
feeding (34%) or by drinking (17%) or a return to terrestrial travel (28%), and much less likely
by grooming (9%) or sitting (6%). Feeding itself was most likely to be followed by climbing or
drinking (both 32%) in these animals, and less likely to be followed by terrestrial travel (19%)
or grooming (13%) and rarely by sitting (3%). Drinking was most commonly followed in the
short term captive animals by terrestrial travel (44%). It was less likely to be followed by
climbing (26%), considerably less likely to be followed by feeding or sitting (both 15%), and
never followed by grooming.
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Taken together this data on frequency of occurrence and transition frequency indicate that a
prominent feature of the behaviour of these short term captive animals was locomotor activity in
which terrestrial travel were followed by climbing. Events in which climbing was followed by
terrestrial travel were somewhat less common, and climbing was more likely to be followed by
feeding than by terrestrial travel; although terrestrial travel was more likely to follow than any
other non-feeding behaviour. Figure 3.7 indicates that short term captive animals that had fed
after climbing tended on completion of feeding to either return to climbing or start drinking and
less commonly commence terrestrial travel. Interestingly, animals that drank often followed
this with terrestrial travel. Thus for these short term captive animals an important behavioural
cycle was one involving terrestrial travel followed by climbing which was followed in turn by
feeding which was followed by either drinking (which often led to a return to terrestrial travel)
or further climbing.

As with the short term captive group, Table 3.7 indicates locomotor activity was the behaviour
used most often by the captive-bred group (terrestrial travel (1012) and climbing (671)).
Feeding (680) and grooming (663) was used at an intermediate level and drinking (190) and
sitting (62) were the least commonly used.

Terrestrial travel in the captive-bred group was most likely to be followed by climbing (58%),
and more rarely by feeding (18%), drinking (10%) or grooming (11%), and very rarely by
sitting (3%). However, climbing was most likely to be followed by grooming (39%) or by
terrestrial travel (23%) or feeding (19%), and less likely by drinking (11%) or sitting (3%).
Feeding was most likely to be followed by climbing (60%) in these animals, and less likely to
be followed by grooming (18%), terrestrial travel (12%) or drinking (7%) and rarely by sitting
(3%). Drinking was most commonly followed by climbing (40%) and terrestrial travel (28%).
It was less likely to be followed by feeding (18%) and grooming (14%) and never by sitting.
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Table 3.6: Transition matrix for behaviour of short term captive Burramys parvus (Group1, n = 6).
Succeeding Behaviour
%
Preceding
Total
Behaviour Number of
TT
C
F
D
G
S
%
Occurrences
47
60
21
17
2
0
TT
65
28
34
17
9
6
C
31
19
32
32
13
3
F
27
44
26
15
0
15
D
11
36
55
9
0
0
G
9
22
56
22
0
0
S
* Terrestrial travel (TT), climbing (C), feeding (F), drinking (D), grooming (G) and sitting (S)

Table 3.7: Transition matrix for behaviour of captive-bred Burramys parvus (Group 3, n = 11).
To Events
%
From
Total
Events
Number of
%
Occurrences
671
TT
1012
C
680
F
190
D
663
G
62
S
* Terrestrial travel (TT),

TT

C

F

58
18
23
19
12
60
28
40
18
25
51
15
26
24
16
climbing (C), feeding (F), drinking

D

G

10
11
11
39
7
18
14
5
25
10
(D), grooming (G) and

S

3
3
3
0
4
sitting (S)
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Figure 3.7: Kinematic diagram of behavioural transitions recorded in short term captive Burramys parvus (Group 1, n = 6). Green arrows indicate transition frequencies of between 025%, blue between 26 – 50% and red between 51-75%. Terrestrial travel (TT), climbing (C), feeding (F), drinking (D), grooming (G) and sitting (S).
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Data on frequency of occurrence and transition frequency indicate that a prominent feature of
the behaviour of the captive-bred group was locomotor activity in which climbing followed
terrestrial travel and feeding behaviour which was also followed by climbing. Climbing was
most likely to be followed by grooming and to a lesser extent terrestrial travel, feeding and
drinking. At the completion of feeding the captive-bred group was most likely to commence
climbing and less commonly commence terrestrial travel or grooming. Climbing was also most
likely to succeed drinking. From table 3.7 it can be concluded that an important behavioural
cycle for the captive-bred group was one involving climbing followed by grooming or terrestrial
travel followed by further climbing.

There were significant differences between the number of transitions in short term captive and
captive-bred animals, with short term captive animals showing significantly more transitions to
locomotory activity (terrestrial travel and climbing), grooming and drinking, but fewer
transitions to sitting and feeding (Table 3.8).

Table 3.8: Chi-2 values for transitions between two behaviour categories for captive-born animals, with
the predicted values calculated based on observations for short term captive Burramys parvus.
TT
C
F
D
G
0.45
2.88
19.34*
271.76*
TT
9.04*
66.97*
21.43*
1012.00*
C
17.54*
166.60*
132.81*
13.08*
F
11.05*
14.32*
1.14
0.00
D
22.28*
1.93
26.52*
0.00
G
0.45
11.34*
1.01
0.00
0.00
S
Terrestrial travel (TT), climbing (C), feeding (F), drinking (D), grooming (G) and sitting (S)
* Denotes a statistically significant difference

S
0.00
15.18*
0.00
28.50*
0.00
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Figure 3.8: Kinematic diagram of behavioural transitions recorded in captive-bred Burramys parvus (Group 3 n = 11). Green arrows indicate transition frequencies of between 0-25%,
blue between 26 – 50% and red between 51-75%. Terrestrial travel (TT), climbing (C), feeding (F), drinking (D), grooming (G) and sitting (S).
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3.4 Discussion
This is the first study to investigate the different postures, gait and individual behaviours in B.
parvus. This information may assist with the promotion and maintenance of natural behaviours
in captivity. The behaviours recorded in B. parvus during this study have been reported in a
variety of other marsupial species, including some members of the marsupial suborder
Diprotodontia to which the family Burramyidae belongs. Despite some differences in the
terminology used by other researchers, it is evident that the actual mechanics of the postures,
gaits, and behaviours described by other authors are the same as those identified in B. parvus.
Unfortunately, there is no comparable published information on the behaviour of members of
the genus Cercatetus, which includes the closest living relative of B. parvus.

The postures exhibited by B. parvus have been observed in a range of members of the
Diprotodontia, Dasyuridae and Rodentia. Postures such as quadrupedal, bipedal, investigatory
stance and stretching position have been described in the diprotodontans T. rostratus (Russell
1986); and Aepyprymnus rufescens (rufous rat-kangaroo; Johnson 1980); in dasyurids, such as
Phascogale tapoatafa, (brush-tailed phascogale; Cuttle 1982); P. maculata (Van Dyck 1979); S.
crassicaudata (Ewer 1968a); A. stuartii (Rigby 1972); and Dasyuroides byrnei (kowari; Aslin
1974).

In B. parvus, the bipedal, bipedal rounded and investigatory stances were often interlinked.
Thus, the possums used the bipedal stance and bipedal rounded when reaching for branches,
grooming and feeding and when transferring from an investigatory stance to another activity,
such as climbing. By way of comparison it can be noted that a bipedal stance is used in A.
rufescens by undisturbed animals. In this situation the spine is curved forward and down and
forearms tucked into the body. A variant of this stance is used when A. rufescens are alert, in
this the spine instead of being curved forward is set upright at a right-angle to the ground, with
the forearms still tucked into the body (Johnson 1980). Ewer (1968a) and Aslin (1974) describe
the bipedal stance in S. crassicaudata and D. byrnie as being used as a look–out posture in
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which the animals instead of standing on three limbs, as in B. parvus, stand on their hind limbs
with their bodies stretched upright.

The investigatory stance (or indecision alert) reported by Russell (1986) in T. rostratus is
equivalent to the one assumed by B. parvus when startled. In this stance both species are
stationary with three limbs on the ground and one front limb raised. In contrast, the ‘alarm
position’ in A. rufescens, like those of S. crassicaudata and D. byrnie, is bipedal, which is
associated in A. rufescens with stamping of the hind feet (Johnson 1980).

Stretching in B. parvus was rare, seen only four times during the analyses; twice following
emergence from the nest box and twice after grooming. This is consistent with the observations
of Kerle (1982). Aslin (1974), Ewer (1968a) and Russell (1986) who all described stretching in
their study species. As in B. parvus, T. rostratus (Russell 1986), D. byrnie (Aslin (1974) and S.
crassicaudata (Ewer 1968a) also complete a ‘progressive stretch’ in which the hind legs are
extended.

The lateral sequence walk observed in B. parvus in the present study is thought to be the most
common form of slow quadrupedal locomotion amongst mammals (Hildebrand 1989), including
diprotodontian marsupials, in which the fore and hind legs are of near equal length, such as T.
rostratus (Russell 1986). This gait is present in most mammals, with the exception of mammals
with enlarged hind limbs such as members of the family Macropodidae (Dagg 1973). This form
of slow locomotion is also used by dasyurids such as P. maculata (Van Dyck 1979) and some
didelphid marsupials, such as Monodelphis domestica (grey short-tailed opossum; Pridmore
1992). In the present study, this walk was observed when individuals were investigating new
objects, foraging or when travelling over a short distance. The other form of slow progression
noted in B. parvus in the present study, is the diagonal sequence walk. This pattern of limb
movement is uncommon amongst mammals and is largely restricted to arboreal primates and
arboreal marsupials (Hildebrand 1989; Pridmore 1994). Its use by B. parvus presumably
reflects this species’ arboreal heritage.
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Trotting was the most common gait used in B. parvus. This form of locomotion has also been
described in L. latifrons (Wünschmann 1965), Petaurus breviceps (sugar glider; Shapiro and
Young 2010) and T. rostratus (Russell 1986).

The half bound or bound is the asymmetrical gaits used by B. parvus to catch prey. This gait
has been demonstrated in a variety of diprotodonts, and allows animals to move rapidly
overground and/or through arboreal vegetation.

Species including Phascolarctos cinerea

(koala; Lee and Martin 1988), L. latifrons (Wünschmann (1965), Vombatus ursinus (common
wombat; Böer 1998), Pseudocheirus peregrinus (common ringtail possum; Triggs 1985), P.
breviceps (Shapiro and Young 2010) and Acrobates pygmaeus (feathertail glider; Triggs 1985)
also use this gait.

Jumping and leaping were often combined with climbing in B. parvus. It was often used to
move between food bowls and branches and/or between branches and enclosure roofing. This
form of locomotion is similar to that in T. rostratus, except that T. rostratus is capable of
suspension (hanging upside down) beneath branches (Russell 1986).

This has not been

observed in B. parvus.

The function of exploratory behaviour is considered to be information gathering. Sniffing in B.
parvus, Didelphis virginiana (Virginia opossum) and T. rostratus is used to explore novel
objects. In D. virginiana and T. rostratus this behaviour is used in conjunction with foraging
behaviour (McManus 1970; Russell 1986). In this study, no difference in exploratory behaviour
was observed between the sexes. However, the amount and degree of exploratory behaviour
varied between individuals. Some would poked their head out of the nest box, ‘testing the air’,
before venturing out, others would exit the nest box without pause. Females were observed to
be more confident than males, usually exiting the nest box as soon as night fell and beginning to
investigate their new enclosure. In contrast, males took several peeks out of the nest box before
exiting cautiously. Any noise or external movement sent both sexes running back to the nest
box.
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Fright/freeze behaviour has been described in small marsupials including T. rostratus (Russell
1986) and P. maculata (Van Dyck 1979). In B. parvus, this behaviour is exhibited in response
to a sudden noise or movement. It is often used by these possums in conjunction with the
investigatory stance.

Burramys parvus captures and consumes live prey in a manner similar to that described in P.
tapoatafa (Cuttle 1982) and is reported by Dimpel and Calaby (1972), Kerle (1982) and
O’Reilly et al. (1986). All animals require nutrition, hence their dentition (and digestive
systems) and foraging methods are adapted to their diet. To some extent, B. parvus has the
generalised dentition seen in most diprotodonts.

However, unlike members of the genus

Cercatetus and several other members of the Diprotodontia, B. parvus has enlarged premolars
which are used to give it access to the nutritious tissues enclosed by hard exteriors (Turner and
McKay 1989).

The behaviour used by B. parvus when drinking has been observed in T. rostratus and
Macropus parma (parma wallaby). In all three species, the tongue is rapidly moved in and out
of the mouth lapping up the water (Russell 1986; Miller and Menard 2003).

As in T. rostratus, there appears to be no attempt by B. parvus to deliberately defecate or urinate
in a particular place. Both faeces and urine are produced without any associated behaviours
other than those directly involved in the passing of faeces or urine (Russell 1986). This is
markedly different to marsupial species such as S. harrisii, D. geoffroii and Dasyurus maculatus
(spot-tailed quoll) that use a latrine site for communication; transmitting information such as
territoriality, social rank, reproduction or resource utilisation (Kruuk and Jarman 1995).

The ‘curled ball’ sleeping posture of B. parvus covers the animal’s feet and nose with fur,
thereby creating fewer avenues for heat loss, which is essential when living at the temperature
extremes experienced by this species. When in dormancy, Cercartetus nanus (eastern pygmy
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possum) curls into a similar ball, however, when exposed to high temperatures, C. nanus turns
onto its backs with its legs spread and ears fully expanded (Bartholomew and Hudson 1962).

Nest construction was not observed in the present study. This may have been because all study
animals were supplied with a nesting box and materials already in their boxes, however nest
building is frequently observed by females during the breeding period (M. Parrott pers. comm.).
There has only been one nest observed in the wild. This nest, consisted of clean strands of moss
with some blades of grass inter wound and moulded into a spherical shape approximately 15-20
cm in diameter (Heinze and Olejniczak 2000). It is thought that such nests provide wild animals
with protection from potential predators and competitors, a secluded place to sleep, a place to
raise young, and an insulated environment for hibernation. Heinze and Olejniczak (2000)
speculated whether wild B. parvus might use nests at any time other than when suckling young,
as the mother was never seen resting with the young during their observations of a wild B.
parvus nest.

Like many other marsupials, B. parvus, grooming involves washing with forepaws, scratching,
licking and tooth combing. After feeding, a combination of licking and forepaw washing cleans
the muzzles in dasyurids (Croft and Eisenberg 2006). The sequences of grooming observed in
B. parvus were similar to those described in accounts in other mammals including T. rostratus
and dasyurids (Ewer 1968a; Russell 1986). Shaking, which was observed in B. parvus in the
present study after an extended grooming episode, was also described by Kerle (1982) and by
Aslin (1974) in D. byrnie.

In analysis of transitional frequencies the data was obtained from short term captive (wild-bred)
and captive-bred animals with no distinction being made between the sexes or the amount of
time spent on each activity (see Chapter 5). The total number of occurrence was much greater
in all behaviours in the captive-bred group compared with the short term captive group. This is
in part due to the difference in numbers of animals in the two groups, it may also be due to the
captive-bred animals transitioning between behaviours at a much greater frequency.
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Climbing was the action most likely to succeed a behaviour in both short term captive and
captive-bred groups. This is not surprising as although classed as a terrestrial mammal, B.
parvus is a highly proficient climber needing to traverse through shrubs and boulderfields to
move through its natural habitat and forage for seasonal fruits and seeds (Mansergh 1988).
Conversely sitting was an event least likely to either precede or succeed an event in short term
captive animals. Sedentary animals in an open environment may be a target for predation, thus
short term captive animals which have been bred in the wild are less likely to exhibit multiple
sitting events. However, in the captive-bred animals, sitting events had approximately 25%
chance of preceding an event whereas there was approximately 3% chance of succeeding an
event.

This non-social ethogram and transition matrix provides the most comprehensive behavioural
inventory of B. parvus to date. It will provide managers of the captive breeding program with
useful tools to investigate and minimise behavioural differences between wild-caught and
captive born B. parvus and better equip managers with the information required to provide
modifications to enclosure design to prepare captive-bred individuals for eventual release.
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Chapter 4
Social Behaviour in Burramys parvus
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4.1 Introduction
Several levels of sociality can be distinguished in mammals based on the extent to which adult
individuals normally associate with other adults of the same species (Russell 1984, Ganslosser
1993). At the most basic level are solitary species, whose members spend most of their adult
life alone and only briefly form associations with other adults during the mating season. At
another level are pair-bonding species in which a lasting bond is formed between an adult male
and an adult female. At a third level are harem species which live in stable groups made up of
an adult male and several adult females.

At a fourth level are group-living, or highly

gregarious, species which form stable or unstable groups made up of adults of both sexes. Pairbonding, harem, and mixed-sex groups involve attractions between the animals themselves, and
so need to be distinguished from the temporary aggregations which are sometimes formed by
solitary species when some attribute (e.g. food or water) attracts many individuals to a particular
area. At the fifth level, eusociality is sometimes describe as the highest level of sociality (e.g.
Hine and Martin 2004; Wilson and Hölldobler 2005). Although eusciciality is usually used to
describe members of the Hymenoptera and Isoptera, the term is also applied to some African
rodent species such as Heterocephalus glaber (naked mole-rat). The criteria used to distinguish
eusociality from other forms of sociality are reproductive altruism, overlap of adult generations
and permanent philopatry (Burda et al. 2000). Associated with these levels of increasing adult
sociality is an increasing capacity and need for social tolerance (Russell 1984; Ganslosser
1993).

In social animals the quality and stability of social bonds that an individual forms can
significantly affect its reproductive success (Silk 2007). For example, in some social mammals
it has been shown that dominant males and females produce more surviving offspring than their
subordinates (e.g. Marmota marmota; alpine marmot; Hacklander 2003). Given the potential
impact of an animal’s social behaviour on its reproductive success it is obvious that the
development of normal patterns of social behaviour is of fundamental importance to any
program that attempts to prepare captive-bred animals for release (Sterneberg 2005).
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Based on the available information, most marsupial species are solitary as adults (Russell 1984,
Vaughan et al. 2011); although a small number of species appear to form long-term
monogamous bonds between males and females (Russell 1984), and some form harem and/or
mixed-sex adult groups (Russell 1984). Group-living of the latter types is most evident in
members of the superfamily Macropodoidea (kangaroos, wallabies and rat-kangaroos), where
several kinds of social organisations are found (Kaufmann 1974; Russell 1984). However,
some species of possums also form social groups (Russell 1984). Amongst the possums that
form social groups are several members of the family Petauridae (e.g. P. breviceps, Petaurus
norfolcensis (squirrel glider), and Petaurus australis (yellow-bellied glider), at least one
member of the family Acrobatidae (A. pygmaeus), and at least two members of the family
Burramyidae (B. parvus and Cercartetus caudatus; long-tailed pygmy-possum; Strahan 1995).

In B. parvus social tolerance seems to vary seasonally. In captivity, non-breeding members of
this species are socially tolerant and will readily share a nest box, although males will chase
strange males when they are added to an already occupied enclosure (Kerle 1984b). Moreover,
breeding females will defend their nest box against other animals (Kerle 1984b).

Social

interactions in B. parvus have not been observed in the wild due to their complex habitat and
cryptic and nocturnal nature. However, relevant information can be obtained from trapping and
telemetry studies which provide data on population structure, home range and movements
(Mansergh and Broome 1994). These data indicate that female B. parvus have stable and
overlapping home ranges in areas of relatively good habitat. In contrast, males have ranges that
vary seasonally, they spend the breeding season in areas that are occupied by females, but move
into areas of poorer habitat once the females give birth (Mansergh and Broome 1994). This
movement of males following the birth of young is thought to be due to the females forcing
them out of the greater quality habitat and this is consistent with observations indicating that
adult females are aggressive towards males at this time (Mansergh and Broome 1994).

A preliminary account of the social behaviour of B. parvus has been provided by Kerle (1984b)
who studied interactions in a colony of 10 mainly captive-bred animals. Her study methods are
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incompletely described, but she appears to have observed interactions of two members of
several male-female pairs after they had settled into enclosures, and the interactions of such
pairs with a third animal (male or female) which was later introduced into their enclosure. Her
descriptions of the behaviours used in interactions are limited and relate essentially to captivebred animals.

This chapter describes and analyses aspects of social behaviour in temporarily paired and
grouped individuals of B. parvus. It is based upon observations of interactions involving either
wild or captive-bred specimens. These investigations were undertaken to assess whether such
social interactions differ in animals that had recently been taken from the wild compared with
those that had been born and raised in captivity, and to provide a fuller basis for comparing
social behaviour in B. parvus with that reported in other marsupials.
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4.2 Methods
In these investigations a series of encounters were set up between two or three animals which
were introduced in a common space. The animals’ behaviour were then observed and filmed
and the film records were later analysed to assess the nature and frequency of their interactions.
Both wild and captive-bred animals were used; although in no single encounter were animals of
both types employed. Due to restricted access to wild-caught breeding animals required by
Zoos Victoria, the extended term captive animals (Group 2) could not be used during this study,
thus all observations and video recordings of social behaviours involved pairs or groups of
captive-bred individuals (Group 3) or pairs of short term captive (Group 1).

No permits were granted to individually mark animals (with the exception of small ear tags
already present on wild-caught animals). Healesville Sanctuary uses microchips and hand-held
scanners to determine the identity of animals and does not use visual identification on small
animals such as B. parvus. The only animals that had external identification were wild-caught
possums that were collected, they had a small ear tag engraved with a unique four digit number.
As the numbers are engraved on a space ~ 8mm x 2mm and the tags are often covered by the
folds of the ear there was no way to read the numbers via video footage.

While some

identification of males and females were possible in positions were the males testes were visible
(when undertaking particular activities such as stretching up, climbing the glass or on the roof),
this method of identification was not reliable for the majority of footage. Thus analysis of
timing and behaviours of individuals in groups was not possible during this study.

4.2.1 Experimental set-up
A time restriction was imposed by the permit granters on pair and group interactions, therefore
only four short term captive wild-bred (Group 1) adult animals and seven captive-bred (Group
3) adult animals were used during this study. These animals were housed in pairs or groups in a
neutral clear Perspex fronted experimental enclosure (60 cm x 90 cm x 60 cm) with two small
surveillance cameras mounted to the roof of each enclosure to allow continuous video recording
onto an external digital recorder (see Chapter 2 for details). Each enclosure had two small
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wooden nesting boxes which were lined with wood wool in the case of Group 1 animals and sea
grass in the case of Group 3 animals. The enclosure floor was covered with wood shavings, and
foliage and branches were placed inside the enclosures to encourage exploration and provide
behavioural enrichment. Water was provided ad libitum, with a fresh diet mix provided daily
(see Chapter 2 for more information).

4.2.2 Procedures
All encounters between short term captive (Group 1) animals involved mixed sex pairs (one
male with one female). To minimise the novelty of these encounters only animals that were
trapped within a radius of 50 metres of each other were allowed to interact; it being assumed
that such animals were already familiar with each other. The experimental enclosures were
connected by a short tunnel. Circumstances limited the number of short term captive animals
that were available with the result that only two encounters could be run. Both of these pairings
were filmed for 24 hours as part of a pre-release readjustment/re-familiarisation process applied
to animals found with overlapping home ranges. No animals were used in more than one
pairing.

In contrast, three kinds of encounters were set up using Group 3 animals. These encounters
were as follows, with the number of replicates of each shown in parentheses:

i.

single male and single female (3)

ii.

two females (2);

iii.

three females (1).

Each encounter between Group 3 animals was filmed over three consecutive days (total of 72
hours per encounter) and some animals were involved in more than one encounter. When not in
the observation enclosures, the captive-bred individuals were kept in sex specific enclosures
with separate male and female enclosures placed side by side.
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4.2.3 Analysis
Social behaviours are those displayed during interactions between two or more individual
animals. They include agonistic and non-agonistic behaviours. In the present study five nonagonistic social behaviours were identified in B. parvus. The non-agonistic social behaviours
included walking (running) over/pushing under, sniffing (nose-to-nose and nose-to-urogenital
opening), marking and huddling.

The agonistic behaviour identified was food stealing,

however, walking (running) over/pushing under and marking behaviour may have fitted into
this category as well. In order to make comparisons, the number of times any of these social
behaviours occurred during any interaction was counted and these counts were converted to a
percentage of total time spent on the behaviour.

4.3 Results
Overall five non-agonistic social behaviours and one potentially agonistic social behaviour were
observed during these studies (Table 4.1).

The non-agonistic social behaviours included

walking (running) over/pushing under, nose-to-nose sniffing, nose-to-urogenital opening
sniffing, huddling, and marking.

When running over or pushing under there did not appear to be any serious disturbance of either
party and was never followed by fighting. This behaviour was not common, and was only
observed in encounters involving a male captive-bred and female captive-bred animal. In noseto-nose sniffing the animals approached one another face on and sniffed nose-to-nose. This was
the most common form of social interaction observed in the present study, and was observed in
two different encounters involving captive-bred animals (Table 4.2). In nose-to-urogenital
opening sniffing, a male approached a female and sniffed the region at the base of her tail.
Sniffing of this type was only observed in encounters between male and female captive-bred
animals (Table 4.2). In huddling two (or more) animals lay curled together in the sleeping
position. Huddling only occurred when animals were in the nest box. There was no huddling or
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nest box sharing observed in the short term captive animals. Whereas, in every interaction
between the captive-bred animals, these animals choose to share a nest box. When the nest
boxes were checked each morning they were observed huddling together. In what is here,
interpreted as marking behaviour, a male vigorously rubbed his chest or chin against branches
(Appendix ii). Social grooming was not observed in this study, however it has been previously
described by Kerle (1984). This behaviour was observed twice by Kerle (1984), the first time
was when a female groomed her young, and the second when a male briefly groomed a female
after she had been handled by a researcher.

Agonistic social behaviours seemed to be rarely used, and only one type of agonistic behaviour
was observed, food stealing. This occurred when an individual removed an item of food from
the fore paws or mouth of a second. In the present study there was no attempt made by the
individual whose food was stolen, to regain this item (Table 4.1, Appendix ii).
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Table 4.1: Social behaviour exhibited by Burramys parvus.
Behaviour
Walking/
Running
Over
Nose to Nose
Sniffing

Nose
to
urogenital
opening
Huddling

Description

Comments

One animal walks or runs over or
under a second whilst travelling on
the cage floor or climbing on
branches or the roof
Two animals meet, when either
passing or one directly approaches
another, their noses are close or in
contact and remain in that position
for a number of seconds.
A male and a female meet, and the
male sniffs the female’s urogenital
opening.

This was never followed by
fighting.

Two or more animals lie curled
together in the sleeping position.

Gender did not affect whether or
not huddling occurred. In all
cases where two or more animals
shared an enclosure equipped
with nesting boxes they chose to
sleep together in the huddled
position instead of sleeping alone
in separate boxes.

Not observed
animals

in

Figure
4.1i

wild-bred
4.1ii

Not observed
animals

in

wild-bred

Social
Grooming

Grooming of one individual by
another.

Not observed in the present study

Scent
Marking
Behaviour

The chin and chest area are
vigorously rubbed over objects.

Food Stealing

One animal grabs food whilst it is
being consumed by a second.

This was only observed in two
encounters (both involving a
captive bred male and a captive
bred female). In both the animal
scent marking was the male.
Only two cases of food stealing
were observed and neither
resulted in a scuffle.

4.1iii

4.2i

4.2ii
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ii

iii

Figure 4.1: Social behaviour exhibited by Burramys parvus: (i) Walking over/pushing under (ii) Nose to
nose sniffing, (iii) Nose to urogenital opening. Illustrations by N. Pedzik.
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i

ii

Figure 4.2: Social behaviour exhibited by Burramys parvus: (i) Huddling, (ii) Food stealing. Illustrations
by N. Pedzik.
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Analysis of social interactions between animals in the various encounters revealed that obvious
interactions were rare. There were no visible interactions between either of the two pairs of
wild-bred B. parvus despite these encounters being run for a total of 48 hours (Table 4.2).
Indeed, it seems that in each of these encounters the male and female animals actually avoided
one another.

Interactions were evident in the encounters that involved two captive-bred animals, but not in
the single encounter where three females were placed in the observation enclosure. Like the
wild-bred animals, the three females appear to avoid one another, even though they shared an
enclosure for 72 hours. The number of obvious interactions between two captive-bred animals
varied depending upon whether the two animals involved in the encounter were a male and a
female or two females.

A greater range and number of encounters occurred when the two

captive-bred animals were a male and female. Thus while a total of 16 interactions were
observed over 216 hours in the (three) male-female encounters, only 1 interaction was observed
over 144 hours in the (two) female-female encounters. The average amount of time spent
socially interacting by the members of the three pairs of male-female captive-bred animals was
small (1.34%). Most of this time was spent on nose-to nose sniffing (0.39%), followed by
marking (0.29%), walking over/under (0.25%), food stealing (0.23%) and nose to urogenital
opening sniffing (0.18%) (Table 4.2).

The average total amount of time spent socially

interacting by the members of the two pairs of female-female captive-bred animals was only
0.11% of the total available and all this time was spent on nose-to-nose sniffing (Table 4.2).
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Table 4.2: Observed use of five types of social behaviour during encounters between two short term captive (wild-bred) animals and two or three captive-bred B. parvus. The numbers
given in columns 3 to 7 indicate the total amount of time spent on any particular social behaviour as a percentage of the total duration of encounters of a particular type.
Percentage of total available time spent on each type of social behaviour
Encounter
type

Total Number of
Observation
Hours

Walking/Running
Over

48

Nose-to-Nose
Sniffing

Nose-toUrogenital
Opening

Marking

Food Stealing

0

0

0

0

0

0

216

0.25

0.39

0.18

0.29

0.23

16

144

0

0.11

0

0

0

1

72

0

0

0

0

0

0

Total number
of interactions

Wild-bred
♂-♀
N=2
Captive-bred
♂-♀
N=3
Captive-bred
♀-♀
N=2
Captive-bred
♀-♀-♀
N=1
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4.4 Discussion
This is the first study to investigate social interactions in both wild-caught and captive-bred animals.
Social behaviours observed have been mentioned in previous accounts of the behaviour of B. parvus
(Kerle 1982; Mansergh 1988). Circumstances dictated that observations were made only outside the
nest box with no nest box filming permitted. As per permit guidelines this study also took place
during the non-breeding season. Consequently mating behaviour and subsequent rearing of young in
B. parvus was not observed.

As with its other attributes, the social behaviour of B. parvus is likely to include characteristics that
reflect both the demands of its alpine habitat and its heritage as a diprotodont marsupial.
Unfortunately any endeavour to recognise characteristics of the social behaviour in B. parvus is
hampered by the limited knowledge of the social behaviour of its closest living relatives of the genus
Cercatetus.

Little is known about most aspects of the social organisation of these possums

(Mansergh and Broome 1994); although it seems that outside of the breeding season, all four species
of Cercatetus are essentially solitary (Mansergh and Broome 1994; Strahan 1995). This appears to be
the same in B. parvus. In the absence of detailed information on the social behaviour of other
burramyids (i.e. Cercatetus spp.), it is appropriate initially to compare the social behaviour of B.
parvus with that of the members of slightly more distantly related marsupials (Table 4.3).

Recent phylogenetic analyses (e.g. Phillips and Pratt 2008; Meredith et al. 2009) indicate that the
order Diprotodontia consists of three major clades and place the family Burramyidae within the more
species-rich of these, which Meredith et al. (2009) have termed the Australoplagiaulacoida.
According to these authors, the Australoplagiaulacoida is made up of two sub-clades; the
Phalangeroidea (composed of the families Phalangeridae and the Burramyidae), and the
Macropodiformes (composed of the Hypsiprymnodontidae, the Potoroidae, and Macropodidae).
Thus, in the absence of information on certain aspects of the social behaviour of other burramyids
(i.e. Cercartetus spp.), it is appropriate compare B. parvus with those of members of the family
Phalangeridae, since amongst living marsupials these appear to be the species most closely related to
the burramyids (see Table 4.3).
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Walking or running over/ pushing under enclosure mates was not common, only occurring in one
captive-bred group of B. parvus (male/female interaction). When it did occur, neither animal was
disturbed and continued on its current activity. It is unclear whether any other australoplagiaulacoid
marsupials use a social behaviour comparable to the walking/running over behaviour of B. parvus.
Consequently, it is unclear whether this behaviour is a peculiarity of this species, and perhaps
recently evolved, or of more ancient heritage.

Nose-to-nose sniffing was the most common form of social behaviour observed in this study,
occurring in two captive-bred pair interactions. Sniffing may be a way of recognising sexual status,
kinship, age and/or dominance ranking (Croft and Eisenberg 2006). There was only one group which
exhibited nose to urogenital opening sniffing (captive-bred male/female) with 0.2% of the time spent
on this activity. It was quite possible that if the filming had been undertaken during the breeding
season more time may have been spent on such activity as was the case in T. rostratus (Russell 1986).
Nose-to-nose sniffing is well documented in some phalangerids (e.g. Trichosurus vulpecula (brushtail
possum) and Phalanger gymnotis (ground cuscus)) and in several macropodiform marsupials (e.g. B.
lesueur, M. parma and Macropus rufus (red kangaroo)) and nose-to-urogenital opening sniffing is
well documented in at least two marcropodids (M. parma and M. rufus) and in T. rostratus (Russell
1986; Table 4.3). These observations suggest that these two behaviours are both ancient ones that go
originated well before the time of origin of the family Burramyidae.

Day time nest checks revealed that huddling occurred in B. parvus. However, due to the inability to
film inside the nest box the exact extent of time spent huddling vs. sleeping separately is unknown.
Huddling has been reported in a number of small marsupials including A. pygmaus, P. breviceps, and
T. rostratus (Russell 1986; Frey and Fleming 1984). It can be beneficial to the animals involved,
assisting mutual heat conservation by reducing the collective surface area exposed to the environment
in cold weather (Frey and Fleming 1984). Huddling would seem to have been lost in macropodiform
marsupials; although it is not impossible that it is used by some small-bodied nest sharing potoroids.
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Marking behaviour was also observed in this study but only on two occasions. In each occasion it was
the male who scent marked whilst in the presence of a female. Both males rubbed their chest and chin
over branches. This behaviour is also reported in both Macropus robustus (euro) and Dorcopsis
luctuosa (grey dorcopsis), where a shrub or tussock would be grasped and rubbed against their chest
and/or rubbing against a tree (Bourke 1989; Croft and Eisenberg 2006). Unlike in T. rostratus and D.
byrnie there was no observation of cloacal dragging where the urogenital papilla is lowered to the
ground during or after the deposition of urine and faeces (Aslin 1974; Russell 1986). Comparative
considerations suggest that sternal gland scent marking is a quite ancient behaviour. Like B. parvus,
the males of some living phalangerids (e.g. T. vulpecula) use a sternal gland to scent mark (Table
4.3). This suggests that scent marking goes back at least to the shared common ancestors of
burramyids and phalangerids (i.e. to ancestral phalageroids). Given that sternal glands are used for
scent marking by at least some macropodiform marsupials (e.g. M. parma Table 4.3), and also used
for scent marking in some even more distantly related diprotodontans, such as the P. cinereus (Smith
1980). It seems clear that scent marking is a very ancient form of social behaviour in diprotodontian
marsupials, and not a relatively recent development in B. parvus. In contrast, the published literature
contains no reports of marking by cloacal dragging in B. parvus, and none was observed in the
present study. This suggests that unlike the situations in T. rostratus and D. byrnie (Aslin 1974;
Russell 1986), B. parvus does not use cloacal dragging to scent mark. However, this suggestion
needs confirmation by examining the cloacal area in B. parvus to verify that it lacks this scent gland.
Even if absence is confirmed it will remain unclear whether the absence is primary (i.e. due to its
ancestors never having had the gland) or secondary (i.e. due to loss of the gland that distant ancestors
possessed).

Food stealing was observed, although it was infrequent and only occurred in one B. parvus group
(male/female pair). The food item was snatched from the consumer and taken away to be consumed.
Unlike in the present study, Kerle (1982) noted that food stealing was a common occurrence and
often resulted in a chase and some degrees of aggression. Ewer (1968a) also observed food stealing
in S. crassicaudata, as in Kerle’s observation it was a common occurrence and chase usually ensured.
The lack of food stealing in the current study groups may have been a result of surplus food available.
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The phylogenetic situation with regard to food stealing in B. parvus is unclear. Food stealing appears
to be widespread in vertebrates and whether it is evident in any species seems to depend in part on the
nature of the food; small diffuse food items (e.g. small plant leaves or grain seeds) seem to lend
themselves less readily to stealing than larger compact food items (e.g. large seeds, and whole or
large parts of vertebrate prey). Ewer (1968a) observed food stealing in S. crassicaudata, and it is
seemingly common in some other carnivorous marsupials (e.g. S. harrisii; DPIPWE 2010).

Social grooming was not observed in the present study but has been reported by Kerle (1984), as
stated above.

In marsupials, social grooming is rarely reported. When it is, macropodiform

marsupials appear to be to be the ones to partake, in particular, social grooming between mother and
joey has been reported in M. rufus and M. giganteus (Russell, 1970; Grant, 1974).

Filming occurred during the non-breeding season therefore no mating, birth or parental care
behaviour was observed, but its initial phase has been described by Mansergh (1988) and Kerle
(1982; 1984a). Mating is initiated when a male pursues a female and attempts to mount her. If he is
not dislodged, he holds onto her hindquarters with his forelimbs and runs behind. Copulation was not
observed by either Mansergh (1988) or Kerle (1982) but appears to have taken place in the nest box.
A few minutes after entering the nest box, the male left the nest box; whilst the female exited 5
minutes later and groomed her urogenital region (Kerle 1982). The mating behaviour described in B.
parvus is similar to that reported in other small mammals, e.g. S. crassicaudata (Ewer 1968a), P.
maculata (Van Dyck 1979) and T. rostratus (Russell 1986).

The observation of the birth of the neonates has not been observed in B. parvus by any researcher,
however Russell (1982) concluded parental care in B. parvus is similar to Cercatetus spp.; initially,
the young are attached to the nipples, but as soon as they are able to release the nipples they are left in
the nest when the mother leaves. Observations documented by Mansergh (1988) notes that the
neonates attach themselves to the nipples; although the number of new born exceeds the number of
nipples, therefore some neonates fail to attach and die. Once departed from the pouch, the young do
not re-enter, and initially at this stage, they have eyes closed and little fur (Dimpel and Calaby 1972).
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Young specimens of B. parvus have never been observed piggy-backing on their mothers (Dimpel
and Calaby 1972; Kerle 1984b), whereas such behaviour is common in other small marsupials,
including C. nanus (Turner and McKay 1989) and the somewhat more distantly related T. rostratus
(Russell and Renfree 1989). This behaviour is also seen in several somewhat larger members of the
family Phalangeridae (e.g. T. vulpecula and Ailurops ursinus; bear cuscus). It is tempting to suggest
that the absence of maternal piggy-backing in B. parvus may be due to relatively recent loss of a quite
ancient behaviour and that the loss is a reflection of the more terrestrial habits of B. parvus compared
with its ancestors and close living relatives and, in particular, of its use movement through cavities
within boulderfields.

In any captive breeding program it is important to ensure that the animals born and bred in captivity
do not lack some behaviours found in their wild ancestors that are fundamental to life in the wild, and
also that animals born and bred in captivity do not possess novel behaviours (i.e. ones not found in
their wild ancestors) that make them unsuited to like in the wild. This especially the case where the
aim is to provide animals for release back into the wild. These observations though limited, do
extend our knowledge of social behaviour in B. parvus and are consistent with other reports on
diprotodontian marsupials. Further analysis particularly of wild pairs during the mating season, are
clearly needed.
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Table 4.3: Use of selected adult social behaviours in australoplagiaulacoid diprotodontian marsupials.

Behaviour
Nose-to-Nose
Sniffing

Nose-to-Urogenital
Opening Sniffing

Huddling

Chin Marking

Chest Marking

Food Stealing

Nest Sharing

Burramyidaeabc

Walking /
Running
Over
B. parvus

B. parvus

B. parvus

B. parvus

B. parvus

B. parvus

B. parvus

B. parvus

Phalangeridaed

?

Trichosurus
vulpecula
Phalanger
gymnotis
Lagorchestes
hirsutus
Bettongia lesueur

?

Trichosurus
vulpecula

Hypsiprymnodontidaej
Potoroidaeef

Macropus parma
Macropus rufus
Current Study Kerle 1982 Mansergh and Broome 1994
j
Lundie-Jenkins1993
*Y – Present ? - Unknown
a

b

c

Lagorchestes
hirsutus
Bettongia lesueur Bettongia lesueur
(females)
Macropus parma

Macropodidaeghi
d

?

Macropus parma Macropus robustus
Dorcopsis luctuosa

Macropus rufus
Wemmer and Collins 1978 e Kean 1967 f Stodart 1966 g Miller and Menard 2003

h

Croft and Eisenberg 2006 i Bourke 1989

88

Chapter 5
Comparison of Activity Rhythms in Wild-Bred and
Captive-Bred Burramys parvus
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5.1 Introduction
Biological rhythms are essential to the survival and general well-being of organisms, allowing
them to synchronise their behaviour with their internal and external environments. A lack of
synchrony between an organism and its external environment can lead to the organism’s
immediate demise (Vitaterna et al. 2001). For example, if a naturally nocturnal animal, such as
P. peregrinus, ventures from its resting place during broad daylight, it becomes easy prey for
diurnal predators (pers. obs.). Similarly, a lack of synchrony with its internal environment may
lead to health problems within the individual such as increase in body weight and abdominal fat
accumulation (Pittendrigh 1960; Escobar et al. 2011).

Biological rhythms can be divided into three broad categories: ultradian rhythms, infradian
rhythms and circadian rhythms. Ultradian rhythms complete a full cycle in less than one day;
and are represented by cellular processes, sleep patterns and heart beats (Pittendrigh 1960).
Infradian rhythms cycle over periods greater than 24 hours: some have a yearly period, and so
are described as circannual, whilst others occur over shorter periods. For example, lunar
rhythms revolve around the 29.4 day cycle of the moon and are reflected by the tides.
Circannual rhythms involve responses to relative changes in photoperiod (number of daylight
hours per 24 hour day) over the year. Avian migration and mammalian hibernation are examples
of circannual rhythms governed in part by photoperiod (Gwinner 1986).

Circadian rhythms operate over a period of around 24 hours, and thus are also known as diel
cycles. They are governed by an internal pacemaker which may be reset by a particular
environmental cue or zeitgeber (German ‘time giver’). According to Edery (2000), circadian
rhythms possess three consistent properties: i) they complete a cycle over a period of
approximately 24 hours, in the absence of zeitgebers; ii) they reset to 24 hours according to
changes in environmental conditions (i.e. photoperiod and daily temperature cycles); and iii)
they exhibit variation in period over a wide range of physiologically relevant temperatures
(Moore-Ede et al. 1982; Hardin and Glossop 1999). Photoperiod is the major zeitgeber for
many organisms. However, other factors - such as social interactions, activity or exercise, food
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availability and artificial lighting - can cause adjustments to a cycle’s phase and in the intensity
of activity at particular stage in the cycle (Coleman et al. 1989; Vitaterna et al. 2001).

Circadian rhythms are thought to provide an adaptive advantage to an organism by allowing it
to anticipate the regular daily changes in its environment. These rhythms likely arose as a result
of natural selection operating upon various physiological and behavioural processes relevant to
a regular 24-h cycle of environmental alteration between day and night (Aschoff 1965a, b).
Such changes include, alterations in: illumination level, ambient temperature, predator type and
abundance, food type and availability and mate availability. By allowing organisms to adjust
their behaviour and/or physiology in order to cope more successfully with the environmental
changes inherent in the diel cycle, circadian rhythms provide clear evolutionary advantages.

Whilst there is some variation in the circadian rhythms exhibited by marsupials, most are
nocturnal or crepuscular. There are only two marsupials which are strictly diurnal, M. fasciatus
and Hypsiprymnodon moschatus (musky rat-kangaroo) (Strahan 1995). Circadian rhythms are
known to change with season and captivity in several other species of marsupials. Season has a
significant effect on the time spent active by M. fasciatus and T. vulpecula. Both species are
more active during spring and summer compared with autumn and winter (Herbert and Lewis
1999; Cooper and Withers 2004).

A study comparing the activity of wild and captive specimens of L. latifrons revealed both
season and captivity influenced this species’ natural activity rhythm.

Captive and wild

specimens of L. latifrons were more active during winter and spring than in summer and autumn
(Johnson 1991; Hogan et al. 2011). However, in all seasons, captive specimens of L. latifrons
were less active than wild conspecifics, possibly due to wild animals needing to spend more
time foraging (Hogan et al. 2011).

In its natural habitat B. parvus is essentially nocturnal. Radio-tracking studies have shown the
species to be predominantly nocturnal in the wild (Mansergh 1984). Under natural conditions,
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these small possums generally rise at dusk and retire around dawn, although, in summer,
individuals may become active within the boulderfields several hours before dark (Mansergh
and Broome 1994).

O’Reilly et al. (1986) suggested that circadian activity might shift seasonally in B. parvus. This
suggestion is supported by Mansergh and Broome’s (1994) observations of pre-sunset activity
in wild animals during summer. However, it is unclear how other environmental changes - such
as those associated with a wild animal being taken into captivity, or the movement of captive
animals between home enclosures - affect circadian activity. O’Reilly et al. (1986) obtained
movement data from a single female B. parvus which indicate that this animal’s daily level of
activity increased after she was placed in the novel surroundings of an aquarium wherein her
movement was monitored. However, it is difficult to determine whether the general increase in
activity observed in this animal over time involved a gradual reduction in an initial inhibition of
activity that fell away as the animal became habituated to its new circumstances, a gradual
exaggeration (perhaps through disinhibition) of activity as the animal became habituated/bored
under these new circumstances, or some combination of both. The distinction between these
alternatives might seem trivial, but is relevant to understanding the initial impacts of captivity
on this species.

The previous chapter reviewed and categorised the behavioural repertoire of B. parvus, and
provided working classifications of its elements. In this chapter, these elements are used to
compare the activity rhythms of wild-bred and captive-bred specimens, and to compare
respective levels of particular activities. The aim of this investigation was to assess the impact
of captivity upon behaviour, by comparing the activity rhythms and relative use of selected
behaviours in animals born in captivity at Healesville Sanctuary and two groups of wild born
animals which were held in captivity for differing lengths of time.
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5.2 Methods
Three treatment groups of B. parvus were used in this investigation. They included two wildbred groups (Group 1 – short term captive and Group 2 – extended term captive) and a captivebred group (Group 3).

For details regarding general husbandry, filming and elaboration on

light: dark cycles please refer to Chapter 2.

Table 5.1: Description of treatment groups by provenance, time in captivity, sample size, light regime,
and month of recording.
Source
Group 1 – Short Term
Captive

Mt Hotham
Mt Buller

Group 2 – Extended
Term Captive
Group 3 –Captive-bred

Mt Hotham
Mt Buller
Captive-bred
Healesville
Sanctuary

Time in
Captivity
< 5 days
Mt Buller Female
<7-d
> 6 months
Permanent

Sample
Size

Light Regime
Light : Dark

Month of
Recording

n = 2♂
n = 4♀

14 : 10

January March

n = 2♂
n = 5♀
n = 6♂
n = 5♀

14 : 10

January March
January March

9 : 15

It should be noted that a study of this nature would ideally compare activity rhythms and time
allocated to particular behaviours, in treatment groups held under identical experimental
conditions. In Chapter 2 it was noted that the lighting regimes of the captive-bred group were
different from that of the two wild-bred treatment groups, and that the captive-bred group,
unlike those of the other two treatment groups, spent some time prior to this study under a
reversed light-dark cycle. These two factors obviously confound any consideration of the
differences in behaviour of the captive-bred group relative to that of the wild-bred (short term
and extended term captive) group.

5.2.1 Behavioural analysis
Time spent active and focal activities were analysed through continuous sampling of each
animal over a 72 hour period. Animals outside the nest box were considered ‘sitting’ whenever
they were not moving. Thus, any animal observed to be stationary for more than 5 seconds was
scored as sitting. Time spent inside the nest box was not scored as cameras were not permitted
inside the boxes, therefore, activity inside nest boxes could not be recorded.

93

To better understand activity levels amongst the three treatment groups, the relative amounts of
time members of each group allocated to different behavioural activities per 24 hour period
were analysed.

This analysis focused upon the following six activities, as identified and

described in the ethogram in Chapter 3:

i. ‘Terrestrial Travel’ refers to the behaviour of an animal moving around the floor of the
enclosure.

ii. ‘Climbing’ refers to the behaviour of an animal progressing along branches, wires or
roof.

iii. ‘Feeding’ refers to the ingestion of solid nutriments.
iv. ‘Drinking’ refers to the ingestion of water.
v. ‘Grooming’ refers to the behaviour of an animal that uses its limbs to make scraping
movements across its fur or licks its fur with its tongue.

vi. ‘Sitting’ refers to a period of immobility (sleeping/resting) outside the nest box for
longer than 5seconds.

Because the wild-bred groups (short term captive and extended term captive group) were
studied under a lighting regime of 14 hour light and 10 hour dark and the captive-bred group
were studied under one of 9 hour light and 15 hour dark, any comparisons of the absolute
amounts of time that the three groups spent active during the diurnal and nocturnal periods was
likely to be affected by differences in period lengths and so potentially misleading. It was
therefore decided to compare the relative levels of activity of the three groups over the diurnal
and nocturnal periods using the proportions of the available time of the two periods that each
treatment group spent in activity. Such comparisons seem to be more valid and informative
than comparisons based on the absolute times spent in activity over these periods.

The average speed of terrestrial travel for the treatment groups was established to determine the
approximate distance travelled per day. This time was based on the time taken to travel
between two fixed points.
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5.2.2 Statistical analysis
An Independent-Sample T-Test was used to identify significant differences between the sexes in
time spent active during the diurnal and nocturnal periods and the distance travelled between the
three groups. The Levene Test for equality of variances was conducted for each test: where
significance values were greater than 0.5 (equal variances were assumed). When this condition
was violated and variances were not equal, a non-parametric analysis was used to analyse
statistical differences. As equality of variances was not always the case when the male/female
data was pooled, the non-parametric Wilcoxon Signed Rank Test was employed to identify
significant differences in time spent active by each treatment group between the diurnal and
nocturnal period.

Differences in time spent active over the diurnal and nocturnal period, and differences in time
spent on selected focal activities between the three treatment groups were tested for significance
using a Kruskal – Wallis Test, with a Mann-Whitney U Test used post hoc to identify where any
significant differences lay.
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5.3 Results
5.3.1 Comparison of time spent active (%) by the three treatment groups.
A repeated measured ANOVA was initially completed to determine if either captivity or gender
affected the proportion of time spent active. This test determined that the proportion of time
spent active was effected by captivity (F1,24 = 22.102, p <0.01), however this was not the case
for gender.

As is shown in Figure 5.1 and 5.2 the three treatment groups varied in their overall levels of
activity and in the extent to which this activity was diurnal or nocturnal. There was a significant
difference in the total time spent active between the three groups (Kruskal-Wallis Tests X2 (2, n
= 24) = 11.22, p = 0.004). To determine if each of the three treatment groups were significantly
different in total time spent active a post-hoc analysis was performed. The extended term
captive group (290.01 ± 46.94 min) spent significantly more time active than either the short
term captive (118.35 ± 10.26 ; Mann-Whitney U test: U = 2.00, n = 13, p = 0.007) or captivebred groups (112.91 ± 10.41 min ; Mann-Whitney U test: U = 5.00, n = 18, p = 0.002), whereas
there was no significant difference in the total time spent active between the short term captive
and captive bred groups.

There was a significant difference in time spent active during the diurnal period by the three
treatment groups (Kruskal-Wallis Tests X2 (2, n = 24) = 15.57, p < 0.001). This difference was
between the short term captive and captive bred groups (Mann-Whitney U test: U = 8.00, n =
17, p = 0.012) and the extended term captive and captive bred (Mann-Whitney U test: U = 0.00,
n = 18, p < 0.001) in both cases the captive bred animals spent significantly more time active
(31.82 ± 3.82 min) during the diurnal period then either the short term captive (13.21 ± 3.82
min) or extended term captive groups (1.95 ± 1.02 min).

During the nocturnal period there was also a significant difference in the time spent active
between the three treatment groups (Kruskal-Wallis Tests X2 (2, n = 24) = 15.59, p < 0.001).
When identifying which groups were significant difference it was determined that the extended
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term captive group (288.08 ± 47.45 min) spent significantly more time active then either the
short term captive (105.14 ± 7.44 min ; Mann-Whitney U test: U = 2.00, n = 13, p = 0.007) or
captive-bred group (81.08 ± 7.78 min ; Mann-Whitney U test: U = 1.00, n = 18, p = 0.001). The
short term captive group also spent significantly more time active during the nocturnal period
than the captive-bred group (Mann-Whitney U test: U = 11.00, n = 17, p = 0.027).

When looking at the differences in time spent active within groups, the short term captive group
were significantly more active during the nocturnal period than diurnal (Wilcoxon Signed Rank
Test: z = -2.20, p = 0.028). The extended term captive animals were the most active of the three
groups. Like the short term captive group, the extended term captive group were significantly
more active during the nocturnal period than the diurnal period (Wilcoxon Signed Rank Test: z
= -2.37, p = 0.018). The captive bred animals who were the least active of the three treatment
groups were also significantly more active in the nocturnal period than the diurnal Statistical
testing showed these proportions to be significantly different (Wilcoxon Signed Rank Test: z = 2.93, p = 0.003).

Analysis of the proportion of time spent active in the diurnal and nocturnal periods by sex
varied within treatment groups. In the short term captive group there was no significant
difference in time spent active between sexes during the diurnal (Independent Samples T-test: T
= 0.43, df = 3.99, p = 0.690) or nocturnal period (Independent Samples T-test: T = 1.358, df = 4,
p = 0.246) (Fig 5.2). The extended term captive male and females were also not significantly
different in the time spent active during the diurnal period (Independent Samples T-test: T =
1.23, df = 4.97, p = 0.275) or the nocturnal period (Independent Samples T-test: T = 0.23, df =
5, p = 0.827) (Fig 5.2). In contrast to the short term captive and extended term captive groups,
there was a significant difference in the time spent active during the diurnal period in the two
sexes of the captive bred animals. Males spent 4% of the diurnal period active whereas females
spent 2% of this time active (Independent Samples T-test: T = 2.68, df = 9, p = 0.025).
However, there was no significant difference between sexes of the captive bred animals in the
nocturnal period (Independent Samples T-test: T = 1.12, df = 9, p = 0.291) (Fig 5.2).
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Figure 5.1: Proportion (%) of time spent active (Mean ± SE) by the three Burramys parvus treatment groups over the diel period. Short term captive (n = 6), extended term captive (n =
8), and captive-bred group (n = 11 : male and female data pooled). *1 Denotes a statistically significant difference between short term captive and extended term captive groups.
*2
Denotes a statistically significant difference between short term captive and captive-bred groups. *3 Denotes a statistically significant difference between extended term captive and
captive-bred groups.
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Figure 5.2: Proportion (%) of time spent active (Mean ± SE) by male and female Burramys parvus within the three treatment groups over the diel period. Short term captive (n = 6),
extended term captive (n = 8), and captive-bred animals (n = 11). * Denotes a statistically significant difference.
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5.3.2 Hour-by-hour comparison of time spent in activity over the diurnal and nocturnal
periods between the three treatment groups
Hour-by-hour analysis of time spent active showed that the spread of activity over the diel
period varied between treatment groups (Fig. 5.3). In the short term captive group most of the
small amount of diurnal activity undertaken occurred during the first and last two hours of this
period (i.e. between 6:00-7:59 and between 18:00-19:59). However, even at these times, this
group averaged less than 6 min of activity per diurnal hour. Over the rest of the diurnal period
(8:00-17:59), this group averaged less than 1 min of activity per hour. In contrast to the diurnal
period, the nocturnal activity was consistently high and evenly spread. Throughout this period
(20:00 -05:59) the group averaged around 10.5 min of activity per hour (range 7 – 15 min) (Fig
5.3a).

The spread of activity in the extended term captive group was rather similar to that of the short
term captive group (Fig. 5.3). However, in the extended term captive animals, diurnal activity
was restricted to two brief intervals; one between 7:00 and the other between 8:59 and between
19:00 and 19:59. Five of the eight animals were active during the diurnal period. During the
first interval, an average of less than 0.3 min per hour was spent in activity, and during the
second interval just over a minute. During the nocturnal period, this group were on average
active every hour. The average level of nocturnal activity was around 28 min per hour (range
11 - 45 min per hour). Activity increased rapidly during the early part of the nocturnal period
and peaked around midnight before gradually declining towards ‘dawn’ (Fig 5.3b).

The spread of activity of the captive bread animals was very different to that of the two groups
just considered. On average, the captive bred group exhibited some activity during every hour
of both the diurnal (8:00-16:59) and nocturnal (17:00-07:59) periods. Their average levels of
activity varied between 1.7 min and 9.5 min per hour over the entire diel period, with highest
activity in the intervals 5:00 to 9:59 and 20:00 to 20:59 (Fig 5.3c).
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Time Spent Active (min)

i

ii

iii

Diel Period

Figure 5.3: Average time spent in activity each hour by short term captive i (n = 6), extended
term captive ii (n = 8) and captive-bred iii (n = 11) Burramys parvus over the diel period (Mean ±
SE, male and female data pooled). The solid bar indicates the nocturnal period, and the semiopaque bar the diurnal period. Note that the times shown along the x-axis are the commencing
times of the successive hours (i.e. 6:00 indices the hour from 6:00 to 6:59).
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5.3.3 Time spent on selected activities by short term captive, extended term captive and
captive-bred Burramys parvus
The average total amount of time spent on the 6 focal activities over the diurnal and nocturnal
period varied between treatment groups (Fig 5.4). During the diurnal period the short term
captive animals spent most of their small amount of active time on terrestrial travel, feeding and
climbing and lesser amounts on drinking, sitting and grooming. During this same period the
extended term captive animals spent their time in activity on terrestrial travel and climbing with
a small amount on feeding. For the captive bred animals there was more activity during the
diurnal period than in the other two groups, and this was mainly used on terrestrial travel and
feeding with much lesser time spent on climbing, sitting, grooming, and drinking. KruskalWallis Tests revealed statistically significant differences in the time spent during the diurnal
period on the six selected activities between the three treatment groups (terrestrial travel X2 (2, n
= 24) = 17.64, p < 0.001; climbing X2 (2, n = 24) = 8.25, p = 0.016; feeding X2 (2, n = 24) =
16.59, p < 0.001; drinking X2 (2, n = 24) = 14.66, p = 0.001; grooming X2 (2, n = 24) = 19.22, p
< 0.001; sitting X2 (2, n = 24) = 9.97, p = 0.007).

A post-hoc test was used to determine which of the treatment groups were significantly different
in time spent on particular activities. The short term captive group spent significantly longer in
terrestrial travel (Mann-Whitney U test: U = 4.00, n = 13, p = 0.014), feeding (Mann-Whitney U
test: U = 0.00, n = 13, p = 0.002), drinking (Mann-Whitney U test: U = 0.00, n = 13, p = 0.001)
and grooming (Mann-Whitney U test: U = 10.500, n = 13, p = 0.042) than the extended term
captive group. Compared with the captive bred group, the short term captive group spent
significantly less time in terrestrial travel (Mann-Whitney U test: U = 4.00, n = 17, p = 0.004),
feeding (Mann-Whitney U test: U = 13.00, n = 17, p = 0.044), grooming (Mann-Whitney U test:
U = 0.00, n = 17, p = 0.001) and sitting (Mann-Whitney U test: U = 14.00, n = 17, p = 0.048).
Comparison of the extended term captive group with the captive bred group, revealed that the
captive bred group spent significantly more time in the six activities (terrestrial travel, MannWhitney U test: U = 0.00, n = 18, p < 0.001; climbing, Mann-Whitney U test: U = 9.00, n = 18,
p = 0.007; feeding, Mann-Whitney U test: U = 0.00, n = 18, p < 0.001; drinking, Mann-
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Whitney U test: U = 0.00, n = 18, p < 0.001; grooming, Mann-Whitney U test: U = 0.00, n = 18,
p < 0.001; sitting, Mann-Whitney U test: U = 10.50, n = 18, p = 0.005) (Fig 5.4).

As indicated in Fig. 5.5 the most active group during the nocturnal period were the extended
term captive group. This group, was active for almost 50% of the available time, the group
spent most of its active time in terrestrial travel or climbing, and spent comparatively small
amounts of this period feeding, grooming, and drinking. During the nocturnal period the short
term captive group were active for around 17% of the available time, and they mainly spent this
active time on terrestrial travel, feeding and climbing and lesser amounts on sitting, or drinking.
The amount of time that the captive bred group spent in activity during the nocturnal period was
much less proportionately than that which was spent by the other two groups; although greater
during this period (at 9%) than during the diurnal period (at 7%). Most of this small amount of
nocturnally active time was spent by the captive bred group on terrestrial travel and climbing
with smaller amounts spent on sitting and drinking. Kruskal-Wallis test comparisons of the
time spent on the same six activities during the nocturnal period revealed rather fewer
differences in the three treatment groups. Unlike in the diurnal period, where a significant
difference in time spent active between the three treatment groups was found, a significant
differences were only found for times spent on terrestrial travel and climbing (Kruskal-Wallis
Tests, terrestrial travel X2 (2, n = 24) = 87.96, p < 0.001; climbing X2 (2, n = 24) = 15.60, p <
0.001) (Fig 5.5).

However, post hoc (Mann-Whitney) tests completed on all six activities indicated additional
differences between the three treatment groups. These tests indicated that the extended term
captive group spent significantly longer in terrestrial travel (Mann-Whitney U test: U = 1.00, n
= 13, p = 0.004) and climbing (Mann-Whitney U test: U = 1.00, n = 13, p = 0.004) than the
short term captive group, whereas the short term captive group spent significantly more time
feeding (Mann-Whitney U test: U =7.00, n = 13, p = 0.046). In addition, these post hoc tests
revealed that the short term captive group spent significantly more time in terrestrial travel
(Mann-Whitney U test: U = 2.00, n = 17, p = 0.002) than the captive breed group whereas the
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captive bred group spent more time grooming (Mann-Whitney U test: U = 11.00, n = 17, p =
0.027) than the short term captive group. The extended term captive group spent significantly
more time on terrestrial travel (Mann-Whitney U test: U = 0.00, n = 18, p < 0.001) and climbing
(Mann-Whitney U test: U = 0.00, n = 18, p < 0.001) then the captive bred group (Fig 5.5).
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Fig 5.4: Proportion (%) of time spent on focal activities by the three Burramys parvus treatment groups over the diurnal period. Short term captive (n = 6), extended term captive (n =
8), and captive-bred animals (n = 11). (Mean ± SE, male and female data pooled). * Denotes a statistically significant difference.
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Fig 5.5: Proportion (%) of time spent on focal activities by the three Burramys parvus treatment groups over the nocturnal period. Short term captive (n = 6), extended term captive (n =
8), and captive-bred animals (n = 11). (Mean ± SE, male and female data pooled). * Denotes a statistically significant difference.
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5.3.4 Distance travelled by short term captive, extended term captive and captive-bred
Burramys parvus
The distance travelled by four individuals of each group (n = 12) was calculated over 24 hours.
The short term captive group was active for a mean 118 min (± 10.26 min) per diel period, and
of this time approximately 53 min was spent on terrestrial travel. The average speed of
terrestrial travel was 0.27 m per second and this would extrapolate to approximately 0.9 km/day.
The average speed of travel by the extended term captive animals during terrestrial travel was
0.37 m per second. As these animals were active on average for around 290 min (± 46.94 min)
each night, it would suggest that in an average night they would travel 5.88 km/day. In
comparison, the captive-bred group was active for 11 2min (± 10.41) and travelled only 0.6
km/day.

A one-way ANOVA identified that there was a significant difference in the distance travelled
per night between the three groups (F2, 9 = 11.57, p <0.05). As elucidated from the above
results, the extended term animals travelled a significantly greater distance then both the short
term captive (Independent Samples T-test: T = 3.30, df = 6, p = 0.016) and captive-bred
groups (Independent Samples T-test: T = 3.56, df = 6, p = 0.012). However, there was

no significant difference in the distance travelled between the short term captive and
captive bred groups (Independent Samples T-test: T = 1.23, df = 6, p = 0.264).
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5.4 Discussion
5.4.1 Summary of results
Through continuous analyse of animal activity, differences in time spent active over the diel
period between the three treatment groups has been identified. An unexpected difference
between the three groups was in their level of activity with the extended term captive group
most active, the captive bred animals being least active, and the short term captive animals
being intermediate in this respect. The spread of this activity over the diel period was also
different between the treatment groups. The hour-by-hour analysis show the short term captive
and extended term captive groups were largely active throughout the hours of darkness and
inactive for most of the diurnal period. They differed in that the level of diurnal activity of the
short term captive group was greater than that of the extended term captive group, but
nevertheless they were both inactive for much of this period. This stands in contrast to the
situation in captive bred group, the diel activity of which was spread throughout both the diurnal
and nocturnal period without any sign of a cessation of activity in the diurnal period.

Also important are differences in the way the three group’s allocated time to performing the six
focal activities. The main activities of the short term captive group during both the nocturnal
and diurnal periods was terrestrial travel, feeding and climbing. More of these activities were
undertaken by this group in darkness than in light and to the extent that they occurred during the
diurnal period they seem to have taken place either just after it commenced or just before it
finished. The extended term captive group, which contained the most active animals, likewise
spent most of their active time on terrestrial travel or climbing. Most of this activity was
undertaken nocturnally, but a small amount of time was spent on the same two activities and
this evidently occurred towards the close of the diurnal period. However, as indicated later, the
level of locomotor activity displayed by the animals of the extended term captive group appears
to be excessive relative to what might be expected in the wild, and perhaps a reflection of the
fact that some of the locomotion of these animals seemed to be stereotypic. The captive bred
group, which contained the least active animals, spent most of their nocturnal activity in
terrestrial travel and climbing and spent less time on these locomotor activities than animals
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belonging to the other groups at this time. In contrast, the activity of the captive bred group
during the diurnal period was much greater than in either the other two groups; although their
level of activity during this time was only about a third of that of their nocturnal activity. It was
mainly terrestrial travel and feeding; although small amounts of time were allocated to
climbing, grooming or sitting.

5.4.2 Time spent active and comparisons between the treatment groups and with previous
studies
Given that the aim of this investigation was to assess the impact of captivity upon the daily
activity rhythm and the time spent on focal activities it is appropriate to consider what is known
about these matter in animals living in the wild. As with most small, cryptic and nocturnal
mammals, the daily activity cycle of B. parvus is difficult to study in the wild. Nevertheless,
some understanding of the wild cycle and how it varies seasonally and between the sexes, is
available as a result of telemetry studies undertaken by Mansergh (1988), Broome (2001) and
Heinze (pers. com). Mansergh (1988) radio tracked members of the Mt Hotham population and
found that in summer, animals became active prior to dusk and remained active continuing
throughout the night until dawn. He suggested that the animals became active prior to dark to
forage on A. infusa before the insects took flight (Mansergh 1988).

An important finding of Mansergh’s telemetry study was that the mean day-to-day movements
of adult animals differed significantly between the sexes and between the breeding season (late
September-December) and the non-breeding or post-breeding season (January-April). For adult
males, the mean daily movement was 72 ± 111 m during the breeding season, at which time
these animals are found in high altitude (‘breeding’) habitats, and only 12 ± 26.1 m during the
non-breeding season, when they occupy other habitats at lower altitudes. Adult females, which
tend to remain in areas of ‘breeding habitat’ throughout the year, exhibited smaller day-to-day
movements (12 ± 10 m) during the breeding season, but greater day-to-day movements in the
non-breeding season (48 ± 30 m; Mansergh 1988). This indicates that the Mt Higginbotham
females are relatively sedentary during the breeding season, when they have young, but more
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mobile following this period. In contrast, males move widely during the breeding season,
presumably to maximise access to potential mates, but become less mobile during the nonbreeding season once they have moved down-slope out the ‘female’ habitat. In the present
study, the only treatment group to exhibit a difference between sexes in the time spent active
was the captive-bred group in which the males spent more time active during the diurnal period.
Since filming for this group was undertaken during the non-breeding season (under a winter
lighting scheme), this meant we are unable to conclude whether they were following the pattern
of their wild counterparts.

It should be noted, as with other behaviour, that the seasonal differences in movement between
and within the sexes can be explained at two different levels (Nelson et al. 1990; Alcock 2001).
At one level are the ultimate (evolutionary) explanations, which describe such phenomena in
terms of the evolutionary fitness that results from them.

The second level are proximate

explanations, which explain behaviour in terms of the physiological mechanisms that produce
the behaviours and the environmental factors that influence them. In this present context, sexual
and seasonal differences in the levels of hormones, such as pituitary hormones and melatonin,
are likely to be amongst the immediate causes of the seasonally differences in the distances
which males and females travel (Nelson et al. 1990). The hormones that cause behavioural
changes in B. parvus have not yet been demonstrated; however, it has been clearly shown that
changes in hormone levels are responsible for similar seasonal changes in other hibernators (e.g.
Nelson et al. 1990; Healy et al. 2010; Gardi et al. 2011). Environmental factors influencing
seasonal changes are likely to include photoperiod and temperature with changes in ambient
temperature found to influence pre-hibernation activity and fattening in B. parvus (Geiser and
Broome 1991; Körtner and Geiser 1995).

An important aspect of the conditions under which the short term captive group were examined
in this study was the novelty of their surroundings. The members of this group were filmed
within hours of being captured from the wild, and filming took place in experimental
enclosures. Conditions in these enclosures were very different from the ones that they had
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experienced in the wild. In view of this, it is possible that the behaviour of these animals was
altered during the 3 day filming period.

A previous activity cycle study of B. parvus in captivity indicated that level of activity increased
during the early weeks in a novel holding space (O’Reilly et al. 1986). O’Reilly et al. (1986)
used two modified Doppler radar units to record the movements of a single captive female
within a holding aquarium under a 10 light: 14 dark cycle for 47 days. The authors found this
female was essentially nocturnal throughout the study period. However, after little activity
during the first few days in the aquarium, this animal’s level of activity increased over the days
that followed. Whether these findings should be taken to indicate initial inhibition of normal
activity due to the novel circumstances, later excessive activity due to relaxation of controls that
normally constrain this (i.e. disinhibition of activity) as a result of habituation, or some
combination of both, is unclear.

The interpretation of O’Reilly et al.’s study raises the

possibility that activity was inhibited in the short term captive treatment group during the few
days that they were held in captivity. In other words it is possible that the activity of short term
captive animals in the present study was less than it would have been in the wild, due to the
novelty of the conditions imposed on them in captivity.

A crude attempt to assess this proposition can be made by estimating the distances that the short
term captive group travelled when they were in the experimental enclosures which was on
average 0.9 km travelled per day. The current result is similar to that reported by Broome (2001)
who reported travel by B. parvus at approximately 1.05 km at Mt Blue Cow in Kosciuszko
National Park. The extended term captive group used in this study were filmed in the same
observational enclosures that they had been housed in for many months prior to the present
study. Consequently, they should have been completely habituated to their surroundings at the
time they were filmed. On average the extended term captive group travelled 6 km per day.
This is a much greater distance than the average values reported in animals living in the wild by
Broome (2001) and greater than travel estimated in the short term captive group. Evidently the
extended term animals were much more active than animals in the wild.

Their level of
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locomotor activity suggests that they may have been pathologically hyperactive.

Such a

suggestion is consistent with much of their terrestrial travel showing characteristics of
stereotypy.

The stereotypic nature of this later form of locomotion was shown by the repeated use by the
animals of the same circuits around their enclosures and the complete absence of investigative
behaviour (stoping and sniffing) during this locomotion. Stereotypy, in all its various forms, is
thought to result from ’the disinhibition of behavioural selection by the basal ganglia’ (Garner
and Mason 2002) and common triggers for stereotypical behaviour include restrictions on
movement in active species and isolation (Mason 1991; Carlstead and Shepherdson 2000;
Hogan and Tribe 2006). In the current study, the extended term captive group was filmed in the
same enclosure which had housed them over several preceding months. These enclosures
provided each animal with less than 1 m2 for exploration. This is substantially smaller than wild
home ranges which for Mt Higginbotham females, which average around 589 ± 258 m2 and for
males even larger (Mansergh and Broome 1994). Furthermore, all the animals used in the
current study were housed individually when field research indicates that B. parvus is a social
animal (Mansergh 1988).

The average total daily amount of time that the captive-bred group spent on activity was less
than that spent by the short term captive animals, travelling on average 0.6 km per day. This is
almost half the distance recorded by wild B. parvus at Mt Blue Cow in Kosciuszko National
Park (Broome 2001). The temporal spread of this active time was also different in the two
treatment groups. Thus where the short term captive animals were mainly (90%) active at night,
approximately 30% of the captive-bred activity occurred during the diurnal period. In this
respect the behaviour of the captive-bred animals seems to have been aberrant in comparison
with that of animals in the wild and of wild-bred animals taken into captivity as adults.

There is some evidence to suggest that greater diurnal activity seen in the captive-bred animals
in this study is a consequence of being bred in captivity. Dimpel and Calaby (1972) reported
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that first generation captive-bred individuals were active outside the nest box during the diurnal
period and appeared less flighty than their wild-bred counterparts. The possibility that the
different light regime experienced by the captive-bred animals might have caused them to be
unusually active diurnally also needs to be considered. As noted in the Methods section, in the
present study the captive-bred animals were examined under a 9: 15 light : dark lighting regime
whereas the other two treatment groups were examined under a 14: 10 light : dark lighting
regime. However, investigations by Kerle (1984), who studied 10 mostly captive-bred animals
under three different photoperiods, renders this proposition invalid. Kerle found no effect of
these different photoperiods on the diurnal activity patterns of B. parvus; although she did
observe, that with a 9 h photophase (i.e. 9 light : 15 dark) the mean length of the activity period
was 9.9 h (range 8.8 - 13.7 h), while with a 12 hour photophase (12 light : 12 dark) the mean
length of the activity period was 9.2 h (range 7.4 - 9.9 h), and with a 15 hour photophase, the
mean length of the activity period was 7.3 h (range 6.2 - 8.7 h). Thus, the length of the activity
period (the time between emerging and retiring) increased with shortening of the diurnal period.
However, she found no significant differences in the time spent in intense activity under the
different photoperiods. Instead, with a longer photophase period, the animals spent more time
resting. Based on her study, the only peculiarity of behaviour of the captive-bred animals of the
current study that can be credibly put down to a short photoperiod is their relatively high level
of inactivity.

One difference between the captive-bred animals and the two other treatment groups in the
present study was in the conditions which the captive-bred animals were maintained ahead of
being involved in the current study (i.e. subjected to a reversed light-dark cycle while on display
in a nocturnal house). While it is theoretically possible that the substantial level of diurnal
activity seen in these captive-bred animals was an after-effect of time spent in a nocturnal
house, it should be noted that studies of laboratory rats have shown that a normal pattern of
(nocturnal) activity is achieved within 12 days of the light-dark cycle being reversed (Fillenz
and O’Neill 1986). However, in Antechinus flavipes (yellow-footed antechinus), even a small
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change in photoperiod can have effects on seasonality and reproduction for months after the
aberration in lighting (McAllan and Geiser 2006).

Conversely, the aberrant rhythm of the captive-bred animals may be unrelated to the light
regimes under which they were kept and studied and might simply be a consequence of being
bred in captivity. The reason for their peculiar diel rhythm remains unclear. The captive-bred
group spent the least amount of time on locomotor activities (terrestrial travel and climbing).
However, when undertaking these activities, they too ran repetitious circuits of the enclosure,
akin to those run by extended term captive group. They also performed this behaviour during
the diurnal period, with no apparent fear of the exposure to predation inherent in such daylight
activity.

While members of the captive-bred and extended term captive groups spent similar amounts of
time feeding during the nocturnal period, the former spent significantly more time feeding in the
diurnal period. The efficiency with which the two groups fed was obviously very different, for
while the short term captive group on average gained body weight over the 3 days they were
studied. This may be due to an increase in food availability and factors such as not needing to
forage for their food. Conversely the captive-bred group on average lost weight over this time
which may be due to being fed in a novel environment. As food bowls were cleared away midmorning and not returned until late afternoon, it might be assumed feeding would be greatest
early in the nocturnal period. Instead, it appears the majority of the captive-bred animals’
dietary intake occurred at two points in time: just before the food container was removed (i.e.
midmorning) and as soon as it was replaced (i.e. late afternoon).

Most of the activity of the short term captive animals recorded in this study was spent on
terrestrial travel, feeding and climbing. The two forms of locomotor activity used by these
animals (terrestrial travel and climbing) both appeared to be deliberate and have a purpose.
Terrestrial travel and climbing appeared to be used by the short term captive animals for
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checking enclosure boundaries, assessing possible escape routes, and/or locating prey items,
with terrestrial travel and climbing frequently interspersed with sniffing and other activities.
The high proportion of total time active that these short term captive animals allocated to
feeding may be a reflection of the season in which they were taken into captivity. Late summer
and early autumn (January to April) is a period when wild specimens of B. parvus ingest large
amounts of food in order to accumulate the fat reserves needed to tide them over the winter
hibernation (Mansergh and Broome 1994).

In January, wild adult animals in the Mt

Higginbotham population weigh 40-45 g, but within weeks they had increased body weight to
around 35-80 g prior to hibernation (Mansergh and Broome 1994).

The increases in body weight observed in wild B. parvus over the late summer-early autumn
period (Mansergh and Broome 1994) imply seasonally-elevated levels of appetite in these
animals at this time. Such elevated levels should also be evident in short term captive animals
which are taken into captivity from the wild at this time. This elevation in appetite was
indicated by the increase in body weight recorded in the short term captive animals during the
course of their captivity. When taken into captivity the short term captive group had an average
weight of 42 g, but 5 days later this average had risen by more than 7% to 45 g. Thus the
relatively large amount of time that these animals spent on feeding is consistent with them being
in a physiological state which was programmed to prepare them for hibernation. Although most
feeding by the short term captive animals took place under conditions of darkness, some took
place during the diurnal hours. Diurnal feeding in these animals can be viewed as a response of
animals with a heightened appetite to the presence of plentiful food. Thus diurnal feeding in the
short term captive animals can also be construed as part of a suite of behaviours involved in
preparation for hibernation. Such as those shown in wild B. parvus who are believed to forage
for A. infusa before they take flight (Mansergh 1988).

The extended term captive group were the most active of the three treatment groups and almost
all of their activity was confined to the nocturnal period. Most of the activity of the extended
term captive animals involved terrestrial travel and climbing. However, while some of this
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locomotor activity seemed to have been directed towards exploration, much of it seemed to be
undirected and exhibited characteristics consistent with stereotypy. The extended term captive
animals had been in captivity for a prolonged period at the time they were studied and evidently
throughout that time had had access to more than adequate food. Based on the small amount of
time they spent feeding, their decreased body weights and the absence of diurnal feeding, their
conditions of captivity, an artefact of being taken into captivity or time of year had evidently
reduced their drive to feed. It is interesting therefore, that the lighting regime under which they
were held captive (14 light:10 dark) is the one which in the species’ natural habitat occurs only
in summer and which, according to suggestions put forward above, appears associated with
seasonally elevated hunger levels in wild animals.

Most mammals seem to retain their wild diel pattern of activity when taken into captivity.
However, a small number of studies show rodents alter their diel activity when taken into
captivity.

Acomys russatus (golden spiny mice), which is diurnal in the wild, becomes

nocturnal in captivity (Levy et al. 2007), and Mesocricetus auratus (golden hamster) females,
which are almost exclusively diurnal in the wild, become consistently nocturnally active in the
laboratory (Gattermann et al. 2008).

An important finding of the present study was locomotor stereotypy in both extended term
captive and captive-bred specimens of B. parvus. Locomotor stereotypy has been reported in a
variety of placental mammal species (see Lewis et al. 2006), but in few marsupials. Ewer
(1968a) mentions that some captive S. crassicaudata examined showed such behaviour, and
more recently Phillips et al. (2012) mention stereotypic pacing in captive Sminthopsis douglasi
(Julia creek dunnart).

Two reports have been published describing investigations into

stereotypic locomotion in two species of wombats (Hogan and Tribe 2006; Hogan et al. 2010).
Aside from these, there seem to be no published reports of locomotor stereotypy in marsupials;
although, this may reflect a failure to report, rather than the absence of, such abnormal
behaviour in other marsupial species.
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In most situations where stereotypies have been reported in mammals, it seems to be the case
that the abnormal behaviour concerned becomes more evident the longer animals are kept under
captive conditions (Lewis et al. 2006). Furthermore, it seems generally to be more common in
captive-bred animals than in wild-bred animals taken into captivity (Lewis et al. 2006).
However, in the present study it was the wild-bred, extended term captive animals, rather the
captive-bred animals, in which stereotypy was most pronounced. This may be related to the fact
that the extended term captive animals of the present study had been kept isolated in small
enclosures throughout their time in captivity, whereas the captive-bred animals of this study had
spent part of their entirely captive life in larger enclosures with other animals. Based on this it
would appear that large enclosures containing at least two animals are necessary for the
psychological health of captive specimens of B. parvus.

In conclusion this study confirmed that no matter how long wild born B. parvus are held in
captivity their behaviour continues to conform to an essentially circadian rhythm characterised
by nocturnal activity. . In contrast, in captive-bred specimens this circadian behaviour seems to
be weakly developed, such that activity extends throughout the whole of the diel period. In
captive animals, whether wild or captive-bred, much activity during the nocturnal period
involves terrestrial travel and climbing.

The nature of such locomotion seems to differ

depending whether animals are wild-bred or captive bred and, if they are wild-bred whether
they have been in captivity for long. Wild bred animals that are newly captive seem to use such
locomotion for exploration, whereas in wild bred animals that have spent much time in captivity
and in captive bred animals much locomotor activity seems to be stereotypic and hence
purposeless.
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Chapter 6
General Discussion and Conclusions
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6.1 Introduction
Knowledge of the behaviour of an endangered species can make a significant contribution to
success in conserving the species through captive breeding. An appreciation of the individual
and social behaviours of a species, activity cycles and how active time is spent can provide
insight into the general wellbeing of an animal and suggest ways in which husbandry can be
optimised. Furthermore, as noted in Chapter 1, an understanding of a range of behaviours can
be fundamental to the successful reintroduction of captive-bred animals into the wild.

6.2 Behavioural inventory and social behaviour of Burramys parvus
(chapters 3 and 4)
A major aim in preparing this thesis was to construct an ethogram of the individual and social
behaviours of B. parvus when housed individually, in pairs and in small groups. Chapters 3 and
4 have described both the solitary and social behaviours exhibited by this species in captivity.
These chapters have also noted if similar behaviours have been observed in other mammal
species of similar size. Chapter 3 extends previous accounts of individual behaviours of B.
parvus. It provides the first comprehensive descriptions and analyses of individual behaviour in
this species. Burramys parvus exhibits basic postures, gaits, exploratory, maintenance and
social behaviours that are similar to those described in other small-bodied, primarily terrestrial
or scansorial mammals (e.g. Dasyuridae: Ewer 1968a; Rigby 1972; Van Dyck 1979; Cuttle
1982).

The social interactions displayed by B. parvus in this study were similar to those reported in
some other small mammals. Thus, as in A. pygmaeus and T. rostratus, there were no displays of
strongly aggressive behaviour (Fleming and Frey 1984; Russell 1986).

Whilst previous

behavioural research on B. parvus by Dimpel and Calaby (1972), Kerle (1982) and O’Reilly et
al. (1986) has provided descriptions of some social interactions, those descriptions were based
on fewer individuals than were investigated in the present study.
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This present study provides insight into the social interactions of these animals during the nonbreeding season. The lack of agonistic behaviour between individuals was the most obvious
result and suggests either that most of the subjects were very familiar with each other or that this
species is naturally highly social.

Such sociality has been observed in other small

diprotodontian marsupial species like T. rostratus (Russell 1986).

6.3 Comparison of activity rhythms of wild and captive-bred Burramys
parvus (chapter 5)
In Chapter 5 comparisons are made between the members of three treatment groups (short term
captive, extended term captive, and captive bred) in terms of: (i) the proportion of the diel
period that animals were active; (ii) how periods of activity time were spread over the diel
period; and (iii) the amount of time spent on six focal behaviours. As frequently occurs over the
course of a captive breeding program, it appears that time spent in captivity elicits some
behavioural changes in B. parvus, with those permanently captive over multiple generations
showing a significant, aberrant inclination to be active during daylight hours. Terrestrial travel,
climbing, feeding and sitting outside the nest box were all exhibited diurnally by these animals,
indicating that they may not be behaviourally fit for release into the wild. Dimpel and Calaby
(1972) also found captive-bred individuals emerged in daylight far more frequently than wildcaught animals, seemingly having habituated to their environment and losing the flightiness
characteristic of wild animals.

Unsurprisingly, it was the short term captive and extended term captive animals which showed
little diurnal activity, indicating the use of circadian behavioural cycles similar to those of
conspecifics living in the wild. However, the extended term captive animals were considerably
more active in darkness than the short term captive animals, and a large proportion of their
active time comprised repetitive, seemingly purposeless behaviour; specifically, continual
running/climbing around a single circuit following the perimeter of the enclosure.

This

repetitive behaviour resembled stereotypic behaviour, which in other species has been
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documented to interfere with normal activity and cause physical or behavioural harm,
eventually reducing the welfare of the animal (Dallaire 1993). Stereotypical behaviours are
commonly observed in animals kept in captivity for conservation or educational purposes under
conditions where movement or diet is physically restricted (Duncan 1970; Singh 1970; Osborne
1977), and it is possible that the extended term captive animals used in the present study were in
need of more space.

6.4 Implications of findings for the current captive breeding population
Despite the best intentions, it is inevitable that captive breeding programs house animals in
environments that are far more restrictive than those they experience in the wild.

Such

restriction applies not only to space, but also to access to conspecifics, mate choice, dietary
selection and interaction with natural environmental factors such as live prey and predators. In
some species, interactions with live prey and predators seem to be required to promote the
development of essential behaviours such as hunting skills and predator avoidance tactics.

When a threatened species enters the extinction vortex in the wild, a captive breeding program
can be employed to avoid extinction. Captive breeding of suitable animals for release to the
wild is a pre-requisite. However, assessments of the success of such breeding programs for
endangered species have found that only a small percentage are successful (Rahbek 1993;
Snyder et al. 1996). The current B. parvus captive breeding program was specifically initiated
to produce cross-breed animals that are genetically-suited to survival in the wild and was not
initiated purely as a mechanism for producing maximum offspring. So although substantial
numbers of offspring are being produced, offspring have largely been produced by captive-bred
females paired with wild-caught or captive-born males. At the time the present study was being
completed only one wild-caught female had bred (the sires were all wild-caught males; Parrott
et al. 2011), meaning all offspring produced were a descendent of a single female. The failure
of wild-caught females to breed may be due to a failure to meet these animals’ psychological,
physiological, environmental and/or nutritional needs (Millam et al. 1988; Yamamoto et al.
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1989; Snyder et al. 1996). Conversely, the lack of breeding of wild-caught females may have
been, at least in part, due to the high levels of inbreeding and reproductive anomalies observed
in a number of wild-caught Mt Buller animals (M Parrott pers. comm.).

Field observations by twenty observers of over 6,000 animals (150,000 trap nights) suggest that,
in the wild B. parvus is a highly social animal exhibiting low intraspecific aggression and high
intraspecies tolerance (I. Mansergh pers. comm.). This view is supported by observations on
captive animals reported by Dimpel and Calaby (1972), Kerle (1982) and O’Reilly et al. (1986)
and by a variety of observations made during the present study (Chapter 4). The mating system
of B. parvus in the wild is polygynous and polygamous (Mansergh 1988). The females remain
sedentary at their natal site for in excess of twelve years, sharing this site with many generations
of females and overlapping with multiple females of all ages. While females defend their prime
resource-rich habitat from other females, they exhibit no injuries or other signs of aggressive
behaviour (Mansergh and Broome 1995). Males also show a high level of social tolerance.
Telemetry data of male specimens of B. parvus translocated from Mount Hotham to Mount
Buller showed that males readily nested together during the breeding season (D. Heinze and I.
Mansergh pers. comm.).

Given the highly social nature of B. parvus, it must be asked whether there are negative
consequences in keeping individual animals in isolation other than when attempting to get them
to mate. In Ceratotherium simum (southern white rhinoceros), breeding success was poor until
an understanding of the species’ social and reproductive behaviour was obtained. The key to
success in breeding wild-caught females of this species was the provision of large enclosures
containing at least one male and several females. This created an environment more consistent
with wild conditions (Fouraker and Wagener; 1996; Swaisgood et al. 2006).

During the course of the present study, all the animals of the Healesville captive colony were
held in isolation to facilitate research, unless paired specifically for breeding purposes. Hence,
the lack of breeding success in wild-caught females may be due to their inability to court and
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choose the correct mate under such housing restrictions. Although choice was given to each
female by rotating different males through her home enclosure, the female never had access to
more than one male at any one time (as she would in the wild). Unfortunately, filming of these
male-female interactions was prohibited at the time of the present research.

Breeding success of B. parvus might be increased by having multiple females and males in large
enclosures separated by a tunnel which is opened at the beginning of the breeding season to
allow males to enter the females’ habitat as they would in the wild. It should be noted that
following the conclusion of this study, a change in facility and husbandry saw animals being
housed together and grouped to breed with increased reproductive success. Another seemingly
viable approach, and one which is currently being undertaken, is the translocation of Mount
Hotham males to the small, largely female Mount Buller population. Initial reports indicate that
this is an effective means of increasing mating probability (I. Mansergh pers. comm.).
Furthermore, since the offspring that result are raised under natural conditions, the problem of
training captive-born animals so that they can cope with the unfamiliar natural environment is
avoided (I. Mansergh pers comm.). Certainly, if the current B. parvus captive breeding program
succeeds in breeding wild-caught Mount Hotham males with wild-caught Mount Buller
females, considerable effort will need to be given to ensure that a range of behaviours essential
to survival in the wild are maintained. Although the above in situ translocation programs, such
as that involving movement of Mount Hotham males to Mount Buller would be ideal in
providing much needed genetic rescue, they do not necessarily address the need for producing
high numbers of animals quickly to stop the extinction vortex.

The findings of the present research highlight a number of concerns for the final outcome of the
current B. parvus captive breeding program. Considering the time spent active by the captivebred animals when compared with that spent by the wild-caught animals, it is clear there are
some significant changes in behaviour when members of this species are born and raised under
captive conditions. Whilst there was no indication of any changes in the basic elements of
movement used by any of the animals, the decrease seen in overall activity levels in the captive-
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bred group and their lack of uninhibited diurnal activity are both of obvious concern. In
addition, the excessive repetitive behaviour displayed by both the extended captive and the
captive-bred animals, suggests that captivity can produce behavioural changes that may have
fatal consequences for animals that are released from captivity into the wild.

Restrictions in available space to house B. parvus may have contributed to the stereotypical
behaviour exhibited by the extended term captive and captive-bred animals. Such behaviour is
thought to be caused by space limitations and the inability for an animal to fulfil a particular
need (Mason 1991). The floor area of the enclosures in which individual possums were held
during the present study was less than 1 m2, a substantially smaller area than that which is
available in any animal the wild. In addition, this holding space was topographically simple and
lacked the structural complexity found in the natural habitat of B. parvus (e.g. the threedimensional complexity found in boulderfields). One approach to this issue would be use of
large, naturalistic enclosure spaces housing multiple individuals, thereby better simulating a
wild landscape. There are obvious difficulties in providing small boulderfields in enclosures;
although through the use of mock rock and other materials, replicas of boulderfields might be
created to produce more naturalistic enclosures and nesting areas (rather than the provision of a
nesting box). Creating areas in which the animals can construct nests might elicit activities (e.g.
collection and transport of nesting material) which reduce the time spent in stereotypic
behaviours.

Captive animals were also limited in their opportunities to forage and this simplified their
environment. All food was provided in a bowl to facilitate a concurrent study into diet and food
preference and although prey items were offered, these were often dead or restricted in mobility
due to the use of deep feeding bowls. Short term captive animals were offered live moths, which
were usually hunted and consumed before stationary food items such as walnuts and sultanas
were taken. If live prey items, like moths, were offered to the extended term captive and
captive-bred animals, it may have stimulated them to hunt, thereby giving purpose to their
terrestrial travel and climbing activities. Furthermore, spreading food items or hiding them in
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grass tussocks or artificial boulderfields may have provided motivation for animals to forage.
Timely provision of such items might also stimulate captive-bred animals to increase their
activity during the nocturnal period. At the time of this study a parallel dietary study was being
undertaken using the study animals, therefore scatter feeds etc. could not be undertaken.

Restriction to conspecifics may be detrimental to the behavioural development of offspring bred
in captivity. It is unclear what role social learning plays in the normal development of B.
parvus, however, as females remain in the natal home range for life, it is plausible that some
degree of learning occurs. Studies on rodents by Galef (1996) and Gerrish and Alberts (1995)
found that social learning is an important influence on where juveniles forage. The presence of
an adult Rattus norvegicus (Norway rat) at a feeding site resulted in juveniles approaching and
eating at a distance. Also, the presence of chemicals deposited by adult rats at feeding sites
caused juveniles to explore marked sites more than unmarked sites (Galef and Giraldeau 2001).
The caching of food by adult B. parvus at nesting sites may teach juveniles which foods to eat,
as occurs in Neotoma floridana (woodrats; Post et al. 1998). Thus restriction of access to
conspecifics may be detrimental to the behavioural development of specimens of B. parvus bred
in captivity.

Since the conclusion of the current study there have been changes to the husbandry of B. parvus
held captive at Healesville Sanctuary. Animals are now held in social groups or breeding pairs
with mate choice trails completed annually to promote breeding. Updated alpine mimicking
facilities have been completed and enclosure sizes have been increased with tunnel systems
created to allow for multiple enclosures to be connected. There has been an increase in habitat
complexity, enrichment, live prey (moths) and scatter feeds since this study’s conclusion (M.
Parrott pers. comm.).
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6.5 Conclusions and future directions
The present study sought to understand the behaviour of B. parvus and to compare it to that of
other small mammals. It also sought to compare the time budgets and activities of captive-bred
B. parvus with those of wild-caught animals held in captivity over two differing time periods.

This study found that many aspects of the behaviour of isolated B. parvus are comparable to
those of other small mammals (Chapter 3). However, unlike some other small marsupials (in
particular members of the Dasyuridae) agonistic behaviour was rare when housed in small
groups. Instead, B. parvus regularly shared nesting sites and fights were never observed, even
between males (Chapter 4).

This study also revealed that; i) the time spent in captivity influences the amount of time spent
active during the diel period, ii) activity is less nocturnally focused in captive bred animals;
instead these animals are active throughout the diel period, iii) captivity may induce behavioural
inhibition in recently captive animals, thereby reducing the amount of time they are active over
the diel period, iv) captivity may cause aberrant behaviour, including locomotor stereotypy, in
animals held over long periods (Chapter 5).

A number of limitations were imposed on the present study which restricted the investigations
that could be undertaken and findings that could be made. These limitations included two
different photoperiods imposed on the treatment groups, and restrictions on the researcher’s
ability to manipulate behavioural interactions. The shorter photoperiod experienced by the
captive-bred animals substantially complicated attempts to compare and so interpret differences
in their activity rhythms with those of the other two treatment groups. Unfortunately, the
lighting conditions under which all the study animals were investigated were beyond the
researcher’s control. A restriction on access to the animals during the breeding season also
limited the amount of information on social behaviour that could be gained during this study.
Into the future, a greater understanding of reproductive behaviours and cues will add to our
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overall knowledge of this species and hopefully enhance the success of future captive breeding
programs.

Another limitation arises from current deficits in knowledge about the behaviour of B. parvus in
the wild. To gain a true assessment of the effects of captivity on behaviour, unrestricted wild
individuals should be observed and filmed in the field. Unfortunately, this is impractical, as
observing and filming a small, nocturnal marsupial which lives deep in the crevices of
boulderfields is extremely difficult. It is to be hoped that improvements in technology will
change this situation in the future.

Limitations in access to animals and animal holding facilities also constrained the study. Ideally,
to understand the influence of captivity on animals, a study would follow the behaviour of
individuals from point of capture in the wild through to permanent captivity. Thus, instead of
three treatment groups containing different animals, there would have been only two: one of
wild-caught animals observed at appropriate intervals over time in captivity; and one of captivebred animals. Not only would this permit changes in activity cycles, time budgets and individual
behaviours to be documented; it would also allow elucidation of the time spans over which such
changes occur, and so clarifying transitions points as a wild animal makes the behavioural
transition into a captive animal.

In addition, it would likely be useful to compare the changes in behaviour and activity cycles
between freshly caught wild adult B. parvus and juvenile B. parvus, knowing that there is
usually greater capacity for learning (behavioural plasticity) in juveniles, and that the rearing
environment is a key factor in shaping and developing different behaviours. The effects of
captivity on the development of behaviour, including hunting ability and predator avoidance,
could be identified by comparing the two treatment groups over an extended period of time.
Such research is of particular importance where it is intended that captive bred animals will be
released back into the wild.
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It is the author’s opinion that when deciding how best to conserve this iconic marsupial, more
emphasis should be placed on directing resources into practices that strengthen the conservation
status of the species. B. parvus appears extremely difficult to breed under traditional captive
conditions (pers. obs.). However, small scale in situ translocation studies, in which animals are
transferred from a comparatively stable population into a stressed/declining population, have
yielded some positive results. Such translocation studies have shown that ‘foreign’ animals can
survive in an ‘other’ population and produce genetically viable offspring thus addressing the
decline in genetic diversity of small or highly fragmented populations.

By continuing with translocation studies, not only are financial pressures potentially reduced,
but we avoid problems inherent in captive breeding programs. Juveniles will be raised in the
wild, where their behavioural plasticity will likely result in the development of behaviours that
enhance their fitness, rather than reduce it, as appears to be the case in animals raised in
captivity, where aberrant behaviours (including unusual activity patterns) are developed which
seem destined to reduce the chances of survival of any captive-bred animals that are later
released into the wild. A number of the suggestions I have made in this thesis have been
implemented, with increased success, at Healesville Sanctuary, and it is hoped that my research
will lead to further advances in the understanding of the biology and management of B. parvus.
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Table 7.1: Time spent active (min) over the diurnal period for short term captive, extended term captive and captive-bred groups.

Short
Term
(min ±
SE)
Extended
Term
(min ±
SE)
Captivebred (min
± SE)

06:00 –
06:59

07:00 –
07:59

08:00 –
08:59

09:00 –
09:59

10:00 –
10:59

11:00 – 11:59

12:00 –
12:59

13:00 –
13:59

14:00 –
14:59

15:00 –
15:59

16:00 –
16:59

17:00 –
17:59

18:00 –
18:59

19:00 –
19:59

5.53±1.159

2.88±1.251

0.47±0.299

0.13±0.131

0.00±0.000

0.045±0.0445

0.00±0.00

0.14±0.139

0.00±0.000

0.00±0.000

0.07±0.069

0.00±0.00

2.37±1.148

4.54±1.684

0.00±0.000

0.18±0.179

0.12±0.119

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

0.00±0.000

1.65±1.081

5.78±1.002

6.28±0.828

2.54±0.865

2.84±0.939

2.06±0.739

2.98±0.858

3.37±1.142

2.08±0.797

4.65±1.469

Table 7.2: Time spent active (min) over the nocturnal period for short term captive, extended term captive and captive-bred groups.
17:00 –

18:00 –

19:00 –

20:00 –

21:00 –

22:00 –

23:00 –

00:00 –

01:00 –

02:00 –

03:00 –

04:00 –

05:00 –

06:00 –

07:00 –

17:59

18:59

19:59

20:59

21:59

22:59

23:59

00:59

01:59

02:59

03:59

04:59

05:59

06:59

07:59

Short Term
(min ± SE)

9.44 ±

8.55 ±

9.87 ±

8.31 ±

13.61 ±

9.04 ±

7.45 ±

12.17 ±

11.82 ±

14.87 ±

3.066

3.062

4.269

2.657

5.015

1.198

1.395

2.552

2.373

3.388

Extended
Term (min ±
SE)
Captive-bred
(min ± SE)

16.83 ±

52.82 ±

37.46 ±

40.86 ±

35.50 ±

27.18 ±

33.28 ±

26.76 ±

16.32 ±

1.05 ±

7.899

2.961

9.112

8.068

8.403

10.829

9.562

9.071

4.976

1.047

4.65 ±

4.52 ±

4.31 ±

8.88 ±

6.74 ±

4.17 ±

4.81 ±

5.24 ±

4.76 ±

4.18 ±

4.07 ±

4.89 ±

6.41 ±

7.46 ±

6.01 ±

1.470

0.961

0.985

0.914

1.357

1.261

1.144

1.274

0.966

1.019

1.002

0.983

1.138

2.285

1.201
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Table 7.3i: Time spent (min ± SE) on different activities over the diurnal period for short term captive, extended term captive and captive-bred groups.

Activity
Terrestrial
Travel
Climbing
Feeding
Drinking
Grooming
Sitting

Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred

06:00
2.61 ± 0.581
0.00 ± 0.000

07:00
1.29 ± 0.703
0.01± 0.011

1.28 ± 0.748
0.00 ± 0.000

0.48± 0.471
0.14± 0.134

1.42 ± 0.308
0.00 ± 0.000

0.88± 0.594
0.02± 0.022

0.14 ± 0.068
0.00 ± 0.000

0.20± 0.096
0.00± 0.000

0.09 ± 0.053
0.00 ± 0.000

0.03± 0.032
0.00± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.00± 0.000
0.00± 0.000

08:00
0.16 ± 0.133
0.00 ± 0.000
2.19 ± 0.465
0.07± 0.060
0.12 ± 0.111
1.07 ± 0.523
0.17 ± .172
0.00 ± 0.000
1.98 ± 0.482
0.06 ± 0.045
0.00 ± 0.000
0.08 ± 0.020
0.00 ± 0.000
0.00 ± 0.000
0.22 ± 0.062
0.00 ± 0.000
0.00 ± 0.000
0.25 ± 0.105

09:00
0.07 ± 0.072
0.00 ± 0.000
2.62± 0.437
0.00 ± 0.000
0.00 ± 0.000
1.21± 0.563
0.00 ± 0.000
0.00 ± 0.000
1.10 ± 0.495
0.06 ± 0.058
0.00 ± 0.000
0.08 ± 0.030
0.00 ± 0.000
0.00 ± 0.000
0.25 ± 0.071
0.00 ± 0.000
0.00 ± 0.000
0.12 ± 0.118

10:00
0.00 ± 0.000
00.00 ± 0.000
0.90 ± 0.441
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000
0.84 ± 0.512
0.00 ± 0.000
0.00 ± 0.000
0.02 ± 0.012
0.00 ± 0.000
0.00 ± 0.000
0.01 ± 0.008
0.00 ± 0.000
0.00 ± 0.000
0.78 ± 0.723

11:00
0.04 ± 0.045
0.00 ± 0.000
1.39 ± 0.421
0.00 ± 0.000
0.00 ± 0.000
0.07 ± 0.071
0.00 ± 0.000
0.00 ± 0.000
1.15 ± 0.530
0.00 ± 0.000
0.00 ± 0.000
0.03 ± 0.015
0.00 ± 0.000
0.00 ± 0.000
0.21 ± 0.161
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000

12:00
0.00 ± 0.000
00.00 ± 0.000
0.85 ± 0.343
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000
0.72 ± 0.370
0.00 ± 0.000
0.00 ± 0.000
0.03 ± 0.020
0.00 ± 0.000
0.00 ± 0.000
0.12 ± 0.108
0.00 ± 0.000
0.00 ± 0.000
0.34 ± 0.271
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Table 7.3ii: Time spent (min ± SE) on different activities over the diurnal period for short term captive, extended term captive and captive-bred groups.

Activity
Terrestrial
Travel

Climbing

Feeding

Drinking

Grooming

Sitting

13:00

14:00

15:00

16:00

17:00

18:00

19:00

Short Term

0.11± .114

0.00 ± 0.000

0.00 ± 0.000

0.06 ± 0.058

0.00 ± 0.000

0.58 ± 0.381

3.08 ± 1.331

Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred

0.00± 0.000
1.43 ± 0.451
0.00 ± 0.000
0.00 ± 0.000
0.13 ± 0.096
0.00 ± 0.000
0.00 ± 0.000
1.14 ± 0.665
0.03 ± 0.025
0.00 ± 0.000
0.09 ± 0.036
0.00 ± 0.000
0.00 ± 0.000
0.08 ± 0.037
0.00 ± 0.000
0.00 ± 0.000
0.11 ± 0.062

0.00 ± 0.000
1.41 ± 0.436
0.00 ± 0.000
0.00 ± 0.000
0.39 ± 0.206
0.00 ± 0.000
0.00 ± 0.000
0.76 ± 0.328
0.00 ± 0.000
0.00 ± 0.000
0.03 ± 0.012
0.00 ± 0.000
0.00 ± 0.000
0.17 ± 0.083
0.00 ± 0.000
0.00 ± 0.000
0.61 ± 0.591

0.00 ± 0.000
1.06 ± 0.362
0.00 ± 0.000
0.00 ± 0.000
0.14 ± 0.105
0.00 ± 0.000
0.00 ± 0.000
0.75 ± 0.458
0.00 ± 0.000
0.00 ± 0.000
0.03 ± 0.021
0.00 ± 0.000
0.00 ± 0.000
0.12 ± 0.077
0.00 ± 0.000
0.00 ± 0.000
0.00 ± 0.000

0.00 ± 0.000
1.78 ± 0.562
0.00 ± 0.000
0.00 ± 0.000
0.08 ± 0.048
0.00 ± 0.000
0.00 ± 0.000
1.45 ± 0.607
0.01 ± 0.011
0.00 ± 0.000
0.24 ± 0.187
0.00 ± 0.000
0.00 ± 0.000
0.33 ± 0.170
0.00 ± 0.000
0.00 ± 0.000
0.029 ± 0.029

0.00 ± 0.000

0.00 ± 0.000

1.58 ± 0.961

0.00 ± 0.000
0.00 ± 0.000

0.33 ± 0.308
0.00 ± 0.000

0.32 ± 0.147
0.07 ± 0.067

0.00 ± 0.000
0.00 ± 0.000

1.23 ± 0.814
0.00 ± 0.000

0.72 ± 0.449
0.00 ± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.23 ± 0.814
0.00 ± 0.000

0.26 ± 0.449
0.00 ± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.00 ± 0.000
0.00 ± 0.000

0.16 ± 0.107
0.00 ± 0.000
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Table 7.4i: Time spent (min ± SE) on different activities over the nocturnal period for short term captive, extended term captive and captive-bred groups.

Activity
Terrestrial
Travel

Climbing

Feeding

Drinking

Grooming

Sitting

17:00

18:00

19:00

20:00

21:00

22:00

23:00

Short Term

3.02 ± 1.007

4.17 ± 2.191

1.71 ± 0.544

4.39 ± 1.514

Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred

12.19 ± 6.812
4.19 ± 0.840
1.35 ± 0.692
2.18 ± 1.147
2.28 ± 0.562
2.96 ± 2.183
0.06 ± 1.053
1.06 ± 0.336
0.16 ± 0.133
0.04 ± 0.025
0.20 ± 0.179
0.15 ± 0.115
0.84 ± 0.670
0.76 ± 0.145
1.80 ± 1.800
1.78 ± 1.218
0.38 ± 0.203

30.86 ± 4.144
2.82 ± 0.579
1.29 ± 1.025
19.28 ± 3.215
1.72 ± 0.568
2.12 ± 1.236
1.39 ± 0.462
0.78 ± 0.241
0.15 ± 0.100
0.10 ± 0.030
0.02 ± 0.007
0.16 ± 0.127
0.85 ± 0.411
0.69 ± 0.205
0.66 ± 0.655
0.51 ± 0.306
0.71 ± 0.464

18.29 ± 4.043
1.49 ± 0.474
0.68 ± 0.516
17.94 ± 4.849
0.62 ± 0.294
5.42 ± 3.253
0.65 ± 0.291
1.21 ± 0.470
0.15 ± 0.063
0.05 ± 0.020
0.09 ± 0.072
0.23 ± 0.149
0.36 ± 0.226
0.53 ± 0.316
1.67 ± 1.428
0.21 ± 0.180
0.22 ± 0.186

21.41 ± 4.876
1.69 ± 0.341
1.78 ± 0.992
16.91 ± 4.631
0.55 ± 0.290
1.48 ± 0.824
0.77 ± 0.243
1.27 ± 0.345
0.19 ± 0.064
0.10 ± 0.037
0.06 ± 0.022
0.21 ± 0.205
1.02 ± 0.641
0.60 ± 0.331
0.27 ± 0.268
0.77 ± 0.584
0.63 ± 0.585

2.49 ± 1.397

2.05 ± 0.614

2.07 ± 0.468

0.14 ± 0.081

0.55 ± 0.254

0.90 ± 0.412

1.32 ± 0.512

1.53 ± 0.568

0.59 ± 0.257

0.06 ± 0.030

0.04 ± 0.018

0.02 ± 0.008

0.50 ± 0.269

0.29 ± 0.104

0.40 ± 0.118

0.13 ± 0.132

0.05 ± 0.036

0.34 ± 0.243
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Table 7.4ii: Time spent (min ± SE) on different activities over the nocturnal period for short term captive, extended term captive and captive-bred groups.

Activity
Terrestrial
Travel

Climbing

Feeding

Drinking

Grooming

Sitting

00:00

01:00

02:00

03:00

04:00

05:00

Short Term

9.32 ± 4.108

3.65 ± 0.333

2.98 ± 0.687

5.42 ± 2.301

4.70 ± 1.592

6.11 ± 1.684

Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred
Short Term
Extended Term
Captive-bred

18.15 ±6.420
2.21 ± 0.528
2.21 ± 0.803
15.71 ±0.039
0.56 ± 0.278
1.13 ± 0.514
0.59 ± 0.217
1.29 ± 0.301
0.17 ± 0.061
0.10 ± 0.032
0.15 ± 0.088
0.34 ± 0.234
0.62 ± 0.368
0.35 ± 0.089
0.43 ± 0.430
0.36 ± 0.177
0.67 ± 0.502

14.47 ±6.184
2.19 ± 0.615
1.59 ± 0.359
11.70 ±5.256
0.67 ± 0.326
3.24 ± 1.231
0.39 ± 0.140
1.15 ± 0.448
0.22 ± 0.107
0.03 ± 0.024
0.10 ± 0.064
0.31 ± 0.127
0.31 ± 0.145
0.37 ± 0.150
0.03 ± 0.028
0.31 ± 0.269
0.28 ± 0.181

15.76 ±6.438
1.09 ± 0.342
1.71 ± 0.354
15.95 ±7.389
0.43 ± 0.272
2.09 ± 0.641
0.46 ± 0.171
1.42 ± 0.454
0.06 ± 0.023
0.06 ± 0.043
0.05 ± 0.024
0.33 ± 0.174
0.50 ± 0.247
0.47 ± 0.148
0.28 ± 0.276
0.62 ± 0.538
0.72 ± 0.355

14.75 ±5.111
1.34 ± 0.350
2.77 ± 1.401
10.60 ±4.335
0.74 ± 0.390
3.21 ± 1.168
0.41 ± 0.202
1.30 ± 0.433
0.16 ± 0.058
0.1 2 ± 0.062
0.07 ± 0.028
0.17 ± 0.111
0.40 ± 0.118
0.26 ± 0.091
0.44 ± 0.442
0.56 ± 0.484
0.35 ± 0.254

7.41 ± 3.762
1.45 ± 0.298
2.76 ± 1.461
7.34 ± 2.754
1.22 ± 0.667
4.11 ± 1.170
0.50 ± 0.278
1.41 ± 0.413
0.11 ± 0.029
0.03 ± 0.022
0.07 ± 0.027
0.14 ± 0.102
0.22 ± 0.164
0.36 ± 0.084
0.00 ± 0.000
0.95 ± 0.824
0.38 ± 0.246

0.64 ± 0.601
1.69 ± 0.349
4.14 ± 2.098
0.33 ± 0.312
1.39 ± 0.667
3.89 ± 0.795
0.06 ± 0.053
1.63 ± 0.466
0.14 ± o.050
0.02 ± 0.014
0.08 ± 0.036
0.57 ± 0.294
0.00 ± 0.000
0.47 ± 0.126
0.03 ± 0.027
0.00 ± 0.000
1.15 ± 0.672

06:00

07:00

1.94 ± 0.372

1.91 ± 0.477

1.05 ± 0.374

0.95 ± 0.444

1.55 ± 0.240

2.16 ± 0.701

0.06 ± 0.015

0.55 ± 0.445

0.39 ± 0.108

0.31 ± 0.079

2.46 ± 2.319

0.13 ± 0.129
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