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Frontispiece: The Tiger Quoll Dasyurus maculatus maculatus

Abstract

Abstract

The mammal fauna of Australia has undergone a dramatic and significant decline since
the arrival and settlement of Europeans on the east coast of Australia. Eighteen native
Australian mammals are considered extinct, 35 are endangered and 51 vulnerable, out of
a total of 357 species. The Tiger Quoll is considered threatened in all mainland states, it
is considered rare in Tasmania, and it is listed as endangered under Federal legislation.
At the commencement of this study, little was known of the biology of the Tiger Quoll
and virtually nothing was known of its ecology. In this study, I used captive Tiger
Quolls at Featherdale Wildlife Park in Sydney, and wild populations at Limeburners
Creek Nature Reserve on the mid-north coast of New South Wales and at Barren
Grounds Nature Reserve and Budderoo National Park on the Illawarra escarpment south
of Sydney to investigate several aspects of Tiger Quoll biology and ecology.

Studies on the breeding biology and growth of Tiger Quolls were undertaken at
Featherdale Wildlife Park. Tiger Quolls have a single breeding season each year and at
Featherdale Wildlife Park Tiger Quolls mated in May with births in June. Some
females had a second and sometimes third oestrus cycle if the first didn’t produce pouch
young. Matings and births were fairly synchronous, occurring mostly over a two to four
week period with a gestation length of about 21 days. Growth curves were developed
for small pouch young and juveniles and age prediction curves were developed for
small pouch young up to 60 days. Both males and females reached sexual maturity in
11 months and could breed in their first breeding season following their birth. Older
females reared larger litters to teat release than one-year-old females. Females
increased in weight prior to the mating period, developing fat deposits around the neck.
Sexual dimorphism between the sexes, males being larger, became clearly apparent by
250 days of age.

In wild populations at Limeburners Creek Nature Reserve, mating occurred in June with
the birth of a single litter recorded in July. Wild young were smaller than same-agedcaptive young and growth of wild young is likely to be slower once they have left the
pouch. Drought conditions are likely to affect the growth of young.
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The spatial and social organisation of Tiger Quolls was investigated at Limeburners
Creek Nature Reserve. Males and females were found to have large home range areas.
Adult females had discrete home range areas, ranging in size from 509-1511 hectares,
separate from other adult females, although some daughters occupied part of the
mother’s home range area. Adult males had much larger home ranges (2302-3401
hectares), which overlapped extensively with other males, and intersected 2-4 female
home ranges. Den sharing was never observed, except between mothers and young, and
sequential use of dens by different individuals only occurred several months after the
former occupant had disappeared. Adult females generally moved to a new den each
day except after pouch young released the teat and were deposited in a maternal den.
Tiger Quolls undertook extensive movements on a daily and weekly basis, particularly
males, with maximum recorded daily journeys of 5 and 8.5 kilometres for females and
males respectively. Over longer periods males were recorded travelling over 20
kilometres in nine days. Activity was not exclusively nocturnal for adult females that
may be active in early to mid-morning and late afternoon, especially in cooler months
when nursing young.

Home ranges included a range of habitat types, heathland, sedgeland, shrubland, forest
and woodland but the majority of locality records from trapping and radio-tracking were
in forest and woodland. The majority of den sites were located within areas of eucalypt
open forest and the majority of dens were eucalypt hollow logs or hollows in the trunks
and limbs of live or dead standing trees. Dens were also located in burrows, which
appeared to be preferred as maternal dens, under small buildings and in rocky
headlands.

The diet of the Tiger Quoll at Limeburners Creek Nature Reserve and Barren Grounds
Nature Reserve / Budderoo National Park (Illawarra) was predominantly carnivorous
with a large proportion made up of vertebrate prey at both sites (85-91%). Mammals
comprised the major vertebrate group with smaller contributions from birds (9-16%),
reptiles (2-7%) and fish (13-24%). Insects were present in a greater proportion at
Limeburners Creek Nature Reserve (26%) than the Illawarra area (13%). Plant material
was present in the diet at both sites, as was garbage. There was potential for some
competition between the Dingo and Tiger Quoll at Limeburners Creek Nature Reserve
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as Dingoes took a large amount of bandicoot as prey, which was also a common prey
item of Tiger Quolls.

Several aspects of the biology and ecology of the Tiger Quoll make it susceptible to a
range of threats. Large home range size for both males and females makes the species
vulnerable to clearing and fragmentation of forest and woodland habitats, to the threat
of roadkill from increased traffic density and speed and to increased direct predation
from eutherian carnivores such as the fox in rural landscapes and domestic pets in urban
areas. Tiger Quolls are subject to direct persecution from humans due to their attraction
to kill and eat caged birds such as chickens and their attraction to carrion increases the
chances of death by roadkill.

The control of eutherian predators such as the fox and Dingo through 1080 poison
baiting programs has the potential to affect Tiger Quoll populations through non-target
kills and may have increased impact if undertaken in the restricted breeding season of
Tiger Quolls and if undertaken for several consecutive years. Impacts may be greater
on low-density populations. The removal of Dingoes may have a detrimental impact on
Tiger Quoll populations if Dingoes are suppressing fox numbers. Further investigation
of the potential impacts of poisoning programs and the relationships between eutherian
and marsupial carnivores is required.

The protection of a number of large Tiger Quoll populations throughout the species
geographic range and the protection and enhancement of forested corridors across the
landscape may provide some buffer to potential impact of disease, habitat loss or
degradation, or invasion of introduced species following climate change to help ensure
the species conservation and possible recolonisation of areas of its former range.
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Chapter 1 Introduction

1.0

Introduction.

1.1

Carnivorous marsupials–world distribution and diversity

The carnivorous marsupials are today found only on three landmasses; South America,
Australia including Tasmania and some small offshore islands, and New Guinea. South
America no longer supports any carnivorous species that feed exclusively on vertebrate
prey. Nineteen genera of South American marsupials display some level of carnivory in
their diets that include small vertebrates, arthropods, fruits and nectar and eleven of
these genera feed predominantly on invertebrate or vertebrate prey. Only three genera,
Lestodelphys, Lutreolina and Chironectes, belonging to the Family Didelphidae, Order
Didelphimorphia, could be described as largely carnivorous. The diet of Chironectes
minimus, the Water Opossum, includes small fish, frogs and aquatic invertebrates. The
Patagonian Opossum, Lestodelphys halli (< 100 g), is considered a carnivorous species
that may forage under the snow for small rodents and other animals, much like northern
hemisphere weasels. The Lutrine Opossum, Lutreolina crassicaudata, considered the
most carnivorous of the didelphids, is said to be an aggressive hunter of rodents,
marsupials, lagomorphs, birds, snakes, frogs and invertebrates (Vieira & Astua de
Moraes 2003).
Only in Australia do any truly carnivorous marsupials remain extant; the Tasmanian
Devil, Sarcophilus harrisii (7–9 kg), (Strahan 1995) and the Tiger Quoll, Dasyurus
maculatus (1.4–6.1 kg), (Green & Scarborough 1990) are members of the Family
Dasyuridae, Order Dasyuromorphia. A third carnivorous species from this Order, the
Thylacine, Thylacinus cynocephalus (15–35 kg), belonging to the Family Thylacinidae,
is only recently extinct, surviving in Tasmania in the wild until 1933 and on mainland
Australia until some 2,000 years ago (Strahan 1995).
Other extant members of the Family Dasyuridae include vertebrate prey in their diets in
varying amounts. In Australia, the Family includes 13 genera and 55 species, ranging in
weight from 4–9000 g. The majority of these species would be described as primarily
insectivorous (Menkhorst 2001). New Guinea shares four of the Australian genera, of
which two species are found in both Australia and New Guinea, demonstrating earlier
linkages between Australia and New Guinea. Another four genera are endemic to New
1
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Guinea (Flannery 1990). To date, 14 species of Dasyurid marsupial are described from
New Guinea, ranging in weight from 15–710 g. For the majority of these, Europeans
know little if anything, of their biology or ecology (Flannery 1990). Little is known of
the diets of most species, but birds and rodents occur in the diets of some of them
(Flannery 1990). The Tasmanian Devil and Tiger Quoll have never inhabited New
Guinea, as far as is known, but the Thylacine inhabited New Guinea in Holocene times
(< 10,000 years ago) (Flannery 1990).
The other five members of the genus Dasyurus are smaller than the Tiger Quoll in size
and include varying amounts of vertebrate prey in the diet along with invertebrates and
some plant foods. The New Guinea Quoll, Dasyurus albopunctatus (580–710 g), and
Bronze Quoll, D. spartacus, are restricted to New Guinea. The former is reported to
enter villages to catch rats, and the latter is known to raid fowl houses, but little else is
known of their biology or ecology. The Bronze Quoll is known from only a few
specimens. Flannery (1990) describes it as the largest extant marsupial carnivore in
New Guinea. A sub-adult female weighed 684 g and a sexually immature male 670 g
(Woolley 2001). The Northern Quoll, Dasyurus hallucatus (300–900 g), occurs in
northern Australia, the Western Quoll, D. geoffroii (615–2185 g), now only occurs in
south-western Australia, and the Eastern Quoll, D. viverrinus (700–2000 g), which was
formerly present in south-eastern Australia, now only occurs in Tasmania.
The fossil record shows that the Australian carnivorous fauna was once more diverse.
Forty species have been described from the Families Dasyuridae, Thylacinidae (Order
Dasyuromorphia), Thylacoleonidae (marsupial lions), Hypsiprymnodontidae (giant rat
kangaroos) (Order Diprotodontia), with some whose taxonomic affinities are yet to be
determined (Wroe 2003). It included an additional species of Dasyurus and Sarcophilus
from the Pliocene (~ 5 million years ago) and three additional species of Thylacinus
from the Miocene (~ 15 mya). The earliest known marsupial carnivore, Djarthia
murgonensis, is from the early Eocene (~ 55 mya) but its taxonomic affinities are yet to
be determined (Wroe 2003). Examination of the composition of fossil faunas from
several sites, dated at fairly recent times in the Pleistocene and Holocene (< 10,000
years ago), indicates the possible co-existence of several species of marsupial carnivore.
Faunas of these sites commonly included one or two species of Dasyurus, Sarcophilus
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harrisii and Thylacinus cynocephalus (Archer & Hand 1984), as was the case in
Tasmania until very recent times.
Today the Tiger Quoll is the only largely carnivorous marsupial on mainland Australia.

1.2

Mammal decline in Australia

The mammal fauna of Australia has undergone a dramatic and significant decline since
the arrival of Europeans on the east coast and subsequent settlement in the 1770s.
Eighteen species of native mammal out of a total of 357 are now considered extinct, five
species survive only on continental islands, two species are now extinct from most of
their former range, two are considered critically endangered, 33 endangered, 51
vulnerable and one species, conservation dependent. All species lost to date have been
endemic to the Australian continent and adjacent continental islands (Commonwealth
Environment Protection and Biodiversity Conservation Act 1999, Menkhorst 2001).
Approximately 50% of all mammal species that have become extinct worldwide in the
past 200 years have been lost from the Australian fauna (Short & Smith 1994).
Many of the species that are extinct inhabited the more open woodland and grassland
habitats of inland Australia and most are from the southern two-thirds of the continent
(Short & Smith 1994). A large proportion of these are medium-sized and small
mammals in the weight range of 35-5500 g described by Burbidge and McKenzie
(1989) as the Critical Weight Range (CWR).
Ecological disturbances which are considered to have contributed to the widespread
extinctions since European settlement include, hunting, habitat clearing and
fragmentation for agriculture, grazing by sheep, cattle, rabbits and other feral species,
altered fire regimes in respect to intensity, extent and frequency and increased predation
by foxes and cats (Short & Smith 1994).
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1.3

Distribution and conservation status of carnivorous marsupials of Australia

and New Guinea

1.3.1

Tiger Quoll

The Tiger Quoll, also known as the Spotted-tailed Quoll or Spot-tailed Quoll, occurs as
three geographically isolated populations (Fig. 1.1). Two of these are considered subspecies; one in far north Queensland, Dasyurus maculatus gracilis, and the other in the
south-east of the continent and Tasmania, Dasyurus maculatus maculatus. Recent work
by Firestone et al. (1999) suggests that the Tasmanian population should also be given
sub-specific status. The geographic range of both sub-species has been reduced since
European settlement as much as 50-90% (Maxwell et al. 1996). Dasyurus maculatus
gracilis now appears to only be common in the high altitude rainforests (> 900 m) of the
coastal plateau of far northern Queensland, referred to as the Wet Tropics Area,
although it is also reported in low numbers from lower altitude rainforests and eucalypt
forests (Burnett 1993, 2001). Dasyurus maculatus maculatus occurs from south-east
Queensland where it is considered rare, along the coast, ranges and some inland areas of
New South Wales to Victoria and Tasmania and formerly to South Australia. It is now
considered extinct in South Australia and on the smaller King and Flinders Islands of
Bass Strait, and rare in southern NSW, Victoria and Tasmania (Mansergh 1984,
Menkhorst 1995, Edgar & Belcher 1995, Jones et al. 2001). It remains relatively
common in the coast and ranges of northern NSW (Maxwell et al. 1996, NPWS 2005).
Dasyurus maculatus maculatus occurs from sea level to the snowline above 1500 m and
has been reported from the riparian Red Gum forests of the inland along the Murray
River (Mansergh 1984, Edgar & Belcher 1995, Menkhorst 1995, Lunney & Matthews
2001) (Fig. 1.2).
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Please see print copy for Figure 1.1

Figure 1.1: The distribution of Australian quolls of the genus Dasyurus on the Australian mainland and
Tasmania showing their former and current geographic distributions (after Strahan 1995).
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Please see print copy Figure 1.2

Figure 1.2: Distribution of the Tiger Quoll Dasyurus maculatus maculatus in New South Wales as shown
by all location records held by the National Parks and Wildlife Service of NSW wildlife database, Atlas
of NSW Wildlife 2005.
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The Tiger Quoll, Dasyurus maculatus, is considered threatened in all mainland states
where it still occurs. In Tasmania, it is considered rare. Under the Commonwealth
Environment Protection and Biodiversity Conservation (EPBC) Act 1999 mainland
populations of Dasyurus maculatus maculatus are listed as endangered and Tasmanian
populations are listed as vulnerable. The northern sub-species Dasyurus maculatus
gracilis is listed as endangered both under the Queensland legislation, and under the
Commonwealth EPBC Act 1999.

1.3.2

Eastern Quoll

The Eastern Quoll, Dasyurus viverrinus (Plate 1.1), was once common over much of
south-eastern Australia but suffered a dramatic decline around the beginning of the
twentieth century (Wood-Jones 1968, Godsell 1995). It survived around Melbourne and
some other parts of Victoria until the 1950s (Menkhorst 1995) and a small number
survived in the suburb of Vaucluse in Sydney until the 1960s (Troughton, 1973). Today
it is extinct on the mainland and only survives in Tasmania (Fig. 1.1). On the mainland,
Eastern Quolls inhabited a range of dry forest, woodland and grassland habitats, the
shores of rivers and lakes and was said to favour treeless rocky country as well as more
cultivated areas, with a preference for dwelling around homesteads and the immediate
neighbourhood of chicken runs (Wood-Jones 1968, Menkhorst 2001). In Victoria it
occurred from sea level to 600 m (Menkhorst 1995). The cause of the decline on the
mainland has variously been attributed to disease, poisoning, rabbit traps, predation by
dogs and foxes, road kills and prolonged persecution by man (Le Souef & Burrell 1926,
Wood-Jones 1968, Fleay 1932, Shumack 1967, Menkhorst 1995). The Eastern Quoll is
considered vulnerable, endangered or presumed extinct in the legislation of mainland
states where it once occurred but is not listed as threatened in Tasmania, the only
remaining state where it survives.
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a. Eastern Quoll Dasyurus viverrinus

b. Northern Quoll Dasyurus hallucatus

c. Western Quoll Dasyurus geoffroii

Plate 1.1: Three species of Australian quolls (a) Eastern Quoll Dasyurus viverrinus from south eastern
Australia, note cream unspotted tail, (b) Northern Quoll D. hallucatus from northern Australia, note fawn
unspotted tail, (c) Western Quoll D. geoffroii from Western Australia, note dark unspotted tail.
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1.3.3

Western Quoll

The Western Quoll, Dasyurus geoffroii, (Plate 1.1) also known as the Chuditch, was
once one of the most widespread of the Australian quolls occurring through much of
western and inland Australia, but not present on the south-eastern coast or northern
Australia. Its range contracted dramatically following European settlement with
specimens last collected in New South Wales in 1841, Victoria in 1857 and Queensland
in 1907, with last reports from the Central deserts in the 1950s. The species survived
around suburban Perth until the 1930s. Today the species only survives in a relatively
small part of its former range in the sclerophyll forests, woodlands and mallee shrubland
of south-western Western Australia (Fig. 1.1). The total population may be less than
6,000 (Serena & Soderquist 1995). The species is listed as extinct, presumed extinct,
vulnerable to or threatened with extinction in states where it once occurred and rare and
likely to become extinct in Western Australia. It has recently been down listed to
vulnerable from endangered, under the Commonwealth EPBC Act 1999 due to an
extensive and successful captive breeding and re-introduction program run in
conjunction with an intensive introduced predator control program (Morris et al. 2003).

1.3.4

Northern Quoll

The Northern Quoll, Dasyurus hallucatus, (Plate 1.1) formerly extended from southeast Queensland across northern Australia to the Kimberley and the Pilbara in Western
Australia but like other Australian quolls has undergone a decline and reduction in
geographic range. Today it occurs in six areas: Carnarvon Range, Atherton Tableland
and the tip of Cape York in Queensland, northern part of the Northern Territory
including Groote Eylandt, and the north Kimberley and the Hamersley Range in
Western Australia. It is absent from Bathurst and Melville Islands in the Northern
Territory (Braithwaite & Griffiths 1994, Braithwaite & Begg 1995) (Fig. 1.1). While
overgrazing and tree clearing have been suggested as contributing to early declines
dramatic recent declines in Cape York and the Northern Territory have are considered
due to the expansion in range of the poisonous Cane Toad, Bufo marinus, (Braithwaite
9
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& Griffiths 1994, Burnett 1997, Oakwood 2004). The disappearance of the Northern
Quoll from several sites in north Queensland and Kakadu National Park in the Northern
Territory over a period of a few months to a few years has been observed and
documented. It has led to the extinction of entire populations in Kakadu National Park
with the arrival of the Cane Toad (Burnett 1997, Oakwood 2004). The Commonwealth
EPBC Act 1999 recently listed the species as endangered due to its dramatic
disappearance with the arrival of the Cane Toad in the Northern Territory. In southern
Queensland, Watt (1993) recommended the species be assigned the status of vulnerable.

1.3.5 New Guinea Quoll

The New Guinea Quoll, Dasyurus albopunctatus, is widespread on mainland New
Guinea in forested areas above about 1,000 m, although considered uncommon, and is
the largest surviving marsupial carnivore of New Guinea’s rainforest. The Rofaifo
people of Mount Elimbari reported that numbers of the New Guinea Quoll had declined
since the introduction of the domestic cat. The species may be endangered where the
cat has become established (Flannery 1990).

1.3.6 Bronze Quoll

The Bronze Quoll, Dasyurus spartacus, is known only from a very small area of the Fly
Plains in the Morehead area of southern New Guinea from low mixed savannah. It is
known from only five specimens and its status remains unknown. It is the largest extant
marsupial carnivore in New Guinea (Flannery 1990).

1.3.7

Tasmanian Devil

The Tasmanian Devil, Sarcophilus harrisii, is the largest extant marsupial carnivore and
is now restricted to Tasmania where it is relatively abundant. It was once widespread
on the Australian mainland with sub-fossil remains found in south-western Australia
dated as recent as 430 years ago. Its decline on the mainland is thought due to the
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introduction and spread of the Dingo, and increasing aridity. Tasmanian populations
have fluctuated in numbers and the species was rare in the first decade of the twentieth
century and again in the 1940’s, which was possibly due to a disease that also affected
quoll and Thylacine populations (Jones 1995a). Currently Tasmanian Devils are
afflicted with a cancerous disease of the face, for which there is no known cure, and
which leads to death. It is having a significant impact on Devil populations in the east
of Tasmania and a third to half of the wild Tasmanian Devil numbers in the state 10
years ago are likely to have been lost (TDPIWE 2005). The Tasmanian Devil is not
listed as threatened under State or Commonwealth legislation although there is now a
nomination for listing under state legislation.

1.3.8

Thylacine

The last known wild Thylacine, Thylacinus cynocephalus, was captured in Tasmania in
1933 and died in captivity in 1936. The Thylacine was present in Tasmania with the
arrival of Europeans but quickly came into conflict with new settlers due to its predation
on sheep. This led to a bounty being offered in 1830 and payment on over 2000 scalps
was made over the next twenty years. In addition to hunting pressure, the rapid decline
seen between 1900 and 1920 may have been due to disease, which appears to have
decimated the Tasmanian Devil and mainland populations of the Eastern Quoll. The
Thylacine was formerly widespread on the Australian mainland and also occurred in
New Guinea (Flannery 1990), with sub-fossil remains from the mainland dated at less
than 2000 years old. Its decline and extinction there is considered due to the
introduction of the Dingo some 3500-4000 years ago (Corbett 1995), with which it
probably competed. Tasmania was separated from the mainland 10000-8000 years ago,
prior to the arrival of the Dingo, and the Thylacine persisted there in open forests and
woodlands until the arrival of Europeans (Rounsevell & Mooney 1995).
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1.4

The Tiger Quoll – extent of knowledge of biology and ecology at

commencement of this study

At the commencement of this study in 1990, very little was known of the biology or
ecology of the Tiger Quoll. Early naturalists such as Gould (1863 cited in Dixon 1975)
and Le Souef and Burrell (1926) had described some aspects of diet and hunting
behaviour and Fleay (1932, 1940, 1948) and Troughton (1954) had reported on
observations on growth and development of the young, and some aspects of breeding
biology, of captive Tiger Quolls. More recently, Settle (1978) made observations on
breeding, growth and predatory behaviour of young and adults in captivity and Conway
(1988) reported on captive breeding. Mansergh (1983, 1984) provided some comment
on the distribution and abundance of the species and capture period, especially in
Victoria. The only field study that had been undertaken at that time was an assessment
of diet, by the collection of scats at latrine sites, from the escarpment forests of New
England National Park in northern New South Wales, by Alexander (1980).
The dearth of information on the species provided the impetus to commence this study
in order that something of the species’ ecological requirements could be determined that
would contribute to its conservation. In the intervening years, several studies have been
undertaken on the Tiger Quoll, Dasyurus maculatus, and some of the other Australian
members of the genus Dasyurus. This information, together with the observations of
early naturalists, is summarised below.

1.5

Morphology of Australasian carnivorous marsupials

Members of the genus Dasyurus are small to medium sized carnivorous and
insectivorous marsupials known as quolls belonging to the Family Dasyuridae. Size
ranges from 1400-6100 g for the Tiger Quoll Dasyurus maculatus (Green &
Scarborough 1990), to 300–900 g for the Northern Quoll, the smallest member of the
genus (see above Section 1.1). Sexual dimorphism is pronounced in all species and
males are significantly larger than females. All quolls are easily distinguished from
other marsupials by their spotted pelage, and for the Tiger Quoll only, the spotting
extends onto the tail. Fur colours range from orange-brown, olive-brown, grey-brown,
12
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with both fawn and black forms in the Eastern Quoll. Spots are white to cream
(Flannery 1990, Strahan 1995). In body form, quolls have long bodies and tails and
relatively short legs. Head and body length ranges from 350–759 mm for the Tiger
Quoll to 125–310 mm in the Northern Quoll. Tail lengths extend from 340–550 mm for
the Tiger Quoll and from 127–308 mm for the Northern Quoll. Early observations of
the Tiger Quoll around Port Jackson in the late 1700s referred to it as the Spotted Martin
or Martin Cat, acknowledging its resemblance to the Mustelids of the northern
hemisphere (Phillip 1789). Quolls are characterised by polyprotodont dentition, having
four pairs of upper and three pairs of lower incisors and well-developed canines, two
premolars and four molars with many secondary cusps, suited to an insectivorous and /
or carnivorous diet (Wood-Jones 1968). Quolls are didactylous marsupials having four
or five separate toes on the hind feet. The Eastern Quoll is separated from all other
quolls in having only four toes on the hind foot, having lost the hallux, indicating its
more terrestrial habit. The soles and palms of the feet and hands are naked, or nearly so,
having granular (Dasyurus viverrinus, D. geoffroii, D. spartacus) or serrated (D.
maculatus, D. hallucatus, D. albopunctatus) foot pads indicating respectively, a more
terrestrial or arboreal habit (Hyett & Shaw 1980, Van Dyck 1987, Strahan 1995). The
hands have five fingers and quolls are quite dexterous in manipulating food and other
objects. Prey or food items may be held in the hands while consuming them (pers.
obs.).
The Tasmanian Devil, Sarcophilus harrisii, is the sole surviving member of the genus
and the largest extant marsupial carnivore in Australia. Weight ranges from 7000–9000
g and body length from 244–652 mm, but tails are proportionally shorter than quolls,
ranging from 270–280 mm (Hyett & Shaw 1980, Strahan 1995). The species is
sexually dimorphic, with males larger than females. Tasmanian Devils are stout and
powerfully built with dense black fur with irregular white markings on the rump, neck
or shoulder. The dental formula is similar to quolls, the canines being particularly large
and strong (Green 1983). The hind foot has four toes, lacking the hallux, and the hand
has five digits, and all have long sharp claws (Hyett & Shaw 1980).
The Thylacine, Thylacinus cynocephalus, was the largest marsupial carnivore that
existed in Australia at the time of European settlement. It was significantly larger than
any other dasyurid carnivores at that time, weight ranging from 15–35 kg and a head
13
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and body length ranging between 100–130 cm and tail length ranging from 50–65 cm.
Males were larger than females of similar age. While having a wolf-like appearance,
particularly the head, and being otherwise known as the Tasmanian Wolf or Tasmanian
Tiger, the proportion of body and limbs resemble those of Dasyurids more than Canids.
The tail was somewhat kangaroo like, being quite thick at the base and narrowing
towards the tip. The dentition varied from other carnivorous marsupials in having three
rather than two upper and lower premolars, but otherwise the dental formulae were the
same. The snout was particularly long and narrow, and similar to other carnivorous
marsupials, had a particularly wide gape. The fur was short, sandy brown with 16 or 19
darker tan brown transverse bands that extended from the mid-back, across the rump
and onto the base of the tail. The fore feet had five toes and the hind feet four toes,
lacking the hallux, all with thick conical claws and the palms and soles were naked and
coarsely granulated. The gait was reported as slow and sluggish, a trot or shambling
canter, although animals were reputed to have great stamina. Its main prey was
kangaroos and wallabies but its predation on sheep contributed to its persecution and
ultimate extinction (Le Souef & Burrell 1926, Hyett & Shaw 1980, Strahan 1995).

1.6

Biology of Australasian carnivorous marsupials

1.6.1

Breeding

Growth and development of the young and some aspects of breeding biology of the
Tiger Quoll have been investigated in captivity (Fleay 1940, Troughton 1954, Settle
1978, Conway 1988, Collins et al. 1993). Tiger Quolls breed once each year in a well
defined breeding season in winter months, commonly June or July, and females raise
only one litter each year, only entering a second or third oestrus cycle if she fails to
become pregnant (facultatively polyoestrus) (Fleay 1940, Troughton 1954, Settle 1978,
Collins et al. 1993). The oestrus cycle is 21 days and females remain receptive from 112 days but commonly about three days, and gestation is about three weeks (Fleay 1940,
Settle 1978, Collins et al. 1993). Young have been observed to appear in the pouch in
July and August for Dasyurus maculatus maculatus in southern Australia (Fleay 1940,
Troughton 1954) and between June and September for D. m. gracilis in northern
14
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Australia (Burnett 2001). Females can suckle up to six young on six teats, although
smaller litters of 2-5 young are more common (Fleay 1940, Troughton 1954, Settle
1978, Conway 1988, Green & Scarborough 1990, Burnett 2001, Kortner et al. 2004).
Tiger Quolls can breed in the first year after their birth (Settle 1978, Collins et al. 1993)
and take at least two years to reach adult body size (Fleay 1940, Conway 1988, Collins
et al.1993, Belcher 2003). One field study suggested that wild one-year-old females
rarely bred but all wild two-year-old females bred (Belcher 2003).
Young Tiger Quolls, like other marsupials, are born in an embryonic state compared to
placental mammals. In captivity young Tiger Quolls were measured at 7 mm crownrump length shortly after birth (Fleay 1940). They spend the first weeks of their life
permanently attached to the teat in the enclosed pouch. At 7-11 weeks, they release the
teat and are left in the nest and from 12-13 weeks they move about independently of the
mother (Fleay 1940, Troughton 1954, Conway 1988). At 12, 17 and 32 weeks, Tiger
Quolls have been observed to capture and kill live prey such as crickets, lizards and
mice (Troughton 1954, Settle 1978, Conway 1988). Weaning is thought to occur from
4.5–5 months (Fleay 1940, Troughton 1954, Settle 1978). Sexual maturity is reached
within 12 months (Fleay 1940, Conway 1988).
The other three Australian quolls, Dasyurus viverrinus, D. geoffroii and D. hallucatus,
also have a single and well defined breeding season in the winter months and produce
only one litter per year, although capable of producing a second litter if the first is lost
(Fleay 1935, Fletcher 1985, Bryant 1988, Soderquist & Serena 1990, Oakwood 2000).
Teat numbers are commonly six, but up to eight are recorded for some D. hallucatus
and D. viverrinus populations. Mean litter sizes range from 3-7 (Hyett & Shaw 1980,
Oakwood 2000). Complete male die off after the breeding season has been reported for
some populations of D. hallucatus resulting in most males dying within two weeks of
mating and no adult males participating in a second breeding year (Oakwood 2000,
Oakwood et al. 2001). Growth curves for young D. viverrinus, D. geoffroii and D.
hallucatus have been developed (Arnold 1976, Godsell 1983, Merchant et al. 1984,
Bryant 1988, Serena & Soderquist 1988, Oakwood 1997).
Little is known of the breeding biology of the New Guinea species, D. albopunctatus
and D. spartacus. Teat numbers of six are reported for D. albopunctatus and 7–8 for D.
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spartacus. Female D. spartacus was observed to enter oestrus in February and April
and is thought likely to have a restricted breeding season. Female D. albopunctatus
have been collected with pouch young in all months other than February, October and
December and is thought to breed throughout the year (Van Dyck 1987, Flannery 1990,
Woolley 2001).
The Tasmanian Devil, Sarcophilus harrisii, also has a single restricted breeding season
which is highly synchronised, mating occurring in March and births in April. Females
have four teats in a backward-opening pouch and up to four young are carried in the
pouch until August after which they are left in a den. Most females breed at two-yearsold and adult size is reached in two to three years (Jones 1995a).
Further detailed discussion on the breeding biology and growth of young Dasyurus
species is provided in Chapter 3.

1.6.2 Longevity

The Tiger Quoll and other members of the genus Dasyurus are all relatively short lived
compared to eutherian carnivores and insectivores of similar size. Captive Tiger Quolls
are known to reach a maximum age of 6.25 years but more commonly three years
(Conway 1988, Collins et al. 1993) with some wild Dasyurus maculatus maculatus
reaching five years (Belcher 2003). In a study in Werrikimbe National Park, only two
of 27 Tiger Quolls captured in the first year, were recaptured two years later (Kortner et
al. 2004). The northern sub-species D. m. gracilis, is similarly short-lived, with no wild
individual surviving for greater than 36 months (Burnett 2001).
In some wild populations, Dasyurus hallucatus males die after their first breeding
season and rarely reach two years old and females rarely breed for more than two
breeding seasons. The oldest female recorded was 37 months and oldest male 17
months (Oakwood 2000, Oakwood et al. 2001). Captive D. viverrinus have lived for
six years 10 months but more commonly two years and four months (Conway 1988)
and wild D. viverrinus are reported to live up to four years, but three years and less were
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more common (Godsell 1983). Dasyurus geoffroii is known to live for at least 5.5 years
in captivity but generally live less than four years in the wild (Serena et al. 1991).
The Tasmanian Devil, Sarcophilus harrisii, is reported to live to about six years in the
wild (Jones 1995a).

1.7

Ecology of Australasian carnivorous marsupials

1.7.1

Diet

Diet of the Tiger Quoll, D. maculatus maculatus, has been investigated in a number of
studies in the forests and woodlands of upland sites along the Great Dividing Range
from Victoria and southern New South Wales, in the escarpment forests of the New
England gorges in northern New South Wales, and in the Central Tablelands of
Tasmania (Alexander 1980, Boschma 1991, Belcher 1995, Jones 1995b, Belcher 2000).
At these sites, the diet is predominantly vertebrate prey, up to 99% (Belcher 1995), most
of which is comprised of mammals, but also included small amounts of invertebrates.
In far north Queensland in the upland rainforests of the Great Dividing Range, the diet
of the smaller form, D. m. gracilis, was also predominantly vertebrate, primarily
mammals (Burnett 2001).
The diets of the three smaller Australian members of the genus, D. hallucatus, D.
geoffroii and D. viverrinus are predominantly invertebrate, with varying amounts of
vertebrate and plant material consumed. After the Tiger Quoll, D. geoffroii included the
greatest amount of vertebrate remains in scats with 75% (Soderquist & Serena 1994),
followed by the small D. hallucatus with vertebrates in 50% of scats (Oakwood 1997),
and then the medium-sized D. viverrinus with 26% of scats (Godsell 1983). On the
mainland, D. viverrinus was known as a killer of poultry, but also took smaller game
such as mice and was partial to fish, but its main food was thought to be largely insects
(Wood-Jones 1968). Little is known of the diet of the New Guinea species, D.
albopunctatus and D. spartacus, other than reports that birds and small mammals are
included in the diet (Flannery 1990).
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The Tasmanian Devil, Sarcophilus harrisii, includes a variety of foods in the diet that
include insects, beach-washed fish and birds, but medium-sized and large mammals
such as possums, wallabies and wombats are dominant in the diet as well as the
carcasses of domestic animals such as sheep, in agricultural areas (Guiler 1964, Jones
1995a).
A more detailed discussion of the diet of carnivorous marsupials is given in Chapter 6.

1.7.2

Social and spatial organisation

The social and spatial organisation of the Tiger Quoll, Dasyurus maculatus maculatus,
has been investigated in the montane eucalypt forests of southern New South Wales and
north-eastern Victoria. Tiger Quolls were solitary except for mating and both male and
female Tiger Quolls occupied large home ranges with mean sizes respectively of 1755
ha and 496 ha. In foothills eucalypt woodland in the rain shadow of the main range in
Kosciuszko National Park, estimates of mean home range size for females was 244 ha
and for males 992 ha (Claridge et al. 2005). Male home ranges overlapped extensively
with other males and females but females home ranges were largely exclusive of other
females (Belcher 2000, Belcher & Darrant 2004, Claridge et al. 2005). In the upland
rainforests of far north Queensland home range size of female D. m. gracilis averaged
125 ha (Burnett 2001).
A similar pattern of overlapping male home ranges and largely exclusive female home
ranges has also been observed for D. geoffroii and D. hallucatus. Female D. geoffroii
were found to have home ranges of 300–400 ha and males up to 1500 ha and both sexes
were essentially solitary (Serena & Soderquist 1989, Serena et al. 1991). For the
smaller D. hallucatus, female home ranges averaged 35 ha and male home ranges were
> 100 ha, and similarly both sexes were solitary (Oakwood 2002).
In contrast to other quolls studied, home ranges of D. viverrinus overlap extensively
both within and between sexes, although the species is still considered solitary. Male
home ranges averaged 44 ha and females 35 ha (Godsell 1983).
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Den sharing between adult quolls has been regularly reported to occur only in D.
viverrinus, where it has been recorded both between and within sexes (Godsell 1983). It
has occasionally been reported for other species but usually between males and females
during the mating period (Belcher 2000) or mothers and daughters up to the age of eight
months (Serena & Soderquist 1989).
Nothing is known of the social and spatial organisation of the New Guinea species, D.
albopunctatus and D. spartacus.
The Tasmanian Devil, Sarcophilus harrisii, occupies very large home ranges of 8000–
20000 ha which overlap extensively with other individuals. The species is not
territorial. Although S. harrisii usually forages singly, several individuals may feed
together on a large carcass. Dens may be shared by two or more individuals (Jones
1995a).
A more detailed discussion of the social and spatial organisation of quolls is given in
Chapter 4.

1.7.3

Dens and den sites

Tiger Quolls, Dasyurus maculatus maculatus, have been reported to den in rock
crevices, caves and boulder tumbles, hollow logs, windrows, tree hollows, rabbit and
wombat burrows (Watt 1993, Belcher 2000). The smaller D. m. gracilis has been
observed to use buttressed tree roots, hollows and cavities high up in fig trees, hollows
in tree trunks 2-3 m off the ground and rock fissures and boulder piles (Burnett 1993,
2001). In captivity, D. m. maculatus has been observed to burrow actively to construct
nests or resting areas (Conway 1988). Individual Tiger Quolls use a number of dens, up
to 15 has been recorded, and commonly use a different den each day (Belcher 2000).
The Western Quoll, D. geoffroii, dens in horizontal hollow logs or earth burrows in the
Jarrah forests of south-west Australia with an adult female using on average 66 logs and
110 burrows per year. Burrows were commonly associated with surface features such
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as trees, stumps, logs or rock outcrops (Serena et al. 1991). Formerly, D. geoffroii in
desert areas also denned in hollows in termitaria (Johnson & Roff 1982). The Northern
Quoll, D. hallucatus, uses hollows in live and dead trees, rock crevices, logs and
burrows, including burrows in termite mounds. Like other quolls, individual D.
hallucatus use many dens with seven females each recorded using between 20–55 dens
(Oakwood 1997). In Tasmania, the Eastern Quoll, D. viverrinus, dens mostly in
underground burrows, which can be simple tunnels or complex interconnecting tunnels
with one or two nests. Dens are also made in natural rock or boulder piles, in or under
buildings and among bulldozed mounds of earth, felled trees or brush (Godsell 1983).
Mainland D. viverrinus were reported to use rock piles, rock fences, holes in the ground,
hollow logs and hollow trees as den sites (Gould 1863 cited in Dixon 1975, Le Souef &
Burrell 1926, Fleay 1932, Shumack 1967). Nothing is known of the dens used by New
Guinea species D. albopunctatus and D. spartacus.
The Tasmanian Devil, Sarcophilus harrisii, dens mainly in burrows, concealed in
wooded terrain, and individuals may use several dens in its home range (Jones 1995a).

1.7.4

Habitat

The Tiger Quoll, Dasyurus maculatus maculatus, inhabits a wide range of habitats that
include rainforest, dry and wet sclerophyll open forest, woodland, wet scrub, coastal
heathland and inland riparian forest but are most common in the wetter rainforests and
eucalypt forests. It occurs from sea level to the snowline (Watt 1993, Edgar & Belcher
1995, Jones et al. 2001).
The smaller northern form D. m. gracilis is largely confined to unfragmented upland
rainforests with some records from wet sclerophyll forest and modified landscapes close
to rainforest (Burnett 2001).
The Northern Quoll, D. hallucatus, inhabits the tropical woodlands and savannahs,
particularly within 150 km from the coast. In Kakadu National Park it is most abundant
in open forest and rocky escarpment areas and only rarely present in monsoon forest or
woodland away from escarpment areas. Owl deposits suggest it was formerly more
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common throughout the Pilbara of Western Australia and extended well into the arid
zone (Braithwaite & Griffiths 1994, Braithwaite & Begg 1995). In a recent study of the
ecology of D. hallucatus in Kakadu National Park quolls were found to den most
frequently in rocky hills, especially females, then forest areas, with much fewer dens in
woodland or creek lines (Oakwood 1997).
The Western Quoll, D. geoffroii, today survives in the Eucalyptus marginata (Jarrah)
forests and woodlands of south-western Western Australia. There are some records
from drier woodland and mallee shrubland habitats to the east of the Jarrah forest.
Museum specimens show that D. geoffroii formerly extended across much of inland
Australia with the last reports from the central deserts from the mid-1950s (Serena et al.
1991, Serena & Soderquist 1995).
The Eastern Quoll, D. viverrinus, occupies a variety of habitats that include dry
sclerophyll forest, temperate rainforest, alpine habitats, scrub, heathland and cultivated
land (Godsell 1995, Jones & Rose 2001). In Tasmania, highest densities occur where
eucalypt forest and pastures are interspersed (Godsell 1983). Little is recorded of the
habitat of mainland D. viverrinus but Fleay (1932) recorded them from the open basalt
plains of the Lake Corangamite area of south-western Victoria which originally
supported native grassland and grassy woodland (Menkhorst 1995). They were reported
to be so abundant in these areas of the Volcanic Plain that they helped to control
European rabbits, and in some districts a bounty was paid for their scalps (Menkhorst
1995). They were similarly reported to predate heavily on European rabbits in the
Canberra area in the 1850s, hindering their successful introduction (Shumack 1967). In
South Australia D. viverrinus was reported to inhabit treeless rocky country as well as
the more cultivated districts and the shores of rivers and lakes (Wood-Jones 1968).
The Tasmanian Devil, Sarcophilus harrisii, now only occurs in Tasmania and there it
occurs in all major habitat types, including the outer city suburbs, however, it is most
abundant in dry sclerophyll forest and coastal woodland, especially where it is
interspersed with open grassland (Jones 1995a).
A more detailed discussion of the habitat of carnivorous marsupials is given in Chapter
5.
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1.8

Biology and ecology of the Tiger Quoll Dasyurus maculatus – gaps in

knowledge

Over recent years a number of studies have added significantly to understanding aspects
of the biology and ecology of the Tiger Quoll. However, a number of gaps in
knowledge of the species biology and ecology remain.
With respect to reproductive biology, accurate information on the length of the oestrus
cycle, maximum number of cycles per breeding season, time between cycles, length of
the period of receptivity, synchronisation of oestrus cycles among females in a
population and the length of gestation period is yet to be confirmed through regular
monitoring of a number of individuals. In wild populations, can one-year-old females
breed successfully and will females breed in consecutive years? What is the sex ratio of
litters in captivity and the wild and is it biased to males? With respect to adult males,
do wild one-year-old males breed successfully and does heightened reproductive effort
lead to premature death? How many successful breeding seasons do adults have in
captivity and in the wild?
Some information on the growth of young Tiger Quolls has been recorded but in most
cases initial ages were estimated as birth was not observed and growth curves for
developing young in captivity or the wild are not available. Ages when Tiger Quolls are
weaned and reach independence in the wild are yet to be clearly determined.
Little information is available on longevity of male and female Tiger Quolls in the wild.
One study in the montane forests of south-eastern Australia has made estimates of
longevity for a number of individuals, both male and female, with initial age estimates
based on weight and tooth wear (Belcher 2003). A second study in the rainforests of far
north Queensland gives a maximum age estimate for a female Dasyurus maculatus
gracilis (Burnett 2001).
The social and spatial organisation of Tiger Quolls in the wild has been reported in three
studies. One provided information on home range size and spatial organisation of male
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and female Tiger Quolls in upland montane eucalypt forest, a second in a highland rain
shadow eucalypt woodland and the third on home range size of female Tiger Quolls in
upland rainforests of far north Queensland. No studies have been undertaken in
temperate lowland coastal environments, which are subject to some of the greatest
clearing and development pressures. Social relationships of Tiger Quolls in the wild,
between males and females and females and their young are yet to be clearly
determined.
With respect to habitat preferences, no studies have been undertaken where a range of
vegetation types are present within the study area that may provide further insight into
preferred habitat use. No studies have been undertaken at sites within close proximity
to human habitation. Information on den sites and den characteristics, and their usage
patterns is limited. Survey techniques for the effective detection of Tiger Quolls were
not available.
Information on behaviour of the Tiger Quoll in the wild was limited. Activity patterns
of males and females at different times of the year, in respect to the reproductive cycle,
and distances travelled daily, seasonally and throughout life were not available.
Information on the diet is reasonably extensive but all studies were undertaken in
relatively cool upland sites and no studies have been undertaken in moderate coastal
environments and with a range of habitat types present. Competition in diet between
the Tiger Quoll and other sympatric species of mammalian carnivore has been examined
for D. m. gracilis in upland rainforests of far north Queensland but no such study has
been undertaken in temperate coastal environments.

1.9

Aims of this study

In this study I aimed to address a number of the above knowledge gaps and commenced
work with the following broad goals.
1. To investigate home range, spatial and social organisation of the Tiger Quoll in
temperate coastal environments.
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2. To determine habitat preferences, den sites and shelter sites of the Tiger Quoll in
temperate coastal environments.
3. To determine the diet of the Tiger Quoll in two temperate coastal environments.
4. To investigate the breeding biology of adults and growth and development of the
young, both in captivity and in the wild.
5. To identify potential threats to the survival and conservation of the Tiger Quoll
in a fragmented temperate coastal environment and provide recommendations
for the species conservation.
This thesis is organised as follows. Chapter 2 describes the study areas and field
techniques used, Chapter 3 investigates breeding biology of adults and growth and
development of the young in captivity and in the wild, Chapter 4 investigates social and
spatial organisation, Chapter 5 describes dens, den sites and habitat use, Chapter 6
investigates diet and variation between sites, and potential competition between the
Tiger Quoll and the Dingo and Chapter 7 describes conservation and management
issues relevant to the species survival both within and outside conservation reserves.
All photos in the thesis have been taken by the author unless otherwise indicated.
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2.0

Study Areas.

2.1

Introduction

Three study sites were used in this investigation. Studies of the breeding biology,
growth and development of captive Tiger Quolls were undertaken at Featherdale
Wildlife Park at Blacktown in western Sydney, in central coastal New South Wales
(NSW). The main field study site was at Limeburners Creek Nature Reserve on the
mid-north coast of NSW, north of Port Macquarie, 320 km north of Sydney (Fig. 2.1).
The second field study site was 100 km south of Sydney on the Illawarra Escarpment
near Jamberoo, bordering and including part of Budderoo National Park and Barren
Grounds Nature Reserve (Fig. 2.1).

2.2

Featherdale Wildlife Park, Blacktown

Featherdale Wildlife Park is located at Blacktown in western Sydney, 30 km west of the
CBD (33o 50’ S 150o 55’ E) at 80 m elevation. It experiences a mild temperate climate
with rainfall throughout much of the year. Climatic averages for Parramatta North, 10
km to the east, show mean daily maximum temperature ranges from 28.2oC in January
to 17.7oC in June and mean daily minimum temperature ranges from 17.5oC in February
to 6.2oC in July (Fig. 2.2). The average yearly rainfall is 964.6 mm (Bureau of
Meteorology).
All Tiger Quolls were housed in large outdoor enclosures and exposed to natural
lighting and climatic conditions. Enclosures had a minimum size of 4x2x3 m and
maximum of 6x3x3 m and were constructed from heavy gauge wire, including a wire
roof. Enclosures were provided with a deep soil floor, some natural vegetation such as
large grass tussocks and tree ferns, several large hollow logs for dens and raised logs
and branches for movement throughout the enclosures. Animals were housed
individually or with one or two other Tiger Quolls.
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Figure 2.1: Location of the main field study areas at Limeburners Creek Nature Reserve on the mid north
coast of New South Wales and Barren Grounds Nature Reserve / Budderoo National Park on the south
coast. Captive studies were undertaken at Blacktown, Sydney.
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Figure 2.2: Climate graphs of the weather conditions recorded at North Parramatta, 10 km to the east of
Blacktown, showing mean monthly rainfall, mean monthly minimum temperature and mean monthly
maximum temperature.
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2.3

Limeburners Creek Nature Reserve

The main field study area was situated in the Limeburners Creek Nature Reserve and
surrounding lands (31o 17’ S, 152o 57’ E) on the mid-north coast of NSW, immediately
north of the Hastings River and town of Port Macquarie and 320 km north of Sydney
(Fig. 2.3). The nature reserve occupies 9224 hectares and is bounded by the Pacific
Ocean in the east, the Hastings River and Limeburners Creek in the south, Maria River
Road in the west and private property and a flood mitigation channel north of Big Hill
headland. Some urban, oyster farming and hobby farm development is present on the
northern shore of the Hastings River adjacent to the reserve and the small holiday and
fishing village of Point Plomer lies within the reserve. The remaining lands adjacent to
the reserve are partially cleared agricultural lands.
The reserve is comprised of a flat, low-lying sandplain with a few isolated low hills and
ridges and the rocky headlands of Queens Head, Point Plomer and Big Hill. Elevation
ranges between 0-100 m with most low hills ranging between 10-40 m (Plates 2.1, 2.2).
The estuarine Limeburners Creek and Saltwater Lake lie within the reserve but there are
no freshwater streams, although the lake and upper reaches of the creek can become
fresh after periods of heavy rainfall. Freshwater is available in interdune swale
wetlands, soaks and swamps (Plate 2.8). The sandplain landscape is a result of
deposition in the Quaternary period and the rocky headlands consist of mudstone,
laminite, lithic sandstone, tuff, limestone and conglomerate of the Byabbara Beds of the
Carboniforous period (Geological Survey of NSW 1970).
Port Macquarie experiences a warm temperate climate with a predominantly summerautumn rainfall. The average yearly rainfall is 1546 mm. Mean daily maximum
temperature ranges from 25.8oC in February to 17.9oC in July and mean daily minimum
temperature ranges from 18.4oC in February to 7.2oC in July (Bureau of Meteorology)
(Fig. 2.4).
The nature reserve supports a wide range of vegetation communities that include littoral
rainforest on the rocky headlands, tall open eucalypt forest, open eucalypt forest,
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Melaleuca forests, eucalypt woodland and mallee woodland, shrubland, dry and wet
heathlands, sedgelands, rushlands, freshwater wetlands, saltmarsh and mangrove (Fig.
2.5) (Plates 2.3-2.8) (Griffiths & Wilson 2000).
Common tree species in the area include Blackbutt, Eucalyptus pilularis, swamp
mahogany, E. robusta, pink Bloodwood, E. intermedia, red Bloodwood, E. gummifera,
needlebark Stringybark, E. planchoniana, scribbly gum, E. signata, forest red gum, E.
tereticornis, flooded gum, E. grandis, Sydney red gum, Angophora costata, brushbox,
Lophpostemon suaveolens, Port Jackson cypress, Callitris rhomboidea, old man
banksia, Banksia serrata and broad-leaved paperbark, Melaleuca quinquenervia.
Woodlands, heathlands and shrublands support a diversity of banksia and other
myrtaceous shrubs that include Banksia aemula, B. oblongifolia, B. ericifolia, B.
integrifolia, Leptospermum liversidgei, L. polygalifolium, Melaleuca nodosa and the
grasstree Xanthorrhoea fulva. Ground cover can be very dense reaching 100 percent
cover in sedgelands, some shrublands and heathlands and swamp mahogany forests, to
relatively open understorey with minimal ground cover under tall Casuarina, Melaleuca
forests and littoral rainforests and intermediate cover under other eucalypt forest,
dependent on time since fire. Bitou bush Chrysanthemoides monolifera shrubland,
which reaches heights of 2-3 m and commonly achieves 100% ground cover, has
replaced most native vegetation on the immediate coastal zone where it has been mined
for mineral sands.
Fire is a regular occurrence in the reserve, with the sedgelands and heathlands
deliberately burnt to promote the growth of Christmas Bells, Blandfordia grandiflora,
which are illegally harvested for the cut flower trade. A small fire occurred in the
southern part of the study area while this study was in progress. Major fires occurred in
the Nature Reserve in 1986 and 1990; these burnt 64% and 83%, respectively, of the
area of the Nature Reserve.
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Figure 2.3: Regional setting of Limeburners Creek Nature Reserve in respect to other reserves, state
forests and existing native vegetation and cleared and urbanised land. The satellite image shows the
Nature Reserve is currently connected to other naturally vegetated lands, although some of these
connections are becoming fragmented.
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Figure 2.4: Climate graph of the weather conditions recorded at Port Macquarie showing mean monthly
rainfall, mean monthly maximum temperature and mean monthly minimum temperature.
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Please see print copy for Figure 2.5

Vegetation of Limeburners Creek Nature Reserve
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Table 2.1: A complete list of vegetation communities described for Limeburners Creek Nature Reserve by
Griffiths & Wilson (2000).

Please see print copy for Table 2.1
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Plate 2.1: Looking north east across the Limeburners Creek estuary and Limeburners Creek Nature
Reserve to Point Plomer and Big Hill. Saltwater Lake can be seen in the distance.

Plate 2.2: Looking south from Big Hill headland to Point Plomer and Saltwater Lake (top right) in
Limeburners Creek Nature Reserve. The hills on the skyline lie south of Port Macquarie.
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Plate 2.3: Open forest of Blackbutt, Eucalyptus pilularis, and Pink Bloodwood, E. intermedia, with a midstorey of Old Man Banksia, Banksia serrata, and ground layer of Bracken Fern, Pteridium esculatum, and
grasses in the southern part of the reserve known as Charlie’s Road and part of Charlene’s and Banksia’s
home range.

Plate 2.4: Shrubland / heathland interface in the middle section of the Nature Reserve referred to as
Saltwater Road. Heath-leaved Banksia, Banksia ericifolia, in the background with Epacris sp. and
Kunzea sp. in the foreground.
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Plate 2.5: Heathland / sedgeland in the foreground with Banksia sp. and Hakea sp. with open forest of
Scribbly Gum, Eucalyptus signata, and Needlebark Stringybark, E. planchoniana, on the low hill in the
background. Referred to as the second hill on Saltwater Road and part of Christmas Bell’s home range.

Plate 2.6: Sedgeland in the foreground with taller Gahnia sp. prominent and tall swamp forest of Broadleaved Paperbark, Melaleuca quinquenervia, on the skyline in the middle section of the Nature Reserve
referred to as Saltwater Road.
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a. Scribbly Gum, Eucalyptus signata.

b. Needlebark Stringybark, Eucalyptus planchoniana.

c. Swamp Mahogany, Eucalyptus robusta.

d. Blackbutt, Eucalyptus pilularis.

Plate 2.7: Eucalypt species that form canopy dominants in open forests of Limeburners Creek Nature
Reserve.
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a. Limeburners Creek estuary.

b. Christmas Bell, Blandfordia grandiflora.

c. Water lilies, Nymphaea sp. in a freshwater lagoon.
Plate 2.8: Wetlands of Limeburners Creek Nature Reserve include estuarine (a) and freshwater (c)
communities but no surface freshwater streams. Sedgelands (b) will be periodically inundated by heavy
rainfall.
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2.4

Illawarra Escarpment, Jamberoo Pass

The Barren Grounds Nature Reserve / Budderoo National Park / Jamberoo Pass study
area is located 100 km south of Sydney on the Illawarra escarpment and adjacent
plateau (34o 40’ S, 150o 42’ E) at 600 m elevation, approximately 6 km south-west of
the small town of Jamberoo and approximately 13 km inland from the coast (Fig. 2.6).
The two study sites were located on the edge of an east-facing escarpment. The two
adjacent reserves total 9294 ha and are primarily situated on the plateau, only including
small areas of escarpment habitats. The majority of escarpment lands are freehold
tenure. The native vegetation is contiguous with native vegetation to the north in the
Metropolitan Water Catchments and northern Illawarra Escarpment and to the south
along the Cambewarra Range to Morton National Park.
The climate is cool to mild with rain occurring in all months of the year. Climatic data
were not available for the study site, but were available for Moss Vale, approximately
25 km to the west on the southern highlands at elevation 675 m, and rainfall data were
available for Robertson, 12 km to the north-west, at 740 m. At Moss Vale, mean daily
maximum temperatures range from 25.8oC in January to 11.8oC in July and mean
minimum temperatures range from 12.6oC in February to 1.3oC in July. Average annual
rainfall is 973 mm (Fig. 2.7). At Robertson, which is within 5 km of the escarpment
edge, annual rainfall is much higher, as would be the case for the study area, ranging
from 971-2378 mm, with an average of 1699 mm over 13 years. Very occasionally,
snow falls at Robertson. The escarpment and plateau intercept rain-bearing southerly
winds, creating an orographic effect, increasing rainfall, cloud and mists over the study
area (Fuller & Mills 1985, Bureau of Meteorology).
The plateau is flat to undulating, dropping off sharply at the escarpment edges, reaching
an altitude of 666 m in Barren Grounds Nature Reserve. The geology of the area is
complex. Hawkesbury Sandstone underlies the plateau with small areas of Wianamatta
Shales, Robertson Basalt and other igneous rocks on a few isolated hills and caps.
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Figure 2.6: Regional setting of Barren Grounds Nature Reserve and Budderoo National Park in respect to
other reserves and other naturally vegetated lands, cleared and urbanised lands. The satellite image shows
native vegetation corridors between these reserves and other naturally vegetated lands becoming narrow
and fragmented.
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Figure 2.7: Climate graphs for Moss Vale, approximately 20 km west of Barren Grounds Nature Reserve,
showing mean monthly rainfall, mean maximum and mean minimum temperatures. Average annual
rainfall for Barren Grounds Nature Reserve would be much higher than that at Moss Vale which records
an average annual rainfall of 973 mm. Barren Grounds Nature Reserve would be closer to that recorded
at Robertson of between 971-2378 mm per year.
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The shales and igneous rocks produce richer soils than the sandstone, and this is
reflected in the vegetation. The plateau has been eaten back by a number of streams
around its perimeter to form a series of concave amphitheatres of varying aspect on the
escarpment. The escarpment is comprised of a series of strata beneath the Hawkesbury
Sandstone, proceeding to Narrabeen sandstones and shales, Illawarra Coal Measures
that include volcanic derived basalts and latites, and then to the Shoalhaven Group that
includes alternating sandstones and latites. The bands of harder igneous rocks and
softer sedimentary rocks produce a series of benches and slopes down the escarpment.
The adjacent valley floor of the Minnamurra River is mostly underlain with latites and
alluviums and has largely been cleared for grazing (Fuller & Mills 1985).
The diversity of landforms, geology, aspect and high rainfall result in a wide diversity
of plant communities being present. Within a ten kilometre square of the study sites, 21
different plant communities have been described (Tindall et al. 2004) (Fig. 2.8). The
escarpment slopes are clothed in a diversity of moist eucalypt forests and rainforests.
Sub-tropical and warm temperate rainforests occur and include tree species such as
Doryphora sassafras, Livistonia australis, Dendrocnide excelsa, Diploglottis australis,
Ficus coronata, Pennantia cunninghamii, Toona ciliata, Brachychiton acerifolius,
Ceratopetalum apetalum, Acmena smithii, Cryptocarya glaucescens, Synoum
glandulosum and Pittosporum undulatum. Rainforests grade into moist eucalypt forests
and often a dense sub-canopy of rainforest species lie below an open eucalypt canopy of
Eucalyptus saligna X botryoides. Dense tall moist eucalypt forests of Eucalyptus
fastigata, E. muelleriana and E. smithii occupy moist sheltered escarpment slopes with
high rainfalls, between 100-650 m elevation along the southern Illawarra escarpment.
Plateau areas support open forests, woodlands, heathlands and sedgelands. Forests of
the plateau are lower than the escarpment and may have a sclerophyllous shrub
understorey. On shallow soils common tree species include Eucalyptus sieberi, E.
ligustrina, E. dendromorpha-E. stricta intergrades with understoreys of Banksia
serrata, B. ericifolia, B. paludosa, and Leptospermum trinervium. Eucalyptus piperita
occurs on the deeper and more fertile soils.
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Please see print copy for Figure 2.8

Figure 2.8: Vegetation communities of Barren Grounds Nature Reserve and Budderoo National Park.
Vegetation mapping by Tindall et al. (2004). The two scat collection sites are shown as black dots.
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Plateau areas also support extensive areas of hanging swamps or heathland / sedgelands,
resulting partly from the very high rainfall, which may have an open canopy of tall
shrubs, scattered low shrubs and a dense groundcover of sedges and forbs. Common
species include Leptospermum juniperinum, Banksia ericifolia, Baeckea linifolia,
Sprengelia incarnata, Hakea teretifolia, Epacris obtusifolia, Leptocarpus tenax and
Lepidosperma limicola (Fuller & Mills 1985, Tindall et al. 2004) (Plates 2.9-2.11).
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Plate 2.9: Looking south from Skyfarm Road along the Illawarra escarpment toward Barren Grounds
Nature Reserve on the plateau. Escarpment slopes support moist tall eucalypt forest and rainforest.
Fertile benches have been cleared for farming.

Plate 2.10: Moist tall eucalypt forest and rainforest on the Illawarra escarpment near Macquarie Pass
National Park.

46

Chapter 2 Study Areas

a. Heathland / sedgeland and woodland on
the plateau.

c. Eucalyptus smithii tall moist open forest
of the escarpment at Skyfarm Rd.

b. Moist eucalypt open forest of the plateau
gullies with dense moist understorey.

d. Dense mid-storey layer of escarpment
moist tall eucalypt open forests,

Plate 2.11: Vegetation communities of the Illawarra escarpment and plateau.
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3.0

Breeding Biology, Growth and Development of the Tiger Quoll
Dasyurus maculatus maculatus.

3.1

Introduction

The Tiger Quoll Dasyurus maculatus is the largest marsupial carnivore (2-7 kg) extant
on mainland Australia and is the largest member of the marsupial genus Dasyurus
(Watts 1993, Edgar & Belcher 1995). There are two subspecies of Dasyurus maculatus.
Dasyurus maculatus maculatus occurs in Tasmania and the south-eastern Australian
mainland and Dasyurus maculatus gracilis occurs in northern Queensland (Edgar &
Belcher 1995). Firestone (1999) suggested that the Tasmanian form should also be
considered a separate subspecies, based on DNA analysis. Three other Dasyurus
species occur in Australia: the Eastern Quoll, Dasyurus viverrinus (700-2000 g),
Western Quoll, Dasyurus geoffroii (615-2185 g), and Northern Quoll, Dasyurus
hallucatus (300-900 g), all of which are considerably smaller than the Tiger Quoll
(Strahan 1995). Two species occur in New Guinea, the New Guinea Quoll, Dasyurus
albopunctatus (520-627 g), and Bronze Quoll, Dasyurus spartacus (684 g), which are
also markedly smaller than the Tiger Quoll (Flannery 1990, Woolley 2001). The
geographic ranges of all Australian quoll species have been significantly reduced in
their extent, and all species are considered threatened in some or all parts of their range
(Serena et al. 1991, Braithwaite & Griffiths 1994, Godsell 1995, Maxwell et al. 1996).
All species are listed as endangered or threatened on state or federal threatened species
legislation.
Early observations on the breeding biology, growth and development of the Tiger Quoll
in captivity were made by Fleay (1940) who reported on mating period and behaviour,
gestation, pouch development and growth and development of the young of a single
litter to age 18 weeks. Troughton (1954) reported on the observations of Mr H. Grant
who described the appearance of young in the pouch and aspects of the development of
a single young female Tiger Quoll to eight months, when he considered it was half
grown. Settle (1978) described the development of several young from two litters, one
wild caught and one captive bred, up to 150 days, and made observations of the
breeding biology of several adults in captivity. More recently, Conway (1988) and
Collins et al. (1993) described the reproductive behaviour of adult Tiger Quolls and the
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growth and development of young Tiger Quolls from a captive colony in Virginia,
USA, noting that young took up to two years to reach full adult size. Green and
Scarborough (1990) made some estimates of the age at which various growth stages
were reached from six litters of Tiger Quolls held as preserved specimens in Tasmanian
museums, but birth dates were unknown and age of each litter was estimated.
The mating season of the Tiger Quoll has previously been reported to extend from April
to July (Edgar & Belcher 1995) while Settle (1978) suggested it may extend into August
in NSW. Females may have a second and third oestrus if the first or second mating
doesn’t result in young (Settle 1978, Conway 1988, Collins et al. 1993). The oestrus
cycle is thought to be 21 days with the female being receptive for mating from 1-10
days, but commonly 3-5 days (Settle 1978, Conway 1988, Collins et al. 1993) and a
gestation period of 21 days (Settle 1978). The female can suckle a maximum of six
young on six teats arranged in two semi–circles of three teats along the longitudinal
median line of the pouch (Fleay 1940).
To date, no study of the Tiger Quoll has observed the growth and development of
several Tiger Quoll litters in early pouch and juvenile life stages and growth curves that
enable age estimation have not been available. Detailed studies have been undertaken
for the Eastern, Western and Northern Quolls and growth curves enabling age
estimation have been developed for these species (Arnold 1976, Merchant et al. 1984,
Hill & Hill 1955, Bryant 1988, Serena & Soderquist 1988, Oakwood 1997). The
Eastern, Western and Northern Quolls achieve adult body size by the end of their first
year (Fleay 1935, Arnold 1976, Nelson & Smith 1971, Oakwood 1997), but the Tiger
Quoll does not approach full adult size until its second year (Fleay 1940, Conway
1988). Growth curves developed for the smaller Eastern, Western and Northern Quolls
are therefore unlikely to be applicable to the Tiger Quoll.
One of the goals of this study was to describe in detail, the growth and physical
development of captive Tiger Quolls throughout pouch and juvenile life with the aim of
providing growth curves to aid in ageing wild young Tiger Quolls. This is the topic of
the current chapter.
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3.2

Methods

3.2.1

Captive Tiger Quoll colony

Growth data were obtained from 12 captive-born litters at Featherdale Wildlife Park at
Blacktown in western Sydney, New South Wales (33o 50’ S 150o 55’ E) over four
breeding seasons from 1991 to 1994. Captive Tiger Quolls originated from populations
from the moist temperate forests of the New South Wales (NSW) north coast and ranges
(Brad Walker, pers. comm.).
Litters were examined in the 1991(Litters 1, 2, 3), 1992 (Litters 4, 5, 6), 1993 (Litters 7,
8) and 1994 (Litters 9, 10, 11, 12) breeding seasons and ranged from one to six
individuals. Few litters retained all members for the period of juvenile development and
total numbers of young for all litters ranged initially from 45 individuals, dropping to 26
by latter stages of juvenile development. Breeding females for 1992-94 were generally
the offspring from the litters of previous breeding seasons. Adult breeding females
ranged in age from 11 months to greater than four years but were commonly one or two
years old.
All animals were housed in external enclosures and exposed to natural lighting and
climate conditions. Enclosures were large with a minimum size of 4x2x3 m and
maximum of 6x3x3 m and were constructed from heavy gauge wire, including a wire
roof. Enclosures were provided with a deep soil floor, some natural vegetation such as
large grass tussocks and tree ferns, several large hollow logs for dens and raised logs
and branches for movement throughout the enclosures. Tiger Quolls were fed six days
per week and fasted on one day. Food was varied and included meat, dead day old
chickens, egg, baby mice, fish and the occasional pigeon. Fresh water was always
available (Brad Walker pers. comm.).
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3.2.1.1 Breeding biology and monitoring for pouch young

Breeding females were generally held in separate enclosures. With the approach of the
mating season in April / May, females were paired with males and monitored to assess
whether mating had occurred. The pouch of each female was examined weekly to
determine whether she was coming into breeding condition. Not all pairings resulted in
mating. On some occasions, pairing resulted in the death of the female by the male.
After mating, females were examined weekly, and when possible more frequently
(daily) 18-21 days after mating was observed. Males were removed following mating.
After young were observed in the pouch, females were examined once per week.

3.2.1.2 Derivation of growth curves and age prediction curves

Growth curves for early pouch life were derived for crown-rump length (CRL) and head
width (HW) measurements from three litters for which birth date was known to the day
(Litters 1, 10, 12; with 13 young reducing to 7 young), and three litters where birth date
was known to within three days (Litters 5, 9, 11; with 11 young reducing to 5 young).
Birth dates for these latter three litters were estimated as the midpoint between the day
of last observation and day young were first observed in the pouch, giving a potential
maximum error of 1.5 days. Least squares regression and the 95% confidence intervals
around the y intercept for HW and CRL (Zar 1984) at 0 days were compared between
the three known birth date litters and estimated birth date litters. Ninety-five percent
confidence intervals of both measurements for both groups were found to be
overlapping and it was therefore assumed that the estimated birth dates were a
reasonable estimate of the true birth date. Ages of the remaining litters (Litters 2, 3, 4,
6, 7, 8) were estimated from growth curves derived from the previous six litters.
During early pouch life, a maximum of four and a minimum of three young per litter
were measured, except where litters were smaller. In larger litters of five or six young,
not all members were measured on any one occasion in order to minimise stress on the
mother and young. Young were not individually marked. In early pouch life, crownrump length (CRL) and head width (HW) were measured on very small young and later
in juvenile development CRL was replaced with nose-vent length (NVL). Head width
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was measured just anterior to the pinnae (or posterior to the eyes prior to pinnae
development) throughout pouch and juvenile stages. Crown-rump length was measured
from the crown of the head to the base of the rump and was particularly suited to the
measurement of newly born and small pouch young that adopt a tightly curved or arclike posture. This measure was taken up to 150 days old for some young but was best
suited to young 50 days and younger. As young became larger and more mobile, CRL
was replaced with NVL, which was measured from the tip of the nose to the base of the
rump.
In the latter period of juvenile development, tail length (TL) and tibia length (TbL) were
measured and weight (Wt) was measured once young were free of the teat. Pes length
(PL) was also measured for one litter in the 1994 breeding season. The sex of young
was noted at about 6 weeks when pouch and scrotum were readily discernable without
undue disturbance to young. Tail was measured from the base to the bony tip and tibia
from the bent knee to the base of the heel. An adjusted pes length (PL) was measured
from the base of the heel to the bent second joint (joint between the proximal and
middle phalange) of the third and longest toe. This measure was more readily
repeatable than true pes length measured to the extremity of the distal phalange, as the
toes were held bent in the resting state. Dial calipers were used to measure CRL, HW,
PL and TbL and early measures of TL and NVL to the nearest 0.1mm. As young grew
in size, a flexible tape measure was used for TL and NVL, measuring to the nearest
1mm. Weight of the mother and the young were measured, with Pesola scales, to the
nearest gram.
Age prediction curves with 95% prediction intervals, were developed for CRL and HW
to 45 and 65 days respectively, using ordinary least squares regression from the
measurements of the above six litters of known and estimated birth dates to within 1.5
days. For the prediction curves, age was expressed as the dependent variable on the y
axis and HW and CRL were displayed as the independent variables on the x axis. This
type of regression can be referred to as Model 2 regression, after Legendre & Legendre
(1998) in which ordinary least squares regression (OLSR) may still be applied. Ninetyfive percent prediction intervals were then calculated following the method of Jongan et
al. (1995). The statistical computer programs R (Ihaka & Gentleman 1996) and Excel
were used to calculate 95% confidence and prediction intervals and produce growth and
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age estimation curves. Age prediction curves were then used to estimate the ages of the
remaining six litters of unknown birth date from the six known and estimated birth date
litters. Features of the youngs’ morphological development and behaviour were noted
throughout pouch and juvenile stages.

3.2.2

Wild Tiger Quoll populations

Field studies of a wild population of Tiger Quoll were undertaken on the mid-north
coast of NSW at Limeburners Creek Nature Reserve (9224 ha) (31o 20’ S 152o 50’ E),
north of the Hastings River and the town of Port Macquarie. Field studies including
trapping and radio-tracking and were undertaken between December 1992 and January
1995. Twenty-eight field trips of a minimum of 3 days but generally 5-8 days were
undertaken in most months over that period and trapping was undertaken in most
months, except August/September when females were expected to have recently
deposited young in a den. Some information on the breeding biology of four adult
females was obtained and limited information on wild young was obtained from two
mothers, but none of the litters could be observed from birth to weaning. Wild Tiger
Quolls were identified by ear tags and individual spot patterns and given individual
names for ease of reference.

3.3

Results

3.3.1

Captive Tiger Quoll colony

3.3.1.1 Breeding biology and monitoring for pouch young in captivity

At Featherdale Wildlife Park in Sydney, Tiger Quolls began mating from early May
through June, July and August over the four breeding seasons they were monitored from
1991 to 1994. The earliest observed mating was on the 6.5.91 and the latest on the
24.8.92 with most activity in May and June (Brad Walker pers. comm.). Both male and
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female Tiger Quolls become sexually mature at 11 months old and in captivity females
commonly produce young in their first breeding season.
With the approach of the breeding season the neck of the female thickens with fat
deposits (Plate 3.1) and the cloaca becomes swollen and reddened prior to mating (Plate
3.3). The pouch begins to develop from its non-breeding state where it is virtually
indistinguishable from the rest of the ventral surface, light pink in colour with a fine
covering of white hair, except for the two longitudinal rows of three tiny teats. In the
non-breeding state, teats are about 1.5-2 mm in length for one-year-old mothers and
approximately 3 mm in length for females that raised a litter in the breeding season of
the previous year. With the onset of the breeding season, the hair in the pouch area
begins to lengthen and thicken and becomes reddened in colour by a secretion from the
pouch area. With the progression of the breeding season and prior to birth of the young
the pouch develops into a deep pocket, deep crimson pink in colour and very glandular
with numerous small white dots, and a moist reddish secretion is produced which leaves
a scaly effect on the skin. Hair in the pouch is up to 2 cm long and teats become
counter sunk in small pits 3-4 mm deep. Pouch development occurred independently of
whether young appeared in the pouch of the female.
During the breeding period, both males and females were observed to mark the ground
and objects in their enclosures, such as logs and grass tussocks, by dragging their cloaca
across the surface. Some females were also observed to move about their enclosures
with their tails raised when displaying marking behaviour and on one occasion mating
was observed to occur two days later. During this period some females were observed
to produce a soft “cpp, cpp, cpp” vocalisation which would be repeated continuously for
several minutes. On some occasions, mating was observed to occur immediately.
Females would continue to emit the soft “cpp, cpp” vocalisation even while being
handled. If a female was not receptive to a male’s advances she would emit a very loud,
sharp “cak, cak” or “cha, cha”. Females would also use various hissing sounds and
exhaling of breath to rebuff males.
In any one breeding season, it was common to have several females mating on the same
day or within two or three days of each other (Brad Walker pers. comm.) suggesting that
there was a degree of synchrony in the onset of oestrus and receptiveness to the mating
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Plate 3.1: Two year old (709 days) female Tiger Quoll in her second breeding season in May
1994 weighing 2.5 kg and displaying the thickened neck characteristic of females in the breeding
season.

Plate 3.2: Tiger Quolls mating.
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attempts of males. In the 1991 breeding season, a single female was observed mating
between 6-10.5.91 (5 days). In the 1992 breeding season, eight females mated between
the 12.5-1.6.92 (21 days), one individual mated again from the 24-30.6.92 (7 days), and
another on the 24.8.92.
In the 1993 season, three females mated between 11.5-9.6.93 (30 days), and in 1994
five females mated between 11-29.5.94 (19 days) with one individual mating again
between 8-10.7.94 (3 days) (Brad Walker pers. comm.).
Individual females were receptive to mating attempts by one or more males over periods
of 2-7 days. Individual coupling events between pairs of Tiger Quolls may extend over
3-4 days (Brad Walker pers. comm.). During mating, the male grips the female with his
forepaws under the belly and may bite into and hold onto the female’s neck (Plate 3.2).
This sometimes abraded fur on the belly, leaving areas of bare skin just posterior to the
forearms (Plate 3.3), and also left noticeable bite marks, lacerations and wetted areas
around the neck, which are good indications that mating has occurred. On three
occasions, the female was killed by the male during a mating attempt and then partly
devoured (Brad Walker pers. comm.).
Females that did not produce young after their first mating event may enter a subsequent
oestrus. One female observed mating on the 18.5.92 was subsequently observed mating
on the 24.6.92 (37 days later) with one male and then mated again with a second male
on the 29-30.6.92. Another female mated on the 12.5.92 and then again on the 24.8.92
and a third female mated on 4-5.6.93 and was then observed mating again in August
1993. A fourth female mated on the 12-14.5.94 and then again on the 8-10.7.94 (Brad
Walker pers. comm.).
Female Tiger Quolls undertook digging, burrowing and nest building in this period.
Nests were made in burrows or hollows, in or under logs, and constructed from grass
and paperbark and occasionally bird feathers, that were available in their enclosures
(Plate 3.4). Not all females that constructed nests had pouch young.
The length of the gestation period for the Tiger Quoll was not investigated in this study.
However, for one individual in the 1994 breeding season birth was observed on the
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Plate 3.3: Adult female Tiger Quoll during the mating season in May 1992 showing the expanded and
reddened cloaca, distended pouch and bare patches on the sides of the body from where the male has held
the female during mating.
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10.6.94 (Litter 10) and the female had been observed mating on the 21st and 23rd May,
21 days earlier (Brad Walker pers. comm.).
This is in agreement with the suggestions of other workers on the length of the gestation
period of 3 weeks (Fleay 1940) and 21 days (Settle 1978).
Of the 12 captive females that produced litters over the four years of monitoring, births
were only observed in June (from the 2nd to the 30th). Reflecting the apparent
synchrony of receptivity of females to mating, the birth of litters among females on any
one breeding season often occurred within days of each other.

3.3.1.2 Litter size, sex ratio, teat number and morphology in captivity

All females examined had 6 teats. Of the 12 litters produced between the 1991 to 1994
breeding seasons, litter size varied between 1 to 6 young initially. Of the 12 litters, 7
litters lost young throughout lactation, several of these less than 3 weeks from birth,
before the sex of young could be readily determined. There was no apparent bias in sex
ratio of young in litters for surviving individuals (Table 3.1). Females ranged in age
from 1 to 4 plus years. Only 3 of the 12 females, a one-year-old, two-year-old and four
plus-year-old, suckled the full complement of 6 young at birth. However, the one-yearold’s litter had been reduced to 2 young 6 days after birth and 1 young 14 days after
birth. A second four-year-old female suckled 5 young. The remaining one, two and
three-year-old females suckled between 1-4 young. Only the four-year-old and fouryear plus females suckled their litters of 5 and 6 young to the age when young released
the teat (Table 3.1).
Suckled teats varied in length throughout lactation expanding in size and becoming cone
shaped as young grew (Plate 3.5). Teats developed from a pre-parous state of 1.5–2 mm
for first year females or 3 mm for teats that had regressed from the previous breeding
season. For 1994 Litter 9 with 3 young, teat length varied throughout lactation and was
11.5 mm in October (young ~ 139 days old), increasing to 16.5 mm in November
(young ~ 165 days old), then decreasing to 12.6 mm in February (young ~ 243 days old)
and 9.5 mm in March (young ~ 281 days old). For 1993 Litter 7 with two young, teat
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length measured 9.7 mm in September (young ~ 92 days old), 10 mm in December
(young ~ 177 days old) and 9.8 mm in March (young ~ 247 days old). The 1992 Litter
5 with one young, the female’s single expanded teat measured approximately 6 mm in
August (young ~ 69 days old). ). Teats that had not been suckled remained at
approximately 2 mm in length (Figs 3.1 & 3.2).

3.3.1.3 Growth curves for small captive pouch young

Growth curves for small pouch young were developed for measures of head width
(HW) to 65 days and crown-rump length (CRL) to 45 days from six of the captive litters
where birth date was known or estimated to within 1.5 days.
Of the small number of young that were observed within minutes or hours of birth
(Litters 1, 10, 12) CRL was estimated as 5.0, 6.0, 6.5, and 6.7 mm and HW as 2.5 and
2.5 mm (Plate 3.6). No young were removed from females for measuring prior to teat
release (56-79 days).
(i)

Crown-rump length (CRL)

Crown-rump length increased linearly with age from birth to 45 days and is described
by the following equation:
y = 0.5469x + 6.9223 (r2 = 0.9434) (Fig. 3.3).
(ii)

Head width (HW)

Head width (HW) was also found to increase linearly with age to 65 days and is
described by the following equation:
y = 0.2843x + 1.6785 (r2 = 0.9554) (Fig. 3.4).
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Table 3.1: Size and sex ratio of captive litters in respect to adult female Tiger Quoll age and weight. Adult female weight is given early in lactation with small pouch young
and later in lactation when young are free of the teat. Initial weight of litters is estimated using weights of new born Dasyurus viverrinus from Hill & Hill (1955) and
doubling that figure. The weight of Dasyurus viverrinus young at a variety of ages are: newborn 12.5 mg, 3 day old 50 mg, 5-6 day old 66-70 mg, 14 day old 0.18-0.29 g, 25
day old 1.0 g and 60 day old 5.23-6.93 g.

Year

Litter

1991

1
2
3
4
5
6
7
8
9
10
11
12

1992
1993
1994

60

Age of Weight of
female female(yrs) initial (kg)
>4
4
1
1
1
1
1
2
2
1
3
2

2.575
3.365
1.5
1.975
1.75
1.775
2.1
2.3
2.4
1.9
2.55
2.575

Date of
initial
female
weight

No of
younginitial

Sex of
young

Age of
youngfemale
initial wt
(days)

27.6.91
27.6.91
19.6.91
22.6.92
22.6.92
22.6.92
28.8.93
7.7.93
6.6.94
10.6.94
6.6.94
16.6.94

6
5
5
3
2
4
2
2
6
6
3
1

3f, 3m
3f, 2m
2f, 2m,1?
1f, 1m, 1?
1f, 1?
2f, 2m
1f, 1m
1f, 1m
1f, 2m, 3?
1f, 5?
1m, 2?
1f

15
26
1
6
2
6
59
18
2
0
2
9

Age of young
Estimated
when female wt
weight of litter measured free of
- initial (g)
young (days)
<5
< 10
<2
<5
<2
<6
< 30
<5
<2
<2
<2
<1

77
88
71
86
82
93
93
257
139
not obs.
not obs.
not obs.

Date when
No young
Weight
female wt
reared to female-after
measured free
teat
young free of
of young
release
teat (kg)
28.8.91
28.8.91
28.8.91
10.9.92
10.9.92
17.9.92
30.9.93
3.3.94
21.10.94
not obs.
not obs.
not obs.

6
5
4
2
1
2
2
2
3
1
1
0

2.036
2.75
1.927
2.375
2.365
2.05
1.925
2.75
2.625
not obs.
not obs.
not obs.
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Plate 3.4: Female Tiger Quoll in nest she has constructed in her log den with 20 day old pouch young in
July 1992.

Plate 3.5: Expanded teats (length 11.5 mm) in the pouch of a female Tiger Quoll nursing young aged 139
days in October 1994.
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Figure 3.1: Teat length of nursing wild (n=1) and captive (n=4) female Tiger Quolls in relation to the age
of the young.
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Figure 3.2: Teat length of nursing wild (n=5) and captive (n=4) female Tiger Quolls in respect to the
month of the year. Note for captive females mating occurred in May and births in June and for wild
females the birth of a single litter occurred in early July with mating in June.
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3.3.1.4 Age prediction curves for small pouch young

Age prediction curves and corresponding 95% prediction intervals for age on crownrump length (CRL) and age on head width (HW) for small captive pouch young were
calculated using least squares regression in accordance with the methods of Jongan et
al. (1995) and Legendre & Legendre (1998). For the purposes of prediction of age from
measurements of CRL or HW, age was identified as the dependent variable and
assigned to the y axis and HW and CRL were considered the independent variable and
assigned to the x axis. Consequently, the corresponding 95% prediction intervals
around the prediction curves are larger than the 95% confidence intervals around the
original regressions investigating growth rate, where age is assigned to the x axis.
(i)

Crown-rump length (CRL)

The regression of age on crown-rump length (CRL) to 45 days for the prediction of age
from CRL is linear and is described by the following prediction equation:
Age = 1.7249 x CRL -10.694
(ii)

(r2 = 0.9434) (Fig. 3.5)

Head width (HW)

The regression of age on head width (HW) to 65 days for the prediction of age from
head width increases linearly and is described by the following prediction equation:
Age = 3.3609 x HW – 4.0329

(r2 = 0.9554) (Fig. 3.6)

3.3.1.5 Growth curves for large captive pouch young and juveniles

Growth curves for head width, crown-rump length, nose-vent length, tail length, tibia
length and weight against age are presented for older pouch young and juveniles.
Head width continued to increase for males and females up to 281 days, and for one
female that continued to be measured, increased up to 345 days (Figs 3.7, 3.8).
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Head width could be expected to provide a fair estimate of age of pouch young and
juveniles up to at least 150 days as the slope of the curve is steep and points lie tightly
about the curve. Crown-rump length continued to increase up to 150 days but became
more difficult to measure and less reliable with the increasing mobility of older pouch
young and juveniles (Fig. 3.9). Nose-vent length replaced CRL for juveniles and
increased up to 218 days but similar to CRL, was also found to be difficult to gain
accurate and repeatable measures of active young (Fig. 3.10). Tail length increased up
to 281 days and was an easier and more accurate measure to obtain for juveniles
providing a more reliable means of estimating age for that period (Fig 3.11). For a
single female that continued to be measured, TL increased, although at a slower rate, up
to 528 days (Fig. 3.12). Tibia length was also found to be a reasonably accurate and
repeatable measure (Fig. 3.13). Tibia length increased up to 281 days and for a single
female that was measured continued to increase, although at a much slower rate, to 556
days (Fig.3.14). It is also able to provide a reasonable measure of ageing juveniles up to
200 days.
Weight of juveniles was measured once they were free of the teat and was found to
increase linearly from 70 to 200 days and may also assist in ageing juveniles, but this
measure is more likely to be influenced by environmental conditions encountered by the
mother and young (Fig.3.15). Weight continued to increase for both males and females
up to 281 days. For a small number of females monitored into their second and third
years, weight continued to increase, although at a slower rate, up to maximum-recorded
measurements of 3.25 kg (774 days) and 2.95 kg (780 days) (Fig. 3.15).
Sexual dimorphism between males and females became evident in several features by
200 days, clearly evident by 250 days, and well established by 281 days (Figs 3.7-3.15,
Table 3.2). Although numbers of young measured at any one day were small, growth
curves do show the trend for sexual dimorphism to become evident after 200 days,
males becoming larger. After 200 days, growth rate in tail, tibia and head width had
decreased but not levelled out.
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Figure 3.3: Crown-rump length of known-age litters (n=6) regressed against age to 45 days is described
by the equation y=0.5469x + 6.9223 with R2 =0.9434 and upper and lower 95% confidence intervals
shown as dashed lines. Individual data points, not means, are provided to show the range of variation
between individuals of the same age.
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Figure 3.4: Head width of known-age litters (n=6) regressed against age in days with upper and lower
95% confidence intervals shown as dashed lines. The regression line is described by the equation
y=0.2843x + 1.6785 with R2 =0.9554. Individual data points, not means, are provided to show the range
of variation between individuals of the same age.
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Figure 3.5: The regression of age predicted by crown-rump length for known-age litters (n=6) is
described by the equation y=1.7249x – 10.694 with R2 = 0.9434. The upper and lower 95% prediction
intervals are shown by dashed lines. Individual data points, not means, are provided to show the range of
variation between individuals of the same age.
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Figure 3.6: The regression of age predicted by head width for known-age litters (n=6) is described by the
equation y=3.3609x – 4.0329 with R2 = 0.9554. The upper and lower 95% prediction intervals are shown
by dashed lines. Individual data points, not means, are provided to show the range of variation between
individuals of the same age.
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Figure 3.7: Head width of known-age (n=6) and estimated-age (n=4) litters to 345 days. Data points, not
means, are provided to show the range in size of same-aged individuals.
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Figure 3.8: Head width of known-age (n=6) and estimated-age (n=4) litters to 556 days. Data points, not
means, are provided.
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Figure 3.9: Crown-rump length of known-age (n=6) and estimated-age (n=4) litters to 168 days old. Data
points, not means, are provided.
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Figure 3.10: Nose-vent length of known-age (n=6) and estimated-age (n=4) litters to 281 days old.
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Figure 3.11: Tail length of known-age (n=6) and estimated-age (n=4) litters to 281 days old. Data points
not means are provided.
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Figure 3.12: Tail length of known-age (n=6) and estimated-age (n=4) litters to 556 days old. Data points,
not means are provided.
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Figure 3.13: Tibia length of known-age (n=6) and estimated-age (n=4) litters to 281 days old. Data
points, not means, are provided.
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Figure 3.14: Tibia length of known-age (n=6) and estimated-age (n=4) litters to 556 days old. Data points
not means are provided.
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Figure 3.15: Weight of known-age (n=6) and estimated-age (n=4) litters to 780 days old. From 345 days
and older weights are from two females of Litter 1 and one female from Litter 6. Data points, not means
are provided.
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Table 3.2: A comparison of body measurements of captive young Tiger Quolls from Litter 1 (1991),
Litter 7 (1993) and Litter 9 (1994) at a selection of known ages. * Pes length is a modified length (refer
Methods, section 3.2.1.2).

Litter

Sex

Age (days)

Weight (kg) Head width (mm) Tail (mm) Tibia (mm) Pes (mm)*

1
1
1
1
1
1
Mean
Mean

f
f
f
m
m
m
f
m

105 (~3.5 mths)
105 (~3.5 mths)
105 (~3.5 mths)
105 (~3.5 mths)
105 (~3.5 mths)
105 (~3.5 mths)
~3.5 mths
~ 3.5 mths

0.256
0.266
0.297
0.289
0.292
0.298
0.273
0.293

35.3
33.1
36.2
34.8
37.0
36.8
34.87
36.2

150
165
160
160
160
160
158
160

53.8
51.9
56.4
54.3
55.0
54.2
54.0
54.5

9
9
9

f
m
m

132 (~4 mths)
132 (~4 mths)
132 (~4 mths)

0.575
0.65
0.55

40.5
42.3
40.8

230
240
210

65.7
70.5
77.4

46.8
50.5
49.1

9
9
9

f
m
m

165 (~5.5 mths)
165 (~5.5 mths)
165 (~5.5 mths)

0.8
0.9
1.025

45.2
47.6
48.7

280
280
290

76.8
85.0
86.3

56.8
59.5
58.9

1
1
1
Mean
Mean

f
m
m
f
m

168 (~5.5 mths)
168 (~5.5 mths)
168 (~5.5 mths)
~ 5.5 mths
~ 5.5 mths

0.81
0.94
0.91
0.805
0.94

46.8
49.5
50.2
46.0
49.0

280
300
310
280
295

81.5
87.4
87.5
79.15
86.55

59.2

9
9
9

f
m
m

201 (~6.7 mths)
201 (~6.7 mths)
201 (~6.7 mths)

1.0
1.4
1.35

49.5
51.5
51.7

310
320
340

91.6
97.1
95.7

60.0
67.0
62.1

1
1
1
1
1
Mean
Mean

f
f
f
m
m
f
m

218 (~7.2 mths)
218 (~7.2 mths)
218 (~7.2 mths)
218 (~7.2 mths)
218 (~7.2 mths)
~ 7.2 mths
~ 7.2 mths

1.175
1.4
1.195
1.575
1.725
1.256
1.65

50.0
52.0
48.8
54.8
51.7
50.26
53.25

330
340
315
320
345
328
332.5

94.6
94.6
91.7
102.3
100.0
93.6
101.2

9
9
9

f
m
m

243 (~8 mths)
243 (~8 mths)
243 (~8 mths)

1.25
1.8
1.8

51.7
57.2
56.8

350
330
370

93.5
107.0
107.5

61.5
67.0
62.5

7
7
Mean
Mean

f
m
f
m

246 (~8 mths)
246 (~8 mths)
~ 8 mths
~ 8 mths

1.225
1.65
1.24
1.75

55.1
53.5
53.4
55.8

330
375
340
358

94.4
100.5
93.95
104.8

58.8
63.4
60.15
64.3

9
1
1
9
1
Mean
Mean

f
f
f
m
m
f
m

281 (~9.4 mths)
281 (~9.4 mths)
281 (~9.4 mths)
281 (~9.4 mths)
281 (~9.4 mths)
~ 9.4 mths
~ 9.4 mths

1.35
1.15
1.45
1.875
1.8
1.32
1.84

355
340
340
400
390
345
395

98.1
94.6
100.4
108.0
111.9
97.7
109.95

62.0

51.5
53.2
58.5
60.0
52.4
59.25

7
7

f
m

361 (~12 mths)
361 (~12 mths)

1.9
1.925

56.0
57.0

340

90.5
105.0

61.5
65.0
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3.3.1.6 Weight changes in captive breeding females

The weight of captive breeding females varied throughout the year in response to the
yearly breeding cycle and rearing of young (Figs 3.16, 3.17, 3.18). First year females
were commonly less than 2 kg when entering their first breeding season at 11 months of
age, two-year-old females were commonly greater than 2 kg but under 3 kg, and fouryear-old females were generally heavier than 2.5 kg, with one female greater than 3 kg
(Table 3.1). As previously mentioned, all females became heavier with the approach of
the breeding season with noticeable thickening around the neck area (Plate 3.1). While
females are suckling young that are permanently attached to the teat, combined female
plus litter body weight increases gradually or remains relatively constant. With the
detachment of young from the teat a drop in female body weight was apparent for older
(4 years or >) and heavier (>2.5 kg) females while one and two-year-old females
continued to increase in body weight (Table 3.1, Figs 3.16, 3.17, 3.18). However, older
and heavier females typically suckled greater numbers of young to teat release (5-6
young) than did one and two-year-old females (1-4 young) thereby increasing the
energetic demands on the mother.
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Figure 3.16: Weight changes in nursing females of litters 1, 2 and 3. Mothers of litters 1 and 2 were
greater than four years old and the mother of litter 3 was one year old. Litter 1 mother suckled six young
to teat release, Litter 2 mother suckled five young to teat release and Litter 3 mother began with five
young but only suckled four young to teat release. Arrows indicate the time at which young were first
known to be detached from the teat and left in the nest.
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Figure 3.17: Weight changes in nursing females which were the mothers of Litters 4, 5, and 6 in the 1992
breeding season. All females were one year old. Litter 4 mother began with three young and suckled two
to teat release, Litter 5 mother began with two young and suckled one to teat release and Litter 6 mother
began with four young and only suckled two to teat release. Arrows indicate the time at which young
were first known to detach from the teat and were left in the nest.
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Figure 3.18: Weight changes in nursing females which were the mothers of Litters 9, 10, 11 and 12 of the
1994 breeding season. Litter 10 mother was one year old, mothers of Litters 9 and 12 were two years old
and the mother of Litter 11 was three years old. In the 1994 breeding season only the mother of Litter 9
was monitored to teat release of the young. This female began with six young but only reared three
young to teat release. The arrow indicates the time young were first known to have detached from the
teat and were left in the nest.
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3.3.1.7 Morphological and behavioural development of captive young Tiger Quolls

The morphological and behavioural development of young were recorded and a
summary of the ages when features were first observed in litters is provided in Table
3.3. In this study, females and their young were inspected once per week and so the age
at which a feature was first observed may be overestimated by up to 6-7 days. For
comparison, Table 3.3 also provides the ages when particular developmental stages
were first observed by other authors studying the Tiger Quoll. Stages in the growth and
development of young Tiger Quolls are illustrated in Plates 3.6-3.27.
Pouch and scrotum
Some features, such as the pouch or scrotum, were difficult to observe on very small
young without considerable disturbance to them or the adult female and the age at
which they were first observed may have been overestimated. Pouches and scrotums
were first readily observed from 41 days without undue disturbance to the young (Plate
3.13).
Pinnae
The pinnae develop from small bumps on the side of the head to a flat triangular shape
adpressed to the head, and were first observed free of the head between 37-46 days
(Plate 3.10). Pinnae began to become pigmented at 54-65 days (Plate 3.12) and were
fully pigmented at 63-72 days (Plate 3.15). Pinnae stood out from the head at 75-87
days (Plate 3.16) (Table 3.3).
Free of the teat
Age when young were observed free of the teat is the age when young were commonly
free of the teat but may not correspond to the age when young are first able to release
the teat. Young were not forcibly removed from teats and the earliest observed release
was at 56 days, when one young fell off the mother’s teat while the mother was being
held above the ground (Plate 3.14). Young were more commonly observed free of the
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Table 3.3: Morphological development of young Tiger Quolls with comparison to other studies. Age
given in days unless otherwise stated and is the age the feature was first observed.

Age from this study

Feature

Mean
Age
(days)

Range (days)

N
(litters)

Eye dots

6

6

2

Line of fused eyelids

40.5

36 - 42

6

Front feet and non-deciduous claws well
developed

40.8

37 - 46

5

Hind feet and claws well developed

47.5

46 - 49

2

Pinnae free from head

40.8

37 - 46

5

Pinnae pigmented - beginning

Age from Conway
(1988)

Age from Settle
(1978)

weeks (estimated
days) (N = 5
litters)

(days) (N = 2
decreasing to 1
young)

59

54 - 65

6

Pinnae pigmented - fully

67.3

63 - 72

3

Pinnae well formed, pointing upwards

59.8

56 - 67

9

Pinnae standing out from head

79.8

75 - 87

6

Pouch, scrotum readily discernable

51.2

41 - 56

6

10-12 (70-84)

Pelage, fine fur on head

44.8

41- 48

9

7 (49)

Pelage, fine fur on rump

51.8

49 - 62

9

Pelage, fine fur on underbelly

66.5

60 - 72

4

Pelage, spots 1st appear -head

47.6

46 - 49

3

Pelage, spots - body

53.4

48 - 59

8

Pelage, spots - tail

61.1

58 - 67

9

Pelage, adult fur (coarse)-head

69.2

65 - 72

6

Pelage, adult fur (coarse)-body

76.5

75 - 79

4

Pelage, adult fur (coarse)-tail

89.5

87 - 92

2

Vibrissae, mystical

58.2

49 - 76

5

95

1

Vibrissae, wrist
Jaw slit

9 (63)

40 (subcutaneous
hair)

7 (49)

13 (91)

33 - 41

4

52 - 76

6

Vocalisations

72.2

59 - 87

6

10 (70)

61-63

Free of the teat

70.63

56 - 79

8

11 (77)

47-50

Eyes open

85.4

82 - 87

7

12 (84)

61-63

Teeth, incisors (first observed)

100.7

95 - 105

7

142

142

2

103.5

102 - 135

2

Left in nest

Teeth, molars (first)

8 (56)

7 (49)

9 (63)

7 (49)
7(49) beginning to
open

50-60

Teeth, molars (second)

123.5

115 - 128

3

Teeth, molars (third)

134.3

133 - 135

3

103

102 - 104

2

107.6

87 - 124

3

weeks (days
estimated)
(N =
5 young)

9 (63)

37

Teeth, incisors (all out)

Age from Fleay
(1940)

7 (49)

64.2

Jaw separation

Age from
Troughton
(1954)
weeks (days
estimated) (N =
5 decreasing to
1 young)

Teeth, molars (fourth)
Teeth, canines
Taking solid food (solid droppings)
Kill live prey

17 (119)

100

17-19 (119-133)

95

8 months (240)

14 (98)

9 weeks ? (63)

12 (84)

5 months (150)

Climbing on mothers back

111.7

84 - 132

4

12-13 (84-91)

not observed

Independent excursion

103.5

102 - 105

2

12-13 (84-91)

71?

347

344 - 352

5

52 (364)

18 (126)
within 12 months

2 years

2 years

Weaned
Sexually mature (first mating observed)
Full adult size

80

120-150

2 years or >
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teat between 66-79 days. Nursing females denned in hollow logs or burrows making
observation of the first instances young may have been free of the teat difficult. Table
3.4 lists the date when captive young were first observed free of the teat.
Vocalisations
The first vocalisations of young may not have been recorded if they occurred when
young first released the teat within the nursery den. The first observed vocalisation of
young was at age 59 days in one litter and for four other litters between days 64-79. Soft
“cha, cha, cha” sounds were emitted by a fifth litter at day 87. This corresponds to the
age when young were commonly observed free of the teat.
Eyes open
Eyes open is the age when eyes were observed completely open. Eyes were observed
beginning to open on day 77 in one litter but were more commonly observed completely
open between days 82-87 for seven litters (Plate 3.17).
Pelage
Fine fur first appeared on the head (41-48 days) and proceeded to appear progressively
down the body to the rump (49-62 days), tail and underbelly (60-72 days). Spots began
to appear on the head (46-49 days) (Plate 3.11), body (48-59 days) and tail (58-67 days)
(Plate 3.12) and retained a pinkish colouration from the underlying skin for up to 87
days. Coarser, ginger coloured adult fur appeared on the head (65-72 days) (Plate 3.15)
then back (75-79 days) (Plate 3.16) and finally the tail (87-92 days).
Sexual maturity and adult size
Young male and female Tiger Quolls reach sexual maturity just under 12 months (344352 days) (Plate 3.25) when mating was first observed and females produce their first
litter in the first breeding season following their birth. Both females and males continue
to grow into their second year, taking two years to approach full adult size (Plate 3.1).
However, weight measurements of one captive female showed growth may continue
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Table 3.4: The date when captive young were first observed free of the teat.

Year

Litter

No of younginitial

1991

1
2
3
4
5
6
7
8
9
10
11
12

6
5
5
3
2
4
2
2
6
6
3
1

1992

1993
1994

Date first
observed free of
teat

Age of
young
(days)

No of young
reared to teat
release

07.08.91
07.08.91
28.08.91
03.09.92
27.08.92
03.09.92
14.09.93
not observed
12.08.94
not observed
not observed
not observed

56"
67
71
79
68
79
76
< 87
69
> 63*
>62
>= 64^

6
5
4
2
1
2
2
2
3
1
1
0

" One young fell of at 56 days, most young free by 77 days
* Female would not vacate nest on 12.8.94
^ Yong found dead on 9.8.94 at 64 days of age
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Plate 3.6: Three newborn Tiger Quoll young of Litter 10 observed within hours of birth on the 10.6.94
appear like tiny pink jelly beans. The crown-rump length of two young measured was 6.5 and 6.7 mm.

Plate 3.7: Tiger Quoll young from Litter 4 aged 6 days old. For litter mates crown-rump length measured
10.6-11.3 mm on the 22.6.92.
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Plate 3.8: Tiger Quoll young from Litter 2 at 20 days old. Measurements for litter mates are crown-rump
length 16.4-21.7 mm. Pinnae forming.

Plate 3.9: Tiger Quoll young from Litter 5 at 26 days old. Crown-rump length 21.3 mm. Eyes and pinnae
forming.
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Plate 3.10: Tiger Quoll young from Litter 2 at 39 days old on the 10.7.91. Measurements for litter mates
are crown-rump length 32.3-33.5 mm and head width 13.2-14.3 mm. Pinnae now free from the head.

Plate 3.11: Tiger Quoll young from Litter 4 at 49 days old on the 31.7.91. Measurements for litter mates
are crown-rump length 40-44.5 mm and head width 16.4-17.2 mm. Spots appearing on the head and body
and the tail is well formed but not yet spotted.
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Plate 3.12: Tiger Quoll young of Litter 1 at 58 days old on the 7.8.91. Measurements for litter mates are
crown-rump length 49.1-56.9 mm and head width 19.3-20.6 mm. Fine fur over the body with spots now
on the tail. Pinnae becoming pigmented and lie flat against the head.

Plate 3.13: Tiger Quoll young of Litter 2 at 60 days old on the 31.7.91. Tail finely furred and spotted and
rudimentary pouch visible.
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Plate 3.14: Adult female Tiger Quoll with 60 day old young of Litter 2 on the 31.7.91 hanging onto teats.
Young were first observed to voluntarily release from teats at 56 days.
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Plate 3.15: Tiger Quoll young of Litter 1 at 65 days old on the 16.8.91. Measurements for litter mates are
crown-rump length 70.8-75.5 mm and head width 21.4-22.9 mm. Coarse ginger fur is now appearing on
the head. Pinnae held against the head.

Plate 3.16: Tiger Quoll young of Litter 2 at 76 days old on the 16.8.91. Measurements for litter mates are
crown-rump length 111.1-114.5 mm and head width 25-26.6 mm. Coarse ginger fur extending down the
back and pinnae are standing out from the head.

88

Chapter 3 Breeding Biology, Growth and Development

Plate 3.17: Tiger Quoll young of Litter 1 at 84 days old on the 4.9.91. Measurements for litter mates are
head width 28.3-37.8 mm, nose-vent length 150-175 mm and weight 136-152 g. Eyes are now open and
coarse ginger fur extends to the top of the tail (Photo: B. Walker).

Plate 3.18: Tiger Quoll young of Litter 1 at 84 days old climbing on their mothers back.
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Plate 3.19: Tiger Quoll young of Litter 1 at 91 days old on the 11.9.91. Measurements for litter mates are
head width 32-33.4 mm, nose-vent length 163-175 mm and weight 179-197 g.

Plate 3.20: Tiger Quoll young of Litter 1 at 105 days old on the 25.9.91. Measurements for litter mates
are head width 33.1-37 mm, nose-vent length 220-230mm and weight 256-298 g.
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Plate 3.21: Tiger Quoll young of Litter 2 at 116 days old on the 25.9.91. Measurements for litter mates
are head width 36.8-40.1 mm, nose-vent 260-275 mm and weight 388-434 g.

Plate 3.22: Tiger Quoll female young of Litter 1 at 147 days old on the 6.11.91. Measurements for this
individual are head width 44.4 mm, nose-vent 320 mm and weight 750 g.
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Plate 3.23 a: Female Tiger Quoll young from Litter 4 at 177 days old on the 10.12.92. Measurements for
this individual are head width 41.6 mm, nose-vent 320 mm and weight 750 g.

Plate 3.23b: Male Tiger Quoll young from Litter 4 at 177 days on the 10.12.92. Measurements for this
individual are head width 42.7 mm, nose-vent 300 mm and weight 900 g.
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Plate 3.24: Tiger Quoll male young from Litter 1 at 218 days old on the 16.1.92. Measurements of two
male litter mates were head width 51.7, 54.8 mm, nose-vent 360, 400 mm, and weight 1575, 1725 g.

Plate 3.25: Adult female from Litter 1 at age 376 days on the 22.6.92 in her first breeding season carrying
six-day-old pouch young. Her measurements are head width 59.3 mm and weight 1975 g.
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Plate 3.26: Adult female from Litter 6 in 1992 now 556 days old (~18months) on the 24.12.93. Head
width now 58.6 mm.

Plate 3.27: Adult female 914-920 days old (~29 months) from the 1992 breeding season (Litter 4, 5 or 6)
on the 22.12.94. Her measurements are head width 63.2 mm and weight 2.65 kg.
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into the third year (Fig. 3.15) (Plate 3.27). Weight of a second captive female (3.365
kg) known to be 4 years of age (Table 3.1), and several wild males (3.775 kg, 3.35 kg,
3.15 kg, 3.05 kg, 4.4 kg, Table 3.5), also suggest individuals may continue to grow and
gain weight into their third year and possibly older.

3.3.2

Wild Tiger Quoll populations

3.3.2.1 Body measurements of wild Tiger Quolls

The greatest recorded body measurements for wild Tiger Quolls trapped in several
locations throughout New South Wales is presented in Table 3.5. The majority of these
(20), were trapped in the Port Macquarie area, and most from Limeburners Creek
Nature Reserve. Minimum ages were estimated from body measurements, weight, and
for females, evidence of breeding as shown by teat size and pouch condition, when first
encountered. Some individuals were captured on one occasion only, while others were
trapped on many occasions over several months or years. The greatest minimum known
age of an individual was female Charlene, at two years eleven months, but adults
estimated at two years or greater may have been older.
Sexual dimorphism was clearly evident between adult male and female Tiger Quolls at
Limeburners Creek Nature Reserve for individuals considered two years or greater.
This was the case for mean (± s.d.) measures of weight (males 3.2 ±0.4 kg, females 2.16
±0.2 kg), head width (males 69.42 ±1.6 mm, females 60.08 ±1.5 mm), tail (males 42.6
±0.5 cm, females 38.7 ±1.6 cm), tibia (males 118.5 ±4.4 mm, females 104.2 ±2.8 mm)
and modified pes length (males 65.65 mm, females 60.6 ±1.7 mm) (Table 3.5).
One wild male, Garigal, was trapped and tagged at Elanora Heights, Sydney, adjacent
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Table 3.5: The greatest recorded measurements of wild Tiger Quolls from the north coast of NSW and
Sydney region and their minimum estimated ages at the time of measurement. * Adult male Garigal was
first trapped at Elanora Heights, Sydney (10.5.93), released into Garigal National Park and re-trapped at
Granville, Sydney (8.7.93) after which he was held at Featherdale Wildlife Park.. The second set of
measurements are those taken 16 months after his first capture prior to his release into Marramarra
National Park on the 16.11.94 when aged a minimum of 3 years 4 months. ^ Note adjusted pes length,
(see methods section 3.2.1.2).

Sex

Estimated age

Weight
(kg)

Head width
(mm)

Tail (cm)

Charlie

m

> 2 years

3.775

70.9

42.0

Brian

m

> 2 years

3.35

68.9

43.0

123.6

Blackbutt

m

> 2 years

3.05

69.4

42.5

115.5

63.5

Bloodwood

m

> 2 years

3.15

70.8

43.0

116.5

67.8

Fang

m

> 2 years

2.65

67.1

Individual

Tibia (mm)

Pes
(mm)^

Port Macquarie/
Limeburners Creek
Nature Reserve

3.2 ± 0.4

Males 2 years or >

69.42 ± 1.6

42.6 ± 0.5

118.5 ± 4.4

65.65

67.0

Mean ± s.d.
Big Hill

m

> 1 year 6 months

2.4

52.5

Needlebark

m

~ 1 year 6 months

1.85

58.7

37.0

112.1

Bracken

m

~ 7 months

1.45

48.0

38.0

101.6

Brushbox

m

~ 7 months

0.95

47.6

35.0

91.2

Paperbark

m

~ 6 months

0.55

43.7

29.0

79.0

Scribbly

m

4.5 months

0.175

32.8

16.0

49.5

40.5

Raylene

f

> 2 years

2.325

60.4

39.5

Charlene

f

> 2 years 11 months

2.4

61.0

38.5

104.0

60.0

Christmas Bell

f

> 2 years 4 months

2.15

59.5

37.5

103.0

59.3

Euroka

f

> 2 years?

2.025

57.8

41.0

108.2

Banksia

f

~2 years 6 months

Females 2 years or >

61.7

37.0

2.16 ± 0.2

1.9

60.08 ± 1.5

38.7 ± 1.6

101.6
104.2 ± 2.8

61.5

62.5
60.6 ± 1.7

Mean ± s.d.
Scarlet

f

> 11 months

1.65

54.1

42.0

115.0

62.5

Wattle

f

~ 10 months

1.4

50.5

41.0

91.3

Boronia

f

4.5 months

0.2

29.5

16.0

47.8

35.5

Teatree

f

4.5 months

0.3

31.5

17.0

52.1

38.5

m

~ 2 years or >

3.5

45.0

120.1

m

~ 2 years or >

3.545
(4.4*)

45.5

125.2

unnamed

f

~2 years 6 months or
>

2.05

109.5

unnamed

m

~6-7 months

1.75

98.5

Curramore State Forest,
north coast ranges.
unnamed
Elanora Heights, Sydney
Garigal

55.2
(73.0*)

Chichester State Forest
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to Garigal National Park on the 10.5.93 and weighed 3.545 kg with a head width of 55.2
mm. This male was considered to be at least 2 years old and probably older and was
released into Garigal National Park the following day. The same male Tiger Quoll was
subsequently trapped at Granville, Sydney on the 8.7.93 (movements to be discussed in
Chapter 4) and transferred to Featherdale Wildlife Park where it was held until it was
released into Marramarra National Park on the 16.11.94 (16 months after its initial
capture). During this intervening period, and the 14 months spent in captivity, Garigal
increased in weight to 4.4 kg and head width to 73 mm, but there was no change in
other skeletal measures (Table 3.5). Garigal was considered to be a minimum of 3
years 4 months at this time. This supports the view that males can continue to grow,
particularly in respect to weight, into their third and possibly fourth years. Greater head
width size is a male characteristic and becomes readily apparent in juvenile Tiger
Quolls from 250-300 days (Fig. 3.7). Whether this individual would have gained as
much weight (0.855 kg) in the wild is unknown, but these observations show that
growth can continue in males, at least into their third year.

3.3.2.2 Breeding biology and monitoring for young in a wild Tiger Quoll population

At Limeburners Creek Nature Reserve, adult females were showing signs of oestrus
with swollen cloacas and deepened pouches in June 1993 and 1994. Three adult
females reached their greatest body weight, without young, in May–June (2.15-2.4 kg)
(Fig. 3.24) and displayed thickening of the neck area, which was observed in captive
Tiger Quolls. For three adult males, the greatest body weights for individuals were
recorded in March, April and November (3.05-3.775 kg) (Fig. 3.24).
In mid June 1993, it was likely that three adult females were in, or coming into, oestrus
in the period of the 13th–20th June. Charlene and Banksia both displayed swollen and
protruding cloacas in the period of the 13-20.6.93. At this time it was common to trap
two large adult males on the same day in close proximity to any one of the three
females, either one or two traps away, or at one of the female’s dens. Individual males
were also trapped in the same trap or area for up to three consecutive days, which
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contrasted to their behaviour at other times of the year when they were rarely trapped at
the same site on consecutive days (Chapter 4).
In the 1994 breeding season, Charlene and Christmas Bell displayed swollen and
reddened cloacas on the 30.5.94. Two males Blackbutt and Bloodwood were trapped in
close proximity to Christmas Bell on the 1.6.94 and the 3.6.94 suggesting she may have
been in or approaching oestrus. Christmas Bell was trapped on the 28.6.94 and the
pouch was deep with long reddish fur but no young were present. Five small young
were first observed in the pouch on the 29.7.94 and two young measured were estimated
to be between 24-28 days old (HW 9.4-9.5mm, CR 20.3-20.8 mm) (Table 3.6) from
growth curves developed for captive young in this study. This suggests a birth date in
early July (~2nd) and given a gestation of about 21 days (Settle 1978) gives a possible
conception near the 11th June.
Christmas Bell was next trapped on the 27.9.94 with no pouch young but 5 expanded
conical teats approximately 10.6 mm in height. Young were estimated to be
approximately 83 days old and left in the nest. She was trapped again on the 25.10.94
with 5 expanded teats approximately 10 mm in height (young 112-116 days). On the
21.11.94 Christmas Bell was trapped with 5 expanded teats approximately 13.5 mm in
height (Figs 3.1 & 3.2) and in a nearby trap, a small female juvenile Tiger Quoll
Boronia (0.2kg), was trapped. On the next day Boronia and two additional juveniles,
Teatree (female, 0.3kg) and Scribbly (male, 0.175kg) (Plates 3.28a & b) were trapped
within a few hundred meters of each other, one juvenile in Christmas Bell’s trap of the
previous day. These were assumed to be Christmas Bell’s young that were estimated to
be approximately 142-146 days old from the original age estimate made when they were
pouch young. Unfortunately Christmas Bell was found dead on the 26.11.94, killed by
an unidentified predator, and no juvenile Tiger Quolls were caught there on subsequent
trips.
Christmas Bell also appeared to have bred in the 1993 breeding season as she had 4
conical expanded teats, approximately 11mm in height, when she was first trapped on
the 30.11.93. By the 6.2.94 these 4 teats had decreased to 7.5 mm and by 6.3.94 to 4
mm (Fig.3.2).
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Table 3.6: Age estimation of two young from Christmas Bell’s litter of five using growth curves derived
from captive young, when first encountered on the 29.7.94.

Feature

Young 1

Young 2

Age Estimate (days)

Head width (mm)

9.5

9.5

27.89

Crown-rump length (mm)

20.3

20.8

24.37 - 25.69

Table 3.7: Body measurements of Charlene’s young, Banksia (female) and Bracken (male), when first
encountered on the 30-31.12.92 compared to ages of similarly sized captive (SSC) young. Skeletal
measurements in millimetres, weight in grams.

Banksia (f)

Age of SSC
female (days)

Bracken (m)

Age of SSC
male (days)

43.4

173 - 184

44.8

139 - 184

Tail (mm)

270.0

150 - 166

280.0

153 - 165

Tibia (mm)

76.2

147 - 150

78.5

150

Weight (g)

950.0

173 - 234

1050.0

Feature
Head width (mm)

165 - 201
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Two juveniles, Banksia (female) and Bracken (male), were caught in close proximity to
adult female Charlene on the first trapping trip on the 30.12.92 and were assumed to be
young of that female (Plates 3.29a & b). The adult female had 4 enlarged teats (~12
mm in length) and local oyster farmer, Charlie Dick, said there had been 4 young, one
had been killed by a Fox Terrier dog, and then a second disappeared leaving two young.
The female and four young had been observed playing together by the oyster farmer on
his jetty. Given a possible mid June mating and subsequent birth date some time in
early July 1992, these young were thought to be approximately 5.6-6 months old (170180 days) when first trapped on the 30.12.92 (Table 3.7).
On 25.1.93, Charlene was trapped at a den log approximately 1 km north west of her
maternal den area where the young remained, and by the 14.2.93 Charlene had moved
5.5 km to the northern part of her home range, leaving the two young behind. Weaning
was likely to have occurred by January at ~6.5 - 7 months of age (195-205 days) or
before, but had definitely occurred by mid February at age ~7-7.5 months (214-224
days).
Charlene was also observed with 6 expanded teats (~6 mm in height) on the 22.9.93 in
the northern part of her home range and still had 6 expanded teats on the 4.1.94. She is
presumed to have had a litter of 6 in the 1993 breeding season but no young were
trapped in that area. By the 4.4.94 Charlene’s nipples were regressed to 4 mm in height
and by 2.5.94 were approximately 3 mm in height (Fig. 3.2). On the 30.5.94 Charlene’s
pouch was again deepening and her cloaca was swollen and by the 4.6.94 the pouch was
deep and pocket like with some red scaly secretion. Charlene had entered at least a
third breeding season and was a minimum of two years and eleven months of age.

3.3.2.3 Litter size in wild Tiger Quoll populations

Only two litters were observed in the wild. However, observations of females’ pouch
condition, even when young were not directly observed, can still provide some
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Plate 3.28a: Wild young female Tiger Quoll Boronia, Christmas Bell’s young of the 1994 breeding
season, trapped on the 24.11.94 at estimated age of 142-146 days old. Her measurements were head
width 29.5 mm, tail 160 mm, tibia 47.8 mm and weight 200 g.

Plate 3.28b: Wild young male Tiger Quoll Scribbly, Christmas Bell’s young of the 1994 breeding season,
trapped on the 24.11.94 at estimated age 142-146 days. His measurements were head width 32.8 mm, tail
160 mm, tibia 49.5 mm and weight 175 g.
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Plate 3.29a: Young wild female Tiger Quoll Banksia, considered to be Charlene’s young of the 1992
breeding season, was trapped at Limeburners Creek Nature Reserve on the 30.12.92 and estimated to be
5.5-6 months old. Head width 43.4 mm and weight 950 g.

Plate 3.29b: Young wild male Tiger Quoll Bracken considered to be one of Charlene’s young of the 1992
breeding season and estimated to be 5.5-6 months old was trapped in Limeburners Creek Nature Reserve
on the 30.12.92. Head width 44.8 mm and weight 725 g.

102

Chapter 3 Breeding Biology, Growth and Development

information on litter size. The number of expanded teats gives an indication of the
number of young that successfully attached to teats after birth and are suckled for at
least the time young are permanently attached to the teat (56-79 days). The number of
expanded teats does not indicate how many young may be successfully reared to
weaning, as once free of the teat young can maintain lactation from more than one teat
(pers. obs., Merchant et al. 1984). Table 3.8 shows the number of expanded teats
observed in four females over three breeding seasons. Minimum estimates of age of the
females are provided. Female Banksia was of known age being young of the 1992
breeding season. The number of expanded teats ranges from 4-6. For two females,
Charlene and Christmas Bell, who were observed in two consecutive breeding seasons,
the number of expanded teats increased from 4 to 6 and from 4 to 5 respectively in the
second observed breeding season indicating litter size had increased (Table 3.8).

3.3.2.4 Growth in wild Tiger Quoll young

No Tiger Quoll litters were monitored from birth to weaning in the wild and young of
only two litters were encountered in the study.
In the first trip of the field study two juvenile Tiger Quolls, Banksia (female) and
Bracken (male), were trapped in December 1992 in close proximity to adult female
Charlene and near to burrows in the bank of Limeburners Creek which were later found
to be used by Charlene. These juveniles were therefore assumed to be Charlene’s young
of the 1992 breeding season.
A resident oyster farmer, Charlie Dick, said he observed an adult Tiger Quoll and four
young playing on his jetty and in the vicinity of his hut on the bank of Limeburners
Creek near one of Charlene’s burrows. However, as mentioned above, one young Tiger
Quoll was killed by a dog and another disappeared, leaving two young. When first
trapped on the 30.12.92, Charlene had four enlarged nipples.
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Table 3.8: Litter size in wild Tiger Quolls as indicated by the number of expanded teats. Note the number
of expanded teats does not indicate the number of young successfully weaned. * Four Tiger Quoll young
were observed by a resident oyster farmer.

Date
observed

Date

4

30.12.92

4*

?

2

1f, 1m

30.12.92

> 2 years

6

3.1.93

0

Charlene

> 2 years

6

22.9.93

0

Christmas
Bell

> 1 year

4

30.11.93

0

Christmas
Bell

> 2 years

5

29.7.94

5

29.7.94

3

2f, 1m

21-24.11.94

Banksia

~2 years 4
months

5

21.11.94

0

Minimum
estimated age

Charlene

> I year

Raylene

Breeding
season Individual
1992

1993

1994

104

Number
of young
finally
Sex of
observed young

Number of
young
initially
observed

Number
of
expanded
teats

Date
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Banksia was first trapped on the 30.12.92 and Bracken on the 31.12.92. They were
presumed to have been born in early July, given the likelihood that Charlene would
have been in oestrus in mid June, based on observations of her in the 1993 and 1994
breeding seasons. This provides an estimate of their age at first capture of about 170180 days (5.6-6 months).
Bracken was last trapped on the study site within Charlene’s home range on the 14.2.93
at an estimated age of 214-224 days (7-7.4 months). Banksia remained in Charlene’s
home range until 20.6.93 at an estimated age of 342-352 days (~11.5 months) after
which she disappeared from the study area but again re-appeared on the 21.11.94.
Measurements of head width, tail, tibia and weight of these two young were taken for
the period they were present in the study area and are presented in Figs 3.19, 3.20, 3.21
& 3.22. Age estimates of the two wild young can be compared to age estimates of
similar sized measurements from growth curves of captive young (Table 3.7).
Banksia’s initial head width of 43.4mm compares to similar sized captive female young
ranged in age between 173-184 days and for Bracken at 44.8 mm, compared to similar
sized captive males ranging in age between 139-184 days (Fig. 3.7). For tail Banksia at
270 mm compared to similar sized captive females of 150-166 days and for Bracken at
280 mm to similar sized captive males at 153-165 days (Fig. 3.12). For tibia at 76.2
mm Banksia compared to similar sized females of 147-150 days and for Bracken at 78.5
mm compared to similar sized captive males of 150 days (Fig. 3.14). For weight
Banksia at 950 g compared to similar sized captive females of 173-234 days and for
Bracken at 1050 g to similar sized captive males of 165-201 days (Fig. 3.15, Table 3.2).
In making an estimate of age for wild Tiger Quoll young, five months or older, weight
is least likely to provide a fair estimate as it is more likely to be affected by
environmental conditions, particularly the availability of food resources to the young.
Skeletal measures such as head width are more likely to provide a closer estimate of
true age although the curve is beginning to flatten out (Fig. 3.8). Growth for tail and
tibia at this age is still increasing and may provide the better means for estimating age
(Figs 3.11 & 3.13).
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Figure 3.19: Head widths of two juvenile Tiger Quolls, Banksia (female) and Bracken (male), Charlene’s
young of the 1992 breeding season. Birth date was unknown but estimated to have been in early-mid July
based on comparisons of measurements to captive Tiger Quolls and presumed mating period in June
based on observations in the 1993 and 1994 breeding seasons. Juveniles were estimated to be 170-180
days when first trapped in late December 1992. Banksia was trapped again 22 months later when she had
reached adult size.
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Figure 3.20: Tail lengths of two juvenile Tiger Quolls, Banksia (female) and Bracken (male). Other
details as above in Figure 3.19.
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Figure 3.21: Tibia lengths of two juvenile Tiger Quolls, Banksia (female) and Bracken (male), Charlene’s
young of the 1992 breeding season. Birth date was unknown but estimated to have been in early-mid
July. Juveniles were estimated to be 170-180 days when first trapped in late December 1992. Banksia
was trapped again 22 months later when she had reached adult size.
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Figure 3.22: Weights of two juvenile Tiger Quolls, Banksia (female) and Bracken (male), Charlene’s
young of the 1992 breeding season. Other details as above in Figure 3.21.

107

Chapter 3 Breeding Biology, Growth and Development

Estimating the age of wild young from curves derived from captive young is likely to
underestimate the ages of the wild young, given they may grow at a slower rate. At this
age, environmental factors, such as the availability of food resources for young and
mother, are likely to have a greater influence on rate of growth of wild young. Slower
growth rates in wild young compared to captive young has been observed in other
carnivorous marsupials, the Western Quoll (Serena & Soderquist 1988), Northern Quoll
(Oakwood 1997) and Brush-tailed Phascogale (Soderquist 1993a) and the potoroid, the
Tasmanian Bettong (Taylor & Rose 1987). In the Brush-tailed Phascogale wild young
gained weight at a slower rate than captive young but there was little difference in the
growth of skeletal measures of head width and tibia length (Soderquist 1993a). Similar
observations were made of the Tasmanian Bettong with little difference in skeletal
measures between wild and captive populations but wild populations gaining weight
more slowly than captives in later pouch life (Taylor & Rose 1987).
The second wild litter encountered during the study was Christmas Bell’s litter of 5
young, first observed on the 29.7.94. Prior to that, Christmas Bell was trapped on the
27.6.94, 32 days previously, when she had no pouch young and the pouch was deep and
lined with long reddish coloured fur. Two of the 5 young were measured (head width
and crown-rump) and their age was estimated to be between 24–28 days old (young 1
CR 20.3, HW 9.5, young 2 CR 20.8, HW 9.5) (Table 3.6) from growth curves derived
from small captive pouch young in this study.
Christmas Bell was subsequently trapped on 27.9.94 and 25.10.94 with 5 expanded teats
(10 mm in height) when young would have been left in the nest and were estimated to
be 84-88 days and 112-116 days respectively on those dates. On 21.11.94 Christmas
Bell was again trapped with 5 expanded teats (13.5 mm in height) and in a nearby trap a
young female juvenile Tiger Quoll Boronia was caught, assumed to be Christmas Bell’s
young. On 24.11.94 Boronia was re-trapped and two additional juveniles Scribbly
(male) and Teatree (female), also assumed to be Christmas Bell’s young, were trapped
in adjacent traps. These young were estimated to be 142-146 days old, based on the
original age estimation made on 29.7.94. All young were measured (Table 3.9).
Unfortunately, Christmas Bell was found dead with puncture wounds to the skull from
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an unidentified predator on 26.11.94. None of these juvenile Tiger Quolls were caught
on subsequent trips.
When comparing the measurements of these three young to that of similar aged captive
young, the wild young are considerably smaller and lighter. For skeletal measurements,
wild young were between 23-34% smaller and for weight, between 53-73% lighter
(Table 3.9). Based on these measurements, their predicted ages are well under what is
believed to be their true age.
An alternative explanation could be that Christmas Bell lost that litter shortly after the
inspection and had a second litter. However, this is unlikely because, if she returned to
oestrus 10–18 days later, as in the Eastern Quoll (Fletcher 1985, Tyndale-Biscoe &
Renfree 1987) and had a gestation of 21 days (Settle 1978), birth would have occurred
31-39 days later (~29.8.94). The next occasion she was trapped on 27.9.94 a second
litter of young would have been no older than 29 days when they are still permanently
attached to the teat. Christmas Bell had no young in the pouch but 5 teats were
distended (10.6 mm) suggesting she was still suckling the young first observed on
29.7.94.
Drought conditions have been shown to affect on the growth of macropods (Newsome
1965, Ealey 1967, Inns 1982) when compared to growth of captive young. Drought has
also been shown to reduce adult size in the Brush-tailed Phascogale (25% less mass in
males and 15% less in females), compared to non drought years (Rhind & Bradley
2002). Drought conditions prevailed in 1994 in the study area, as they did in much of
NSW, and were likely to have reduced the food resources of Tiger Quolls and,
consequently, the growth of young. Yearly rainfall for 1993 and 1994 for the Port
Macquarie area was noticeably below the average yearly rainfall for the area (Fig. 3.23).
When last trapped on 21.11.94 Christmas Bell weighed 1.725 kg. Weights of 3 captive
females nursing similar aged young from litters 1, 4 and 9 were respectively 2.2, 2.6 and
2.6 kg (Figs 3.16, 3.17 & 3.18).
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Table 3.9: Comparison of body measurements and age estimation of juvenile wild Tiger Quolls, Boronia (female), Teatree (female) and Scribbly (male), young of Christmas
Bell in the 1994 breeding season, to measurements of captive reared young. Initial wild age (IWA) is estimated using growth curves of head width and crown-rump length
derived in this study (see Table 3.6). Final wild age (FWA) is IWA+118 days when they were next observed. Size range and mean for same age captive (SAC) young is
given for females (n=4) and males (n=4) in millimetres and grams. Percentage difference in size of wild young to mean size of captive young is given. Wild young are
noticeably smaller and lighter than same aged captive young.

Feature

IWA
(days)

FWA
(days)

Crown-rump
length

24 - 26

142 - 144

28

146

Head width (mm)
Tail (mm)
Tibia (mm)
Weight (g)

110

Size range & mean of
SAC females(f) &
males(m) 142-147 days Boronia (f) Teatree (f)

f 39.1- 44.4 (41)
m 38.5 - 46.4 (43.1)
f 230 - 300 (255)
m 220 - 270 (247.5)
f 68.8 - 76.3 (72.8)
m 67.4 - 81.4 (75.5)
f 558 - 750 (641.5)
m 583 - 710 (659)

% difference
in size from
captive
females

Age SSC
female
(days)

Scribbly
(m)

% difference
in size from Age SSC
captive
male
males
(days)

29.5

31.5

23 - 28

84 - 93

32.8

24

88 - 93
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Figure 3.23: Monthly rainfall readings for the years 1990 to 1995 compared to average monthly rainfall
for the Port Macquarie area (Hill Street weather station). Monthly rainfall in 1993 and 1994 fell below
average monthly rainfall for all months other than December. The yearly average rainfall for the area is
1546 mm and the total yearly rainfall for 1990, 1991, 1992, 1993, 1994, and 1995 was 1918 mm, 800
mm, 1372 mm, 1033 mm, 798 mm and >1514 mm, respectively. Note no data available for February
1995.
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In contrast Charlene’s young, Banksia and Bracken, were not reared in a droughtaffected year and may also had access to additional food resources by scavenging food
and fishing scraps from fishermen, campers, oyster farmers and their pets. Their body
measurements are closer to those of captive reared young, although this cannot be
determined with certainty, as their precise birth date was unknown and their ages were
estimated.

3.3.2.5 Weight variation in wild Tiger Quolls

Weight measurements for individuals trapped over several months or years were not
stable but increased or fluctuated throughout the year depending on age of the
individual, stage of the breeding cycle and probably, environmental conditions (Fig.
3.24). Young adult Tiger Quolls (< 12months) entering their first breeding season are
likely to be less than 2 kg in weight e.g. Banksia, Wattle (females), Needlebark (male)
(Fig. 3.24).
Females
Adult females, Charlene, Raylene, Christmas Bell, that were two years old or greater,
increased in weight coming into the breeding season, peaking in May-June at over two
kilograms (2.15-2.4 kg). Immediately following the mating period females became
difficult to trap and several individuals were not trapped again for several weeks or
months.
In the beginning of the 1993 breeding season, Charlene was trapped on the 20.6.93
weighing 2.35 kg. She was next trapped on the 22.9.93 weighing only 1.65 kg, with six
teats expanded indicating she was suckling six young, or had suckled them for at least
the period of permanent attachment of young to teats (~ 56-70 days). Charlene had
undergone a 30% reduction from her maximum weight over that three-month period.
Charlene was next trapped on the 4.1.94 weighing 1.675 kg, and then on the 6.2.94 at
1.75 kg, by which time young would have been independent.
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Figure 3.24: Weight changes in adult and juvenile male and female Tiger Quolls trapped in the Limeburners Creek Nature Reserve study area. Adult male and female Tiger
Quolls both underwent fluctuations in body weight in respect to the single winter breeding season each year. In Limeburners Creek Nature Reserve mating was considered to
occur in June. Adult males peaked in body weight earlier than adult females and reached greater maximum body weights than females. Juveniles entering the adult
population from the previous breeding season could be distinguished as their weight was less than 1.5 kg.
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Charlene continued to increase in weight to peak at 2.4 kg on the 4.6.94 (Fig. 3.24)
when she was entering at least her third breeding season, but she disappeared shortly
after.
Raylene also displayed the same pattern of increasing weight to May-June in the 1993
breeding season, reaching her greatest weight of 2.35 kg on 15.6.93 (Fig. 3.24), but was
not trapped after 18.6.93 when she disappeared from the study site.
When Christmas Bell was first trapped on 30.11.93, she weighed 1.85 kg (Fig. 3.24)
and had four expanded teats indicating she had, or was continuing to suckle, four young
of the 1993 breeding season. Christmas Bell’s weight continued to drop to 1.675 kg on
the 4.1.94 but, similar to Charlene, began to increase in weight again in the following
months after young were independent, reaching a peak of 2.15 kg on 2.5.94 at the
beginning of the 1994 breeding season. When next trapped on 30.5.94 her weight had
dropped to 1.8 kg, unlike Charlene whose weight continued to increase at this time.
Christmas Bell’s weight continued to drop to a low of 1.65 kg on 27.6.94, a 23 %
reduction from her maximum recorded weight. The estimated birth date of Christmas
Bell’s 1994 litter was early July hence mating is likely to have occurred in early to mid
June. Two adult males (Blackbutt & Bloodwood) were trapped in her near vicinity on
the 1, 2, & 3.6.94 suggesting she was near too or in oestrus. Following mating and in
the period of early pregnancy, Christmas Bell may have been reclusive to avoid the
frequent attentions of large males, potentially resulting in some weight loss.
1994 was also a drought year (Fig. 3.23), potentially affecting the abundance of food
resources. However, this does not explain the difference in weight between Christmas
Bell and Charlene. Charlene’s home range included sites occupied by oyster farmers
and frequented by fishermen and campers and so she may have had access to additional
scavenged food resources not available to Christmas Bell.
On 29.7.94, Christmas Bell was trapped with a litter of 5 pouch young estimated to be
24-28 days old, and her weight had increased to 1.95 kg. Total weight of five young at
this age would have been less than 50g. Christmas Bell was not trapped again until
27.9.94 when she weighed 1.8 kg. At that time she had no pouch young, but had five
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expanded teats (10.6 mm in height) indicating she was suckling young. The young
would have been ~ 84-88 days old, free of the teat, and left in the nest. Her weight
remained relatively constant over the next couple of months, 1.85 kg on 25.10.94 and
the five expanded teats (10 mm) and indicated she was still suckling young estimated to
be ~112-116 days old (Fig. 3.24).
On 21.11.94, Christmas Bell was trapped, weighing 1.725 kg with 5 expanded teats
(13.5 mm in height) and in a nearby trap a small female juvenile Tiger Quoll, Boronia
was trapped, one of Christmas Bell’s young. On 24.11.94, Boronia and two additional
juveniles Teatree (female) and Scribbly (male) were trapped in adjacent traps. Young
were estimated to be 142-146 days old based on original estimates made on the 29.7.94.
Unfortunately, Christmas Bell was found dead on 26.11.94 with puncture wounds to the
skull. No small juvenile Tiger Quolls were caught in that area on subsequent trips.
Over the period during which Christmas Bell suckled at least three and possibly five
young, she was able to increase her weight slightly (1.725 kg), compared to the weight
she entered the lactation phase (1.65 kg). However, this was significantly less than the
weight she had achieved just prior to the mating period in June (2.15 kg). Christmas
Bell was considerably lighter than captive females nursing similarly aged young, as
mentioned previously (Section 3.3.2.4). Christmas Bell’s weight loss may have been a
consequence of both the heavy demands of lactation and rearing young and the
prevailing drought conditions in that year.
Males
The weight of large adult male Tiger Quolls also fluctuated throughout the year in
respect to the breeding season but peaked two to three months earlier than females, and
prior to the mating period in June (Fig. 3.24). It is likely that adult males take two to
three, and possibly four years to reach their maximum weight. Needlebark was first
trapped on 10.3.94 at 1.2 kg and was probably young of the 1993 (June-July) breeding
season. He was next trapped 10 months later on 29.1.95 at 1.85 kg.
Blackbutt and Bloodwood were first trapped within days of each other in June of the
1993 breeding season weighing 2.275 kg and 2.225 kg respectively, and were likely to
have been 2 years or older (Table 3.5). Their weight increased over intervening months
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peaking at over 3 kg in the 1994 breeding season, but earlier than the females.
Blackbutt reached 3.05 kg on 8.3.94 and Bloodwood reached 3.15 kg on 3.4.94.
However, following these autumn peaks the weight of both males declined so that by
June 1994 Bloodwood had dropped to 2.75 kg (3.6.94) and Blackbutt to 2.7 kg (2.6.94),
at the time when Charlene had reached her maximum weight (2.4 kg, 4.6.94) (Fig.
3.24). Bloodwood again increased in weight through June and July 1994. Blackbutt
continued to drop in weight significantly to a low of 1.9 kg on 28.6.94 when he was in
very poor condition, barely able to stand and appeared to be anaemic with very pale lips
and mouth, and died in transit on the way to the veterinarian.
Charlie was the largest of the male Tiger Quolls trapped at Limeburners Creek Nature
Reserve, weighing 3.775 kg on 4.4.93. Similar to Blackbutt and Bloodwood, Charlie
lost weight in the following months weighing 2.92 kg on 20.6.93, again at a time when
females of that breeding season, Charlene and Raylene, had peaked in body weight (Fig.
3.24).
Garigal, a wild male Tiger Quoll trapped at Elanora Heights Sydney, increased in
weight from 3.545 kg to 4.4 kg and increased in head width from 55.2 mm to 73 mm,
over the 16 month period between his initial capture (including 14 months in captivity at
Featherdale Wildlife Park), until his release on 16.11.94 (Table 3.5). His initial age was
estimated as a minimum of 2 years, although it may have been greater, and his age at
release, a minimum of 3 years 4 months. This demonstrates that males can continue
grow, at least into their third and possibly fourth years, given good environmental
conditions.
Weight loss in large male Tiger Quolls also appears to be related to the breeding cycle.
Larger males, a minimum of two years of age and probably older, are likely to be the
individuals competing for the opportunity to mate with females coming into oestrus,
which in Limeburners Creek Nature Reserve appeared to be in June. At this time, these
large males undertake wide-ranging movements of over tens of kilometres, within a few
days, through several adult females’ home ranges, presumably to check on females’
receptivity to mating. These extensive movements may also reduce an individual’s
opportunity to forage and together may lead to the weight loss in these reproductively
active males. These movements will be discussed further in Chapter 4. However, a
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physiological cause of weight loss and poor body condition, as occurs in other quoll
species (Bryant 1988, Oakwood et al. 2001), should not be ruled out and will require
further investigation.

3.4

Discussion

3.4.1

Breeding season and reproductive cycle

The Tiger Quoll has a well-defined breeding season in the autumn and winter months,
as do the other three Australian quoll species (Edgar & Belcher 1995, Godsell 1995,
Serena & Soderquist 1995, Oakwood 2000). The mating period of the Tiger Quoll has
previously been reported as April–July (Edgar & Belcher 1995) but this study shows it
extends into August, potentially spanning a five-month period.
For captive Tiger Quolls at Featherdale Wildlife Park, most matings occurred in May
and June, extending through to July and August over the breeding seasons of 19911994. Births were only observed in June.
Troughton (1954) reported the birth of a litter of five Tiger Quolls to a wild mother over
the 1st-2nd July in the Berry area on the south coast of NSW, giving an estimated mating
in early June, assuming a gestation of approximately 21 days as described by Settle
(1978). Settle (1978) reported the birth of a captive litter in Sydney in August (20.8.74)
giving a mating in late July although the birth may not have been observed and the birth
date may be an estimate. Fleay (1940) reported the appearance of five minute young on
10th August 1935 in Victoria, giving an estimated mating in mid–July, although he
stated that births are more common in July. In southern New South Wales and northeastern Victoria, Belcher (2003) reported births between mid-July and late August with
matings estimated to have occurred between late June and early August. In the ranges
of north-eastern New South Wales, Kortner et al. (2004) first observed pouch young at
the beginning of August with one female still carrying pouch young in early October
suggesting pregnancy occurred in a possible second oestrus cycle. In Tasmania, Green
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and Scarborough (1990) deduced that births occurred between June and August, based
on five preserved litters held in the Queen Victoria Museum, Launceston.
In Virginia USA, Conway (1988) also observed the mating period of captive Tiger
Quolls to extend over a five-month period (November–March) in the Northern
Hemisphere autumn and winter, with births in January and March.
Wild Tiger Quolls at Limeburners Creek Nature Reserve, north of Sydney, displayed
behaviour that suggested mating was occurring in mid-June 1993 and 1994. The birth
date of the single wild litter observed at an early age was estimated as early July 1994
(~2nd July), suggesting an early to mid June mating.
The observed birth of captive Litter 10 on the 10.6.94 and prior mating on 21-23.5.94
(Brad Walker, pers. comm.) supports observations by Fleay (1940) and Settle (1978) of
a gestation length of three weeks to 21 days. Captive females remained receptive to
mating attempts by males between 2-7 days and remain coupled with a single male up
to three days (Brad Walker, pers. comm.). At Limeburners Creek Nature Reserve, wild
male Tiger Quolls were caught up to three days in succession at the same site in the
same or adjacent traps, in close proximity to adult females, in early to mid June,
suggesting females may have been receptive for several days.
Similar to the Eastern and Northern Quolls, a degree of synchronisation in females
entering oestrus and mating (Oakwood 2000, Bryant 1988) was observed in captive
Tiger Quolls at Featherdale Wildlife Park. This may also have been the case for wild
Tiger Quolls at Limeburners Creek, for although mating was not observed, females
Charlene and Banksia both displayed swollen and protruding cloacas in the period of
13-20.6.93. In the 1994 breeding season Charlene and Christmas Bell displayed
swollen and reddened cloacas on 30.5.94. In both years several large adult male Tiger
Quolls were also caught in close proximity to these females or their dens during these
periods.
Polyoestry was evident in Tiger Quolls at Featherdale Wildlife Park where initial
matings in May and June were followed by subsequent matings in June, July and
August for three different individuals, 37 days being the shortest period recorded
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between first and second oestrus. Settle (1978) and Conway (1988) also recorded the
Tiger Quoll as polyoestrus with Settle’s Tiger Quolls housed in Sydney coming into
oestrus in June and July of the 1975 and 1976 breeding seasons, which resulted in the
birth of two young for one female reported to have occurred on 20.8.76, but which may
have occurred 7-8 days earlier (see Section 3.4.6). Settle’s estimation of the age of wild
caught young from Carrai Plateau (30o 55’, 152o 17’, altitude > 1000 m), west of
Kempsey on the mid north coast of NSW, was likely underestimated by at least 8 days
(see Section 3.4.6). This places the likely birth date in late August, not early September
(5.9.74) but still indicates mating in early August, also suggesting polyoestry. Fleay's
(1940) observations of a birth of a litter on 10th August 1935, but noting most births
occur in July also indicates polyoestry is occurring. Kortner et al. (2004) observation of
pouch young in early October suggests they may have been young of a second oestrus
cycle.
In far north-east Queensland, Burnett (2001) estimated that births for Dasyurus
maculatus gracilis occurred in June and July and a second litter may be born if the first
failed to survive. Pouch young were observed between the months of June to
September, inclusive.
Oakwood (2000) suggested that, while the four Australian quoll species are polyoestrus,
they are functionally monoestrus. Settle (1978), Conway (1988) and Fleay’s (1940)
observations combined with observations of this study and those of Burnett (2001),
suggest that should a female Tiger Quoll fail to become pregnant in the first oestrus, a
litter may result from a successful mating from a subsequent cycle. Similar
observations have been recorded for the Eastern Quoll (Fletcher 1985) and Western
Quoll (Soderquist & Serena 1990) when individuals have failed to produce a litter or
lost a litter early in lactation. Undoubtedly the function of polyoestry in Australian
quoll species is not to have several litters in a season but to ensure that a female has the
opportunity to successfully raise one litter per breeding season, which is particularly
important for a species restricted to one breeding season per year. Therefore the Tiger
Quoll, Eastern Quoll or Western Quoll should not be considered as functionally
monoestrus.
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Tiger Quolls studied by Conway (1988) in Virginia, USA, and maintained under natural
light conditions showed a displacement of the breeding season to the northern
hemisphere autumn and winter from November to March, indicating that changing or
declining photoperiod is likely the stimulus for breeding to commence.
The other three Australian quoll species, Northern, Western and Eastern Quolls, are
similarly restricted to a single breeding season per year in the autumn and winter
months (Bryant 1988, Serena et al. 1991, Oakwood 2000), despite the wide range of
habitats and latitudinal range their distributions’ encompass. It is generally considered
that the winter breeding season allows the energetically demanding period of late
lactation and the emergence of newly independent young will occur in the
spring/summer season when food, particularly invertebrate foods, may be more
abundant, especially in temperate climates (Soderquist & Serena 1990, Oakwood 2000).
For the Northern Quoll in monsoonal Australia, late lactation corresponds to the end of
the dry season in October–November when free water may be unavailable, providing a
period of potential stress for the mother. However weaning and dispersal of young
corresponds to the peak in food availability during the wet season in December
(Oakwood 2000).
For the Tiger Quoll, which takes a greater proportion of vertebrate versus invertebrate
prey, the timing of breeding may seem less significant although it is likely that the much
smaller newly independent juveniles take a greater proportion of invertebrate and small
vertebrate prey than adults (Belcher 1995, Chapter 6). On Carrai Plateau on the mid
north coast of NSW, Settle (1978) found faecal samples collected during summer
months were comprised of insect remains with little fur other than grooming fur, while
samples collected in winter contained fur and bones of rat and rabbit and some domestic
stock, the later likely to have been scavenged.
Little information is available on the breeding biology of the New Guinea species, the
New Guinea Quoll and Bronze Quoll. The New Guinea Quoll is found in forested areas
above 1000 m (Flannery 1990) and appears not to have a specific breeding season with
females carrying pouch young being collected in all months of the year other than
February, October and December (Woolley 2001). For the larger Bronze Quoll that
inhabits the lowland savannahs, a captive female was observed to enter oestrus in
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February and April (Woolley 2001) and juvenile museum specimens were estimated to
have been born in February (Van Dyck 1987). Woolley (2001) considered the species
might prove to be a seasonal breeder between February and April, which would
coincide with the region’s wet season from December to May.

3.4.2

Pouch development, marking and vocalisations

Pouch development occurred in all captive females examined during the breeding
season, regardless of whether females produced a litter. This was also noted by Fleay
(1940) and Conway (1988) for the Tiger Quoll and also reported for the Eastern,
Western and Northern Quolls (Bryant 1988, Soderquist & Serena 1990, Oakwood
2000).
With the approach of the mating period, both male and female Tiger Quolls were
observed to mark objects in their enclosures by dragging their cloacas and sometimes
rubbing their chests on objects. Males were often observed to stand upright on their
hind legs sniffing at this time. Some females were observed to move about their
enclosures with their tails raised and straight, a few days prior to mating. Similar
marking behaviour by captive Tiger Quolls was reported by Conway (1988).
Some females were observed to produce a soft “cpp, cpp, cpp” sound which would be
emitted continuously for several minutes just prior to mating, although it was also
recorded in some females several days following mating. Settle (1978) and Conway
(1988) also noted a similar vocalisation by female Tiger Quolls prior to mating. SteadRichardson et al. (2001) reported a characteristic vocalisation made by female Western
Quoll during oestrus but did not describe the call.
Like other Australian quoll species the Tiger Quoll has a restricted breeding season.
Female Tiger Quolls in an area may display a degree of synchronisation in entering
oestrus and their receptivity to mating. For a wide-ranging species such as the Tiger
Quoll, olfactory cues are likely to play the primary role in signalling a female’s
receptivity to mating to males, and auditory and visual cues, a secondary role once
contact has been made.
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3.4.3 Litter size

All female Tiger Quolls examined in captivity and in the wild had six teats in their
pouches, which is in agreement with other workers (Fleay 1940, Settle 1978, Collins
1988, Belcher 2003). Burnett (2001) observed one out of 24 female Dasyurus
maculatus gracilis with seven teats. Variation in teat number has been reported more
commonly for other members of the genus. The Northern Quoll has been recorded with
5-10 teats, but 8 is most common (Braithwaite & Griffiths 1994, Oakwood 2000), the
Eastern Quoll with 5-8 teats, with 6 most common (Hill & O’ Donoghue 1913, Godsell
1995), and the Western Quoll, like the Tiger Quoll, has 6 teats (Serena & Soderquist
1995). The New Guinea Quoll is recorded as having 6 teats and the Bronze Quoll 8
teats (Woolley 2001).
For the Tiger Quoll, litter size varied between 1-6 young in captive litters (n=12) (Table
3.1) and 4-6 young in wild litters (n=6) (Table 3.8) as indicated by the number of
expanded teats in females pouches. There was no evidence that litters were biased to
either sex in captive or wild litters for any female age class, although the number of
wild litters directly observed was small (n=2).
These observations are in agreement with Fleay (1940), Settle (1978) and Burnett
(2001) who found no sex bias in litters. Conway (1988) reports greater total numbers of
female young (n=8) compared to male young (n=2) for five litters to three females over
three breeding seasons in the northern hemisphere, with litter size ranging from 1-3
young. However, individually none of the five litters were biased to either sex (Litter 1
2f, Litter 2 1m,2f, Litter 3 2f, Litter 4 1f, Litter 5 1m,1f).
Early workers (Fleay 1940, Mansergh 1983) have also suggested a bias to greater
numbers of males in Tiger Quoll populations based on the number of males road killed
and trapped, compared to females. However, I consider the apparent bias to males can
be explained by differing spatial and movement patterns of male and female Tiger
Quolls, particularly over the breeding season, which will be discussed in Chapter 4.
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In wild populations of Tiger Quoll in southern New South Wales and north-eastern
Victoria, litter numbers ranged from 4-6 with a mean of 5.38±0.65 (s.d.) for 14 females
(Belcher 2003). In north-eastern New South Wales, litter numbers ranged from 1-6
with a mean of 4.3, as indicated by the number of expanded teats, for 10 females
(Kortner et al. 2004). In far north-eastern Queensland, litter numbers of Dasyurus
maculatus gracilis ranged from 2-6 with a mean of 5.3±0.09 (s.e.) for 13 litters (Burnett
2001).
In captivity, older females (4 years plus) were better at raising larger litters (1991
breeding season) than one-year-old and two-year-old females (Table 3.1). Frequent
handling of females to monitor for the appearance of pouch young as expected birth
dates approached, or loss of genetic vigour of the captive colony through inbreeding,
could also have resulted in smaller litters. Two wild females observed over two
consecutive breeding seasons increased the number of young suckled in their second
observed breeding season as indicated by a greater number of expanded teats i.e. from 4
to 6 and from 4 to 5 (Table 3.8). Belcher (2003) observed wild one and two-year-old
female Tiger Quolls with litters of four young and older females with litters of five or
six pouch young.
These observations contrast to those for the Eastern, Western and Northern Quolls
where first year females were observed to have larger litters (Serena et al 1991, Bryant
1988, Oakwood 2000) and for the Northern Quoll these litters were biased to greater
number of males (Oakwood 2000). Unlike the three smaller quoll species, the Tiger
Quoll takes two years to approach adult size, which may influence the female’s ability
to raise greater numbers of young in her first breeding season.
Similar to other quoll species, teat length increased throughout lactation for those teats
where young were permanently attached, and were a good indication of the number of
young suckled prior to the release of the teat at around 56-79 days. Teats developed
from a resting state of about 1.5-3 mm in length to a maximum observed length of 16.5
mm in November (young ~ 165 days old) for a captive litter of three young (Figs 3.1 &
3.2). Not surprisingly, teat length is greater in the Tiger Quoll at the peak of lactation
than in the smaller Northern Quoll (16mm verses 10 mm) but of similar length in
nulliparous and postparous females (1.5-3 mm verses 1-2.8 mm) (Oakwood 2000).
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3.4.4

Body measurements of wild Tiger Quolls

Body measurements of Tiger Quolls from the Limeburners Creek Nature Reserve and
Port Macquarie region are similar to measurements of body weight and tail length
recorded from other studies of Dasyurus maculatus maculatus from the south-eastern
Australian. Maximum body weights of Tiger Quolls from Limeburners Creek Nature
Reserve are exceeded for both males and females by some Tasmanian individuals
(Table 3.10) (Green & Scarborough 1990, Jones 1997, Belcher 2003, Kortner et al.
2004, Claridge et al. 2005) and are well below the maximum weight reported for a male
Tiger Quoll of 7 kg from an unknown location reported by Edgar & Belcher (1995).
However, in respect to mainland populations, female Tiger Quolls from Limeburners
Creek Nature Reserve are some of the heaviest reported. Maximum weights for male
Tiger Quolls in Limeburners Creek Nature Reserve fall below those reported for the
highlands of north-eastern and south-eastern New South Wales but are greater than
those reported for Kosciuszko National Park. Larger sample sizes from temperate
coastal populations are required to better compare body measurements to populations of
the highlands before any true differences between populations of Tiger Quolls can be
determined.
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Table 3.10: Body weights and tail length of Tiger Quolls from south-eastern Australia. Mean weight and
lengths with range, standard deviation (s.d.) or standard error (s.e.) are provided. Tiger Quolls do not
approach full adult body weight until at least two years of age and perhaps older, particularly for males.
Weight (kg)
Location / author
Port Macquarie /
Limeburners Creek
Nature Reserve
(this study)

North-eastern ranges
of NSW
(Kortner et al.2004)

South-eastern NSW /
North-eastern Victoria
(Belcher 2003)

Kosciuszko NP, southeastern NSW
(Claridge et al.2005)
Cradle Mountain,
Tasmania
(Jones 1997)
Tasmania
(Green & Scarborough
1990)

Tail length (cm)

Sex

Age class

n

Mean ± s.d./s.e.

Male

2 years or >
All males

5
10

3.2 ± 0.4 s.d.
2.32 ± 1.0 s.d.

2.65-3.78
0.55-3.78

4
8

42.6 ± 0.5 s.d.
38.7 ± 5.0 s.d.

42-43
29-43

Female

2 years or >
All females

5
7

2.16 ± 0.2 s.d.
1.97 ± 0.4 s.d.

1.9-2.4
1.4-2.4

5
7

38.7 ± 1.6 s.d.
39.5 ± 1.9 s.d.

37-41
37-42

Male

2 years or >

38

3.04 ± 0.07 s.e.

2.3-4.1

38

42.8 ± 0.5 s.e.

34-47

Female

2 years or >

15

1.68 ± 0.4 s.e.

1.3-1.9

15

38.0 ± 0.6 s.e.

33-41.5

Male

2 years or >
All males

45
57

2.81 ± 0.5 s.d.
1.63 ± 0.16 s.d.

2.0-4.2
1.4-4.2

Female

2 years or >
All females

31
40

1.73 ± 0.22 s.d.
1.52 ± 0.3 s.d.

1.2-2.1
0.7-2.1

Male

All males

7

2.61 ± 0.8 s.d.

1.45-3.5

Female

All females

7

1.62 ± 0.5 s.d.

1.05-2.25

Male

All males

31

3.23 ± 0.39 s.d.

Female

All females

10

1.67 ± 0.17 s.d.

Male

All males

35

2.62 ± 1.14 s.d.

1.7-6.1

Female

All females

12

2.0 ± 0.4 s.d.

1.4-2.5

Range

n Mean ± s.d./s.e. Range
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3.4.5

Weight changes in captive and wild Tiger Quolls

The weight of captive and wild adult Tiger Quolls fluctuates throughout the year in
respect to the breeding season, rearing of young, sex, and age of the individual and
potentially, environmental conditions. As there is only a single breeding season per
year in the autumn and winter months, weight can provide an indication of age up to
two years, as Tiger Quolls may not approach full body size until their second year or
later. Males and females are sexually dimorphic, particularly in respect to weight, and
males can be twice the weight of females. It is therefore likely that males may take
longer than two years to reach their maximum body weight. In south-eastern Australia
Belcher (2003) suggested that wild Tiger Quoll males did not reach maximum weight
until three years and females until two years. In north-eastern New South Wales
Kortner et al. (2004) suggested males were still growing after two years, but females
approached adult body weight by the end of the first year. Weight fluctuations have
also been observed in wild populations of female Dasyurus maculatus gracilis (Burnett
2001).
Females
Female body weight increases with age but fluctuates throughout the breeding cycle.
First year females entering their first breeding season at 11 months of age are commonly
less than 2 kg (Table 3.1, Fig. 3.24). In captivity, one and two-year-old females (1.52.575 kg) continued to increase in weight while lactating, so once young were free of
the teat these females had generally increased in body weight (Table 3.1, Figs 3.16,
3.17, 3.18 & 3.5). Older females (4 years or >) that entered the breeding season with a
greater body weight (2.575-3.365 kg) decreased in body weight once young were free of
the teat (Fig. 3.16). However, older females reared larger litters (5-6 young) to teat
release than younger females (1-4 young) and were comparable in body weight to one
and two-year-old females once young were free of the teat (Table 3.1).
In wild Tiger Quoll populations at Limeburners Creek Nature Reserve, two adult
females reached maximum body weight in June in the 1993 and 1994 breeding seasons
when they were thought to be entering oestrus (Charlene 2.35 kg, 2.4 kg, Raylene 2.35
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kg) (Fig. 3.24) and thickening of the neck area was observed in these individuals,
similar to captive Tiger Quolls. In the 1993 breeding season, Charlene peaked at 2.35
kg on 20.6.93 but had dropped to 1.65 kg by 22.9.93, a drop of 30% over three months
(Fig. 3.24). A third adult female, Christmas Bell, increased in weight up to 2.15 kg on
2.5.94 but decreased in weight to 1.65 kg on the 27.6.94, a drop of 23%. For Christmas
Bell mating was thought to have occurred in the first or second week of June. In the
same 1994 breeding season Charlene in an adjacent territory had continued to increase
in weight (2.4 kg) up to 4.6.94.
Two large males Blackbutt and Bloodwood had been trapped in close proximity to
Christmas Bell on 1, 2 & 3.6.94 and perhaps Christmas Bell had become reclusive to
avoid their frequent attentions reducing her ability to forage. Alternatively, the impact
of the drought conditions may have lead to reduced food resources, although this does
not explain the weight difference between Christmas Bell and Charlene in the same
drought effected breeding season. However Charlene’s home range included areas
inhabited by oyster farmers and their pets and was frequented by fishermen and
campers, and so Charlene may have had access to additional scavenged food resources.
The greatest weight recorded for a wild female Tiger Quoll at Limeburners Creek was
Charlene at 2.4 kg on 4.6.94 (2 years, 11 months or >), which is considerably less than
the heaviest captive female at 3.365 kg (27.6.91, 4 years or >) (Table 3.5, Fig. 3.24).
Burnett (2001) also observed weight fluctuations in female Dasyurus maculatus gracilis
with differences of 10-20% for individuals. Females reached maximum weights by the
start of each breeding season and lost weight over the last five months of the year. Two
females which lost weight during one breeding season were heavier at the onset at their
second breeding season than at the onset of their first, while a third was lighter. A
similar patter of increasing weight in breeding females with age has been observed for
captive and wild Tiger Quolls in this study.
The increase in females’ body weight leading into the breeding season with the
noticeable thickening of the neck area is likely to have at least two functions. To
provide protection to the female during mating when males bite the neck area,
especially as mating events may last for several days, and to provide the female with fat
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reserves that may help sustain her during lactation. This may be the case for females
with new pouch young where they may become more reclusive or restricted in their
foraging for the initial weeks of the young’s development.
Fattening of the neck area during oestrus has also been observed in the Western Quoll
where it was considered to provide the female with some protection from biting injury
by the male during mating (Archer 1974, Stead-Richardson et al. 2001). Croft (1982)
suggests that as well as providing protection for the female it may also provide a visual
stimulus to males. The latter would seem unlikely as it appears olfactory and auditory
cues are the more likely stimuli to males that females may be receptive to mating as
evidenced by the marking of objects and vocalisations observed in captive Tiger Quolls,
and the deposition of scats at female dens and trap sites, observed in the wild.
In the Eastern Quoll, Fletcher (1985) also observed an increase in weight by females as
they approached the breeding season in May, after which weight decreased gradually to
September. A similar seasonal pattern in weight gain and loss has been observed for
female Northern Quoll with body weight peaking in May immediately prior to the
breeding season and then decreasing until August after which it began to increase again
(Oakwood 1997).
Males
No captive reared adult males were measured beyond 361 days. At Limeburners Creek
Nature Reserve, wild independent male Tiger Quolls ranged in weight from 550 g to
3.775 kg (Table 3.5, Fig. 3.24). Male Tiger Quolls are likely to take several years,
probably greater than two and possibly three years, to reach their maximum weight in
this area of NSW. Similar to females, estimates of the birth year can be made for the
smaller males, as there is a single breeding season per year. However, males are likely
to gain weight quicker than females when environmental conditions are good, as
evidenced by captive juvenile males (Fig. 3.15) and differences observed in growth
between wild littermates Banksia (female) and Bracken (male) (Fig. 3.22).
First year wild males may not always reach 2 kg by their first breeding season.
Needlebark was likely young of the 1993 breeding season and weighed 1.2 kg on the
10.3.94 at approximately 8-9 months of age and 1.85 kg on the 29.1.95 at approximately
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17-18 months of age (Fig. 3.24). However, environmental conditions may influence an
individual’s ability to grow and gain weight and Needlebark, and two other young males
which were likely young of the 1994 breeding season, Paperbark (550 g, 1.1.95, ~6
months) and Brushbox (950 g, 27.1.95, ~7 months), were significantly lighter in weight
than Bracken (1.1 kg, 24.1.93, ~ 7 months; 1.45 kg, 13.2.93 ~7.5 months) at a similar
time of year (Fig. 3.24). Conditions throughout 1994 may have been more difficult as it
was a drought year. Alternatively, Paperbark in particular, may have been young of a
second or third oestrus cycle.
Settle (1978) recorded a young, first year, captive male exceeding 2 kg in his first year
and results of this study for first year captive males of 1.875 kg at 281 days suggest that
weight was likely to exceed 2 kg by 365 days (Fig. 3.15).
Larger adult males, a minimum of two years or older, are most likely the active suitors
to females in the breeding season. These large males also underwent fluctuations in
body weight but achieved their maximum-recorded weights in March and April, prior to
the period when females’ weight peaked in May–June. For three males where a series
of measures were taken, weight had dropped significantly by June when females were
thought to be in oestrus. In the 1993 breeding season Charlie peaked at 3.775 kg on
4.4.93 but had dropped to 2.92 kg on 20.6.93. In the 1994 breeding season Bloodwood
peaked at 3.15 kg on 3.4.94 but had dropped to 2.75 kg by 3.6.94 and Blackbutt peaked
at 3.05 kg on 8.3.94 but dropped to 1.9 kg on 28.6.94 when he died on route to the
veterinarian (Fig. 3.24).
It is proposed that these heavier males are the reproductively active males of the
population in any breeding season. The above three males were known to undertake
wide ranging movements of tens of kilometres prior to and during the estimated mating
period in June, presumably to check on the reproductive status of several females in the
area (Chapter 4). Such extensive movements are undoubtedly energetically demanding
and may have also reduced the opportunities for individuals to forage leading to their
loss of condition.
Weight loss in two captive adult male Tiger Quolls was also observed in Virginia USA
(Conway 1988). Two large males, originally from Tasmania, dropped in weight from
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3.4 kg in September to 3.0 kg in November and 3.8 kg in September to 3.5 kg in
October, just prior to the beginning of the Northern Hemisphere mating season from
November to March.
Bryant (1988) observed increasing weight in adult male Eastern Quolls as they
approached the breeding season up to May, about four weeks prior to breeding in early
June, then lost weight and body condition from May continuing until August. Fletcher
(1985) also noted falling body weights in captive male Eastern Quolls from March
through to July. For the Northern Quoll, Oakwood (1997) observed declining male
body weight from April to June with complete post-mating male mortality in wild
populations resulting in discrete male generations.
Post-mating male die off has not been reported for the Tiger Quoll as it has been in the
smaller dasyurids, the Brush-tailed and Red-tailed Phascogales, Antechinus species and
Northern Quoll (Soderquist 1995, Rhind 2002, Braithwaite & Lee 1979, Bradley 1987,
Dickman & Braithwaite 1992, Oakwood 2000, Oakwood et al. 2001). However,
Blackbutt displayed many of the characteristics described for the phenomenon reported
in other species, that included dramatic loss of body weight, possible anaemia (very pale
around the lips and mouth), loss of lower incisor and broken lower canine, high parasite
load (ticks and fleas) and haemorrhaging in the large intestine. Such a dramatic decline
in condition may have a physiological cause and display itself following a male’s active
participation in its first or second or subsequent breeding season.
These observations, particularly those from captive animals, suggest there may be a
physiological cause to loss of weight and body condition in male members of the genus
Dasyurus just prior to the mating period, not just increased energetic demands on the
individual. Consequently a physiological cause to weight loss in large adult male Tiger
Quolls cannot be ruled out and requires further investigation.

3.4.6

Growth of pouch young and juveniles

In this study newborn Tiger Quoll young measured 5-6.7 mm in crown-rump length and
2.5 mm in head width (Plate 3.7). Newborn Tiger Quoll young have previously been
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reported as 7mm long “in their curled position” (Fleay, 1940) which is in agreement
with observations in this study. The length of newborn young for the other smaller
Dasyurus species is similarly very small and has been reported as 3.0 mm for the
Northern Quoll, 4.4 mm for the Western Quoll, and 4-4.9 mm for the Eastern Quoll
(Nelson & Smith 1971, Serena & Soderquist 1988, Fleay 1935, Bryant 1988).
Growth curves for small captive pouch young were developed for crown–rump length
(CRL) to 45 days and head width (HW) to 65 days. Original measures rather than
means were used in the regression curves in this study as it was considered more
informative to the reader to be aware of the full range of variation between individuals
of the same age. The regression coefficient for growth of crown-rump length to 45 days
in the Tiger Quoll (b = 0.5469) is greater than that reported for the Western Quoll (b =
0.4508), (Serena & Soderquist 1988) or the Eastern Quoll (b = 0.45) (J. Godsell pers.
comm. in Serena & Soderquist 1988), indicating a more rapid rate of growth for the
Tiger Quoll over that period. The regression equation for CRL of y = 0.5469 x +
6.9223 (r 2 = 0.9554) provides a reasonable estimate of the size of newborn Tiger
Quolls, as the 95% confidence intervals around the y intercept include values observed
in this study.
Growth based on head width has been described for the Western Quoll (Serena &
Soderquist 1988) as the square root of mean head width for 65 days giving the
regression equation of y 1/2 = 0.3935 x + 1.7119 (r = 0.9987). In this study, head width
to 65 days has been described by the regression equation y = 0.2843 x + 1.6785 (r 2 =
0.9554) for ease of use. Should the data be expressed as square root of head width, the
regression equation of y ½ = 0.046 x + 1.7423 (r 2 = 0.9749) (note for litters 1,10,12
only) is achieved. Similar to crown-rump length, the regression coefficient (b = 0.046)
is greater for the Tiger Quoll than that found for the Western Quoll (b = 0.03935)
indicating growth rate is more rapid in the Tiger Quoll for this period of the young’s
development.
For the Tiger Quoll, growth in tail, tibia and head width for older captive pouch young
and juveniles, had slowed but not levelled out after 200 days. Sexual dimorphism
between males and females, males being larger, was becoming evident by 200 days and
clearly evident by 250 days. Weight continued to increase for males and females to 281
131

Chapter 3 Breeding Biology, Growth and Development

days for the period monitored and for two females, continued to increase into their
second and third years to 3.25 kg (774 days) and 2.95 kg (780 days).
Information on wild Tiger Quoll litters is limited. For Charlene’s young of the 1992
breeding season, sexual dimorphism between the male and female young was becoming
evident by mid February 1993, for measures of tail, tibia and weight, when these young
where estimated to be 7-7.5 months (214–224 days) of age (Figs 3.20, 3.21, 3.22).
Christmas Bell’s litter of the 1994 breeding season was last observed at estimated age of
142-144 days. At this time, sexual dimorphism was not evident between males and
females and in some measures females were larger or heavier than the single male
(Table 3.9).
In the Eastern Quoll, sexual dimorphism is apparent by 100 days and well established
by 155 days. By 160 days growth for some features such as foot, had reached
asymptotic values (Merchant et al. 1984). In captive Western Quoll, Arnold (1976)
reported sexual dimorphism was evident between males and females at 120 days, was
clearly apparent at 20-22 weeks (140-154 days) and growth had plateaued by 200 days.
Soderquist (1995b) reported that sexual dimorphism was evident for captive young
Western Quolls at 105 days in respect to head length, males being larger, but not
weight. By 139 days, males had become significantly heavier. In respect to wild young
Western Quolls, Soderquist (1995b) reported that young of 132-141 days showed no
significant difference in weight but a significant difference in head length. At 154-163
days, when newly independent, wild young male Western Quolls were significantly
heavier than females. It appears that sexual dimorphism is evident at a younger age in
the smaller quoll species than in the Tiger Quoll.
When comparing growth of captive and wild reared young it appears that wild reared
young grow more slowly than captives and growth curves derived from captive young
are therefore likely to underestimate the age of wild young, particularly once young
have released the teat and are taking solid foods.
Christmas Bell’s litter at 142-144 days was considerably smaller than similar aged
captive (SAC) young, up to 37% smaller in skeletal measures and up to 73% lighter in
weight (Table 3.9). The 1994 breeding season fell in a drought year, which may have
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reduced the food resources available to the mother and decreased her ability to provide
sufficient food to the young. Charlene’s two surviving young Banksia (female) and
Bracken (male) raised in the 1992 breeding season were much closer in size to similarly
aged captive young if the estimated birth date in early July is assumed to be correct
(Table 3.7). 1992 was not a drought year and these young may have had access to
additional food resources provided from the rubbish of oyster farmers, fishermen and
campers.
Drought conditions were found to slow the growth of two macropods, the Euro
Macropus robustus (Ealey 1967) and the Kangaroo Island Wallaby Macropus eugenii
(Inns 1982). Drought also had a significant impact on growth of the dasyurid, the
Brush-tailed Phascogale, with size of young at independence reduced maternal mortality
was high and expected population numbers in two subsequent years reduced by one
third. It was considered that mothers were food-limited by the drought conditions of
1994 (Rhind & Bradley 2002).
It is likely that wild Tiger Quoll young grow more slowly than captive young as
observed in the Western Quoll, even under non-drought conditions. For the Western
Quoll, Serena & Soderquist (1988) observed that the reduction in growth rate between
captive and wild young ranged from 1.6-3.2% for litters age less than 5 weeks to 1.612.2% for litters aged more than 7 weeks, particularly litters of thin mothers. Maternal
condition also impacted on growth of wild litters more than 7 weeks old, with growth
rates of litters of thin mothers reduced by 8.0 + 2.45%. Similarly Oakwood (1997)
found the size of five-month-old wild Northern Quolls was significantly smaller than
same aged captive young. Body weight was 50-54% less and skeletal measures of tail
length 15% less, but there was little difference in head length, only 1.5-3% less.
It could be expected that the difference in growth between captive and wild Tiger Quoll
young may become more pronounced in older young.
Until further study can provide additional information on the growth of wild Tiger
Quoll young, it should be assumed that for older pouch young and juveniles, growth
curves derived from captive young are likely to underestimate the age of wild young.
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For small pouch young (to 65 days of age), growth curves derived from captive young
are likely to provide a reasonable estimate of the age of wild young.

3.4.7 Morphological and behavioural development of young

Morphological and behavioural stages in a young Tiger Quoll’s development are listed
in Table 3.3 and compared with the findings of other workers. Observations made in
this study are largely in agreement with those by Conway (1988) on captive Tiger
Quolls held in Virginia USA. Both studies are in agreement in respect to the age at
which fine fur appears on the head at 41-48 days, when first observed free of the teat at
56-79 days, when eyes are fully open at 82-87 days and when sexually mature at 344352 days. For other features such as the appearance of spots and ability to discern
pouch or scrotum Conway’s study gives a greater age.
Significant differences occur between this study and the observations of Fleay (1940)
and Settle (1978) on important developmental stages such as when first observed free of
the teat and when eyes are fully open. Fleay (1940) suggested that young are free of the
teat at 7 weeks (49 days) and Settle (1978) at 47-50 days compared to 56-79 days in this
study.
In this study, young were never forcibly removed from the teat and observations were
made once per week, giving a potential overestimation of age by 6 days. Some females
refused to vacate their dens at this time to enable inspection so the upper age of 79 days
may be an over estimate. However, the time vocalisations by the young were heard at
59-87 days supports the age at which young were commonly free of the teat. The age
observed in this study and that of Conway (1988) is similar to observations made on the
Eastern and Western Quolls by several other workers (Table 3.11).
In respect to the time at which eyes are fully open, this study at 82-87 days and
Conway’s observations at 12 weeks (84 days) differ from Settle (1978) at 61-63 days
and Troughton (1954) at 9 weeks (63 days). Fleay (1940) suggested that eyes are
beginning to open at 7 weeks (49 days), but he did not state when eyes are fully open.
The age at which eyes opened in this study and Conway (1988) is similar to the ages
134

Chapter 3 Breeding Biology, Growth and Development

observed by several workers for eyes opening in the Eastern and Western Quolls (Table
3.11).
Settle’s (1978) study is based on two litters, one wild caught (n=5) where birth date was
estimated as 5.9.74 and the second (n=2) where the birth date was given as 20.8.76. A
photo of the first litter, at estimated age of 58 days, shows coarse adult fur on the head
and neck area of young. In this study, coarse fur appeared on the head between 65-72
days and on the back at 75-79 days suggesting these young are likely to be several days
older. Also the ears are standing out well from the head, which in this study was
observed at 75-87 days.
The birth of the second litter may not have been observed in Settle’s study, as he states:
“Unfortunately, only a single captive mating resulted in the appearance of young in the
pouch. Even this (the birth) came as rather a surprise and some time after it was
expected. Molly had obviously gone through an additional oestrus and been mated
unnoticed”. It is not clear if the birth was observed, but would seem not to have been,
and it is unclear how accurately the birth date was estimated and therefore the age of the
young may have been underestimated. A photo of one young from the second litter at
estimated age 49 days against a background of 1cm x 1cm graph paper suggests tail
length of that young is 30-33 mm. In this study, young with similar tail lengths were 56
days old. Also spots are apparent on the tail of the young shown in the photo and in this
study spots were not apparent on the tail until 58-67 days.
Fleay’s (1940) observations of a litter of five young in 1935 “…five minute joeys
appeared in the pouch on August 10,1935.” It is unclear whether the birth was observed
by another worker or whether it was estimated based on the size of young when first
observed i.e. 7 mm. The size reported is close to that observed in this study of 5-6.7
mm and if he is reporting on the size of that litter it is likely to be within 2-3 days of
their birth. Observations are given in weeks suggesting some latitude in when features
were observed.
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Table 3.11: Morphological and behavioural development of the Western Quoll Dasyurus geoffroii,
Eastern Quoll D. viverrinus and Northern Quoll D. hallucatus. Age is given in days unless otherwise
stated.
D. geoffroii

Feature

Arnold (1976)

Eye dots

14

Line of fused eyelids
Front feet and nondeciduous claws well
developed
Hind feet and claws well
developed

28

Pinnae free from head
Pinnae standing out from
head
Pinnae pigmented
Pouch, scrotum readily
discernable

D. viverrinus

Serena &
Soderquist
(1988),
Serena et al.
(1991)

Hill & Hill
(1955)

Merchant et al.
(1984) (mean
± SD)

42

35

77-84

39

42

36-49

46

< 50 ?

23-28

19
41

47

by ~42
6 wks (4248)

34-43
58-63

Pelage, fine fur on
underbelly
Pelage, spots 1st appear head

60(whole
body)

63

"Just over 2
mths"

58.5 ±4.1

39-47

46

51.9 ± 3.6

44-50

46

50

84-91
14 wks (98104)

91-98
42?

46
46
~25

49-70

57-66

41
"Just over 2
mths"

64.2 ±1.5

60

61.2 ±2.2 to
64.2 ±1.5

66
49*- 56

56-69

90

62-72

77-84

72-82

84

"About 3
mths"
"Barely 2 1/2
mths"

133-147

90-120

83.9 ±3.3

66
66

~75-80

81

90-120

98.4 ±6.7

90-120

114.1 ±3.3
177.1 ±4.5

Teeth, molars (fourth)

95.5 ±5.2

105
105-112

110

Kill live prey

102^

120

107^ -112^
10-11 weeks

90

Independent excursion

Full adult size

> 120

170
1 year

~ 12 months

* - individual forcibly removed and successfully reattached
^ - original value, not mean.
# - mother died when young 117 days, young survived unaided.
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10 wks (7076)

140 ±4.5

Teeth, molars (third)

Weaned
Sexually mature (first
mating observed)

11 wks (7783)

89.5 ±5.6

Teeth, molars (second)

Climbing on mothers back

60-65
60-65

103
9 wks (6369)
11 wks
(77-83)
9 wks (6369)

103.3 ±3.9

Teeth, molars (first)

Teeth, canines
Taking solid food (solid
droppings)

7 wks (49-55)
56

Vocalisations

Teeth, incisors (all out)

6 wks (4248)

77-84

Jaw slit

Eyes open
Teeth, incisors (first
observed)

47
59

Vibrissae, wrist

Left in nest

Oakwood
(1997)

41
32-37

28

Free of the teat

Nelson &
Smith (1971)

6 wks (4248)

25

49(dorsal)

Jaw separation

Nelson &
Smith
(1971)

25

Pelage, fine fur on head

Vibrissae, mystical

Fleay
(1935)

5 to 6
22-27

Pelage, fine fur on rump

Pelage, spots - body
Pelage, adult fur (coarse)head
Pelage, adult fur (coarse)body
Pelage, adult fur (coarse)tail

Bryant
(1988)

D. hallucatus

149.46 ±6.6 to
194.6 ±16.9
(117^#)

5.5-6
mths
by 12
mths

16 wks
(112-118)
11 wks (7783)
13 wks (9197)
4.5 mths
(~126)

~ 5.5 mths

14 wks
(98-104)
12 wks (8490)
12 wks (8490)
~ 4 mths

103
165-180
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Young free of the teat and eyes beginning to open at 7 weeks could be interpreted as 4955 days and allowing another 10 days for eyes to fully open as observed in the Western
Quoll (Serena & Soderquist 1988) eyes could have been open at 59-65 days. However,
this is significantly earlier than reported in this study.
Troughton (1954) reported on the observations of Mr H. Grant who observed the first
day young (n=5) appeared in the pouch. Only one female young survived, which was
free of the teat at 8 weeks (56-62 days) and eyes were open at 9 weeks (63-69 days).
It remains unclear how accurately birth dates were estimated in Fleay (1940) and
Settle’s (1978) studies. Troughton’s (1954) report of development of a single female
Tiger Quoll suggests eyes may open sooner than observed in this or Conway’s (1988)
study even if this study overestimated by 6 days i.e. 76-81 days.
Overall development in the Tiger Quoll for significant stages such as first appearance of
fur, young free of the teat and eyes open as observed in this study, are not greatly
different to that observed in the smaller members of the genus, the Eastern and Western
Quolls (Tables 3.3 & 3.11). The age when significant stages are reached by young may
be influenced by litter size and the nutritional status of the young and mother. Tiger
Quolls take at least two years to approach their full adult size which is significantly
greater than the smaller quoll species, which only take one year. However, Tiger Quolls
are independent in their first year, and in captivity, can breed successfully in their first
year, as do the smaller quoll species. Therefore all other aspects of their development
need to be achieved in one year and it is not surprising that they do not differ greatly
from other members of the genus in the age at which particular stages of their
morphological and behavioural development occur.
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4.0

Spatial and Social Organisation of the Tiger Quoll Dasyurus
maculatus maculatus.

4.1

Introduction

The Tiger Quoll, Dasyurus maculatus, is the largest member of the genus Dasyurus,
commonly known as quolls, and largest marsupial carnivore (1.2-7 kg) extant on
mainland Australia (Green & Scarborough 1990, Watts 1993, Edgar & Belcher 1995,
Belcher 2003, Kortner et al. 2004). Six quoll species are currently extant; two species,
the Bronze Quoll, Dasyurus spartacus (684 g), and New Guinea Quoll, Dasyurus
albopunctatus (520-627 g), occur in New Guinea and little is known of their biology or
ecology (Flannery 1990, Woolley 2001). Four species, the Northern Quoll, Dasyurus
hallucatus (300-900 g), Western Quoll, Dasyurus geoffroii (615-2185 g), Eastern Quoll,
Dasyurus viverrinus (700-2000 g), and Tiger Quoll occur on the Australian mainland
with the latter two species found also in Tasmania (Strahan 1995).
Two subspecies of Dasyurus maculatus occur: Dasyurus maculatus maculatus in the
south-eastern Australian mainland and Tasmania, and Dasyurus maculatus gracilis in
north-eastern Queensland (Edgar & Belcher 1995). All Australian quolls are considered
threatened in all or parts of their geographic range (Serena et al. 1991, Braithwaite &
Griffiths 1994, Godsell 1995, Maxwell et al. 1996, Burnett 2000). The Tiger Quoll
belongs to the family of carnivorous and insectivorous marsupials known as the
Dasyuridae that is currently comprised of over 60 species ranging in size from 2 g to 9
kg, and are largely confined in their distribution to Australia and New Guinea (Strahan
1995, Flannery 1990).
At the commencement of my field studies on the Tiger Quoll in late 1992, there was
very little known of the species ecology and nothing known of its spatial and social
organisation in the wild.
At that time, knowledge on spatial and social organisation of the family Dasyuridae was
limited to a small number of species. Trapping studies had been undertaken for the
Tasmanian Devil, Sarcophilus harrisii (7-9 kg) (Guiler 1970), Northern Quoll,
Dasyurus hallucatus, (Begg 1981, Schmitt et al., 1989) and smaller insectivorous
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relatives, the Brown Antechinus, Antechinus stuartii (17-71 g), (Wood 1970), Fat-tailed
Dunnart, Sminthopsis crassicaudata (10-20 g), (Morton 1978) and several Planigale
species (4-16 g) (Read 1984).
A trapping study of the Tasmanian Devil (Guiler 1970) found that they occurred in very
high densities of up to 30/square mile (11.5/100 ha) with some individuals occupying an
area of two square miles (518 ha). The ranges of individual males overlapped
considerably and there was no evidence of territorial behaviour. The ranges of females
were overlapping with females and males. Movements of up to 10 miles (16 km) per
night were recorded.
Radio-tracking studies had been undertaken on a small number of species including
three Australian quolls, the Brown Antechinus and Brush-tailed Phascogale, Phascogale
tapoatafa.
The Brown Antechinus, Antechinus stuartii, which inhabits the moist temperate forests
of eastern Australia, was found to have overlapping home ranges both within and
between sexes, nesting communally with up to 15 individuals simultaneously. Mean
home range size for males was ~1.75-5.25 ha and for females ~1.25-2.25 ha, which
included nest sites. Foraging ranges averaged 0.94 ha for males and 0.38 ha for females
(Lazenby-Cohen & Cockburn, 1988, 1991).
In Tasmania, a trapping and radio-tracking study of the Eastern Quoll, Dasyurus
viverrinus, over three years (Godsell 1982, 1983), found mean home range size for
males was 51 ha and for females 35 ha (Minimum Convex Polygon method, MCP)
(Godsell 1983). Individuals were tracked for periods of three weeks to three months.
Both males and females had extensively overlapping home range areas and den sharing
within and between sexes was observed, however females did not share dens when
nursing young. Dens were most commonly recorded in earth burrows whose entrances
may be made via tree roots or logs or within blackberry thickets, and less commonly in
natural rock or boulder piles, among felled trees or brush piles, in bulldozed earth
mounds or under man made structures such as hay sheds. When foraging, individuals
remained separate and were considered to be primarily solitary in behaviour. Males did
not assist in rearing young (Godsell 1983).
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The similarly sized Western Quoll, Dasyurus geoffroii, which inhabits the dry
sclerophyll jarrah and marri forests of south-western Western Australia (average annual
rainfall 1200 mm), male home range core areas ranged in size between 392 ha and 438
ha (MCP), although this was thought to be an underestimate as none had reached
asymptotic values. Total home range area for males may be as high as 1500 ha. Mean
core size of female home ranges was 90 ha (range 55-120 ha) (MCP) and had reached
asymptotic values but total home range area may be as high as 337 ha (Serena &
Soderquist 1989a, Serena et al. 1991). Males had overlapping home ranges with other
males and females but females had discrete home ranges, excepting where they shared
their home range with newly independent daughters (Serena & Soderquist 1989a).
Dens were recorded in hollow logs and earth burrows in this habitat, and den sharing
was not recorded in the Western Quoll other than between females and their daughters.
Both males and females were largely solitary (Serena & Soderquist 1989a, Serena et al.
1991).
The Northern Quoll, Dasyurus hallucatus, was the subject of a short-term radio-tracking
study in the semi-arid areas of the Pilbara, Western Australia (annual average rainfall
300 mm) where individuals were monitored over three months for periods up to 33 days
(King 1989). Mean home range areas for males (MCP) were found to be 382 ha with a
range of 5-1109 ha and for females mean home range areas of 220 ha with a range of
75-443 ha. Home ranges were overlapping both within and between sexes, but femalefemale overlap was less extensive than male-male overlap.
More recently, long-term trapping and radio-tracking studies have been undertaken on
the Northern Quoll, Dasyurus hallucatus, (Oakwood 1997, 2002) and Tiger Quoll
(Belcher 2000, Belcher & Darrant 2004, Burnett 2001, Claridge et al. 2005) with further
investigations on the Western Quoll (Soderquist & Serena 2000).
In the forests, woodlands and rocky escarpments of Kakadu National Park in the
Northern Territory (annual average rainfall 1200 mm), Oakwood (1997, 2002) found
the Northern Quoll to be largely solitary. Female home ranges averaged 35 ha (MCP)
in size and similar to the female Western Quoll, these areas were largely exclusive of
other females particularly in respect to denning areas, but with some overlap in foraging
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areas during periods of high density. Males had larger home ranges, averaging 84 ha in
size expanding to 153 ha (MCP) in the breeding season. These are still considered
underestimates as asymptotes were not reached for any individual, and males regularly
moved outside of radio-tracking range. Male home ranges overlapped extensively with
other males and females. Dens were located in tree hollows, rock crevices, logs, termite
mounds, and goanna burrows, and rocky habitats were favoured denning areas for
females (Oakwood 1997, 2002). Females reared the young alone and there was
complete male die-off following the mating period (Oakwood 2002).
Preliminary investigations of home range size of the Tiger Quoll by Watt (1993) in
Girraween National Park in south-east Queensland, found that the mean home range
size for three large males radio-tracked for 62-102 hours (23-35 locations) was 771 ha
(range 540-954 ha). More recently, four studies including this one, have investigated
the home range and spatial and social organisation of the Tiger Quoll, three of which
have been undertaken in very different habitat types. One of the first long-term studies
of Dasyurus maculatus maculatus was undertaken over a five year period between 1994
and 1999 situated in the escarpment and foothills forests of the Great Dividing Range in
southern New South Wales and north-eastern Victoria (Belcher 2000, Belcher &
Darrant 2004). Sites ranged in altitude from 800-1200 m, with an average annual
rainfall of 600-1000 mm. Two sites, Badja and Tallaganda State Forests, supported tall
moist mountain eucalypt forests (rainfall 900-1000 mm), and the third Suggan Buggan,
in a rain shadow (rainfall 600 mm), supported more open eucalypt forests and
woodlands. All sites included areas of granite rock outcrops and were sometimes
subject to snowfalls in cooler months. In these habitats male Tiger Quolls occupied
large home ranges between 687-4186 ha (MCP) and females smaller home ranges,
ranging in size from 185-1157 ha (MCP). Mean home range areas for males at each of
the three sites, Suggan Buggan, Badja State Forest and Tallaganda State Forest were
respectively 1346, 1130 and 2791 hectares and for females, 613, 596 and 380 hectares
(MCP) (Belcher & Darrant 2004). Male home ranges overlapped extensively with other
males and females at all three sites where as female home ranges were largely exclusive
of other females. This study concluded that females were intrasexually territorial while
tolerating female offspring until they reached sexual maturity, and that males did not
exhibit territorial behaviour with subordinate males avoiding dominant males through
temporal separation. Tiger Quolls were considered to be solitary except for mating and
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rearing of young, and den sharing was not recorded other than once between a male and
female during the mating season (Belcher 2000, Belcher & Darrant 2004). Dens were
recorded in rock crevices, caves, boulder tumbles, hollow logs, windrows, rabbit and
wombat burrows (Belcher 2000).
A recent study of Dasyurus maculatus maculatus in rain shadow woodland of
Kosciuszko National Park, in the highlands of south-eastern New South Wales, home
range size was estimated as 88-653 ha for females (mean 244 ha) and 621-2561 ha for
males (mean 992 ha). Male home ranges were found to overlap with both males and
females while female home ranges tended not to overlap with other females. Radiotracking studies were undertaken over a four-month period between late May and early
September 2002 (Claridge et al. 2005).
In far north-east Queensland, a long-term study over 16 months of the spatial ranging
behaviour of the smaller northern form of the Tiger Quoll, Dasyurus maculatus gracilis,
in wet upland rainforests, found mean home range area for females was 150 ha with a
range of 98-205 ha (MCP). However, the author considered these to be underestimates
given the small number of locations obtained. No estimates could be made for males
(Burnett 2001).
Recently, radio-tracking studies have also been undertaken on several smaller dasyurid
species including the arboreal Brush-tailed Phascogale, Phascogale tapoatafa (106-311
g), (Soderquist 1995a, van der Ree et al. 2001), and desert dwelling Mulgara,
Dasycercus cristicauda (60-170 g), (Masters 2003) and Fat-tailed Pseudantechinus,
Pseudantechinus macdonnellensis (20-45 g), (Pavey et al. 2003).
The smaller arboreal Brush-tailed Phascogale has been found to have a similar spatial
and social organisation to the Northern and Western Quolls. In Victoria females
occupied intrasexually exclusive home range areas averaging 41 ha (MCP) in size and
male home ranges were considerably larger, averaging 106 ha in size, and overlapped
extensively with other males and females. Dens were located in tree hollows and den
sharing was occasionally observed (Soderquist 1995a). In south-western Australia
female Brush-tailed Phascogales occupied significantly smaller home range areas in
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unlogged (12 ha ± 3 s.d.) and logged (19 ha ± 8 s.d.) eucalypt forest and den sharing
was infrequently observed except following drought years (Rhind 2004).
In the sandy deserts of Central Australia, home range size of the Mulgara, Dasycercus
cristicauda, was not significantly different between males and females although it was
highly variable among individuals with areas of 1-14.4 ha (MCP) being used. Home
range areas overlapped both within and between sexes to varying degrees averaging
14% for females, 16.5% for males and 19% for males and females although often
increased during the breeding season. Dens were located in burrows and den sharing
between males and females was observed infrequently (Masters 2003).
In contrast, home range areas of the Fat-tailed Pseudantechinus, Pseudantechinus
macdonnellensis, which inhabits the rocky ranges of the Central Australian deserts,
showed little overlap within the sexes while those of males and females overlapped on
average by 37.95%. Home range areas of males (0.98 ha) were larger than that of
females (0.31 ha) (MCP) and had greater maximum range lengths, 180 m compared to
86 m. Males and females were observed to share shelter and basking sites (Pavey et al.
2003).
At the commencement of this study in late 1992, little was known of the ecology of the
Tiger Quoll in the wild and nothing was known of its spatial and social organisation.
Belcher (2000) and Belcher & Darrant (2004) subsequently described in some detail,
aspects of the spatial and social organisation of the Tiger Quoll in cool moist high
altitude montane forests of southern New South Wales and north-eastern Victoria. That
study suggested similarities in the spatial and social organisation of the Tiger Quoll to
its smaller relatives the Western and Northern Quolls. Recent work by Claridge et al.
(2005) in comparable highland habitats, found a similar pattern of spatial organisation
among Tiger Quolls, supporting the findings of the above authors.
Does the pattern of spatial and social organisation of the Tiger Quoll observed in
montane forests and woodlands replicate itself across other habitat types and climatic
regions within the species geographic range? Oakwood (2002) suggested that some
variation in spatial organisation of the Northern Quoll may occur under varying
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population densities. The larger home ranges described for that species by King (1989)
in the drier Pilbara country of Western Australia suggests this may be the case.
This study aimed to investigate the spatial and social organisation of a population of
Tiger Quoll Dasyurus maculatus maculatus in a warm temperate lowland coastal
environment on the mid-north coast of New South Wales at a site that included a range
of habitat types such as eucalypt open forest and woodland, paperbark Melaleuca spp.
closed forest, shrubland, heathland, freshwater and estuarine wetlands and ocean shores.
Bushland in these coastal areas has been and continues to be subject to clearing,
becoming more fragmented by the expansion of high density urban coastal
development, hobby farm and commercial agricultural development. In particular, the
study aimed to investigate whether in these coastal habitats:
1. Do adult Tiger Quolls have discrete home ranges?
2. If so what size are home ranges and does size differ between individuals or
males and females?
3. Are home ranges between females and females, males and males and females
and males mutually exclusive or overlapping?
4. Do home ranges of individuals vary over climatic season, biological cycle, and
life span of the individual or relationship to other Tiger Quolls?
5. Does the extent of daily movement differ throughout the year and / or between
males and females?
6. Is Tiger Quoll activity exclusively nocturnal? Does activity vary between
males and females and throughout the year?
7. Are Tiger Quolls largely solitary?

4.2

Methods

4.2.1

Study Area

The study area was situated in the Limeburners Creek Nature Reserve (9224 ha) and
surrounding lands (31o 17’ S, 152o 57’ E) on the mid-north coast of New South Wales,
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immediately north of the Hastings River and town of Port Macquarie (Fig. 2.1). A
detailed description of the study area is given in Chapter 2.

4.2.2

Trapping and radio-tracking techniques

Twenty-nine trapping and radio-tracking trips were made to the Limeburners Creek
Nature Reserve study area from December 1992 to April 1995. Trips ranged from 3-14
days but were most commonly 7-9 days and were run in most months except August
1993 and 1994 and February and March 1995. Trapping was undertaken on all trips in
all months except early September (Trip 23) when young were predicted to have
recently released the teat and been deposited in a maternal den and it would have been
unwise to separate mother and young for an extended period. Radio-tracking was
undertaken concurrently with trapping. One to eight different transects were trapped
throughout the reserve but most commonly 3-5 different transects were trapped each
trip, located one to several kilometres apart. Traps were placed along minor access
tracks in and adjacent to the reserve at intervals of 100-200 m, or at known den sites.
Generally 10-30 traps were set for 3-7 nights but sometimes up to 10 or 11 nights. A
local resident at Point Plomer maintained a set trap for much of the second half of the
study. Total trap nights for the study was 2444 for the 28 trips.
Wire treadle traps (30 x 30 x 60 cm) (Mascot Wire Works) were employed and
provided with a plastic covering, placed under the cover of existing or cut vegetation in
a shaded position, and baited with fresh fish heads. Baits were renewed throughout the
trapping period when necessary. All traps were cleared before 11:00 am or earlier, and
in summer traps were closed during the day and re-opened late in the afternoon to avoid
catching reptiles such as goannas and land mullet. All individual Tiger Quolls were
handled in a separate clean disinfected breathable cotton bag to minimise the
opportunity to transfer parasites or disease. No anaesthetics were used in the handling
of any animal. Two feral cats were taken to a local veterinarian to be euthanased. All
animals were released immediately after capture and measurement.
Individual Tiger Quolls were weighed and measured, given a small brass fingerling ear
tag in each ear and photographed on their right, left and dorsal aspects to record unique
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individual spot patterns for identification. Ear tags proved unsuccessful, despite trials
on captive Tiger Quolls, and had pulled out within a few weeks, but left a notch, which
was often identifiable. Individual identification was subsequently based on individual
spot patterns and the shape of ear notches. Head width, tibia length and a modified pes
length were measured with vernier calipers and tail length with a flexible tape (see
Chapter 3). Weight was measured with two 2 kg Persola scales. For small pouch
young, head width and crown-rump length were measured with vernier calipers.
Tiger Quolls were aged on the basis of their weight, size, tooth wear, time of year in
respect to the last breeding season and for females, pouch condition (see Chapter 3).
Age beyond two years could not be estimated with certainty.
Prior to this study, Tiger Quolls had not been radio-collared for a long-term study. One
study glued transmitters to the fur of Tiger Quolls, which lasted only a few hours or
days (Watt 1993). Several brands and types of radio collars including brass tune loop
and pvc plastic and vinyl collars with whip aerials were trialled on captive Tiger Quolls
to assess strength, fit and signs of abrasion. Trials continued on wild Tiger Quolls for
the first six months of fieldwork before the most suitable type and design of collar was
determined. This was a reinforced pvc collar with whip aerial covered with heat shrink
tubing and two stage microlight transmitter mounted in resin and powered by a lithium
battery, developed by Titley Electronics, Ballina, NSW. Initial designs were not robust
enough to withstand the wear and tear they were subject to by wild Tiger Quolls and
transmitters became detached and aerials broke and further fine-tuning of the design of
collars was necessary. Other types and brands of collars caused abrasion problems on
wild tiger quolls or had too limited transmitting range. Transmitter packages weighed
between 36-46 g that is below 2.5% of body weight, and had an expected range of 3-4
km and life of 8-9 months. A good range and extended battery life were considered
important, as it was not known how difficult it would be to relocate and capture collared
Tiger Quolls.
An attempt was made to trap all collared Tiger Quolls on each trip to check on the
animal’s condition, collar fit and state of wear and tear. This was successful on most
occasions and was considered important, as Tiger Quolls do not have a well-defined
neck and collars needed to fit snugly but not tightly. Females were known to undergo
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thickening in the neck area with the approach of the breeding season (Chapter 3) and
could suffer from severe discomfort and abrasion leading to possible infection if collars
were not regularly adjusted. Young Tiger Quolls under one year of age were not
collared due to their rapid growth rate and possibility of dispersing beyond the study
area.
Tiger Quolls were tracked using a Telonics TR-4 receiver and hand held H frame aerial
that was mounted on an extendable four-metre aluminium pole. Tiger Quolls were
located during the day, when they were generally expected to be in their den, either on
foot, or by vehicle using rough access tracks within and around three sides of the
reserve, and on a few occasions by ultralight aircraft. An attempt was made to locate all
collared Tiger Quolls each day of a trip and track them to their den where possible.
Collared Tiger Quolls could not always be located every day and males were often more
difficult to find. When Tiger Quolls were located more than once per day, position
locations were estimated a minimum of two hours apart but generally 4-10 hours apart
to ensure temporal independence (Swihart & Slade 1985a, 1985b, 1986). Over the
period of the study, five females and four males were radio-collared and it was difficult
to monitor more than four collared Tiger Quolls at any one time.
A Garmin 100 Survey Global Positioning System (GPS) was used to locate dens and
points from which bearings on radio signals were taken to within 100 m. A hand held
compass was used to obtain magnetic bearings of the direction of radio signals. When
using vehicle-based triangulation, a minimum of three and often four or more bearings
were taken to identify the location of a radio signal. On occasion, two bearings would
be used when signal strength was strong and the quoll was considered to be nearby.
Consecutive bearings were taken within 5-20 minutes of each other but commonly 5-10
minutes apart and signal strength was noted. Magnetic bearings were converted to grid
bearings and plotted on 1:25 000 topographic maps. The activity of a quoll could be
judged by the nature of the radio signal; with constant signal strength (loudness) the
quoll is assumed to be inactive but with widely varying signal strength the quoll was
assumed to be active. Tiger Quolls were found to be active during the day at some
times during the year. High hills and headlands in the reserve were used to gain better
reception and range of radio signals. Range of signals varied between 1-6 km
depending on the position of the animal and observer. Dense or moist vegetation or
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direct shadowing by hills and rocky headlands could impede signal strength, although
reflection from landscape features was not a concern due to the largely flat nature of the
study area. In summer, radio-tracking was sometimes abandoned in the afternoon due
to lightning storms.

4.2.2.1 Estimating location by triangulation

Estimating an animal’s location from the triangulation of two or more bearings to radio
signals is subject to error from a number of sources and should be taken into account
when reporting the findings of any radio-tracking study (Saltz 1994). All radiotelemetry studies should consider the sources of error that are likely to affect their
location estimates (Millspaugh & Marzluff 2001). Error can arise from signal bounce
from landscape features, electromagnetic interference to radio signals, impedance of
signals by dense or moist vegetation, bearing error for non-line of sight or faint signals,
distance from the transmitter to the observer, interference with compass readings
through the close proximity of metal or magnet effecting rock, error in determining the
observers location, observer error in judging the direction of the signal or gaining an
accurate compass bearing and animal movement (Springer 1979, White & Garrott 1990,
Millspaugh & Marzluff 2001).
In this study several sources of error were eliminated or reduced. There are few
prominent landscape features to cause signal bounce, no sources of strong
electromagnetic radiation and few sites where contact is made with bedrock. A single
observer judged signal source and compass bearings and was careful to avoid the impact
of metal objects and a GPS was used to locate the observer’s position to within 100 m.
Consecutive bearings were taken within short time periods to minimise the impact of
animal movement, although the majority of readings were of stationary animals. The
most likely sources of error in gaining correct bearings are from the deflection or
blocking of signals by low hills or impedance by dense or moist vegetation and the
weaknesses of the technology.
In reporting triangulation error Millspaugh & Marzluff (2001) emphasise the need to
differentiate between precision of the radio-telemetry system and accuracy of the
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estimated location. Precision is a measure of the consistency of the tracking system and
may be reported as the standard deviation of bearing errors (the difference between
estimated and true bearing) or as the error polygon or confidence ellipse associated with
a location estimate. Accuracy is a measure of how close an estimated position is to an
actual position and may be reported as the mean distance between bearings to estimated
and actual locations i.e. bias, mean distance between estimated and actual locations i.e.
linear error, or the percentage of times a confidence ellipse around an estimated location
includes the actual location (White & Garrott 1990, Saltz & White 1990, Nams &
Boutin 1991, Saltz 1994, Millspaugh & Marzluff 2001).
A range of methods has been proposed to estimate an animal’s location from bearings
on radio signals (Priddel 1983, White & Garrott 1990). All estimates made by
triangulation of bearings are likely to be subject to error given the limitations of the
technology and range of potential sources of error listed above. In this study, the
method of Benshemesh (1992) was chosen, where the location of the animal is
estimated as the centre of the largest circle inscribed within the bearing triangle (of the
best three bearings), or the incentre, which is equidistant from each bearing. This may
provide a better estimate than the more commonly used centroid, particularly when the
bearing triangle is elongated (Benshemesh 1992).
The accuracy of the method was tested on 34 occasions by comparing the estimated
position of a stationary animal, indicated from the intersection of three or more
bearings, to the actual position of the animal when tracked to its den. On 28 of 34
occasions or 82.3%, the difference between the estimated and actual position was 200 m
or less. The maximum difference was 450 m and the mean was 142 m (Appendix 1,
Fig. 4.1). There was no direct relationship between increasing length of the longest axis
of the bearing triangle and the expected magnitude of the linear error from the estimated
to the true location. Bearings that intersected exactly had a mean linear error of 133.3 m
while a bearing triangle with a long axis of 700 m had a linear error of 100 m (Figs 4.2,
4.3). Considering the scale of daily movement of Tiger Quolls within their home range
this degree of error was considered acceptable for inclusion of location estimates from
triangulation in home range calculations.
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Figure 4.1: The linear distance in metres of the difference in the estimated position of the radio-collared
Tiger Quoll, from a minimum of three intersecting radio bearings, to the actual position of the quoll once
located in its den for n=34 occasions.
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Figure 4.2: The relationship of the mean linear error between the estimated position of the radio-collared
Tiger Quoll, obtained from at least three intersecting radio bearings, to the length of the longest axis of
the bearing triangle on n=34 occasions. Linear error did not necessarily increase with increasing length of
the longest axis of the bearing triangle.
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Figure 4.3: The distribution of the length of the long axis of the bearing triangle used to estimate a Tiger
Quoll’s position from three intersecting radio-bearings on n=34 occasions. The greater proportion of long
axis fell within 200 m or less.
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4.2.3

Home range analyses

Home range areas of Tiger Quolls were calculated with the Animal Movement
extension developed for the Arcview GIS software package (ERSI Inc, Redlands, CA,
Hooge and Eichenlaub 1997). The methods chosen were the minimum convex polygon
method (MCP) (100%) (Mohr 1947) and fixed kernel method (Worton 1989) (choosing
the 95% isopleth). Both methods have their strengths and weaknesses and it is
generally recommended that more than one method of home range calculation be
included in any study of home range assessment (Harris et al. 1990).
The MCP method for the calculation of total home range area is a simple and robust
technique that encloses all known locations, is less sensitive to small sample sizes, and
while may be strongly affected by outliers and include areas little used, it is the only
method that is readily comparable between studies (Harris et al. 1990). The kernel
method is a probabilistic technique that employs a utilisation distribution to indicate
centres of activity and is less affected by outliers and may be better to assess home
range use than size. It is however affected by auto correlation of sample locations and
an important assumption necessary for its application is the independence of sample
locations (Harris et al. 1990). A minimum of 30 observations or locations is
recommended for its use (Seaman et al. 1999).
In order to assess whether home range estimates for individual Tiger Quolls were likely
to provide a fair representation of home range size the incremental increase in home
range area (MCP) over time was graphed to determine whether area reached an
asymptote. Where the addition of further locations resulted in a minimal increase in
home range size an asymptotic value was considered to have been reached (Harris et al.
1990). Asymptotic values for home range area were reached for 2 female and 3 male
Tiger Quolls. A third female may have been close to an asymptotic value.
Tiger Quoll locations were obtained by trapping, radio-tracking animals to den sites,
finding shed or broken collars, death sites and location estimates from the triangulation
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of generally three or more bearings to radio signals where the longest axis of the bearing
triangle was 700 m or less.

4.2.4 Movement patterns

Daily movement patterns of Tiger Quolls were examined by comparing the distance
between the consecutive locations of individuals on 223 occasions, determined by
trapping or radio tracking, between locations in the morning and afternoon of the same
day or locations on consecutive days.

4.2.5

Proximity of individuals

The proximity of individual Tiger Quolls to other Tiger Quolls, other than mothers and
young, was examined to look at aspects of social behaviour. The number of occasions
when individuals of the same or opposite sex were within 500 m or less of another
individual on the same or consecutive days, out of the 212 days when trapping and/or
radio-tracking was undertaken, was assessed as an indication of potential physical
contact.
4.2.6

Activity

Tiger Quolls are considered to be largely nocturnal (Edgar & Belcher 1995). In this
study activity was not monitored over the full 24-hour period but information on
activity could be gained during daylight hours through monitoring the nature of the
radio signal of radio-collared Tiger Quolls. When the quoll is inactive, the radio signal
received is a regular pulse of consistent loudness but when active, the radio signal
received varies in loudness quite noticeably, and may disappear completely for periods
of a few seconds. Radio signals were monitored from 30-60 seconds to assess activity.
Activity was assessed between 6am and 8pm, eastern standard time (EST), within seven
two hour sampling periods and an animal was considered to be active for at least part of
that period if a variable intensity radio signal was detected within any of the two hour
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periods. Individuals were not monitored in each of the seven two-hour periods per day,
but may have been detected once or twice per day.
Activity was assessed throughout the year in respect to the breeding cycle and rearing of
young for males and females and the year was divided into four three month periods; (i)
December-January-February, when young are becoming independent and dispersing,
(ii) March-April-May, pre-breeding and the potential establishment of territories, (iii)
June-July-August, mating period and small pouch young, and (iv) September-OctoberNovember, young deposited in a den to when young make short independent forays that
is a time of heavy lactation demand on the mother. Activity was assessed for three
males and three females that were radio-collared for several months, where on 15
occasions or more, a radio signal was detected and could be assessed for activity. Data
was pooled for males and females.

4.3

Results

4.3.1

Home range estimates

Home range estimates using 100% MCP and 95% fixed Kernel methods were made for
five female and five male Tiger Quolls that had four or greater location records (Table
4.1). Reasonable estimates of home range size were obtained for three females and
three males with two females and three males reaching asymptotic values for home
range size using the MCP method. A third female approached asymptotic values.
Asymptotes were reached between 28-62 locations (Fig. 4.4). Over the period of the
study, 425 locations of Tiger Quolls were gained comprised of 120 captures, death sites
or locations of discarded collars, 101 visits to 53 different den sites and 204 triangulated
positions from radio signals (Table 4.1). Female home range areas for the three females
with reasonable estimates ranged between 509-1511 ha (mean 862 ha) using MCP and
184-1514 ha (mean 676 ha) using the 95% Kernel method (Fig. 4.6). Male home range
areas for three males for which reasonable estimates were obtained are significantly
larger than females ranging from 2302-3401 ha (mean 2907 ha) using
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Table 4.1: Home range area for Tiger Quolls at Limeburners Creek Nature Reserve. Sufficient locations were obtained to calculate home range area for four females and four
males using Minimum Convex Polygon (MCP) and Kernel Methods. Asymptotes (*) were reached in home range area using MCP for two females and three males and an
asymptotic value was approached for a third female(^). Insufficient numbers of locations meant meaningful home range areas could not be calculated for the remaining two
females and five males. Accurate locations were obtained from trapping, retrieved collars, death sites and dens. Less precise locations were obtained from triangulated radio
locations.

Individual
Females
Charlene

No of trips
located

Period present in the
study area

No Months
Present in the
study area

14

30.12.92 - 29.6.94

17

MCP

Kernel
Home Range-95%
isopleth-all
Locations (ha)

No Den
Visits

Sub-totalAccurate
Locations
(Tp&DV)

Radio
Locations

Total
Locations

Home
Range-all
Locations
(ha)

18

27

53

21

74

1511*

1514

No Locations
Trapped / Collar /
Dead

No Den
Locations

26

Raylene

9

3.1.93 - 20.6.93

6

11

9

13

24

29

53

509^

332

Banksia

10

30.12.92 - 29.1.95

24

14

5

8

22

2

24

61

75

Christmas Bell

13

30.11.93 - 26.11.94

12

19

12

30

49

77

126

567*

184

Wattle

2

6.5.94 - 3.6.94

1

2

1

1

3

4

7

18

147

Scarlet
Males

1

28.5.94 - 5.6.94

1

1

0

0

1

0

1

#

#

Fang

1

28.12.92 - 10.1.93

1

2

0

0

2

0

2

#

#

Bracken

3

30.12.92 - 14.2.93

2

5

0

0

5

0

5

0.22

#

Charlie

6

26.3.93 - 23.9.93

6

8

4

6

14

17

31

2302*

3989

Brian

1

12.6.93 - 20.6.93

1

4

0

0

4

0

4

12

2901

Blackbutt

10

18.6.93 - 28.6.94

12

10

5

6

16

22

38

3020*

4276

Bloodwood

13

16.6.93 - 27.12.94

18

14

3

10

24

32

56

3401*

5512

Needlebark

2

10.3.94 - 29.1.95

11

2

0

0

2

0

2

#

#

Brushbox

1

21.1 - 29.1.95

1

1

0

0

1

0

1

#

#

Paperbark

1

26.12.94 - 2.1.95

1

1

0

0

1

0

1

#

#
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Figure 4.4a: Incremental increase in area of the home ranges of three adult female Tiger Quolls with
increasing number of locations obtained. Home range area reached or approached asymptotic values
between 46-62 locations.
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Figure 4.4b: Incremental increases in home range area of three adult male Tiger Quolls with increasing
number of locations. Asymptotic values were reached for the three males between 28-52 locations
although increases may occur in a stepwise fashion in response to the death or disappearance of
neighbouring individuals.
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Figure 4.5a: Incremental increases in home range area of three adult female Tiger Quolls with increasing
number of monthly field trips. Asymptotic values were reached or approached between 9-10 trips.
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Figure 4.5b: Incremental increases in home range area for three adult male Tiger Quolls with increasing
number of monthly field trips. Asymptotic values for home range area were reached between 4-11 trips.
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MCP (t=105.88, d.f.=4, P< 0.01) and 3989-5512 ha (mean 4592 ha) using the 95%
Kernel method (Table 4.1, Fig. 4.7). The home range estimate of a fourth male Brian,
known from only four points, was 12 ha using MCP and 2901 ha using 95% Kernel.
Conversely, for female Christmas Bell with 126 locations, the greatest number recorded,
the home range area is estimated at 567 ha using MCP and only 184 ha using 95%
Kernel method. This illustrates the strengths and weaknesses of each method. For
Brian, with four widely dispersed but linearly aligned points, the probabilistic Kernel
method may provide a closer approximation to the size of the home range. However,
for Christmas Bell with a large number of points, many of which were concentrated
near the maternal den, the Kernel method is less likely to provide a reasonable
approximation of home range area and the MCP is more appropriate.
The MCP method is preferred when estimating lifetime home range area, when the
number of location points reaches or approaches an asymptote. As field trips were run
for 7-10 days per month and relatively small numbers of locations of individual quolls
were obtained on each trip, usually 1-2 per day maximum, this number of records is
unlikely to provide a real indication of quoll activity within the home range. Therefore
probabilistic methods such as the Kernel method are less appropriate to assess home
range area. Secondly, quolls were not always located each day and it is likely that
records of quolls in more distant parts of their home range, remote from access tracks,
were more difficult to obtain due to loss of, or poor radio reception. Consequently the
frequency of use of these areas may have been underestimated. Therefore the MCP
method is considered the most appropriate technique for assessing lifetime home range
in this study.
The size of home range area estimates were significantly increased for both males and
females with the addition of locations provided by triangulated positions from bearings
on radio signals with almost half of all locations being provided in this way (Table 4.1).
For Tiger Quolls that were not radio collared, or were only collared for short periods
e.g. Banksia, Wattle, Brian, home range area estimates are likely to be significantly
underestimated in size. Trapping transects were not able to cover a significant
proportion of the study area at any one time, and therefore, home range estimates could
not be made from trapping results alone.

158

Chapter 4 Spatial and Social Organisation

##
##

#

# ##
#
###
####
#####
###
#
##
#
#
#
##
##

#

#

#
## #
#
##
## #
#
#
## #
# #
# # ##
# #
####### #
###
###
#
#
#
###
#
##
# ##
###
##
#
#
#
##
# ##
##
###
#
###
#
#
# # ##
#
#
##
#
#

#
#

#

#

#
#

#
##
# #

# #
#
#
#
#
#
#
# #
#
#
## #####
#
#
##
#
#
# ##
###
# #
#
#
### #
# ###
#
# #

N

0
Charlene home range

#
#

Charlene locations

#

Christmas Bell home range

#

Raylene home range

#

# Raylene locations

2

3 Kilometres

Banksia home range
Banksia locations
Wattle home range

Christmas Bell locations

1

Wattle locations
Scarlet location

Female Tiger Quoll home ranges Limeburners Creek Nature Reserve

Limeburners Creek Nature Reserve

Figure 4.6: Female Tiger Quoll home ranges in Limeburners Creek Nature Reserve showing all locations
and greatest home range area as calculated by the minimum convex polygon method. Note not all
individuals were contemporary and apparent overlap of home ranges may have only occurred when some
individuals moved or disappeared. Banksia was the young of Charlene, Wattle may also have been
Charlene’s young. Scarlet may have been Christmas Bell’s young.
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Figure 4.7: Male Tiger Quoll home ranges in Limeburners Creek Nature Reserve showing all locations
and greatest home range area as calculated by the minimum convex polygon method. Note some
individuals were not contemporary (see text) and home ranges often expanded with the disappearance of a
neighbour. For some individuals insufficient locations were obtained to describe a home range. Some of
these males may have been transients.
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Fifty-three den sites were located by radio-tracking techniques but den sites alone were
insufficient to define home range area (Fig. 4.8). Den types included hollow logs (31),
log piles (2), hollows in live trees (9), hollows in dead trees (1), burrows (7), rock
crevices (1) and under the floors of small cabins or sheds (2) (see Chapter 5). The most
frequently used den type in the study area for both males and females were hollow logs,
followed by buildings for males and burrows for females. However, there were fewer
records of dens used for males (n=12) than for females (n=42) (one den used by a male
and a female). The only areas of exposed bedrock in the study area were three rocky
headlands and the breakwater wall at the entrance of the Hastings River, and therefore
the opportunity to use rock dens was low. The preference for hollow logs, in particular
eucalypt logs, meant the majority of dens were located in eucalypt forest or woodland
and not located throughout all areas of the home range (Chapter 5). Dens were often
difficult to find, especially those of males, and so only a proportion of dens used were
likely to have been found.
Home range size for individuals varied throughout the study and life of the individual.
Commonly, when individuals moved or died, an adjacent animal of the same sex would
take up their home range or parts of it. For the three large radio-collared males in the
study, Charlie, Blackbutt and Bloodwood, a significant increase in size of Blackbutt’s
home range area (1295 ha to 3020 ha) occurred following the death of Charlie, and
similarly, there was an increase in Bloodwood’s home range area (2254 ha to 3174 ha).
A smaller increase in Bloodwood’s home range area (3174 ha to 3401 ha) occurred with
the death of Blackbutt (Fig. 4.5b). The home range areas of these males overlapped to
some extent and are discussed below.
In respect to females, a similar pattern can be seen (Fig 4.5a). At the end of the 1992
breeding season in February 1993 Charlene moved a considerable distance to the north
where she remained for the 1993 breeding season. This increased her home range area
significantly from 527 ha to 1511 ha. With Charlene’s departure Raylene expanded her
home range area from 87 ha to 508 ha. Charlene’s daughter Banksia also shared some
of Charlene’s former home range area with Raylene but her use of the area was not fully
understood, as she was not radio collared at that time. At the beginning of the 1994
breeding season, Charlene returned to the southern part of her home range. Raylene had
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Figure 4.8: Male and female home ranges showing den sites. Den sites alone were insufficient to describe
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disappeared in June/July 1993 and Banksia had not been trapped in the study area since
June 1993. Further discussion of spatial and social organisation appears in section 4.3.2
below.
Asymptotes for home range area were reached for three radio collared males and two
females with a third female likely to be approaching an asymptotic value (Table 4.1).
Increases in home range area often occurred in a step like fashion in response to the
movement, death or disappearance of nearby individuals as discussed above. Male
home range area for the three large males Charlie, Blackbutt and Bloodwood plateaued
between 28-52 locations and for the two females Charlene and Christmas Bell between
46-62 locations. Raylene had reached 53 locations before she disappeared when the
area curve was flattening out (Fig. 4.4). In respect to the number of trips individuals
had been located on, asymptotes were reached for males between 4-11 trips and for
females between 9-10 trips indicating a number of locations over several months is
required to obtain true indication of home range size (Fig. 4.5).
The greatest linear distance between points in an individual’s home range also provides
an indication of size and scale of movement in the landscape. Similar to home range
area, males had a greater linear distance between points in their home range of 5.511.75 km. Females generally had smaller linear distances between points in their home
range of 2.5-8.25km, although they still extended over several kilometres and Charlene
was almost comparable to males in her scale of movement between the southern and
northern parts of her home range (Table 4.2).

4.3.2

Spatial and social organisation

4.3.2.1 Females

Adult female Tiger Quolls occupied largely exclusive home range areas to other
females, excepting for one known and one presumed daughter who occupied some of
the mother’s home range area (Fig. 4.6). At the commencement of the study in
December 1992 two adult females Raylene and Charlene (Plate 4.1) were trapped in
separate areas in the southern part of the study area and appeared to occupy exclusive
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Table 4.2: Greatest linear distance between points in an individual’s home range gives an indication of the
scale of movement undertaken by Tiger Quolls in Limeburners Creek Nature Reserve. Females generally
moved smaller distances than males, although Charlene’s home range was large and was almost
comparable to distances moved by males. * For some individuals only a small number of locations were
obtained as they were not radio-collared or radio-collared for short periods and these distances are likely
to be underestimates of home range movement.

Individual

Greatest linear distance
between locations (km)

Females
Raylene

4.0

Charlene

8.25

Banksia

2.5*

Christmas Bell

4.4

Males
Charlie
Brian

5.5*

Blackbutt

11.75

Bloodwood

11.25

Needlebark
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home range areas (Fig. 4.9). At that time, Charlene had two juveniles Banksia (female)
and Bracken (male) (Plates 3.29a & 3.29b Chapter 3) and Raylene had six expanded
teats but no juveniles were trapped in her area.
In late January 1993 Charlene was found denning away from the juveniles, 1 km to the
north west of the nursery dens that were on the banks of Limeburners Creek, but
returned to the creek bank one day later. However, by February 1993 Charlene had
moved 5.3 km to the north, where she remained for the 1993 breeding season, leaving
the two juveniles Banksia (female) and Bracken (male) behind. Charlene’s daughter
Banksia remained in the southern part of Charlene’s home range up to the 1993
breeding season in June. Bracken was not trapped again in the study area after February
1993 and is presumed to have dispersed. Raylene’s home range area expanded north
into the south-western part of Charlene’s home range but remained separate from
Banksia in the east, on the banks of Limeburners Creek, while Banksia remained in
residence until mid April (Fig. 4.10). By late April-early May, Banksia was absent and
Raylene again expanded, this time to the east and north, to occupy more of what was
Charlene and Banksia’s home range, including the area where the maternal den/s were
located on the banks of Limeburners Creek (Fig. 4.11). Raylene’s home range now
extended over a linear distance of 4 km (Table 4.2).
Banksia was not radio collared at this time due to her smaller size and trapping alone
provided locations, so the full extent of her movements could not be determined. This
was Banksia’s first breeding season. By mid June 1993, when mating was considered
to be occurring, Banksia re-appeared in the southern area of Charlene’s home range on
the banks of Limeburners Creek, where she was first trapped near Charlene’s maternal
den/s, and came within close proximity to Raylene, within 700 m on one day (Fig.
4.11). Banksia and Raylene were not recorded at the same site on the same day but
were trapped in the same trap at one of the maternal den sites of Charlene’s a few days
apart during this month. At no time was Raylene observed to occupy one of the dens
used by Charlene. Following this period of potential encounters between Banksia and
Raylene both females disappeared from the study area.
Although, when mapped to its full extent, Raylene’s home range area overlaps with
Charlene and Banksia, June 1993 was the only period when the two adult female Tiger
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Quolls were both in residence and some competition for areas may have occurred
between Raylene and Banksia. The home range areas of these two quolls remained
largely exclusive at any one time, excepting June 1993. In July 1993, no female Tiger
Quolls were trapped in the study area and June 1993 was the last time Raylene was
present in the study area and is likely to have died or been killed. Banksia was not
trapped again in this area until November 1994.
Charlene was trapped in the northern area of her home range in early May 1993 and
fitted with a new collar after the first collar failed (Fig. 4.11). She was trapped again in
the northern area in mid June 1993 after the second collar had failed, the transmitter
again becoming detached from the collar, but was not fitted with a new collar as she had
suffered from severe abrasion and chaffing around the neck. Charlene was trapped
again in late September 1993 (Fig. 4.12) and had six expanded teats and was presumed
to have young in a den, but was not collared and then was not trapped again until early
January 1994 when she was radio-collared. Between January and April 1994, a
sufficient number of points were obtained to map the northern portion of Charlene’s
home range (Figs 4.12, 4.13). Charlene’s home range now extended over a linear
distance of 8.25 km (Table 4.2).
At the end of November 1993, a second female Christmas Bell (Plate 4.1) was trapped
and radio-collared in the northern part of the study area to the east of Charlene’s home
range. In the period from January to April 1994, a sufficient number of points were
obtained to map a home range area for Christmas Bell (Figs 4.12-4.13). The home
range areas of Charlene and Christmas Bell remained discrete from each other with no
overlap. A small hill lying between the two home range areas was observed to be
visited once by Charlene, being the most eastern extension of her home range area, and
twice visited by Christmas Bell, being one of the most western points in her home
range. Charlene’s visit was in mid February when she may have been dispersing away
from young or testing opportunities to expand her home range area. Christmas Bell
visited the hill, which was closer to her home range area, for three consecutive days in
early June 1994 during the presumed mating period (Figs 4.13, 4.14). Habitat type may
have also influenced the lack of overlap between these females’ home range areas and
will be discussed further in Chapter 5.
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During the mating period in late May and June 1994, both females Charlene and
Christmas Bell expanded their home range areas to the south (Fig. 4.14). Charlene
returned to the southern area of her home range on the banks of Limeburners Creek, to a
new burrow not previously recorded and a log den previously used by Raylene. In early
May 1994, a new one-year-old female, Wattle, was trapped in Charlene’s northern
home range area at a trap at one of Charlene’s log dens that had captured Charlene two
days before. Wattle may have been one of Charlene’s young of the 1993 breeding
season. If so, Charlene will have again dispersed away from her daughter as she did
with Banksia. However, Wattle was found dead in a log den on 3.6.94, her signal had
not moved since 29.5.94 when she is presumed to have died. She was too decomposed
to determine the cause of death. Charlene again returned to the northern part of her
home range on 4 & 5.6.94 but on the subsequent field trip in late June (27.6.94) she had
again moved south to one of the burrow dens of the 1992 breeding season on the banks
of Limeburners Creek, after which she disappeared from the study area and is presumed
to have died.
A new female, Scarlet, appeared in Christmas Bell’s home range in early June 1994
(Fig. 4.14). She was likely a one-year-old animal as she was relatively light in weight
(1.65 kg) and her teats were very small at 1.5 mm. Scarlet was not radio-collared and
was not caught on any subsequent field trips. Her relationship to Christmas Bell is
unknown but Christmas Bell had young in the 1993 breeding season, as she had four
expanded teats, 11 mm in length, when first captured on 30.11.93. Christmas Bell
raised a litter of five young in the 1994 breeding season until her death on 26.11.94,
spending the majority of her time in the central and southern areas of her home range
(Fig. 4.15). Christmas Bell’s home range extended over a linear distance of 4.4 km
(Table 4.2).
In late November 1994, Banksia was trapped and radio-collared on the banks of
Limeburners Creek in the southern part of Charlene’s former home range near the
maternal dens, 17 months after she was last trapped there (Fig. 4.15). Banksia was
monitored over the subsequent two field trips until late January 1995 where she was
observed to use two maternal den burrows used by Charlene and ventured south into
what had previously been Raylene’s former home range. Banksia’s home range
extended over a linear distance of 2.5 km. When first trapped in November 1994
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Banksia had five expanded teats 12 mm high indicating she had raised young in the
1994 breeding season. No juvenile Tiger Quolls or other females were trapped in that
area during those field trips. Banksia’s home range area of 61 ha (MCP) is very small
compared to other females (Table 4.1) and is likely an underestimate but this is due to
the short period she was radio-collared (2 months) and relatively few locations
recorded. Banksia’s radio signal was last recorded in late January 1995 coming from a
burrow den formerly used by Charlene on the banks of Limeburners Creek for four
consecutive days. It was not known if she had died or the collar had come off or the
transmitter detached, but she was not located on the last field trip in April 1995.
4.3.2.2 Males

Male home range areas overlapped extensively with other males and females at all times
of the year although part of each male home range area appeared to be used exclusively
by that male (Figs 4.7, 4.8). As only larger (> 1 year old) males were radio-collared the
presence of other smaller younger males could not be discounted but few other
individual males were trapped at trapping transects when larger males were present. At
any one time, up to four large males were known to be present in the study area, and this
occurred most commonly during the mating period in May-June. Radio-collared males
were often harder to locate than females due to their more wide ranging movements and
often insufficient points were gained to map a home range area for a particular period.
Overlap in male home ranges between contemporary individuals ranged from 48-64%
and similar to females, home range areas often expanded with the death or
disappearance of a neighbouring individual. Male home range overlap with females
ranged between 47-100% for contemporary individuals (Fig. 4.8).
The first large male trapped was Fang (2.65 kg), in the southern part of the study area in
late December 1992. He was missing one canine, and was not located on any
subsequent trips.
Charlie (Plate 4.2) was the next large male (3.725 kg) trapped in the southern part of the
study area. Charlie was radio-collared and during the period from March 1993 to
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a. Charlene (1.925 kg) on the 30.12.92

c. Christmas Bell (1.95 kg) on the 4.4.94

b. Raylene (2.325 kg) on the 29.5.93

d. Banksia (1.9 kg) on the 14.6.94 at ~ 1 year
11 months old.

Plate 4.1: Wild adult female Tiger Quolls of Limeburners Creek Nature Reserve.
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a. Charlie (3.725 kg) on the 27.3.93

c. Bloodwood (3 kg) 1.5.94

b. Blackbutt (2.475 kg) on the 23.9.93

d. Needlebark (1.85 kg) on the 29.1.95

Plate 4.2: Wild adult male Tiger Quolls of Limeburners Creek Nature Reserve.
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Figure 4.9: Female Tiger Quolls and young in the southern part of Limeburners Creek Nature Reserve.
Charlene and her young Banksia and Bracken occupied maternal burrows in the banks of Limeburners
Creek. Raylene was south of Shoreline Drive. Fang (adult male) was not trapped again and may have
been transient or died.
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Figure 4.10: Charlene has left young Banksia and Bracken and moved to the northern area of her home
range. Banksia is going further in her explorations. Bracken left the area in February and was not
trapped again and is presumed to have dispersed. Raylene extends across Shoreline Dr into part of
Charlene’s former range. Large adult male Charlie appears.
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173

Chapter 4 Spatial and Social Organisation

$

$

#
###
#
$
#
#
$
#$

#
#
#
$

$

$ $
$

$
$
$
$

$

$

$

N

0

Females
Christmas Bell home range - adult female
Christmas Bell locations - adult female

#
#

Charlene locations - adult f emale

Males
Blackbutt home range - adult male
Blackbutt locations - adult male

$

$
$

Charlie locations - adult male
Bloodwoodt loc ations - adult male

1

2

3

4 Kilometres

Period 4 September 1993 - January 1994 nursing / late nursing young

Limeburners Creek Nature Reserve

Figure 4.12: Raylene has disappeared and may have been killed by people. Banksia has disappeared but
was not radio-collared. Charlie was found dead in an oysterman’s tar box with a dead rat. Blackbutt’s
home range extends to the eastern side of Limeburners Creek where there may be another female.
Christmas Bell is discovered. Bloodwood is still present. Charlene remains in the north.
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Figure 4.13: Bloodwood extends his home range further west into what was part of Charlie’s home range
and overlaps extensively with Blackbutt although part of each home range is used exclusively by each
male. Charlene and Christmas Bell have both had litters in the 1993 breeding season evident by their
extended teats but no young quolls were trapped. Charlene explores out to the east to the boundaries of
Christmas Bell’s home range. Juvenile male Needlebark appears in Christmas Bell’s home range.
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Figure 4.14: Blackbutt expands his home range to the north where there is possibly another female, also
visiting Charlene and Christmas Bell and possibly another female in the south-east. Charlene returns to
the burrows on the bank of Limeburners Creek in the southern area of her home range. Wattle appears in
Charlene’s northern home range and may be her young of 1993 but Wattle is found dead shortly after.
Scarlet, first year female, appears in Christmas Bell’s home range and may be her young of 1993.
Bloodwood visits Charlene and Christmas Bell and possibly Scarlet. Banksia has disappeared but was
not radio-collared.
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Figure 4.15: Blackbutt has died. Bloodwood expands his home range to the north into part of Blackbutt’s
former home range. Charlene disappears and has probably died or been killed. Christmas Bell had a
litter of five young in the 1994 breeding season and three were trapped in November estimated to be 142146 days old, but Christmas Bell was found dead a couple of days later and no young quolls were trapped
again in that area and most likely died. Banksia re-appeared at her nursery burrows in the banks of
Limeburners Creek in the southern part of Charlene’s and Raylene’s former home ranges in November
1994 but had disappeared after January 1995. Needlebark re-appears along with Brushbox and
Paperbark.
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September 1993 and his home range area intersected or included the home ranges of
three known females, Raylene, Charlene, Banksia, and probably also Christmas Bell,
who was not discovered until November 1993 but was known to have bred in that year
(Fig. 4.8). At its greatest known extent, Charlie’s home range extended over a linear
distance of 10.75 km (Table 4.2).
During the mating period in June 1993 three other large males Brian (3.35 kg),
Blackbutt (2.275 kg) and Bloodwood (2.225 kg) (Plate 4.2) were trapped in the study
area and may have been competing with Charlie for mating opportunities with females,
having been recorded at sites where females were present (Fig. 4.11). At that time,
Brian who was the next largest male, was radio-collared but had disappeared by the
following trip in July and may have been killed by another animal or people.
In September 1993, Charlie was found dead in an oyster farmer’s tar box. Blackbutt
was successfully radio-collared in that month and his home range area over the next
four months overlapped with part of Charlie’s former home range and intercepted
Charlene’s and Christmas Bells’s home range but also included areas to the east of
Charlie’s home range, east of Limeburners Creek (Fig. 4.8). Whether an additional
fourth female was present east of Limeburners Creek was not established, despite some
limited trapping, but this may have been the case. Bloodwood was radio-collared in
November 1993 but difficulties with the radio collar meant few location points were
obtained up to January 1994.
In the period of juvenile and adult dispersal from February to April 1994, following the
1993 breeding season, Bloodwood (3.15 kg) was re-collared and his home range area
was shown to overlap extensively with male Blackbutt (3.05 kg) and female Christmas
Bell as well as intercept female Charlene‘s northern home range area (Fig. 4.13). It also
included some of what had previously been Charlie’s home range. At this time both
these males had peaked in body weight (see Chapter 2) and were in very good condition
with no signs of mange on the coat, as they approached the 1994 breeding season. In
this period difficulty with Blackbutt’s collar meant few location points were obtained.
A third small male Needlebark (1.2 kg) (Plate 4.2) was trapped in Christmas Bell’s and
Blackbutt’s home range in a trap that had previously caught Christmas Bell and
Blackbutt a few days earlier. He was probably young of the 1993 breeding season and
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therefore likely to be about nine months old. Needlebark was not seen again in the
study area until late January 1995.
In the 1994 mating period in May-June, Blackbutt was re-collared and extended his
home range area to the south to within 300 m of an urban area, and a further 7 km to the
north, to an area of low hills among swampland near the boundary of the reserve. These
northern hills may have supported a possible fifth female home range (Fig. 4.14).
Blackbutt’s home range area now extended over a linear distance of 11.75 km.
Difficulties with Bloodwood’s collar meant few points were obtained for him in this
period although he was trapped at sites where females Charlene and Scarlet had been
present. The presence of a possible fifth female home range in these most northern hills
could not be confirmed, although it was likely, as access for trapping was limited due to
the swampy nature of the area.
On 28.6.94, Blackbutt was trapped in Christmas Bell’s home range in a very
emancipated condition, four months after he had peaked in weight at 3.05 kg in March
1994. His movement was very slow and his weight had dropped to 1.9 kg. He had lost
one lower incisor and broken a lower canine and the base of the tail was very bony
lacking any fatty covering and he appeared very pale and whitish around the mouth
where normally it would have been deep pink. Blackbutt died on route to the
veterinarian 40 minutes later.
With the death of Blackbutt following the 1994 mating period, and in the five months
following, Bloodwood expanded his home range to the north to include some of the
northern hills area near the boundary of the reserve, where Blackbutt’s home range had
extended (Fig. 4.15). However, he did not occupy the most south-eastern area of
Blackbutt’s home range or the most southern area of Charlie’s former home range (Fig.
4.15). Bloodwood’s home range now extended over a linear distance of 11.25 km.
Between July and September 1994, Bloodwood maintained reasonable weight ranging
from 3 to 2.75 kg. In December 1994, he was found dead beneath the floor of one of
the small cabins he regularly denned at in the Point Plomer camping area. Bloodwood
was the last large male encountered in the study. In late January 1995 Needlebark
reappeared in the southern part of the study area in what was now Banksia’s home
range. In the intervening 10.5 months he had increased in weight from 1.2 to 1.85 kg
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that was still considerably lighter than weights of males (3.05-3.775 kg) which had been
considered the likely suitors of females in the 1993 and 1994 breeding seasons. Was
Needlebark at an estimated age of 18-19 months poised to take on the role of a breeding
male in the 1995 breeding season? If he continued to gain weight at similar rate, he
may have reached 3 kg or more by June 1995 but he may not have reached his peak
until the 1996 breeding season.
4.3.2.3 Scent marking

In captivity, Tiger Quolls commonly deposit their scats in a particular corner of their
enclosure or sometimes on a raised timber platform made from a part of a tree trunk.
Collections of scats as these have been referred to as latrine sites (Belcher 1995, Kruuk
& Jarman 1995). During the mating period cloacal dragging was observed in both
males and females and at this time, both sexes could be observed standing erect on their
hind legs sniffing. The substrate or objects such as grass tussocks may be marked in
this way by secretions of urine or other substances and on one occasion a male Tiger
Quoll was observed to rub his throat and chest on the tussock after he had marked it.
Another male was observed to lie flat across a flattened sedge tussock. During the
mating period male Tiger Quolls were observed to develop yellowing of the fur below
the angle of the mouth. Encounters between individual Tiger Quolls in the breeding
period, usually involved sniffing at the mouth and /or cloaca.
In the wild, collections of scats were found, but were uncommon. In the Jamberoo
study site in the Illawarra, scat collection was regularly undertaken from the surrounds
of a house that was located among bushland on the edge of the Illawarra escarpment.
Tiger Quoll scats were collected once a month for several months from the smooth
convex top of a large fibreglass septic tank that was set in the ground, about 30 cm
above ground level, and also from the smooth cemented edges of a large fish pond. At
neighbouring Barren Grounds Bird Observatory, scats were occasionally collected from
cement footpaths between small buildings. A small number of scats were collected
from the top of mossy covered rock platforms from a neighbouring property. Extensive
searches for scat sites in this area were not undertaken.
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At Limeburners Creek Nature Reserve, scats were regularly collected from the flat top
of a metal water tank about 2 m high, next to an oyster farmer’s hut on the banks of
Limeburners Creek, located next to one of Charlene’s burrows where she is thought to
have nursed young. Scats were also occasionally found on cement footpaths between
the cabins at Point Plomer camping area. Scats were sometimes collected from the
entrance to Charlene’s den burrow on the banks of Limeburners Creek and also from
sites where traps were regularly placed and Tiger Quolls had been captured, particularly
during the period prior to mating. Other than these sites, few other scats were
encountered in Limeburners Creek Nature Reserve despite traversing a large area of the
Nature Reserve on foot and examining all fallen logs encountered for scats. Tiger Quoll
scats were never found on top of vegetation such as grass tussocks but always on bare
open surfaces. The Nature Reserve is situated on a sand plain and has few natural rocky
areas, except three rocky headlands on the coast, to provide a ready substrate for scat
deposition. However, the possibility that wild Tiger Quolls sometimes deposit scats in
elevated positions, such as trees, cannot be discounted given captive Tiger Quolls
deposited scats on elevated half sections of hollow logs (Plate 6.2).
Scat deposition is likely a means of olfactory communication between Tiger Quolls in
the wild and large scats (large diameter) deposited at the den and trap sites may have
been deposited by large males to indicate their presence to females and other males.
Scent left by scats, urine or other secretions may also have played a role in the
sequential captures of individual Tiger Quolls in the same trap on any one field trip.
Juveniles were caught sequentially in the same trap in February and with their mothers,
1-3 days apart in the months of May, November, December and January. Adult males
were captured sequentially 1-2 days after adult females in the months of December,
January, March and June and following other males 1-3 days apart in March and June.
Captures of adult females following other adult females and more interestingly adult
males 1-2 days apart, only occurred in June in the estimated mating period (Table 4.3).
The single instance of a female following a female in June was of Banksia following
Raylene who was preceded by Brian three days earlier. These instances suggest that at
mating times, when males seek out females, females may also seek out males within
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Table 4.3: The number of instances of sequential captures of different Tiger Quolls in the same trap 1-3
days apart. It is presumed that the scent of the previous trapped Tiger Quoll would still be present in the
trap over this short period. Individuals may have been attracted to, deterred by or indifferent to the scent
of other Tiger Quolls. May, June and July are the months of breeding activity with mating in June in
Limeburners Creek Nature Reserve.

Quarterly
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year
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1
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1

1

182

1

1
2

Adult
female to
adult
female

2

Adult
male to
adult
Totals
male

4

1

June-JulyAugust
SeptemberOctoberNovember
Totals

Adult
female to
adult male

1

3

2

3

1

1

7

4

3

1

2

1
15

Chapter 4 Spatial and Social Organisation

their home range.
The role scent plays in communication between Tiger Quolls requires further
investigation but it is likely to be particularly significant during the breeding period.

4.3.2.4 Proximity of individuals

Despite males having extensively overlapping home ranges individuals rarely came
within close proximity of each other i.e. to within 500 m or closer, on any day or
consecutive day. Similarly, but not as surprisingly, given their discrete home range
areas, females rarely came within close proximity to each other, other than mothers and
young. Throughout the period of the study, individual Tiger Quolls came within 500 m
of another Tiger Quoll on the same or consecutive day, on only 29 occasions (Fig.
4.16). The most common possible encounter was between males and females,
especially during the month of June when mating occurred, but also in the months
leading up to June (Fig. 4.17).
Potential encounters between adult females were rarely recorded, with only two
instances observed in the study when unrelated females were within 500 m of each other
on any day or consecutive day. One of these was between Charlene and Wattle, and
Wattle may have been Charlene’s daughter of the 1993 breeding season, and the other
between Charlene and Raylene.
Another potential encounter occurred during the June 1993 breeding season, when
Raylene and Banksia were trapped two days apart, in the same trap, on the bank of
Limeburners Creek, near one of Charlene’s maternal den burrows of the 1992 breeding
season. However, Brian had been caught in the same trap for two consecutive days
prior to Raylene and it is possible that both females were reacting to the scent of the
male rather, than Banksia to Raylene. Following this period of potential encounters
between Raylene and Banksia, Banksia was not trapped again in this area until
November 1994. Competition for maternal burrow sites may have occurred at this
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Figure 4.16: The proximity of adult Tiger Quolls to each other on the same day or consecutive days, as
indicated by trapping or radio-tracking out of 212 days when trapping or radio-tracking was undertaken.
Individual Tiger Quolls were found to be within 500 m or closer to another individual on n=29 occasions.
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Figure 4.17: The time of year when adult Tiger Quolls are within 500 m or less of another individual on
the same day or consecutive day as determined by trapping and radio-tracking out of 212 days when
trapping or radio-tracking occurred. Individuals were found to be within close proximity on n=29
occasions which included the months leading up to and including the mating period in June in
Limeburners Creek Nature Reserve.
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time and Raylene at 2.275 kg was significantly heavier than Banksia at 1.7 kg.
These results support the premise that Tiger Quolls are solitary in nature.

4.3.3 Den use

Fifty-three different dens were located during the study. Females were recorded using
42 different dens and males 12 different dens with one den being used sequentially by a
female and male. At no time during the study did female Tiger Quolls share dens with
other females or males, other than with young of that breeding season. The length of
time mothers shared dens with young could not be established as no juvenile Tiger
Quolls were radio-collared although they remained in close proximity until either
juveniles or adult females dispersed. Sequential den use between females was only
observed to occur 6-24 months after the former occupant had died, or disappeared from
the area (Table 4.4). Sequential den use between females and males was observed on
one occasion prior to the breeding season in March/April 1993 when large male Charlie
occupied a log pile for three days that female Raylene had occupied 8 days earlier
(Table 4.4).
At no time during the study were males observed to share dens or to use a den
sequentially after another male although the total number of times males were observed
to use a den was low (Table 4.4).
Tiger Quolls generally moved to a new den each day and 90% of stays for females and
76.47% of stays for males were for a single day (Fig. 4.18). A smaller proportion of
occasions, den stays would extend over several consecutive days and for females this
was generally during the nursing period when pouch young first detached from the teat
and were deposited in a maternal den. For males consecutive stays were more common
in the period prior to and after the mating period in May-June (Fig. 4.19).
The longest consecutive stay at a den site for a female was 8 days, by Christmas Bell in
early October 1994, when her young were estimated to be ~84-94 days old. The site
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Table 4.4: The number of instances of repeated use of dens by Tiger Quolls on separate occasions and the
time period elapsed between the sequential use of a den by another individual.

No of dens used
Time period between sequential
sequentially by another quoll
occupation by another quoll
Individual

No dens
used

No of dens
re-used (%)

male

female

Females
Charlene
Banksia
Raylene
Christmas Bell

18
5
9
12

5
2
3
4

(27)
(40)
(33)
(33)

0
0
1
0

2
0
1
0

Males
Charlie
Blackbutt
Bloodwood

4
5
3

1 (25)
1 (20)
2 (66)

0
0
0

0
0
0
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Figure 4.18: The number of days spent in the same den for n=60 occasions for females and n=18
occasions for males. Den stays were generally for one night only with a small number of instances of two
or three consecutive nights in the same den. The one instance of eight consecutive nights was for female
Christmas Bell when she had recently deposited her pouch young in a den.

187

Chapter 4 Spatial and Social Organisation

9

Number of stays / days

8

a. females

No of consecutive
stays
Greatest No of
consecutive days

7
6
5
4
3
2
1
0
D-J-F

M-A-M

J-J-A

S-O-N

Tri-monthly period

9

No of consecutive stays

b. males

Number of stays / days

8

Greatest No of
consecutive days

7
6
5
4
3
2
1
0
D-J-F

M-A-M

J-J-A

S-O-N

Tri-monthly period
Figure 4.19: The period of the year and length of consecutive den stays by (a) female and (b) male Tiger
Quolls in Limeburners Creek Nature Reserve. Females are likely to use single dens for consecutive days
during the nursing of young when pouch young have been deposited in a den in spring. Stays of up to
eight days were recorded but were likely to have been longer as monitoring periods were limited. Males
rarely stayed in den more than one night although the number of male dens located was much fewer than
females.
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Figure 4.20: Individual Tiger Quolls were observed to re-use some dens on separate occasions although
the majority of observations were that dens were used once during the period of the study. However as
monitoring was restricted to commonly 7-10 days per month re-use of dens may have been more
common. Females were observed to use a den on n=45 separate occasions and males on n=12 separate
occasions. Consecutive stays in a den are treated as one occasion. Females were recorded using 42
different dens and males, 12 different dens with one den used by both a female and male. One male
Bloodwood repeatedly returned to den under a small cabin in the Point Plomer camping area and was
regularly seen by residents there. Female Charlene returned to use den burrows in the banks of
Limeburners Creek in two separate breeding seasons.
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was a burrow entering the ground around the roots of an upturned log and was a
presumed maternal site, where Christmas Bell would have deposited her newly detached
pouch young some days prior to the commencement of the field trip on 24.9.94. It is
therefore likely that this stay extended over a greater number of days, prior to, and
possibly beyond the 8 day period of the field trip, as young are recorded to be free of the
teat in captivity between 56-79 days. Christmas Bell was first recorded using this den
burrow on 2.9.94 at the end of the previous field trip. The second longest stay recorded
was for Christmas Bell for a period of 3 days in late October 1994, when mobile small
young (~114 days old) were left in a log den.
The longest consecutive stay recorded for a male was for 3 days by Bloodwood, who
occupied a log den in the northern part of Charlene’s home range in March 1994 (Fig.
4.19).
Individual Tiger Quolls occupied a number of different dens (Table 4.4). The greatest
number of dens recorded to be used by an individual was 18 by female Charlene, who
was also one of the individuals who was radio-tracked over one of the longest periods,
intermittently for 17 months. Female Christmas Bell was radio-tracked over 12 months
and was known to use 12 dens. These females and others radio-tracked in the study,
were not successfully tracked to dens each day of fieldwork, and fieldwork only
occupied 7-10 days per month, therefore the number of dens found only represents a
proportion of probable dens used by individuals and the total number is likely to be
significantly greater. A proportion of known dens were re-used by individuals and for
females Charlene, Raylene and Christmas Bell, for which reasonable home range
estimates were obtained, this varied between 27-33% (Table 4.4). The greatest number
of times an individual den was used was five by Bloodwood at his den site under a cabin
at Point Plomer camping area (Table 4.4, Fig. 4.20). It is likely this site was used on
many more occasions than was recorded as Bloodwood was sighted or caught by
residents at Point Plomer on several other occasions. Charlene was recorded using one
of her den burrows on the banks of Limeburners Creek on four separate occasions.
Fewer dens were found for males, which were more difficult to locate on a daily basis,
due to their larger home ranges and more widely ranging movements. On several
occasions when tracking a male’s radio signal to its source, the signal moved off when
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the observer was within close proximity, (indicated by the nature of the radio signal),
suggesting the quoll may not have been in a concealed den but sheltering within
vegetation or in trees. This rarely occurred when tracking females to dens.

4.3.4 Movement

Tiger Quolls occupy large home range areas that are reflected in the distances covered
in their daily movements. The mean distance of daily movement per month varies
between sexes and time of the year.
Female mean daily movement per month ranged between 253–1384 m (Fig. 4.21) and
was least in September when young would be first free of the teat and left in a maternal
den, and greatest in June and July during the mating season and when females had small
pouch young. The greatest daily movements for females of 5003 m and 3788 m were
recorded in June and July respectively, the former being when Charlene moved from
her southern to her northern home range area for the 1993 breeding season (Fig. 4.21).
Mean daily distances moved per month for individual females most commonly ranged
between 300-1000 m (Fig. 4.22).
Mean daily movement per month for males was noticeably greater than that of females
in 7 of the 8 months where information was available (Fig. 4.21). Mean daily
movement per month for males ranged between 879 – 2798 m and was greatest in June,
July, September and October, which included the breeding season. The greatest daily
movements recorded for males were of 8596 m by Blackbutt in June during the mating
season, and 8246 m by Bloodwood in October 1994 when he was expanding his home
range area following the death of Blackbutt in June 1994 (Figs 4.21, 4.14). Mean daily
distances moved per month for individual males most commonly ranged between 13002800 m (Fig. 4.22).
Males could cover considerable distances over several days. In April 1993, Charlie
travelled 19 km over 9 days, visiting three known and one probable female home range
areas. In May 1994, Blackbutt travelled 13 km in 6 days, visiting two known and a
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Figure 4.21: Mean daily movement of three female and three male Tiger Quolls over the year, showing
minimum and maximum range, from n=223 occasions of movement monitored on consecutive days.
Data for the three females and three males were combined to obtain means and the number of instances
used to calculate means is shown. Males were generally observed to display much greater daily
movement than females in most months of the year when data was available.
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Figure 4.22: Mean daily movement over the year for individual (a) female and (b) male Tiger Quolls in
Limeburners Creek Nature Reserve. Information was not available for all individuals in all months.
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possible third female home range area and in May-June 1994 he travelled 13.2 km in 6
days visiting one known and two possible female home ranges. Bloodwood travelled
over 20 km in 9 days in September-October 1994, visiting two known and a possible
third female home range area, and in October 1994 he travelled 19 km over 7 days
visiting two known and a possible third female home range area (Fig. 4.23).
The weekly movements of females were less than males but still covered several
kilometres within their home ranges. Greatest movements were recorded in the mating
period and period of small pouch young over June-July or when quolls took up vacant
areas in neighbouring female home ranges. Smallest movements were recorded in
September when pouch young would have been deposited in a nursery den (Fig. 4.24).
Over a week in May-June 1994 Charlene travelled 7 km and in May 1993 Raylene
travelled 8.3 km over 3 days when expanding her home range into part of Charlene’s
former home range. In May 1994 Christmas Bell travelled 4.25 km in 7 days and in
June 4.8 km over 7 days. In early September when newly detached pouch young would
have been deposited in a nursery den Christmas Bell travelled 2.25 km in 4 days. By
late September-early October when young would have been in the den with eyes newly
opened Christmas Bell travelled 5.5 km over 10 days, but within a small area around the
nursery den (Fig. 4.24).
The number of captures of Tiger Quolls per month on transects varied throughout the
year and is likely to be related to the breeding cycle and daily movement patterns of
males and females. Females were more readily trapped between January and June with
very few captures in July, September and October when females had small pouch young
or had small young left in the den (Fig. 4.25). No trapping was undertaken in August.
Juveniles entered the trappable population in November. Males were most readily
caught in June during the mating period when undertaking some of their greatest daily
movements (Fig. 4.25).
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Figure 4.23: Weekly movement patterns of large male Tiger Quolls in Limeburners Creek Nature
Reserve. Males could cover tens of kilometres over several days. Some of the greatest journeys occurred
during the breeding period but were not restricted to these times.
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Figure 4.24: Weekly movement patterns of female Tiger Quolls in Limeburners Creek Nature Reserve.
Some of the greatest movements were recorded by Charlene moving between southern and northern parts
of her home range. Christmas Bell’s movements became more restricted once she had deposited pouch
young in a nursery burrow from late August through to September.
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Figure 4.25: Captures of Tiger Quolls in Limeburners Creek Nature Reserve throughout the year in
respect to (a) total captures and (b) captures per hundred trap nights. Ten to thirty traps were set each
field trip, generally for 5-10 days.
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4.3.5

Activity

Tiger Quolls are considered to be largely nocturnal (Edgar & Belcher 1995).
Monitoring of Tiger Quolls in this study showed that they are not exclusively nocturnal.
This was especially so for females that were found to be active on 87 of the 179
occasions (48.6%) they were monitored during daylight hours (Fig. 4.26). Males were
less likely to be active during daylight hours with 10 out of 84 occasions (11.9%) when
they were found to be active (Fig. 4.26).
Females displayed activity in all seven diurnal two-hour periods but were more likely to
be active between 8-10 am. Diurnal activity in females was most common in the
autumn, winter and spring, especially for the period of heavy suckling of young in
winter and spring, and least common in summer when diurnal activity occurred later in
the day. Male diurnal activity was recorded in autumn, winter and spring but not
summer, although fewer radio locations were obtained for males.
Activity, as indicated by the nature of the radio signal, may not necessarily indicate
foraging although it is most likely, particularly when an individual was found in another
location a few hours later, or returned repeatedly to a particular den. In captivity Tiger
Quolls are observed to sun bask in the morning in the cooler months and this along with
activity within the den, particularly when nursing young, may have accounted for some
proportion of active signals. However, the greater frequency of diurnal activity for
females during the periods of rearing young suggests that females may need to forage
into daylight hours to provide sufficient food for growing young.

198

Chapter 4 Spatial and Social Organisation

12
a. Females

D-J-F
M-A-M

Number of occasions

10

J-J-A
S-O-N

8

6

4

2

0
6-8am

8-10am

10-12pm

12-2pm

2-4pm

4-6pm

6-8pm

Diurnal time period (EST)

12
b. Males

D-J-F
M-A-M

Number of occasions

10

J-J-A
S-O-N

8

6
4

2

0
6-8am

8-10am

10-12pm

12-2pm

2-4pm

4-6pm

6-8pm

Diurnal time period (EST)
Figure 4.26: Diurnal activity in seven two hour time periods (EST-eastern standard time) for (a) three
female Tiger Quolls and (b) three male Tiger Quolls monitored throughout the year. Females were
monitored on n=179 occasions during the day and found to active on 87 of these. Males were monitored
on n=84 occasions during the day and found to be active on 10 occasions. Female diurnal activity was
more common in early to mid-morning and late afternoon particularly during autumn (M-A-M), winter (JJ-A) and spring (S-O-N) and least common in summer (D-J-F). Winter and spring are periods when
females are nursing young with high lactation demands. In summer juveniles make independent
excursions and will disperse. In autumn adults are preparing for the next breeding season. Males were
rarely found to be active diurnally.
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4.4

Discussion

4.4.1

Home range area

Adult Tiger Quolls in the low altitude coastal habitats of Limeburners Creek Nature
Reserve occupied large home range areas. The size of these home range areas for
individuals where asymptotes were reached or approached, were found to range from
509-1511 ha (mean 861.3 ha, n=3) (MCP) for females and 2302-3401 ha (mean 2907
ha, n=3) (MCP) for males (Table 4.1). The linear distances that home ranges
encompassed ranged from 4-8.25 km for females and 10.75-11.75 km for males (Table
4.2). Home range areas were not well defined by den sites alone, which were
concentrated in areas of eucalypt forest and woodland and not spread evenly between all
available habitats (see Chapter 5).
These results are comparable with the findings of Belcher (2000) and Belcher & Darrant
(2004) for home range areas of the Tiger Quoll in the high altitude montane eucalypt
forests of south-eastern Australia where female home range areas ranged in size from
185-1157 ha (mean 457.7 ha, n=9) (MCP) and males from 345-4186 ha (mean 1157.5
ha, n=12) (MCP) (Table 4.5). In the two tall moist open forest sites at Badja and
Tallaganda State Forests, mean home range area for females was respectively 596 ha
and 380 ha, and for males 1130 ha and 2791 ha. At the drier open forest site at Suggan
Buggan home range size was not markedly different with a mean home range area of
613 ha for females and 1346 ha for males. However Belcher & Darrant (2004) suggest
that these estimates are likely to be underestimates as asymptotes were only approached
for one female and one male.
Firestone (1999) reported home range areas of female Tiger Quolls in the moist
eucalypt forests and rainforests of the Barrington Tops area in the order of 2-4 km2
(200-400 ha). Preliminary home range estimates reported by Watt (1993) for male
Tiger Quolls in south-eastern Queensland, of 540.1-954.2 ha (MCP), are much smaller
than the current study or estimates of Belcher & Darrant (2004). However Watt (1993)
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Table 4.5: Home range size of medium and large sized insectivorous and carnivorous Dasyurid marsupials. Mean body weight in grams (g). Home range area in hectares (ha)
as means with range or standard deviation in brackets if available, otherwise largest area reported. All home range areas calculated using Minimum Convex Polygon (MCP)
method. * Modified MCP method, largest area estimate, not mean given, see Serena & Soderquist (1989).
Female
weight (g)

n

Mean female home range area
(ha) (±SD or range)

Male
weight (g)

n

Mean male home range area
(ha) (±SD or range)

Author

Phascogale tapoatafa

155

23

41 (±14.6 SD)

230

17

106

Soderquist 1995

Dasyurus hallucatus
(Kakadu NP, NT)

460

6

35 (12-66)

760

6

99

Oakwood, 1997, 2002

Dasyurus hallucatus
(Pilbara, WA)

463

3

220 (75-443)

793

5

382 (5-1109)

King 1989

Dasyurus viverrinus

880

19

35 (5-112)

1300

19

51 (6-114)

Godsell, 1983, 1995

Dasyurus geoffroii

890

7

337*

1310

2

438* (to 1500?)

Serena & Soderquist 1989,
Serena et al. 1991

Dasyurus maculatus gracilis

1150

5

150 (98-205)

1600

Species

Dasyurus m. maculatus
(Girraween NP, Qld.)

Burnett 2001

4460

3

771 (540-954)

Watts 1993

Dasyurus m. maculatus
(Kosciuszko NP, NSW)

1621

7

244 (88-653)

2614

7

992 (359-2561)

Claridge et al. 2005

Dasyurus m. maculatus
(Suggan Buggan, Vic.)

1800

2

613 (325-900)

2770

5

975 (363-1550)

Belcher 2000, Belcher &
Darrant 2004

Dasyurus m. maculatus
(Badja SF, NSW)

1800

3

596 (294-1157)

2970

5

833 (345-1347)

Belcher 2000, Belcher &
Darrant 2004

Dasyurus m. maculatus
(Tallaganda SF, NSW)

1600

4

277 (185-417)

2760

2

2426 (666-4186)

Belcher 2000, Belcher &
Darrant 2004

Dasyurus m. maculatus (Limeburner's
Creek NR, NSW)

2290

3

862 (509-1511)

3325

3

2908 (2302-3401)

this study
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radio-tracked quolls for very short periods (62-102 hours) and this study demonstrated
that radio-tracking over several months was necessary to reach asymptotes for home
range area for Tiger Quolls.
Claridge et al. (2005), in a study of the Tiger Quoll, Dasyurus maculatus maculatus, in
a rain shadow woodland in southern New South Wales reported smaller mean home
range areas for Tiger Quolls of 244 ha (range 88-653 ha) for females and 992 ha (range
621-2561 ha) for males. However, this study was comparatively short, being
undertaken over 3-4 months with generally a small number of locations obtained (1329) and so may not have detected the full extent of home range areas. The maximum
sizes of home ranges are closer to estimates made in this and the study of Belcher &
Darrant (2004).
For the smaller rainforest dwelling northern form of the Tiger Quoll, Dasyurus
maculatus gracilis (1.15-1.6 kg), Burnett (2001) reported mean home range areas for
females of 150 ha (range 98-205 ha). However, he considered most of the home range
estimates as underestimates given the small number of locations (12-30) and relatively
short time periods individuals were tracked (74-140 days). He also noted that most
radio-tracking was undertaken when females had dependent nest bound young. This
study, in Limeburners Creek Nature Reserve, found that the daily movement of females
was reduced, when nursing young that had been recently deposited in a maternal den.
Burnett (2001) also considered D. m. gracilis to be very arboreal in habits and therefore
a three dimensional factor would be part of any home range area.
Home range areas for the southern form of the Tiger Quoll, Dasyurus maculatus
maculatus, are significantly greater than that reported for smaller members of the genus
Dasyurus. The next largest member of the genus is the Western Quoll, Dasyurus
geoffroii (0.615-2.185 kg). Females of this species are reported to have a home range
area of approximately 300-400 ha with a core area of 55-120 ha and males a home range
area of approximately 1500 ha with a core area of 390-440 ha, although for males
asymptotes were not reached (Serena & Soderquist 1989a, Serena et al. 1991).
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For the similarly sized Eastern Quoll, Dasyurus viverrinus (0.7-2.0 kg), home range
areas reported by Godsell (1983) in Tasmania are comparatively small, for females 35
ha (mean) and males 51 ha (mean) (Godsell 1983). However densities of Eastern Quoll
at this study site in Tasmania were very high, estimated at 0.9-4.5/ha (Godsell 1983),
indicating the high productivity of the site. This may account for the very small home
range areas compared to the Western Quoll which is reported at densities of 1 female
/1.5 linear km of road transect in south-western Western Australia (Serena et al. 1991).
The Northern Quoll, Dasyurus hallucatus, is the smallest member of the genus (0.3-0.9
kg) in Australia. Home range areas for this species in Kakadu National Park have been
estimated for females as 11.8-66.4 ha (mean 34.8 ha, n=6) (MCP) and for males as
26.3-152.6 ha (mean 84.1 ha, n=8) (MCP), although asymptotes were not reached for
males, which often moved out of radio-tracking range. Densities for resident females
ranged from 4/km2 in the wet season and early dry season to 1/km2 in the late dry
season. Male densities ranged from none in the mid-late dry season to 4/km2 during
mating in the early dry season (Oakwood 2002). Home range areas for this species in
the more arid Pilbara area were much larger, for females 75-443 ha (mean 220 ha, n=3),
and for males 5-1109 ha (mean 382 ha, n=5), and may be a consequence of possible
lower densities and lower productivity, although information on density was not
provided (King 1993).
The Tiger Quoll, Dasyurus maculatus maculatus, the largest member of the genus
Dasyurus, has the largest reported home range area in the three of the four broad habitat
types investigated to date; montane tall open eucalypt forest, montane rain shadow open
forest and lowland coastal sandplain open forest and woodland. The Tiger Quoll is also
the most carnivorous in diet among the quolls (Alexander 1980, Boschma 1991, Belcher
1995, this study) and as carnivores often have larger home ranges than insectivores of
similar size (Gittleman & Harvey 1982), it is likely to require a greater area, relative to
body weight, than the smaller, more insectivorous quolls. Area increases in home range
between female Western Quoll and female Tiger Quoll appear to fall within predictions
based on body weight (Fig. 4.27). However the significant differences in the size of
male and female Tiger Quoll home range areas, beyond that predicted by weight
differences alone, suggest that factors other than prey availability may be involved in
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Figure 4.27: The relationship between body weight in grams (g) and home range area in hectares (ha) for
male and female medium-sized Dasyurid insectivores and carnivores of the genus Phascogale and
Dasyurus. All species are sexually dimorphic in weight, males being up to twice as heavy as females.
Dasyurus maculatus is the most carnivorous of the quolls, with other species displaying varying degrees
of insectivory and herbivory. Phascogale tapoatafa is largely insectivorous. Body weights and home
range areas are given as means where available or otherwise the largest home range area is used. Studies
have been undertaken at several locations for some species. Studies on Dasyurus maculatus include TallTallaganda State Forest, Bdja-Badja State Forest, S.Bg.-Suggan Buggan (Belcher 2000, Belcher &
Darrant 2004), Kosci.-Kosciuszko National Park (Claridge et al. 2005), LBC-Limeburners Creek Nature
Reserve (this study). Dasyurus maculatus gracilis has been studied in far north-east Queensland (Burnett
2001). Studies on D. hallucatus have been undertaken at Pilb.-Pilbara, Western Australia (King 1989)
and Kak.-Kakadu National Park, Northern Territory (Oakwood 2002), on D. geoffroii in south-western
Western Australia (Serena & Soderquist 1989, Serena et al. 1991), on D. viverrinus in Cradoc Tasmania
(Godsell 1983) and for Phascogale tapoatafa in Victoria (Soderquist 1995).
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determining male home range size. Access to the greatest number of females for mating
is the most probable cause. Belcher (2000) and Belcher & Darrant (2004) also
considered access to females for mating was the most probable explanation for
significantly larger male home range areas in montane eucalypt forests. Spatial patterns
and movements of male Tiger Quolls in the Limeburners Creek Nature Reserve support
this proposal and are discussed below.
A similar pattern of males having significantly larger home range areas than females has
been described for other members of the family Dasyuridae, the Northern Quoll,
Western Quoll and the smaller, arboreal Brush-tailed Phascogale (Table 4.5, Fig. 4.27).
In these three species, access to the greatest number of females for mating is considered
the most likely explanation for the significantly greater home range areas of males
compared to females (Oakwood 2002, Serena & Soderquist 1989a, Serena et al. 1991,
Soderquist 1995a, Soderquist & Lill 1995).

4.4.2

Spatial and social organisation

The Tiger Quoll was found to be solitary except for mating and rearing of young. There
was no evidence to suggest males contributed to rearing of young as was suggested by
Settle (1978) for captive Tiger Quolls. Adult breeding females occupy discrete home
ranges to other breeding females, other than philopatric daughters that may share, or
take over, some of the adult female’s home range area. Home ranges of large breeding
males overlapped considerably with other large males (48-64%) and females (47100%), although part of the home range area appeared to be used exclusively by
individual large males. Both male and female home range areas were dynamic in size
and shape in response to the presence or disappearance of neighbouring individuals.
Adult females responded to the presence or absence of neighbouring females and
daughters, and males to the presence or absence of large males and females.
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4.4.2.1 Females

Female Tiger Quolls maintained largely exclusive home range areas at any period of
time, in respect to both denning and foraging areas. Dens were never shared between
females once adult or young had dispersed and young were independent. Should a
female disappear or vacate part of her home range then it would be likely to be taken up
by an adjacent neighbour. Raylene came to occupy all of what was Charlene’s and
subsequently Banksia’s southern home range area when both Charlene and Banksia had
vacated the area. Whether the presence of Raylene was the cause of Banksia vacating
this area is unknown but may be possible as Banksia re-established herself there in
November 1994 following Raylene’s disappearance in July 1993 and Charlene’s
disappearance in June 1994. The shortest period between the sequential occupations of
a den by another individual female occurred six months after the previous occupant had
moved or disappeared.
Den sharing by Tiger Quolls in montane forests was rarely observed, except for a
suspected mating and temporary shelter near a trap line (Belcher 2000, Belcher &
Darrant 2004).
Individual female Tiger Quolls in Limeburners Creek Nature Reserve were found to use
9-18 dens over the period of the study (Table 4.4), which is likely an underestimate of
the total number of dens used. Dens were most frequently recorded as being used on
only one or two occasions other than when females had deposited newly detached
young in a maternal den (Fig. 4.18). Belcher (2000) reported Tiger Quolls in montane
forests using up to 15 dens over periods of nine months, which he considered an
underestimate. Female Northern Quolls are reported using 20-55 (mean 35) dens each
and for the Western Quoll an average adult female was estimated using 66 logs and 110
burrow den sites over one year (Serena et al. 1991).
The function of dens for the Tiger Quoll is most likely for the provision of shelter and
protection from predators, for adults and young. There is unlikely to be any social
values given den sharing in adults, within or between sexes, was never recorded.
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Female Western and Northern Quolls also maintain largely exclusive home range areas
excepting for philopatric daughters, and den sharing is not commonly observed, other
than between known or suspected relatives, generally mother and daughter (Serena &
Soderquist 1989a, Oakwood 2002). In contrast, female Eastern Quolls have extensively
overlapping home ranges and do commonly share dens (17% of observations) between
same sex and opposite sex pairs and groups which may, or may not be related. Femalefemale (64%) and female-male (36%) associations were more common than male-male
associations (7%) but den sharing among females became very uncommon when
females were rearing young in the den between July and November (Godsell 1983).
Female Eastern Quolls used proportionately fewer den sites per individual (mean 4.6) in
respect to their home range area, than do Tiger, Western or Northern Quolls, and den
sites were commonly used a number of times (42% occupied on five or more
occasions). The most commonly used den type were burrows (72% of dens), which
were often multi-chambered. These factors in combination with extensively
overlapping home range areas and high densities of individuals (0.9-4.5/ha) may have
encouraged the practice of den sharing (Godsell 1983, Serena et al. 1991, Oakwood
2002).
Nest sharing has been observed infrequently in female Brush-tailed Phascogales for
both female-female and female-male combinations (Soderquist & Ealey 1994, Rhind
2003). An increased incidence in nest sharing in the winter of one year was attributed
to energetic stress of adults following severe drought conditions (Rhind 2003).
Potential encounters between adult female Tiger Quolls were rarely recorded with only
two instances observed in the study when unrelated females were within 500 m of each
other on any day or consecutive day. Adult females usually remained at least 500 m
and often further apart, on any one day or consecutive day, and did not appear to make
forays into another female’s home range when there was an individual occupying the
area. On one occasion in February 1994, Charlene made an excursion to a small
isolated hill approximately 1.5 km east of her northern home range area, where
subsequently Christmas Bell was recorded in May 1994 and which later formed the
western boundary of Christmas Bell’s home range. On that day Christmas Bell was
approximately 1 km to the north-east. Charlene was not recorded visiting that site again
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and it is likely that some olfactory cues may have informed Charlene of Christmas
Bell’s presence in the area.
The discrete home range areas occupied by female Tiger Quolls and exclusive den use
suggests that females are intrasexually territorial in this area, and it is likely that scent
markers convey an individual’s presence to other females and males. This pattern of
female territoriality was also found by Belcher (2000) and Belcher & Darrant (2004) for
Tiger Quolls in montane forests and has also been described for the Western and
Northern Quolls and the Brush-tailed Phascogale (Oakwood 2002, Serena & Soderquist
1989a, Serena et al. 1991, Soderquist 1995a). In the Northern Quoll, some degree of
home range overlap occurred between adult females in foraging but not denning areas,
although these individuals may have been kin, but no overlap was observed after young
were deposited in a den (Oakwood 2002). In the Western Quoll, home range overlap
occurred between mothers and daughters, including core areas and on occasion, with
nursery dens of mother and daughter being separated by as little as 70 m (Serena &
Soderquist 1989a).
In the Eastern Quoll, female home range areas overlapped extensively with both males
and females and neither females nor males were considered territorial (Godsell 1983).
However, when foraging, females remained on average 261 m apart from females and
306 m from males and did not forage as pairs or groups (Godsell 1983).
Territoriality has been proposed to exist as a means of protecting food resources and
shelter sites but also as a means of protecting young from predation by others of the
same species (Kaufmann, 1983, Ostfield 1985, Serena & Soderquist 1989a, Wolff
1993). The lack of territoriality observed in the Eastern Quoll in Tasmania and very
high densities of individuals observed suggest that food resources were not limiting and
the site was highly productive.
Female Tiger Quolls did not use all their home range area at the same time but made
sequential use of areas over weeks or months. Charlene who had the largest female
home range area moved between southern and northern areas of her home range in
successive breeding seasons, potentially to provide daughters of the previous breeding
season access to a proven productive part of her home range. Christmas Bell was found
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to utilise the northern and southern extremities of her home range area in the months
preceding the 1994 breeding season and up to July 1994 when carrying small pouch
young. Mean daily movements during this period often exceeded 1300 m. By late
August, September and October, when pouch young would have been deposited in a
maternal den, Christmas Bell appeared to restrict her movements to the central part of
her home range near the maternal den burrow and displayed a much reduced mean daily
movement of around 250 m, although nocturnal activity was not monitored. At this
time repeated, consecutive use of a single den occurred for 8 days and probably longer
as the female returned to the young in the den.
In montane forests of south-eastern New South Wales, Belcher (2003) reported female
Tiger Quolls were present in a breeding territory one year, absent the following year but
returned to breed in that same territory in the third year.
Diurnal activity was also much more prevalent during this period suggesting the female
may have needed to extend foraging time in order to provide sufficient food to the
young or was unwilling to spend extended periods away from the young. Belcher
(2000) also reported diurnal activity by Tiger Quolls in montane tall open forests, where
individuals were observed hunting Greater Gliders sheltering in tree hollows. In
Tasmania, Tiger Quolls have been observed hunting small reptiles and wallabies during
the day, including a female that was known to have large young. Tiger Quolls have
been observed active in the middle of the day in May and small individuals have been
observed foraging in early summer (N. Mooney in Green & Scarborough 1990).
Diurnal activity is also reported for the Western Quoll, particularly at the height of the
breeding season or when cold, wet weather restricted nocturnal foraging (Serena et al.
1991). Diurnal activity has been reported for both sexes of the Northern Quoll when
they were seen more conspicuously during the day prior to and around the mating
season in May-early June. Between March-July males would be more likely to be
found moving or sheltering in grass during the day than females. Once females had
pouch young in June-July, they were no longer located outside their dens during the day
(Oakwood 1997). The high diurnal temperatures and reduced ground cover as a
consequence of burning off in the dry season (March-November) may select against
females undertaking diurnal activity when nursing young. Diurnal activity has not been
reported for the arboreal Brush-tailed Phascogale (Soderquist 1993b).
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Reduced distances between successive dens during the period when young are deposited
in a den was also observed for the Northern Quoll and home range overlap between
neighbouring females was much reduced (Oakwood 2002) suggesting a reduction in
foraging area during this time.
The protection and maintenance of food resources in the vicinity of the maternal den
site is likely an important function of territoriality for female Tiger Quolls and was also
considered the likely motive for territoriality in female Western Quoll (Serena &
Soderquist 1989a). However, unlike semelparous species like the Brown Antechinus,
Antechinus stuartii, Northern Quoll, Dasyurus hallucatus, Brush-tailed Phascogale,
Phascogale tapoatafa, and Red-tailed Phascogale, P. calura, where males die following
the mating period (Braithwaite & Lee 1979, Cuttle 1982, Bradley 1987, Dickman &
Braithwaite 1992, Oakwood 2002, Oakwood et al. 2001), some male Tiger Quolls are
still present within female home ranges throughout the rearing of the young and may
pose a potential threat to young or competition for food. Alternatively, males that have
mated with the female (and perhaps more than one male mates with the female as
occurs in captivity) may act to exclude younger and transient males from the area. Due
to the greater size of males, it is unlikely that female Tiger Quolls would be able to
exclude males from their home range areas.
During the period when Christmas Bell was rearing young, no other males other than
Bloodwood who was present during the mating time, was present (Blackbutt dying at the
end of the 1994 mating period 28.6.94), despite a continuous trapping program. No new
males were detected in this area until January 1995, after Bloodwood had died in late
December 1994.
Dispersal of juvenile Tiger Quolls may not necessarily occur through aggression of the
female to young as has been proposed for other dasyurid species such as the Brown
Antechinus (Cockburn et al. 1985), but by movement of the female away from young as
it has been described for the Brush-tailed Phascogale and Western Quoll (Soderquist
1995a, Soderquist & Lill 1995, Soderquist & Serena 2000).
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As mentioned previously, Charlene moved away from her young Banksia (female) and
Bracken (male) of the 1992 breeding season (young estimated age ~7.5 months) to the
northern part of her home range, by February 1993, where she remained for the 1993
breeding season. Charlene may have been denning apart from young prior to this as
there were several burrows in the banks of Limeburners Creek within close proximity to
each other but as the young were not radio-collared this could not be determined.
Banksia remained in the southern area of Charlene’s home range until mid June 1993
up until her potential encounter with Raylene. Bracken was not trapped again in the
area after February 1993 and appeared to have dispersed out of the study area.
Juvenile Western Quoll first denned apart from their mothers at 155-177 days. Some
Western Quoll juvenile females dispersed long distances (age 171-172 days) but most
moved to vacant areas adjacent to their mother’s home range or shared the maternal
home range, so that three-quarters of juvenile females were philopatric or established
kin clusters. All juvenile males dispersed (161-187 days) and none were caught within
the study area after the juvenile dispersal period. Maternal aggression was not
considered the cause of juvenile dispersal, as it was often the mother that left the natal
den area (Soderquist & Serena 2000).
In the Eastern Quoll, groups of individuals with overlapping home range areas were
sometimes known to be, or suspected to be related and included mother and daughter
and mother and son groups, although not all daughters remained within the region of
their mothers (Godsell1983).
Charlene remained in the northern part of her home range up to early June 1994 and
was known to have had a litter of young in the 1993 breeding season, as she had 6
expanded teats, although no young were trapped during the nursery period. A first year
female Tiger Quoll Wattle (1.4 kg) was trapped at one of Charlene’s den logs on 6.5.94,
two days after Charlene had been caught in the same trap and was possibly Charlene’s
daughter of the 1993 breeding season. In early June 1994 Charlene was trapped and
radio-tracked in both her southern and northern areas of her home range on consecutive
days and by late June was recorded only in the southern part of her home range on the
banks of Limeburners Creek. No female Tiger Quolls had occupied Charlene’s
southern home range area since it was vacated by Banksia in June 1993 and Raylene
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had disappeared by July 1993. Charlene may have again dispersed away from her
daughter.
The sharing or inheritance of all or part of the mothers home range by daughters has
also been observed in the Western Quoll (Serena & Soderquist 1989a, Soderquist &
Serena 2000) and Brush-tailed Phascogale (Soderquist 1993a, 1995a) and may also
occur in the Eastern Quoll (Godsell 1983). In the Brush-tailed Phascogale, mothers and
philopatric daughters had partly overlapping home ranges at least until the breeding
season, when daughters were observed to exclude mothers from the original natal nest
site. Movement of mothers away from young at weaning to another nest within her
home range has also been reported in the Brush-tailed Phascogale. In respect to
dispersing young, male littermates were the first to disperse and were rarely found after
dispersing away from the natal site (Soderquist 1995a).

4.4.2.2 Males

Home range areas of male Tiger Quolls were significantly larger than females and
overlapped extensively with other males (48-68%) and females (47-100%). However
part of the male’s home range area appeared to be used exclusively by the resident male.
Only large males (2.225–3.775 kg) were caught repeatedly in the study area and
appeared to maintain a territory. They were probably the breeding males and were
trapped in close proximity to females during the mating period in June. Smaller,
younger, males only appeared in trapping transects following the death or disappearance
of the larger males. Despite the extensive overlap of male home range areas radiocollared males were rarely in close proximity to each other (within 500 m) on any day
or consecutive day. Times when they were most likely to be in close proximity was
during the mating period in June when up to four large males could be in close
proximity to a female that was likely to be in oestrus and ready to mate. At other times
of the year males were also more likely to come within close proximity to females than
to other males.
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Opportunistic observations of wild Brush-tailed Phascogales also found few encounters
between same sex pairs and many more encounters between males and females
(Soderquist & Ealey 1994).
Den sharing between male Tiger Quolls was never observed, nor was sequential den
occupation by males. There was only one instance of a male occupying a den that had
previously been occupied by a female, 8 days before.
In a study of the Brush-tailed Phascogale in Victoria, dispersing juvenile males were
found to share dens with other juvenile males and males were recorded sharing dens
with females during oestrus period when they were presumably mating, but rarely at
other times. Adult males rarely nested with other adult males but it was observed
infrequently (Soderquist & Ealey 1994). In south-western Australia, Rhind (2003)
found adult male Brush-tailed Phascogales shared nests with both females and males in
groups of 2-4 individuals in the winter of one year of a four year study. Nest sharing
was not commonly observed in the previous three years and was thought to be a
consequence of energetic stress resulting from much reduced body weights of adults due
to severe drought conditions.
Similar to females, home range areas of male Tiger Quolls were dynamic and
individuals responded to the death or disappearance of other large males and the
presence or disappearance of females. Large males are likely to take several years, at
least 2-3, to reach their maximum weight and potentially become active suitors to
females (Chapter 3). The largest and probably oldest males in any particular breeding
season, peaked in weight in March-April, prior to the mating period in June. In the
1993 breeding season Charlie peaked in weight in April at 3.775 kg and then dropped to
2.975 kg by the mating period in June. Brian was first trapped in June 1993 at 3.35 kg
as was Blackbutt at 2.275 kg and Bloodwood at 2.225 kg. At that time Charlie’s home
range included potentially four female home ranges and Brian was known to have
visited three female home ranges but was not successfully radio-collared, disappearing
by the following trip in July. Bloodwood and Blackbutt were likely younger than
Charlie and Brian, and only known to visit one female home range area.
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By the following June 1994 breeding season, Charlie had died and Brian had
disappeared. Blackbutt had peaked in weight at 3.0 kg in March 1994, and had
expanded his home range considerably to include potentially four female home ranges
but had not included all of Charlie’s former home range in his area. Bloodwood who
peaked in weight at 3.15 kg in April 1994, also expanded his home range area to include
the home ranges of potentially four females. Needlebark (male) at 1.2 kg appeared in
March 1994 in Christmas Bell’s home range and was probably a first year male of the
1993 breeding season, but was not seen again until January 1995. During the June 1994
mating period Blackbutt and Bloodwood appeared to be the only males present.
Following the death of Blackbutt in late June 1994 Bloodwood expanded his home
range to include potentially five female home ranges until his death in late December
1994.
Belcher (2000), Belcher & Darrant (2004) and Claridge et al. (2005) also reported
overlapping home range areas for male Tiger Quolls (1-100%) in the montane forests of
south-eastern Australia. Belcher & Darrant (2004) also noted changing male home
ranges in response to the presence or absence of females.
Larger home range size of male Northern Quoll compared to female Northern Quoll
was also considered a result of males attempting to gain access to as many females as
possible (Oakwood 2002).
Extensive overlap in male home range areas is also found in several other members of
the family Dasyuridae, where female home ranges remain exclusive; the Brush-tailed
Phascogale, Northern Quoll and Western Quoll (Serena & Soderquist 1989a, Soderquist
1995a, Oakwood 2002). In two other members, the Brown Antechinus and Eastern
Quoll home ranges of both males and females overlap extensively (Godsell 1983,
Lazenby-Cohen, 1991, Lazenby-Cohen & Cockburn 1991).
While it may take several years for males to reach peak breeding condition, larger males
in any one breeding season typically lost weight as they approached and passed the
mating period, after which some, often the largest individuals, died or disappeared over
the following few months. The Western Quoll is also reported to reach peak body
weights in April prior to the breeding season (late April-early July) and then lose weight
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rapidly (Serena et al. 1991, Soderquist & Serena 1993). A similar pattern of weight loss
prior to the mating period has also been observed in wild and captive Eastern Quoll
(Godsell 1983, Bryant 1988). Godsell (1982, 1983) reported a significant drop in
numbers of adult male Eastern Quoll following the mating period reducing the male
population to 25% of its original size.
Males undertook some of their greatest daily movements during the mating period with
distances of over 8.5 km recorded, presumably requiring a high energetic cost. Males
were not always located every day and it is possible they moved even greater distances
than was recorded. Extensive movements by males were also recorded outside the
breeding season. Despite their extensive movements, males were rarely recorded active
during daylight hours.
The greatest recorded movement of a Tiger Quoll came from a male Garigal (3.55 kg)
that was trapped and ear tagged at Elanora Heights near Narrabeen in Sydney on
10.5.93. This quoll was subsequently re-trapped on 8.7.93 at Granville, Sydney, south
of the Parramatta River, in a garage of a house close to Duck Creek, where it was found
eating the owner’s chickens. The straight-line distance between these locations is about
30 km across the urban areas of Sydney. However, the more likely route the Tiger
Quoll took, along creeks and bushland corridors to either Middle Harbour or the Lane
Cove valley and then along the shores of Sydney Harbour and the Parramatta River, is
much longer. This male was kept in captivity for 16 months and then released into
Marramarra National Park weighing 4.4 kg.
Belcher & Darrant (2004) reported male Tiger Quolls moving distances up to 15-27 km
in the south-east forests. The mean interfix distances for radio-collared Tiger Quolls in
this study at three sites ranged from 932-3154 m for males and 484-852 m for females.
In Tasmania, Jones (1995b) reported male Tiger Quolls moving a maximum of 8000 m,
and females a maximum of 2000 m, along 10km trapping lines. On the New England
Tableland in north-eastern New South Wales Kortner et al. (2004) reported maximum
distances for male Tiger Quolls of 8.1 km and for females 3.9 km. The smaller northern
sub-species Dasyurus maculatus gracilis is recorded moving a maximum of 6650 m for
males and 2600 m for females with movements of 1350 m and 661 m respectively,
between successive captures (Burnett 2001).
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Belcher (2000) proposed that a dominance hierarchy might exist among Tiger Quoll
males in respect to mating opportunities with breeding females. In the Limeburners
Creek Nature Reserve, first year males were never caught in the vicinity of females
coming into breeding condition and only appeared when larger males had disappeared.
In the 1993 breeding season there were two size classes of males in the vicinity of
oestrus females, 2.975-3.15 kg and 2.225-2.275 kg, potentially representing two
different cohorts of males from different years, possibly two and three years old.
Whether all were successful in gaining access to oestrus females is unknown but the two
lighter males continued into the 1994 breeding season, gained weight to reach 3.05 kg
and 3.15 kg and were the only breeding males present in that year.
It is likely that greater size of males may provide some competitive advantage in
gaining access to breeding females. As older and larger males died or disappeared,
younger males that continued to increase in size usually expanded their home range
area, to potentially include more female home ranges. Greater size may provide greater
somatic resources and physical capacity to cover extensive distances over consecutive
days, as females appeared to enter oestrus within a few days of each other within a
period of 7-10 days. Males wishing to gain mating access to females needed to
continually check females’ receptivity and therefore rapid patrolling of the male’s
territory during this period was required. Typically a breeding male would be in a
different female home range each day in the lead up to females entering oestrus and
with up to possibly five female home ranges to cover, this requires travel of several
kilometres per day. The above observations are consistent with the proposal that a
dominance hierarchy is likely to exist among breeding male Tiger Quolls.
Several hypotheses have been proposed as contributing to marked sexual dimorphism
between males and females in some species of dasyurids: the separation of dietary
niches (Fox 1982, Jones & Barmuta 1998), intrasexual dominance among males
(Braithwaite 1979), intersexual dominance by males over females (Van Dyck 1979,
1982).
Larger body size in male Western Quolls is considered to provide greater somatic
energy stores and allow larger males to search widely for mates more efficiently than
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conspecifics, potentially allowing breeding males to forage less during this critical
season (Soderquist 1995b). In the Brush-tailed Phascogale and Western Quoll increases
in weight by males is largely by increases in somatic reserves rather than skeletal
divergence in size between the sexes (Soderquist 1995b), which lends less support to the
theory of separation of dietary niches between sexes in these species.
All these hypotheses could have played a role in the evolution of sexual dimorphism in
the Tiger Quoll. In Tasmania Jones & Barmuta (1998) found dietary differences
between male and female Tiger Quolls in summer months however Belcher (1995,
2000) found no evidence to suggest males and females were taking different size classes
or types of prey. This study found no evidence of dietary separation between males and
females at Limeburners Creek Nature Reserve (Chapter 6). In this study, first year
males were not trapped in the vicinity of oestrus females suggesting they may have been
excluded, although the largest males did not exclude smaller possibly two year old
males. Some of the largest males did have broken or missing teeth which could have
resulted from aggressive encounters between males or may have occurred while
capturing prey, although there were few occasions when large adult males were known
to be in close proximity to each other. Males do kill females during mating time in
captivity, however this may be an artefact of captivity. One young wild female was
found dead during the mating time but the cause of death was unknown. Males could
use their larger size to force matings with females or alternatively, the extended matings
of dasyurids, including Tiger Quolls, observed in captivity of many hours or days
(Chapter 3), could be to prevent access to oestrus females by other males.
Increased somatic resources and consequently strength, to undertake continued patrols
of several female home ranges leading up to and during the mating period, and the
exclusion of smaller males, appear the most likely reasons for significantly larger body
size and weight in male Tiger Quolls. It is highly likely that a dominance hierarchy
exists among large male Tiger Quolls to give priority access to breeding females for the
largest males during the restricted mating period.
Whether males continued to forage over this period is unknown but typically the largest
males would peak in weight in March-April prior to the mating period in June and then
lose weight up to and for some after mating in June suggesting foraging may be
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reduced. The effort expended by these largest males during breeding may lead to a
rapid loss in body condition and death. While there may not be a marked male die off,
as in the Brown Antechinus, Brush-tailed Phascogale and Northern Quoll there is likely
a high physiological cost to the largest and possibly most dominant breeding males
which may lead to their death.
The death of larger breeding males may convey some advantages to the population with
the removal of opportunities for fathers to breed with daughters in a subsequent
breeding season, given that some proportion of daughters are likely to be philopatric.
However, two males, Blackbutt and Bloodwood, were present in two consecutive
breeding seasons and could have potentially mated with their daughters. The likely
widespread dispersal of juvenile males out of the mother’s home range would reduce
the opportunity for brother and sister matings which have been observed to occur in
captivity but which are likely to result in reduced fitness of young and reduced litter
numbers.
Belcher & Darrant (2004) did not consider male Tiger Quolls were territorial due to
their extensively overlapping home range areas although they considered a dominance
hierarchy may exist. In this study male home ranges also overlapped extensively,
however parts of each male’s home range area appeared to be used only by that male.
Males never shared dens or occupied dens sequentially that had been used by other
males. Large males rarely came within close proximity to other males excepting in
mating times, when they were in the vicinity of females in oestrus. Smaller younger
males (< 2 years) were rarely recorded in the home range areas of larger males,
appearing only after the death or disappearance of large males. Communication by
scent left by scats, urine or other secretions is likely to act as signs to other Tiger Quolls
of the presence of individuals and their reproductive status. Territoriality does not
necessarily require exclusive use of an area, or overt defence of an area, but may be an
individual’s priority access to resources such as mating opportunities, such as provided
through a dominance hierarchy (Kaufman 1983). The behaviour of male Tiger Quolls
observed in Limeburners Creek Nature Reserve suggest a dominance hierarchy is likely
to exist there, and therefore greater mating opportunities are likely for larger males,
giving support to the proposal that large male Tiger Quolls are territorial at this site.
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4.4.2.3 Scent marking

Scent marking is likely to play an important communication role for a solitary animal
such as the Tiger Quoll to provide information on the presence of individuals and their
reproductive status. Scent marking is likely achieved by several means through the
deposition of scats, urine or other body secretions and by rubbing their bodies against
the substrate or objects such as grass tussocks or branches. As Tiger Quolls appear to
have synchronous mating periods in some sites e.g. Limeburners Creek Nature Reserve,
Featherdale Wildlife Park, scent along with changing photoperiod, may play a role in
stimulating females to come into oestrus together, over a week or two (Dickman 1985,
Scott 1986). Scent is likely to play an important role in the establishment and
identification of territories and their boundaries. Scent may have a role in the
establishment and maintenance of male dominance hierarchies.
In the wild, Tiger Quolls are known to deposit scats at latrine sites which are typically
bare open horizontal surfaces devoid of any vegetation e.g. boulders, rock platforms or
outcrops, rock ledges or shelves, cement paths, the tops of water tanks and septic tanks
(Alexander 1980, Boschma 1991, Belcher 1995, Kruuk & Jarman 1995, Chapter 6). In
the rainforests of far north-east Queensland, Dasyurus maculatus gracilis, mainly
deposits scats along the centre of dirt tracks and roads but a small number of scats were
located on expanses of bare granite, on logs bridging creeks and on or near carcasses
(Burnett 2001). This study observed scats of captive D. m. maculatus being deposited
on elevated wooden platforms.
Scent marking is likely to be stimulated by the scent of other Tiger Quolls and in
Limeburners Creek Nature Reserve scats were deposited at trap sites that had captured
quolls and at the entrances to den logs and den burrows of females, particularly during
the lead up to the breeding season. In montane forests and woodlands of south-eastern
Australia Tiger, Quolls have been observed scent marking by cloacal dragging,
urination and scat deposition at latrines in female territories with greatest visitation
during the breeding season suggesting communication of reproductive status is an
important function (Belcher & Darrant 2004).
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Scent marking has also been reported in the Northern, Western and Eastern Quolls and
the Brush-tailed Phascogale. Northern Quolls have been observed to deposit scats
singly or in groups in prominent places such as rocks or termite mounds and there was a
peak in deposition during the mating period in May-June. Its proposed function was to
advertise the resident female’s occupancy of an area. In males sternal gland secretions
were most pronounced in the mating period in May-June and in captivity both males
and females have been observed rubbing their chins, ventral surface and hindquarters on
the ground or objects such as logs, presumably scent marking (Oakwood 2002).
In captivity, during the mating season, Eastern Quoll females have been observed to
drag their cloaca over grass tussocks, rub their cheeks and sides against den boxes and
along the ground and across grass tussocks they had marked. Females were also
observed to rub their faces and sides against other male and female quolls. The
behaviour was thought to advertise when females were in oestrus. Males sniffed and
rubbed themselves against marked grass tussocks. Females did not rub against den
boxes once pouch young had been deposited in the den. It was not known if scent
marking played a role in marking of home ranges. In the wild, Eastern Quolls did not
appear to defecate in defined or conspicuous localities, although occasionally several
scats were found beneath logs, along paths or near sheds, but they were generally found
singly, near ponds, along creek banks and paths or randomly throughout the woods and
pasture (Godsell 1983).
In the wild, the Western Quoll is known to deposit scats singly and in aggregations i.e. a
latrine, of 5-25 scats. The largest latrines occurred in areas of concentrated animal
movement e.g. along trails, near the ends of logs bridging creeks and rivers, with
smaller collections sometimes found on logs throughout the forest. In captivity Western
Quolls defecate in a limited area of their enclosures and moving existing faeces and
underlying soil to another area can shift defecation sites. In females, cloacal dragging
would occur in response to the introduction of the faeces of another quoll or
introduction to an enclosure previously occupied by another quoll, and was thought to
potentially convey aggression or dominance or enable an animal to temporally track
conspecific movements (Serena & Soderquist 1989a).
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The arboreal Brush-tailed Phascogale also displays a similar pattern of spatial
organisation to the Tiger Quoll with exclusive home ranges for females (other than
philopatric daughters) and larger male home ranges overlapping extensively with
females and males. Olfactory cues are proposed to play a role in maintaining exclusive
female home ranges and alerting males to potential mates (Soderquist 1995a). Brushtailed Phascogales occur in relatively low population densities but breeding periods are
relatively synchronised occurring over 2-3 weeks, although the onset of breeding in
populations can vary by several weeks between years. All males die after mating.
Investigations in sternal scent-marking by males in this species suggest olfactory
communication may be directed more toward females, rather than territorial behaviour
aimed at males, and that scent-marking of males that travel widely through the home
ranges of several females, may help to synchronise the population to a particular
breeding period (Soderquist & Ealey 1994).
The role of olfactory communication in the spatial and social organisation of the Tiger
Quoll requires further investigation but is likely to play an important role in the
establishment and maintenance of territories, provide information on reproductive status
of females and males and potentially contribute to the synchronisation of breeding in a
population.

4.4.3

Conclusion

Overall, the spatial and social organisation of the Tiger Quoll has many similar
characteristics and parallels to smaller members of the family Dasyuridae such as the
Northern and Western Quolls and Brush-tailed Phascogale, excepting they are
expressed over a greater spatial and temporal scale. This is not surprising, given the
considerably larger body size and more carnivorous nature of the Tiger Quoll. Female
Tiger Quolls have largely exclusive home range areas that may be inherited or shared in
full or part by philopatric daughters. Males have significantly larger home range areas
which overlap extensively with both males and females however both males and
females are largely solitary in their behaviour and males do not appear to contribute to
rearing the young. Juvenile males appear to disperse widely from their mother’s home
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range and may take several years to reach peak body weights and become active
breeding males.
The pattern of spatial and social organisation observed in the Tiger Quoll does differ in
many aspects to the spatial and social organisation of the Eastern Quoll, which is
surprising given the similarity of the Tiger Quoll to the Western and Northern Quolls,
but differences may relate to the very high densities of Eastern Quoll reported in
Tasmania, 0.9-4.5/ha (Godsell 1983). Elements of this spatial and social system provide
both resilience and vulnerability to the species which land managers should be aware of
if the species is to be successfully conserved, both within and outside the conservation
estate. These issues will be discussed further in Chapter 7.
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5.0

Dens, Den Sites and Habitat Utilisation of the Tiger Quoll
Dasyurus maculatus maculatus.

5.1

Introduction

The Tiger Quoll occupies a wide range of habitats throughout its geographic range that
include rainforest, wet sclerophyll or tall open eucalypt forest, dry sclerophyll or
eucalypt open forest or woodland, riparian forest, coastal heathlands and open pastoral
areas bordering bushland, at altitudes from sea level to the snowline (Mansergh 1984,
Green & Scarborough 1990, Watt 1993, Edgar & Belcher 1995, Jones & Rose 1996,
Belcher 1995, 2000, 2003, Burnett 2001). Le Souef and Burrell (1926) described the
species as “generally found in timbered or rough scrubby country, and at times along
the coastline, more especially in the estuaries.” Wood-Jones (1968) noted “its striated
foot pads, and from the presence of the hallux, it is a tree-haunting species and seems
always to have been most numerous in the more wooded districts of the coast”.
Generally the species is considered more common in wet forest types such as rain forest
and closed eucalypt forest (Jones et al. 2001) but is also known from the dry rain
shadow Callitris and Eucalyptus woodlands of the upper Snowy River in the highlands
of southern New South Wales (Menkhorst 1995).
In Tasmania, Jones & Rose (1996) considered Tiger Quolls to be more widespread and
abundant in rainforest (including Blackwood, Acacia melanoxylon, swamp forest)
followed by tall eucalypt forest then medium eucalypt forest. Green & Scarborough
(1990) considered “the most favoured habitat appears to be sclerophyll forest and the
edges of rainforest.” In a study of location records in south-east Queensland Watt
(1993) found most records of Tiger Quolls were from rainforest but quolls were also
recorded in open forest and woodland.
Tiger Quolls den in rock crevices, caves, hollow logs, hollow trees, hollows in tree
roots, windrows, burrows and in or under structures such as sheds or houses (Watt 1993,
Edgar & Belcher 1995, Menkhorst 1995, Belcher 2000, Jones et al. 2001). In the wild,
Tiger Quolls have been observed using burrows made by rabbits and small wombats
(Belcher 2000) but in captivity they have been observed to burrow actively to construct
nests or resting places (Chapter 3, Conway 1988).
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In this study, female Tiger Quolls used a large number of den sites (Chapter 4) and it is
likely that availability of dens is important to the survival of females and their young
and may influence habitat use. No studies to date have provided detailed information
on Tiger Quoll dens and den use.
Relatively few field studies have been undertaken on habitat use by the Tiger Quoll.
Belcher (2000) investigated Tiger Quoll ecology in the montane forests and woodlands
of south–eastern NSW and northern Victoria, where he examined habitat use in respect
to landform across forested areas. Belcher (2000) concluded that Tiger Quolls preferred
gullies and flats, they used ridges and escarpments but avoided mid-slopes. In far north
Queensland, Burnett (2001) studied the ecology of the northern sub-species Dasyurus
maculatus gracilis and investigated habitat preferences by examination of Tiger Quoll
location records in relation to altitude and broad vegetation associations. Tiger Quolls
occurred across all altitudinal ranges but were more abundant at altitudes above 900 m
and most records (86%) came from unfragmented rainforest, the remainder coming
from wet sclerophyll eucalypt forest, fragmented forest and cleared areas. Burnett
(2001) did not comment on habitat use among rainforest types or within rainforest areas.
At Cradle Mountain, in the highlands of central Tasmania, Jones (1995b) looked at the
habitat and dietary relationships of three sympatric dasyurids, the Eastern Quoll,
Dasyurus viverrinus, Tiger Quoll, Dasyurus maculatus maculatus, and Tasmanian
Devil, Sarcophilus harrisii. The Cradle Mountain area supports a mosaic of habitats
including cool temperate rainforest, eucalypt forest and grassland. Tiger Quolls were
reported to spend most of their time in rainforest, followed by eucalypt forest but little
time in open habitats.
In New South Wales, the Tiger Quoll is distributed throughout the eastern half of the
state from the coast to the ranges and sometimes beyond to the western slopes (Chapter
1). Lowland coastal habitats have been subject to extensive clearing for agriculture,
roads and urban development, which continues today. Remaining coastal populations
are likely to be subject to much greater risk of habitat fragmentation, high densities of
feral eutherian carnivores, direct human persecution and accidental death, especially by
roadkill, than populations in the forested ranges.
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To date no study had investigated the ecology of the Tiger Quoll in a temperate lowland
coastal environment or examined fine scale habitat use in respect to vegetation patterns.
Limeburners Creek Nature Reserve includes a mosaic of habitat types that include
heathland, sedgeland, shrubland, woodland and forest, coastal headlands and dunes.
This variety provides an opportunity to examine Tiger Quoll habitat preferences.
This part of my study had the following aims:
1. Identify and describe dens and den sites used by Tiger Quolls in the study area and
the habitats they occur in.
2. Investigate whether dens are distributed evenly over the landscape or whether they
associated with any particular features of landform or vegetation type within the study
area.
3. Investigate habitat use by the Tiger Quoll in relation to vegetation structure in a
temperate lowland coastal environment and determine whether available habitats are
used in proportion to their availability within the study area and within home ranges.

5.2

Methods

5.2.1 Dens

Dens were located by tracking radio-collared Tiger Quolls to resting sites during
daylight hours. When radio signals gave a pulse of constant loudness, rather than a
signal of varying loudness, the quoll was presumed to be at rest and an approximate
position was obtained by triangulation of radio bearings from three points (Chapter 4).
These bearings were transcribed to a 1:25,000 scale topographic map and a compass
bearing to the estimated position was then determined. As the resting site of the Tiger
Quoll was approached, the loudness of the radio signal would increase significantly, but
on occasion the animal would apparently abandon the resting place and move off. This
was more commonly the case for males and rarely occurred for females.
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Once the Tiger Quoll and den were located, the position was determined accurately
using a Garmin 100 Survey GPS. A description of the vegetation around the den was
made for an approximate 10 m radius, noting dominant species in the canopy, midstorey and understorey. Height and percent cover of each vegetation layer were
recorded, and percent cover of leaf litter. For hollow logs and hollow trees, the species
of tree was recorded if it could be determined from the remains of bark, or its position
adjacent to stumps or trees.
A series of measurements was taken for each den. For hollow logs and trees, the
circumference at breast height (cbh) was measured (cbh=circumference of the trunk/log
at what was estimated to be 1.3 m above the ground as a standing tree) from which
diameter at breast height (dbh) was determined. For logs, the length, diameter of the
central hollow pipe at the base, and diameter of any other entrances, such as broken
spouts of branches or cracks in the trunk were measured. The position of the quoll in
the log was determined by the strength of the radio signal and the circumference of the
log at that point was measured, as well as the distance to potential entrances. The
number of potential entrances greater than 7 cm in diameter was recorded. For live or
dead standing trees, height was estimated by eye, the angle of lean of the trunk from the
horizontal was estimated, and the number of visible entrances greater than 7 cm in
diameter and their height above the ground were recorded. On some occasions, the
distance of the quoll from the potential entrance could be estimated by the strength of
the radio signal. For burrows, the longest and shortest axis of the entrance was
measured where it could be seen, but entrances were sometimes obscured from view by
a tangle of tree roots or other vegetation. The number of possible entrances was also
recorded, as was the minimum distance of the quoll to the presumed entrance. For dens
under buildings, the greatest height of the gap that gave access to the cavity was
recorded. No attempt was made to estimate the number of logs potentially available as
a dense ground cover of shrubs (means 44-99% cover, 1.5-2.0 m in height) in most
habitats obscured logs from view.
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5.2.2

Habitat assessment

Habitat preferences of Tiger Quolls were assessed from location data obtained by
trapping, from radio-tracking locations estimated by triangulation, and from den sites.
Estimates of position from radio bearings is not without error, but errors were estimated
to be 200 m or less for the majority of radio locations, dependent on the distance of the
observer to the quoll and the angle from which the bearing was taken (Chapter 4). This
degree of precision was considered acceptable given that the majority of locations were
greater than 200 m from habitat boundaries. Tiger Quolls were located during daylight
hours only. However, quolls were found to be active during the day at some times of
the year (Chapter 4) and some proportion of radio locations may therefore represent
foraging areas. Trapping transects were not evenly spaced across the study area and
therefore cannot alone provide a true indication of habitat use.
Vegetation mapping of Limeburners Creek Nature Reserve has identified 59 different
communities (Griffiths & Wilson 2000). A summary of these communities, grouping
those with the same canopy dominants, is given in Appendix 2. Habitat utilisation for
the Tiger Quoll was assessed against broad structural vegetation classes grouping
vegetation communities into five classes; (i) forest and woodland, (ii) shrubland, (iii)
heathland / sedgeland, (iv) foredune / headland and (v) cleared areas / areas of open
fresh water, using the GIS program Arcview 3.2 (Environmental Systems Research
Institute 2000). Forest and woodland included small areas of mallee forest and
woodland, heathland / sedgeland included small areas of rushland and saltmarsh. Forest
and woodland was further divided into three main canopy dominants, Eucalyptus
species; Melaleuca species; and other, as the different genera provided different habitat
opportunities to Tiger Quolls e.g. denning, foraging. Melaleuca forests were largely
comprised of Melaleuca quinquenervia forests (95.34%). Other canopy species
included areas of Casuarina spp., Allocasuarina sp., mangrove and littoral rainforest.
An additional 426 ha used by Tiger Quolls that fell outside the mapped area of the
nature reserve was typed to vegetation structure. Eucalyptus spp. or Melaleuca spp.
dominants were identified using air photo interpretation and areas were added to totals
obtained from the vegetation map.
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Habitat use by Tiger Quolls was examined at two spatial scales. Johnson (1980)
hypothesised that animals select resources at several different spatial scales, which he
labelled “selection orders”. First order selection is at the geographic extent of the
species, second order is the selection of a home range, third order, is the selection of
stands within the home range and fourth order, is the selection of particular feeding or
resting sites. In this study second order selection was examined by comparing the
proportion of habitats contained within the home range (as defined by the minimum
convex polygon MCP method) to the proportion available within the study area, and
third order selection examined the relative use of those habitats contained within the
home range by comparing the proportion of locations occurring in each habitat type to
the number expected, given the habitat proportions available within individual home
ranges. Calculations on the available areas of each habitat type were made using the
GIS program Arcview 3.2.
Chi-squared goodness-of-fit tests were undertaken to investigate whether individuals
used habitats in proportion to their availability (White & Garrott 1990). Bonferroni
confidence intervals and z statistic (α=0.05) were used to determine whether there was
preference or avoidance of some habitat types within home range areas (Neu et al.1974,
Byers et al. 1984, White & Garrott 1990, Alldredge & Ratti 1992). For the assessment
of habitat use by individual Tiger Quolls, it was assumed that locations were
independent, although this was known not to be true when assessing the position of
home ranges in the study area because Tiger Quolls maintain territories. Female Tiger
Quolls maintain largely exclusive home ranges to other female Tiger Quolls. Male
home ranges overlap with other males and with females, and include several female
territories in their home range. Consequently, the presence of other Tiger Quolls is
likely to influence the position of home ranges for both males and females, although for
different reasons. This effect of other individuals was considered likely to have an
influence on the apparent choice of habitat at the vegetation community level,
particularly where communities were aligned to environmental gradients across the
study area, but to have little effect on habitat choice at the vegetation structure level that
provided the basis for this assessment. At the individual level, within home ranges,
locations were considered independent as they were taken at a minimum, several hours
apart, on any one day (Chapter 4).
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Six individuals, three females and three males, were chosen to assess habitat use as their
home range areas (as determined by the MCP method) had reached or approached
asymptotes in size and each individual had been monitored for 6-18 months. A
minimum of 28 point locations was used to assess an individual’s use of habitats within
the home range.

5.3

Results

5.3.1

Den types

Fifty-three different Tiger Quoll den sites were located in the Limeburners Creek Nature
Reserve study area and these were used on 96 different days (Figs 5.1 & 5.2). They
comprised 31 hollow logs, 9 live trees, 1 dead tree, 7 burrows, 2 bulldozed piles of logs
and dirt, 2 shelters under small buildings and 1 rock crevice in a small cliff (Fig. 5.3). A
greater number of female dens (n=42) were located than male dens (n=12) and,
similarly, a greater number of den visits were recorded for females (n=74) than males
(n=22). A male and female Tiger Quoll used one log pile den sequentially during the
approach to the breeding season. Males were more difficult to locate in their dens, due
to their wider ranging movements, and a tendency to abandon resting sites with the
approach of an observer, suggesting they may have been sheltering among dense
vegetation or in the canopy of trees. Females rarely abandoned dens with the approach
of an observer. There were no observations of adult male and female Tiger Quolls
simultaneously sharing dens (Chapter 4).
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Figure 5.1: Den sites of adult male and female Tiger Quolls in Limeburners Creek Nature Reserve. Den
sites were concentrated in areas of eucalypt open forest and woodland on low rises. Dens were never
shared except between mothers and young.
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Figure 5.2: Den sites, locations and home ranges of Tiger Quolls of Limeburners Creek Nature Reserve in
respect to vegetation structure. Den sites were concentrated in areas of eucalypt open forest and
woodland and alone were insufficient to describe home range area. The majority of locations were from
open forest and woodland and included Melaleuca as well as Eucalyptus dominated canopies. Other
habitats were infrequently used.
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Figure 5.3: The proportion of use of different den types by female (n=74 occasions) and male (n=22
occasions) Tiger Quolls in Limeburners Creek Nature Reserve.
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The number of different dens recorded for three females that had been monitored for 6,
12, and 18 months and had good home range estimates was 9, 12 and 18 respectively.
These totals are likely an underestimate of the number of different dens used, as field
work only occupied 7-10 days per month and new dens continued to be located on field
trips (Figs 5.4a, b, c). The number of dens located for three males that had good home
range estimates and had also been monitored for over 6,12 and 18 months, was much
lower, at 4, 5 and 3 dens respectively, males being much more difficult to locate and
track to dens.
Males and females favoured different den types. Females most frequently used logs and
burrows and males more frequently used logs and shelters beneath small buildings (Fig.
5.3). For females, the types of dens favoured varied throughout the year with burrows
being more frequently used during the months of September through to January when
young had left the pouch and were deposited in a den (Fig. 5.5). A single burrow was
used by a female for several consecutive days, and probably much longer, when small
pouch young were first deposited in a nursery den (Chapter 4). Males were not
observed using burrows but fewer den visits were recorded than for females. On one
occasion, a male was radio-tracked to a small cliff behind a beach were the quoll
appeared to be sheltering in a rock crevice. Few areas of exposed bedrock occurred in
the nature reserve other than the three rocky headlands on the coast, and the artificial
breakwater wall along the mouth of the Hastings River, so there were few opportunities
for quolls to use rock dens in this area.
The general characteristics of dens in respect to their physical dimensions and the
position of the quoll in the den are given in Table 5.1, except for log piles, where the
exact location of the radio-collared quoll could not be determined.
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Figure 5.4: The number of new dens located on each field trip compared to the number of den visits
recorded. New dens continued to be located throughout the period of the study for three radio-collared
females (a) Charlene, (b) Raylene and (c) Christmas Bell (following page).
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Figure 5.4 (continued): (c) Christmas Bell
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Figure 5.5: Den types used by five females on n=74 den visits in respect to seasons of the year. J-J-A
(June-July-August) winter mating and birth of young, small pouch young, S-O-N (September-OctoberNovember) spring nursing period, young deposited in a den, D-J-F (December-January-February)
summer late lactation, dispersal of juveniles, M-A-M (March-April-May) autumn dispersal of juveniles,
adults establish or re-establish home ranges, large males prepare for breeding.
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Table 5.1: Physical characteristics of dens used by Tiger Quolls in Limeburners Creek Nature Reserve.

Den type

Characteristic

n

Mean ± SD

(range)

Logs

Length (m)
Circumference at base (cm)
Circumference at breast height (cm)
Diameter at breast height (DBH) (cm)
Circumference at quoll (cm)
Number of entrances > 7 cm diameter
Diameter of entrances> 7cm at base of log (cm)
Diameter of entrances > 7 cm in spouts or cracks
(cm)
Minimum distance of quoll to entrance (m)

29
27
26
26
26
27
24

11.07 ± 3.99
178.93 ± 57.56
198.88 ± 57.4
63.3 ± 18.3
146.0 ± 39.46
2.04 ± 0.81
26.13 ± 7.41

(5.5 - 22)
(98 - 315)
(105 - 355)
(33.4 - 113)
(80 - 250)
(1 - 4)
(16 - 41)

20
26

15.85 ± 5.06
2.55 ± 1.22

(7-27)
(0.5 - 4.5)

Height (m)
Circumference at breast height (cm)
Diameter at breast height (DBH) (cm)
Number of visible entrances > 7 cm diameter
Height of entrances above ground (m)
Estimated distance of quoll from entrance (m)

9
9
9
9
6
5

18.44 ± 5.46
230.89 ± 50.05
73.5 ± 15.9
1.78 ± 1.09
4.25 ± 3.43
1.9 ± 1.34

(10 - 28)
(150 - 300)
(47.7 - 95.5)
(1 - 4)
(0 - 9)
(0.5 - 4)

Lean of tree trunk from the horizontal ( o )

9

63.89 ± 15.57

(45 - 80)

Height (m)
Circumference at breast height (cm)
Diameter at breast height (DBH) (cm)
Number of visible entrances > 7 cm diameter
Height of entrances above ground (m)

1
1
1
1
1

18
170
54.1
1
5

Lean of tree trunk from the horizontal ( o )

1

80

longest axis
shortest axis
Number of visible entrances
Minimum distance of quoll to entrance (m)

5
5
6
3

15.83 ± 4.83
12.5 ± 3.73
1.83 ± 0.98
4.57 ± 2.54

(11 - 23)
(10 - 20)
(1 - 3)
(3 - 7.5)

Height of entrance (cm)

2

17.5

(15 - 20)

Live trees

Dead tree

Burrows

Under
buildings

Entrance diameter (cm)
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5.3.1.1 Logs

In the Limeburners Creek Nature Reserve, Eucalyptus logs were the most frequently
used den type for both male and female Tiger Quolls (Fig. 5.3, Plates 5.1 & 5.3). The
tree species used as den logs could be determined for 74.2% of logs and the remaining
25.8% of logs were identified just as Eucalyptus (Table 5.2). No other genera of tree
were recorded being used as den logs. The species most frequently recorded, as den
logs were Needlebark Stringybark, Eucalyptus planchoniana, followed by Scribbly
Gum, E. signata, and Swamp Mahogany, E. robusta, Red Bloodwood, E. gummifera,
and Blackbutt, E. pilularis. Broad-leaved Paperbark, Melaleuca quinquenervia, occurs
as a large tree (16-18 m) and forms extensive stands of forest in the study area but were
never recorded being used as den logs.
The size class of logs used ranged between 33–113 cm diameter at breast height (dbh)
with a mean of 62.4 cm dbh (Table 5.1), with 49.9% of logs falling within the 50–69.9
cm dbh size class and 77% being 50 cm dbh or greater (Fig. 5.6). In respect to tree
species, logs of E. planchoniana fell mostly within the 30–69.9 cm size class, E. signata
fell within the 50–99.9 cm, E. robusta within the 50–69.9 cm and the single E. pilularis
log in the 70–79.9 cm size class (Fig. 5.7). The largest log use as a den was an E.
planchoniana with a dbh of 113 cm.
Entrances into logs were via the base where it had uprooted or broken off from a stump
giving access to the hollow pipe, or through a spout from a broken branch or hole where
a branch had been connected into the pipe. Entrance or pipe diameters at the base of
logs used by Tiger Quolls ranged from 16–41 cm with a mean of 26.13 cm (Fig. 5.8),
and entrances via spouts with diameters greater than 7 cm ranged from 7–27 cm with a
mean of 15.85 cm (Table 5.1). Pipe diameters at the base of logs most frequently fell
within the 20–24.9 cm size class (33.3%) while 84.4% of all pipe diameters fell within
the 15–34.9 cm size classes (Fig. 5.8).
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Table 5.2: Tree species which provide dens to Tiger Quolls in Limeburners Creek Nature Reserve as
hollow logs, live and dead trees.
Number of dens
Tree species

Log

Live tree

Eucalyptus signata

4

Eucalyptus planchoniana

Total

%

2

6

14.6

10

6

16

39

Eucalyptus pilularis

2

1

3

7.3

Eucalyptus robusta

4

4

9.8

Eucalyptus gummifera

3

3

7.3

unidentified eucalypt

8

1

9

22

1

41

100

Total

31

9

Dead tree
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Figure 5.6: Size class of hollow logs used as dens (n=26) by Tiger Quolls at Limeburners Creek Nature
Reserve. Size is measured as the equivalent of diameter at breast height (dbh) of the fallen log as
estimated from the base of the log or point of breakage or cut stump.
E.planchoniana
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E.robusta
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Figure 5.7: Size class and tree species of den logs used by Tiger Quolls at Limeburners Creek Nature
Reserve (n=26). Some logs could not be identified to species and are referred to as unidentified eucalypt.
Size is measured as the equivalent of diameter at breast height (dbh) on the fallen log.
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The majority of hollow logs used by Tiger Quolls as dens had pipe diameters that fell
within 18-33 cm which were most common in hollow logs of size class 40-70 cm (Fig.
5.9). There did not appear to be a strong relationship between the size of hollow
entrance diameter at the base of logs and the dbh of the log (Fig. 5.9). This suggests
there is likely to be considerable variation among different species, sizes of standing
trees and possibly individual trees, in respect to the time when decay commences,
dependent on random events such as fire and storm damage that can provide sites for
fungal and insect attack.
Tiger Quolls were found sheltering a mean distance of 2.55 m (range 0.5-4.5 m) from
the closest entrance. The mean length of logs used was 11.07 m (range 5.5–22 m)
(Table 5.1). The internal dimensions of a cavity in a log was only determined on one
occasion when a log was cut open to investigate a Tiger Quoll that had not moved for
several days and was found dead and decomposed. The log had a dbh of 49.7 cm and
the quoll was approximately 3 m from the entrance that was provided by a hollow spout
half buried in the ground, with an entrance measuring 10x20 cm. The hollow pipe
diameter where the quoll was found was 21 cm and the sound wood in the walls was 7
cm thick (Plate 5.1b).
Typically, logs used as dens would have more than one entrance (mean 2.04) with up to
4 possible entrances being recorded (Table 5.1).

5.3.1.2 Live trees

Nine dens in hollows of live trees were used on 14 occasions, by both males and
females (Fig. 5.10, Plate 5.4). Three species of eucalypts, E. planchoniana, E. signata
and E. pilularis, were recorded to provide tree dens, and similar to logs, E.
planchoniana was the most frequently used (Table 5.2). Entrances to tree dens were
provided by broken limbs (n=4), hollows in the main trunk (n=2) where a branch had
been, or the trunk had broken off, and hollows at the base of the tree (n=3).
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Figure 5.8: The entrance diameter of hollow pipes at the base of logs used as dens (n=24) by Tiger Quolls
in Limeburners Creek Nature Reserve.
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Figure 5.9: The relationship of the diameter of the hollow pipe at the base of logs used as dens to the size
of the log as measured as diameter at breast height. Entrance diameters of hollow pipes used by Tiger
Quolls commonly fell within 18-33 cm which may have been more common in logs of size class 40-70
cm dbh.
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Entrances were positioned at ground level, or up to 9 m above ground (Table 5.1). The
diameter of entrances to hollow spouts and hollows into the trunk were estimated
roughly by eye and had a range of 18–25 cm (n=4). Trees dens had 1–4 possible
entrances greater than 7 cm diameter, (mean 1.78) but not all possible entrances may
have been visible. Quolls were situated approximately 0.5–4 m (mean 1.9 m, n=5) from
visible entrances (Table 5.1) suggesting relatively deep hollows are preferred. Trees
which were used as dens included smooth and rough barked species and had a
pronounced to slight lean from vertical of 45o–80o (mean 63.89o) measured from the
horizontal plane (Table 5.1).
Trees used as dens ranged in height from 10–28 m (mean 18.44 m), and mostly came
from a larger size class, as measured by trunk diameter, (70–99 cm dbh) (Fig. 5.10),
than did the majority of den logs (50–69 cm dbh) (Fig. 5.6).

5.3.1.3 Burrows and log piles

Seven burrows were located during the study, all of which were used by females, and
three of the seven were considered to be nursery burrows, which had many repeated
visits (Chapter 4). Burrow entrances were located on flat ground, in raised creek banks
or piles of mounded earth that are found along drainage ditches on the sides of roads
(Plate 5.5 & 5.6). Burrows could have several entrances. One burrow had a minimum
of three entrances, 2-4 m apart, although all possible entrances may not have been
located (Table 5.1). Four burrows had entrances into the creek bank of Limeburners
Creek (tidal) that appeared to follow the large roots of Blackbutt, E. pilularis, trees on
the edge of the creek (Plate 5.4). One such burrow was inspected using an optical
fibrescope and it appeared to follow under and along a large tree root. Radio-collared
quolls were detected 3-7.5 m from the presumed entrances of burrows in the creek bank.
One nursery burrow appeared to have its entrance via the upturned root base of a log.
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Figure 5.10: Size class of live trees (n=9) as measured by diameter at breast height (dbh) that provided
dens for Tiger Quolls at Limeburners Creek Nature Reserve. Dens were located in hollow limbs and
trunks. Tree species that provided dens in live trees were Eucalyptus planchoniana, E. signata and E.
pilularis.
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The entrance dimensions of burrows were often more difficult to determine, particularly
when they were hidden among a tangle of tree roots on the creek bank. The entrance
diameter of the shortest axis of those burrows that could be observed (n=5) ranged
between 10-20 cm (mean12.5 cm) (Table 5.1). Like other dens, all burrows were
located in areas of eucalypt forest and woodland.
On six occasions, Tiger Quolls were observed sheltering among bulldozed piles of logs
and dirt. Both males and females were recorded using these sites but it could not be
determined whether burrows had been constructed or quolls were sheltering within logs
or the spaces between logs in the pile.
In captivity, female Tiger Quolls were observed to construct burrows in their
enclosures, with the approach of the breeding season (Chapter 3). Burrows were made
into mounded earth, under logs or coverings provided by half logs. It is likely that
female Tiger Quolls also construct burrows in the wild, particularly when one of the
purposes of burrows is to provide nursery dens. Other animals of similar size present in
the study area that are known to construct burrows that could potentially be used by
Tiger Quolls include the Water Rat, Hydromys chrysogaster, and Lace Monitor,
Varanus varius.
No attempt was made to excavate burrows because of the small number located and
their importance as nursery dens.

5.3.1.4 Buildings

Tiger Quolls were observed sheltering under the floors of small sheds or cabins (n=2)
on 7 occasions (Plate 5.2). Both males and females were observed to use buildings
(Fig.5.3). Male Bloodwood used one den under a small cabin at Point Plomer
repeatedly. It was situated on cleared ground under a canopy of rainforest trees,
adjacent to an area of littoral rainforest. A female quoll sheltered under a small building
that was in a clearing with no ground cover, but was within 50 m of the forest.

246

Chapter 5 Dens, Den Sites and Habitat Utilisation

a. Female Christmas Bell den log (LBC 47)
used on several occasions while nursing
young. Log length 15 m, dbh 84.7 cm,
ground cover 60%, canopy over 50%.

c. Female Banksia den log (LBC 53) was
located among dense ground cover of ferns and
obscured from view. Length 13.5 m, dbh 57.3
cm, ground cover 95%, canopy cover 20%.

b. Female Wattle den log (LBC 39), showing cutaway section (walls 7 cm thick) and nesting
material of shredded bark from where the dead
quoll was retrieved. Length 5.5 m, dbh 49.7 cm,
ground cover 50%, canopy cover 15%.

d. The entrance to den log LBC 53 was
barely visible amongst the thick ground
cover of ferns. Entrance diameter 18 cm.

Plate 5.1: Den logs used by Tiger Quolls from Limeburners Creek Nature Reserve. Den logs were
formed from five different species of Eucalyptus tree but never formed from Melaleuca species.
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Plate 5.2: Male Tiger Quoll Bloodwood regularly denned under the floor of this small cabin in Point
Plomer camping area (LBC 44) which was located in a clearing adjacent to an area of littoral rainforest.
The maximum height of the gap between the ground and floor of the cabin was 20 cm.

Plate 5.3: Log den (LBC 48) used by female Christmas Bell on the 28.10.94 when she was nursing young.
The log was 14 m in length with a diameter at breast height (dbh) of 66.8 cm. The log appeared to have
two entrances, one in the base with an approximate diameter of 23 cm and a second in a broken spout
with a diameter entrance of 9 cm. The log was on a small hill in open forest of Eucalyptus planchoniana,
E. gummifera and E. pilularis with a reasonably open ground cover of 40% and canopy cover of 50%.
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a. Dead tree den (LBC 16) used by male
Charlie. The hollow entrance was ~5 m above
the ground and the tree had a dbh 54.1 cm.

c. Den in the hollow limb of a Eucalyptus
planchoniana (LBC 18) used by male Blackbutt
was ~5 m above the ground. The tree had a dbh
of 95.5 cm.

b. Den in a hollow branch of a Eucalyptus
planchoniana (LBC 44) ~5 m above ground
used by female Christmas Bell. The tree had a
dbh of 57.3 cm.

d. Den in the trunk of a Eucalyptus signata
(LBC 19) used by male Blackbutt appeared to
be accessed through entrances at the base of the
trunk. The tree had a dbh of 87.5 cm.

Plate 5.4: Tree dens used by Tiger Quolls in Limeburners Creek Nature Reserve.
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Plate 5.5: Raylene’s burrow near Sandfly Alley was not placed near any particular feature but was
situated beneath a dense mid-storey cover of shrubs Leptospermum sp. and appeared to have three
entrances 3-4 m apart. This entrance was 11 cm in diameter (note 50 mm diameter lens cap in
foreground).

Plate 5.6: Charlene’s burrow into the bank of Limeburners Creek appeared to follow along one of the
large eucalypt tree roots. There may have been more than one entrance to this burrow and the burrow
length was at least 3-4 m as indicated by the position of the radio-collared Tiger Quoll.
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5.3.1.5 Nest building

Nest building was observed on only one occasion in the wild, in early June during the
1994 breeding season, when a log den was cut open to investigate the status of the first
year female Tiger Quoll that had not moved for 6 days. The female Tiger Quoll was
found dead and decomposed within a ball like nest that weighed 800 g and was made
from tea tree bark (Leptospermum sp.), bark of a stringy fibrous barked eucalypt (E.
pilularis or E. planchoniana), fronds of a soft feathery sedge (Restio sp.) and eucalypt
leaves (Plate 5.1b). Sedge fronds were likely to have been collected some hundreds of
metres away from the log den in an adjacent swamp.
In captivity, female Tiger Quolls were observed to construct nests in their enclosures at
the beginning of the breeding season in May, within hollow logs and half logs, using
tussock grasses and other plant material provided in their enclosures (Plate 3.4, Chapter
3).

5.3.2

Den spacing, distribution and site characteristics

Dens were not evenly spaced throughout the landscape but were commonly clumped
about low rises and small hills (Fig. 5.1). Overall, there was a greater proportion of
dens (56.5%) located in slightly elevated positions at the base of hills, hill slopes, hill
tops, elevated creek banks or cliffs compared to flats or swamp / swamp edge (43.5%),
which is not surprising given the low elevation of the landscape and extensive areas of
swamp and low lying areas subject to periodic inundation (Table 5.3). Typically these
slightly elevated areas also supported eucalypt forest and woodland that provided a
source of the most favoured den type, Eucalyptus logs. Many of the sites classified as
occurring on flats would have occurred on very slight rises, too small to be identified by
the 10 m contour shown on topographic maps. Bulldozed log piles formed small raised
sites in which quolls could shelter and potentially make burrows.
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Table 5.3: Topographic position of dens used by Tiger Quolls in Limeburners Creek Nature Reserve in
the landscape.

Log

Log
pile

Live
tree

Flat

8

1

3

Base of hill

2

2

Hill side / slope

3

2

Hill top / ridge top

11

2

Swamp edge / swamp

7

Topographic feature

Number of dens
Dead
tree
Burrow
2

Building

Total

%

1

15

28.3

4

7.5

6

11.3

14

26.4

8

15.2

5

9.4

1

1.9

1
1

1

Creek bank

4

Cliff

1
1

Totals
%

252

Rock
crevice

31

2

9

1

7

1

2

58.5

3.8

16.9

1.9

13.2

1.9

3.8

53
100
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All but three dens, one in a coastal cliff and two in clearings adjacent to forest, were
found in eucalypt forest or woodland (Fig. 5.2).The greater proportion of dens was
located in sites with moderate to dense vegetation cover. For 94.3% of den sites mean
ground cover ranged between 44.2-99.1%, mean mid-storey cover ranged between
15.95-32.5% and canopy cover between 20.8-38.8% (Table 5.4). Two dens were
located in reasonably open situations in clearings, under small buildings, but were only
a few metres from areas of native forest. An assessment of the general availability of
potential dens could not be made due to the difficulty in locating logs or burrows among
dense ground cover and making an accurate assessment of the number of hollows in
standing trees.
More dens were located for females than males. The dens of females were commonly
clumped within home ranges rather than spread evenly throughout (Fig. 5.1). The
minimum distance between female dens for three females where a number of dens were
located, were Charlene 70-1143 m (mean 283 m), Raylene 199-568 m (mean 417 m)
and Christmas Bell 79-368 m (mean 184 m).
Few dens were located for the three large males, despite being monitored over several
months. Dens of males were generally much more widely spaced, ranging between
594-7374 m, with a collective mean of 2668 m, reflecting males’ larger home ranges
and much greater movements (Fig. 5.1).

5.3.3

Habitat utilisation

Tiger Quolls did not use habitats in direct proportion to their availability within the
study area in respect to the proportion of habitat classes contained within individual
home range areas (second-order selection), or in respect to use of habitat classes
contained within home ranges (third-order selection) for any of the three males or three
females where home range areas reached or approached asymptotes in size (Table 5.5).
However, larger home ranges, which were generally held by males, and which
overlapped extensively with other males and females, more closely approximated
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Table 5.4: Vegetation type, height and cover at Tiger Quoll dens in Limeburners Creek Nature Reserve
showing mean and range in brackets, for canopy, mid-storey, ground storey and leaf litter layers.

Canopy
Dominant canopy species /
den type
Eucalyptus planchoniana
- E. gummifera /
E. pilularis / E. signata
log
tree
burrow
Total
Eucalyptus pilularis
- E. gummifera /
E. intermedia /
E. planchoniana
log
tree
log pile
burrow
building
Total
Eucalyptus signata
-E. planchoniana /
E. gummifera
log
tree
log pile
burrow
Total
Eucalyptus robusta
-Melaleuca quinquenervia
log

Number
of dens

14
6
1
21

6
1
1
4
1
13

4
3
1
2
10

% of
dens

% cover

Mid-storey

Height (m) % cover

Ground storey

Leaf litter

Height
(m)

% cover

Height
(m)

% cover

38.8
(15-60)

21.3
(14-28)

15.95
(5-40)

8.62
(5-12)

59.76
(40-80)

1.97
(1.5-3)

65.23
(20-90)

33.46
(15-40)

20.07
(14-28)

19.6
(0-70)

7.3
(10-16)

44.2
(5-80)

1.5
(0.5-3)

71.9
(30-100)

26
(5-50)

16.6
(12-20)

32.5
(5-70)

7.2
(4-10)

71
(40-95)

1.8
(0.5-2.5)

66.5
(50-100)

20.8
(10-40)

20
(16-24)

16
(1-50)

5.5
(4-8)

99.1
(95-100)

2
(1-3)

100
100

50

24

10

6

90

2

70

20

10

0

0

0

0

10

100

2

0

0

0

0

80

39.6

24.5

18.9

6
11.3

Eucalyptus grandis

log

1
1.9

Ficus spp. / Cupaniopsis
anacardioides
- cleared
building

1
1.9

Chrysanthemoides
monolifera
rock crevice

1
1.9
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in their composition, habitat availability within the study area (second-order selection)
(Table 5.5, Fig. 5.2). For four of the six individuals, there was a greater proportion of
forest and woodland included in home range areas than occurred in the study area. Two
females and one male also included greater proportions of shrubland within their home
ranges than expected. Overall, no individual Tiger Quoll included habitat classes within
their home range area in proportion to their availability in the study area (Table 5.5).
Charlene’s home range area was significantly larger than the other two females (Table
5.5) and she used alternatively, southern or northern parts of the home range in
successive breeding seasons. The calculation of home range area using the Minimum
Convex Polygon (MCP) is more likely to include areas in an individual’s home range
that are infrequently or never used. This is likely the case in this instance, and may
account for the reduced proportion of forest and woodland, and increased proportion of
shrubland in her home range.
Habitat use by individuals in home ranges (third-order selection), as indicated by the
number of point localities obtained from trapping, den sites and radio-tracking
locations, did not reflect the proportional availability of those habitats contained within
the home range (Table 5.5). Within home ranges, all individuals used forest and
woodland more than expected, and shrubland, heathland / sedgeland less than expected,
compared to availability within the home range (Table 5.5). Bonferroni confidence
intervals (α=0.05) indicated that three females and two males clearly preferred forest
and woodland habitats within their home range areas and all individuals generally
avoided heathland / sedgeland habitats and also cleared and open areas (Table 5.6).
Within the habitat category “forest and woodland”, Eucalyptus-dominated areas were
used in greater proportion than expected based on their relative availability by all
individuals. Melaleuca-dominated areas were generally used less than their relative
availability, although not a lot less, particularly for those individuals that included large
areas of that habitat in their home range (Table 5.5).
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Table 5.5: Habitat use by Tiger Quolls in Limeburners Creek Nature Reserve and surrounding area. The area of the home range assessed for individuals may be smaller than the total home range area as
determined by the MCP method as areas of estuarine water bodies have been excluded. Habitat classification includes four broad vegetation structural classes plus one class for clearings and open
freshwater. Forest and woodland has been further divided into canopy types and includes small areas of mallee forest and woodland. Melaleuca is predominantly Melaleuca quinquenervia (95.34%).
Other includes areas of Casuarina and Allocasuarina, mangrove and littoral rainforest. Heathland / sedgeland class also includes small areas of rushland and saltmarsh. Foredune / headland complex
includes areas of bare rock, Banksia integrifolia, Leptospermum laevigatum, Acacia sophorae and Spinifex sericeus. Cleared also includes partially cleared areas and areas cleared after mining. An
additional 426 ha that extends beyond the boundaries of the Nature Reserve have been assessed for vegetation structure as it was included in Tiger Quoll home ranges.
Individual

Home range area
assessed (ha) /
Total number of
locations

Forest and Woodland
Dominant canopy species

Shrubland

Heathland /
Sedgeland

Foredune /
Headland

Cleared / open
water

All canopy species

Eucalyptus

Melaleuca

Other

31.41 (3503)

16.78 (1871)

3.25 (363)

51.44 (5737)

5.96 (665)

38.81 (4328)

0.47 (53)

3.32 (370)

1 380

37.88 (523)

1.92 (26)

6.50 (90)

46.3 (639)

18.93 (261)

34.67 (478)

0

0.1 (2)

68

92.6 (63)

0

4.41 (3)

97.05 (66)

0

2.94 (2)

0

0

% of home range (ha)

480

67.52 (324)

0.36 (2)

0.74 (3)

68.62 (329)

15.90 (76)

12.68 (61)

0

2.8 (13)

% of locations (No)

43

93.02 (40)

0

0

93.02 (40)

2.32 (1)

0

0

4.65 (2)

% of home range (ha)

567

36.63 (208)

26.28 (149)

0.73 (4)

63.64 (361)

0.91 (5)

35.15 (199)

0

0.28 (2)

% of locations (No)
Males

126

65.87 (83)

20.63 (26)

0

86.50 (109)

0

13.49 (17)

0

0

2 167

39.03 (846)

5.89 (128)

6.52 (141)

51.44 (1 115)

14.99 (325)

32.32 (700)

0

1.25 (27)

28

82.14 (23)

0.35 (1)

0.35 (1)

89.29 (25)

7.14 (2)

0.35 (1)

0

0

2 880

38.37 (1 105)

17.09 (492)

5.09 (147)

60.55 (1 744)

5.82 (168)

32.50 (936)

0

1.13 (32)

36

63.88 (23)

13.88 (5)

5.55 (2)

83.32 (30)

2.77 (1)

16.66 (5)

0

0

3 188

25.01 (798)

25.53 (814)

4.86 (155)

55.42 (1 767)

7.44 (237)

33.46 (1 067)

0.7 (22)

2.96 (95)

55

41.81 (23)

23.63 (13)

0

65.45 (36)

0

10.90 (6)

23.63 (13)

0

% of study area (ha)
(total area 11153 ha)
Females
Charlene

% of home range (ha)
% of locations (No)
Raylene

Christmas Bell

Charlie

% of home range (ha)
% of locations (No)
Blackbutt

% of home range (ha)
% of locations (No)
Bloodwood
% of home range (ha)
% of locations (No)
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Table 5.6: Tiger Quoll habitat use within their home range. The proportion of locations of Tiger Quolls recorded in different habitat classes were compared to the habitat proportion
(ha) available within home ranges (third-order selection) using Chi-squared analysis. No Tiger Quolls used habitat within their home ranges in proportion to its availability.
Bonferroni confidence intervals at the 0.05 significance level were calculated to investigate preference or avoidance of habitat classes. NO-no observations that may be interpreted
as avoidance, NS-no significant difference, - habitat class not present in home range. See Table 5.5 for habitat proportions available within the study area and home ranges.

Individual

χ2

Degrees of
freedom

Probability

Forest &
Woodland

Shrubland

Heathland /
Sedgeland

Foredune /
Headland

Cleared / Open
water

Females
Charlene

70.524

3

< 0.001

Prefer

NO

Avoid

-

NO

Raylene

11.809

3

< 0.01

Prefer

Avoid

NO

-

NS

Christmas Bell

28.669

3

< 0.001

Prefer

NO

Avoid

-

NO

Males
Charlie

16.456

3

< 0.001

Prefer

NS

Avoid

-

NO

Blackbutt

7.963

3

< 0.05

Prefer

NS

Avoid

-

NO

428.424

4

< 0.001

NS

NO

Avoid

Prefer

NO

Bloodwood
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The greater use of eucalypt-dominated areas may be related to the greater availability of
Eucalyptus hollow logs and trees for den sites as these were shown to be preferred den
sites in this study area (Fig. 5.4). Melaleuca quinquenervia does not readily form
hollows and therefore the availability of potential den sites is likely to be much lower
than in eucalypt forest.
The foredune and headland habitat complex was only present in the home range of one
male but was used in much greater proportion to its availability. This male had a den
located under a small cabin on the edge of the camping area that was visited repeatedly,
thereby overestimating the apparent importance of this habitat type (Tables 5.5, 5.6). A
second den was located in a crevice in a rocky headland and rocky substrates may
provide opportunities for numerous secure den sites. Local residents did observe Tiger
Quoll footprints along the strand line on beaches at Point Plomer and it might be
presumed that Tiger Quolls would scavenge dead fish and birds from these areas when
available. Tiger Quolls are also known to pinch fish from beach and rock fishermen in
this area, so rocky coastal habitats may well be included in home ranges where available
with the potential to provide secure den sites and food.

5.4

Discussion

5.4.1

Den types

In the Limeburners Creek Nature Reserve study area, Tiger Quolls used a variety of den
types that included logs, burrows, hollows in trees, shelter within bulldozed log piles,
cavities under small buildings and rock crevices. Logs and burrows were the most
frequently used (Fig. 5.4). Due to the small number of observations for males, no
meaningful comparisons can be made of den use between males and females, other than
males were not observed to use burrows and females were not observed to use rock
crevices. The greatest number of dens used by a female was 18 and for a male 5. The
pattern of den use by females changed during the year in respect to the breeding season.
When females were without young or had small pouch young prior to teat release, logs
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and tree dens were used and females would generally occupy a different den each day.
Once young were free of the teat, at approximately 56-79 days (Chapter 3), young were
deposited in a nursery burrow that would be occupied for several consecutive days, 8
days being the greatest number recorded in this study, but it was likely to have been
much longer. As young grew older (~118 days), log dens were again used, with stays of
several consecutive days in any one den.
Dens used by females were not evenly distributed across the landscape but were
clumped in areas of eucalypt forest and woodland, that was found on low hills and rises
across the otherwise low lying terrain. Extensive areas of tall Melaleuca quinquenervia
(16-18 m) swamp forest occurred in the study area but no dens were located in these
habitats, although Tiger Quolls were recorded to use these areas. Melaleuca
quinquenervia does not appear to readily form hollows as do eucalypts, and these
swamp forests would at times be subject to inundation. Ground covers in the immediate
vicinity of dens were typically moderate to dense and often den logs would not have
been found without the aid of radio-telemetry to locate the quoll.
In the cool montane tall forests of south-eastern Australia, Tiger Quolls were observed
to use rock crevices, caves and boulder tumbles, hollow logs, windrows, tree hollows
and the burrows of rabbits and small wombats as den sites. There was some local
variation in types of dens preferred, with rock dens favoured in one area and logs
favoured in another (Belcher 2000). Two of the three study sites were within State
Forests and so were subject to commercial logging that provided opportunities for dens
in defective saw logs and windrows. All three sites included areas of granite rock out
crops, a rock type known to form boulder piles and have deep cracks and fissures.
Potential log dens were considered common at two sites and rock dens common at only
one site, but at the latter site, Tiger Quolls appeared to prefer rock dens over log dens.
At the site where log dens were favoured, past logging history may have made potential
log dens more abundant (Belcher 2000). Burrows were less frequently used than rock
or log dens. One male Tiger Quoll was observed to use a burrow and one female was
recorded using a rabbit burrow beneath a log as a nursery den (Belcher 2000).
Tiger Quolls in these areas were also recorded using a number of dens; the greatest
number recorded was 15 for a female and 5 for a male (Belcher 2000). The details of
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log, hollow and burrow dimensions and characteristics were not provided although the
size of logs and trees as they appeared from the plates provided in the document,
seemed larger than was observed in Limeburners Creek Nature Reserve.
In south-eastern Queensland, in Girraween National Park, three large male Tiger Quolls
were found to use caves or crevices among granite boulders for den sites. Over the
short period that quolls were radio-tracked in that study, individuals used 1–3 different
dens and some repeated use of sites was observed. Dens appeared to have only one
entrance and were thought to extend up to 4 m from the entrances. No latrine sites were
found in the vicinity of dens (Watt 1993).
In the rainforests of far north Queensland, females of the smaller subspecies Dasyurus
maculatus gracilis, were found to den in the cavities and hollows of fig trees Ficus spp.,
hollow tree trunks, caves within boulder piles and within fern clumps on top of granite
boulders. Dens were occupied for between 2 and 4 consecutive days after which
individuals moved to a different den 500–1000 m away (Burnett 1993). Tiger Quolls
were also observed to shelter in hollow logs and accumulations of leaves between
buttress roots but it was not known if these sites comprised dens or temporary shelters
(Burnett 2001).

5.4.2

Den use in other quoll species

Other quoll species have been observed to use a variety of dens. In Kakadu National
Park in the Northern Territory, the Northern Quoll, Dasyurus hallucatus, utilises live
and dead trees, logs, rock dens, burrows and burrows in termite mounds. Females were
found to use rock dens, burrows and termite mounds more than males and the majority
of termite mound use was between mid-August to mid-November when pouch young
are left in nursery dens. Similarly, 40% of burrows were used as nursery dens by
females and rarely used by males. Northern Quolls used a large number of different
dens. Females used 20-55 dens (mean 35) and maximum number of dens recorded for
males was 18. Dens were re-used by both females and males and repeated use of dens
also occurred in both sexes, but for females occurred primarily when rearing young
between September-November (Oakwood 1997).
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The Western Quoll, Dasyurus geoffroii, is reported to use hollow logs and earth
burrows as dens in the jarrah forests of south-western West Australia (Serena et al.
1991). In the deserts of central Australia in the Northern Territory, where it no longer
occurs, the Western Quoll was reported to use earth burrows, hollow logs, tree limbs
and hollows in termitaria (Johnson & Roff 1982). In the suburbs of Perth, Western
Australia Troughton (1973) reported the Western Quoll sheltering in the roofs of
houses.
The Western Quoll is also reported to use a large number of different dens, females
averaging 66 logs and 110 burrows per year (Serena et al.1991). Between August–
November when young were 65-110 days old and left in a nest, 10 females used 22
dens, all of which were burrows. Burrow entrances were often located at the base of
living trees or sound stumps under a large surface root. Burrows may also follow root
channels exposed under the remnants of burned or rotting stumps or uprooted trees.
Entrances can also be located under boulders or large logs and sometimes no particular
surface feature. Burrows could have up to 3 entrances, the dimensions of which ranged
from 7-18.5 cm in height and 8-22 cm in width and quolls were located from 0.8-3.4 m
from entrances. Ground cover in the immediate vicinity of burrow entrances varied
widely between 2-85% and was not thought to be an important criterion in den
selection. Western Quolls constructed nests in captivity in nest boxes, and in the wild,
in burrows using leaves and feathers (Serena & Soderquist 1989b).
The longest period of consecutive occupation of a den by a Western Quoll was 27 days,
by a female in a burrow with 6 young, beginning when the young were 78 days old
(Serena & Soderquist 1989b).
In comparison to other quoll species, the Eastern Quoll, Dasyurus viverrinus, in
Tasmania, uses much fewer number and types of dens, and den sharing within and
between sexes is common. The majority of dens (78.7%) were burrows with entrances
among blackberry thickets, under logs, at the base of trees, into bulldozed piles of earth
or with no particular surface feature. Other dens were located in rock or boulder piles
(7.1%), felled trees or brush piles (5.9%), dumps (4.7%) or under buildings (3.5%) but
no hollow logs were used. Rabbit burrows were not used. Burnt and rotting tree roots
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were used to penetrate compact soil layers in 13.1% of subterranean dens. Burrows
may include more than one chamber, one of which may be used as a latrine. Nests of
dry grass were found in some chambers. Burrows were observed with one and two
entrances. There were no differences in the type or number of dens used by males and
females with 12 dens being the greatest number used by an individual. However, most
individuals used considerably fewer dens than other quoll species. The mean number of
dens used by males and females was 4.2 and 4.6 respectively. Den sharing occurred
most commonly between females and females and females and males and least
commonly between males and males and could be between related or unrelated
individuals. Den sharing was most likely to occur during the months of high population
density (December–February) and least likely when females were rearing large young in
the den (July-November) (Godsell 1983).
In the open grassland of Lake Lea, Tasmania, Eastern Quolls are reported to use rocky
areas or depressions caused by sinkholes as den sites that are remote from forest areas
(D. Moyle in Jones & Rose 1996).
On the open grassy basalt plains of Victoria, the Eastern Quoll, which is now extinct on
mainland Australia, was reported to use boulder piles, areas under boulders, hollow logs
and areas under the floors of huts as den sites, within which a grass nest may be
constructed (Fleay 1935). Troughton (1973) reported them using caves and holes
among rocks and hollow logs and in the 1800s Gould reported them using hollow trees,
holes in rocks and stony places (Gould 1863).
Overall there are similarities in the types of dens used by Australian quoll species,
particularly Tiger, Western and Northern Quolls. These species typically use a large
number of dens, and logs and burrows are commonly used. The Tiger and Northern
Quolls used rock dens when available, as did the Eastern Quoll on the mainland, the
Northern Quoll displaying a seasonal pattern in their use. Tree dens were used most
frequently by the Northern Quoll with some use by Tiger Quoll but not reported for
Western Quoll in south-western West Australia. The Northern Quoll makes use of
burrows in termite mounds in the Northern Territory. The Western Quoll was also
reported to use termite mounds and tree hollows in the Northern Territory when it was
extant there and was also reported to share burrows (Johnson & Roff 1982).
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In these three species, females prefer burrows when they deposit young from the pouch
into a nursery den and typically den occupation changes from stays of one or two days
to stays of many consecutive days. Den sharing in these three species did not occur or
was infrequently observed.
Burrows are the most preferred den type throughout the year for the Eastern Quoll in
Tasmania, and den sharing is common within and between sexes. Females are more
likely to occupy a nursery burrow on her own when she has young out of the pouch and
notably logs and tree dens were not used (Godsell 1983).
Quolls show some flexibility in the types and use of dens. While the types of dens used
may reflect availability, females purposely seek some den types at particular times of
the year, especially during the breeding time. The lack of use of hollow logs and hollow
trees by species such as the Eastern Quoll, may be a reflection of their availability, if
termite activity and fire frequency are much lower or absent in moist to wet forest
communities of Tasmania, and suitably sized hollows may not form. Reports by Fleay
(1935) and Gould (1863) of mainland Eastern Quolls using logs for shelter, support this
proposal.
The high incidence of den sharing and low number of dens used by individual Eastern
Quoll, compared to other quoll species, may be related to the very high population
densities reported at this study site (0.9-4.5/ha, Godsell 1983). Other quoll populations
have not been reported to occur at such high densities.

5.4.3

Hollow formation in trees and logs

In Limeburners Creek Nature Reserve, hollow logs were the most frequently used den
type (Fig. 5.3). This may be a result of a lack of alternative den types provided in rocky
landscapes, such as rock and boulder piles, caves and crevices, but such features may be
scarce or absent from many landscapes, and hollow logs may provide the most available
form of shelter. Due to the difficulty in locating logs in dense ground cover, it was not
possible to ascertain whether Tiger Quolls were choosing a particular size log as a den,
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or whether this size of log was the most abundant. The majority of logs that provided
dens for Tiger Quolls fell in the 50-120 cm dbh size classes with the greatest frequency
in the 50-70 cm dbh size classes (Fig. 5.6). Eucalypts were the only type of tree to
provide hollow logs in this area.
Hollow pipes in logs needed to reach a threshold size before they would be suitable for
Tiger Quolls and, in this study, the mean diameter of hollow entrances at the base of
logs was 26.13 cm ±7.41 s.d. (Table 5.1). There appeared to be no direct relationship
between diameter of the entrance to the hollow pipe at the base of a log to the diameter
at breast height (dbh), suggesting that the agents of hollow development may begin
operating at different ages or rates between individual trees or trees of different species
(Fig. 5.9). Similarly, it was not possible to determine whether Tiger Quolls avoided
larger hollow entrances or they were less abundant in the landscape. It is possible that
Tiger Quolls do choose a particular size class of hollow, as too large an entrance could
provide access to predators of Tiger Quolls, such as large goannas, foxes and dingoes.
Hollow formation is particularly prevalent in the eucalypt forests and woodlands and the
expansion of these eucalypt forest types over rainforests in Australia is thought to have
lead to a greater reliance of the vertebrate fauna on hollows for shelter (Gibbons &
Lindenmayer 2002). Hollow formation in eucalypts is encouraged through the agents of
fungal attack, termites and fire. The likelihood that trees will contain hollows generally
increases with age and tree diameter but other factors such as tree species, tree health
and sapwood thickness may also influence a tree’s disposition to form hollows.
Absolute tree diameter may not be a primary factor in influencing hollow formation as a
review of studies from a range of forest environments showed, trees had a high
probability of containing hollows when they reached on average, 67% of the maximum
diameter recorded in trees from proximal stands (Gibbons & Lindenmayer 2002).
The time required for eucalypt trees to begin to form hollows varies between species
and climatic region. Hollows have been observed to begin forming in Blackbutt,
Eucalyptus pilularis, from 40 years and in River Red Gum, E. camaldulensis, at 35
years but not until 120 years for Mountain Ash, E. regnans. The age at which trees
form hollows suitable for occupancy by vertebrates is much greater. This is usually not
before 120-180 years and large hollows do not become evident before 220 years
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(Gibbons & Lindenmayer 2002). The time taken for large hollow standing trees to
become fallen hollow logs might be presumed to be even greater. The risk of collapse
for dead or decayed trees has been shown to be negatively associated with diameter
therefore small decayed trees persist for shorter periods than larger trees. It has been
shown that a decayed tree is likely to fall when the ratio of sound wood to hollow pipe
falls below 0.35. This relationship holds true for eucalypts, therefore small trees are
less likely to contain hollows compared to larger trees, as only small amounts of
heartwood decay are required before this ratio is exceeded (Gibbons & Lindenmayer
2002). Conversely, it may be more likely to find a greater abundance of smaller sized
hollow logs than the largest size class of standing hollow trees.
In Limeburners Creek Nature Reserve, five species of eucalypt were found to provide
hollow logs and hollows in live standing trees that were used by Tiger Quolls (Table
5.2). Of the logs that could be identified to species, Needlebark Stringybark, E.
planchoniana, provided the greatest number, followed by Scribbly Gum, E. signata,
Swamp Mahogany, E. robusta, Red Bloodwood, E. gummifera, and Blackbutt, E.
pilularis. Eucalyptus planchoniana also provided the greatest number of hollow trees
used by Tiger Quolls (Table 5.2). Studies on hollow development have been
undertaken on two of these species.
In Blackbutt forests of the mid-north coast of New South Wales, hollows suitable for
occupancy of fauna did not occur in trees less than 144 years old and hollows suitable
for large animals (> 15 cm diameter) did not occur until trees were greater than 224
years old (Mackowski 1984, 1987). Large trees, in size classes of greater than 120–160
plus cm dbh over bark, were also more likely to contain a larger proportion of main
stem hollows, although termite galleries up the centre of the main stem occasionally
formed in trees of 75 cm dbh over bark (Mackowski 1984).
In south-east Queensland E. pilularis developed small hollow entrances (1-5 cm) in
branches at 100 cm dbh (~ 145 years) but a sufficient number of larger hollows (10+
cm) were not common until trees had reached 121-130 cm dbh (~165 years). Large
hollows greater than 15 cm diameter became evident in trees greater than 130 cm dbh
but was not common until trees exceeded 161 cm dbh (185-210 years). Central pipe
hollows with diameters of 15-20 cm were present in the base of E. pilularis with
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diameters at stump height (50 cm high therefore larger than dbh) of 70-80 cm and those
with pipe hollows greater than 20 cm, in trees with diameters at stump height of 85 cm
or greater. E. pilularis with a dbh of 71-80 cm were estimated to be aged between 87104 years (Wormington & Lamb 1999).
The Scribbly Gum, E. signata, has a slower growth rate than E. pilularis and, for any
measure of dbh, E. signata would be considerably older. For the size class of 81-90 cm
dbh, E. pilularis is estimated to be between 105-124 years and a similarly sized E.
signata is estimated to be between 196-235 years of age (Wormington & Lamb 1999).
In E. signata, small hollows (1-5 cm) first appear in the 61-70 cm dbh (126 years), were
present in most trees in the 81-90 cm dbh and all trees by 91-100 cm dbh (236 years).
Hollows of 10-15 cm diameter appear in trees in the 91-100 cm dbh and are present in
80% of trees in the 121+ cm dbh size class (356+ years). Hollows greater than 15 cm
diameter were rarer and only appeared at the 101-110 cm dbh (276-315 years) and were
only present in 40% of trees in the 121+ size class (Wormington & Lamb 1999).
Given a similar growth rate of trees in Limeburners Creek Nature Reserve on the midnorth coast, to sites in south-east Queensland, E. signata logs used by Tiger Quolls (Fig.
5.7) may be aged between 93-275 years and standing trees which provided hollows
(Fig. 5.10) between 70-235 years. For logs of E. pilularis, ages could lie between 160195 years and trees with hollows, between 105-124 years. No information on hollow
formation and age of trees is available for Needlebark Stringybark, E. planchoniana, the
tree most commonly used for log dens, but it is probable that it falls within the range of
ages shown by E. pilularis, a relatively quick growing species, and E. signata, a
relatively slow growing species.
The potential abundance of tree hollows and future hollow logs, not only depends on the
time taken to form hollows, but also depends on the number of trees in a stand that are
likely to contain hollows. In unlogged forest in south-east Queensland, E. pilularis
stands contained 35 trees per hectare in the hollow bearing size class (>101 cm dbh) of
which 32 would contain hollows. In E. signata stands, there were 37 trees per hectare
in the hollow bearing classes (>81 cm dbh) of which 34 would contain hollows
(Wormington & Lamb 1999).
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The above studies have shown the extremely long time periods required for large
hollows to form in branches and within main trunks of trees, in the realm of hundreds of
years. Whether terrestrial ground fauna are able to successfully excavate mudguts and
termite nests from within the pipes of fallen trees prior to hollow formation or whether
fire will remove mudguts of horizontal logs without consuming the whole log is
unknown. For large hollow logs to be available to species such as the Tiger Quoll, large
hollows may have to first form in standing trees that eventually fall. Such trees may be
alive or dead when they fall.
In a study of the persistence of dead standing trees following a fire, in south-east
Queensland in 1924, Borsboom (1991) found that 40% of dead trees greater than 7
metres in height had persisted since the last census in 1947, and estimated such trees
had a longevity of around 100 years. Similarly, Moloney et al. (2002) estimated
eucalypt stags had longevity of 50-100 years. In studies in the montane ash forests of
central Victoria, the expected lifespan of the majority of hollow bearing stags was less
than 75 years (Lindenmayer et al. 1990). Logs formed from dead trees are therefore
likely to be considerably older than those formed from collapsed live trees.
Fungal and termite attack generally are the primary means of decay of trees (Perry et al.
1985) but fire can hasten or encourage the formation of hollows by excavating decayed
heartwood, damaging or killing trees and limbs and exposing heartwood to decay
(Gibbons & Lindenmayer 2002). In a study in Jarrah and Marri forests in Western
Australia, used by Common Brushtail and Ringtail Possums, 38% of den trees were
destroyed by an intense fire but 3 years after the fire the number of den trees had
increased from 82 prior to the fire, to 254 (Inions et al.1989). However, the number of
large old trees had been reduced and hollows were created in smaller younger trees.
Although fire may accelerate the rate of formation of hollows in standing trees it may
also accelerate the rate at which trees or branches are lost, particularly dead standing
trees as well as logs on the ground. Too frequent fires could lead to an overall loss in
the hollow resource (Inions et al.1989, Gibbons & Lindenmayer 2002) and potentially
the fallen hollow log resource. Some forest communities are likely to be subject to
more frequent fires than others. In south-east Queensland, E. signata forests were
considered to be subject to higher fire frequencies than E. pilularis or E. microcorys
stands due to the greater incidence of fire scars (Wormington & Lamb 1999). The
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frequency and intensity of fires along with the propensity of a species to form hollows
will influence the abundance of hollow trees and ultimately the availability of hollow
logs.
The time that hollow logs might persist on the ground is not well understood but will be
influenced by factors such as the presence of termites, log diameter, the position of the
log in the landscape and the durability of the tree species, fire frequency (Lindenmayer
et al. 2002) and geographic position and climate. Mackensen & Bauhaus (1999)
concluded the turnover period for most Australian hardwood species by which 95% of
the material would be lost, would be at least 25-30 years, but may exceed 100 years for
more durable species.
Whether the hollow log resource in Limeburners Creek Nature Reserve is in excess of
the needs of the population of Tiger Quolls could not be determined. It is likely that a
much greater number of dens, possibly three to four times as many, are used by
individuals than was observed, given that new dens continued to be located over the 618 month period that some female individuals were monitored, and field work generally
occupied 7-10 days per month (Fig. 5.4). Log dens are likely to have made up the
majority of such dens.

5.4.4

Function of dens

Dens may serve several different purposes for the animals that use them. Dens can
provide shelter from inclement weather, insulation from extremes of temperature, sites
for social interaction or sites to rear young and provide protection from predators and
conspecifics.
Several members of the genus Dasyurus use a large number of different dens in
comparison to many other marsupial and placental mammals in Australia. Western
Quolls, Dasyurus geoffroii, are estimated to use up to 176 dens in a year and female
Northern Quoll up to 55 dens (Serena et al. 1991, Serena & Soderquist 1989b,
Oakwood 2002). In this study, female Tiger Quolls were found to use up to 18 dens
although the total number of dens used over one year is probably considerably greater.
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In the montane forests of south-eastern Australia female Tiger Quolls were reported to
use up to 15 dens and that was considered an underestimate of the total number of dens
used, as females typically moved to a new den each day (Belcher 2000).
Other dasyurids recorded using a large number of dens include the arboreal Brush-tailed
Phascogale, Phascogale tapoatafa, that uses 5-19 tree hollows within home range areas
of 2.54-8.52 ha and the ground dwelling Mulgara, Dasycercus cristicauda, that uses
2.7-5.6 burrows per week within mean home ranges of 3.3-9.9 ha, over periods of 5-11
days (Masters 2003). Other marsupials recorded using a large number of dens include
the Numbat, Myrmecobius fasciatus, with up to 23 log dens (Christensen et al. 1984),
the Mountain Brushtail Possum, Trichosurus caninus, with up to 23 dens, the Greater
Glider, Petaroides volans, with up to 18 dens and the Yellow-bellied Glider, Petaurus
australis, with up to 13 dens (Gibbons & Lindenmayer 2002). The Greater Glider and
Yellow-bellied Glider are completely arboreal and require tree hollows in the canopy
(McKay 1995, Russell 1995), while the Mountain Brushtail Possum will den in hollows
in trees or logs on the ground (How 1995).
No other marsupials have been reported to use as many dens as some members of the
Dasyuridae, such as the Western and Northern Quolls. Both species are carnivorous or
partly carnivorous in diet and therefore may be expected to have relatively large home
range size for their respective weights, perhaps explaining the large number of dens
used. However other marsupials have comparable home range areas but use fewer dens.
Home range size may not be the major influence on the number of dens used, as Greater
Gliders have relatively small home ranges of 0.8-4 ha compared to Yellow-bellied
Gliders with home ranges of 30-70 ha but have been recorded using a greater number of
dens than the more widely ranging Yellow-bellied Glider (Gibbons & Lindenmayer
2002).
The Tiger Quoll has one of the largest home ranges reported for any carnivorous
marsupial and would therefore be expected to have a large number of dens. Both this
and Belcher’s (2000) study suspect the total number of dens used by individuals to be
much greater than recorded. The smaller number of dens recorded for males than
females reflects the greater difficulty in locating males that were also more difficult to
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track to a precise location, sometimes moving away from a resting site at the approach
of an observer. Many more dens were located for females, which were almost always
tracked to a specific site, once a radio signal was found. This might suggest that males
do not necessarily seek the security of a hollow log, tree hollow or burrow but are
prepared to shelter within thickets of vegetation or in the canopy of trees.
The Limeburners Creek Nature Reserve experiences a mild temperate climate and dens
are unlikely to be used primarily to escape climatic extremes. Tiger Quolls have been
found to be largely solitary, except for females nursing young, and so dens are not likely
to be primarily used for social interaction. Dens are certainly used by female Tiger
Quolls to rear young but are also used throughout the rest of the year. In Limeburners
Creek Nature Reserve female Tiger Quoll dens are not evenly spaced throughout in the
home range but clumped in areas of eucalypt forest, often on small rises and hills, and
several dens might be within relatively close proximity of each other, within a few
hundred metres (Fig 5.1). The large numbers of dens are therefore not necessarily a
result of spacing them throughout the foraging area.
Some authors have suggested avoidance of high parasite build-ups in dens as a possible
reason for having a large number of dens and moving often (Oakwood 1997). Tiger
Quolls in Limeburners Creek were at times observed with large numbers (> 50) of ticks
on both adults and pouch young, but ticks are likely to be picked up from vegetation
while foraging, not within dens. At times Tiger Quolls did suffer from a mange-like
disease that may potentially be transmitted via den sites, although the lack of den
sharing between adults would help reduce transmission. Fleas were not observed to be
an abundant parasite on Tiger Quolls.
The most probable reason female Tiger Quolls use a large number of dens are to escape
predators and potentially other Tiger Quolls. In and around Limeburners Creek Nature
Reserve, there are several potential predators of Tiger Quolls that include dingoes,
domestic dogs, large goannas, foxes, large snakes such as pythons, feral and domestic
cats, large birds of prey and other Tiger Quolls. Having a large number of dens
throughout the home range may make it more difficult for predators to locate a Tiger
Quoll in a den, and also provide a greater number of sites for escape. Log dens
commonly had more than one potential entrance providing an opportunity to escape a
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predator, and the dimensions of hollow entrances would exclude larger predators.
Whether the number of den sites available to Tiger Quolls limits the density of
individuals is unknown but a large number of potential den sites may increase the
survival of individuals by providing a better chance to avoid predators.

5.4.5

Habitat utilisation

Tiger Quolls in the Limeburners Creek Nature Reserve and surrounding areas did not
use the broad habitat classes in proportion to their availability within the study area.
While this trend was apparent at the level of home range location, size and position in
the landscape (second order), it was more evident when examining the individual’s use
of habitat within the home range (third order).
Information on habitat use by Tiger Quolls in this study cannot be considered
comprehensive, given locality data provided by den sites and radio-tracking locations
were only collected during daylight hours, trapping transects were not positioned evenly
across the landscape and there is potential for error when determining location from
radio bearings. Tiger Quolls were active during the day at some times of the year
(Chapter 4) and some proportion of radio locations and trapping locations will represent
foraging habitat. It is possible that Tiger Quolls adopt different foraging strategies at
night and use habitats such as shrubland, heathland and sedgeland to a greater degree
than indicated here, but the trends for greater use of forest and woodland habitats,
compared to shrubland and heathland appears fairly strong. Figure 5.2 shows the
distribution of locations of Tiger Quolls in the study area, and areas of heathland,
sedgeland and shrubland must have been traversed at times in order that individuals
reach all parts of their known home range (see Bloodwood, Blackbutt, Christmas Bell,
Charlene). One female, Wattle, was recorded using a feathery sedge Restio sp. in her
nest within a log den that was presumably obtained from a sedge swamp several
hundred metres away, indicating some use of these habitats. The mosaic of habitats
distributed throughout the study area, and the ability of individuals to cover several
kilometres in any day, means that a wide range of habitat types are potentially available
to individual Tiger Quolls and observed apparent preferences may indicate true
preferences.
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Within the forest and woodland habitat class, Eucalyptus-dominated vegetation
communities were used in greater proportion to their availability than Melaleucadominated communities (predominantly Melaleuca quinquenervia, 95.34%). As
previously stated, all known den sites occurred in Eucalyptus-dominated communities
and the majority of dens were eucalypt hollow logs or hollow trees. The selection of
hollow logs and trees as den sites may be more important to females than males that
may require more secure den or resting sites for themselves and their young for
protection from predators and adult male Tiger Quolls. Melaleuca quinquenervia
forests may also include some scattered eucalypts such as Eucalyptus robusta, that
could provide potential den sites, but these forests generally occupy more low lying
areas than eucalypt communities, and would be subject to inundation during periods of
high rainfall, making them potentially unsuitable as denning areas. Male Tiger Quolls
were less frequently tracked to dens, and on occasion were suspected to be sheltering
among vegetation. The availability of hollow eucalypts for dens may not be as
important to males as they are to females. Melaleuca quinquenervia forest comprised a
significant proportion of the home range of one female and two males, and a
corresponding large proportion of locality records, obtained by radio-tracking, were
found within this forest type (Table 5.5), suggesting these areas are likely to provide
important foraging habitats when present within the home range.
Tiger Quolls utilised estuarine and coastal habitats in the study area where they checked
the strand line on beaches, pinched fish from fishermen and readily took fish baits. It is
not known whether Tiger Quolls catch live fish, but it may be possible in rock pools or
shallows of estuaries. Coastal headlands and raised creek banks provide opportunities
for rock dens and burrows. Some of the earliest reports of the species note them
occurring in coastal and estuarine habitats around Sydney (Le Souef & Burrell 1926,
Lydekker 1896 in Settle 1978, Desmarest 1822 in Strahan 1981) and they are still
regularly reported from estuarine habitats around the Hawkesbury River.
Landform was not considered to influence habitat use by Tiger Quolls in the study area
other than the small changes in elevation that influenced vegetation patterns. Low lying
areas that may be subject to inundation during periods of heavy rainfall, supported
sedgeland, rushland and Melaleuca quinquenervia forests and may have been avoided at
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these times. The few isolated rocky headlands on the coast may provide potential den
sites for individuals that include them in their home range but there was no indication
that these rocky sites were a focus in the landscape for Tiger Quolls, as was the case for
the Northern Quoll in Kakadu National Park, where rocky outcrops provided important
den sites for part of the year (Oakwood 2002). There were no freshwater creek lines,
nor ridges or valleys in the study area to influence animal movement. The upper
reaches of the estuarine Limeburners Creek were not a barrier to movement for adult
males Bloodwood and Blackbutt. Freshwater was available in isolated soaks and
swamps. It is not known whether Tiger Quolls can survive without free water, or
whether free water is particularly required during lactation, therefore influencing home
range position or habitat use within the home range. Captive Eastern Quoll only derive
5% of their daily water influx from free drinking water (Green & Eberhard 1979) and in
the wild, formally occupied similar temperate coastal habitats on mainland Australia as
the Tiger Quoll does today.
In the rugged montane forests of the highlands of south-eastern Australia, landform was
considered to influence habitat use. Belcher (2000) found Tiger Quolls used gullies,
drainage lines and escarpments when moving and used saddles to cross from one
catchment to another and avoided mid-slopes. The preference of particular den types in
different study sites, rock dens in the escarpment at one site, and log, windrows, tree
hollows and burrows in gullies or on the flats at another site may have influenced
habitat use in the different areas. Vegetation communities at study sites were reported
as moist or wet eucalypt forest or eucalypt open forest or woodland but presumably no
rainforest or non-forest vegetation communities were present (Belcher 2003). Belcher
(2000) also reported hunting during daylight hours.
In any particular area, habitat use by Tiger Quolls may depend on season or year,
whenever food resources are available. In Limeburners Creek Nature Reserve, Banksia
serrata occurs as a mid-storey tree in eucalypt forest and woodland and flowers in late
summer producing copious nectar from its large inflorescences. Trees may only flower
well in alternate years in different parts of the study area, but when they do, they
provide a sought after food source for the Grey-headed Flying Fox, Pteropus
poliocephalus. Tiger Quolls preyed upon Grey-headed Flying Foxes in this study and
nectar may have also been consumed (Chapter 6). Melaleuca quinquenervia forests
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flower in winter and may also prove attractive as a food source to the Grey-headed
Flying Fox in good flowering years, and consequently provide a potential food source to
Tiger Quolls.
The northern subspecies of the Tiger Quoll, Dasyurus maculatus gracilis, is now largely
restricted to the upland rainforests of far north Queensland on plateaux above 900 m
(54.7% records) but is also reported less frequently, from highland (300-900m, 34.7%
records) and lowland (0-300m, 10.5% records) forests. Unfragmented rainforest was
the most commonly reported habitat used by the northern sub-species but tall open
forest, riparian forest/open forest and pasture were also used (Burnett 1993, 2001).
Colonisation of north Queensland by the poisonous introduced Cane Toad, Bufo
marinus, is thought to have influenced the current distribution of the Tiger Quoll as
quolls are known to prey upon frogs (Burnett 1997) and quoll deaths have resulted from
a single bite to a Cane toad (Covacevich & Archer 1975).
Lowland temperate coastal populations of the Tiger Quoll in New South Wales are at
risk from the southern expansion of the range of the Cane Toad, particularly, should
global warming continue (Burnett 1997).
In Tasmania, Jones & Rose (1996) considered Tiger Quolls more widespread and
abundant in rainforest (including Blackwood, Acacia melanoxylon, swamp forest)
followed by tall eucalypt forest then medium eucalypt forest. Green & Scarborough
(1990) considered “the most favoured habitat appears to be sclerophyll forest and the
edges of rainforest.” The Cradle Mountain area supports a mosaic of habitats including
cool temperate rainforest, eucalypt forest and grassland, and Tiger Quolls were reported
to spend most of their time in rainforest, followed by eucalypt forest but little time in
open habitats (Jones 1995b). These observations support the premise that Tiger Quolls
prefer forest and woodland habitats and avoid more open non-forested habitats.

5.4.6

Influence of other predators on habitat utilisation

The presence or absence of other marsupial or eutherian carnivores may also influence
habitat use by Tiger Quolls. In Tasmania, Tiger Quolls occur in sympatry with the
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Eastern Quoll and Tasmanian Devil, Sarcophilus harrisii, but the European Fox, Vulpes
vulpes, and Dingo, Canis lupus dingo, are absent. The extinct marsupial Thylacine,
Thylacinus cynocephalus, is likely to have played a similar role to eutherian predators.
At Cradle Mountain, the Eastern Quoll primarily used grassland and the Tiger Quoll and
Tasmanian Devil used rainforest, however the Tiger Quoll was more arboreal than
either the Eastern Quoll or Tasmanian Devil (Jones & Barmuta 2000) potentially
avoiding these two species. In north Queensland, the Dingo is regarded as a potential
predator of the Tiger Quoll and the Fox could also be a predator (Banks 1997, Burnett
2001). Tiger Quoll remains have been recorded in Dingo scats from the Windsor and
Atherton tablelands in North Queensland (Burnett 2001), the forests of East Gippsland
in Victoria (Wallis & Brunner 1984) and NSW north-eastern tablelands (Robertshaw &
Harden 1985), therefore Dingoes may at times kill Tiger Quolls or they may have
consumed them as carrion, as a consequence of poison baiting programs. Calaby (1966)
reported a Tiger Quoll being killed by dogs. Le Souef and Burrell (1926) reported a
Tiger Quoll keeping two Irish Terriers at bay from a vantage recess in a tree, and
another succeeding in killing a large tom-cat after a severe battle at Kurnell. Tiger
Quoll has infrequently been identified in the scats of foxes (Banks 1997) and may have
been subject to predation or consumed as carrion. Burnett (2001) reported a juvenile
Tiger Quoll killed by a house cat. Dingoes are known to kill the smaller Northern Quoll
(Oakwood 2000) and foxes and cats are considered potential predators of the Western
Quoll (Serena et al. 1991, Morris et al. 2003), although cat remains have been recorded
in Western Quoll scats (Morris et al. 2003). Other predators reported for the Tiger
Quoll include the Tasmanian Devil, Masked Owl, Wedge-tailed Eagle and possibly
large pythons (Jones et al. 2001, Burnett et al.1996).
Adult Tiger Quolls are at times likely to be subject to predation, particularly from the
larger canids, and young are likely to be vulnerable to a wider range of predators such
as feral cats, goannas, snakes and birds of prey. Whether the presence of particular
predators influences the habitat choices of Tiger Quolls in an area is yet to be
determined.
Tiger Quoll populations do survive in sympatry with the Dingo, which was the case in
Limeburners Creek Nature Reserve, and occurs in the ranges and gorges of the north
coast of New South Wales and the south-eastern ranges within Kosciusko National
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Park. At some of these sites fox numbers are considered low, as was the case at
Limeburners Creek Nature Reserve, and some workers have suggested that Dingoes will
suppress fox numbers through direct predation (Newsome et al. 1983a), benefiting
many of the medium-sized marsupial fauna (Jarman 1986, Dickman 1996), including
the Tiger Quoll. Catling and Burt (1995) noted that in north east New South Wales the
highest abundance of Tiger Quolls occurred were foxes were absent.
A preference for forest and woodland habitats by the Tiger Quoll would provide the
opportunity for arboreal escape paths from these predators and may partly explain the
avoidance of more open treeless habitats, although prey availability is likely the major
factor in habitat choice. Forests and woodlands of the Limeburners Creek Nature
Reserve were characterised by dense ground cover (44-99% cover, 1.5-2 m height,
Table 5.4). The temporary removal of shrub understories by fire may increase the
predation risk to Tiger Quolls from canid predators and birds of prey.
Arboreal escape paths would not protect Tiger Quolls from large goannas that were
observed to reach lengths over 2 m in the study area. Restricting activity to times of the
day when goannas are not active, and having a large number of secure den sites, may
reduce the risk but not remove it.
In Western Australia, Kinnear et al. (2002) found that fox predation on 12 species of
medium-sized marsupials restricted them to refugia at low densities, but with removal
of foxes, significant population recoveries occurred and species began to colonise
habitats outside refugia. This approach led to the successful re-introduction of the
Western Quoll to parts of its former range (Morris et al. 2003). Kinnear et al. (2002)
believed that in some situations fox predation had resulted in niche denial to prey
species, leading to misconceptions about their habitat preferences. Consequently, any
assessment of habitat preferences of a species should consider the possible effects of
other species, particularly predators, restricting potential habitat use.
Habitat use by Tiger Quolls in the Limeburners Creek Nature Reserve is likely a
reflection of prey availability for an animal adapted to arboreal life, availability of den
sites and possibly the avoidance of eutherian canid predators that at times may prey on
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Tiger Quolls. Future studies may seek to obtain nocturnal observations to confirm
habitat preferences observed in this study.
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6.0

Diet of the Tiger Quoll Dasyurus maculatus maculatus.

6.1

Introduction

The Tiger Quoll, Dasyurus maculatus (1.4–6.1 kg), (Green & Scarborough 1990) is the
largest surviving marsupial predator on mainland Australia (Strahan 1995). In
Tasmania, the Tiger Quoll co-exists with two marsupial predators, the Tasmanian Devil,
Sarcophilus harrisii (7.0–9.0 kg), and Eastern Quoll, Dasyurus viverrinus (0.7–1.3 kg).
On mainland Australia, no other large marsupial carnivores are now present although
the Thylacine, Thylacinus cynocephalus (15–35 kg), was present as little as 2000 years
ago and the Tasmanian Devil as recently as 430 years ago. The last known Thylacine in
Tasmania was captured in the wild in 1933 and died in captivity in 1936 and the species
is now considered to be extinct. The Eastern Quoll survived on the mainland until the
1960’s but is now extinct there and only survives in Tasmania. Today, mainland Tiger
Quoll populations occur sympatrically with introduced eutherian carnivores, the feral
Cat, Felis catus (2.5–6.2 kg), Red Fox, Vulpes vulpes (4.0–8.3 kg), and Dingo, Canis
lupus dingo (9.6–24.0 kg) (Strahan 1995).
The first reports of the diet of the Tiger Quoll came from early naturalists. Gould (1863
cited in Dixon 1975) reported “…it also ascends trees with the greatest facility in
pursuit of birds, which, with bandicoots and other small quadrupeds afford it an
abundant supply of food…” and also that it was “…a most dreaded enemy of poultry.”
Le Souef & Burrell (1926) remarked that “Being a fierce and rather powerful animal, it
is able to kill wallabies and fairly large birds, but doubtless its chief food is such small
fry as can be taken by surprise in the bush, as owing to its short legs, it is not at all
speedy…” and that one was seen “…carefully stalking a white–fronted heron which was
feeding on a mud–flat.” These authors also reported a Tiger Quoll feeding on “…the
remains of a wallaby.” An early illustration by Desmarest (1822 cited in Strahan 1981)
shows a Tiger Quoll feeding on the carcass of a seal on the beach.
Fleay (1948) recounted the Tiger Quoll’s liking for poultry and its hunting behaviour.
A ranger he met during a camping trip in central Tasmania reported that an individual
quoll had killed several dozen chickens that were roosting 20 feet up a tree near the
ranger’s cabin by climbing aloft to seize each one in turn by the neck, simultaneously
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killing it and falling to the ground. This was repeated many times until no chickens
remained alive. Troughton (1973) suggested “Although able to kill small wallabies and
large birds, the food naturally consists of any small animals, including rabbits and
smaller mammals, birds and their eggs and reptiles.” Troughton (1954) also reported a
captive eight-month-old female “…pouncing in a flash and killing an adult rabbit with a
bite between the ears…” and “…also killed a large lizard by the same method but ate
the tail only…” and was “ …a most efficient rat-catcher, so that not a mouse or rat was
left where there had been numbers before” and that “…tiger cats proved to be highly
insectivorous eating all kinds of hard shelled beetles, other insects, and the larger
larvae.”
More recent observations in the New South Wales north coast escarpment forests
indicated that Tiger Quoll scats include a large proportion of insect, particularly in the
summer months. During winter, scats contained rabbit fur and bones (Settle 1978). A
captive young Tiger Quoll (estimated to be 95 days old) dispatched a mouse within
seconds of its being introduced to her nest box, despite her having no experience with
live prey (Settle 1978).
The first systematic study of the diet of the Tiger Quoll was undertaken in New England
National Park in northern NSW on the edge of the escarpment of the Great Dividing
Range (Alexander 1980). One hundred and forty Tiger Quoll scats were collected from
several latrine sites and a broad range of prey and food types were recorded from
remains. This study found that mammals constituted the bulk of the diet and that
arboreal mammals occurred most commonly (40%), followed by macropods and small
mammals (25%) and insects (19%). Birds, reptiles and crustacea were in low
proportions. Arboreal mammals had not been previously reported in the diet.
In Tasmania, Green & Scarborough (1990) reported on the observations of N.J.
Mooney, who found a range of food items in the scats and guts of road killed Tiger
Quolls, including possums, rodents, birds, frogs, fish, beetles grasshoppers and crickets.
Tiger Quolls were also observed to scavenge on wallabies, possums, wombat, birds,
beach washed fish and birds.
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Boschma (1991) analysed the remains in 127 scats collected from a latrine site at the
base of Dangar’s Falls in the New England gorges in northern NSW, now the Oxley
Wild Rivers National Park. Mammals were found to be the most commonly occurring
component of the diet comprising 50% of all prey items with fish, birds, arthropods,
lizards and frogs also present. Of the mammals, large macropods, small and mediumsized ground mammals and medium-sized arboreal mammals were the most important.
In the forests of north-east Victoria, Belcher (1995) collected 319 scats from two latrine
sites and found medium-sized mammals, particularly the European Rabbit, Oryctolagus
cuniculus, and Common Brushtail Possum, Trichosurus vulpecula, the most commonly
occurring prey. Small mammals, macropods, Common Wombat, Vombatus ursinus,
birds, invertebrates and reptiles were also present. Some differences in the diet were
detected between seasons and between adults and juveniles.
In the tall montane forests of south eastern NSW, Belcher (2000) analysed 180 scats
from trapped individuals and found that medium-sized arboreal mammals comprised
40%, and large ground mammals 32% of all prey items. Of the arboreal mammals, the
Greater Glider, Petauroides volans, contributed 35% of all prey items. Medium-sized
terrestrial mammals contributed 7% of prey items. Small terrestrial mammals, birds,
reptiles and invertebrates were minor components of the diet. No differences in diet
were detected between sexes.
In studies of sympatric dasyurid carnivores in central Tasmania, Jones & Barmuta
(1998) found Tiger Quolls ate medium-sized mammals, then large mammals, followed
by small mammals, in order of importance as measured by estimated percent biomass.
Using this same method, they estimated that male Tiger Quolls consumed a greater
amount of large and medium-sized mammals and females a greater amount of small
mammal and bird. However, sample sizes were small, particularly for females, and
therefore results should be considered preliminary. Species consumed included
Common Brushtail Possum, Common Ringtail Possum, Pseudocheirus peregrinus,
Sugar Glider, Petaurus breviceps, pygmy possum Cercatetus sp., Tasmanian
Pademelon, Thylogale billardierii, Long-tailed Mouse, Pseudomys higginsi, Antechinus
sp., birds, skinks, and crayfish (Jones 1995b, Jones & Barmuta 2000).
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In far north Queensland upland rainforests, a dietary study of the smaller Dasyurus
maculatus gracilis (800–2540 g) found 98% of 1,310 scats contained mammalian prey,
4% bird, 2.6% reptile and 5.4% invertebrate. Mammalian prey included small, medium
and large terrestrial species and small, medium and large sized arboreal species. Five
species, the Fawn-footed Melomys, Melomys cervinipes, Daintree River Ringtail
Possum, Pseudochirulus cinereus, Musky Rat-kangaroo, Hypsiprymnodon moschatus,
Long-nosed Bandicoot, Perameles nasuta, and Bush Rat, Rattus fuscipes, each
comprised greater than 10% of total prey occurrences (Burnett 2001).
All studies to date have investigated the diet of the Tiger Quoll in relatively cool upland
sites, remote from the coast. These studies have shown that, while Tiger Quolls are
primarily a predator of mammals, variation in size class and habit of the main prey
species occurs across its geographic range and within habitat types. While Tiger Quolls
are known to inhabit coastal areas, little information on diet in these areas has been
available, other than the small number of observations by early naturalists mentioned
above. Coastal populations of Tiger Quolls suffer most in reduction and fragmentation
of their habitat and the other pressures that accompany living nearby expanding human
populations. This was evident from the earliest days of European settlement (Gould
1863, cited in Dixon 1975). My study investigated the diet of the Tiger Quoll in two
temperate coastal sites, one immediately on the coast at 0–100 m elevation, in
Limeburners Creek Nature Reserve, near Port Macquarie and the other 12 km from the
coast at 100-600 m elevation adjacent to Barren Grounds Nature Reserve and Budderoo
National Park near Jamberoo.
In this part of the study I aimed to investigate: 1. What food items does the Tiger Quoll consume in temperate coastal regions of
New South Wales?
2. Do food items consumed differ between the two study sites in respect to food
type, prey species or prey group?
3. Do food items consumed differ between years and seasons in the two study
sites?
4. Do food items consumed differ between sexes in the Limeburners Creek Nature
Reserve study area?
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5. Does the diet of the Tiger Quoll overlap with the diet of other sympatric
mammalian predators in the Limeburners Creek Nature Reserve study area?
6. How does the diet of the Tiger Quoll in temperate coastal New South Wales
compare to the diet of the Tiger Quoll from other geographic areas and habitats
in eastern Australia and other members of the genus Dasyurus?

6.2

Methods

Detailed descriptions of the Illawarra and Limeburners Creek Nature Reserve study
areas are given in Chapter 2. Barren Grounds Nature Reserve / Budderoo National Park
/ Jamberoo Pass study area is located south of Sydney on the Illawarra escarpment and
adjacent plateau (34o 40’ S, 150o 42’ E) at 100-600 m elevation. Limeburners Creek
Nature Reserve is situated approximately 420 km to the north of Barren Grounds Nature
Reserve (31o 23’ S, 152o 53’ E) at 0-100 m elevation, with most of the reserve below 10
m. Both sites include a similar variety of vegetation communities that include heath,
shrubland, woodland, open forest, tall open forest and rainforest but the Illawarra area
includes larger areas of moist tall open forest and rainforest on the escarpment face.
Many of the vertebrate species that could be prey of the Tiger Quoll are common to
both study sites, while a smaller number occur only at one study site. A species list of
vertebrate fauna recorded in the two study areas as listed in the Atlas of NSW Wildlife
(NPWS 2005) is given in Appendix 3. Prey abundance at study sites was not assessed.
In the Jamberoo Pass area of the Illawarra escarpment, scats were collected from several
latrine sites between June 1991 and March 1995 with the majority of scats (160)
collected between September 1992 and December 1994. A scat was considered as a
single stool or group of stools that appeared to be deposited at the same site in a single
defecation. At Limeburners Creek Nature Reserve, scats were collected from trapped
animals and latrines in most months between December 1992 and April 1995.
In the Illawarra, 174 scats were collected from latrine sites at three main locations (i) the
footpaths around the wardens house in Barren Grounds Nature Reserve, (ii) a number of
bare sandstone rock platforms and ledges at the escarpment edge near a single house in
bushland, north of Jamberoo Pass, and (iii) a house in bushland on the edge of the
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escarpment at Skyfarm Rd, where scats were deposited on the smooth, convex,
fibreglass top of a septic tank set into the ground and also on the cement path surrounds
of a garden pond (Plate 6.1). The Skyfarm Rd house was where the majority of scats
was collected and was one of a group of three small houses within close proximity. All
houses were set amongst extensive areas of bushland of the Illawarra escarpment,
Budderoo National Park and Barren Grounds Nature Reserve and the area was sparsely
settled. Residents were responsible for their own garbage disposal.
At Limeburners Creek Nature Reserve, 159 Tiger Quoll scats were collected from
trapped animals (62 scats), two latrine sites, dens and trap sites (97 scats). One latrine
site was the flat top of a galvanised iron water tank at an oyster farmer’s hut, adjacent to
a burrow used by a female Tiger Quoll and her young. The second latrine site was a
cement path around a cabin in the camping area at Point Plomer. Scats were at times
located on or near to den logs. Latrines were not frequently located in the sandplain
landscape of Limeburners Creek Nature Reserve, unlike many rocky landscapes where
boulders and rock benches are common features and provide potential sites for latrines
(Belcher 1995, Kruuk & Jarman 1995).
Fish heads were used as bait, so for trapped animals, scats that consisted of only fish
were not used in the analysis. Where scats of trapped animals contained more than one
prey type including fish, the fish was excluded from the analysis. However, Tiger
Quolls are known to consume fish in the wild, as they commonly pinch fish from rock
and beach fishermen, and fish present in scats collected from latrine and den sites was
included. Sixty-four scats identified as Dingo / Dog were also collected from tracks
within Limeburners Creek Nature Reserve and are included here for comparison.
Barbara Triggs of “Dead Finish”, Genoa, Victoria, undertook all microscopic analysis
and identification of hair, bone and other remains within scats and is considered an
expert in this field. Mammals were identified to species where possible. Some
Antechinus species, A. stuartii and A. flavipes are difficult to distinguish (B. Triggs
pers. comm.) (Lobert et al. 2001). Both species occur in Limeburners Creek Nature
Reserve, but only the former in the Illawarra. The bandicoots Perameles nasuta and
Isoodon macrourus are also difficult to distinguish (B. Triggs pers. comm.).
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b. Close up of Tiger Quoll scat on septic tank
compared to 50 mm lens cap.

a. Tiger Quoll latrine site on top of a septic tank
which was about 30 cm above ground level.

c. Cement pond surrounds sometimes used as a
latrine site by Tiger Quolls.
d. Sandstone rock bench used as a latrine site.
Scat to the right of the 50 mm lens cap.

Plate 6.1: Tiger Quoll scat deposition sites or latrine sites, on the Illawarra escarpment adjacent to
Budderoo National Park and Barren Grounds Nature Reserve. These sites were in close proximity or
adjacent to isolated houses on the edge of the escarpment.
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a. Tiger Quoll latrine on an elevated timber platform.

b. Tiger Quoll scat on the ground placed in a corner of the enclosure.

Plate 6.2: Captive Tiger Quolls at Featherdale Wildlife Park at Blacktown deposited scats on the ground,
often in a corner of the enclosure, or sometimes on elevated platforms.

285

Chapter 6 Diet

Both occur in Limeburners Creek Nature Reserve and only the former in the Illawarra.
Similarly, the brushtail possums Trichosurus vulpecula and T. caninus cannot be
distinguished nor can the gliders Petaurus breviceps and P. norfolcensis (B. Triggs
pers. comm.) (Lobert et al. 2001). Other vertebrate species were only identified to
class, such as bird, reptile or fish, and some scales could not be assigned definitely to
fish or reptile and are grouped together. Some bird feathers were identified as rosella.
Invertebrates were classed as insect or crustacea, the latter being a species of yabbie.
Plant remains were not further classified nor was garbage remains, indicated by plastic
wrapping or paper. Human hair was identified from a small number of scats and was
most likely obtained from garbage and compost because Tiger Quolls from both areas
had access to sites where garbage and compost were deposited. Contamination of scats
by human hair during handling is discounted as on collection, all scats were placed in
separate sealed paper envelopes and Ms B. Triggs is a very experienced practitioner in
scat analysis and hair identification.
Forty-four percent of the 174 scats collected from latrine sites at Jamberoo Pass
contained Tiger Quoll grooming hair indicating they were definitely Tiger Quoll scats
(B. Triggs pers. comm.). Three scats from the Skyfarm Rd latrine contained dog hair.
However, given the location of the scats on the smooth convex top of the septic tank,
dog hair was most likely obtained from pet fur remains in rubbish and compost sites of
neighbours or from pet food bowls. These three scats were discarded from the analysis.
No fox or cat fur was present in any of the scats collected from latrine sites.
At Limeburners Creek Nature Reserve, scats collected away from known Tiger Quoll
latrines or trap sites were only considered to be Tiger Quoll if they contained Tiger
Quoll grooming hair. In Limeburners Creek Nature Reserve, 48% of scats from trapped
Tiger Quolls contained grooming hairs and 54% of scats collected from latrine, den and
trap sites contained grooming hairs. The majority of scats collected from tracks were
considered to be Dingo or Dog, and Dingo is most likely as feral dogs and foxes were
rare in the reserve. Thirty percent of scats attributed to Dingo / Dog contained
grooming hair. Nine scats were attributed to fox, of which one contained a grooming
hair and two scats to cat, one with a grooming hair. Due to the small number of scats,
fox and cat were not considered in the dietary assessment.
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Prey and food items were only scored as being present in a scat and no attempt was
made to score the number of individual prey items represented. Therefore, each prey
item is assumed to only occur once in a scat. This is likely to have underestimated the
contribution of smaller prey items, particularly if more than one individual was
consumed. For each study area, the number of prey / food items found in a scat against
the total number of scats analysed times 100 is referred to as the percentage occurrence,
and the number of prey / food items in a scat against the total number of prey / food
items detected for all scats times 100 is referred to as percentage frequency. Both these
methods are likely to over emphasise the contribution made by small prey or food items
in the diet so I also made an estimate of the contribution of the mass of the prey or food
item. The average mass of mammalian prey was taken from Strahan (1995), the
average mass for a bird was taken as an average for a rosella at 140 g (Foreshaw &
Cooper 1981), for a reptile such as a medium sized skink, 50 g, for fish or fish remains,
100 g, for an insect 5 g, a crustacean such as a yabbie, 20 g and a plant 20 g.
The maximum mass consumed by a Tiger Quoll in a single meal was assumed to be 700
g based on an observation of a Tiger Quoll held in a trap overnight that was fed a large
fresh mullet (700 g) that it consumed completely. For prey whose average weight
exceeded 700 g it was assumed that only 700 g would be consumed in a single meal.
This may have been untrue for some individuals who may at times consume more than
700 g, as suggested by Belcher (1995). The maximum mass consumed by a Dingo was
assumed to be 1,000 g (Green and Catling 1977). The percentage biomass contribution
to the diet was calculated as the number of a certain prey or food item from all scats
times the estimated mass of each item divided by the total estimated mass of all prey
items times 100. This method may underestimate the contribution of small prey items
as sometimes the species and / or the number of individuals consumed was not known.
Mammalian prey species were classified into groupings reflecting size and habit. Small
mammals were considered to be species in the weight range of 1–499 g, medium-sized
mammals between 500–4999 g and large mammals, 5000 g and greater. Habit of prey
was divided into terrestrial and arboreal. Both study areas had vertebrate species
represented in each of the body size / habit prey classes.
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Contingency table analysis was used to investigate differences in diet by food groups,
between study areas and years and also to investigate differences in the diet of the Tiger
Quoll and Dingo. Small sample sizes precluded this analysis being used to investigate
differences between seasons or sexes (see Fowler et al. 2003). To enable analysis, some
food groups were combined; small arboreal and small terrestrial mammal to small
mammal, fish and fish/reptile, insects and crustacea to invertebrate and garbage and
Homo sapiens.

6.3

Results

6.3.1

Differences in diet between study sites

Over the period of the study, 333 Tiger Quoll scats were collected from the two study
areas. Vertebrate prey was present in 84.9% of scats from the Limeburners Creek
Nature Reserve site and in 90.8% of scats from the Illawarra site clearly demonstrating
the carnivorous nature of the diet. Mammals comprised the major component of
vertebrate prey in scats (63.5% LBCNR, 73.6% Illawarra) with smaller contributions by
birds (8.8% LBCNR, 16.1% Illawarra), reptiles (6.9% LBCNR, 2.3% Illawarra) and fish
(23.9% LBCNR, 12.6% Illawarra). Insects were present in a large proportion of scats
from Limeburners Creek Nature Reserve (26.4%) and a smaller proportion in the
Illawarra (13.2%). Plants were present in the diet at both sites (17% LBCNR, 14.4%
Illawarra) and garbage also contributed to the diet in both areas (8.8% LBCNR, 6.9%
Illawarra). Overall 34 different prey / food items were recorded from the two study
areas, these included 18 species of mammal in Limeburners Creek Nature Reserve and
19 species of mammal in the Illawarra (Table 6.1).
Scats may include more than one prey type and, in Limeburners Creek Nature Reserve,
45% of scats contained one prey type, 48% contained two prey types and 7% contained
three prey types. In the Illawarra, 62% contained one prey type, 29% contained two
prey types, 7% three prey types and 2% four prey types.
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Small terrestrial mammals and medium-sized mammals comprised a significant
proportion of the diet for Tiger Quolls in both study areas, although species may vary
(Table 6.1). When prey items are examined as percentage occurrence in scats, small
terrestrial mammals comprised 35.2% of the diet in Limeburners Creek Nature Reserve
and 34.5% in the Illawarra (Fig. 6.1) and when examined as the percentage frequency of
a prey item against all prey items, comprised 21.5% for Limeburners Creek Nature
Reserve and 22.6% for the Illawarra (Fig. 6.2). Small arboreal mammals were minor
components of the diet in both sites (1.88% LBCNR, 0.57% Illawarra, occurrence in
scats), which may be in part a reflection of their expected lower abundance than
terrestrial small mammals, and a greater difficulty of capture due to their arboreal habits
and ability to den in hollows with small entrance diameters.
Differences between the two study areas are evident at species level, with greater
numbers of Antechinus species taken in the Illawarra compared to House Mouse, Mus
musculus, at Limeburners Creek Nature Reserve. In the Illawarra, the terrestrial
Antechinus swainsonii was more abundant in the diet than the scansorial Brown
Antechinus, Antechinus stuartii, and similarly in Limeburners Creek Nature Reserve,
the terrestrial rats were more abundant in the diet than the scansorial Antechinus species,
A. stuartii or Yellow-footed Antechinus, A. flavipes. Antechinus species were most
abundant in the diet in winter and spring following the well defined breeding season and
male die off period, characteristic of that genus.
Medium-sized mammals also make a major contribution to the diet as measured by
percentage occurrence in scats (22.6% LBCNR, 29.9% Illawarra) and percentage
frequency of all items (14.2% LBCNR, 19.6% Illawarra) (Table 6.1, Figs 6.1 & 6.2).
However, when estimating the biomass contribution of a prey group to the diet, small
terrestrial mammals comprised a much smaller proportion of the diet (10.7% LBCNR,
8.3% Illawarra) and medium-sized mammals contributed a greater proportion of the diet
(43.6% LBC, 46.5% Illawarra) (Table 6.2, Fig. 6.3). In Limeburners Creek Nature
Reserve, medium-sized terrestrial mammals (15.6% occurrence in scats) contribute
more to the diet and in the Illawarra, medium-sized arboreal mammals (17.8%
occurrence in scats) were more common in the diet (Table 6.1, Fig. 6.1). These trends
are more pronounced when expressed as percentage biomass (Table 6.2, Fig. 6.3).
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In Limeburners Creek Nature Reserve, bandicoot (I. macrourus or P. nasuta) was the
most common medium-sized terrestrial prey, whereas in the Illawarra, rabbit was most
common but bandicoot was also taken (P. nasuta) (Table 6.1). Rabbits were not
commonly observed in Limeburners Creek Nature Reserve, but nor were they expected
to be abundant in the forests of the Illawarra escarpment. However, rabbits would have
been present in farm clearings that occurred within two kilometres of the latrines in the
Illawarra study site (Chapter 2, Fig. 2.8).
The most common medium-sized arboreal prey in the Illawarra were three possum
species, the Greater Glider, Petauroides volans, Common Ringtail Possum,
Pseudocheirus peregrinus, and one or both of the brushtail possums, the Common
Brushtail Possum, Trichosurus vulpecula, or Mountain Brushtail Possum, T. caninus.
In Limeburners Creek Nature Reserve, none of these possum species were recorded in
the diet during this study, although all species, except P. volans, are known to occur
there (Atlas of NSW Wildlife 2004). The Grey-headed Flying-fox, Pteropus
poliocephalus, was the only medium-sized arboreal mammal recorded in the diet at that
site and it appeared to be available seasonally, mainly in late summer and autumn
(Table 6.1).
Large terrestrial mammals contributed to the diet of the Tiger Quoll in both sites, but
more so in the Illawarra (6.9% LBCNR, 12.6% Illawarra, occurrence in scats) (Table
6.1, Figs 6.1, 6.2). The Swamp Wallaby, Wallabia bicolor, was present in the diet in
both study sites, the Eastern Grey Kangaroo, Macropus giganteus, was only found in
the diet in Limeburners Creek Nature Reserve and is probably uncommon near the
Illawarra study site, and the Common Wombat, Vombatus ursinus, was only present in
the diet in the Illawarra, as it is not found in the Limeburners Creek Nature Reserve
(Atlas of NSW Wildlife 2004). The potential contribution large mammals make to the
diet is increased when viewed as percent biomass (13% LBCNR, 19.7% Illawarra)
(Table 6.2, Fig. 6.3). Large mammals are most likely available to Tiger Quolls as
carrion from road kills or the kills of dingoes, dogs or foxes. Consequently, this food
source may not be always available. Both study sites have high-speed district roads
passing through or around them, which probably accounts for the large number of
wombats in the Illawarra and macropods at Limeburners Creek Nature Reserve,
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Table 6.1: Food and prey items recorded in the diet of Tiger Quolls from Limeburners Creek Nature
Reserve and the Illawarra escarpment study sites. ^ Note the total percentage occurrence in scats may
exceed 100% as some scats contained more than one prey item. * Introduced species.
Limeburners Creek NR
Prey item
n

% occurrence in
scats

% frequency all
items

Illawarra

n

% occurrence in
scats

% frequency all
items

Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
swainsonii, A. flavipes)
Antechinus swainsonii
Antechinus stuartii
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total

7
0
1
4
1
6
16
2
19
56

4.4
0
0.62
2.51
0.62
3.77
10.06
1.25
11.94
35.22

2.69
0
0.38
1.53
0.38
2.3
6.15
0.76
7.3
21.53

2
20
6
11
7
3
10
0
1
60

1.14
11.49
3.44
6.32
4.02
1.72
5.74
0
0.57
34.48

0.75
7.54
2.26
4.15
2.64
1.13
3.77
0
0.37
22.64

Small arboreal mammals
Acrobates pygmaeus
Cercatetus nanus
Petaurus breviceps
Total

1
0
2
3

0.62
0
1.25
1.88

0.38
0
0.76
1.15

0
1
0
1

0
0.57
0
0.57

0
0.37
0
0.37

Total small mammals

59

22.69

61

35.05

23.01

Medium terrestrial mammals
Tachyglossus aculeatus
Dasyurus maculatus
bandicoot spp. (I. macrourus or P.
nasuta)
Perameles nasuta
Oryctolagus cuniculus*
Felis catus*
Total

37.1

1
7

0.62
4.4

0.38
2.69

0
1

0
0.57

0
0.37

16
0
1
0
25

10.06
0
0.62
0
15.72

6.15
0
0.38
0
9.61

4
5
10
1
21

2.29
2.87
5.74
0.57
12.06

1.5
1.88
3.77
0.37
7.92

Medium arboreal mammals
Petauroides volans
Pseudocheirus peregrinus
Trichosurus spp.
Pteropus poliocephalus
Total

0
0
0
12
12

0
0
0
7.54
7.54

0
0
0
4.61
4.61

8
14
9
0
31

4.59
8.04
5.17
0
17.81

3.01
5.28
3.39
0
11.69

Total medium mammals

37

22.64^

14.23

52

29.88

19.62

Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Vombatus ursinus
Canis lupus dingo / familiaris
Total

5
5
0
1
11

3.14
3.14
0
0.62
6.91

1.92
1.92
0
0.38
4.23

9
0
13
0
22

5.17
0
7.47
0
12.64

3.39
0
4.9
0
8.3

Total all mammals

107

63.52^

41.15

135

73.56^

50.94

Birds
Reptiles
Fish
Reptile / Fish
Insects
Crustacea
Plants
Garbage
Homo sapiens

14
11
38
4
42
0
27
14
3

8.8
6.91
23.89
2.51
26.41
0
16.98
8.8
1.88

5.38
4.23
14.61
1.53
16.15
0
10.38
5.38
1.15

28
4
22
5
23
5
25
12
6

16.09
2.29
12.64
2.87
13.21
2.87
14.36
6.89
3.44

10.56
1.5
8.3
1.88
8.67
1.88
9.43
4.52
2.26

Total number of scats

159

174

Total number of items

260

265
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Figure 6.1: Comparison of the percentage occurrence of prey and food items in the diet of the Tiger Quoll
found in scats from Limeburners Creek Nature Reserve (n=159) and the Illawarra escarpment (n=174).

Figure 6.2: Comparison of the percentage frequency of prey items in respect to the total number of prey
items recorded in the diet of Tiger Quolls from Limeburners Creek Nature Reserve (total prey items
n=260 from 159 scats) and the Illawarra escarpment (total prey items n=265 from 174 scats).
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Table 6.2: Food and prey items of Tiger Quolls from Limeburners Creek Nature Reserve and the
Illawarra escarpment expressed as percentage biomass contribution to the diet. *Introduced species.
Limeburners Creek NR
Prey item

Average mass
(g)

Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
swainsonii, A. flavipes)
Antechinus swainsonii
Antechinus stuartii
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total
Small arboreal mammals
Acrobates pygmaeus
Cercatetus nanus
Petaurus breviceps
Total

n

Medium arboreal mammals
Petauroides volans
Pseudocheirus peregrinus
Trichosurus spp.
Pteropus poliocephalus
Total

Canis lupus dingo / familiaris
Total

Total number of scats
Total number of items
Total biomass (g)

Mass x
n

% Biomass
contribution

196
0
28
424
133
636
4480
156
304
6357

0.33
0
0.04
0.71
0.22
1.07
7.54
0.26
0.51
10.7

2
20
6
11
7
3
10
0
1

56
1060
168
1166
931
318
2800
0
16
6515

0.07
1.35
0.21
1.49
1.19
0.4
3.57
0
0.02
8.32

12
24
128

1
0
2

12
0
256
268

0.02
0
0.43
0.45

0
1
0

0
24
0
24

0
0.03
0
0.03

6625

11.15

6539

8.35

700
700

1
7

700
4900

1.17
8.25

0
1

0
700

0
0.89

700
700
700
700

16
0
1
0

11200
0
700
0
17500

18.85
0
1.17
0
29.46

4
5
10
1

2800
3500
7000
700
14700

3.57
4.47
8.94
0.89
18.79

700
700
700
700

0
0
0
12

0
0
0
8400
8400

0
0
0
14.14
14.14

8
14
9
0

5600
9800
6300
0
21700

7.15
12.52
8.05
0
27.74

25900

43.61

36400

46.53

700
700
700

5
5
0

3500
3500
0

5.89
5.89
0

9
0
13

6300
0
9100

8.05
0
11.63

700

1

700
7700

1.17
12.96

0

0
15400

0
19.68

40225

67.73

58339

74.57

1960
550
3800
200
210
0
540
9800
2100

3.3
0.92
6.39
0.33
0.35
0
0.9
16.5
3.53

3920
200
2200
250
115
100
500
8400
4200

5.01
0.25
2.81
0.31
0.14
0.12
0.63
10.73
5.36

Total all mammals
Birds
Reptiles
Fish
Reptile / Fish
Insects
Crustacea
Plants
Garbage
Homo sapiens

n

7
0
1
4
1
6
16
2
19

Total medium mammals
Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Vombatus ursinus

% Biomass
contribution

28
53
28
106
133
106
280
78
16

Total small mammals
Medium terrestrial mammals
Tachyglossus aculeatus
Dasyurus maculatus
bandicoot spp. (I. macrourus or
P. nasuta)
Perameles nasuta
Oryctolagus cuniculus*
Felis catus*
Total

Mass x
n

Illawarra

140
50
100
50
5
20
20
700
700

14
11
38
4
42
0
27
14
3
159
260
59385

28
4
22
5
23
5
25
12
6
174
265
78224
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Figure 6.3: Comparison of the percentage biomass contribution of prey items to the diet of Tiger Quolls
from Limeburners Creek Nature Reserve from n=159 scats and the Illawarra escarpment from n= 174
scats in respect to total estimated biomass consumed.

294

Chapter 6 Diet

although dingo kills may also contribute at the latter site.
Other differences in the diet between sites are a greater proportion of fish and insect in
the diet at Limeburners Creek Nature Reserve and the presence of crustacea (yabbie,
Euastacus spp.) in the Illawarra (Table 6.1, Figs 6.1 & 6.2). Interestingly, plants were
present in 17% of scats in Limeburners Creek NR and 14.4% in the Illawarra (Table
6.1). It was more difficult to estimate the biomass contribution these foods made to the
diet but it is likely they made up a much smaller proportion than mammalian prey
(Table 6.2, Fig. 6.3).
Some of differences in diet of the Tiger Quoll between the two sites can be explained by
the absence of some species of mammal from each area. The Feathertail Glider,
Acrobates pygmaeus, and the Dingo, Canis lupus dingo, are not recorded in the Barren
Grounds Nature Reserve area of the Illawarra, although the former species is expected
to occur there and the Greater Glider, Petauroides volans, Eastern Pygmy Possum,
Cercatetus nanus, Dusky Antechinus, Antechinus swainsonii, and Common Wombat,
Vombatus ursinus, are not recorded in Limeburners Creek Nature Reserve (Atlas of
NSW Wildlife 2004). The Fawn-footed Melomys, Melomys cervinipes, is not recorded
for either reserve and represents a new species occurrence for Limeburners Creek
Nature Reserve.
The three methods of expressing the data, occurrence, frequency and biomass, each give
slightly different views of the amount of food and prey items consumed in the diet, each
with its own bias. Occurrence in scats provides an indication of how often a food item
is encountered and consumed, although likely to overestimate the importance of small
items. However, the number of multiples of smaller items may be underestimated in
scat analysis. Frequency of all food items gives an index across all items consumed and
is useful for comparison between species or sites but will also over emphasise the
importance of small items. Both these methods may underestimate the number of
occurrences and relative importance of very large mammalian prey items due to a larger
proportion of flesh to hide, the latter not always being consumed when scavenging from
a large carcass (Floyd et al. 1978). Estimated biomass may give a better indication of
the energy contribution a food / prey item makes to the diet but a number of
assumptions have to be made about the size of the prey, the volume of prey eaten, and
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again, multiples of smaller prey items may be underestimated in scat analysis. No
measure can be assumed to be completely accurate due to the deficiencies in the
methods of analysis and the assumptions made. However, comparing the different
indices of frequency, occurrence and biomass of food / prey items at each site can
further clarify the importance of different food / prey items of the Tiger Quoll in the two
study areas (Figs 6.1, 6.2, 6.3). Overall, contingency table analysis showed there was a
significant difference between the study areas in respect to food groups consumed (χ2 =
26.48, d. f. = 9, P < 0.01).

6.3.2

Differences in the diet between years

The difference in diet of the Tiger Quoll between years in each study site was examined
using contingency table analysis. At Limeburners Creek Nature Reserve, there was a
significant difference in diet between the years 1993 and 1994 (χ2 = 44.83, d. f. = 9, P<
0.001). More medium-sized terrestrial mammals (bandicoot) and birds were consumed
in 1994 and more insects and Pteropus poliocephalus in 1993 (Table 6.3). 1994 was a
drought year, which may have influenced the availability insects and nectar in Banksia
serrata, the latter being one of the foods of Pteropus poliocephalus (pers. obs., Law et
al. 2002). In the Illawarra, differences in diet between 1992, 1993 and 1994 were less
pronounced but still significant (χ2 = 28.57, d. f. = 14, P < 0.05) although sample sizes
were smaller in 1992 and 1993 than 1994 (Table 6.4). Fewer small mammals and birds
were consumed in 1992 and fewer medium-sized arboreal mammals and birds in 1994.
Due to small sample sizes reptile, fish and fish/reptile were analysed as one group as
was plant, garbage and Homo sapiens.

6.3.3

Differences in the diet between seasons

The difference in diet of the Tiger Quoll between seasons was evident at the
Limeburners Creek Nature Reserve study site but small sample sizes precluded
contingency table analysis. Pteropus poliocephalus was particularly frequent in the diet
in autumn and insects and reptiles were more frequent in summer. Large terrestrial
mammals, fish and garbage were consumed more in winter and birds more in winter and
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spring. Small terrestrial mammals were consumed in all seasons, with fewer in summer
and, similarly, medium-sized-terrestrial mammals were consumed throughout the year
with a smaller number in winter (Table 6.5, Fig. 6.4). When presented as percent
biomass, the greatest potential contribution to the diet were medium-sized mammals,
garbage, large mammals and then small mammals with much less contribution by
insects and fish and so some of the strong seasonal patterns may not be as substantial as
initially indicated. The autumn increase in arboreal mammal, Pteropus poliocephalus,
remains important when viewed in respect to biomass (Table 6.6, Fig. 6.5).
In the Illawarra area, there were few strong seasonal differences in the diet, with most
prey or food groups present throughout the year. Large terrestrial mammals were
recorded more frequently in winter and insects more frequently in summer. Reptiles
were recorded only in spring and summer (Table 6.7, Fig. 6.6). When presented as
percent biomass, the contribution of large mammals in winter is further emphasised, as
is the greater contribution of medium-sized mammals, especially arboreal mammals, in
all seasons (Table 6.8, Fig. 6.7).

6.3.4

Differences in the diet between males and females

Differences in diet between males and females in the Limeburners Creek Nature
Reserve were examined from the scats of trapped individuals (males n = 20, females n =
30) (Table 6.9, Fig. 6.8). Contingency table analysis was not applied due to small
sample sizes. Females consumed a greater number of medium-sized terrestrial
mammals (bandicoots) and males a greater amount of garbage. These differences
appear more pronounced with respect to percent biomass consumed (Table 6.10, Fig.
6.9). Most prey groups were present in the diets of both males and females. However,
these results should be considered preliminary, given the relatively small sample sizes.
A small number of juvenile scats (n = 12) were collected and results are presented in
Table 6.9. Diets of juveniles were comprised largely of small mammals, insects and
reptiles (Tables 6.9, 6.10).
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Table 6.3: Food and prey items recorded in the diet of Tiger Quolls from Limeburners Creek Nature
Reserve for the years 1993 and 1994. ^ Note that the total percentage occurrence in scats may exceed
100% as some scats contain more than one prey item. * Introduced species.
1993
Prey item
n

% occurrence in
scats

1994
% frequency all
items

n

% occurrence in
scats

% frequency all
items

Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
flavipes)
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total

0
3
0
0
7
0
15
25

0
3.89
0
0
9.09
0
19.48
32.46

0
2.25
0
0
5.26
0
11.27
18.79

8
1
1
6
9
2
4
31

10.38
1.29
1.29
7.79
11.68
2.59
5.19
40.25

6.72
0.84
0.84
5.04
7.56
1.68
3.36
26.05

Small arboreal mammals
Acrobates pygmaeus
Petaurus breviceps
Total

1
1
2

1.29
1.29
2.59

0.75
0.75
1.5

0
1
1

0
1.29
1.29

0
0.84
0.84

Total small mammals

27

35.06

32

41.55

26.89

1
2

1.29
2.59

0.75
1.5

0
3

0
3.89

0
2.52

2
0
5

2.59
0
6.49

1.5
0
3.75

13
1
17

16.88
1.29
22.07

10.92
0.84
14.28

Medium arboreal mammal
Pteropus poliocephalus
Total

8
8

10.38
10.38

6.01
6.01

4
4

5.19
5.19

3.36
3.36

Total medium mammals

13

16.88

9.77

21

27.27

17.64

Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Canis lupus dingo / familiaris
Total

3
2
1
6

3.89
2.59
1.29
7.79

2.25
1.5
0.75
4.51

2
3
0
5

2.59
3.89
0
6.49

1.68
2.52
0
4.2

Total all mammals

46

59.74^

34.58

58

75.32^

48.73

Birds
Reptiles
Fish
Reptile / Fish
Insects
Plants
Garbage
Homo sapiens

2
7
20
3
35
11
7
2

2.59
9.09
25.97
3.89
45.45
14.28
9.09
2.59

1.5
5.26
15.03
2.25
26.31
8.27
5.26
1.5

12
1
18
1
5
16
7
1

15.58
1.29
23.37
1.29
6.49
20.77
9.09
1.29

10.08
0.84
15.12
0.84
4.2
13.44
5.88
0.84

Total number of scats
Total number of items

77
133

Medium terrestrial mammals
Tachyglossus aculeatus
Dasyurus maculatus
bandicoot spp. (I. macrourus or
P. nasuta)
Oryctolagus cuniculus*
Total
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Table 6.4: Food and prey items recorded in the diet of Tiger Quolls from the Illawarra escarpment for the
years 1992, 1993 and 1994. Note that the total percentage occurrence in scats may exceed 100% as some
scats contain more than one prey item. * Introduced species
1992
Prey item
n

% occurrence
in scats

1993
% frequency
all items

n

% occurrence
in scats

1994
% frequency
all items

n

% occurrence
in scats

% frequency
all items

Small terrestrial mammals
Antechinus spp.(A.
stuartii, A. swainsonii)

0

0

0

1

2.08

1.69

1

1.19

0.71

Antechinus swainsonii

0

0

0

2

4.16

3.38

15

17.85

10.71

Antechinus stuartii

0

0

0

0

0

0

5

5.95

3.57

Rattus spp.

2

7.14

4.25

4

8.33

6.77

4

4.76

2.85

Rattus fuscipes

1

3.57

2.12

0

0

0

6

7.14

4.28

Rattus lutreolus

0

0

0

1

2.08

1.69

2

2.38

1.42

Rattus rattus*

1

3.57

2.12

6

10.16

3

3.57

2.14

Mus musculus*

0

0

0

1

2.08

1.69

0

0

0

Total

4

14.28

8.51

15

31.25

25.42

36

12.5

41.66

25.71

Small arboreal mammal
Cercatetus nanus

1

3.57

2.12

0

0

0

Total

1

3.57

2.12

0

0

0

0

Total small mammals

5

17.85

10.63

15

31.25

25.42

36

0

41.66

0

25.71

Medium terrestrial
mammals
Dasyurus maculatus
bandicoot spp.(P.
nasuta?)

0

0

0

1

2.08

1.69

0

0

0

0

0

0

2

4.16

3.38

Oryctolagus cuniculus*

1

3.57

2.12

0

0

0

2

2.38

1.42

8

9.52

Total

1

3.57

2.12

3

6.25

5.08

10

0

11.9

5.71
7.14

Medium arboreal
mammals
Petauroides volans

5

17.85

10.63

0

0

Pseudocheirus peregrinus

3

10.71

6.38

6

12.5

1

1.19

0.71

10.16

4

4.76

Trichosurus spp.

1

3.57

2.12

4

2.85

8.33

6.77

4

4.76

Total

9

32.14

19.14

2.85

10

20.83

16.94

9

10.71

6.42

Total medium mammals

10

35.71

21.27

13

27.08

22.03

19

22.61

13.57

3.57

Large Terrestrial Mammal
Wallabia bicolor

1

3.57

2.12

3

6.25

5.08

5

5.95

Vombatus ursinus

5

17.85

10.63

0

0

0

8

9.52

5.71

Total

6

21.42

12.76

3

6.25

5.08

13

15.47

9.28

Total all mammals

21

75.0

44.68

31

64.58

52.54

68

79.76

48.57

Birds

9

32.14

19.14

7

14.58

11.86

8

9.52

5.71

Reptiles

1

3.57

2.12

0

0

0

3

3.57

2.14

Fish

0

0

0

3

6.25

5.08

19

22.61

13.57

Reptile / Fish

0

Insects

6

Crustacea

2

Plants

5

0

5

10.41

8.47

0

12.76

3

6.25

5.08

14

7.14

4.25

1

2.08

1.69

2

2.38

1.42

17.85

10.63

4

8.33

6.77

16

19.04

11.42

21.42

0

0
16.66

0
10.0

Garbage

2

7.14

4.25

3

6.25

5.08

7

8.33

5.0

Homo sapiens

1

3.57

2.12

2

4.16

3.38

3

3.57

2.14

Total number of scats

28

48

84

Total number of items

47

59

140
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Table 6.5: Food and prey items recorded in the diet of Tiger Quolls from Limeburners Creek Nature
Reserve by season. Note that the total percentage occurrence in scats may exceed 100% as some scats
contain more than one prey item. * Introduced species

Prey item
n
Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
flavipes)
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total
Small arboreal mammals
Acrobates pygmaeus
Petaurus breviceps

0
3
0
0
6
0
2
11

Summer
%
%
occurrence frequency
in scats
all items

0
5.66
0
0
11.32
0
3.77
20.75

1
0
1
0
2
0
10
14

3.33
0
3.33
0
3.33
0
33.33
46.66

10
0
0
0
7.5
5
17.5
40

0
0
0

0
0
0

6.25
0
0
0
4.68
3.12
10.93
25

n

Spring
%
%
occurrence frequency
in scats
all items

3
1
0
6
5
0
0
15

8.33
2.77
0
16.66
13.88
0
0
41.66

5.08
1.69
0
10.16
8.47
0
0
25.42

0
0
0

1
2
3

2.77
5.55
8.33

1.69
3.38
5.08

Total small mammals

11

20.75

1
3

1.88
5.66

1.06
3.19

0
2

0
6.66

0
4.76

0
0

0
0

0
0

0
2

0
5.55

0
3.38

1
1
6

1.88
1.88
11.32

1.06
1.06
6.38

5
0
7

16.66
0
23.33

11.9
0
16.66

2
0
2

5
0
5

3.12
0
3.12

8
0
10

22.22
0
27.77

13.55
0
16.94

Total

1
1

1.88
1.88

1.06
1.06

8
8

26.66
26.66

19.04
19.04

2
2

2.5
2.5

3.12
3.12

1
1

2.77
2.77

1.69
1.69

Total medium mammals

7

7.44

15

50

35.71

4

10

6.25

11

30.55

18.64

2.38
0
0
2.38

4
2
0
6

10
5
0
15

6.25
3.12
0
9.37

0
1
0
1

0
2.77
0
2.77

0
1.69
0
1.69

69.76

26

65

40.62

30

83.33

50.84

0
2.38
7.14
0
16.66
4.76
0
0

6
0
13
3
3
6
7
0

15
0
32.5
7.5
7.5
15
17.5
0

9.37
0
20.31
4.68
4.68
9.37
10.93
0

7
0
11
1
1
9
0
0

19.44
0
30.55
2.77
2.77
25
0
0

11.86
0
18.64
1.69
1.69
15.25
0
0

Medium arboreal mammal
Pteropus poliocephalus

Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Canis lupus dingo / familiaris

13.2

0
0
0

0
0
0

11.7

14

46.66

32.55

16

40

25

18

Total

0
2
1
3

0
3.77
1.88
5.66

0
2.12
1.06
3.19

1
0
0
1

Total all mammals

21

39.62

22.34

30

Birds
Reptiles
Fish
Reptile / Fish
Insects
Plants
Garbage
Homo sapiens

1
10
11
0
31
10
7
3

1.88
18.86
20.75
0
58.49
18.86
13.2
5.66

1.06
10.63
11.7
0
32.97
10.63
7.44
3.19

0
1
3
0
7
2
0
0

Total number of scats
Total number of items

53
94

300

30
43

3.33
0
0
3.33
100
0
3.33
10
0
23.33
6.66
0
0

0
0
0

4
0
0
0
3
2
7
16

%
frequency
all items

Total

Total

0
0
0

2.38
0
2.38
0
2.38
0
23.8
32.55

n

Winter
%
occurrence
in scats

0
0
0

Medium terrestrial mammals
Tachyglossus aculeatus
Dasyurus maculatus
bandicoot spp. (I. macrourus or P
.nasuta)
Oryctolagus cuniculus*

0
0
0

0
3.19
0
0
6.38
0
2.12
11.7

n

Autumn
%
%
occurrence frequency
in scats
all items

40
64

36
59

50

30.5
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Table 6.6: Food and prey items in the diet of Tiger Quolls from Limeburners Creek Nature Reserve in
respect to season and biomass. * Introduced species.
Summer
Prey item
Small terrestrial mammals
Antechinus spp.(A. stuartii,
A. flavipes)
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total
Small arboreal mammals
Acrobates pygmaeus
Petaurus breviceps
Total

Average
mass
(g)

Medium arboreal mammal
Pteropus poliocephalus
Total

Mass
xn

n

Mass
xn

1

28

0.22

4

112

0.72

3

84

0.62

1.75
0
0
9.26
0
0.17
11.2

0
1
0
2
0
10
14

0
133
0
560
0
160
881

0
1.06
0
4.47
0
1.27
7.04

0
0
0
3
2
7
16

0
0
0
840
156
112
1220

0
0
0
5.4
1
0.72
7.84

1
0
6
5
0
0
15

106
0
636
1400
0
0
2226

0.79
0
4.75
10.45
0
0
16.62

0
0
0

0
0
0

1
2
3

12
256
268

0.08
1.91
2

18

2494

18.62

0

Total number of scats
Total number of items
Total biomass (g)

n

Mass
xn

%
Biomass

n

Mass
xn

%
Biomass

28

0

0

3
0
0
6
0
2
11

318
0
0
1680
0
32
2030

12
128

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

11

2030

11.2

14

881

7.04

16

1220

7.84

700
700
700

1
3
1

700
2100
700

3.86
11.58
3.86

0
2
5

0
1400
3500

0
11.19
27.98

0
0
2

0
0
1400

0
0
9

0
2
8

0
1400
5600

0
10.45
41.82

700

1
6

700
4200

3.86
23.17

0
7

0
4900

0
39.18

0
2

0
1400

0
9

0
10

0
7000

0
52.28

700

1
1

700
700

3.86
3.86

8
8

5600
5600

44.77
44.77

2
2

1400
1400

9
9

1
1

700
700

5.22
5.22

7

4900

27.03

15

1050
0

83.95

4

2800

18.01

11

7700

0
2
1

0
1400
700

0
7.72
3.86

1
0
0

700
0
0

5.59
0
0

4
2
0

2800
1400
0

18.01
9
0

0
1
0

0
700
0

0
5.22
0

3

2100

11.58

1

700

5.59

6

4200

27.01

1

700

5.22

21

9030

49.82

30

1208
1

26

8220

52.87

30

2089
4

81.36

1
10
11
0
31
10
7
3

140
500
1100
0
155
200
4900
2100

0.77
2.75
6.06
0
0.6
1.43
27.03
11.58

0
1
3
0
7
2
0
0

0
50
300
0
35
40
0
0

6
0
13
3
3
6
7
0

840
0
1300
150
15
120
4900
0

5.4
0
8.36
0.96
0.09
0.77
31.52
0

7
0
11
1
1
9
0
0

980
0
1100
50
5
180
0
0

7.31
0
8.21
0.37
0.03
1.34
0
0

700
700
700

Total All Mammals
Birds
Reptiles
Fish
Reptile / Fish
Insects
Plants
Garbage
Homo sapien

%
Biomass

Spring

%
Biomass

Total medium mammals
Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Canis
lupus
dingo
/
familiaris
Total

Winter

106
133
106
280
78
16

Total small mammals
Medium
terrestrial
mammals
Tachyglossus aculeatus
Dasyurus maculatus
bandicoot
spp.
(I.
macrourus or P. nasuta)
Oryctolagus cuniculus*
Total

n

Autumn

140
50
100
50
5
20
700
700

53
94
18125

30
43
12506

0
0
0

96.6
0
0.39
2.39
0
0.27
0.31
0
0

40

0
0
0

57.5

36

64

59

15545

13209
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Figure 6.4: Prey and food items in the diet of Tiger Quolls from Limeburners Creek Nature Reserve in
respect to season from a total of 260 items from 159 scats. Number of items for each season, summer
n=94, autumn n=43, winter n=64 and spring n=59.

Figure 6.5: Comparison of the estimated biomass contribution of prey and food items to the diet of Tiger
Quolls from Limeburners Creek Nature Reserve over seasons.
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Table 6.7: Food and prey items recorded in the diet of Tiger Quolls from the Illawarra escarpment by
season. Note that the total percentage occurrence in scats may exceed 100% as some scats contain more
than one prey item. * Introduced species.

Prey item
n
Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
swainsonii)
0
Antechinus swainsonii
2
Antechinus stuartii
0
Rattus spp.
0
Rattus fuscipes
4
Rattus lutreolus
1
Rattus rattus*
4
Mus musculus*
0
Total
11

Summer
%
%
occurrence frequency
in scats
all items

0
5.55
0
0
11.11
2.77
11.11
0
30.55

0
3.27
0
0
6.55
1.63
6.55
0
18.03

n

1
1
1
2
0
0
6
0
11

Autumn
%
%
occurrence frequency
in scats
all items

2.77
2.77
2.77
5.55
0
0
16.66
0
30.55

2.08
2.08
2.08
4.16
0
0
12.5
0
22.91

n

0
6
4
0
0
0
0
0
10

Winter
%
occurrence
in scats

0
21.42
14.28
0
0
0
0
0
35.71

%
frequency
all items

0
14.28
9.52
0
0
0
0
0
23.8

n

Spring
%
occurrence
in scats

%
frequency
all items

1
11
1
9
3
2
0
1
28

1.35
14.86
1.35
12.16
4.05
2.7
0
1.35
37.83

0.87
9.64
0.87
7.89
2.63
1.75
0
0.87
24.56

0
0

1
1

1.35
1.35

0.87
0.87

23.8

29

39.18

25.43

Small arboreal mammal
Cercatetus nanus
Total

0
0

Total small mammals

11

30.55

18.03

11

30.55

22.91

10

35.71

Medium terrestrial mammals
Dasyurus maculatus
bandicoot spp.
Perameles nasuta
Oryctolagus cuniculus*
Felis catus*
Total

0
1
0
2
0
3

0
2.77
0
5.55
0
8.33

0
1.63
0
3.27
0
4.91

0
1
2
0
1
4

0
2.77
5.55
0
2.77
11.11

0
2.08
4.16
0
2.08
8.33

0
0
3
1
0
4

0
0
10.71
3.57
0
14.28

0
0
7.14
2.38
0
9.52

1
2
0
7
0
10

1.35
2.7
0
9.45
0
13.51

0.87
1.75
0
6.14
0
8.77

Medium arboreal mammals
Petauroides volans
Pseudocheirus peregrinus
Trichosurus spp.
Total

1
3
4
8

2.77
8.33
11.11
22.22

1.63
4.91
6.55
13.11

0
3
4
7

0
8.33
11.11
19.44

0
6.25
8.33
14.58

2
1
0
3

7.14
3.57
0
10.71

4.76
2.38
0
7.14

5
7
1
13

6.75
9.45
1.35
17.56

4.38
6.14
0.87
11.4

Total medium mammals

11

30.55

18.03

11

30.55

22.91

7

25

16.66

23

31.08

20.17

Large terrestrial mammals
Wallabia bicolor
Vombatus ursinus
Total

2
0
2

5.55
0
5.55

3.27
0
3.27

4
0
4

11.11
0
11.11

8.33
0
8.33

0
6
6

0
21.42
21.42

0
14.28
14.28

3
7
10

4.05
9.45
13.51

2.63
6.14
8.77

Total all mammals

24

66.66

39.34

26

72.22

54.16

23

82.14

54.76

62

83.78

54.38

Birds
Reptiles
Fish
Reptile / Fish
Insects
Crustacea
Plants
Garbage
Homo sapiens

2
2
9
0
10
1
7
4
2

5.55
5.55
25.0
0
27.77
2.77
19.44
11.11
5.55

3.27
3.27
14.75
0
16.39
1.63
11.47
6.55
3.27

6
0
0
5
3
1
4
2
1

16.66
0
0
13.88
8.33
2.77
11.11
5.55
2.77

12.5
0
0
10.41
6.25
2.08
8.33
4.16
2.08

5
0
6
0
0
0
4
3
1

17.85
0
21.42
0
0
0
14.28
10.71
3.57

11.9
0
14.28
0
0
0
9.52
7.14
2.38

15
2
7
0
10
3
10
3
2

20.27
2.7
9.45
0
13.51
4.05
13.51
4.05
2.7

13.15
1.75
6.14
0
8.77
2.63
8.77
2.63
1.75

Total number of scats
Total number of items

36
61

0
0

0
0

0
0

36
48

0
0

0
0

0
0

28
42

0
0

74
114
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Table 6.8: Food and prey items in the diet of Tiger Quolls from the Illawarra escarpment in respect to
season and biomass. * Introduced species.
Summer
Prey item

Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
swainsonii)
Antechinus swainsonii
Antechinus stuartii
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Mus musculus*
Total
Small arboreal mammal
Cercatetus nanus
Total

Average
mass
(g)

n

Mass x
n

Autumn
%
Biomass

28
53
28
106
133
106
280
16

0
2
0
0
4
1
4
0
11

0
106
0
0
532
106
1120
0
1864

24

0

0

11

1864

10.89

11

2001

Total small mammals

0
0.61
0
0
3.11
0.61
6.54
0
10.89

n

0

1
1
1
2
0
0
6
0
11

Mass x
n

0

28
53
28
212
0
0
1680
0
2001
0

Winter
%
Biomass

0.17
0.33
0.17
1.34
0
0
10.62
0
12.65

n

Mass x
n

0
6
4
0
0
0
0
0
10

0
318
112
0
0
0
0
0
430

0

0

12.65

10

430

0

Spring
%
Biomass

0
2.31
0.81
0
0
0
0
0
3.13

n

Mass x
n

%
Biomass

1
11
1
9
3
2
0
1
28

28
583
28
954
399
212
0
16
2220

0.08
1.81
0.08
2.97
1.24
0.66
0
0.05
6.92

1
1

24
24

0.07
0.07

3.13

29

2244

7.0

0

Medium terrestrial mammals
Dasyurus maculatus
bandicoot spp.
Perameles nasuta
Oryctolagus cuniculus*
Felis catus*
Total

700
700
700
700
700

0
1
0
2
0
3

0
700
0
1400
0
2100

0
4.09
0
8.18
0
12.27

0
1
2
0
1
4

0
700
1400
0
700
2800

0
4.42
8.85
0
4.42
17.71

0
0
3
1
0
4

0
0
2100
700
0
2800

0
0
15.31
5.1
0
20.42

1
2
0
7
0
10

700
1400
0
4900
0
7000

2.18
4.36
0
15.28
0
21.83

Medium arboreal mammals
Petauroides volans
Pseudocheirus peregrinus
Trichosurus spp.
Total

700
700
700

1
3
4
8

700
2100
2800
5600

4.09
12.27
16.37
32.74

0
3
4
7

0
2100
2800
4900

0
13.28
17.71
31.0

2
1
0
3

1400
700
0
2100

10.21
5.1
0
15.31

5
7
1
13

3500
4900
700
9100

10.95
15.33
2.19
28.48

11

7700

45.01

11

7700

48.71

7

4900

35.74

23

16100

50.39

2
0
2

1400
0
1400

8.18
0
8.18

4
0
4

2800
0
2800

17.71
0
17.71

0
6
6

0
4200
4200

0
30.63
30.63

3
7
10

2100
4900
7000

6.55
15.28
21.83

24

10964

64.1

26

12501

79.09

23

9530

69.51

62

25344

79.06

2
2
9
0
10
1
7
4
2

280
100
900
0
500
20
140
2800
1400

1.63
0.58
5.26
0
2.92
0.11
0.81
16.37
8.18

6
0
0
5
3
1
4
2
1

840
0
0
250
15
20
80
1400
700

5.31
0
0
1.58
0.09
0.12
0.5
8.85
4.42

5
0
6
0
0
0
4
3
1

700
0
600
0
0
0
80
2100
700

5.1
0
4.37
0
0
0
0.58
15.31
5.1

15
2
7
0
10
3
10
3
2

2100
100
700
0
50
60
200
2100
1400

6.57
0.31
2.19
0
0.15
0.18
0.62
6.57
4.38

Total medium mammals
Large terrestrial mammals
Wallabia bicolor
Vombatus ursinus
Total

700
700

Total all mammals
Birds
Reptiles
Fish
Reptile / Fish
Insects
Crustacea
Plants
Garbage
Homo sapiens
Total number of scats
Total number of items
Total biomass (g)

304

140
50
100
50
5
20
20
700
700

36
61
17104

36
48
15806

28
42
13710

74
114
32054
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Figure 6.6: Prey and food items in the diet of Tiger Quolls from the Illawarra escarpment in respect to
season from a total of 265 items from 174 scats. Number of items for each season, summer n=61, autumn
n=48, winter n=42 and spring n=114.

Figure 6.7: Comparison of the estimated biomass contribution of prey and food items to the diet of Tiger
Quolls from the Illawarra escarpment over seasons.
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Table 6.9: Food and prey items recorded in the scats of adult male, adult female and juvenile Tiger Quolls
from Limeburners Creek Nature Reserve. ^ Note total percentage occurrence in scats may exceed 100%
as some scats contain more than one prey item. * Introduced species.
adult female
Prey item
n

% occurrence
in scats

adult male

% frequency
all items

juvenile

n

% occurrence
in scats

% frequency
all items

n

% occurrence % frequency
in scats
all items

0

0

0

1

8.33

5.0

0
0
0
16.66
0
41.66
66.66

0
0
0
10
0
25.0
40.0

Small terrestrial mammals
Antechinus spp.(A. stuartii,
A. flavipes)
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total

0
1
1
1
1
3
7

0
3.33
3.33
3.33
3.33
10.0
23.3

0
2.32
2.32
2.32
2.32
6.97
16.27

1
0
0
0
1
2
4

5.0
0
0
0
5.0
10.0
20.0

2.85
0
0
0
2.85
5.71
11.42

0
0
0
2
0
5
8

Small arboreal mammals
Acrobates pygmaeus
Petaurus breviceps
Total

1
1
2

3.33
3.33
6.66

2.32
2.32
4.65

0
1
1

0
5.0
5.0

0
2.85
2.85

0
0
0

Total small mammals

9

30.0

20.93

5

25.0

14.28

8

66.66

40.0

1
7

3.33
23.3

2.32
16.27

1
2

5.0
10.0

2.85
5.71

0
1

0
8.33

0
5.0

1
9

3.33
30.0

2.32
20.93

0
3

0
15.0

0
8.57

0
1

0
8.33

0
5.0

Medium arboreal mammal
Pteropus poliocephalus

4

13.33

9.3

3

15.0

8.57

0

0

0

Total medium mammals

13

40.0^

30.23

6

30.0

17.14

1

8.33

5.0

Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Total

1
1
2

3.33
3.33
6.66

2.32
2.32
4.65

0
1
1

0
5.0
5.0

0
2.85
2.85

0
0
0

0
0
0

0
0
0

Total all mammals

24

73.33^

55.81

12

55.0^

34.28

9

66.66^

45.0

Birds
Reptiles
Fish
Reptile / Fish
Insects
Plants
Garbage
Homo sapiens

3
2
2
0
5
4
3
0

10.0
6.66
6.66
0
16.66
13.33
10.0
0

6.97
4.65
4.65
0
11.62
9.3
6.97
0

3
1
1
1
6
3
7
1

15.0
5.0
5.0
5.0
30.0
15.0
35.0
5.0

8.57
2.85
2.85
2.85
17.14
8.57
20.0
2.85

0
2
0
0
8
1
0
0

0
16.66
0
0
66.66
8.33
0
0

0
10.0
0
0
40.0
5.0
0
0

Total number of scats
Total number of items

30
43

Medium terrestrial mammals
Dasyurus maculatus
bandicoot spp. (I. macrourus
or P. nasuta)
Oryctolagus cuniculus*
Total

306

0

0

0

20
35

12
20

0
0
0

0
0
0
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Table 6.10: Biomass contribution of food and prey items recorded in the scats of adult male, adult female
and juvenile Tiger Quolls from Limeburners Creek Nature Reserve. * Introduced species.
adult female
Prey item

Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
flavipes)
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total
Small arboreal mammals
Acrobates pygmaeus
Petaurus breviceps
Total

Medium arboreal mammal
Pteropus poliocephalus

28
106
133
106
280
78
16

0
0
1
1
1
1
3

0
0
133
106
280
78
48
645

0
0
0.93
0.74
1.97
0.54
0.33
4.53

0
1
0
0
0
1
2

0
106
0
0
0
78
32
216

0
0.91
0
0
0
0.67
0.27
1.86

1
0
0
0
2
0
5

28
0
0
0
560
0
80
668

12
128

1
1

12
128
140

0.08
0.9
0.98

0
1

0
128
128

0
1.1
1.1

0
0

0
0
0

785

5.52

344

2.97

Total number of scats
Total number of items
Total biomass (g)

%
Biomass

n

Mass x n

%
Biomass

n

Mass x n

668

1

700

4.92

1

700

6.05

0

0

700
700

7
1

4900
700
6300

34.48
4.92
44.33

2
0

1400
0
2100

12.11
0
18.17

1
0

700
0
700

700

4

2800

19.7

3

2100

18.17

0

0

9100

64.03

4200

36.35

700
700
1400

4.92
4.92
9.85

0
700
700

0
6.05
6.05

11285

79.41

5244

45.38

420
100
200
0
25
80
2100
0

2.95
0.7
1.4
0
0.17
0.56
14.77
0

420
50
100
50
30
60
4900
700

3.63
0.43
0.86
0.43
0.25
0.51
42.4
6.05

700
700

1
1

Total all mammals
Birds
Reptiles
Fish
Reptile / Fish
Insects
Plants
Garbage
Homo sapiens

Mass x n

700

Total medium mammals
Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Total

juvenile

n

Total small mammals
Medium terrestrial mammals
Dasyurus maculatus
bandicoot spp. (I. macrourus or
P. nasuta)
Oryctolagus cuniculus*
Total

adult male

Average
mass
(g)

140
50
100
50
5
20
700
700

3
2
2
0
5
4
3
0
30
43
14210

0
1

3
1
1
1
6
3
7
1
20
35
11554

700
0
0

0
2
0
0
8
1
0
0

0
0
0

%
Biomass

1.83
0
0
0
36.64
0
5.23
43.71
0
0
0
43.71
0
45.81
0
45.81
0
45.81
0
0
0

1368

89.52

0
100
0
0
40
20
0
0

0
6.54
0
0
2.61
1.3
0
0

12
20
1528

307
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Figure 6.8: A comparison of the food and prey items in the diet of male (n=20 scats) and female (n=30
scats) Tiger Quolls from Limeburners Creek Nature Reserve.

Figure 6.9: A comparison of the estimated biomass contribution of food and prey items in the diet of male
(n=20 scats) and female (n=30 scats) Tiger Quolls from Limeburners Creek Nature Reserve.
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6.3.5

Diet of the Dingo in Limeburners Creek Nature Reserve

In the Limeburners Creek Nature Reserve, 64 scats identifiable as Dingo were collected
from along fire trails and tracks. Dingoes were observed on a small number of
occasions and a road-killed Dingo was observed on the western boundary of the reserve.
Domestic dogs were never seen in the reserve and Dingoes have been known to kill
domestic dogs in this area.
Dingo scats commonly contained the remains of only one prey type (78%) with scats
containing two (19%) and three (3%) prey types occurring less often. Vertebrate prey
was present in 98.4% of scats. Mammals were present in 96.9% of scats. Mediumsized terrestrial mammals, particularly bandicoots of two possible species, made up the
majority of the dietary items as measured by occurrence in scats, frequency across all
items, and estimated biomass (Tables 6.11, 6.12, Fig. 6.10). Bandicoots were consumed
throughout the year in all seasons and were present in 70% of scats. Small terrestrial
mammals were present in 18.8% of scats but estimated to contribute only 2.9% in
biomass, and reptiles and birds were present in 7.8% and 6.3% of scats respectively but
only contributed an estimated 0.4% and 1% of the biomass respectively. Interestingly,
large mammals only occurred in 6.3% of scats and were estimated to contribute 7.2% of
the biomass of the diet (Tables 6.11, 6.12, Fig. 6.10).
Notably, no arboreal (possums, flying foxes) or scansorial (Antechinus sp. or Melomys
sp.) species were present in the diet of the Dingo, contrasting with the diet of the Tiger
Quoll (Table 6.11, Fig. 6.11). Other differences between the two carnivores was a
higher frequency of small terrestrial mammal, insect and plant in the diet of the Tiger
Quoll and the presence of fish and garbage making a major contribution to the Tiger
Quoll diet (Table 6.11, Fig. 6.11). The only mammal present in the Dingo diet that was
not detected the diet of the Tiger Quoll was the Water Rat Hydromys chrysogaster.
This species potentially occurred within the home ranges of several Tiger Quolls in
Limeburners Creek Nature Reserve. Overall the Tiger Quoll diet was much broader,
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including 26 different food / prey items and 18 species of mammal, compared to the
Dingo diet that included 14 different food / prey items and 8 species of mammal.
Contingency table analysis of the major food / prey groups contributing to the diet of
the two species showed a highly significant difference (χ2 = 112.65, d. f. = 9, P< 0.001).
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Table 6.11: A comparison of the prey and food items recorded in the diet of the Dingo and Tiger Quoll
from Limeburners Creek Nature Reserve. ^ Note the total percentage occurrence in scats may exceed
100% as some scats contain more than one prey item. * Introduced species.
Dingo
Prey item
n

Small terrestrial mammals
Antechinus spp.(A. stuartii, A.
flavipes)
Antechinus stuartii
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Melomys cervinipes
Mus musculus*
Total

0
0
0
1
3
4
0
4
12

Small arboreal mammals
Acrobates pygmaeus
Petaurus breviceps
Total

0
0
0

Total small mammals

12

Medium terrestrial mammals
Tachyglossus aculeatus
Dasyurus maculatus
bandicoot spp. (I. macrourus or
P. nasuta)
Hydromys chrysogaster
Oryctolagus cuniculus*
Total

0
0
45
5
0
50

% occurrence in
scats

0
0
0
1.56
4.68
6.25
0
6.25
18.75
0
0
0
18.75
0
0
70.31
7.81
0
78.12

Medium arboreal mammals
Pteropus poliocephalus
Total

0
0

Total medium mammals

50

78.12

Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Canis lupus dingo / familiaris
Total

3
1
0
4

4.68
1.56
0
6.25

Total all mammals

66

96.87

Birds
Reptiles
Fish
Reptile / Fish
Insects
Plants
Garbage
Homo sapiens
Other

4
5
0
2
1
1
0
0
1

6.25
7.81
0
3.12
1.56
1.56
0
0
1.56

Total number of scats
Total number of items

64
80

0
0

Tiger Quoll
% frequency all
items

n

0
0
0
1.25
3.75
5.0
0
5.0
15.0

7
1
4
1
6
16
2
19
56

4.4
0.62
2.51
0.62
3.77
10.06
1.25
11.94
35.22

2.69
0.38
1.53
0.38
2.3
6.15
0.76
7.3
21.53

0
0
0

1
2
3

0.62
1.25
1.88

0.38
0.76
1.15

15.0

59

0
0

1
7

0.62
4.4

0.38
2.69

16
0
1
25

10.06
0
0.62
15.72

6.15
0
0.38
9.61

0
0

12
12

7.54
7.54

4.61
4.61

62.5

37

22.64^

14.23

5
5
1
11

3.14
3.14
0.62
6.91

1.92
1.92
0.38
4.23

107

63.52^

41.15

14
11
38
4
42
27
14
3
0

8.8
6.91
23.89
2.51
26.41
16.98
8.8
1.88
0

5.38
4.23
14.61
1.53
16.15
10.38
5.38
1.15
0

56.25
6.25
0
62.5

3.75
1.25
0
5.0
82.5
5.0
6.25
0
2.5
1.25
1.25
0
0
1.25

% occurrence in
scats

37.1

% frequency all
items

22.69

159
260
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Table 6.12: The estimated biomass contribution of prey items to the diet of the Dingo in Limeburners
Creek Nature Reserve.

Prey item

Average mass
(g)

n

Mass x n

133
106
280
16

1
3
4
4
12

133
318
1120
64
1635

0.23
0.56
2.0
0.11
2.92

Medium terrestrial mammals
bandicoot spp. (I. macrourus or P. nasuta)
Hydromys chrysogaster
Total

1000
808

45
5
50

45000
4040
49040

80.63
7.23
87.86

Large terrestrial mammals
Wallabia bicolor
Macropus giganteus
Total

1000
1000

3
1
4

3000
1000
4000

5.37
1.79
7.16

66

54675

97.96

4
5
2
1
1
1

560
250
200
5
20
100

Small terrestrial mammals
Rattus fuscipes
Rattus lutreolus
Rattus rattus*
Mus musculus*
Total

Total all mammals
Birds
Reptiles
Reptile / Fish
Insect
Plant
Other
Total number of scats
Total biomass

312

140
50
100
5
20
100

% Biomass

1.0
0.44
0.35
0.008
0.03
0.17

64
55810

99.96
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Figure 6.10: A comparison of measures, percentage occurrence in scats, percentage frequency of all prey
items and percentage estimated biomass, in expressing the relative importance of prey items in the diet of
the Dingo from Limeburners Creek Nature Reserve from 64 scats containing 80 prey items.

Figure 6.11: A comparison of prey items in the diet of the Dingo (n=64 scats) and Tiger Quoll (n=159
scats) from Limeburners Creek Nature Reserve.
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6.4

Discussion

This study has confirmed the carnivorous nature of the Tiger Quoll’s diet and its
dependence on vertebrate prey, especially mammals. It also demonstrates that, in any
one area, the diet is diverse, with animals taking a wide range of species and prey
groups occupying a range of habitat and niche types. Most species were present in less
than 10% of scats. The exceptions were the Black Rat Rattus rattus, Mus musculus and
bandicoot at Limeburners Creek Nature Reserve and Antechinus swainsonii in the
Illawarra. The greater proportion of prey species in both sites, measured by frequency,
were terrestrial (35.4% LBCNR, 39% Illawarra) but arboreal species made a significant
contribution to the diet, especially in the Illawarra (5.8% LBCNR, 12.1% Illawarra).
The ability to take both arboreal and terrestrial prey makes a wide variety of potential
prey species available to the Tiger Quoll. The opportunistic feeding of the Tiger Quoll
is evident by the presence of garbage, its willingness to take carrion, snatch fish from
unsuspecting fishermen, and the seasonal abundances of prey such as Pteropus
poliocephalus and insects.

6.4.1

Comparison of the diet of the Tiger Quoll between study areas

The diet of the Tiger Quoll from the two study areas displayed both similarities and
differences. Terrestrial small mammals made a significant contribution to the diet in
both study sites occurring in a large proportion of scats throughout the year (35.2%
LBCNR, 34.5% Illawarra) (Fig. 6.1) but contributed less when viewed as percentage
biomass (10.7% LBCNR, 8.3% Illawarra). Medium-sized terrestrial mammals made a
major contribution to the diet in both sites particularly when viewed as percent biomass
(29.5% LBCNR, 18.8% Illawarra), as did medium-sized arboreal mammals (14.1%
LBCNR, 27.7% Illawarra) (Fig. 6.3). Notable was the absence of any medium-sized
possum species from the diet of Tiger Quolls in Limeburners Creek Nature Reserve
although several possum species, present in the diet in the Illawarra, also occur in
Limeburners Creek Nature Reserve.
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Three species of medium-sized possum, Trichosurus vulpecula, T. caninus and
Pseudocheirus peregrinus, are known to occur in the eucalypt forest and rain forest of
the coastal headland at Big Hill, within Limeburners Creek Nature Reserve and the
latter two species are considered to be reasonably common there (D. Quin pers. comm.).
At that site, a Tiger Quoll was observed consuming a Common Ringtail Possum,
Pseudocheirus peregrinus (D. Quin pers. comm.). The Tiger Quoll was found within a
large Elliott trap with a decapitated Common Ringtail Possum. The trap had been
secured to a tree limb, but was found on the ground and had either been knocked down
by the quoll or fallen down with the two animals inside, the quoll unable to escape with
its prey. Whether the possum was in the trap or chased into the trap by the quoll is
unknown, but Tiger Quolls are known to interfere with Elliott trap lines, presumably to
extract the small mammals within (pers. obs.). The Big Hill headland did not fall
within the home range of any of the individual Tiger Quolls studied here, but the same
possum species would be expected to occur at Point Plomer to the south, which was
known to be within the home range of one adult male.
The absence of the medium-sized possums from the diet of Tiger Quolls at Limeburners
Creek Nature Reserve as indicated by this study remains surprising. Clearly, from
Darren Quin’s observation, Tiger Quolls do at times eat medium-sized possums in
Limeburners Creek Nature Reserve. Perhaps their absence is an artefact of the size of
the sample obtained, or of the behaviour of individual Tiger Quolls. One male, that
frequented the camping area of Point Plomer where suitable habitat was available for
medium-sized possums, may have found garbage easier to obtain than possums, or
perhaps other prey such as small mammals or bandicoots were easier to capture.
Garbage was more prominent in the diet of males than females. It may be partly
explained by the extent and nature of the forests at both sites and their suitability as
habitat. In the Illawarra, an area of approximately 10 km square (~11600 ha)
surrounding the latrine sites, 67% was forest, 14% heath and swamp and 19% cleared
land. Moist forest types with well-developed dense mid-stories and understories or
entire canopies predominate there, (Fig. 2.8 Chapter 2) that provide good habitat for
Pseudocheirus peregrinus, Petauroides volans and Trichosurus caninus. In
Limeburners Creek Nature Reserve (9224 ha) forests and woodlands covered a smaller
proportion of the study area (51%) and generally did not support a dense mid-storey.
This type of habitat may be less suitable for Pseudocheirus peregrinus but potentially
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still suitable for Trichosurus vulpecula. There was insufficient tall moist eucalypt forest
in Limeburners Creek Nature Reserve to support the Greater Glider Petauroides volans.
While it is likely that medium-sized possum densities vary between the two study sites,
current fauna censusing techniques such as spotlighting, can only provide indices of
abundances in any one forest type or area, because factors such as vegetation density,
weather, moonlight and observer experience all influence the ability to detect animals
and consequently, estimate their density (Goldingay & Kavanagh 1988, 1993,
Goldingay & Sharpe 2004, Lindenmayer et al. 2001). Comparisons of the density of
arboreal mammals between sites of differing vegetation density remain difficult.
The only medium-sized arboreal mammal in the diet of Tiger Quolls at Limeburners
Creek Nature Reserve was the Grey-headed Flying-fox, Pteropus poliocephalus, which
was seasonally available, mainly in late summer and autumn. Pteropus poliocephalus is
extremely nomadic and feeds on seasonal abundances of fruit and nectar. In
Limeburners Creek Nature Reserve, Banksia serrata flowered in late summer through
autumn. Its large inflorescences produce copious nectar on which Pteropus
poliocephalus and other nectar-feeding mammals and birds feed. Banksia serrata is a
common mid-storey large shrub to small tree (to 16 m) in eucalypt forests of
Limeburners Creek Nature Reserve. It often grows with an inclined trunk, which makes
for easier climbing. The peak of Pteropus poliocephalus in the diet corresponded with
the flowering of Banksia serrata and flying foxes were observed feeding in this banksia.
It is likely that Tiger Quolls were able to capture flying foxes while they were feeding in
banksias and some of these individuals may have been newly independent young
(Menkhorst 1995).
A single sweet-smelling Tiger Quoll scat, containing no vertebrate remains, suggests
that Tiger Quolls also take advantage of these flowering events, and at times consume
nectar. Microscopic examination of the scat failed to find any pollen so nectar feeding
could not definitely be confirmed. Nectar feeding has been reported in other dasyurid
marsupials, the Brush-tailed Phascogale, Phascogale tapoatafa, various species of
Antechinus marsupial mice and nectar is thought to be consumed by the Northern Quoll,
Dasyurus hallucatus (Goldingay et al. 1987, Soderquist 1995c, Oakwood 1997,
Goldingay 2000).
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In seven scats from Limeburners Creek Nature Reserve and one from the Illawarra,
Tiger Quoll hair was present in large enough amounts to suggest the quoll was prey. At
Limeburners Creek Nature Reserve three scats were collected in January in different
years, two in November, one in March and one in April. Scats containing large amounts
of quoll hair were collected from both males and females. In the Illawarra, a single scat
containing quoll hair was collected in September. In captivity, Tiger Quolls will kill
and consume cage mates, particularly during the mating season in May–June when
males have been observed to kill and eat their mate, and females at times consume their
young (B. Walker pers. comm.). November and January would be times when small
juvenile Tiger Quolls are making independent excursions and may be vulnerable to
predation. In March and April, young juveniles, especially young males, would be
dispersing and potentially subject to predation from larger adult Tiger Quolls.
Large terrestrial mammals contributed more to the diet in the Illawarra than in
Limeburners Creek Nature Reserve, especially when viewed as estimated biomass (13%
LBCNR, 19.7% Illawarra) (Table 6.2, Fig. 6.3). At both sites, they were present in the
diet throughout the year with a peak in winter in Limeburners Creek Nature Reserve,
but occurred in higher frequencies in all seasons in the Illawarra. In the Illawarra, the
majority of the large terrestrial mammals were likely available as carrion from road
kills. In Limeburners Creek Nature Reserve, large terrestrial mammals could be
available as carrion from road kills or the remains of Dingo kills.
Birds were present in scats at both sites in moderate amounts (9–16%) but were not
estimated to make a major contribution to biomass of the diet (3–5%). However, large
birds are present at both sites and the contribution of birds to the diet may have been
underestimated (Tables 6.1, 6.2, Fig. 6.3).
Reptiles were infrequent in scats at both sites (2–7%). They were most frequent in the
diet in summer and absent in winter and estimated to contribute little to the biomass of
the diet (<1%). However, similar to birds, species and numbers of individuals in scats
were not identified and so their contribution may have been underestimated (Tables 6.1,
6.2).
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Fish were frequent in scats of Tiger Quolls from Limeburners Creek Nature Reserve
(24%) and estimated to make a reasonable contribution to the biomass of the diet
(6.4%). In the Illawarra fish made a smaller contribution to the biomass of the diet
(2.8%) (Tables 6.1, 6.2, Fig. 6.3). However, estimates of biomass contributions were
conservative (100 g / meal) and the amount consumed per meal could have been
significantly greater as was observed with a wild Tiger Quoll held in captivity overnight
(700 g / meal). At Limeburners Creek Nature Reserve, situated on the coast and estuary
of the Hastings River and Limeburners Creek, fish could have been available along the
strand line of the shore, scavenged from fishermen or campers, from beneath the nests
or roosts of sea eagles or ospreys, from rubbish, or possibly caught in rock pools and
shallows. It is therefore not surprising to see fish making a significant contribution to
the diet throughout the year. In the Illawarra, situated on the escarpment and plateau
remote from the sea, fish was most likely obtained from household rubbish, although
small freshwater fish and eels would have been present in streams.
Insects were present in scats at both sites (13–26%) but more frequent at Limeburners
Creek Nature Reserve. They peaked in frequency in summer, were still common in
autumn and were either very low or absent in winter and spring. Estimates of their
contribution to the biomass of the diet are very low (< 1%). However, as with birds and
reptiles, species / taxa were not identified, numbers of individuals in scats were not
scored and the estimated mass / meal is very conservative (5 g / meal). Potentially, the
contribution of insects to the diet, especially in summer, may have been greatly
underestimated. The greater abundance of insects in the diet at Limeburners Creek
Nature Reserve may be a result of its warmer climate due to its more northerly location
and very low elevation, just above sea level (see Chapter 2).
Plants were present in scats from both sites and were present in the diet throughout the
year. Plants could have been eaten as fruits or ingested accidentally when eating
garbage or the stomach contents of prey. Their contribution to the diet is difficult to
determine. In Limeburners Creek Nature Reserve, plants were ingested in autumn and
spring when there was no identified ingestion of garbage, suggesting they were
purposefully sought out in the diet. Both Limeburners Creek Nature Reserve and the
Illawarra support areas of rainforest and moist eucalypt and melaleuca forests that
would provide native fruits at times. One of the first Tiger Quolls captured in the
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Illawarra at Barren Grounds Nature Reserve deposited a scat that appeared to contain
the seeds from a native fig. Another scat collected at Limeburners Creek Nature
Reserve smelt very sweetly, contained no vertebrate remains, and provided a strong
reason to suspect Tiger Quolls take nectar when it is abundant, such as when Banksia
serrata is in flower.
Garbage was present in the diet at both sites. Areas of human habitation and recreation
were accessible to Tiger Quolls at both study sites. At Limeburners Creek Nature
Reserve, Tiger Quolls could access garbage containers, garbage pits and compost piles
of residences, oyster farmers and campers and the refuse left behind by fishermen. At
Barren Grounds Nature Reserve and the residences nearby, Tiger Quolls could access
garbage containers and compost piles of a small number of residences and picnickers.
Human hair Homo sapiens was most likely ingested from household garbage / compost
and is also likely an indicator of garbage consumption. Although garbage may have
been readily available at some locations Tiger Quolls did not centre their activities in
these areas but continued to move throughout their large home ranges (Chapter 4). The
consumption of garbage highlights the opportunistic nature of the Tiger Quoll’s dietary
habits.
The diet of the Tiger Quoll in both study areas is diverse, taking a wide range of
mammalian and non-mammalian taxa. However, not all potential prey species appeared
in the diet at the two sites. The Water Rat, Hydromys chrysogaster, Brush-tailed
Phascogale, Phascogale tapoatafa, Common Brushtail Possum, Trichosurus vulpecula,
Mountain Brushtail Possum, T. caninus, and Common Ringtail Possum, Pseudocheirus
peregrinus, were absent from the diet at Limeburners Creek Nature Reserve and the
Echidna, Tachyglossus aculeatus, and Grey-headed Flying-fox, Pteropus poliocephalus,
were absent from the diet at Barren Grounds Nature Reserve / Budderoo National Park.
This may be due to the abundance of prey, their seasonal availability or their
accessibility to Tiger Quolls at that site, or individual preferences in prey types.
Alternatively, the number of scats collected may have been insufficient to sample the
full diversity of the diet that may vary over seasons or years, or between individual
Tiger Quolls.
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6.4.2

Male and female diet

In the Limeburners Creek Nature Reserve, there was no marked difference in the diet of
male and female Tiger Quolls from the sample available (males n = 20, females n = 30).
Females did consume a greater amount of medium-sized terrestrial mammals and small
terrestrial mammals and males a greater amount of insect and garbage but given the
small sample size these results must be considered preliminary (Table 6.9, Fig. 6.8).
In the tall montane forests of south eastern NSW, Belcher (2000) did not detect any
significant differences in the diet of males and females. Males did consume larger
amounts of large mammal in the form of carrion but this difference was not significant.
However, some other studies (Jones and Barmuta 1998, Burnett 2001) have found
differences between the diet of males and females, which they say has resulted from the
sexual dimorphism apparent between males and females, males being up to twice the
weight of females. In Tasmania, Jones & Barmuta (1998) considered males take more
medium-sized and large mammals and females to take more birds and small mammals.
In the rainforests of far north Queensland, Burnett (2001) reported females ate a greater
proportion of non–mammalian prey than males, especially reptiles and invertebrates but
still consumed large numbers of mammals, and males ate the larger and / or more
pugnacious species of mammal, whereas female scats contained smaller arboreal
species. However, both studies appeared to be based on relatively small numbers of
scats (<40) and while these results may be indicative of a trend it may be a consequence
of small sample size and may be premature to suggest that different size classes or
temperament of prey species are selected by different sexes. Larger sample sizes are
needed to clearly demonstrate any real differences in dietary preferences between sexes
of Tiger Quolls. Should differences in the choice of prey species occur between sexes,
they might only be apparent at some geographic locations, dependent on the variety of
possible prey species present.
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6.4.3

Diet Tiger Quoll throughout its range in eastern Australia

There are now a number of published and unpublished studies on the diet of the Tiger
Quoll that have been undertaken at sites throughout its geographic range in eastern
Australia. Habitats include the wet forests of the central plateau of Tasmania, eucalypt
woodlands of the high country of north east Victoria, tall montane eucalypt forests of
south east NSW, escarpment and plateau forests of central and northern NSW, lowland
coastal forests, woodlands and heaths of northern NSW and the upland tropical
rainforests of far north Queensland (Alexander 1980, Boschma 1991, Belcher 1995,
2000, Burnett 2001, Jones 1995b, Jones & Barmuta 1998, Green & Scarborough 1990).
Of all the quoll species currently extant on the Australian mainland and Tasmania, the
Tiger Quoll’s distribution spans the greatest latitude, extending from Tasmania in the
south at latitude 43o 30’S, to 16oS in far north Queensland. Consequently, its range
encompasses a wide diversity of habitats.
In all studies, vertebrates rather than invertebrates, dominate the diet and were present
in up to 99% of Tiger Quoll scats collected from the forests and woodlands of the high
country of north east Victoria (Belcher 1995) to the lowest count of 85% of scats of
Tiger Quolls from the lowland coastal forests and woodlands of the mid north coast of
NSW (this study) (Fig. 6.14). Within the vertebrates, mammals contribute greatest to
the diet in all studies and were present in 98% of scats from the upland tropical forests
of north east Queensland (Burnett 2001), 90% of scats from the moist escarpment
forests of north-east NSW (Alexander 1980), 89% of scats from the forests and
woodlands of north-east Victoria (Belcher 1995), 74% of scats from the moist
escarpment forests of the Illawarra (this study) and 64% of scats from the lowland
coastal forests and woodlands of the mid north coast of NSW (this study). All studies
support the view that the Tiger Quoll is highly carnivorous in its diet (Table 6.13).
Differences in the diet between sites and geographic areas become apparent when
mammals are divided into size classes i.e. small, medium and large, and ecological
niche i.e. terrestrial, arboreal. Overall medium-sized mammals were more frequent in
the diet of the Tiger Quoll, followed by small mammals and then large mammals, in the
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Table 6.13: Prey and food items recorded in the diet of the Tiger Quoll throughout its range in eastern Australia.
LBCNR-Limeburners Creek Nature Reserve (this study), Illawarra-Illawarra escarpment (this study), NENP-New
England National Park (Alexander 1980), OWRNP-Oxley Wild Rivers National Park (Boschma 1991), Tall/BadjaTallaganda and Badja State Forests (Belcher 2000), NE Vic-Suggan Buggan, Victoria (Belcher 1995), Tasmania
(Green & Scarborough 1990), Cradle Mt-Cradle Mountain-Lake Sinclair National Park (Jones 1995), NE Qld-Northeastern tablelands of far north Queensland (Burnett 2001). * Introduced species.

New South Wales
Prey item
Small terrestrial mammals
Antechinus spp.
Antechinus swainsonii
Antechinus stuartii
Antechinus flavipes
Rattus spp.
Rattus fuscipes
Rattus lutreolus
Rattus leucopus
Rattus rattus*
Melomys cervinipes
Pogonomys mollipilosus
Pseudomys fumeus
Pseudomys higginsi
Mus musculus*
Uromys hadrourus
Small arboreal mammals
Phascogale tapoatafa
Acrobates pygmaeus
Cercatetus nanus
Cercatetus caudatus
Petaurus spp.
Petaurus breviceps
Dactylopsila trivirgata
microchiropteran bat
Medium terrestrial mammals
Tachyglossus aculeatus
Ornithorhyncus anatinus
Dasyurus maculatus
bandicoot spp. (I. macrourus or P.
nasuta)
Perameles nasuta
Isoodon macrourus
Hypsiprymnodon moschatus
Macropus parma
Thylogale stigmatica
Uromys caudimaculatus
Hydromys chrysogaster
Oryctolagus cuniculus*
Lepus capensis*
Felis catus*
Medium arboreal mammals
Petaurus australis
Petauroides volans
Pseudocheirus peregrinus
Pseudochirulus cinereus
Pseudochirulus herbertensis
Pseudochirops archeri
Hemibelideus lemuroides
Trichosurus spp.
Trichosurus vulpecula
Pteropus spp.
Pteropus poliocephalus
Large terrestrial mammals
Wallabia bicolor
Macropus rufogriseus
Macropus giganteus
Petrogale penicillata
Thylogale billardierii
Vombatus ursinus
Vulpes vulpes*
Canis lupus dingo / familiaris
Ovis aries*
Bos taurus*
Sus scrofa*
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Prey item

New South Wales

Victoria

LBCNR Illawarra NENP OWRNP Tall/Badja

NE
Victoria

Tasmania
Tasmania

Queensland

Cradle
Mt

Large arboreal mammals
Dendrolagus lumholtzi
Dendrolagus bennettianus

NE Qld
+
+

Birds
Platycercus elegans
Platycercus caledonicus
Menura novaehollandiae
Chenonetta jubata
Aegotheles cristatus
Podargus strigoides
Puffinus tenuirostris
Eudyptula minor
Cuculus pyrrhophanus
Dacelo gigas
domestic chicken*
Reptiles
lizard
Egernia saxatilis
Amphibolurus sp.
Hypsilurus boydii
snake
Pseudechis porphyriacus
Fish
Frog
Litoria ewingii
Cephalopod
Arthropods
millipedes
centipedes
spiders
Insects
Blattodea
Coleoptera
Hemiptera
Hymenoptera
Diptera (adult & larvae)
Lepidoptera (larvae)
Odonata
Orthoptera
Syphonoptera
Crustacea
yabbies
Plants
Garbage
Homo sapiens

+

+

+
+
+

+
+
+

Total

26

27

+

+

+
+

+

+

+
+
+
+
+
+
+
+
+
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+
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+
30

28

18

31

21

6

36
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majority of studies, when prey were examined as a proportion of all items consumed
(Fig. 6.12). The two sites examined in this study differ in that small mammals were
more frequent in the diet than medium-sized mammals. In three out of six of the studies
medium-sized arboreal mammals contributed more than medium-sized terrestrial
mammals (Fig. 6.13) as they did at one of seven sites in the upland rainforests of far
north-east Queensland (Burnett 2001).
In the southeast highlands of NSW, unlike all other sites, small mammals did not
contribute significantly to the diet compared to medium-sized and large mammals.
Medium-sized arboreal mammals such as the Greater Glider, Petauroides volans, and
large terrestrial mammals such as the Swamp Wallaby, Wallabia bicolor, and Common
Wombat, Vombatus ursinus, comprised the main prey, the latter two species being made
available largely as road kills (Belcher 2000). This contrasts to the majority of other
studies where small mammals are a major component of the diet along with mediumsized mammals (Fig. 6.13).
Other sites where large mammals contributed significantly to the diet were in the New
England area of northern NSW on the Great Dividing Range, the first on the
escarpments of New England National Park (Alexander 1980) and the second in the
steep gorges of Oxley Wild Rivers National Park, south east of Armidale (Boschma
1991). At both sites, scats were collected from Tiger Quoll latrine sites. In New
England National Park large mammals, primarily macropods, comprised 19.4% of all
prey items, and at Dangar’s Falls in Oxley Wild Rivers National Park, macropods
comprised 18% of prey items. The Swamp Wallaby, Wallabia bicolor, was the most
common species in the diet at both sites and other macropods included the Red-necked
Pademelon, Thylogale thetis, Parma Wallaby, Macropus parma, Red-necked Wallaby,
M. rufogriseus, and Brush-tailed Rock Wallaby, Petrogale penicillata. These large
macropods were most likely obtained as carrion from road kills and Dingo kills. The
New England National Park site is situated within six kilometres of the Armidale–
Grafton road and the park includes minor access roads that are potential sources of
carrion. Dingo kills may have also contributed. The site at the base of Dangar’s Falls
(drop of 210 m) in Oxley Wild Rivers National Park is remote from major roads and the
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Figure 6.12: A comparison of the diet of the Tiger Quoll from six sites in Australia. Medium-sized
mammals are an important component of the diet in most studies. This study differs in that small
mammals and non-mammal were more frequent in the diet at both sites (Limeburners Creek Nature
Reserve and the Illawarra). Other studies referred to here are NSW northern escarpment (Alexander
1980), NSW south-eastern highlands (Belcher 2000), Victorian north-eastern highlands (Belcher 1995)
for Dasyurus maculatus maculatus and Queensland north-eastern highlands (Burnett 2001) for D. m.
gracilis.

Figure 6.13: A comparison of the diet of the Tiger Quoll throughout eastern Australia in respect to prey
size class, terrestrial or arboreal habit and other food types. Studies referred to here are Limeburners
Creek Nature Reserve (this study), Illawarra escarpment (this study), NSW south-eastern highlands
(Belcher 2000), Victorian north-eastern highlands (Belcher 1995), NSW northern escarpment (Alexander
1980) for D. m. maculatus and north-east Queensland, Windsor Tableland (Burnett 2001) for D. m.
gracilis.
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source of large mammals may have primarily been carrion from Dingo kills.
While it might be expected the bulk of macropod in the diet of the Tiger Quoll is
obtained from carrion, observations by Jones (1995b) of a Tiger Quoll killing an adult
Tasmanian Pademelon, Thylogale billardierii (3.9–7.0 kg), shows the species is capable
of killing smaller macropods. Mooney, (cited in Green & Scarborough 1990) also
reports a Tiger Quoll chasing a newly weaned T. billardierii in Tasmania and on
another occasion grappling with a half grown T. billardierii that escaped but was
pursued by the quoll. Early reports by Le Souef & Burrell (1926) report the Tiger Quoll
as “…a fierce and rather powerful animal, it is able to kill wallabies and fairly large
birds…” and Troughton (1973) also reports it able to “…kill small wallabies and large
birds…”. In north Queensland rainforests Burnett (2001) records two species of tree
kangaroo Dendrolagus lumholtzi and D. bennettianus (5-13 kg) in the diet of the
smaller Dasyurus maculatus gracilis. It would seem improbable a Tiger Quoll could
kill a large macropod such as an adult Swamp Wallaby, Wallabia bicolor (10.3–20.5
kg), or tree kangaroo and their presence in the diet is more likely provided from carrion
or predation of pouch young or young at foot. Dingoes / dogs were present at the study
sites (Burnett 2001).
Carrion has long been identified as a food source for Tiger Quolls. Early illustrations of
the species depict a Tiger Quoll scavenging from the carcass of a seal on the beach
(Desmarest 1822, illustrated in Strahan 1981). Le Souef & Burrell (1926) noted the
reluctance of a Tiger Quoll to abandon a wallaby carcass, even when faced with an axewielding farmer. Green & Scarborough (1990) report Mooney’s observations of Tiger
Quolls feeding on a wide range of road killed birds and mammals and beached washed
fish and birds and noted that a large proportion of Museum specimens of Tiger Quolls
came from road casualties. Large mammals comprised a significant component of the
diet in the forests of the NSW south-eastern highlands, which Belcher (2000)
considered were primarily provided by road kills with some contribution by Wedgetailed Eagle and wild dog kills. Large mammals also contributed significantly to the
diet in the Illawarra (this study) and again, these were most likely provided by road
kills. In north-east Victoria, Belcher (1995) considered carrion was primarily available
from wild dog and eagle kills.
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Birds contributed relatively little to the diet in all studies, the most being 12.3% of all
dietary items in the north-east highlands of Victoria (Belcher 1995) followed by 10.6%
in the Illawarra escarpment (this study). This is further reduced when examined in
respect to the estimated biomass contribution to the diet, although the species and
numbers of birds consumed were generally not assessed and their contribution may have
been underestimated.
This contrasts to the reports in the early literature (Gould 1863 in Dixon 1975,
Troughton 1973), nevertheless the Tiger Quoll’s liking for birds is apparent in their
disposition to take caged chickens and other aviary birds that often brings them into
conflict with humans, leading to their untimely death. Troughton (1953) reports the
Tiger Quoll has “a similar liking for the blood of poultry and once having formed the
habit will return many times, killing more birds than are required for food, in the
manner of foreign weasels”. Predation on caged birds continues to bring Tiger Quolls
in conflict with humans today, placing them at risk (pers. obs.).
Large birds, such as the Superb Lyrebird, Menura novaehollandiae, and Maned Duck,
Chenonetta jubata, have been recorded in the diet (Belcher 1995). Le Souef & Burrell
(1926) report a Tiger Quoll stalking a White–fronted Heron (White-faced Heron Ardea
novaehollandiae), that was feeding on a mudflat on the Hawkesbury River. Mooney (in
Green & Scarborough 1990) has observed Tiger Quolls feeding on beach washed Fairy
Penguin, Eudyptula minor, and Short-tailed Shearwater, Puffinus tenuirostris. Other
species reported in the diet are usually medium or small birds such as the Crimson
Rosella, Platycercus elegans, Green Rosella, P. caledonicus, Owlet Nightjar,
Aegotheles cristatus, Fan-tailed Cuckoo, Cuculus pyrrhophanus, Tawny Frogmouth,
Podargus strigoides, and Laughing Kookaburra, Dacelo gigas (Green & Scarborough
1990, Belcher 1995) (Table 6.13).
Reptiles contributed little to the diet in any of the studies and are not considered an
important component. Mooney (in Scarborough & Green 1990) has observed female
Tiger Quolls catching small skinks by “pouncing on them like a cat and pinning them to
the ground with their front paws”. Studies report both lizards and snakes being found
and species that have been identified include the Black Rock Skink, Egernia saxatilis, a
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dragon lizard Amphibolurus sp., Forest Dragon, Hypsilurus boydii, and Red-bellied
Black Snake, Pseudechis porphyriacus, and other small elapid snakes (Alexander 1980,
Belcher 1995, Burnett 2001) (Table 6.13).
Fish were an important component to the diet in Limeburners Creek Nature Reserve
(14.6% of all items) and the Illawarra (8.3% of all items) but were also reported in the
diet of Tiger Quolls in the gorges south-east of Armidale (8.7% of all prey items) where
they were thought to feed on dead eels washed over Dangar’s Falls, or possibly eels
stranded in small pools (Boschma 1991). In Tasmania, Tiger Quolls have been
observed feeding on beach washed flathead, stingray, and Leatherjacket and other fish
have been identified in scats and guts (Green & Scarborough 1990). Limeburners Creek
Nature Reserve is the only coastal site where diet of the Tiger Quoll has been
investigated and the extensive shoreline of ocean and estuary provides opportunities of
securing fish via scavenging or capture. Tiger Quoll tracks were observed along the
strandline of the shore by local residents at Point Plomer, in Limeburners Creek Nature
Reserve, and beach and rock fishermen’s catches were at times predated upon by bold
quolls.
Frogs were not reported from most dietary studies but were found in very small amounts
in scats of Tiger Quolls from the New England gorges at Dangar’s Falls (Boschma
1991). In Tasmania, the Brown Tree Frog, Litoria ewingi, was reported from the scats
or guts of Tiger Quolls (Green & Scarborough 1990), most likely the latter method. It is
probable that little of the remains of frogs survive the dietary processes to appear in the
scats and the contribution this group makes to the diet is largely unknown. Burnett
(2001) did not identify frogs in the diet of the northern sub-species Dasyurus maculatus
gracilis, but considered it potentially at risk from poisoning from ingestion of the
poisonous introduced Cane Toad, Bufo marinus.
Invertebrates, particularly insects, contributed to the diet in all studies and there was
often a strong seasonal pattern, being most abundant in the warmer months and low or
absent in cooler winter months (Table 6.13, Fig. 6.13). As a proportion of the total
dietary items, invertebrates ranged from 33% in the New England gorges (Boschma
1991) to 10.6% in the Illawarra (this study) (Fig. 6.13). In the north coast ranges, Settle
(1978) observed that over the summer months scats contained no fur other than that of
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Tiger Quoll and they had fed on a diet of insects, mainly cockroaches. In the nearby
New England gorges, Boschma (1991) had only a few cases where invertebrates,
primarily spiders and insects, made up 76-95% of the scat, rather they occurred in a
large number of scats, along with other prey items. In summer, invertebrates comprised
up to 57.9% of all prey items and were present in up to 88.9% of scats. At Limeburners
Creek Nature Reserve, invertebrates comprised 33% of all dietary items during summer
months and were present in 58.5% of scats. The contribution invertebrates make to the
biomass of the diet is more difficult to assess but they could be important in the summer
months, particularly to dispersing juveniles.
Plants were not considered to be important food items in most studies, however plant
material was present in the diet of Tiger Quolls throughout the year at both sites in this
study. It could not be determined with certainty whether this was accidental or
purposeful ingestion. However, some observations suggest plant material may be
sought in the diet. At Limeburners Creek Nature Reserve plant material was present in
autumn and spring when there was no evidence of garbage ingestion suggesting it may
have been sought. It is also likely that Tiger Quolls take nectar when available, from
large flowering banksias such as Banksia serrata, as suggested by the single sweet
smelling scat that was collected. This would provide a high energy, easily obtained
food source. Overall, plants do not appear to comprise a major component of the diet.
Garbage was prominent in the diet of Tiger Quolls from the two sites in this study
where they had access to garbage and compost sites in areas of human habitation or
recreation. Garbage was also present in the diet of Tiger Quolls on the edge of the
escarpment in New England National Park where camping areas and cabins are present
(Alexander 1980) and also in the diet of Tiger Quolls from central Tasmania that were
within close proximity to tourist facilities (Jones 1995b). Garbage was not recorded in
the diet in studies undertaken in areas remote from human habitation. In most instances
the presence of Homo sapiens hair in the diet is likely due to the ingestion of garbage,
however this may not be true for some of the remote sites. The common occurrence of
garbage and carrion in the diet illustrates the opportunistic nature of the Tiger Quoll’s
foraging behaviour.
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Studies have shown that the Tiger Quoll will take a broad range of food types,
concentrating on vertebrates, particularly small and medium-sized mammals and to
lesser extent large mammals, which may be taken as live prey or carrion. The ability to
take both terrestrial and arboreal prey greatly expands the potential food available to the
Tiger Quoll. Its arboreal hunting skills may have allowed the Tiger Quoll to co-exist
with native and introduced terrestrial mammalian predators. Studies show that the Tiger
Quoll will select different species as its main prey, from different size classes or
ecological niches, at different sites, although generally including elements of favoured
groups in the diet, suggesting it is able to take advantage of the most abundant prey or
food types in an area. Throughout its geographic range, over 90 different prey or food
types have been reported in the diet, 36 being the greatest number recorded from any
one area (Table 6.13).
In their study of the Dingo, Newsome et al. (1983a), identified three categories of prey;
staples, supplementary and opportune. Staple prey is one that the predator relies on for
much of the year even though it may not always be the most abundant. Supplementary
prey may provide a major part of the diet at certain times of the year, and opportune are
those items that may not be regularly available but are eaten when present. At
Limeburners Creek Nature Reserve, small terrestrial mammals, medium-sized terrestrial
mammals and fish could be described as staples as they are consumed throughout the
year. Species such as the Grey-headed Flying-fox, Pteropus poliocephalus, could be
described as supplementary, being available to quolls at particular times of the year that
correspond with the flowering of some plant species e.g. Banksia serrata. Invertebrates,
particularly insects, could also be considered supplementary, as they are more common
in the diet in summer and autumn (Figures 6.4, 6.5). In a study of the diet of the Dingo
in arid Australia, Paltridge (2002) described a category of seasonal staples, and perhaps
these later two prey groups are better described in that way. Carrion and garbage could
be considered opportunistic prey / food items.
In the Illawarra, a broader range of prey types might be considered as staples. Small
terrestrial mammals, medium-sized terrestrial mammals, medium-sized arboreal
mammals, large terrestrial mammals, birds and garbage were all present in the diet
throughout the year in reasonable amounts and may be considered as staples. Plants
were also present in the diet throughout the year but in smaller amounts and may be
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considered supplementary along with invertebrates and fish, which were not present in
all seasons (Figures 6.6, 6.7). While large mammals are most likely obtained as carrion
from road kills and would generally be considered opportunistic, sufficiently high traffic
volumes may ensure this source of carrion is always available.

6.4.4 Potential competition between the Tiger Quoll and other predators.

In Limeburners Creek Nature Reserve, predators that could compete with the Tiger
Quoll include the Dingo, Canis lupus dingo, Lace Monitor, Varanus varius, feral Cat,
Felis catus, and Red Fox, Vulpes vulpes. Foxes or fox prints were very rarely observed
and this species was considered very uncommon in the reserve. Cats were trapped on
only two occasions and tracks were rarely observed, however, in the southern part of the
reserve, oyster farmers kept cats as pets. Dingoes were rarely observed but their scats
and tracks were regularly seen. During the summer months, large Lace Monitor lizards
were common and readily caught in cage traps if left open during the day, but were
absent in cooler winter months.
The dominance of bandicoot in the diet of the Dingo (70.3% occurrence in scats) in
Limeburners Creek Nature Reserve suggests, that at times, Tiger Quolls and Dingoes
could be in competition in the reserve as bandicoot was also a favoured food of Tiger
Quolls (10.1% occurrence in scats). Unlike larger prey, such as macropods, Dingoes
are likely to completely consume a bandicoot in a single meal, leaving none available as
carrion for quolls. However, the diet of Tiger Quoll in the reserve was more diverse and
included greater amounts of small mammal, fish, insects and garbage suggesting Tiger
Quolls were more flexible and opportunistic in their search for prey, although most of
these foods were also taken in small amounts by Dingoes (Table 6.11, Fig. 6.11).
The predominance of bandicoot in the diet of the Dingo in Limeburners Creek Nature
Reserve contrasts to the findings of other studies where large grazing mammals such as
the Swamp Wallaby, Wallabia bicolor, and Red-necked Wallaby, Macropus
rufogriseus, Common Wombat, Vombatus ursinus, or medium-sized mammals such as
European Rabbit, Oryctolagus cuniculus, brushtail possum Trichosurus sp. or Common
Ringtail Possum were the main prey items (Newsome et al. 1983b, Robertshaw &
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Harden 1985, Corbett & Newsome 1987, Corbett 1989, Brown & Triggs 1990). In the
upland rainforests of far north Queensland Burnett (2001) recorded the Long-nosed
Bandicoot, Perameles nasuta, in over 10% of scats of Dingoes, only exceeded by the
Red-legged Pademelon, Thylogale stigmatica, in 15% of scats. Other common prey
items were ringtail possums, Pseudochirulus spp., pig Sus scrofa, tree kangaroos,
Dendrolagus spp., plants and birds (Burnett 2001).
The absence of brushtail possum and rabbit in the diet of the Dingo in Limeburners
Creek Nature Reserve, similar to Tiger Quoll, suggests that these species may be in low
numbers, as they are preferred foods of both predators at other sites (Belcher 1995).
The Swamp Wallaby, Wallabia bicolor, and Eastern Grey Kangaroo, Macropus
giganteus, were only present in small amounts in the diet of the Dingo between late
October and late January. There was no evidence from this sample, that Dingoes took
arboreal prey, which has been reported in other studies (Newsome et al. 1983a, Brown
& Triggs 1990, Burnett 2001). Similarly there was no evidence that Dingoes took Tiger
Quolls as prey in Limeburners Creek Nature Reserve, although it is possible, and has
been reported infrequently in the diet of Dingoes in other studies (Robertshaw &
Harden 1985, Brunner & Wallis 1986, Burnett 2001). On one occasion, a female Tiger
Quoll was found to have a large puncture wound on the side, but it could not definitely
be attributed to a Dingo. She recovered from this wound and was monitored for several
months subsequently.
The Lace Monitor, Varanus varius, is a large, fast moving, agile lizard that is a very
adept climber and potentially able to access many arboreal species that may be sought
as prey by the Tiger Quoll (Weavers 1989). Lace Monitors in Limeburners Creek
Nature Reserve can reach a formidable size, in excess of 1.5-2 m, and could potentially
also prey on Tiger Quolls. As individual Lace Monitors can span a range of size
classes, they can prey on a range of size classes of hollow dwelling mammals and birds
by accessing a range of hollow dimensions. Lace Monitors also take carrion and could
compete with Tiger Quolls for this food resource. However, as the Lace Monitor is
diurnal in habit and the Tiger Quoll can forage diurnally or nocturnally, potential
competition would be reduced. Similarly, competition would be reduced in cooler
months when Lace Monitors are not active.
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Overall, while Dingoes are a potential predator and / or competitor of Tiger Quolls, the
presence of Dingoes may benefit Tiger Quolls if they provide an additional source of
food, in the form of carrion left over from kills of large macropods and wombats.
Boschma’s (1991) study of the diet of the Tiger Quoll in the New England gorges
showed large macropods comprised a significant proportion of the diet, and one of the
most likely sources of this prey would be carrion remaining from Dingo kills. In the
rainforests of far north Queensland the Dingo was considered to be a possible predator
of the smaller form of the Tiger Quoll, Dasyurus maculatus gracilis, but less likely a
competitor for food (Burnett 2001).
In the Illawarra area, Dingoes are not present and foxes and cats would be potential
competitors for Tiger Quolls. The abundance of cats and foxes in the Illawarra area is
unknown, however foxes are commonly observed in the cleared farming areas nearby,
and their scats are readily observed on tracks and trails in Barren Grounds Nature
Reserve. Fox or cat scats were not collected in the Illawarra area but studies of the prey
of foxes in forested areas of East Gippsland, Victoria show that foxes prefer many of the
prey types preferred by Tiger Quolls in the Illawarra area i.e. small terrestrial mammals
(Antechinus sp., Rattus fuscipes), medium-sized terrestrial mammals (Perameles nasuta,
Oryctolagus cuniculus), medium-sized arboreal mammals (Trichosurus sp.,
Pseudocheirus peregrinus) and large terrestrial mammals (Wallabia bicolor) (Brown &
Triggs 1990), and therefore are a potential competitor.
A study of the diet of feral cats in the forested eastern highlands of Victoria found a
range of vertebrate species, the most important being Rattus fuscipes, Pseudocheirus
peregrinus, Trichosurus sp., Antechinus stuartii, Petaurus breviceps and birds (Jones &
Coman 1981), most of which are favoured prey of the Tiger Quoll in the Illawarra area.
In the upland rainforests of far north Queensland, cats were considered to be a likely
competitor for food with Dasyurus maculatus gracilis (Burnett 2001).
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Figure 6.14: A comparison of broad food groups in the diet of four Australian quoll species, Dasyurus
maculatus maculatus, D. m. gracilis, D. geoffroii, D. viverrinus and D. hallucatus. Dasyurus maculatus
is clearly highly carnivorous in its diet although D. geoffroii also includes a large amount of vertebrate
prey in its diet. D. viverrinus appears to be the least carnivorous from the information available but no
detailed dietary information is available from the extinct mainland form. Studies referred to here are for
D. m. maculatus Limeburners Creek Nature Reserve and the Illawarra (this study), New England National
Park (Alexander 1980), north-east Victoria (Belcher 1995), for D. m. gracilis in north-east Queensland
(Burnett 2001), for D. geoffroii in Western Australia (Soderquist & Serena 1994), for D. viverrinus in
Cradoc, Tasmania (Godsell 1983) and in Hobart, Tasmania (Blackhall 1980) and for D. hallucatus in the
Northern Territory (Oakwood 1997).
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6.4.5

Comparison of the diet of the Tiger Quoll to other Australian quoll species

and the Tasmanian Devil

The Tiger Quoll is the largest member of the genus Dasyurus (1400–6100 g) (Green &
Scarborough 1990, Strahan 1995) and dietary studies have shown vertebrate prey,
primarily mammals, predominates in the diet (Figs 6.12, 6.13). In this respect, the Tiger
Quoll differs from the three smaller Australian Dasyurus species where invertebrates
are more frequent in the diet than vertebrates (Fig. 6.14). However, the medium-sized
Western Quoll, Dasyurus geoffroii (615–2185 g), also consumes a large amount of
vertebrate prey (Fig. 6.14). Vertebrate remains were present in 74.7% of Western Quoll
scats collected in the dry sclerophyll forests of south-west Western Australia, and
invertebrates in 83.9% of scats. In some seasons the amount of vertebrate prey
exceeded the amount of invertebrate prey. Similar to the Tiger Quoll, mammals
comprised the majority of vertebrate remains (Soderquist & Serena 1994).
The similarly sized Eastern Quoll, Dasyurus viverrinus (700–2000 g), has little
vertebrate prey recorded in the diet at two sites in south-east Tasmania, near Hobart and
Cradoc, where forested areas occur as remnants within areas cleared for grazing.
Vertebrates were present in 26.5% and 17% of scats, invertebrates in 83.7% and 97% of
scats and plants in 66.2% and 100% of scats from the two sites respectively (Fig. 6.14)
(Blackhall 1980, Godsell 1983, Strahan 1995). In the largely undisturbed montane
grassland, moorland, rainforest and eucalypt forest of Cradle Mountain Lake St Clair
National Park in the central highlands of Tasmania, vertebrates were present in the diet
of the Eastern Quoll in a greater proportion, as measured by percent biomass (Jones
1995b). Large mammals comprised 4%, medium mammals 15%, small mammals 15%,
tiny mammals 11%, large birds 8%, small birds 16%, reptiles 17% and invertebrates
14%. Plants were present in 55% of scats and food scraps and rubbish in 27 % (Jones
1995b). Given the different measures used in the later study it is difficult to directly
compare with earlier studies but it appears that vertebrates were a more important
component of the diet here than invertebrates.
Information on the diet of the mainland form of the Eastern Quoll is only available as
anecdotal remarks by early naturalists but many of these commented on the species
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liking of domestic fowl and rabbits (Fleay 1932, Shumack 1967). Gould (1863) (cited
in Dixon 1975) reported the diet as consisting of small quadrapeds and birds and
Troughton (1973) stated the Eastern Quoll came out at dusk to feed upon insects,
lizards, and small birds and mammals. It is possible that, in habitats similar to those the
Western Quoll survives in today, such as dry sclerophyll forest and woodland, the
Eastern Quoll may have included a greater proportion of vertebrate prey in the diet.
Certainly that appears to be the case for Eastern Quolls of Cradle Mountain. Given the
variability observed in the diet of the Tiger Quoll throughout its range, it is not
improbable that some variability would have been seen in the diet of Eastern Quoll
throughout its former geographic range.
The smallest Australian member of the genus, the Northern Quoll, Dasyurus hallucatus
(300–900 g), includes a greater proportion of vertebrate prey in its diet than the larger
Eastern Quoll, being present in 50% of scats (Fig. 6.14). Body size alone does not
appear to be the only determinant of the proportion of vertebrate prey in the diet.
Invertebrates remain the major food source of the Northern Quoll, present in 98% of
scats, and native plants, mainly fleshy fruits, also make a significant contribution,
particularly in autumn, being present in 22% of scats. Nectar from the blossom of
Eucalyptus and Grevillea spp. was also thought to be included (Oakwood 1997).
Plants were recorded in the scats of the Tiger Quoll in Limeburners Creek Nature
Reserve and the Illawarra (17% and 14.4% respectively). Plant material was recorded
in small amounts in the scats (7.6%) of Tiger Quolls in the New England National Park
(Alexander 1980) but was not recorded in the diet of Tiger Quolls from north-eastern
Victoria (Belcher 1995) or far north Queensland (Burnett 2001). Plant material, in the
form of the fruit of the cycad Macrozamia riedlei, and blackberry fruit, Rubus
fruiticosus, was recorded in the diet of the Western Quoll but only in small amounts
(Soderquist & Serena 1994) whereas plant material comprised a significant proportion
of the Northern and Eastern Quolls diet (Blackhall 1980, Godsell 1983, Oakwood 1997)
(Fig. 6.14). In this study, plant material was recorded in scats from Limeburners Creek
Nature Reserve (17%) and the Illawarra (14%) and may have been ingested accidentally
by Tiger Quolls along with garbage or within the internal organs of some prey,
however, there were few occurrences where plant material was present with garbage in
a scat. The observation of possible native fig seeds in the scat of a Tiger Quoll at
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Barren Grounds Nature Reserve and the sweet smelling scat collected at Limeburners
Creek Nature Reserve, suggesting nectar had been consumed, indicate plant foods may
be sought. The presence of plant material in the diet throughout the year, including
periods when garbage was not evident, also provides support to the proposal that plants
may be part of the diet of the Tiger Quoll in some habitats, as they are for other quoll
species.
The Tiger Quoll is considered the most arboreal of the Australian quolls. At
Limeburners Creek Nature Reserve 5.8% of all prey items were arboreal mammals and
in the Illawarra 12.1% were arboreal mammals. In the tall montane forests of southeastern NSW arboreal mammals comprised 46.1% of all prey items (Belcher 2000)
while in the north east forests of Victoria 23.1% were arboreal mammals (Belcher
1995). At three sites in far north Queensland, arboreal mammals comprised 40.6%,
50% and 43.6% of all prey items of the diet of the smaller Dasyurus maculatus gracilis
(Burnett 2001).
Arboreal prey species have been recorded in the diet of other quoll species although not
as frequently. The Western Quoll includes the Brush-tailed Phascogale, Phascogale
tapoatafa, and birds such as wrens, robins and parrots in its diet but this species is not
considered an adept climber and is thought to obtain only a limited amount of arboreal
prey (Soderquist & Serena 1994). No arboreal mammals have been reported in the diet
of the Eastern Quoll (Blackhall 1980, Godsell 1983).
The Northern Quoll, smallest of the Australian quolls, includes several arboreal species
in its diet, such as the Sugar Glider, Petaurus breviceps, Common Brushtail Possum,
Trichosurus vulpecula, Chocolate Wattled Bat, Chalinolobus morio, Black-footed Tree
Rat, Mesembriomys gouldii, and Fawn Antechinus, Antechinus bellus. Mammal species
were identified in 22% of scats and of these 21% were considered arboreal, 18% used
both ground and trees and 62% were terrestrial species. Birds were present in 9% of
scats (Oakwood 1997).
Of the Australian quoll species, the Tiger Quoll and Northern Quoll are the most
arboreal in habit, and both share features that aid in climbing, having serrated rather
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than granulated foot pads on the hind feet, and a fifth toe (Marlow 1968, Hyett & Shaw
1980).
In Tasmania, the Tiger Quoll is sympatric with the Eastern Quoll and the Tasmanian
Devil, Sarcophilus harrisii (7-9 kg), largest surviving member of the Dasyuridae. The
diet of the Tasmanian Devil, as determined by stomach and scat analysis, includes a
wide variety of foods such as plants, insects, marine tunicates, frogs, lizards, snakes,
birds, echidna, bandicoots, Common Brushtail and Common Ringtail Possum, Eastern
Pygmy Possum, Cercatetus nanus, Long-nosed Potoroo, Potorous tridactylus, Tiger
Quoll, Red-necked Wallaby, Tasmanian Pademelon, Common Wombat, rabbit, Swamp
Rat, cat, dog, sheep, cattle, horse and Tasmanian Devil (Fleay 1952, Guiler 1970). The
principal foods in three Tasmanian locations were the Red-necked Wallaby, Tasmanian
Pademelon, Common Wombat, Common Ringtail Possum, birds, sheep and rabbits.
Much of the larger prey consumed by the Tasmanian Devil is probably taken as carrion
(Guiler 1970).
In central Tasmania, there was dietary overlap between Tiger Quolls and Tasmanian
Devils, both consuming large and medium-sized mammals but the Tiger Quoll
consumed a greater proportion of small mammals and birds. There was also some
dietary overlap between the Tiger Quoll and Eastern Quoll both consuming small
mammals and birds but the Eastern Quoll taking a greater proportion of invertebrate and
plant (Jones 1995b). Habitat partitioning between species was apparent there, with
Eastern Quolls using open non–forested habitats and Devils and Tiger Quolls using
forested areas. Within forested areas Tiger Quolls were considered more arboreal in
habit, providing some separation from the Devils. At that site, Tiger Quolls were much
less abundant than either of the other two marsupial predators, which was possibly due
to competition, given the Tiger Quoll’s dietary overlap with both species (Jones 1995b,
Jones & Barmuta 1998, 2000).
On mainland Australia, where now the Tiger Quoll may co-exist with eutherian rather
than marsupial carnivores, competition and predation by these introduced species may
impact on the abundance, habitat use and distribution of the Tiger Quoll. These issues
are discussed more fully in Chapter 7.
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7.0

Synthesis - Conservation and Management of the Tiger Quoll
Dasyurus maculatus maculatus in south-eastern Australia.

7.1

Introduction

The Tiger Quoll, Dasyurus maculatus maculatus, has declined in geographic range and
abundance since European settlement and is now considered endangered nationally.
The south-eastern mainland form of D. m. maculatus is listed as ‘Endangered’
nationally (EPBC Act 1999) and in South Australia (NPW Act 1972), ‘Vulnerable’ in
New South Wales (TSC Act 1995), the Australian Capital Territory (NC Act 1980) and
Queensland (NC Act 1992) and ‘Threatened’ in Victoria (FFG Act 1988). The
Tasmanian form of D. m. maculatus is listed as ‘Rare’ in Tasmania (TSP Act 1995) and
‘Vulnerable’ by the Federal EPBC Act (1999). Dasyurus maculatus gracilis is listed as
‘Endangered’ (EPBC Act 1999, NC Act 1992). All other Australian quoll species have
undergone a similar pattern of decline. The reasons given for the decline include habitat
loss and fragmentation, possible disease in the early 1900’s, competition with foxes and
feral cats, predation by foxes and dogs and widespread strychnine and 1080 poison
baiting for dingoes and foxes, as well as direct persecution by humans following attacks
on caged birds (Maxwell et al. 1996).
Until very recently, very few studies on the biology of the Tiger Quoll had been
undertaken that could provide a real understanding of the possible causes of decline and
means to halt them. This study, along with others done in recent times (Alexander
1980, Belcher 1995, 1998, 2000, 2003, Belcher & Darrant 2004, Boschma 1991,
Burnett 1997, 2001, Firestone et al. 1999, Jones 1995b, 2000, Jones & Barmutta 1998,
2000, Kortner et al. 2004, Claridge et al. 2005) has now contributed a significant body
of work to better understand the ecological needs of the species, likely causes of
decline, and potentially contribute to halting and / or reversing threats to survival to
ensure the species conservation and potential re-establishment into parts of its former
range.
Most of the above threats continue to operate today and new threats such as the
potential spread of the poisonous Cane Toad into south-eastern Australia (Burnett 1997)
could have devastating effects on Tiger Quoll populations. Increased fire frequencies
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and the expansion of high intensity and short rotation logging practices, such as clear
felling in native forests, could have detrimental impacts on Tiger Quoll populations.
Some threats, such as 1080 poisoning and direct persecution, could cease with changing
attitudes of the community and land management authorities. The challenge to
understand the relationship between introduced eutherian and marsupial predators and
develop a technique to control introduced predators when considered necessary, without
impacting on marsupial carnivores, remains. Aspects of the Tiger Quoll’s biology will
continue to make it vulnerable to these threats with consequent continuing decline and
possible extinction.

7.2

Biology and ecology of the Tiger Quoll- summary of findings of this study

and other work

7.2.1

Breeding biology and growth of young

The Tiger Quoll, like other Australian quolls, is restricted to one breeding season per
year and produces at most, one litter per season with a maximum of six young. This
occurs in the cooler winter months, with matings observed from May through to August
and births from June to September (Chapter 3, Fleay 1940, Settle 1978, Burnett 2001).
In any one area, mating and consequent birth of young can be synchronous with females
coming into oestrus within days or one to two weeks of each other (Chapter 3, Belcher
2003). The oestrus cycle is estimated to be within 21-37 days (Chapter 3, Settle 1978,
Collins et al. 1993). Females remain receptive to mating for up to 1-12 days (mean 3.6
± 2.24 days) within one oestrus cycle (Collins et al. 1993, Chapter 3). In captivity
females will mate with more than one male (Collins et al. 1993, Chapter 3) and it is
likely that this also occurs in the wild, with several males within close proximity to
adult females during the mating period (Chapter 3). Mating is a protracted affair and
can last several hours to several days in captivity (Chapter 3, Fleay 1940, Settle 1978,
Conway 1988, Collins et al. 1993). In captivity, females can be killed and consumed by
males during the mating period (Chapter 3, Collins et al. 1993). During the breeding
period all females develop very thickened necks and undertake burrowing and nest
building, whether or not they produce young (Chapter 3, Conway 1988). Females and
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males in captivity can breed successfully in the first year after their birth (Chapter 3,
Collins et al. 1993) and all captive one-year-old females display pouch development
that is characteristic of entering oestrus.
Some field studies suggest one-year-old females do not always breed successfully in the
wild (Belcher 2003). Captive studies suggest two-year-old and older females are more
likely to successfully raise larger litters (Chapter 3). Captive females in temperate
Australia produce litters up until they are four-years-of-age (Chapter 3), and in the
northern hemisphere, up to three-years-of-age (Collins et al. 1993). In the wild, females
up to at least two-years-of-age produce litters (Chapter 3, Belcher 2003). In captivity
males up to 5.5 years old have sired young (Collins et al. 1993).
Pouch development commences prior to mating, developing into a deep moist glandular
pocket with long reddish fur, regardless of whether young are produced (Chapter 3). If
females fail to produce young the pouch regresses. Not all pairings in captivity result in
mating and not all females that mate have pouch young (Chapter 3, Conway 1988,
Collins et al. 1993). Females can enter a second oestrus and third oestrus if young fail
to be produced or survive (Chapter 3, Settle 1978, Conway 1988, Collins et al. 1993).
Gestation is estimated to be about 20-23 days, most likely 21 days (Chapter 3, Settle
1978, Conway 1988, Collins et al. 1993).
Young remain permanently attached to the teats and within the pouch for the first 56-79
days after which they are left in the den and the first vocalisations from young are heard
(Chapter 3, Conway 1988). The number of enlarged teats the female has is an
indication of the number of young reared to at least the teat release stage. Fine fur
appears on the head at 41-48 days, spots on the body at 48-59 days and on the tail at 5867 days. Young are fully furred with coarser adult fur at 87-92 days. Eyes open
between 82-87 days (Chapter 3). Young make independent excursions in captivity at
91-105 days (Chapter 3, Conway 1988) and in the wild by at least 144 days (Chapter 3).
In captivity, young are reported to be weaned at 120-150 days (Fleay 1940, Troughton
1954, Settle 1978). In the wild, young are still in close proximity to the adult female at
an age estimated at 5.6-6 months (170-180 days) and may still be suckling from
expanded teats. Weaning is likely to have occurred at or prior to 6.7 months (201 days)
and has definitely occurred by 7.5 months (225 days) (Chapter 3).
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Both male and female Tiger Quolls increase body weight with age but undergo weight
fluctuations throughout the breeding cycle (Chapter 3).

7.2.2 Longevity

The Tiger Quoll, Dasyurus maculatus, is relatively short lived compared to eutherian
carnivores of similar size (Burnett 2001). Captive female Tiger Quolls are known to
live up to six years-of-age in temperate Australia (B. Walker pers. comm.), and in the
northern hemisphere, five years in Virginia, USA, and six years three months in
London, England, although average survival is usually shorter, 3-4 years (Conway
1988, Collins et al. 1993). Wild Dasyurus maculatus maculatus are reported to live up
to five years in south-eastern Australia (Belcher 2003). This study found that the oldest
minimum estimated age of Tiger Quolls at death or disappearance in the wild was three
years for a female and three years and one month for a male (Chapter 3). In
Werrikimbe National Park in north-eastern New South Wales, where some of the
highest densities of Tiger Quolls occur, the yearly survival rate was estimated at ~ 41%,
with only two of 27 Tiger Quolls captured in the first year, recaptured two years later
(Kortner et al. 2004). In far north Queensland, the smaller northern subspecies D. m.
gracilis, females are known to reach at least 3 years-of-age in the wild, males were not
caught for more than two successive years (Burnett 2001).

7.2.3

Diet

The Tiger Quoll is the most carnivorous of the quolls with the diet comprised largely of
vertebrate prey (up to 99%), primarily mammals (up to 98%). Fish, birds, reptiles, frogs
and arthropods may also be present but usually in small amounts. Plant material has
been recorded at some sites in small amounts and garbage and carrion are also
consumed (Alexander 1980, Boschma 1991, Belcher 1995, 2000, Burnett 2001, Chapter
6). Small mammals, medium-sized mammals and large mammals are included in the
diet, the later largely as carrion, and both terrestrial and arboreal dwelling species can
occur. Throughout its range in eastern Australia, favoured prey species vary between
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sites, but medium-sized mammals and small mammals comprise the majority of dietary
items. The emphasis on arboreal or terrestrial species can vary between sites.
In this study at Limeburners Creek Nature Reserve and the Illawarra Escarpment, small
mammals occurred at a higher frequency in the diet of Tiger Quolls than did mediumsized mammals, unlike most other studies, where medium-sized mammals were the
most frequently occurring prey class. At these two sites, fish and invertebrates also
made a significant contribution to the diet and plant material was commonly included,
unlike most other sites. In the study at Limeburners Creek Nature Reserve, the diet of
the Tiger Quoll overlapped with the diet of the Dingo, both species including bandicoots
as a favoured prey type (Chapter 6).

7.2.4

Home range and spatial organisation

Male and female Tiger Quolls occupy large home range areas. Female home range size
is smaller than male home range size and for both sexes home range size has been
shown to vary between study sites and broad habitat types. In the upland rainforests of
far north-east Queensland home range size for female D. maculatus gracilis ranged
from 90-188 ha with a mean of 125 ha (Burnett 2001). In the montane eucalypt forests
of south-eastern New South Wales and north-eastern Victoria female D. maculatus
maculatus home range size ranged from 185-1157 ha with a mean of 495.9 ha, and male
home range size from 687-4186 ha with a mean of 1755.4 ha (Belcher 2000, Belcher &
Darrant 2004). In foothills eucalypt woodland in the rain shadow of the main range in
Kosciuszko National Park, home range estimates ranged in size from 88-653 ha for
females (mean 244 + 72 ha) and 621-2561 ha for males (mean 992 + 276 ha) (Claridge
et al. 2005). In this study, in the coastal forests, woodlands and heaths of Limeburners
Creek Nature Reserve, female home range size ranged from 509-1511 ha with a mean
of 862 ha, and male home range size ranged from 2302-3401 ha with a mean of 2908 ha
(Chapter 4).
Adult female home ranges are largely exclusive of other females and can be described
as intrasexually territorial (Chapter 4, Belcher & Darrant 2004). However, daughters
may inherit some of the mother’s home range area (Chapter 4, Belcher & Darrant 2004).
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In Limeburners Creek Nature Reserve the sequential occupation of an area was
observed. The mother Charlene moved away from her daughter Banksia to the northern
part of her home range several kilometres away, and stayed there for the next breeding
season. The daughter remained in the southern area of the maternal den. A
neighbouring female Raylene moved into the southern area of the original female
Charlene and the daughter Banksia disappeared. The following breeding season
Raylene had disappeared and the original female Charlene returned to the southern part
of her home range, to the maternal dens. Charlene disappeared, and a few months later
Banksia returned to occupy one of Charlene’s maternal dens (Chapter 4).
In contrast to females, male home range areas overlap extensively with other males and
females (Chapter 4, Belcher 2000, Belcher & Darrant 2004, Claridge et al. 2005). In
Limeburners Creek Nature Reserve overlap between males’ home ranges ranged from
48-64% and included the home ranges of 2-4 females. However, parts of each large
male’s home range were used exclusively by that male and dens were not shared.
Younger and lighter males were rarely trapped in the home ranges of large males.
Large males generally remained separated, spatially and temporally, except during the
breeding season, particularly during the period of female receptivity. Consequently
large breeding males are considered territorial. Similar to females, on the death or
disappearance of a neighbour, a nearby large male would take up some of the home
range area of the newly vacated area (Chapter 4).
Den sharing was only observed between females and young and was never observed
between adults. There was no evidence to suggest that males assist in rearing the young
and Tiger Quolls are considered to be solitary (Chapter 4).

7.2.5 Movements and activity

Tiger Quolls undertake wide-ranging movements up to several kilometres within their
home ranges. The scale of movement varies between sexes and times of the year, with
males undertaking longer movements than females, particularly during the breeding
period in June and July. In Limeburners Creek Nature Reserve, mean daily movement
for females throughout the year ranged from 253-1384 m and for males from 879-2798
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m. The smallest mean daily movements for females occurred in September when pouch
young were deposited in a maternal den and for males, it occurred in May, prior to the
mating period. The longest daily movement for a male was 8596 m and for a female
5003 m, both in the month of June. During the breeding period, males could cover
considerable distances over several days with journeys of 19 km over nine days, 12 km
in four days, 29 km in nine days and 19 km over 7 days, recorded in this study (Chapter
4). Similar wide-ranging movements by male Tiger Quolls have been recorded in the
montane forests of south-eastern New South Wales with of journeys of 15-27 km
(Belcher & Darrant 2004). The smaller northern sub-species Dasyurus maculatus
gracilis is reported moving a maximum of 6650 m for males and 2600 m for females
(Burnett 2001). The greatest known movement by a large male Tiger Quoll is from
Narrabeen to Granville in Sydney, over two months between May and July 1993. This
represents a straight-line distance across urban Sydney of over 30 km but the more
likely routes along forested creek lines and bushland corridors are considerably greater
(Chapter 4).
Tiger Quolls have been considered to be largely nocturnal, but this study showed they
are not exclusively nocturnal. Females were found to be active on 87 of the 179
occasions (48.6%) they were monitored during daylight hours and diurnal activity was
most common prior to 10:00am and after 2:00pm. Diurnal activity for females peaked
in spring when young have left the pouch and have been deposited in a maternal den
and would be growing rapidly. This also corresponds to the time of year when the
shortest daily movements are recorded for females. Males were less likely to be active
in daylight hours, being active on 10 out of 84 occasions (11.9%) when monitored
during the day (Chapter 4). In the montane forests of south-eastern New South Wales
Tiger Quolls have been observed hunting Greater Gliders in tree-top dens during
daylight hours (Belcher 2000).

7.2.6 Den requirements

Tiger Quolls den in rock crevices, caves, hollow logs, hollow trees, hollows in tree
roots, windrows, burrows and in or under structures such as sheds or houses (Watt 1993,
Edgar & Belcher 1995, Menkhorst 1995, Belcher 2000, Burnett 2001, Jones et al. 2001,
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Kortner et al. 2004, Chapter 5). In the wild, Tiger Quolls have been observed using the
burrows made by rabbits and small wombats (Belcher 2000) and in captivity they have
been observed to construct nests or resting places and actively burrow (Conway 1988,
Chapter 3). The den types favoured in any one location, will be, in part, influenced by
the nature of the substrate i.e. geology, slope, and the type, structure and age of forests
and woodlands and disturbances that may have occurred, such as logging. In sites with
granite geology that form rock crevices, caves and boulder piles, rock dens may be
favoured over hollow logs and hollow trees (Watt 1993, Belcher 2000).
In the sandplain habitats of Limeburners Creek Nature Reserve, rocky substrates were
restricted to two rocky headlands and a nearby rocky breakwater wall and so the
opportunities to use rock dens were low. In this area, 53 dens were located. Hollow
logs were the most commonly utilised den type (58.5%), followed by hollows in live
trees (16.9%), burrows (13.2%), log piles and spaces under small buildings (each 3.8%),
hollows in dead trees and rock crevices (each 1.9%). Burrows were only used by
females, and were often used as maternal den sites when nursing young over spring and
summer. The diameter of entrances to hollow logs ranged from 16-41 cm with a mean
of 26 cm but was most commonly 20-25 cm. Entrances to burrows ranged from 10-20
cm on the shortest axis with a mean of 12.5 cm. All hollow logs and hollows in trees
were provided by one of five species of Eucalyptus. The size of logs used as dens
ranged in length from 5.5-22 m (mean 11 m) and for diameter at breast height (dbh)
from 33-113 cm (mean 63 cm) but most commonly came from the size class of 50-70
cm dbh. Live trees that provided hollows in trunks or limbs ranged in size from 48-96
cm (mean 74 cm) dbh, but most commonly came from the size class of 70-90 cm dbh
(Chapter 5). Only one rock den was found in this study, in a coastal headland.
However rock fishermen report Tiger Quolls emerging from rocky cliffs to run down to
pinch fish from their catch and so rock dens are likely to be used when available in the
landscape (Chapter 5).
Each individual used a number of dens, with the maximum recorded of 18 by one
female. This number is likely to be an underestimate, as new dens were found on most
trips, and individuals could not always be located at their den each day. Individuals
generally moved to a new den each day, but sometimes stayed 2-3 days. The longest
consecutive stay recorded was eight days by a nursing female who had recently
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deposited her pouch young in a burrow, prior to the commencement of the field trip in
late September. This stay is also likely an underestimate of the time spent in a single
den, as the monitoring period was limited to eight days. It is likely that Tiger Quolls
use 3-4 times the number of dens observed in this study, as monitoring was restricted to
5-10 days per month (Chapter 4). Belcher (2000) also found female Tiger Quolls used a
number of dens, the maximum recorded being 15, which he considered was an
underestimate. In the New England gorges, Kortner et al. (2004) found Tiger Quolls
rarely used the same den site on consecutive days, except for lactating females.

7.2.7

Habitat

The Tiger Quoll occupies a wide range of mainly forested habitats throughout its
geographic range. These include rainforest, wet sclerophyll or tall open eucalypt forest,
dry sclerophyll or eucalypt open forest or woodland, riparian forest, coastal heathlands
and open pastoral areas bordering bushland, at altitudes from sea level to the snowline
(Mansergh 1984, Green & Scarborough 1990, Watt 1993, Edgar & Belcher 1995,
Menkhorst 1995, Jones & Rose 1996, Belcher 1995, 2000, 2003, Burnett 2001, Claridge
et al. 2005).
Most field studies of Tiger Quolls have been undertaken in contiguous forested areas
(Belcher 2000, Burnett 2001, Claridge et al. 2005) providing little opportunity to assess
habitat preferences in respect to vegetation structure and broad habitat type. In a
montane-forested environment Belcher (2000) examined habitat use in respect to the
landforms of ridges, mid-slopes and gullies and found Tiger Quolls to prefer gullies,
drainage lines and escarpments when moving, using saddles to cross between
catchments, and avoiding mid-slopes. In the Cradle Mountain National Park in
Tasmania, which supports areas of cool temperate rainforest, eucalypt forest and
grassland Jones (1995b) found Tiger Quolls spent most of their time in rainforest,
followed by eucalypt forest, but little time in open habitats.
In Limeburners Creek Nature Reserve, Tiger Quolls showed a strong preference for
forest and woodland habitats compared to shrubland, heathland / sedgeland within their
home range areas, with individuals generally avoiding heathland / sedgeland and cleared
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open areas. However, some movement across heathland / sedgeland habitats must have
occurred at times for individuals to reach all parts of their home range and the
significance of these habitats for nocturnal foraging remains unknown. The majority of
dens were found in eucalypt open forest or woodland or within a short distance (< 50 m)
of these habitats, with two dens found in the coastal headland complex, one in a crevice
in a cliff and the other under a small cabin in the camping area. Five Eucalyptus
species, E. planchoniana, E. signata, E. robusta, E. gummifera and E. pilularis provided
the majority of den logs and den trees. Melaleuca quinquenervia dominated forests did
not appear to provide opportunities for den sites. Across the relatively low relief of the
Limeburners Creek Nature Reserve the greater proportion of den sites were located in
slightly elevated positions at the base of hills, hill slopes, hill tops and elevated creek
banks or cliffs. They were also situated in sites characterised by moderate to dense
vegetation cover, with mean canopy density of 21-50%, mean mid-storey cover of 1033% and mean ground cover of 44-99%. Local residents also reported Tiger Quolls on
the northern breakwater wall of the Hastings River and it is possible that some
individuals used the cavities between rocks as den sites in these open areas (Chapter 5).
In the montane eucalypt forests of south-eastern Australia, Belcher (2000) considered
the removal of understorey and ground cover as one of the reasons Tiger Quolls avoided
recently (0-5 years) selectively logged forest.

7.3

Potential threats to the conservation of the Tiger Quoll

The significant gains in understanding of the ecology of the Tiger Quoll by studies in
recent years better enables potential threats to the survival of the Tiger Quoll to be
identified. The following highlights a number of potential threats that could impact on
the species’ conservation throughout its geographic range in eastern Australia. Actions
that may reduce or remove potential threats are suggested where possible.
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7.3.1

Clearing and fragmentation of habitat

7.3.1.1 Clearing

Habitat clearing and fragmentation is a major threat to the survival of the Tiger Quoll,
especially in lowland coastal environments where agriculture and urban expansion have
lead to the clearing of extensive areas of forest and woodland. The preference for forest
and woodland habitats and large home range size of individual Tiger Quolls means
contiguous forest areas of tens of thousands of hectares are likely to be required to
conserve Tiger Quoll populations. Moderately sized reserves, such as Limeburners
Creek Nature Reserve (9224 ha), may be of insufficient size to support Tiger Quolls in
the future, should it become completely separated from other large forest areas along its
boundaries. In this study, male and female Tiger Quolls moved beyond the boundaries
of the reserve into adjacent forested habitat. The loss of these adjacent forested areas
could mean a reduction in the number of Tiger Quolls that are able to maintain
territories within the reserve. Males were found to move large distances of tens of
kilometres and it is likely that some males regularly move well beyond the boundaries
of this reserve, particularly during the breeding period. The long distance movement of
a large male Tiger Quoll from Narrabeen to Granville (> 30 km) through the fragmented
forests of metropolitan Sydney suggests the species is capable of using forested
corridors for landscape scale movements. While this study showed that Tiger Quolls
will at times cross areas of non-forested habitats to reach other forest patches,
movement through these more open habitats is likely to subject them to an increased
risk of predation from mammalian and avian predators.
In the upland rainforests of far north Queensland approximately 80000 ha of former
habitat of Dasyurus maculatus gracilis was cleared from the Atherton Tableland
representing a loss of approximately 64% of core habitat of the Atherton population of
D. m. gracilis (Burnett & Marsh 2004).
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7.3.1.2 Roads

The clearing of forested habitats has an obvious impact in reducing the amount of
available habitat for Tiger Quolls but fragmentation of habitat by roads can also pose a
serious threat to the survival of Tiger Quolls. The type, width and nature of roads will
influence the volume and speed of traffic and potential risk to Tiger Quolls. Single and
double lane dirt roads are likely to carry low traffic volumes at a range of speeds. Four
and six lane bitumen highways and freeways will carry high volumes at very high speed
and may be greater than 100 m in width, are likely to pose a much greater risk to Tiger
Quolls. While Tiger Quolls may be capable and prepared to cross these open areas, the
chances of surviving the crossing may be low. The large home ranges and wide ranging
movements of Tiger Quolls means populations inhabiting small and medium sized
forest patches and reserves are more likely to be subject to the hazards posed by roads
than populations inhabiting extensive contiguous forested areas and wilderness areas.
Roads may also provide ready entry and travel routes for canine predators such as foxes,
dogs and Dingoes that can potentially prey upon Tiger Quolls (May & Norton 1996).
Limeburners Creek Nature Reserve is bordered on three sides by roads; one is a very
narrow and rough bush track, the second is a high speed two-lane dirt road and the third
a fast sealed two-lane road. During this study one female and one male regularly
crossed perimeter roads that passed through their home ranges and were therefore
exposed to the risk of road kill. While no road killed Tiger Quolls were found during
the period of the study, there is an Australian Museum specimen from the bitumen road
traversing the female’s home range from September 1991. In Sydney, a young healthy
male Tiger Quoll, trapped in suburban Fairfield and tagged and released in the southern
part of Royal National Park on the Hacking River by the author, was found dead on the
highway at Helensburgh a few days later (B. Sullivan pers. comm.).
Roads themselves can act as an attractant to Tiger Quolls as they can provide a source
of food in road kills, and consequently place individuals at risk. In this study, carrion of
large mammals, most likely provided by road kills, contributed a significant proportion
of the diet of Tiger Quolls on the Illawarra Escarpment near Barren Grounds Nature
Reserve. A Tiger Quoll specimen in the CSIRO collection from the Jamberoo
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Mountain Road near Barren Grounds Nature Reserve in July 2000 is evidence that low
traffic volume district roads also pose a threat to Tiger Quolls.
Unlike the northern form of the Tiger Quoll, Dasyurus maculatus gracilis, inhabiting
upland rainforests, Tiger Quolls at Limeburners Creek Nature Reserve were not
observed to use tracks as access routes, nor deposit scats on roads. However, Dingoes
regularly used access tracks as travel routes and as sites for scat deposition (Chapter 6).
One hundred and thirty three of the 1802 records (7.3%) of Tiger Quolls in New South
Wales held in the Atlas of NSW Wildlife (NPWS 2005), can be clearly attributable to
roadkills. The majority of these (43.6%) occurred in the months of May, June and July,
which corresponds to the mating period. In Tasmania, road kill is a common cause of
death for Tiger Quolls (Green & Scarborough 1990). Road kill is a common cause of
mortality in the Northern Quoll, particularly for males over the breeding season, with
six times as many male deaths recorded than female deaths (Oakwood 2000). Road kill
is also considered a major cause of death for the Western Quoll at some sites (Serena et
al. 1991). In Tasmania, Jones (2000), observed the local extinction of 19 Eastern Quoll
and halving of the population of 39 Tasmanian Devils, following the widening and
sealing of an access road into Cradle Mountain-Lake St Clair National Park. Following
the installation of traffic slowing mechanisms and ramps across gutters and banks and
pipes for shelter, the Eastern Quoll population had recovered to 50% of its former level
in two years and there was some indication Tasmanian Devil populations were
recovering (Jones 2000).

7.3.1.3 Proximity to human habitation

Clearing and road building of forested areas is often followed by an increase in human
habitation, particularly in coastal areas. Both low-density rural settlement and highdensity urban settlement pose serious threats to Tiger Quolls, by removing forested
habitats, creating physical barriers to movement across the landscape, increasing
predator densities of foxes and domestic dogs and providing attractive food sources in
the form of caged birds e.g. chickens, aviary birds and food refuse, which can result in
purposeful killing of quolls.
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At Limeburners Creek Nature Reserve, one adult female Tiger Quoll made repeated
attacks on chickens in a poorly constructed chicken pen on adjacent freehold land,
which most likely led to her untimely death and disappearance from the study area. In
Sydney, a large male Tiger Quoll was trapped raiding a chicken pen at Narrabeen,
tagged and released and then caught two months later at Granville, again eating
chickens in the backyard garage of a house near Duck Creek. A second young male
Tiger Quoll was caught in suburban Fairfield, near Prospect Creek, attempting to raid
bird aviaries. Some of the earliest reports of Tiger Quolls noted the species liking of
poultry and it was described as …”a most dreaded enemy to poultry: it is consequently
regarded by the settler as one of his greatest pests.” (Gould 1863 in Dixon 1975). In far
north Queensland, deliberate killings of Dasyurus maculatus gracilis following
predation on domestic poultry has been identified as a significant cause of decline for
the species in that region (Burnett & Marsh 2004). In Tasmania, raiding of poultry pens
was also one of the principal causes of death (Green & Scarborough 1990).
The increased density of domestic dogs around areas of human habitation and recreation
and increased density of foxes in rural areas increases the predation pressure on Tiger
Quolls. These effects are greatest for small forest areas or reserves with a high
perimeter to area ratio, such as Limeburners Creek Nature Reserve, that can readily be
traversed by domestic dogs and foxes on hunting forays. On the south coast of New
South Wales at the Bherwerre Penninsula, Jervis Bay, domestic dogs were shown to
undertake regular daily forays of 8-30 kilometres into Booderee National Park to hunt
kangaroos and wallabies (Meek 1999). On Limeburners Creek, adjacent to the Nature
Reserve, a juvenile Tiger Quoll was killed by a fisherman’s Fox Terrier dog, at an
oysterman’s hut (Charlie Dick pers.comm.). Within the central area of the Nature
Reserve, domestic dogs were not observed and Dingoes present in the Reserve may
have deterred their entry.
Other threats that accompany agricultural development are the implementation of
predator control programs using poison e.g. 1080, and trapping. The potential impact of
these activities will be discussed later in this chapter.
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7.3.1.4 Protective measures

As forest areas become smaller and more fragmented, and areas of human habitation
increase, the likelihood Tiger Quoll populations will survive in the area diminishes. A
range of conservation measures that can potentially halt or slow the decline include:
(i) The protection of large areas of contiguous forest habitat; tens of thousands to
hundreds of thousands of hectares.
(ii) The protection of an extensive network of forested corridors across the developed
landscape linking large forest areas, including landscape features that may be used as
travel paths by Tiger Quolls, such as creek lines and ridges (Belcher 2000), and the
maintenance of medium to dense ground covers within forested habitats and corridors.
(iii) The installation of safe crossing areas on major roads by the provision of vegetated
under passes and over passes at creek lines and ridge lines and the removal of solid
barriers along the centre roads that preclude successful crossings.
(iv) The removal of carrion from the immediate roadside of major highways.
(v) The instigation of conservative speed limits for roads within and adjacent to reserves
and the provision of wildlife signage, wherever possible.
(vi) The education of residents of the region on the containment and control of domestic
dogs and construction of chicken pens and bird aviaries that will exclude Tiger Quolls
and other predators.

7.3.2

Degradation of habitat

7.3.2.1 Logging

Forest areas can be degraded by logging and fire. The severity of the degradation will
depend on the intensity and length of logging cycles and frequency of fire in respect to
the particular forest type. Logging ranges from low intensity selective logging to high
intensity clear felling. All forms of logging changes forest structure and sometimes
composition of species, and have the potential to impact upon the habitat and food
resources of Tiger Quolls. Tiger Quolls use tree hollows and hollow logs as den sites as
well as burrows, and caves, crevices and boulder piles in rocky areas. In some sites,
353

Chapter 7 Conservation and Management

such as Limeburners Creek Nature Reserve, hollow logs and hollows in trees comprised
the majority of den sites (Chapter 5). Hollow logs and hollows in trees used by Tiger
Quolls came most commonly from trees in size classes of 50-120 cm diameter at breast
height (dbh). Studies of hollow formation in Eucalyptus species in south-east
Queensland, including species found in Limeburners Creek Nature Reserve, suggest the
ages of trees of these dimensions could range between 87-235 years (Wormington &
Lamb 1999). Tiger Quolls utilised a large number of dens within their home range,
typically moving to a new den each day (Chapter 4), and therefore the density of
available dens is likely to contribute to the suitability of an area for Tiger Quolls. Tiger
Quolls prey on many hollow dwelling arboreal mammals and birds, and at some sites
arboreal mammals such as possums, are the main prey (Belcher 2000).
Low intensity selective logging over very long time periods (> 100 years) may not
reduce the standing hollow resource for Tiger Quolls and their prey sufficiently to have
an impact on Tiger Quolls, after one or two logging cycles, and may slightly increase
the availability of hollows logs for dens in stems felled but rejected for timber
harvesting. However, impacts are likely to be greater following three, four or more
logging cycles when the live tree and dead tree hollow resource is significantly
diminished. Logging cycles for sawlogs may be as short as 55-60 years, which is
insufficient time for hollows to develop (Gibbons & Lindenmayer 2002). In selectively
logged montane eucalypt forests of south-eastern New South Wales Belcher (2000,
2004) found Tiger Quolls avoided recently logged forest (0-5 years) and used 16-20
year old post-logged forest and unlogged forest more than their proportional
availability. Tiger Quolls used rejected saw logs and windrows for den sites. Removal
of the understorey and ground cover were considered one of the reasons that Tiger
Quolls avoided recently logged forest and time since logging and logging intensity were
factors thought to determine when selectively logged forest would again become
suitable habitat for Tiger Quolls (Belcher 2000, 2004).
Clear fell logging removes all the standing trees from a logging compartment except for
a few isolated habitat and seed trees, removes all understorey and mid- storey shrubs
and trees, and rejected logs and logging debris are burnt. Clear fell logging cycles are
generally undertaken over relatively short time spans (20-50 years) (Lunney & Barker
1986, Gibbons & Lindenmayer 2002) that are considerably less than the time required
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for regenerating trees to reach old growth stages and to develop numbers of large
hollows in trunks and limbs (87-235 years) (Mackowski 1984, 1987, Wormington &
Lamb 1999, Gibbons & Lindenmayer 2002).
This type of logging is likely to have a much greater impact on the Tiger Quoll by
severely depleting the number of standing hollows in trees and hollow logs on the
ground and also severely reducing the abundance of hollow dwelling arboreal prey. In
addition, the removal of ground cover and construction of a dense network of roads,
favour predators of more open environments, such as foxes and dogs which may prey
on Tiger Quolls. When operated on short logging cycles, it is unlikely these forests will
ever again become suitable habitat for the Tiger Quoll, never retaining sufficient
hollows, or permitting the development of hollows in regenerating stands. In the coastal
forests of south-eastern New South Wales, that have and continue to be, subject to
intensive clear fell logging for wood chipping, the Tiger Quoll was considered rare and
threatened with extinction (Lunney & Barker 1986, 1987, Lunney & Leary 1988).
The Limeburners Creek Nature Reserve does not support extensive stands of
commercially sought species of tree and has not been subject to commercial logging.
The Nature Reserve is therefore likely to retain a range of size and age classes of trees
to provide hollows and hollow logs now and into the future, given intensive fire events
do not become too frequent.

7.3.2.2 Fire and grazing

Fire and grazing remove or reduce the amount of ground and shrub covers, and also
canopy cover in severe fire events. Immediately following fire, the abundance of
ground dwelling invertebrates and vertebrates are reduced, as well as arboreal species, if
fire is severe, depleting prey resources and cover, and increasing the risk of predation.
The Western Quoll, Dasyurus geoffroii, is known to be able to survive the immediate
effects of a fire for at least a period of several months, and in some sites breed
successfully. However, numbers of D. geoffroii several months and years following the
fire decreased, although the reason for the declines remained unclear (Serena et al.
1991). In a subsequent study in Western Australia, Western Quoll numbers increased
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slightly following spring and autumn control burns, although burning was undertaken
concurrently with fox control, and there were no mortalities of radio-collared
individuals due to the fires. No den logs used by lactating females were destroyed in
the spring fire but the hotter autumn fire did destroy some refuge logs and quolls
subsequently used a greater number of burrows. Quolls continued to use burnt areas
four years following the burns. However, four of the 13 radio-collared quolls died of
fox predation in the six months following the fire, which was thought due to the
removal of vegetation (Morris et al. 2003).
In the Northern Territory, lowland savannah habitats occupied by the Northern Quoll,
Dasyurus hallucatus, are burnt annually to promote new green grass for livestock.
Death of Northern Quolls by predation, mainly Dingoes, occurred in open areas with
little vegetation cover, often after fire, in forest, woodland and riparian habitats, but
never in rocky hills where there was a greater abundance of refugia. Grazing and
extensive fires that remove shelter and increase vulnerability to predators is considered
one of the main factors in the broad-scale decline of the Northern Quoll in lowland
savannah (Oakwood 2000).
Fire is an important agent in hastening the formation of hollows in trees by excavating
decayed heartwood created by termite and fungal attack and damaging or killing trees
and limbs and exposing heartwood to decay (Perry et al. 1985, Gibbons & Lindenmayer
2002). However, fire can also accelerate the rate at which hollow trees and branches are
lost, particularly dead standing trees and logs on the ground. In the Jarrah and Marri
forests of Western Australia 38% of den trees were destroyed by an intense fire but
three years after the fire numbers of den trees had increased from 82 prior to the fire, to
254, although the majority of these were created in smaller younger trees (Inions et al.
1989). However, too frequent fire could lead to an overall loss in the hollow resource
(Inions et al. 1989, Gibbons & Lindenmayer 2002). Different forest types will be
subject to different frequencies and intensities of fire (Wormington & Lamb 1999).
Factors such as these will contribute to the abundance and distribution of the hollow
resource in trees and logs.
In parts of the Tiger Quoll’s range, forest areas may be burnt to promote grasses for
livestock grazing. In areas close to human habitation arson is common. Limeburners
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Creek Nature Reserve has been subject to reasonably frequent fires with extensive fires
in 1986 and 1999. Fires can be caused from lightning strikes but are often caused by
arsonists to promote the growth of Christmas Bell flowers, Blandfordia spp., for the
illegal cut flower trade. The impact of fire on Tiger Quolls in the Nature Reserve is not
known. Current fire management of the reserve aims for successive fires to be not less
than five years or greater than thirty years in open forest and woodland habitats, and not
less than twenty years for tall moist eucalypt forests and canopy fires of not more than
two per hundred years (NPWS 1998).
Currently, little information is available on the impact of fire on the Tiger Quoll.
Belcher (2004) noted Tiger Quolls abandoned a latrine site when wildfire burnt the
understorey and did not return to use the site until the understorey had recovered.
Studies currently underway in Kosciusko National Park, in the highlands of southern
New South Wales, will provide further information on the impact of fire on Tiger
Quolls.

7.3.2.3 Protective measures

Measures that may reduce forest degradation and contribute to the conservation of the
Tiger Quoll could include the following:
(i) The avoidance of clear fell logging techniques within the geographic range of the
Tiger Quoll.
(ii) The maintenance and promotion of the development of old growth trees, and logs on
the forest floor.
(iii) The minimisation of disturbance to forest understoreys and mid-storeys during
logging operations.
(iv) The retention of logging debris and unmarketable logs on the forest floor.
(v) The application of long logging cycles that enable tree species to develop hollows
and other old growth features.
(vi) The application of low intensity harvesting regimes that leaves the majority of the
forest canopy intact in any logging event.
(vii) The protection of forests from too frequent high intensity fires.
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(viii) The avoidance of fuel reduction burns from August to November when females
may have small young in a den and mothers are restricted in their movements.

7.3.3

Interactions with other mammalian predators

7.3.3.1 Predation and competition

The Tiger Quoll co-exists with other mammalian predators throughout its geographic
range, both currently and historically. In Tasmania, the Tiger Quoll co-exists with the
Tasmanian Devil, Sarcophilus harrisii, and the Eastern Quoll, Dasyurus viverrinus, and
until recently, the Thylacine, Thylacinus cynocephalus. On mainland Australia, the
Tiger Quoll co-exists with the introduced eutherian predators the fox, cat and Dingo /
wild dog. In the recent past, the Tiger Quoll also co-existed with the Eastern Quoll in
the south-eastern mainland and the Northern Quoll in the north-eastern mainland, and in
historical times with the Tasmanian Devil and Thylacine. However, differences in
habitat preferences with the smaller Eastern and Northern Quolls may have meant Tiger
Quolls were spatially separated from them in any one area (Archer & Hand 1984, Watt
1993, Jones 1995b, Jones & Rose 1996, Strahan 1995).
Competition with the fox and cat and predation by the cat, fox and Dingo / dog have
been suggested by various authors as possible factors contributing to the decline of the
Tiger Quoll on mainland Australia (Mansergh 1984, Edgar & Belcher 1995, Catling &
Burt 1995, Dickman 1996, Maxwell et al. 1996, Burnett 2001, Glen & Dickman 2005).
These proposals have been largely based on the relative abundances of the Tiger Quoll
and other eutherian predators in south-eastern Australia. In a study assessing the
distribution and abundance of mammalian predators in north-eastern and south-eastern
New South Wales, Catling & Burt (1995) found the fox and cat to be abundant in southeastern forests, while Dingoes were in low abundance or absent, and the Tiger Quoll
was rare. In the forests of north-eastern New South Wales, the fox was low in
abundance and absent from some areas, the Tiger Quoll was much more abundant,
particularly in areas where foxes were absent, and Dingoes and cats were also abundant.
Higher abundances of foxes were found in sites closer to freehold land (< 2 km) that
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were more likely to have suffered disturbances such as clearing or agriculture (Catling
& Burt 1995).
The fox has been implicated in the demise of many species of medium-sized marsupials
(35-5500 g) and some species are only now found where the fox is absent, such as
Tasmania (until very recently) and other smaller off shore islands (Burbidge &
McKenzie 1989, Kinnear et al. 1988, 2002, Short & Smith 1994, Catling & Burt 1995,
Short et al.2002). Recent studies in Western Australia incorporating intensive fox
control programs using 1080 poisoning, have seen dramatic increases in medium-sized
marsupials such as rock wallabies Petrogale spp., the Numbat, Myrmecobius fasciatus,
the Woylie, Bettongia penicillata, and Western Quoll, supporting the premise that fox
predation severely impacts on populations of medium-sized mammals (Kinnear et al.
1988, 1998, 2002, Friend 1990, Morris et al. 2003). In Western Australia, 5 out of 13
radio-collared Western Quoll, died as a result of fox predation (Morris et al. 2003). In a
study in northern New South Wales, two female Tiger Quolls were eaten and possibly
killed by foxes, two were possibly killed by other quolls, and another possibly killed by
a dog (Kortner et al. 2004).
Some authors have suggested that Dingoes may act to suppress fox populations,
therefore benefiting medium-sized mammals such as quolls however, evidence to date is
circumstantial and further experimental studies are required (Jarman 1986, Short &
Smith 1994, Glen & Dickman 2005). In south-eastern Australia at Nadgee Nature
Reserve and Kosiuszko National Park there was an inverse relationship between
numbers of foxes and Dingoes, foxes being in low numbers when Dingo numbers were
high (Newsome 2001). Some evidence of temporal avoidance of Dingoes and / or wild
dogs by foxes was found in north-eastern New South Wales (Catling & Burt 1995). In
arid Australia, Dingoes are known to at times predate on foxes, and fox remains appear
in low frequency in scats and guts (Thompson 1992, Marsack & Campbell 1990).
Dingoes and foxes are known to consume cats and may act to suppress cat populations
(Corbett & Newsome 1987, Corbett 1989, Thomson 1992, Smith & Quinn 1996, Martin
et al. 1996, Risbey et al. 1999, Read & Bowen 2001, Paltridge 2002, Glen & Dickman
2005).
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In central Tasmania, dietary overlap between the Tiger Quoll and Eastern Quoll and
behavioural dominance of the Tasmanian Devil over the Tiger Quoll, may result in the
suppression of Tiger Quoll populations and partially explain their low relative
abundance (Jones 1995b). With the recent loss of the majority of adult Tasmanian
Devils due to disease in eastern Tasmania, Tiger Quoll numbers are thought to have
increased (Mooney 2005).
Dingoes may also prey upon quolls as mentioned above. In the savannah woodlands of
the Northern Territory Dingoes kill, but do not eat, Northern Quolls (Oakwood 2000).
The Tiger Quoll has rarely been recorded as a dietary item of the Dingo / wild dog in
south-eastern Australia (Robertshaw & Harden 1985) but predation on Tiger Quolls
may not necessarily result in the carcass being consumed, as has been observed with the
Northern Quoll. Behavioural interactions and interspecific predation between
mammalian carnivores has the potential to impact on the abundance and distribution of
carnivore species and their prey (Palomares et al. 1995, Glen & Dickman 2005).
While predation by Dingoes on Tiger Quolls may sometimes occur, and competition for
some prey species, such as bandicoots in Limeburners Creek Nature Reserve, may
potentially exist, Tiger Quolls can occur in high abundances where Dingoes are
common, but rarely occur in high abundances where foxes are common (Catling & Burt
1995). Whether this is a result of predation by, and / or competition with, the fox for
prey or both, or an indication that the habitat itself is, or has become, unsuitable for the
Tiger Quoll, requires further investigation. At some sites, Tiger Quolls may benefit
from the presence of Dingoes by the provision of partially consumed carcasses of large
mammals that provide a source of carrion (Chapter 6, Boschma 1991, Belcher 1995).
Dingoes occur in much lower densities in the landscape than either foxes or cats (Short
et al. 2002) and are therefore likely to apply a reduced predation pressure on Tiger
Quolls compared to the other two species, should it in fact occur. Tiger Quolls were
found to occur in high abundances in sites where cat abundance was high in northeastern New South Wales (Catling & Burt 1995). It is not known whether feral cats
regularly prey on Tiger Quolls although a juvenile Tiger Quoll was reported to be killed
by a domestic cat (Burnett 2001) and two records out of 1802 in the Atlas of NSW
Wildlife are attributed to cat kills (NPWS 2005). In Limeburners Creek Nature
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Reserve, a female Tiger Quoll and her young lived in close proximity to a domestic cat,
with Tiger Quoll nursery burrows within metres of an oysterman’s hut. Cats were
infrequently observed or trapped within the Nature Reserve although present on the
perimeter, in areas of human habitation. Le Souef & Burrell (1926) reported a Tiger
Quoll killing a large tom-cat after a severe battle.
While dietary overlap may occur between the Tiger Quoll and eutherian predators, the
ability of the Tiger Quoll to take both terrestrial and arboreal prey provides some degree
of separation, and competition for food resources alone, is unlikely to be singularly
responsible for the absence of the Tiger Quoll in some areas (Belcher 1995, 2000, 2004,
Burnett 2001, Jones & Barmutta 2000, Chapter 6).

7.3.3.2 Protective measures

The interactions between native and introduced mammalian predators requires further
investigation but in light of current knowledge of distribution patterns it may be prudent
to aim to minimise impacts of predator control programs on Dingo populations,
particularly in areas where Tiger Quolls are also known to occur. The removal of
Dingoes, purposefully or inadvertently, could result in increases in populations of foxes
and / or cats i.e. mesopredator release, and may have a much greater impact on critical
weight range mammals such as the Tiger Quoll (Meek & Shields 2001, Short et al.
2002, Glen & Dickman 2005). The challenge to control fox and cat populations without
impacting on Tiger Quoll and Dingo populations requires further research. The
potential impact of 1080 poison baiting on Tiger Quolls is discussed below.
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7.3.4

Potential impact of 1080 poisoning programs for the control of foxes, wild

dogs and Dingoes and other introduced species on the conservation of the Tiger
Quoll.

7.3.4.1 Potential impacts

The potential dangers of 1080 baiting programs for canids to the conservation of the
Tiger Quoll was highlighted to the New South Wales National Parks and Wildlife
Service by the author in the early 1990s (Andrew 1994). This internal report
highlighted several areas of concern identified by initial findings of this study on the
biology and ecology of the Tiger Quoll, and information available in the literature at
that time. It included a number of recommendations to minimise the risk to Tiger
Quolls from poisoning programs. Aspects of the Tiger Quoll’s ecology and biology that
made it susceptible to poisoning included large home range size, wide ranging
movements, readiness to eat carrion, ability to consume large volumes of food in a
meal, restricted winter breeding season, restricted litter size, sensitivity of the Tiger
Quoll to 1080 poison compared to western and northern Australian marsupials, danger
of sub-lethal doses of 1080 to lactating females and young, and hindrance of
spermatogenesis in breeding males, increased susceptibility to 1080 poison at low
ambient temperatures, a two year period to reach adult size, short longevity, well
developed digging ability and difficulty in detecting Tiger Quolls in standard fauna
surveys.
These features of Tiger Quoll ecology and biology mean Tiger Quolls may be at risk
from 1080 poisoning programs for the control of foxes, wild dogs and Dingoes for the
following reasons (i) poison dosages of baits are sufficient to kill adult and juvenile
Tiger Quolls, (ii) Tiger Quolls are likely to detect buried baits, (iii) Tiger Quolls are
likely to encounter more than one bait and be able to consume several baits, (iv) baiting
is often undertaking during the single winter breeding season of Tiger Quolls, (v) Tiger
Quolls may take several days to move throughout their home ranges and may not be
detected at bait stations monitored for short periods, (vi) juveniles, one-year-old and
female Tiger Quolls will be more susceptible to poisoning due to their smaller body
size, (vii) repeated intense annual baiting, especially over the breeding period, could
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lead to local extinction of Tiger Quoll populations due to their short longevity and
restricted reproductive potential.
These risks will be greater as forest habitats become more fragmented and isolated by
agricultural and urban expansion and are subject to degrading impacts of fire, logging
and road construction and upgrading.
Recent studies examining the impact of 1080 baiting on Tiger Quolls have provided
interesting but differing results. In the highlands of north-east Victoria, Belcher (2003)
found Tiger Quoll numbers fell from six to two, at a regular latrine site, following
ground mound baiting for foxes using prepared 1080 ‘Foxoff’ baits and 1080 baiting for
rabbits using chopped carrot, over a period of eight months. In the highland forests of
south-eastern New South Wales, aerial baiting using fresh meat baits, resulted in a
decline of Tiger Quolls from 11 individuals to zero after baiting, in Badja State Forest,
and in Tallaganda State Forest, from eight individuals to one, one year later after
baiting, increasing to two individuals, two years later. The capture of a male Tiger
Quoll showing the symptoms of 1080 poisoning clearly showed that Tiger Quolls can
locate and consume aerially distributed fresh meat baits (Belcher 2003).
Field trials undertaken in the same area, using air dried non-poisoned meat baits with
the marker dye Rhodamine B, showed 10 out of 16 Tiger Quolls, including three
females with pouch young, had the dye in their vibrissae indicating they had located and
consumed the aerially distributed meat baits (Belcher 2000, Murray & Poore 2004).
Some individuals, including one female with pouch young, had multiple bands in the
vibrissae, indicating they had consumed several baits (Murray & Poore 2004).
In the highland forests of north-eastern New South Wales, an experimental baiting
program using 1080 poison ‘Foxoff’ baits (~3 mg / bait) with the marker dye
Rhodamime B, presented at bait stations and lightly buried, was undertaken with 57
radio-collared Tiger Quolls. One hundred and fifty six poison baits were removed
during the 2040 bait nights of which the majority was attributed to foxes (40.4%),
followed by small mammal (30.1%), Tiger Quoll (12.8%), dog / dingo (11.5%),
bandicoot (3.9%) and cat (1.3%). Of the 20 baits removed by Tiger Quolls, all but one
was retrieved within 30 m of the bait station. Eighteen radio-collared Tiger Quolls died
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in the course of the study, 14 of these deaths occurred prior to baiting and were
attributed to starvation, predation, road death, hypothermia and some unknown. Of the
four found dead after baiting, only one showed signs of Rhodamine B in the vibrissae,
indicating it had consumed poison bait. It was found two months after the cessation of
baiting and is thought to have consumed a cached bait. Tiger Quolls discarded both
poison and non-poison ‘Foxoff’ baits in this experiment and the authors suggest the
‘Foxoff’ bait medium is unpalatable to wild Tiger Quolls. Rejection of poison baits due
to previous exposure to 1080 was also discounted, as one study site had never been
subject to 1080 baiting. The study concluded that fox baiting programs using ‘Foxoff’
baits had a marginal impact on Tiger Quoll populations (Kortner et al. 2003). The
apparent unpalatability of ‘Foxoff’ baits to wild Tiger Quolls contrasts to studies on
captive Tiger Quoll, Eastern Quoll and Western Quoll that show these species readily
consumed non-poisoned ‘Foxoff’ baits, and for the Western Quoll, consumption also
occurred when alternative food was available (Belcher 1998, Martin et al. 2002).
Both studies show that Tiger Quolls are able to detect and potentially consume poison
baits. Tiger Quolls are also known to be able to detect buried meat and ‘Foxoff’ baits
up to 10 cm under the surface of the ground and will more readily remove baits buried
under mounds of soil than those buried beneath the surface (Belcher 1998, Glen &
Dickman 2003a). Captive Tiger Quolls can consume 2-3 ‘Foxoff’ baits (60 g) in a
single meal and more than three baits overnight (Belcher 1998) and wild Tiger Quolls
have been observed to remove baits from three and possibly four bait stations, set 400 m
apart on a single night (Glen & Dickman 2003a).
Palatability of baits to non-target species has been seen as an important issue in the
development of 1080 poison baiting programs for the protection of rare fauna, including
the Western Quoll, in Western Australia (Martin et al. 2002, Soderquist & Serena
1993). Greatest success has been achieved using highly dried meat baits i.e. fresh
weight reduced by up to 70% (King 1989, Morris et al. 1995, Martin et al. 2002) that
may prove to be less palatable than ‘Foxoff’ baits to Tiger Quolls (Martin et al. 2002).
Limited work on bait palatability has been undertaken in eastern Australia.
Belcher (2000) found that captive Tiger Quolls consumed 70% dried meat non-poison
baits in four of five trials but four wild caught Tiger Quolls did not consume dried meat
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baits placed in their trap, although readily consumed chicken placed there subsequently.
Aerial baiting with non-poisoned 70% dried meat baits found 33% of the Tiger Quoll
population had consumed one or more baits and monitoring the same population pre and
post 1080 poison aerial baiting found the population had declined by 70% from 23 to 9.
The numbers and densities of Tiger Quolls in unbaited areas remained the same
(Belcher 2003, 2004).
In Western Australia, 1080 baiting programs have proved to be very successful in
reducing fox populations and allowing significant increases in populations of threatened
marsupials, such as the Western Quoll (Morris et al. 2003). However, the greatly
reduced sensitivity of most Western Australian marsupials to 1080 poison (sodium
monofluoroacetate), due to the presence of fluoroacetate in native flora of that region,
and co-evolution of marsupials with the chemical, allows baiting programs to be run
with a much reduced risk to marsupial fauna (Mead et al. 1985, King et al. 1989, Twigg
& King 1991). Fluoroacetate-bearing vegetation is not found in eastern Australia and
marsupial fauna have a much-increased sensitivity to 1080 poison, potentially
increasing the danger of non-target kills of eastern Australian marsupials in 1080 baiting
programs (Martin et al. 2002).
The sensitivity of a species to a poison can be expressed as a LD50. The amount of
poison ingested per kilogram of body weight that will potentially kill 50% of a
population and is calculated as 1.85 mg / kg for the Tiger Quoll (McIlroy 1981a) and
3.73 mg / kg (McIlroy 1981a) to 1.5 mg / kg (King et al. 1989) for the Eastern Quoll,
both from eastern Australia, compared to 7.5 mg / kg for the Western Quoll and 5.66
mg / kg for the Northern Quoll (McIlroy 1981a, King et al. 1989), from Western
Australia. Sensitivity to 1080 poison is increased at low ambient temperatures (< 130C)
(Oliver & King 1983) and many baiting programs are run in cool winter months. Sublethal doses may kill suckling young (McIlroy 1981b) or may hinder spermatogenesis in
males (Sullivan et al. 1979) resulting in reproductive failure.
The assessment of risk to threatened marsupials using LD50 is inappropriate and a much
lower level of risk should be applied to these populations. Average body weights of the
Tiger Quoll are commonly overstated in the literature as ranging from 4-7 kg and
therefore risk assessment is commonly underestimated (Martin et al. 2002). This study
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(Chapter 3) and that of Belcher (2003) show that more commonly, wild adult female
body weights range between 1.2-2.4 kg, males between 2-4.2 kg and juveniles less than
one-year-old 0.7-1.9 kg. Using the LD50, which an individual may have a 50% chance
of being poisoned from consuming a bait, an adult female would need to consume 2.224.44 mg of 1080 poison, an adult male 3.7-7.77 mg and a less than one-year-old
juvenile 1.29-3.51 mg. ‘Foxoff’ baits (60 g) commonly contain 3.3 mg of 1080 and
meat baits (200-250 g) for dog/dingoes 6 mg of 1080 (Belcher 2003), suggesting
juveniles and adult females are potentially at risk from both bait types and males may be
most at risk from dog / dingo baits. As Tiger Quolls can consume large amounts of
food (up to 700 g) in a single meal (Chapter 6) and are known to be able to consume
several ‘Foxoff’ or meat baits, both in captivity and the wild (Belcher 1998, Glen &
Dickman 2003a, Murray & Poore 2004), they may be subject to much greater doses of
1080 poison than that contained in a single bait. Wide-ranging movements undertaken
by both males and females make this outcome highly likely.
In the ‘Foxoff’ baiting study in the ranges of north-eastern New South Wales, Kortner et
al. (2003) concluded that ‘Foxoff’ baits posed minimal impacts to Tiger Quoll
populations and did little to reduce fox, dog / dingo and cat numbers and suggested that
labour-intensive free feeding and bait station monitoring by track counts was
unnecessary, although baits should still be buried (depth and presentation, mound or
beneath surface, not specified), to avoid take by birds small mammals and quolls. It
was suggested Tiger Quolls discarded baits as the bait medium was unpalatable. High
numbers of Tiger Quolls trapped in their study site suggest that food resources for Tiger
Quolls in that area were relatively abundant and the ‘Foxoff’ bait medium, for which
there had been no previous exposure, may have been less attractive. Alternatively Tiger
Quolls may have been previously exposed to 1080 meat baits from aerial baiting and
ground baiting on adjacent State Forest and freehold lands and may have rejected baits
after detecting the poison. In New Zealand, Common Brushtail Possums, Trichosurus
vulpecula, which are a pest in that country, develop an aversion to 1080 poison
(O’Connor & Mathews 1999).
Belcher (2004) suggested that while conclusions that ‘Foxoff’ baits appear to have little
impact on Tiger Quolls at those particular study sites, they should not be extrapolated
beyond those areas. Naïve populations of Tiger Quolls which have not been previously
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exposed to 1080 baiting or baiting has not been undertaken for 3-4 years may behave
differently to the presentation of 1080 baits. Given the possible variation in behaviour
and response to 1080 baits by Tiger Quoll populations suggested by studies in different
parts of New South Wales (Belcher 1998, 2000, Glen & Dickman 2003a) it may be
prudent to maintain conservative baiting practices such as free-feeding, bait station
monitoring and deep burial of baits until the above findings can be collaborated by
similar results from low density Tiger Quoll populations. Glen & Dickman (2003b)
suggest that remote photography is a more efficient, effective and labour saving means
of monitoring bait stations to avoid non-target bait uptake. Further investigation of
unpalatable bait mediums to Tiger Quolls is required.
Tiger Quolls may also be subject to secondary poisoning at sites adjacent to farmland or
open country where 1080 poisoning for rabbits is carried out. Amounts of 1080 poison
(2.79-10.69 mg) found in the carcasses of poisoned wild rabbits (McIlroy & Gifford
1992) could potentially deliver a lethal dose, should the quoll consume the entire rabbit,
which has been observed (Belcher 1995, 1998). Tiger Quolls are also known to use
burrows (Chapter 5) and have been observed hunting rabbits in burrows (Belcher 2004)
so even poisoned individuals that retreat to warrens are potentially available to Tiger
Quolls. Twigg et al. (2003) considered the tissues of poisoned rabbits generally posed
only a minimal hazard to native wildlife, suggesting a 4-7 kg Tiger Quoll would need to
consume 0.7-1.3 kg of poisoned rabbit to receive an LD50 dose. This study observed a
smaller Tiger Quoll (3 kg) readily consume 0.7 kg of fish and Belcher (2004) has
recorded Tiger Quolls eating more than 1 kg. As the greater proportion of an adult
Tiger Quoll population would have a weight range between 1.5-4 kg the amount of
poisoned rabbit required to deliver a LD50 dose based on Twigg et al. (2003)
calculations would be 0.3-0.8 kg, which is well within the capacity of individual Tiger
Quolls, therefore posing some risk to quolls in those habitats.

7.3.4.2 Protective measures

If 1080 baiting is proposed the following protective measures are suggested;
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(i) Prior to commencement of poisoning, surveys to estimate the presence and
abundance of Tiger Quolls, eutherian canids and felids should be undertaken. In respect
to Tiger Quolls these are best undertaken during the mating period in May-June and
January-March when young are dispersing. Cage trapping is an effective survey
technique and provides information on the sex, age, condition and reproductive status of
Tiger Quolls but is labour intensive. Hair tubing and remote photographic stations are
less labour intensive but do not provide as much information on individual animals.
Remote photography can provide some information on individuals to the trained
observer (individual spot patterns and different body size and form of the sexes) but not
condition and reproductive status. It can also provide information on target canids and
sometimes cats. Sampling transects should extend for a minimum of two kilometres
with sampling stations at 100-200 m intervals and be run for a minimum of 7-10 days.
Transects should be several kilometres apart. Some sampling points should be placed
several metres away from tracks and roadways. Sandplots on and across roads and
tracks to detect tracks of carnivores may not always be effective for detecting Tiger
Quolls compared to dogs / Dingoes and foxes. Scat surveys along roads may rarely
detect Tiger Quoll scats. Ideally more than one survey should be undertaken prior to
commencing the poisoning program, particularly in areas Tiger Quolls have not been
previously recorded or may occur in low densities.
(ii) If baiting is to proceed, it should be undertaken at a time of year that is likely to
reduce the risk to Tiger Quolls. Baiting programs should not be undertaken during the
winter breeding season of Tiger Quolls, nor into the period of lactation that continues
into spring and summer. Mating occurs from May-July during which breeding males
undertake some of their most extensive movements and are under energetic stress and
may be more likely to consume baits. Sub-lethal effects can impact on reproductive
success by hindering spermatogenesis (Sullivan et al. 1979). Given the short receptive
period of females, which may be synchronous for a group of females in an area,
potentially over a two to four week period, an ill timed baiting program could result in
reproductive failure in that population. Should baiting programs be repeated annually at
the same time, it could lead to local extinction, given the Tiger Quoll’s short longevity.
The period of lactation for nursing females can extend from June to December and
possibly into January. Females may be suckling pouch young from June-October
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(Chapter 3, Kortner et al. 2004) and continue lactation to small young after pouch
vacation, through to December and possibly January. Sub-lethal doses of 1080 can kill
suckling pouch young (McIlroy 1981b). Consequently, baiting should also be avoided
during lactation from June / July to December / January.
Low ambient temperatures over winter can increase susceptibility to poisoning and also
reduce the likelihood a poisoned individual could survive several days in an
incapacitated state (Oliver & King 1983, McIlroy 1981a). Impacts may be especially
pronounced for low-density populations. 1080 impregnated meat baits were found to
remain toxic for 4-15 days in winter but only 2-4 days in summer, therefore poisoning
programs undertaken in summer posed a shorter-term risk to non-target fauna (McIlroy
et al. 1988). Baiting may pose least risk to Tiger Quolls in March when adults are in
good condition and juveniles are approaching a reasonable weight, prior to their first
breeding season. However, due to their smaller body size, juveniles and females will
still be subject to greater risk under current dosage rates for fox and dog baits, should
they encounter baits.
(iii) If 1080 baiting is to proceed in areas in which Tiger Quolls occur, it should be done
using the bait station technique. Sand traps around stations should be at least 1.5 m in
diameter. A free feeding period of at least a week should be undertaken using track
monitoring or preferably remote photography as track identification could be unreliable
(Glen & Dickman 2003b). Baits should be buried at least 10 cm beneath the surface,
not placed under mounds of soil on the surface (Glen & Dickman 2003a). Bait stations
should be placed at a minimum of 500-600 m apart and poison bait stations, preferably
1 km apart. If a Tiger Quoll is detected at a bait station, that station and stations within
3 km in either direction should also be abandoned for that baiting program. Once a
target species is identified at a bait station, poison baits should be left at most for two
consecutive nights. Only one poison bait per station should be laid.
(iv) Prepared baits for foxes ‘Foxoff’ currently use 3 mg of 1080 in baits however in
areas where Tiger Quolls are known to occur, low dosage baits of 2.5 mg and preferably
1.25 mg of 1080 per bait (McIlroy & King 1990), should be used. This would reduce
the chance of administering a lethal dose to non-target species, should they consume a
single bait. The LD50 for a fox is 0.125-0.1375 mg / kg and a lethal dose is 0.15 mg / kg
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therefore for a 6 kg fox (mean weight) a lethal dose is 0.9 mg and for an 8.3 kg fox
(maximum weight) a lethal dose is 1.245 mg (McIlroy & King 1990). Additionally, bait
size could be increased to lessen the concentration of poison (Martin et al. 2002) and
discourage non-target species from consuming multiple baits. Belcher (1998) showed
captive Tiger Quolls can consume 2-3 ‘Foxoff’ baits (55 g) in a single meal and more
than three overnight.
Current meat baits for dogs / Dingoes contain 6 mg 1080. The LD50 for a Dingo is
estimated at 0.11 (0.09-0.15) mg / kg and therefore a 16 kg dog (mean weight) would
require approximately 1.76 mg and a 25 kg dog (maximum weight) would require 2.75
mg to reduce the population by 50%. For a LD100, twice the upper limit of the LD50 (i.e.
0.3 mg / kg), a 16 kg dog would require 4.8 mg and a 25 kg dog 7.5 mg (McIlroy
1981a). As dogs are likely to encounter more than one bait due to their wide-ranging
movements, a more conservative dosage rate could be used in areas where Tiger Quolls
occur.
The use of highly dried meat (i.e. reduced by 70% of its original weight) as a bait
medium should be further investigated, as it may prove less palatable to Tiger Quolls, as
is the case for Western Quolls (Soderquist & Serena 1993). Providing bait mediums in
relatively large portions may reduce the likelihood that an entire bait would be
consumed by a quoll. However, Belcher (2000) has shown that captive Tiger Quolls
readily consumed 70% dried meat baits and aerial baiting with dried meat baits resulted
in the Tiger Quoll population declining by 70% (Belcher 2004). Tiger Quolls are
known to consume large amounts of food in a meal, up to 700 g in this study (Chapter
6) and at times a whole rabbit (Belcher 1995, 2004), therefore increasing bait volumes
alone may be insufficient although it may contribute to satiating hunger and reduce the
likelihood an individual will search for additional baits.
Currently, commercially prepared ‘Foxoff’ baits come in 30 g and 60 g sizes and fresh
meat baits are commonly 200-250 g (Martin et al. 2002, Belcher 2004).
(v) Where-ever possible bait stations should be situated in habitats less favoured by
Tiger Quolls such as cleared open country or farmland, lacking a forest canopy or dense
shrub cover, rather than within or on the perimeter of forest.
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(vi) Monitoring numbers of target and non-target fauna should be undertaken prior to
baiting programs and continue after baiting to assess whether target species have been
reduced and what impacts there have been on non-target species. If Tiger Quolls are
present, monitoring should include some cage trapping to assess the health of
individuals and check for bait ingestion, potentially using marker dyes. Such
monitoring programs should continue for several months after baiting and occur at least
annually. Monitoring techniques that are known to be successful at detecting target
species should be used.
(vii) Aerial baiting should be avoided as it has not yet been demonstrated that it can be
target specific and is known to impact on non-target species such as the Tiger Quoll.

7.3.5

Potential impact of trapping programs for the control of foxes, wild dogs and

Dingoes.

Steel jaw traps have been used for the control of Dingoes and wild dogs in parts of New
South Wales and are known to capture a large number and variety of non-target species
(Newsome et al. 1983b, McIlroy et al. 1986). These traps are potentially a threat to
Tiger Quolls but the degree of risk will depend on the habitats and sites traps are placed.
Discarding the carcasses of animals killed by traps in the vicinity of trap lines could
attract Tiger Quolls to trapping areas. In Queensland, rabbit and Dingo traps are still
used by many farmers to kill quolls (Watt 1993).

7.3.5.1 Protective measures

(i) Steel jaw traps should not be used due to the large number of non-target animals
killed in an inhumane manner. Soft jaw traps could be employed for problem
individuals of dogs / dingoes.
(ii) Public education programs should discourage private landholders using steel jaw
traps but rather, securely house chickens and other caged birds to prevent predation by
quolls.
371

Chapter 7 Conservation and Management

7.3.6

Potential impact of the expansion of the Cane Toad into south-eastern

Australia.

The introduced poisonous Cane Toad, Bufo marinus, has been expanding in geographic
range since its original introduction to the sugar cane fields of Queensland. The
disappearance of large carnivorous vertebrates, mammals and reptiles, has accompanied
the spread of the Cane Toad into new areas and has been attributed to poisoning when
predators attempt to consume them (Covacevich & Archer 1975, Burnett 1997). In
north Queensland severe population declines for the Northern Quoll and four species of
goanna Varanus spp. have mirrored the spread of the Cane Toad (Burnett 1997). In
Kakadu National Park in the Northern Territory the recent invasion by the Cane Toad
has resulted in the local extinction of the Northern Quoll at several sites, and 11 species
of predators comprising five lizards, three mammals and thee snakes were thought to be
at risk (Oakwood 2004).
The Tiger Quoll is known to at times consume frogs, although they are infrequently
reported in the diet (Green & Scarborough 1990), and is considered at risk from Cane
Toad poisoning (Burnett 1997, Burnett & Marsh 2004). In south-east Queensland there
was some evidence to suggest that quolls (Dasyurus maculatus maculatus, D.
hallucatus) are more commonly observed in areas where Cane Toads are infrequently
sighted (Watt 1993). Should the climate continue to warm, as is predicted, the
geographic range of the Cane Toad will potentially spread further south into New South
Wales and into much of the remaining geographic range of the Tiger Quoll (Burnett
1997). Areas at greatest risk will be lowland coastal sites while cooler upland areas
may be less suitable for Cane Toads (Watt 1993, Burnett 2001). Small numbers of
Cane Toads have been reported from the Port Macquarie area.

7.3.6.1 Protective measures

The protection of large areas of Tiger Quoll habitat in cool upland areas and the
maintenance of forested corridors between upland and lowland habitats. The protection
372

Chapter 7 Conservation and Management

of island populations of Tiger Quolls, such as those in Tasmania. Further investigation
into the climatic tolerance and habitat preferences of the Cane Toad and possible means
of eradication should be made.

7.3.7

Disease and parasites.

Early naturalists refer to an epidemic disease that swept through the Dasyures in 1900,
particularly affecting the Eastern Quoll in South Australia, Victoria and New South
Wales (Wood-Jones 1968, Fleay 1932). In Tasmania, a rapid decline of the Thylacine
and Tasmanian Devil between 1900 and 1920 was also possibly due to the same
epidemic (Rounsevell & Mooney 1995, Jones 1995b). Currently the Tasmanian Devil
is being affected by a dehabilitating and ultimately fatal facial cancer disease, where by
a third to half the numbers of Tasmanian Devils in Tasmania have been lost. Currently
there is no known cure. Short and medium term effects are severe and the long-term
effects are unknown (TDPIWE 2005, Mooney 2005). Captive Tiger Quolls are known
to suffer from a range of infectious diseases, the most common being cutaneous
myobacterial infection, thought to often result from bite wounds received during
mating, and may suffer from a high incidence of tumours (Obendorf 1993, Tell et al.
1993).
Tiger Quolls are known to be host to at least 23 species of endoparasites including
flukes, tapeworms and nematodes and at least 10 species of ectoparasites such as fleas,
mites and ticks (Obendorf 1993, Jones et al. 2001). In Lime burners Creek Nature
Reserve, Tiger Quolls sometimes suffered from mange-like disease causing hair loss on
the elbows, knees, base of tail and sometimes the face, leaving skin encrustations.
Similar lesions were observed on Tiger Quolls from the New England Tableland, which
may have been caused by sarcoptic mange mites or burrowing flea larvae (Obendorf
1993, Kortner et al. 2004). In Limeburners Creek Nature Reserve, Tiger Quolls often
carried high tick loads, with up to 50 removed off one individual. In the New England
Tablelands, some individuals had heavy nematode infections in the gut and lymph
nodes (Kortner et al. 2004).
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7.3.7.1 Protective measures

Given that disease is thought to have contributed to the decline of some of the larger
Dasyurids in the past and is currently severely impacting on the Tasmanian Devil
population, it is possible that the Tiger Quoll could suffer a similar decline due to
disease. Measures to prevent decline and possible extinction are to protect healthy
populations on the mainland and in Tasmania, ensure secure populations are protected
throughout the geographic range of the species, including both high and low density
populations. Ensure that captive healthy breeding colonies are maintained and
supported.

7.4

Conclusion

The fragmentation and loss of habitat remains one of the major ongoing threats to the
survival of the Tiger Quoll in coastal eastern Australia. The Tiger Quoll’s need for
large contiguous areas of suitable forested habitat to support large home range areas and
food resources for the largely carnivorous diet requires very extensive areas to be
conserved, 10 000’s to 100 000’s of hectares. However, even the protection of large
areas of suitable habitat cannot ensure the survival of Tiger Quoll populations if other
threatening processes such as high levels of predation or competition with some
introduced eutherian carnivores continue to operate. Some species such as the
introduced Red Fox occur in very much higher densities than do Tiger Quolls and have
the potential to impact on Tiger Quoll populations through both competition and
predation. The Dingo would more often occur in lower population densities to Tiger
Quolls and may not pose a threat to Tiger Quoll populations. The relationships between
native and introduced predators require further investigation.
The currently favoured means for the control of introduced carnivores is the use of 1080
poison, delivered by ground baiting or aerial baiting techniques. The widespread use of
1080 poison across all tenures of land and extending into remote untracked areas of
forest poses potential risks to Tiger Quoll populations with differing levels of impact
likely, based on the geographic location, the population density of Quolls, and the
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means of bait delivery. The degree of threat to Tiger Quoll populations from 1080
poison programmes requires further investigation and assessment.
In addition to the expansion of range and abundance of introduced eutherian predators,
new threats such as the geographic expansion of the range of the poisonous Cane Toad
further south into New South Wales could have devastating impacts on Tiger Quoll
populations, especially low altitude coastal populations.
Other threats, such as intensive logging, frequent fire and heavy grazing of forests, are
likely to degrade forest habitats of the Tiger Quoll. Improved conservation
management of forests is required to ensure continued survival of Tiger Quoll
populations in production forests.
The establishment of a comprehensive and adequate set of conservation reserves
throughout the Tiger Quoll’s range in south-eastern Australia will greatly contribute to
the species conservation however continued vigilance is required to assess existing and
new threats. Regular monitoring of Tiger Quoll populations is needed to assess
population health, reproductive success and population density and distribution as well
as assessing the distribution and abundance of introduced eutherian carnivores or other
potential threats.
Conservation of Tiger Quoll populations will require positive and informed
management within and outside the conservation estate and across all tenures of land if
we are to ensure current land management and pest species management techniques are
not contributing to the decline of the species.
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Appendix 1
The difference observed between the estimated position of the resting radio-collared Tiger Quoll gained
from three intersecting radio bearings and the true position of the Tiger Quoll once tracked to its den on
n=34 occasions. Bearing intersection / polygon size gives the length of the longest axis of the triangle
created by three intersecting radio bearings. Length of the longest bearing gives the distance in metres
from the observer to the position of the Tiger Quoll. Distance from estimated to true location is given to
the nearest 50 metres. There appeared no relationship between the length of the longest axis of the
bearing triangle and the likely error between estimated and observed position.
Bearing intersection / polygon size

Trip
4
4
4
5
6
7
8
8
9
9
9
11
13
13
13
14
14
14
15
16
16
16
16
16
17
17
18
18
18
20
20
23
23
24
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Length of
longest
bearing
Date
Time
Individual
0 100 200 300 400 500 600 700
(m)
6.3.93
8:40
Raylene
1
250
7.3.93 17:10
Raylene
1
700
8.3.93 14:35
Raylene
1
1100
28.3.93 11:30
Charlie
1
2600
6.4.93 10:05
Raylene
1
500
1.5.93 15:40
Raylene
1
800
28.5.93 7:45
Raylene
1
250
29.5.93 9:20 Charlie (collar)
1
950
14.6.93 10:30
Raylene
1
400
16.6.93 15:45
Raylene
1
600
18.6.93 14:30
Charlie
1
1700
23.9.93 15:00
Blackbutt
1
1600
1.11.93 9:45
Blackbutt
1
2000
2.11.93 14:25
Blackbutt
1
1800
4.11.93 10:45
Blackbutt
1
1700
28.11.93 7:50 Blackbutt(collar) 1
500
30.11.93 11:10 Christmas Bell 1
1250
2.12.93 7:55 Christmas Bell
1
3700
2.1.94 17:15 Christmas Bell 1
3300
5.2.94 13:05
Charlene
1
1450
6.2.94
7:55
Charlene
1
1900
9.2.94 10:20
Charlene
1
1200
10.2.94 8:15
Charlene
1
1500
11.2.94 16:05
Charlene
1
1450
10.3.94 12:00
Bloodwood
1
400
11.3.94 15:40
Charlene
1
1250
2.4.94 16:40 Christmas Bell
1
700
3.4.94 13:05
Charlene
1
1300
Christmas Bell
1
900
4.4.94 16:40
(collar)
29.5.94 7:45
Wattle
1
2100
2.6.94
7:15
Charlene
1
650
1.9.94
9:10 Christmas Bell
1
550
2.9.94 16:35 Christmas Bell
1
450
26.9.94 8:15 Christmas Bell
1
3200

Best angle
between 2
bearings
135
95
93
95
85
83
100
85
90
145
60
40
70
100
60
100
95
85
60
55
70
80
88
100
85
95
75
80

Distance
from
estimated
location (m)
100
100
100
350
100
100
100
150
50
100
0
150
300
150
450
100
100
100
0
400
400
100
200
0
200
150
100
50

77
100
110
70
130

300
100
50
0
200
0
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Appendix 2
The vegetation communities of Limeburners Creek Nature Reserve and adjacent lands. Vegetation
communities are described by dominant and sub-dominant canopy species and the area in hectares and
percentage of the mapped area for canopy dominants is provided. A vegetation map of the reserve is
provided in Chapter 2, Fig. 2.5.
Dominant canopy species / sub-dominants

Area (ha)

Eucalyptus grandis
- E. pilularis
- Melaleuca quinquenervia

39.25

0.378

Eucalyptus intermedia
- E. tereticornis
- E. robusta
- M. quinquenervia

221.905

2.142

Eucalyptus pilularis
- Angophora costata / E. gummifera / E. planchoniana
- E. gummifera / E. planchoniana

785.541

7.585

Eucalyptus planchoniana
- E. signata

744.25

7.186

Eucalyptus signata

978.859

9.451

Eucalyptus seeana

13.105

0.126

Eucalyptus tereticornis

18.679

0.18

335.883

3.243

6.018

0.058

1779.612

17.183

Melaleuca sieberi

81.124

0.783

Lophostemon suavoelens
- E. intermedia

23.569

0.227

194.437

1.877

15.106

0.145

Allocasuarina littoralis

4.536

0.043

Angophora floribunda
- E. intermedia

2.763

0.026

Eucalyptus robusta
- M. quinquenervia
- M. sieberi
- M. nodosa
Melaleuca nodosa
Melaleuca quinquenervia
- Casuarina glauca
- E. robusta

Casuarina glauca
Callitris rhomboidea
- E. pilularis

% of mapped area

Archontophoenix cunninghamiana

11.79

0.113

Drypetes australasica
- Sarcomelicope simplicifolia / Cassine australis /
Podocarpus elatus

31.481

0.303

Avicennia marina

69.066

0.666

3.349

0.032

Banksia integrifolia
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Dominant canopy species / sub-dominants
Banksia aemula
- B. oblongifolia / Leptospermum liversidgei /
Lepyrodia interrupta / Sprengelia sprengeloides /
Xanthorrhea fulva

Area (ha)
609.952

% of mapped area
5.889

123.697

1.194

Banksia oblongifolia
- Leptospermum liversidgei / Lepyrodia interrupta /
Sprengelia sprengeloides / Xanthorrhea fulva
- Leptospermum polygalifolium / M. nodosa

2228.412

21.517

Xanthorrhea fulva

1070.775

10.339

100.553

0.97

Banksia ericifolia

Baumea juncea
- saltmarsh complex
Baumea rubiginosa

6.322

0.061

Lepironia articulata

6.1

0.058

736.895

7.115

Phragmites australis

28.787

0.277

Saltmarsh

80.722

0.779

3.954

0.038

10356.492

99.984

Leptocarpus tenax - Restio pallens

Themeda grassland
Totals
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Appendix 3
Vertebrate fauna recorded in the Atlas of NSW Wildlife for Limeburners Creek Nature Reserve and
Barren Grounds Nature Reserve and surrounding areas. Legal status under the National Parks and
Wildlife Act and Threatened Species Conservation Act, P-protected, U-unprotected, V-vulnerable, Eendangered.

Scientific name
Frogs
Adelotus brevis
Crinia signifera
Crinia tinnula
Heleioporus australiacus
Limnodynastes dumerilii
Limnodynastes ornatus
Limnodynastes peronii
Mixophyes fasciolatus
Paracrinia haswelli
Pseudophryne australis
Pseudophryne bibronii
Pseudophryne coriacea
Litoria aurea
Litoria caerulea
Litoria dentata
Litoria ewingii
Litoria fallax
Litoria freycineti
Litoria gracilenta
Litoria latopalmata
Litoria lesueuri
Litoria littlejohni
Litoria nasuta
Litoria peronii
Litoria phyllochroa
Litoria tyleri
Litoria verreauxii
Reptiles
Caretta caretta
Chelodina longicollis
Lialis burtonis
Amphibolurus muricatus
Physignathus lesueurii
Pogona barbata
Varanus gouldii
Varanus varius
Calyptotis ruficauda
Ctenotus robustus
Ctenotus taeniolatus
Cyclodomorphus michaeli
Egernia major
Egernia saxatilis
Eulamprus heatwolei
Eulamprus quoyii
Lampropholis amicula
Lampropholis delicata
Lampropholis guichenoti
Nannoscincus maccoyi
Saiphos equalis
Saproscincus mustelinus
Saproscincus oriarus
Tiliqua scincoides
Morelia spilota
Dendrelaphis punctulata

Common name

Legal
status

Tusked Frog
Common Eastern Froglet
Wallum Froglet
Giant Burrowing Frog
Bullfrog
Ornate Burrowing Frog
Striped Marsh Frog
Great Barred Frog
Haswell's Froglet
Red-crowned Toadlet
Bibron's Toadlet
Red-backed Toadlet
Green and Golden Bell Frog
Green Tree Frog
Keferstein's Tree Frog
Southern Brown Tree Frog
Eastern Dwarf Tree Frog
Freycinet's Frog
Dainty Tree Frog
Broad-palmed Frog
Lesueur's Frog
Littlejohn's Tree Frog
Rocket Frog
Peron's Tree Frog
Green Stream Frog
Tyler's Tree Frog
Verreaux's Tree Frog

P
P
V
V
P
P
P
P
P
V
P
P
E1
P
P
P
P
P
P
P
P
V
P
P
P
P
P

Loggerhead Turtle
Eastern Snake-necked Turtle
Burton's Snake-lizard
Jacky Lashtail
Eastern Water Dragon
Eastern Bearded Dragon
Sand Monitor
Lace Monitor
Red-tailed Calyptotis
Robust Ctenotus
Copper-tailed Ctenotus

E1
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Land Mullet
Black Crevice-skink
Warm-temperate Water-skink
Eastern Water-skink
Friendly Sunskink
Dark-flecked Garden Sunskink
Pale-flecked Garden Sunskink
Highlands Forest-skink
Yellow-bellied Three-toed Skink
Weasel Shadeskink
Common Bluetongue
Carpet / Diamond Python
Green Tree Snake

Barren
Grounds
Nature
Reserve

+
+
+
+
+
+
+
+
+
+

Limeburners
Creek Nature
Reserve
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+

+
+
+

+
+
+
+
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Drysdalia coronoides
Hemiaspis signata
Notechis scutatus
Pseudechis porphyriacus
Pseudonaja textilis
Rhinoplocephalus
nigrescens
Vermicella annulata
Birds
Alectura lathami
Coturnix chinensis
Coturnix pectoralis
Coturnix ypsilophora
Anas castanea
Anas gracilis
Anas platyrhynchos
Anas rhynchotis
Anas superciliosa
Aythya australis
Biziura lobata
Chenonetta jubata
Cygnus atratus
Dendrocygna eytoni
Oxyura australis
Podiceps cristatus
Poliocephalus
poliocephalus
Tachybaptus
novaehollandiae
Eudyptula minor
Puffinus pacificus
Puffinus tenuirostris
Thalassarche cauta
Thalassarche
chlororhynchos
Morus serrator
Anhinga melanogaster
Phalacrocorax carbo
Phalacrocorax
melanoleucos
Phalacrocorax sulcirostris
Phalacrocorax varius
Pelecanus conspicillatus
Ardea alba
Ardea ibis
Ardea intermedia
Ardea pacifica
Botaurus poiciloptilus
Butorides striatus
Egretta garzetta
Egretta novaehollandiae
Egretta sacra
Ixobrychus flavicollis
Nycticorax caledonicus
Platalea flavipes
Platalea regia
Plegadis falcinellus
Threskiornis molucca
Threskiornis spinicollis
Ephippiorhynchus
asiaticus
Accipiter cirrocephalus
Accipiter fasciatus
Accipiter novaehollandiae
Aquila audax
Aviceda subcristata
Circus approximans
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White-lipped Snake
Marsh Snake
Mainland Tiger Snake
Red-bellied Black Snake
Eastern Brown Snake

P
P
P
P
P

+

Small-eyed Snake
Eastern Bandy-bandy

P
P

+

Australian Brush-turkey
King Quail
Stubble Quail
Brown Quail
Chestnut Teal
Grey Teal
Mallard
Australasian Shoveler
Pacific Black Duck
Hardhead
Musk Duck
Australian Wood Duck
Black Swan
Plumed Whistling-Duck
Blue-billed Duck
Great Crested Grebe

P
P
P
P
P
P
U
P
P
P
P
P
P
P
V
P

Hoary-headed Grebe

P

+

+

Australasian Grebe
Little Penguin
Wedge-tailed Shearwater
Short-tailed Shearwater
Shy Albatross

P
P
P
P
V

+

+
+
+
+
+

Yellow-nosed Albatross
Australasian Gannet
Darter
Great Cormorant

P
P
P
P

Little Pied Cormorant
Little Black Cormorant
Pied Cormorant
Australian Pelican
Great Egret
Cattle Egret
Intermediate Egret
White-necked Heron
Australasian Bittern
Striated Heron
Little Egret
White-faced Heron
Eastern Reef Egret
Black Bittern
Nankeen Night Heron
Yellow-billed Spoonbill
Royal Spoonbill
Glossy Ibis
Australian White Ibis
Straw-necked Ibis

P
P
P
P
P
P
P
P
V
P
P
P
P
V
P
P
P
P
P
P

Black-necked Stork
Collared Sparrowhawk
Brown Goshawk
Grey Goshawk
Wedge-tailed Eagle
Pacific Baza
Swamp Harrier

E1
P
P
P
P
P
P

+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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Circus assimilis
Elanus axillaris
Haliaeetus leucogaster
Haliastur indus
Haliastur sphenurus
Hieraaetus morphnoides
Lophoictinia isura
Milvus migrans
Pandion haliaetus
Falco berigora
Falco cenchroides
Falco longipennis
Falco peregrinus
Falco subniger
Fulica atra
Gallinula tenebrosa
Gallirallus philippensis
Porphyrio porphyrio
Porzana fluminea
Rallus pectoralis
Turnix varia
Actitis hypoleucos
Arenaria interpres
Calidris alba
Calidris canutus
Calidris ferruginea
Calidris ruficollis
Calidris tenuirostris
Gallinago hardwickii
Heteroscelus brevipes
Limosa lapponica
Limosa limosa
Numenius
madagascariensis
Numenius phaeopus
Tringa nebularia
Xenus cinereus
Irediparra gallinacea
Burhinus grallarius
Esacus neglectus
Haematopus fuliginosus
Haematopus longirostris
Himantopus himantopus
Charadrius bicinctus
Charadrius leschenaultii
Charadrius mongolus
Charadrius ruficapillus
Elseyornis melanops
Pluvialis dominica
Pluvialis fulva
Pluvialis squatarola
Vanellus miles
Larus novaehollandiae
Stercorarius parasiticus
Sterna albifrons
Sterna bergii
Sterna caspia
Sterna hirundo
Sterna nilotica
Sterna striata
Chalcophaps indica
Columba leucomela
Columba livia
Geopelia humeralis
Geopelia placida
Leucosarcia melanoleuca
Lopholaimus antarcticus

Spotted Harrier
Black-shouldered Kite
White-bellied Sea-Eagle
Brahminy Kite
Whistling Kite
Little Eagle
Square-tailed Kite
Black Kite
Osprey
Brown Falcon
Nankeen Kestrel
Australian Hobby
Peregrine Falcon
Black Falcon
Eurasian Coot
Dusky Moorhen
Buff-banded Rail
Purple Swamphen
Australian Spotted Crake
Lewin's Rail
Painted Button-quail
Common Sandpiper
Ruddy Turnstone
Sanderling
Red Knot
Curlew Sandpiper
Red-necked Stint
Great Knot
Latham's Snipe
Grey-tailed Tattler
Bar-tailed Godwit
Black-tailed Godwit

P
P
P
P
P
P
V
P
V
P
P
P
P
P
P
P
P
P
P
P
P
P
P
V
P
P
P
V
P
P
P
V

Eastern Curlew
Whimbrel
Common Greenshank
Terek Sandpiper
Comb-crested Jacana
Bush Stone-curlew
Beach Stone-curlew
Sooty Oystercatcher
Pied Oystercatcher
Black-winged Stilt
Double-banded Plover
Greater Sand Plover
Lesser Sand Plover
Red-capped Plover
Black-fronted Dotterel
Lesser Golden Plover
Pacific Golden Plover
Grey Plover
Masked Lapwing
Silver Gull
Arctic Jaeger
Little Tern
Crested Tern
Caspian Tern
Common Tern
Gull-billed Tern
White-fronted Tern
Emerald Dove
White-headed Pigeon
Rock Dove
Bar-shouldered Dove
Peaceful Dove
Wonga Pigeon
Topknot Pigeon

P
P
P
V
V
E1
E1
V
V
P
P
V
V
P
P
P
P
P
P
P
P
E1
P
P
P
P
P
P
P
U
P
P
P
P

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+

+
+

+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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Macropygia amboinensis
Ocyphaps lophotes
Phaps chalcoptera
Phaps elegans
Ptilinopus magnificus
Ptilinopus regina
Streptopelia chinensis
Cacatua galerita
Cacatua sanguinea
Cacatua tenuirostris
Callocephalon fimbriatum
Calyptorhynchus
funereus
Calyptorhynchus lathami
Eolophus roseicapillus
Nymphicus hollandicus
Alisterus scapularis
Glossopsitta concinna
Glossopsitta pusilla
Lathamus discolor
Melopsittacus undulatus
Neophema pulchella
Pezoporus wallicus
wallicus
Platycercus adscitus
eximius
Platycercus elegans
Psephotus haematonotus
Trichoglossus
chlorolepidotus
Trichoglossus
haematodus
Cacomantis flabelliformis
Cacomantis variolosus
Chalcites basalis
Chalcites lucidus
Cuculus pallidus
Cuculus saturatus
Eudynamys orientalis
Scythrops
novaehollandiae
Centropus phasianinus
Ninox boobook
Ninox connivens
Ninox strenua
Tyto alba
Tyto capensis
Tyto novaehollandiae
Tyto tenebricosa
Podargus strigoides
Eurostopodus mystacalis
Aegotheles cristatus
Apus pacificus
Hirundapus caudacutus
Alcedo azurea
Dacelo novaeguineae
Todiramphus macleayii
Todiramphus sanctus
Merops ornatus
Eurystomus orientalis
Pitta versicolor
Menura novaehollandiae
Climacteris erythrops
Climacteris picumnus
Cormobates leucophaeus
Malurus cyaneus
Malurus lamberti
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Brown Cuckoo-Dove
Crested Pigeon
Common Bronzewing
Brush Bronzewing
Wompoo Fruit-Dove
Rose-crowned Fruit-Dove
Spotted Turtle-Dove
Sulphur-crested Cockatoo
Little Corella
Long-billed Corella
Gang-gang Cockatoo

P
P
P
P
V
V
U
P
P
P
P

+
+
+
+

Yellow-tailed Black-Cockatoo
Glossy Black-Cockatoo
Galah
Cockatiel
Australian King-Parrot
Musk Lorikeet
Little Lorikeet
Swift Parrot
Budgerigar
Turquoise Parrot

P
V
P
P
P
P
P
E1
P
V

+
+
+
+
+
+
+
+

Ground Parrot (eastern subsp.)

V

+

Eastern Rosella
Crimson Rosella
Red-rumped Parrot

P
P
P

+
+
+

Scaly-breasted Lorikeet

P

Rainbow Lorikeet
Fan-tailed Cuckoo
Brush Cuckoo
Horsfield's Bronze-Cuckoo
Shining Bronze-Cuckoo
Pallid Cuckoo
Oriental Cuckoo
Pacific Koel

P
P
P
P
P
P
P
P

+
+
+
+
+
+
+
+

+
+
+
+
+
+

Channel-billed Cuckoo
Pheasant Coucal
Southern Boobook
Barking Owl
Powerful Owl
Barn Owl
Grass Owl
Masked Owl
Sooty Owl
Tawny Frogmouth
White-throated Nightjar
Australian Owlet-nightjar
Fork-tailed Swift
White-throated Needletail
Azure Kingfisher
Laughing Kookaburra
Forest Kingfisher
Sacred Kingfisher
Rainbow Bee-eater
Dollarbird
Noisy Pitta
Superb Lyrebird
Red-browed Treecreeper
Brown Treecreeper
White-throated Treecreeper
Superb Fairy-wren
Variegated Fairy-wren

P
P
P
V
V
P
V
V
V
P
P
P
P
P
P
P
P
P
P
P
P
P
P
V
P
P
P
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Malurus melanocephalus
Stipiturus malachurus
Pardalotus punctatus
Pardalotus striatus
Acanthiza chrysorrhoa
Acanthiza lineata
Acanthiza nana
Acanthiza pusilla
Acanthiza reguloides
Calamanthus
pyrrhopygius
Dasyornis brachypterus
Gerygone levigaster
Gerygone mouki
Gerygone olivacea
Origma solitaria
Pycnoptilus floccosus
Sericornis citreogularis
Sericornis frontalis
Sericornis magnirostris
Smicrornis brevirostris
Acanthorhynchus
tenuirostris
Anthochaera carunculata
Anthochaera chrysoptera
Entomyzon cyanotis
Epthianura albifrons
Gliciphila melanops
Lichenostomus chrysops
Lichenostomus fuscus
Lichenostomus leucotis
Lichenostomus melanops
Lichenostomus
penicillatus
Lichenostomus virescens
Lichmera indistincta
Manorina melanocephala
Manorina melanophrys
Meliphaga lewinii
Melithreptus brevirostris
Melithreptus lunatus
Myzomela sanguinolenta
Philemon citreogularis
Philemon corniculatus
Phylidonyris nigra
Phylidonyris
novaehollandiae
Phylidonyris pyrrhoptera
Xanthomyza phrygia
Plectorhyncha lanceolata
Eopsaltria australis
Melanodryas cucullata
Microeca fascinans
Petroica boodang
Petroica phoenicea
Petroica rosea
Tregellasia capito
Orthonyx temminckii
Cinclosoma punctatum
Psophodes olivaceus
Daphoenositta
chrysoptera
Colluricincla harmonica
Falcunculus frontatus
Pachycephala olivacea
Pachycephala pectoralis
Pachycephala rufiventris

Red-backed Fairy-wren
Southern Emu-wren
Spotted Pardalote
Striated Pardalote
Yellow-rumped Thornbill
Striated Thornbill
Yellow Thornbill
Brown Thornbill
Buff-rumped Thornbill

P
P
P
P
P
P
P
P
P

Chestnut-rumped Heathwren
Eastern Bristlebird
Mangrove Gerygone
Brown Gerygone
White-throated Gerygone
Rockwarbler
Pilotbird
Yellow-throated Scrubwren
White-browed Scrubwren
Large-billed Scrubwren
Weebill

P
E1
P
P
P
P
P
P
P
P
P

Eastern Spinebill
Red Wattlebird
Little Wattlebird
Blue-faced Honeyeater
White-fronted Chat
Tawny-crowned Honeyeater
Yellow-faced Honeyeater
Fuscous Honeyeater
White-eared Honeyeater
Yellow-tufted Honeyeater

P
P
P
P
P
P
P
P
P
P

White-plumed Honeyeater
Singing Honeyeater
Brown Honeyeater
Noisy Miner
Bell Miner
Lewin's Honeyeater
Brown-headed Honeyeater
White-naped Honeyeater
Scarlet Honeyeater
Little Friarbird
Noisy Friarbird
White-cheeked Honeyeater

P
P
P
P
P
P
P
P
P
P
P
P

New Holland Honeyeater
Crescent Honeyeater
Regent Honeyeater
Striped Honeyeater
Eastern Yellow Robin
Hooded Robin
Jacky Winter
Scarlet Robin
Flame Robin
Rose Robin
Pale-yellow Robin
Logrunner
Spotted Quail-thrush
Eastern Whipbird

P
P
E1
P
P
V
P
P
P
P
P
P
P
P

+
+
+

+
+
+

+

Varied Sittella
Grey Shrike-thrush
Eastern Shrike-tit
Olive Whistler
Golden Whistler
Rufous Whistler

P
P
P
V
P
P
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Dicrurus bracteatus
Grallina cyanoleuca
Monarcha melanopsis
Monarcha trivirgatus
Myiagra cyanoleuca
Myiagra inquieta
Myiagra rubecula
Rhipidura albiscapa
Rhipidura leucophrys
Rhipidura rufifrons
Coracina lineata
Coracina
novaehollandiae
Coracina papuensis
Coracina tenuirostris
Lalage leucomela
Lalage tricolor
Oriolus sagittatus
Sphecotheres vieilloti
Artamus cyanopterus
Artamus leucorynchus
Artamus personatus
Artamus superciliosus
Cracticus nigrogularis
Cracticus torquatus
Gymnorhina tibicen
Strepera graculina
Strepera versicolor
Corvus coronoides
Corvus mellori
Corvus orru
Corvus tasmanicus
Ailuroedus crassirostris
Ptilonorhynchus
violaceus
Sericulus chrysocephalus
Alauda arvensis
Mirafra javanica
Anthus australis
Passer domesticus
Carduelis carduelis
Lonchura castaneothorax
Lonchura punctulata
Neochmia temporalis
Stagonopleura bella
Taeniopygia bichenovii
Dicaeum hirundinaceum
Hirundo neoxena
Petrochelidon ariel
Petrochelidon nigricans
Pycnonotus jocosus
Acrocephalus australis
Acrocephalus orientalis
Cincloramphus cruralis
Cincloramphus mathewsi
Cisticola exilis
Megalurus gramineus
Megalurus timoriensis
Zosterops lateralis
Zosterops luteus
Turdus merula
Zoothera dauma
Zoothera lunulata
Acridotheres tristis
Sturnus vulgaris
Mammals
Tachyglossus aculeatus
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Spangled Drongo
Magpie-lark
Black-faced Monarch
Spectacled Monarch
Satin Flycatcher
Restless Flycatcher
Leaden Flycatcher
Grey Fantail
Willie Wagtail
Rufous Fantail
Barred Cuckoo-shrike

P
P
P
P
P
P
P
P
P
P
V

+
+
+
+
+
+
+
+
+
+

+
+
+
+

Black-faced Cuckoo-shrike
White-bellied Cuckoo-shrike
Cicadabird
Varied Triller
White-winged Triller
Olive-backed Oriole
Australasian Figbird
Dusky Woodswallow
White-breasted Woodswallow
Masked Woodswallow
White-browed Woodswallow
Pied Butcherbird
Grey Butcherbird
Australian Magpie
Pied Currawong
Grey Currawong
Australian Raven
Little Raven
Torresian Crow
Forest Raven
Green Catbird

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Satin Bowerbird
Regent Bowerbird
Eurasian Skylark
Horsfield's Bushlark
Australian Pipit
House Sparrow
European Goldfinch
Chestnut-breasted Mannikin
Nutmeg Mannikin
Red-browed Finch
Beautiful Firetail
Double-barred Finch
Mistletoebird
Welcome Swallow
Fairy Martin
Tree Martin
Red-whiskered Bulbul
Australian Reed-Warbler
Oriental Reed-Warbler
Brown Songlark
Rufous Songlark
Golden-headed Cisticola
Little Grassbird
Tawny Grassbird
Silvereye
Yellow White-eye
Eurasian Blackbird
Unindentified Ground Thrush
Bassian Thrush
Common Myna
Common Starling

P
P
U
P
P
U
U
P
U
P
P
P
P
P
P
P
U
P
P
P
P
P
P
P
P
P
U
P
P
U
U

Short-beaked Echidna

P

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+

+
+

+

+

Appendices

Antechinus flavipes
Antechinus stuartii
Antechinus swainsonii
Dasyurus maculatus
Phascogale tapoatafa
Isoodon obesulus
obesulus
Isoodon macrourus
Perameles nasuta
Phascolarctos cinereus
Vombatus ursinus
Petaurus australis
Petaurus breviceps
Petaurus norfolcensis
Petauroides volans
Pseudocheirus
peregrinus
Acrobates pygmaeus
Cercartetus nanus
Trichosurus caninus
Trichosurus vulpecula
Potorous tridactylus
Macropus giganteus
Macropus rufogriseus
Thylogale thetis
Wallabia bicolor
Pteropus poliocephalus
Pteropus scapulatus
Syconycteris australis
Rhinolophus megaphyllus
Nyctinomus australis
Chalinolobus dwyeri
Chalinolobus gouldii
Chalinolobus morio
Miniopterus australis
Miniopterus schreibersii
oceanensis
Myotis adversus
Nyctophilus bifax
Nyctophilus geoffroyi
Nyctophilus gouldi
Scotorepens orion
Vespadelus darlingtoni
Vespadelus pumilus
Vespadelus regulus
Vespadelus vulturnus
Hydromys chrysogaster
Melomys burtoni
Mus musculus
Pseudomys
gracilicaudatus
Rattus fuscipes
Rattus lutreolus
Rattus norvegicus
Rattus rattus
Lepus capensis
Oryctolagus cuniculus
Arctocephalus pusillus
doriferus
Canis lupus lupus
Vulpes vulpes
Felis catus
Sus scrofa
Capra hircus
Dugong dugon
Peponocephala electra
Stenella attenuata

Yellow-footed Antechinus
Brown Antechinus
Dusky Antechinus
Spotted-tailed Quoll
Brush-tailed Phascogale
Southern Brown Bandicoot
(eastern)
Northern Brown Bandicoot
Long-nosed Bandicoot
Koala
Common Wombat
Yellow-bellied Glider
Sugar Glider
Squirrel Glider
Greater Glider

P
P
P
V
V
E1
P
P
V
P
V
P
V
P

Common Ringtail Possum
Feathertail Glider
Eastern Pygmy-possum
Mountain Brushtail Possum
Common Brushtail Possum
Long-nosed Potoroo
Eastern Grey Kangaroo
Red-necked Wallaby
Red-necked Pademelon
Swamp Wallaby
Grey-headed Flying-fox
Little Red Flying-fox
Common Blossom-bat
Eastern Horseshoe-bat
White-striped Freetail-bat
Large-eared Pied Bat
Gould's Wattled Bat
Chocolate Wattled Bat
Little Bentwing-bat

P
P
V
P
P
V
P
P
P
P
V
P
V
P
P
V
P
P
V

+
+
+
+
+
+
+
+

Eastern Bent-wing Bat
Large-footed Myotis
Eastern Long-eared Bat
Lesser Long-eared Bat
Gould's Long-eared Bat
Eastern Broad-nosed Bat
Large Forest Bat
Eastern Forest Bat
Southern Forest Bat
Little Forest Bat
Water-rat
Grassland Melomys
House Mouse

V
V
V
P
P
P
P
P
P
P
P
P
U

+

Eastern Chestnut Mouse
Bush Rat
Swamp Rat
Brown Rat
Black Rat
Brown Hare
Rabbit

V
P
P
U
U
U
U

Australian Fur-seal
Dingo
Fox
Cat
Pig
Goat
Dugong
Melon-headed Whale
Spotted Dolphin
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U
U
U
U
E1
P
P
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+
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Stenella coeruleoalba
Equus caballus
Bos taurus

408

Striped Dolphin
Horse
European cattle

P
U
U

+
+
+

