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ABSTRACT
This study investigates the ecology of one of the best known Australian marsupials,
the Common Brushtail Possum Trichosurus vulpecula, in central Australia. Trichosurus
vulpecula is one of few medium-sized mammal species that persist in arid Australia today.

Its distribution within the arid zone has declined markedly since European settlement. Two
populations, one within the East MacDonnell Ranges along the Hale River and the other on
Irving Creek, a River Red Gum creek in the Petermann Ranges, were studied in the southern
Northern Territory.

Others locations in the region were visited opportunistically.

The

central Australian Trichosurus is not distinct genetically from populations elsewhere in
Australia.

The diet of T. vulpecula consisted of a range of leaves, flowers and fruits of perennial
dicotyledonous species as well as some ephemeral herbs. Grasses were absent from the diet.
Variation in the diet reflected seasonal availability in flowers and fruits.

The species

preferentially consumed at each site had significantly higher moisture content and dry matter
digestibility than species not consumed. Preferred species included Amyema maidenii leaves
(a mistletoe), Acacia spp. flowers and fruits, Santalum lanceolalum leaves (a shrub),
Marsdenia australis leaves (a vine), Solanum quadriloculaLUm fruit (shrub) and Euphorbia

spp. leaves (herb). Small amounts of invertebrate material were consumed throughout the
year.

Other non-plant material consumed included honeycomb and unfledged birds ego

Budgerigars. There were no significant differences in the diet between the sexes.

Trichosurus vulpecula were found in six mam habitats: Acacia aneuraiCallitris
glaucophyila on rocky hills; E. camaldulensis sandy creek-lines; mixed Acacia rocky hills,

Rocky Eucalyptus creek-lines; Degraded drainage lines; and Wet gullies. Logistic regression
modelling revealed a significant correlation between mistletoe species richness, higher levels
of soil nitrogen and the presence of T vulpeclila.

In habitats occupied by T. vulpecula

species richness of mistletoes was associated with the absence of fire and the presence of
reliable ground water supplies.

Trichosurus vulpecula were highly mobile with mean home ranges at Hale River of

44.21 ± 22.76 ha and considerably higher than those recorded in previous studies in
Australia. Mean home ranges at Irving Creck were much smaller, at 4.99 ± 1.46 ha and
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similar to that recorded in other studies in Australia. At both sites, males had larger home
ranges and there was a high degree of overlap with other males and females. At the Hale
River study site, T vulpecula predominantly denned in caves or cavities in rocks, whereas at
Irving Creek all den sites were in large Eucalyptus camaldulensis on the drainage line. Adult
and pouch young sex ratios were at parity. During this study, T. vulpecula was found to
breed continuously, with births recorded in almost all months. Growth of the young were
more rapid than previously recorded for Trichosurus in Australia. This is interpreted as an
adaptation for living in an arid environment. enabling the young to achieve independence
before quality food supplies diminish.

No single exotic predator or competitor was solely responsible for the decline of T
vulpecuJa in arid Australia, implying an interactive impact. Prey switching by dingoes from

rabbits to T. vulpecula, macro pods and echidnas followed the crash of rabbit populations at
Hale River. Predation by dingoes on T. vulpecula was only recorded once, at the Irving
Crcek study site, where numbers of rabbits remained stable throughout the study. The
impact of exotic herbivores occurred through habitat degradation rather than competition.

Evaluation of the ecological data collectcd during this study generally supports
current models of decline and extinction in medium-sized mammals in arid Australia,
integrating the effects of predators, competitors, drought and fire. However, the importance
of each factor on populations of T. vulpecula was found to vary depending on their loeation
in the landscape. This study suggests two separate models to explain the decline of T.
vulpecula in arid Australia after the arrival of Europeans. The first operates in the riparian

lowlands and the second on the rocky rangcs. In both models, prior to European settlement,
T vulpecula occupied rcfuge habitats characterised by rcadily available moisture for plant

gro\Vth (run on areas and/or shallow water tables) and soils with higher soil nutrient
concentrations. The impact of fires on these rcfugia was minimal, as Aboriginal burning
practices protected them wirh mosaic burning generally preventing large-scale fires from
dcveloping.

Following European settlement, thc forces impacting on populations were

different in the riparian lowlands from those affecting rocky ranges.
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In the riparian lowlands, the effects of rabbits and livestock together with predation
were found to have the major impaet on T vulpeculu populations. Fire was not a signifieant
factor in these areas.

In the rocky ranges, fire was the most signifieant factor affecting T. vulpecula
populations. Introduced herbivores did not degrade these habitats as they did in the riparian
lowlands because the rugged and steep nature of the ranges acted as a physical barrier.
Similarly, predator numbers were lower because of the relative difficulty in moving over
rough ground and the generally lower relative abundance of preferred prey such as rabbits.

An adaptive management strategy needs to be implemented to detennine the
effects of different management regimes on T. vulpecula population viability.

The key

elements of a management strategy in the riparian lowlands involves the manipulation and
monitoring of predators. rabbits and livestock numbers.

In the rocky ranges, the key

management strategy involves the implementation of a patch burning to prevent fires entering
habitats occupied by T. vulpecula. Importantly, any management strategies should involve
AboriginaL people.

Trichosurus vulpecula is an important part of Aboriginal culture. Its

decline is of great COncern to many people and several of the remaining popUlations and
potential reintroduction locations are on Aboriginal land. Because of their relationship with
the land and the animals, people have both the knowledge of the animal and the skills (such
as patch burning) to provide infonnation to managers which will assist with management.

To achieve these management directions a coordinated national education programme
is required to infonn and convince the Australian community that conservation of T. vulpecula
is deserving of attention in arid and semi-arid Australia. This is particularly important given
the perception that T. vulpecula is a common species throughout Australia, despite its massive
decline in arid Australia since European settlement.
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CHAPTER 1
GENERAL INTRODUCTION
This research began from the desire by the Tradilional Aboriginal Owners (Anangu) of
Uluru·Kata Tju!a NationaJ Park to see a return of the Common Brushtail Possum Trichosurus

vulpecula (Wayu!a) to the Park. Restoration of native fauna is of particular significance to
Anangu Tjukurpa (Dreaming or Law).

Anangu feel responsible for not looking after the

country and the disappearance of Tjukurpa species (Layton 1986). The Australian Nature
Conservation Agency (now Environment Australia) wanted to assess the feasibility of
reintroducing T. vulpecula as part of objectives expressed in previous Plans of Management
for the Park (ANPWS 1986, 1991). There was no baseline data on location of extant T.

vuipecula populations in arid Australia, their ecological requirements and the reason for their
disappearance from large parts of their former range from which to determine if reintroduction
was feasible.

This information is essential for identifying the threatening processes,

determining the security of extant populations of T. vulpecula and for the implementation of
appropriate management strategies for the species.

Such detailed autecological data can

provide an evaluation of the ecological meehanisms of arid ecosystems and how they relate to
the decline and extinction of medium-sized mammals. Undertaking ecological research into
arid-zone T vufpecula will also assist in understanding the Joss of many arid-zone mammals.
The variation in status and the solid baseline of ecological data available throughout its range
is in contrast to other medium-sized mammal species in arid Australia which have limited
baseline ecologieal data and are restricted to sparsely distributed populaiions.

1.1

Historical Distribution and Abundance in arid Australia
Trichosurus vulpecula was once widespread and common in arid central Australia.

Today it is rare and little known in this region (Kerle el af. 1992; How and Kerle 1995).
Evidence that T. rulpecula was once widespread and common in arid Australia can be found
in the reports of early European explorers. During the Horn Expedition to central Australia in
1894, Baldwin Spencer states that they found T. vulpecula: "... occurring everywhere amongst
the eucalypts which border the riverbeds." (Spencer 1896). Forty years later in his 1932-35
expedition to central Australia, Finlayson considered T. vulpecula to be: "...an extremely
abundant animal over wide areas and ...one of the chief food species of the natives in some
districts ..." (Finlayson 1961).
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Its meat was considered the best or most desirable of the native game available to
Aborigines (Tindale 1974). The fur was spun into string, the skin used and the tail sinews
made into twine (Tunbridge 1991). It also featured very strongly in dreaming songs and
rituals, and stiH is in some areas today (Keele eta!. 1992).

The past and present distributions of T. vulpecula in arid Australia was determined
from published sources (Burbidge et at. 1988; Kerle e( af. 1992; Gibson and Cole 1993) and
observations made during this study. These data clearly indicate that T. . . ulpecula was once
an abundant and widely distributed animal in arid Australia- arid Australia is defined by the

250 mm isohyet in the south and east and the 380 mm {sahyet in the north (Williams and
Calaby 1985). Whilst the possums' distribution was clearly widespread, the small number of
animals collected on the Elder Expedition to central Australia (Stirling and Zietz 1892)
indicates that population numbers of T. vulpecula, and other mammals, fluctuated greatly
according to the conditions at the time and that they were not found in all habitats.

Further evidence of the widespread distribution of T. vulpecu/a is found in cave
surface deposits. These provide a good indication of the mammal assemblages for the time
immediately prior to the influence of Europeans. Baynes and Baird (1992) examined cave
surface deposits from arid Australia in Western Australia and from Uluru in the Northern
Territory.

They found T. vulpecula remains at numerous sites through arid Australia,

including the Great Sandy, Gibson and Great Victoria Deserts. Tr;chosurus vu/pecula scats
extracted from fossil mammal middens in central Australia have been dated from between
1700 YBP at the top, down to 3500 y BP (Berry 1991).

The extensi ve distribution of T. vuJpecula throughout arid Australia continued into the
early post-European times (Figure 1.1 a). The location records for T vulpecu/a show that
although they were abundant along the major watercourses, they were not restricted to this
habitat.

The distribution shown on Figure 1.1a appears to be a realistic reflection of T

vulpecula distribution at the time of early European exploration and into the first part of the

twentieth century.

The decline of T. vu/pecu/a in arid South Australia and the Northern Territory had
mostly occurred by the early 1940's although some small populations did persist for longer.
Records suggest that the deeline occurred ten years earlier in the south than in the north.
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Population decline began in the Flinders Ranges around the mid 1920's, after 1935 in the
north-eastern ranges of South AustraJia and in the 1940's or later, in the ranges of central
Australia (Keele et af. 1992).

1.2

Present Distribution and Abundance in Arid Australia
Trichosurus vuJpecu/a records post-1980 are shown in Figure 1.1 b. Parker (1973) lists

eight sites where T vulpecufa occurred in central Australia and described the status of T
vulpecula as a rare but persistent and possibly increasing species.

On the contrary,

populations continued to deeline for about the next fifteen years in central Australia.
Similarly, there has been no recent sign found at other sites in the Sandover and Tarrami
regions where sign was recorded in the early 1980's. However there was a reliable report of T.
vuipecuia in sand-plain country west of Yuendemu in 1991 (Kerle et af. 1992).

Survey work in the MacDonnell Ranges since 1989 (Gibson ef af. 1992; Gibson and
Cole 1993, M. Moyses pers. comm 1997) has expanded the present distribution of 1.
vulpecuia, but none of the records listed by Parker (1973) have been reeently confimled. Of

the nine known populations (Figure 1.4), six are found in the Heavitree and Chewings Ranges
west of Alice Springs, one in the Harts Range to the north-east of Alice Springs, one on Loves
Creek Station to the east of Alice Springs and the last is on Irving Creek in the Petermann
Ranges in the south western corner of the Northern Territory.

In South Australia, populations of 1. vulpecuia in arid areas appear to have almost
disappeared. There are some reports from the Flinders Ranges and the north-east of the state,
but none of these have been recently verified (Kemper and Foulkes 1997). Recent survey
work in the Mann and Musgrave Ranges (P. Copley pers. comm. 1997, pers. obs. 1998),
Southern Simpson Desert (pers. obs.1998), Flinders Ranges (pers. obs. 1997, 1999) and North
Olary Plains (Playfair ef ai. 1997) revealed no sign of T. vuipecula.

It is possible that

intensive survey work in areas such as the Flinders and Everard Ranges may locate some
surviving populations, however it appears this once common species has disappeared from
arid South Australia (Kemper and Foulkes 1997).

Similarly, in Western Australia recent work by Burbidge ef af. (1988) in the sandy
deserts and Pearson (l992 pers. comm.) in surveys of the Warburton region in the Gibson
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Figure 1.1(8): Distribution records of Trichosurus vulpecula throughout the arid zone of
Australia. (b): Distribution records of T. vulpecula in arid Australia since 1980.
Rainfall isohyets after Bureau of Meteorology (1988).

,
Desert in 1992 have found no recent evidence of T. vulpecula. Survey results for the Channel
Country in western Queensland (McFarland 1992) reported no recent sign of T vulpecula, nor
presented any other data available on their distribution. However. in this study, T. vulpecula

was recorded to be widespread on properties on the Thomson and Bareoa Rivers and their
tributaries and the upper reaches of the Diamantina River. They have also been recorded at
sites away from the major drainage lines on Acacia dominated rocky hills and on Mitchell
Grass plains (A. Emmott, pers. camm., 1992).

1.3

Distribution of Trichosurus vulpecula Elsewhere
The genus Trichosurus contains two species: the Common Brushtail Possum T

vulpecula and the Mountain Brushtail Possum or Bobuck T. caninus. Trichosurus vulpecula

is the most common and widely distributed of the two species and was one of the earliest of
the Australian marsupials to be described (McKay 1988). There are five sub-species of T.
vulpecula currently recognised, which are separated on the basis of ecological and geographic

factors (McKay 1988; Kerle et al. 1991). The nominate race T. v. vulpecula, is present in
eastern and south-eastern Australia. The Northern BrushtaiJ, T v. arnhemensis, is found in
the Top End of the Northern Territory and the Kimberley in northern Western Australia. The
south western Western Australian form is described as T. v. hypoleucos. The Tasmanian torm
is described as T. v. Juliginosus and T. v. johnstonii the Coppery Brushtail occurs in northern
Queensland.

The central Australian form is currently considered the same form as the

nominate race (Finlayson 1961).

Trichosurus vulpecula has a wide distribution across Australia (How and Kerle 1995).

In eastern Australia, they occur on both sides of the Great Dividing Range, predominantly in
dry sclerophyll forest (Marlow 1958; MacLennan 1987) but they are uncommon in Cape York
(Winter 1979). In New South Wales, they prefer dry eucalypt forests and woodlands. They
occur in open plains country west of the divide, occupying trees along watercourses (Marlow
1958) and they can also occur in wetter eucalypt forests and at rainforest margins. In Victoria,
they are widely distributed throughout forest, woodland and riparian habitats, including
roadside strips. although they are less common in the wetter areas of the south-east and in the
north-east (Bennett el al. 1991; Menkhorst 1995).

Despite continued harvesting of T

vulpecula in Tasmania, they have extended their range from forests and mountainous areas to

most habitat types (Driessen et al. 1991).

Their distribution in

south~westem

Western
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Australia is poorly documented. Their occurrence is patchy but they are more abundant in
areas with a higher diversity of eucalypts (Jones and Hillcox 1995).

There is mounting evidence 10 indicate that, with the exception of Tasmania and
Kangaroo [stand, T. vulpecula abundance is decreasing in natural habitats

(non~urban)

throughout its range (Kerle et at. 1992; Kemper and Foulkes 1997). In Western Australia,
they are considered, officially, to be in the Lower Risk (near threatened) Category in the 1996
Action Plan for Australian marsupials and monotremes (Maxwell el al. 1996). However, for
the whole of Australia their official status is considered not threatened, but they are protected
by State laws, but with open seasons in some States.

Trichosurus vu/pecu/a became successfully established in New Zealand following
importation and liberation of stock from south-eastern Australia between the 1830's and 1959.
Acclimatisation soeieties released T. vulpecu/a, primarily for the establishment of a fur
industry (Pracy 1974). The majority of animals originated from Tasmania as they had a more
commereially valuable pelt bue there were also some from mainland Australia (Pracy 1974).
The acclim<ltisation societies considered them to be valuable and harmless animals, but they
were later declared a pest species because they were causing severe forest defoliation, and
orchard and crop damage (Coleman eJ af. 1985; Owen and Norton 1995). More recently, they
were found to be a vector of bovine tuberculosis (Barlow 1991a,b) which has prompted a
renewed effort to devise control methods for the species.

1.4

Previous Studies of the Ecology of Trichosurus
There have been several detailed studies of the ecology of wild populations of

Trichosurus in Australia, mostly carried out in temperate climatic regimes. The majority of
ecological research has been conducted in New Zealand including studies of their ecology,
diet and movements in an effort to devise control strategies and prevent disease transmission
!O

livestock as well as reducing their impact on native forests. Montague (2000) presents a

detailed overview of past and present research conducted on all aspects of the biology, impact
and management of T vulpecula in New Zealand.

The first detailed study, on the ecology of T vulpecula in Australia was that of Dunnet
(1956; 2964) in the Canberra region.

In a mark·recapture study, of eight populations, he
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determined the population size and composition, home range size and tenitoriality of animals
occupying habitats with varying degrees of human impact. He documented the breeding,
growth, development and survival of young through the year. This was followed by Owen
(1964) who conducted a mark-recapture study on a population jn Victoria, obtaining data on
breeding, dispersion, activity patterns and diet. Sampson (1971) collected data on the density,
habitat preference. denning requirements, home range and territoriality, diet, breeding and
growth of the young of T. vulpecula for a period of four years in south-western Western
Australia. A detailed fouf year study of the population ecology of T vulpecula was carried
out by How (1976,1981) in the New England region of New South Wales. He documented
the population size and composition, home range, movements and sociality and obtained
additional infonnation on breeding and growth of the young.

Detailed behavioural infonnation was documented by Winter (1976). As well as data
on communication, social relationships and dispersion, Winter obtained data on density,
structure, activity and diet of his study population in south-eastern Queensland. Hocking

(1981) studied the population ecology of T. vulpecula in 15 habitats, comprising post-tire
succession in southern Tasmania, relating reproductive success, growth rates and overall
population dynamics to post-tire seral stage of the forest. Kerle (1983) conducted a detailed
study of the population biology of T. v. arnhemensis in the Alligator River region of the
Northern Territory. From a mark-recapture study, Kerle documented the population size and
composition, home ranges, reproductive parameters and determined their habitat preferences
and diet.

MacLennan (1987) studied the home ranges of T. vulpecula in south eastern

Queensland and examined the use of different parts of their ranges. He attempted to eonstruct
models defining the qualitative relationship betv.. ·een eucalypt chemisuy and phenology and T.

vulpecula food preferences.

The documentation of the diet of T. vulpecula in Australia has been limited (Kerle
1984), with some gut analysis being carried out by Owen (1964), macroscopic faecal analysis
by Sampson (1971) and observational data from Freeland and Winter (1975) and Winter
(l976).

Fitzgerald (1984) carried out a detailed microscopic faecal analysis of two

populations in southern Tasmania and Proctor-Grey (1984) documented the diet of the
Coppery Brushtail T v. johnstonii from north Queensland. Kerle (1983) determined the diet
of T. v. arnhemensis using microscopic analysis as did MaeLennan (1987), on eastern
Australian T vulpecula and Evans (l992), in the only published dietary study of T vulpecula

8

from arid Australia. Statham (1984) conducted microscopic analyses of stomach contents and
faeeal pellets from five Tasmanian populations.

The composition of the diet is extremely varied. In the eucalypt forests of eastern
Australia and Tasmania, Eucalyptus foliage regularly comprises greater than 60% of the diet

lOwen 1964; Freeland and Winter 1975; Maclennan 1984). Kerle (1985) reeoeded a high
oecurrence of Eucalyptus in One of five samples from tropieal Australia, whereas the
remainder contained less than 5% Eucalyptus. The diet as indicated by Kerle's samples was
dominated by leaves of Erythrophfeum chlorostachys and flowers and fruits of a variety of
under-storey species. In the only eentral Australian study, Evans (1992) found the preferred
foods were a mistletoe Amyema maidenii, Acacia leaves and flowers, Rhagodia spinescens
leaves and fruits of Solanum centrale.

Factors that have been considered to influence diet selection include the presence of
plant toxins, nutritive value and digestibility of food items (Freeland and Winter 1975;
Braithwaite el al. 1983; Cork 1984; Cork and Pahl 1984; MacLennan 1987). These authors
have suggested that toxic secondary compounds limit consumption of some foods and this
'toxic load' is ameliorated by eating other foods. This is not fully supported by the evidence,
as there are numerous accounts of Trichmmrus consuming foods that are highly toxic.

Trichosurus has been recorded consuming large amounts of Erylhrophleum chlorostachys and
Solanum mauri/ianum which contain high alkaloid levels (Van Dyck \979; Kerle 2985) and
Gasfrolobium spp. which contain monofluoroacetic acid (King et al. 1978). These findings
and those of Lintermans (1979) who re-examined the findings of Freeland and Winter (1975),
suggest that [ow digestibility of Eucalyptus foliage is just as plausible a reason as the effect of
toxins in explaining diet selectiVity.

The relationship between nutrient concentration in foliage (nitrogen in particular) and
the presence of arboreal marsupials has been examined in some detail, but there is little
information for Trichosurus specifically. Braithwaite el al. (t 983) and Jones et al. (1994a)
found significant associations between foliage nutrient levels and abundance of arboreal
marsupials but other studies have been less conclusive (Cork and Pahl 1984). In the only
attempt to define any association between T. vulpecula and leaf nutrients in arid Australia,
Munks e/ al. (1996) concluded that water availability is the paramount factor defining
preferred arboreal marsupial habitat in arid and semi-arid Australia rather than nutrient levels.
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In addition to data on breeding, growth and development of the young from field
studies of T vulpecula outlined above, Lyne and Verhagen (1957) and Kean (1975) analysed
their breeding, growth and development while Smith el 01. (1969) assessed the breeding of
five populations in New South Wales.

Most births occur in autumn (March-June) with a

lesser pulse of births in spring (Kerle 1984; GemmeH 1995).

In some populations of T.

vulpecu[a, births have been recorded in every month (Pilton and Sharman 1962; Smith et at.
1969; How 1974; Winter 1976; Sanderson and O'Driscoll 1986; MacLennan 1987), but
autumn and spring peaks are still evident. Trichosurus v. arnhemensis, however, bred
continuously and there was no distinct peak in births recorded (Kerle and Howe 1992). There
have been no data recorded on breeding of T. vulpecula in arid Australia

Hope (1970) studied the genetic variation in natural and laboratory populations of T.

vulpecula in South Australia. He determined the extent and nature of variation within and
between naturally occurring populations from 14 geographically isolated localities, whereas
Triggs (1990) examined the population genetics of populations in south-eastern Australia,
finding genetic divergence between populations to be low. Kerle et 01. (1991) examined the
extent of variation between 15 populations from around Australia in order to clarify
taxonomic confusion surrounding the species.

1.5 Factors Contributing to the Decline of Medium-sized Mammals in
Arid Australia.
The disappearance of mammal species from arid Australia following European
settlement is well-documented (Burbidge et a1. 1988; Burbidge and McKenzie 1989; Morton
1990).

There are 23 terrestrial mammal species from arid Australia. which have become

extinct, or endangered in Australia within thc last 200 years; representing about 60% of the
mammal species known to have declined.

Almost all of the species affected are terrestrial mammals with an average adult body
weight between 35 and 4200 g. Burbidge and McKenzie (1989) suggest the susceptibility of
mammals within this critical weight range (CWR) is due
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their need to meet high daily

metabolic requirements under circumstances of increasing aridity. Some species within the
CWR persist in the arid zone, but with a reduced range and abundance. In addition to T.

vulpecula. these include Dasycercus cristicauda, D. hillieri, D. byrnei, Notoryctes spp.,
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Petrogale lateralis, Macrotis lago/is and Tachyglossus acu/earus.

In arid AustraJia,

exploration and settlement have generally occurred within the last 100 years, making the
speed of mammal species decline even more dramatic.

A variety of reasons have been proposed for the decline in mammals including the
impact of drought, introduced predators and competitors, pastoralism, change in fire regimes,

overhunting and disease (Finlayson 1961; Bolton and Latz 1978; Burbidge el al. 1988;
Burbidge and McKenzie 1989; Johnson ef ol. 1989).

The change in burning regime in central Australia is considered by some to have led to
significant changes in habitat type, especially in Triodia hummock grassland communities and
this has contributed to the decline and extinction of some mammal species (Latz and Griffin
1978; Griffin and Friedel 1984; Lalz 1995).

Following European settlement, fire regimes

changed from traditional Aboriginal patterns of small fires mostly in the cooler months, to one
dominated by large intense summer fires. Evidence linking the change in fire regime and the
disappearance of T. vulpecula is not as strong as for other species such as the Rufous Hare
Wallaby Lagorches!es hirsutus (Bolton and Latz 1978, Burbidge et at. 1988) mainly because the
prime habitat of T. vulpecula has never been Triodia commuruties (Kerle el al. 1992). It is
likely that severe wildfire may have been responsible for localised extinctions and that ehanges
in fire frequency may have altered vegetation composition, however it is unlikely this alone was
responsible for such a massive decline as occurred between 1920 and 1930.

The impact of predators, such as the dingo. cat and fox has been suggested as a major
cause of species decline (Finlayson 1961; Burbidge and McKenzie 1989). Dingoes, Canis lupus

dingo, have co-existed with T. vulpe(,'u{a and other medium-sized mammals for about 4,000
years (Corbett 1985) and are therefore considered unlikely to be responsible for such a rapid
decline. Cats, Felis cams, have been present in central Australia since the 1890s, and since the
major period of decline was not until 40 years after this, it is again unlikely cats alone were
major contributors to the decline ofT. vulpecula. Faxes, Vulpes vulpes, are known to be ruthless
predators of small and medium-sized mammals such as L. hirsutus and M lagotis, but the
arboreal ability and aggressive nature of T. vulpecula when compared with these species also
makes it unlikely that foxes were solely responsible for the decline; Aboriginal people have
asked why a fox or cat would risk injury from an aggressive T vulpecula when there is
abundant, easy to catch prey such as rabbits?

II

Rabbits, Oryctolagw' cuniculus, radiated through the inland from early in the 1870's
until reaching their eurrent limit during the first 20 - 30 years of this century (Rolls 1969;
Morton 1990). Since their arrival in the Northem Territory in 1896, populations have fluctuated,
from plagues during good seasons to almost disappearing during droughts. Rabbit plagues
occurred in 1906, early 1910's, early 1920's, mid 1930's and lale 1950's (Low 1982). The
number of rabbits in these plagues is difficult to ascertain due to the laek of people observing
their progress and population fluctuations, but an account of 60,000 pairs of rabbits captured by

a small nwnber of Aborigines on the western edge of Lake Eyre just 7 years after the rabbit
arrived there indicates the enormity of the rabbit numbers CR.J. Kimber, pers. eomm., 1991).

The impact of rabbits on the vegetation has been noted by many authors (Mackay 1926;
Wood 1936; Terry 1937; Crisp and Lange 1976; Foran el oJ. 1985). !I is generally accepted that
competition and habitat alteration were major components involved in the decline of medium
sized mammals in the arid zone, however there is little quantitative evidence to support this.
Dawson and Ellis (1979) found that dietary overlap between rock wallabies and rabbits was
greatest during driest periods and similarly Lundie-Jenkins (1989) observed significant levels of
diet overlap between 1. hirsulus and rabbits in the Tanami Desert, particularly in dry periods.
Despite this dietary overlap, rabbits have never been common in some areas where many
mammal species have become extinct (Johnson et af. 1989).

Many authors have attributed the decline of medium-sized mammals to habitat alteration
and competition for food (Finlayson 1961; Chippendale 1963 a,b; Newsome 1971; Johnson et
af. 1989). The introduction of cattle, horses, sheep. goats and other large herbivorous mammals

into central Australia in the 1870's resulted in widespread degradation from extensive
overstocking especially during droughts (Griftin and Friedel 1985). As with the example of
rabbits, the impact of herbivorous mammals on habitats cannot be disputed in some regions, bur
it does not explain the mammal extinctions or severe decline of T. vulpecula popUlations and
other species in the Petermann Region where cattle have never grazed, and in the Tanami
Desert, where grazing pressure has been limited.

Finlayson (1961) suggested that T. vulpecula wa<; one of the speeies affected by long
term climatic change of increasing aridity and eonsequent vegetative changes.

The central

Australian climate has become less arid since a peak of aridity between 26,000 and 18,000 years
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ago (Morton 1990), and it is therefore very unlikely that climatic change has led to such a rapid
decline.

Local DverhWlting, partieularly around pennanent settlements may have resulted in
localised extinctions (Newsome 1971), but this is not likely to be solely responsible for sueh a

decline. Likewise, disease appears to be an unlikely Cause, as Aboriginal people have no
recollection of any great numbers of diseased animals at any stage during the decline of these

species. There is no reason why medium-sized mammals were more susceptible to disease
than any other mammals.

The unsatisfactory nature of the above factors individually explaining the decline of
our medium-sized mammals, led to the development by Morton (1990) of a model to explain
this decline. Morton proposed that the environment of arid inland Australia was originally
very difficult for herbivorous and omnivorous mammals to inhabit because of the inherent
infertility of the soils.

Arid Australian soils are ancient, weathered, highly sorted and are

usually infertile with low levels of phosphorus and nitrogen (Wild 1959; Charley and Cowling
1960; Williams and Raupach 1983). Importantly. some areas of greater topographical and
geological diversity have higher levels of nutrient and moisture (Morton 1990; Stafford Smith
and Morton 1990). Morton proposed this restricted mammal distribution to small fertile areas
(Figures 1.2 & 1.3).

The problem of low soil fertility was exacerbated by the uncertain

climate with its droughts of irregular length. The consequent restriction of medium-sized
mammal species to scattered pockets of suitable habitat exposed them to high probabilities of
local disappearance.

The arrival of grazing stock and the rabbit upset the balance between local
disappearance and remvaSlOn after drought.

The introduced herbivores maintained

extraordinarily high numbers for a short time into the droughr, and in doing so altered the
vegetational composition of the habitats upon which the native species had been dependent for
refuge during droughts. This degradation, together with the pressure of introduced predators
and in some places altered fire patterns, resulting in increased probabilities of local
disappearance. Extinctions resulted several droughts later (Morton 1990).
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Figure 1.2: A flow-chart showing the principal forces postulated as acting upon medium·
sized mammals in arid Australia before the arrival of Europeans (after Morton 1990).
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Figure 1.3: A flow-chart summarizing the forces which are suggested to have caused the
extinetions of medium·sized mammals after the arrival of Europeans in arid Australia (after
Morton 1990).
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Many of the mammal species we have lost disappeared before anything was known of

their ecology. Others, such as M lago/is and L. hirslilus have been the subject of intensive
study (Southgate 1990a,b; Lundie-Jenkins 1993a,b; Lundie-Jenkins et 01. 1993a,b; Southgate
and Adams 1993), but their highly restricted distributions limit the generalisation of the
ecological mechanisms contributing to their decline. Trichosurus vIIlpeel/fa currently has the
same rare status as the M lagotis and L. hjrsulus within arid Australia, however it is still
relatively common in other parts of Australia and has been well researched in south·castern
Australia and New Zealand.

This provides an opportunity to compare ecological data

collected for the remnant arid populations with a solid background of baselinc information not
available for other species. Why has this apparently robust and adaptable species suffered the
same fate as so many other arid-zone mammals? Indeed, Morton (1990) included Trichosurus
as One of the species that would not seemingly be affected by the competition for food by
rabbits and other introduced herbivores.

1.6

Objectives of the Study
In central Australia T vuipecula is threatened.

The survival of this species as a

member of the suite of medium-sized arid zone mammals is of critical concern to wildlife
managers and Aboriginal people. This status is in stark contrast to its status in other parts of
its range. There is an urgent need for information about the ecology of this species in central
Australia so that remnant populations can be managed effectively to enhance their survival.
Their field ecology has to be understood for the reversal of threatening processes to be
sllccessful.

A broad ecological approach combined with an autecological study is suggested as the
most effective approach in understanding and slowing eXlinctions (Recher 1993; Caughley
1994). The importance of autecological studies was recognised as important for reversing
species decline by Caughley and Gunn (1996), and they suggested the following steps be
undertaken:

1. Confirm that the species is in decline or that previously it was more widely distributed or
abundant. This wHl provide an indication of how much time is available to reverse the
process.
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2. Study the natural history of the species to give a better idea of its status and the possible
causes of decline.

3. Identify all conceivable agents of decline.
4. Define the current and fonner distribution of the species and determine if the range
reduction correlates with encroachment of the agents of decline. If there is a negative
correlation then hypotheses for the cause of the reduction in range can be developed.
5. Test the hypotheses by experiment fa confirm that the putative agent is causally linked to
the decline.

The work of Kerle et al. (l992) identified that a decline in T. vulpecu/a was
occurring and has been since the 1930's, fulfilling step 1 identified by Caughley and Gunn
(1996). The primary objective of this study was to obtain baseline ecological information for
T vulpecula in arid Australia and in so doing, fulfil steps 2 to 4. This will provide insights

into the reasons for the decline of T vulpecula in central Australia, which can be used for
species management and recovery. No detailed studies have been conducted on T. \'ulpecula
populations within the arid portion of its range and consequently the study is necessarily
broad and observational in nature rather than experimental. The focus of the study was on
four main aspects thought to be important for the management and long tenn survival of T.
vulpecuJa in arid Australia. Morton (1990) provided a cohesive hypothesis to explain the

of so many mammal speeies but this has not yet been tested.

1055

This study provides an

opportunity to test that hypothesis, and in so doing, partially fulfil step 5 as put forward by
Caughley and Gunn (1996).

The focus of the study was on the six main aspects thought to be important for the
management and long term survival of T. vuJpecuJa in arid Australia. The main objectives
were to:
I)

delermine the taxonomic affinities of central Australian populations.

2)

describe the habitat requirements of T vulpecula by analysing the vegetation
composition, geology, landform, watertable depth, grazing intensity and soil
nutrients of locations occupied by possums and comparing these same
variables in habitats not occupied by T. vulpecula.

This will be used to

qualitatively predict the presence of T. vulpecula in the region and detennine if
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Morton's (1990) model and the characteristics of preferred habitats or drought
refuges holds true for T vulpecu/a in central Australia.

3)

determine temporal variation

In

the diet of T vu/pecula and detennine the

relationship between diet and nutritive quality of food items and: a) derive food
preference ratings to provide indications of the relationship between plant
availability and utilisation; b) provide an insight into whether food
preferences/diet selection are driven by digestibility and nutrient content as
postulated by Morton (1990).

4)

determine the relative importance of different plant cornmunitjes to the
distribution of T. vulpecula by investigating changes in their local distribution
in relation to seasonal conditions and: a) determine the factors that influence
changes in habitat use; b) detennine home ranges and denning habits in
different habitats; c) determine breeding patterns and estimate growth rates of
young.

5)

defme the interactions between introduced herbivores, predators and T.
vulpecula and: a) compare the diets of introduced herbivores and T vulpecufa

by a combination of seat analysis, literature review and observations of the
impact of introduced herbivores on habitats; b) examine the diets of dingo, fox
and cat using scat analysis to detect the presence of T. vulpecula; e) gain an
understanding of the role of predators and introduced herbivores in the deeline
of T vufpeeufa in central Australia and develop conceptual models to illustrate
these interactions under a range of scenarios.

6)

test the model of decline proposed by Morton (1990) against the information
obtained in this study.

I. 7

Study Areas
Data on eentral Australian T vulpecula populations were obtained from Milton Park,

Roma Gorge, Giles Yard Spring, Chopper Gully, Ellery Big Hole, Ormiston Gorge, Harts
Range, Armstrong Creek, Hale River and Irving Creek. The locations of these sites are shown
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in Figure 1.4. Two of these sites, Hale River and Irving Creek, were visited regularly and
these are described in more detail below.

Climatic data for central Australia are sparse and have been recorded irregularly.
Total yearly rainfall is low and unreliable and most rain falls in the summer months
whenmonsoonal intluences from the north and north-west develop. Mean maximum and
minimum temperatures for Alice Springs are shown in Figure 1.5. Highest temperatures are
recorded between December and February with extremes in the high 40's.
maximum temperature in these months is 35

The mean

"e. and lowest temperatures are recorded in June

and July with mean minima of about 5 °C and occasional frosts.

1.7.1

Irving Creek
At the commencement of the study, Irving Creek was the only known site where T.

vulpecula had been recorded for several years. It is located on Aboriginal freehold land
approximately 140 km west of Uluru (Ayers Rock) and required permit entry issued by the
Central Land Council. At times during the study, access to the area was denied, curtailing
aspects of the project.

The site contains areas of low ridges and hills with some intervening dunes. Irving
Creek has irs headwaters in the predominantly granite Pottoyu Hills and cuts through the
quartzite-dominated Petermann Ranges, draining northwards where it floods out into sand
plain (Figure 1.6). It is lined with Euca(vptus camaldulensis and passes through a sand·plain
with sparse Acacia esrrophiolata, Hakea suberea and Grevillea slriala trees over Aristida

contortalholathero grassland. Small sandy islands in the

creek~line

support a diverse shrub

and grass community.

Figure 1.7a shows the monthly rainfall recorded at Ulu!u Ranger Station (140 k.m to
the east) during the study. Monthly rainfall varied from 419 mm in March 1989 to none in 6
of the months. Olher than the March 1989 rainfall, falls were below SO mm in aH but two
months.
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1.7.2

Hale River
The Hale River study site was included following the discovery of sign of T vulpecula

there in t 989 (Gibson et al. 1992). It is located approximately l30 km east of Alice Springs
on Loves Creek Station adjaeent to the Hale River. The geology of the area is complex. It is
dominated by the Heavitree Quartzite overlying Pre-Cambrian crystalline igneous and

metamorphic rocks (Shaw et ai. 1984) (Figure 1.8). II includes areas of the low ranges and
hills of the Atnarpa Range. The vegetation is diverse in its species composition.

The closest rainfall station to the Hale River site is Arltunga Ranger Station (40 k.m to
the west). Figure 1.7 b shows the monthly rainfall recorded at Arltunga during the study
period. Several large rainfall events occurred during the study, the largest being 203 mm in
February 1991. Flooding prevented access to the study site for periods of up to three weeks
on three occasions. No rainfall was recorded for 13 of the months during the study.
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CHAPTER 2
TAXONOMIC STATUS

2.1

Introduction
The original description of the Common Brushtail Possum (KelT 1792) was made from a

speeimen collected in the vicinity of Sydney. This was followed by the description of the
Tasmanian (or Dusky) Brushtail Possum Phalangista fuliginosa in 1831. In 1836, the Short
eared Brushtail Possum (Ogilby) was described as P. canina (McKay 1988). Gould (1863)

considered that these three described forms all represented good species.

Thomas (1888),

however, after a more detailed examination of the skull, re-classified the Tasmanian animals as
the race T. vulpecula varjuJiginosus.

In 1888, the Coppery Brushtail (from near Cairns) was deseribed as T. johnstonii by
Ramsay (McKay 1988). These specimens were usually coppery-red or chestnut-brown although

grey animals had also been observed. The Northern Brushtail Possum, was originally described
as T. vulpecula var arnhemensis (Collett, 1897) despite distinct size and pelage differences.
This was followed by the description of five more races.

Schwarz (1909) described tv,ro

specimens trom the Murchison district as T. v. ruficollis and he considered that the specimens
from the Stirling Ranges in Western Australia were the same as an animal described as T v.

hypoleucus by Wagner in 1855. Specimens from Cape York were described as T v. eburacensis
because they were smaller, lighter and less furry than the nominate subspecies (Iredale and
Troughton 1934). Specimens from the Townsville region of coastal north Queensland were then
described as T v. mesurus by Thomas in 1926 on the basis of their more slender, less bushy taiL
Finlayson described the Kangaroo Island animals as another subspecies T v. raui (McKay
1988)

Confusion derived from morphological variation has led to progressive taxonomic re
evaluations of the genus. Iredale and Troughton (1934), recognised only two species, T. caninus
and T. vulpecula, with T. fuliginosus and T. johnstonii included as subspecies of T vulpecula.
Ride (1970) reclassified the genus into three species by elevating T v. arnhemensis to specific
status along with T. vu{pecula and T. caninus. This classitication was adopted by Kirsch and
Calaby (1977). Kerle

el

al (1991) subsequently reduced arnhemensis to subspecific status on

the basis of allozyme electrophoresis, skull morphometric analysis and differences in behaviour
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and ecology from other populations in Awtralia. How and Kerle ((995), retained the nominate
race T v. vli/pecula, as well as T v. johnstonii, T v. arnhemensis, T v. eburacensis and T. v.

Jilliginosus of the eight that have been described. It is now generaHy accepted that there are two
Australian species; T. vulpecula and T caninus with a nwnber of subspecies and races (Table

2.1 ).

Wood-Jones (1925) described animals from arid South Australia as one of the "well
marked geographical races which differ considerably from the type." and as ·'...typically a small
tonn of light blue-grey colour. There is considerably less contrast in the

COIOUT of the

dorsal and

ventral surfaces than is present in the typical form. Little or no yellowish coloration is present
an the ventral surface. The fur is close, smooth, and rather short. The black terminal portion of
the tail is considerably shorter than the grey basal portion".

Finlayson (1961), however,

considered [he central Australian form. the same as that from south-eastern and south-western
Australia.

The only attempt to include specimens in any analysis 10 resolve the taxonomic

confusion (Kerle et at. 1991) contained only one sample of blood and one skull from central
AustrJlia in the analysis. This study was inconclusive in resolving taxonomic issues regarding
the central Australian and northern Queensland populations of the species. As a consequence of
the large morphological variation within T vulpecula, the taxonomy of this group has been
confused, with ten distinct forms having been described as either species or sUbspeeies.

The aim of this study was to describe the morphology of central Australian Trichosurus
and to determine the taxonomic status and affmities of central Australian T vulpecula which,
until the present, have only had a limited representation in systematic studies of the genus. The
affinities of T vulpecula from tluoughout its range are also investigated. This was investigated
by comparing morphological characters (body size, fur colour and skull dimensions),
mitochondrial DNA analysis and ecological data for a wide range of Trichosurus populations
fWIn around Australia. Mitochondrial DNA sequences were compared between twelve regional
populations and an intraspecific phylogeny of this species was constructed to begin an
evaluation of the evolutionary status of regional populations in terms of Moritz's (1994)
definition of Evolutionary Significant Units (ESU) and Management Units (MU). The null
hypothesis under investigation was that all the populations sampled belong to a single species.
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2.2

Materials and Methods

2.2.1

External Morphometric'
Data on body size and colour were obtained from the literature, museums and

researchers undertaking work on Trichosurus. Additional body measurements from populations
in central Australia and south-western Queensland were collected during this study. A summary
of body weights, head and body, ear and head measurements is shown in Table 2.2. Analyses of
variance were carried out on measurements of Hale River and Irving Creek adults using Systat
5.0, to detennine sexual dimorphism and geographic variation in size.

The measurements

analysed ""ere weight (kg), and length of ear, head, tail, body, head and body, forearm and leg
lall in mrn).

2.2.2

Cranial Morphometries
Cranial and dental measurements were obtained from museum specimens from Northern

Territory Museum, The South Australian Museum, Queensland Museum, Tasmanian Museum,
Australian Museum, Western Australian Museum, Finlayson Collection (Parks and Wildlife
Commission of the N.T., Alice Springs) and The Australian National Wildlife Collection
lCSrRO Division of WildJjfe and Ecology, Canberra). Sixteen measurements were selected
based on measurements described by Kerle et of. (1991).

The measurements were:
I.

Basal length (BAL)

2.

Nasal length (NAL)

3.

Nasal width at widest point (NWG)

4.

Nasal width m narrowest point (NWM)

5.

Palatal width outside M2's (PWO)

6.

Palatal width inside M 2's (PWI)

7.

Zygomatic width (ZYG)

8.

Interorbital width (lOW)

9.

Supra-occipital width (SOW)

10.

Distance between auditory bullae (lAB)

11.

Length molar row (Ml-l)

12.

Length diastema between C and PM' (D1J-P4)
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13.

Skull height at canine and nasal (HC-N)

14.

Skull height- Posterior to M' to interfrontal (HM4-IF)

15.

Width first upper molar (WM!)

16.

Lenglh firs' upper molar (LM!)

These dimensions are illustrated in Figure 2.1 and were measured to the nearest 0.1 mm
with vernier callipers. Only adult skulls, that is those with all fourth molars fully erupted, were
used in this analysis. Measurements on mandibles were not conducted as they were missing or

broken on many specimens.

Bivariate plots of characters were used to assess general trends between regional groups
and to identify outliers. Outliers were only corrected if they were the result of data entry errors.

Cranial morphometric data were analysed using discriminant function analysis (DFA) on
twelve regional groups using Systat 9.0. DFA was used by Kerle el at. (1991) in the systematic
analysis of Trichosurus and de Silva (1999) in an examination of Pseudecheirus occidentalis
and is a standard technique in skull morphometric analysis for taxonomic pU1]Joses (Kitchener
1989). The analysis was initially performed using all 16 variables using a backward stepping
procedure.

At each step, variables which did not significantly contribute to the variation

exhibited by the different regional groups were removed (F<J.9). Subsequent canonical variate
analyses were performed using the reduced set of variables. Plots of canonical functions were
used to detennine groupings of the different regional groups generated by eaeh analysis. A
cilllonieal discriminant function analysis was then used to determine the relative contribution of
each variable to the distribution of the regional groups. Data were analysed untransforrned and
transformed as a ratio of basal length to account for size differences. Specimens from twelve
regional groups were used in the analysis and the location and sample sizes are shown in Figure
2.2 and Table 2.1.

28
NWG

NWM
NAL

I
SAL

I

1,01"1

~SOW~

PWo

ZYG

HM4-IF

Figure 2.1: Fourteen ofthe 16 dimensions measured from Trichosurus skulls. Molar
measurements are not shown. See methods for definition of abbreviations.
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Table 2.1: Collection localities of Trichosurus spp. and Wyulda squamicaudata studied using
molecular and morphological methods. Sample sizes in parentheses.
Locality
Top End (DarwinlJabiluka)
North Queensland
Brisbane
Sydney

Melbourne
Tasmania
Adelaide
Kangaroo Island
South West \V.A./Perth

Central Australia
Western Queensland
Townsville
Mackay
Ravenshoe
eDen

Canberra
Barrow Island
Hale River
Irving Creek
Noonbah
Welford
T caninus

Wyulda squamicaudata

SkuU Cod.
A (42)

B (3)
C (13)
D (19)
E (16)
F (18)
G (19)
H (18)
1 (36)
J (18)

DNA Cod.
1,2 (4)
3 (1)

7 (1)
8 (3)
9 (2)

K (5)
L (11)
5 (1)

4 (I)
3 (I)
6 (1)
14 (1)
11 (1)
10 (I)
12 (1)
13 (2)
15 (I)
16 (1)
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2.2.3

Cytochrome b Sequence Analysi!l
Blood samples were obtained by venipuncture from live T. vulpecula captured from

Irving Creek (14) and Hale River (9).

Liver and blood samples were obtained from two

possums from 'Noonbah' in western Queensland and blood samples were taken from a further
six animals from 'Noonbah' and three from 'Welford'. Collection and storage of the remaining
blood and liver samples from locations covering the broad distribution around Australia (Figure
2.2) was coordinated with Dr Steve Donnellan (Evolutionary Biology Unit, South Australian
Museum) and stared at the South Australian Musewn. Many samples were already held at the
South Australian Museum, and the majority of additional samples were obtained from the
Australian Musewn, the National Wildlife Collection (CSIRO Division of Wildlife and
Ecology. Canberra) and Macquarie University. Liver from a T caninus from Clouds Creek
(NS W) and a Wyulda squamicaudata (Scaly-tailed Posstun) specimen stored at Macquarie
University enabled these species to be included in the analysis.

DNA from the above liver and blood samples was isolated, using the methods described
III

Taylor el al. (1994).

Approximately 400bp of the mitochondrial cytochrome b were

amplified using the polymerase chain reaction (PCR). Primers for this region were the universal
primers used in vertebrate studies: H15149 and L14725 (Kocher el af. 1989). Alignment of
sequences was done by eye as cytochrome b is a coding mitochondrial sequence.

Genetic

distance between populations (Jukes-Cantor) was calculated using MEGA (Molecular Evolution
and Genetics Analysis) program version 1.01 (Table 2.6). To analyse the 280 bp (base pairs) of
cytochrome b sequence, an heuristic search using unweighted maximtun parsimony in PAUP
3. t.l (Swofford 1993) with T caninus as an outgroup was used. The confidence of each node
\Vas [ested by assessing the frequency of nodes supported in 1000 bootstrap pseudoreplicates of
the dara. The criteria for accepting a node as reliable was :::::70% (Avise 1994).

2.3

Results

2.3.1

External Morphometries

Body size of T vulpecula from populations across Australia range from 1 kg in Northern
Australia to almost 4 kg in Tasmania. Central Australian T vulpecula fall in the middle of this

Table 2.2: Body measurements ofadulL Trichosurlls, in order of decreasing, latitude. Ranges or means, and ,'-"here appropriate, 5Iand:.nd
deviations are presented,
Head and body (mm)
F
M
392 ± i7
390 ± 15

Ear L.ength (mm)
F
M
48
'i0.1 ±2A

Basallengtb (him)
M
F

Cobourg Pt:llil\~llla, N.T.

Weight (kg)
F
M
1.45 ±0.2 '.s±0.2

Cape York, Old.

1.5

1.8

460,470

366 ± 10

50,45

50 ± 4.7

71.2 ± 3.5

69.8 ± 4.9

Jabiluka, N. T.

1.4±0.2

1.6 ± 0.2

405 ± 30

419 ± 25

48.3 ± 4,0

47.3 ± 3.3

70.1 ± 2.8

71.7±2.3

48.3 ± 2.1

74.8

60.],67.6

L.ocality

Source

Townsville, Old

1.5 ± 0.2

2.2 ±0.3

Barrow Island, WA

1.3 ± 0.2

1,4 ±0.2

350 ± 42

361 ± 13

Hale River, N.T.

2.0 ± 0.3

2.1±0.2

386 ± 3.6

393 ± 3.5

59.9± 1.2

60.6 ± 2.3

90.1±36

96.6 ± 3.5

Calabyand
Keith (1974)
Kerle el 01.
( 1991)
Kerle e/ 01
1991)
Kerle e/ of
1991)
Kerle el 01
1991)
Kerle et
01,1991)
This sllldy

Irving Creek, NT

1.8 ± 0.2

1.9±0.\

383 ±4.5

392 ±2.9

53.5 ±1.5

54.9 ± 2.4

87.3 ± 4.4

87.9 ± 4.5

This sllldy

Noonbah, Qld

1.8 ± 0.3

2.1 ± 0.2

385±6.5

386 ± I.7

60,4 ±2.1

60.8 ± 1.9

88,8 ± 6.5

90.6 ± 1.7

This sllldy

Bri~bane.

2.1 ±O.l

2.5 ± 0.4

74.3 ± 3.4

80.1±2.1

Winter (1976)

Perth, W.A

1.5 ±0.17

1.7 ± 0.2

83.6±3.1

85.2± 3.9

Sydney, N.S.W.
Adelaide, SA

\,9 ± 0.2
l.O± 0.1

2.1±0.2
2.1±0.2

81.6 ± \0

90.5 ± 5.6

Kangaroo Island, SA

2.2 ± 0.4

2.8 ± U.5

How and
Hillcox
(2000): WAM
AM
B. Hill, pen;.
comm.;SAM
EDBSA

Hoban, Tas.

2.9 ± 0.3

3.6 ± 0.2

Atherton, Old

Qld

2.2 ±O.I

376 ± 3.6

450

397 ± 3.0

477 ± 22

47

59.9 ± 1.2

57.2

55,0 ± 4.0

60 ± 4.0

Kerle et 01,
(1991), TM

~

~
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range, reaching a mean maximwn of 2.1 kg for males and 1.9 kg for females (Table 2.2). The
body weights, head and body length and head length of central Australian T vulpecula confonn
with the overall trend of increase in body size with increase in latitude described by Kerle et al.
(1991).

The ear length of central Australian T vulpecula ranged between 54.9 rnm at Irving
Creek to 60.6 mm at Hale River. These measurements were larger than other Trichosurus
populations with the exception of Kangaroo lsland and Tasmanian animals. Males are larger
than females, although in the analysis of sexual dimorphism in the two central Australian
populations, the differences were not significant on all the measured variables.

There were significant differences, however, in all measurements except tail length
between Hale River and Irving Creek animals. Hale River adults were significantly heavier
(F,.,"~
~

9.23,p ~ 0.004) and had longer ears (F",.

0.005), longer body (F,."

longer leg (F""

~

~

8.29, p

~

~

74.71,p <0.001), longer head (F",.

0.009), longer forearm (F,;.

~

8.11, P

~

~

9.I3,p

0.009), and

29.85, p < 0.001).

Central Australian T. vulpecula has predominantly grey fur, and reddish colour on the
shoulders and back have commonly been commonly recorded, particularly in adult males, but
also in adult females.

The tail is not as bushy as in their eastern conspecifics. Density or

'wooliness' of fur and 'brushiness' of the tail decrease with increased latitude (Keele et ai.
1991), with central Australian T. vulpecula having a pelage density and tail 'brushiness' similar

w that of T. v. arnhemensis from northern Australia (1. A. Kerle, pers. comm., 1991). Coat
colour variation is widely noted throughout the range of Trichosurus, with grey, reddish, black
and coppery fonns (Kerle ef at. 1991; How and Kerle 1995).

2.3.2

Discriminant Function Analyses
The analysis using untransfonned data was not appreciably different from that using

transfonned data and the results fonn the untransfonned data are presented below.

A discriminant function analysis was perfonned for all regional groups and both sexes
using a reduced set of nine variables which were indicated by the initial stepwise discriminant
function analysis to explain the most variation. This analysis generated a Wilk's lambda value
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of 0.0242 (p<O.OOOI for 9, II, 232

dO

indicating that very significant differences occurred

between regional groups, The plots of canonical scores showed that the first three canonical
functions were involved in separating different regional groups (Table 2.3).

Function I loadings showed that basal length (BAL) and to a lesser extent interorbital
width (lOW) were involved in the separation, however they were not as strong as loadings for
variables in Functions 2 and 3. There was an almost complete separation of Tasmanian and SW
Queensland regional groups and a partial separation afTop End popUlations (Figure 2.3)

Function 2 loadings showed a clear separation of Tasmanian samples and a strong
separation of the Sydney regional group from other regional groups (Figure 2.3). The main
contributing characters were basal length (BAL) which was important in separating Tasmanian
specimens and nasal width at narrowest point (NWM) which was influential in distinguishing
the specimens in the Sydney regional group (Figure 2.5).

The bivariate plot shows that

specimens from the central Australian regional group had the shortest basal length and narrowest
nasa! width of the regional groups.

Function 3 loadings showed that nasal width at narrowest point (NWM) and width of the
first upper molar (WMl) were strongly involved in the separation, with contributions from
palatal width measurements (PWO and PWI). The plot of the functions (Figure 2.4) showed a
separation of Tasmanian and Sydney regional groups. The bivariate plots indicate that nasal
width at narrowest point (NWM) was important in separating Sydney regional group speeimens
(Figure 2.5) and that first upper molar (WMl) was influential in the separation of Tasmanian
specimens (Figure 2.6).

Classification functions indicated that 58% of individuals had been classified correctly of
which, Tasmanian and SW Queensland were the only regional groups 100% correctly classified
,md the Sydney regional group was classified as 90% correct. Central Australian regional group
was classified as 92% eorrect (the jackknifed classification showed this value as 83%). The
jackknifed classification function showed that overaU, 51 % of individuals were correctly
classified and Tasmanian and SW Queensland remained 100% correctly classified and Sydney
80%.

3S

Table 2.3: Coefficients for standard canonical variables from the discrimination function
analysis of skull measurements for 12 regional groups of Trichosurus. See methods and
materials for the definition of the variables.
Variable

Function 1

Function 2

Function 3

BAL

0.495

0.924

0.036

NWM

-0.269

-0.816

0.784

PWO

0.270

-0.344

-0.655

PWI

0.273

0.249

0.668

lOW

0.462

-0.1 15

0.122

lAB

0.017

-0.408

-0.385

DIJP2

-0.070

-0.363

-0.372

WMI

0.222

0.422

0.717

LMI

0.351

-0.489

-0204

Eigenvalue

2.977

1.427

0.862

Variance explained (%)

47.9

23.0

13,8
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Figure 2.3: Plot of function 1 vs Function 2 for the canonical function analysis using all
regional groups. Regional group codes refer to Table 2, I.
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Figure 2.4: Plot Function] vs Function 3 for the canonical function analysis, using all
regional groups. Regional group codes refer to Table 2.1.
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Figure 2.5: Bi.variate plot of basal length (BAL) (mm) against nasal width at narrowest point
(NWM) (mm). Regional group codes refer to Table 2.1.
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Figure .2.6: Bivariate plot of nasal width at narrowest point (NWM) (mrn) against width of
the first upper molar (WM I) (mm). Regional group codes refer to Table 2.1.
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The F-matrix for the group means indicate that that the central Australian group is most
similar to tropical (Top End, Atherton, North Queensland), south western Western Australia and

Adelaide regional groups (Table 2.4). They were most different from island regional groups
(Tasmania and Knngaroo Island) and east coast regional groups. The other arid zone regional
group, SW Queensland was most similar to central Australian regional groups, however there

were much greater differences between SW Queensland and Top End, Atherton and North
Queensland regional groups.

2.3.3

Cytochrome h Sequence Divergence
A summary of the cytochrome b sequence data is ShO\\l1 in Table 2.5. The sequence

divergence between central Australian T vulpecufa and other T. vulpecula for the 280bp region
was varied and ranged from 0.0% with Adelaide populations to a maximum of 4.17% between
Hale River and Darwin animals (Table 2.6).

Divergence between central Australian T.

vu/pecula and T. caninus was about 7·8%. These values compared with a divergence of between
6.07% and 9.61% between T. caninus and T vulpeeufa from Ravenshoe and Welford
respectively. The average sequence divergence between centra! Australian T \lulpecula and
Wyulda squamicaudata was 15.45%, whereas the greatest sequence divergence was 16.53%
(Mackay) and the lowest 13.4% (Welford). Notably, the geographicallY closest populations of
T. \lu/pecula to Wyulda squamicaudata (Barrow Island, Darwin, Jabiluka) recorded divergence

between 14.5% and 15.76%. All of the substitutions are transitions (C-T) or (G-A).

Phylogenetic analysis of the sequence (Figure 2.7a-c) data affirmed the relationship
indicated by sequence divergence values between Adelaide and central Australian (Irving Creek
and Hale River samples) T vu/peeula.

The strict majority rule consensus trec shows all

Trichosurus vulpecula were distinct from T caninus. with some broad regional elades formed
(Figure 2.7a). Bootstrapping values above 50% were obtained for only eight nodes of the fifty
percent majority rule consensus tree (Figure 2.7b). In this tree, the Adelaide, Irving Creek and
Hale River clade is supported 100% as was the Welford, Canberra and Hobart clade. Adelaide
and central Australian T. Villpecufa was associated in a significant clade found in 86% of tODD
bootstrap pseudoreplieates in the strict consensus tree (Figure 2.7c), whereas none of the other
associations were supported.

Table 2.4: F-matrix of group means for the discriminant function analysis of Trichoslirus using regional groupings.( p < 0.01 tor all values).
Top
-

Top End
North Qld
Brisbane
Sydney
Mtlbourne
Tasmania
Adel.ide
Klngaroo h.
SWWA
Central Ausl
SW Qld.
Atherton

North Qld.

Brisbane

Sydney

M.dhourne

Tasmania

Adelaide

Kangaroo Is.

SAWA

E".- - 
8.312
15.673
23.199
26.189
49.152
11.724
21.417
9.232
5.848
20.676
3.423

7.215
24.523
14.460
38.259
5.275
10.758
6.061
7.288
18.046
2.143

9.352
2.073
15.926
1.390
1.328
6.623
12.743
17.912
5.688

!3.794
28.526
10.596
17.235
14.585
22.566
24.586
12.594

18.038
5.626
3.458
14.675
21.981
23.597
9.056

21.257
15.453
36.998
34.756
16.818
22.870

3.043
4.114
9.021
16.432
4.120

12.761
16.502
18.399
5.627

5.991
17.838
4.72]

Central
Australia

12.921
6.173

SW Qld.

Alberton

15.719

~

~
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Table 2.5: Summary of the variable positions at a 280 base-pair portion of the cytochrome b
gene. Dots (.) indicate the presence of an identical base to that found in the reference
sequence. A question mark (?) indicates that the identity of the base in this position could nDt
be equivocally determined.
Position
111111111111111111111112222222222222
1122334556666788000222333444455567789990011122345577
62513363470369647258036058014703921730284706902502578
Perth 1
Perth -2

Barrow Is
Darwin 1
Jabiluka 1

Jabiluka-Z
Jabiluka 3

Ravenshoe
Noonbah
WeI ford 1
Welford-Z

Canberra
Hale Ri ",rer

Irving Crk
eoen
Hobart
Adelaide 1

Ad€'laide-Z
Adelaide-]
Mackdj/

r. caninus

ACCATCCCAACCCTATCCCTTCCTCCACCCTCCTCCCACGCCTCCCCTCCCCC
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·
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????????
G
T
T
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G
,
T
T
A .. C
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?????????? T .. G
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A
T
????

Table 2.6: Matrix of gene[ic distance (lukes-Cantor) hetween populations of Trichosl1rll.\' (1-21) and Wyllida squwllical1duw (22) calculated from
280 bp of the cytochrome b gene. See below matrix for location labels.
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Figure 2.7 (a): Strict majority rule consensus tree of 280bp cytochrome b.(b): Fifty percent
majority rule COnsensus tree based on 10 equally most parsimonious trees. (e): Bootstrap strict
consensus tree based on 1000 pseudoreplicates. The confidence of each node was tested by
assessing the frequency of nodes supported in 1000 oootstrap pseudoreplieates of the data. The
criteria for accepting a node as reliable was 2::70% (Avise 1994).
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2.4

Discussion
Trichosurus 'Vulpecula exhibit a wide range of variation in size and fur characteristics in

the five disjunct populations which occur in Australia. On the basis of the conservatism shown
by cytochrome b sequence divergence and skull morphology, there are insufficient differences to

reject the null hypothesis that

r

'Vuipecu!a comprises a single species.

The variation in size is unlikely to be associated with climate. Body size of T. vulpecula

Australia wide is strongly correlated with the moisture index of the driest quarter an this is

considered appropriate measure for T. vulpecula because vegetation structure in Australia is
closely rerlated to the severity of water stress in the driest quarter (Yom-Tov and Nix 1986).
With increasing values of this index, height and canopy cover of the tree stratwn increase as
does the probability of sutible foliage during dry periods. Moisture index of the driest quarter
provides a measure of available habitat and accounts for 50-60% of varianee in body size.
However the moisture differences between Irving Creek and Hale River would be insufficient to
cause such a size difference. The combination of moisture index and air temperature, accounts
for most of the variation of body size. The larger size of the ears of central Australian T.

vulpecula indicates that the animals conform to 'AlIens Rule 'cY om-Tov and Nix 1986) which
states that the extremities are larger in races from warm regions than colder regions, perhaps
because they more efficiently dissipate heat from the body. Body size overall shows a clinal
change consistent with continuation with Bergmanns rule in that animals were largest in colder
climates and smallest in the warmer. Quin et al. (1996) observed the same trend with both Sugar
Glider, Petaurus brniceps and Squirrel Glider, P. nor[olcensis in eastern Australia.

The variation in body size may be explained by habitat quality in tenus of nutritional
value and temporal availability of foods, and structure of the habitat. This is discussed further in
subsequent chapters. Kerle et al. (1991) proposed that small size and fur characteristics can be
attributed to phenotypic plasticity in response to environmental conditions. The significantly
larger size of Hale River Trichosurus compared to Irving Creek animals was a surprising result.
but it may be related to differences in sample size. If the difference was the result of adaptive
divergence, one would have expected this to have been evident in the genetic study.

The aggressive behaviour of central Australian possums is similar to that of other
populations. This study, as with other studies in south eastern Australia, required the use of
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heavy gloves and anaesthesia (Taylor and Magnussen 1965; Renfree and TyndaJe-Biscoe 1978;
Tribe and Middleton 1988)

The results reported here differ from those of Kerle et at. (1991) in the separation of
Tasmanian possums (T. v.fuliginosus) from other Trichosurus on the basis of skull morphology.
This is probably attributed to the larger number of specimens examined in this analysis
compared with Keele et al. (1991). The other enigmatic result was the separation of the SW
Queensland regional group specimens from other regional groups, albeit from a small sample

sIze.

Mitochondrial DNA cytochrome b sequences provide an insight into the relationships
between populations of Trichosurus and Wyulda in Australia and a basis for extending further
work into the relationships within the family. The findings support the existing opinion that
central Australian Trichosurus are of the nominate race. The 50% majority rule consensus trees
show some broad trends in the relationships between Trichosurus populations, with the
groupings of West Coast, Top End and Cape York, and a central. southern and south-eastern
Australia grouping, with T. caninus separate.

The fact that all substitutions in T vulpecula cytochrome b were transitions indicates that
diversification of Trichosurus has occurred very recently, i.e. the populations have not been
separated long enough to accumulate any transversiolls. Using the conversion of Shields and
Wilson (1987) of 2% sequence divergence per million years, the length of time central
Australian posswns have diverged from Adelaide possums is approximately 250, 000 years.

Triggs (1990) and Kerle et ai. (1991) showed there were no signifieant differences
between widely separated populations in electrophoretic studies.

Further evidence for T.

vulpl?cula comprising a single species is the presence of hybrids. Tasmanian and mainland
animals have hybridised in the wild New Zealand (Pracy 1962) and in captivity (Hope 1970) as
have T

l-'.

arnhemensis and brushtail possums from Cape York in captivity

A major tenet of the theory of conservation genetics is that a Jack of genetic variation
reduces the chance that a population will survive. The history of European settlement and
different levels of habitat alteration in central Australia suggests that there eould be populations
with very different levels of genetic variation. Populations with the highest average percentage
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difference and consequent intra-population variability have a better chance of swvival because
of the reduced possibility of genetic ltbottlenecks" which can seriously affect the Jong tenn
viability of populations. Lower than expected average percentage differences could indicate that
the population has recently been reduced to a small size possibly as a result of disease, drought,
competition or predation. There are however, a number of species where populations persist
despite low genetic variation (Caro and Laurenson 1994; Komdeur et al 1998) and it is difficull
to detennine whether low variation is a result of or responsible for decline in population size. It
is essentiaL that microsatellite variability be examined in central Australian populations.

This study adds further support to the conclusion ofKerie el al. (1991) that T. vulpecu/a
populations throughout Australia are members of a single species. Further work may show
some divergence between widely separated populations particularly if less conservative genes
such as the highly variable control region (D-Ioop) are examined.

In particular, complete

investigation of the genus across its range and in particular resolve the status of northern
Queensland populations which exhibited some fixed differences electrophoretically and in skull
morphology (Kerle et aI.1991).

Some of the regional groupings sampled from in this study may have contained more
than one population and it was not possible to conduct a phylogenetic analysis using the
morphological data, it is difficulty to compare the relationships within the genus.

Additional problems in the comparison of the two sets of reSUlts since the geographic
sampling areas werc not compatible as there were differences in both the number of locations
as well as in the actual geographic areas sampled. In the identiflcation of populations for
conservation management planning, rntDNA studies should be used in conjunction with other
characters. In the case of variance between mtDNA and morphologically distinct fOnTIs, nuclear
loci should be examined to obtain supporting evidence about evolutionary distinctiveness
(Moritz 1994a).

It was not possible to obtain a set of EVOlutionary Significant Units or

Management Units using skull morphometries and cytochrome b results, further genetic studies
as well as morphological studies are essential.
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CHAPTER 3
HABITAT DESCRIPTION
3.t

Introduction
The habitat of

r

vulpecula is generally considered to be open forests and woodlands

which vary greatly in their structure and floristic composition throughout Australia.
Throughout its range. T vulpecula shows an appaxent high degree of flexibility in its habitat
preferences (Keele 1984).

In Tasmania, T. vulpecula occurs in rainforest, wet and dry

sc1erophyll forests and woodland (Kerle 1984; MacLennan 1987; McGreevey 1987; Munks et
al. 1996).

In Victoria, New South Wales and southern Queensland, it is fOlUld in dry

sclerophyll forest, woodlands and timbered watercourses (Marlow 1958; Fitzgerald 1984;
Kerle 1984; Statham 1984; Menkhorst 1995), but is rarely found in wet sclerophyll forest or

rainforest.

In the tropical rainforests of northern Queensland, the Coppery Brushtail (T v.

johnstonii) replaces T vulpecula.

In the tropical regions of the Northern Territory and

Western Australia, T v. arnhemensis oecur in Eucalyptus miniata open forest with a diverse
under-storey (Kerle 1983) and on the margins of monsoon forest (pers. obs.) and mangrove
communities (Kerle 1984). In south-western Western Australia, (Sampson 1971) found T

vulpecula preferred Eucar}ptus wandoo and Casuarina heugeliana woodland and Allen (cited
in Kerle 1984) recorded them in Eucalyptus marginata/Eucalyptus calophylla woodland on
coastal sand-plain. More recently (Jones and Hillcox 1995) found T vulpecula in a range of
eucalypt-dominated forest in south-western Western Australia.

In the agricultural regions of South Australia, T vulpecula occur in the mixed eucalypt
woodlands and open forests of the south-east and Adelaide Hills (Kerle 1984; Kemper and
Foulkes 1997).

On Kangaroo ISland they occur in woodland and in dense coastal scrub

(Kemper and Foulkes 1997) but on Barrow Island, where no trees are present, they oeeur in
Triodia-dominated habitats and areas with Ficus and Acacia shrubs (Allen and Bradshaw
1978). The eomposition and structure of the under-storey is important in habitat preferences
of T vulpecula, and this appears to be related to a low fire frequeney (Kerle 1983). Suckling
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(1982) found T. lIulpecula to be more common in areas less frequently burnt. There have

been few detailed descriptions of the under-storey afpreferred habitats.

Trichosurus lIulpecula was once widespread and common in central Australia but has

become rare and little known in the region.

Before this study there were no detailed

descriptions of habitats occupied by T. vu/pecu/a in central Australia other than a listing of
canopy dominants (Wood-Jones 1925; Gibson 1986; Gibson el al. 1992; Gibson and Cole
1993) or a list of plant species recorded at a site (Evans 1992). They have been recorded in
Triodia dominated sand-plain habitats, Acacia dominated rocky ranges and eucalypt riverine

habitats.

Possums and gliders are among the forest fauna most affected by disturbance to their
habitat (Mcilroy 1978). In order to effectively conserve T. vulpecuIa, knowledge is required
of their physiological requirements, the characteristics and extent of the habitats they utilise
and why possums are found in some locations rather than others (Hopkins and Saunders 1987;
Cork el al. 1988). This infonTIation is vital to the fOnTIulation of management procedures that
minimise the effects of disturbance or maximise habitat quality given the susceptibility of
possums to disturbance (Cork el al. 1988; Morton 1990). Most studies investigating the
characteristics of arboreal marsupial habitat have been carried out in the moist forests of
eastern Australia. These studies have shown that arboreal marsupials are abundant in < 10%
of forested areas (Braithwaite 1983) and preferred habitats have nutrient rich soils and
undulating landfonns (Braithwaite el al. 1983; Lunney 1987; Cork et al. 1988; Smith and

Lindenmayer 1988).

In the semi-arid and sub-tropical woodlands the availability of hollows and quality of
foliage (Jones

e/

al. 1994a), eucalypt diversity (Jones and Hillcox 1995) and basal area of

trees and proximity to drainage lines and free water (Munks et at. 1996) have been listed as
important.

Kerle (1983) found the preferred habitat of T v. arnhemensis was eucalypt

woodland with a diverse shrub layer resulting from infrequent fires. The limited information
available for arid T. vuIpecuia populations suggests that availability of water and drought
refuges are important in determining their habitat quality (Gordon

el

al. 1988; Gordon el al.

1990; Morton 1990). Morton's (1990) theoretical model proposed the critical importance of
specific areas within habitats as preferred habitats and as drought refuges. He considered such
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areas to be moisture and nutrient rich relative to the surrounding habitats and to act as refuges

for species in times of drought as well as from fire, introduced predators and competitors.

Given that T. vuipecula is considered so flexible in its habitat requirements, why has
this apparently robust and adaptable species declined in arid Australia? This study aims to:
l)

describe the habitats occupied by T vulpecula in arid Australia, which can be used to
qualitatively predict the likely presence of the species in the region;

2)

increase (he understanding of specific habitat requirements of T. vulpecu/a

In

arid

Australia and provide insight into the causes of population decline;
3)

determine if Morton's (1990) model and the characteristics of preferred habitats or
drought refuges holds true for T. vulpecula in central Australia;

4)

develop a statistiCal model to identify sites that could be used as reintroduction sites or
for conducting surveys for other populations using existing GIS databases.

3.2

Materials and Methods

3.2.1

Habitat Assessment

The presence or absence of T. vulpecula was determined by surveying 46 sites
within their former range between Febmary 1989 and October 1991 (Figure 3.1). Each site
was approximately two hectares in area and was systematically searched for sign of possums
(scats and tracks) for a minimum of two hours. Trichosurus vulpecula was recorded as either
present or absent.

Most sites were visited on more than one occasion and searched. No

further effort was made to quantify their population density.

Data collected for each site

include a full plant species list with their relative abundance and vegetative cover, geology,
landform, soil erosion and the presence of introduced herbivorous vertebrate animals.
Vegetation cover was estimated using the crown separation ratio (CSR) method (ratio of the
gap between individuals and their diameter). CSR is then used to calculate percentage cover
of each species using an algrithm (McDonald et al. 1984). Plant taxonomy follows Dunlop et

af. (1995).

Other locations where T. vulpecula has not been recorded, from within their

previous range, but which appeared to be suitable habitat, were assessed in the Same manner,
for comparative purposes in the analysis.
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A number of variables thought important to the per.>istence of T. vulpecula in central

Australia were also recorded from all sites. The variables recorded Were based on those
collected in other studies of arboreal mammal distribution (Braithwaite et al. 1983;
Braithwaite el al. 1984; Munks et at. 1996). These were total perennial plant species richness,
species richness in each life form (e.g. chenopods, hummock grasses, perennial grasses,
mistletoes, shrubs, vines, trees), number of fire sensitive species sensu Latz (1995), total
percent cover, cover in each life form, landform, depth of water table, geology,
presence/absence of cattle grazing and surface soil nutrient levels (total nitrogen,
exchangeable phosphorus, potassium, calcium, sodium, chloride and magnesium and
chloride). Soil samples comprised three separate samples collected from within the search
area which were bulked briar to analysis. See Figure 3.1 for site locations.

Soil nutrient analyses were conducted using the following procedures and methods
following drying and milling through a 2 mm screen:
•

soil nitrogen (Total Kjedahl Nitrogen),

•

bicarbonate extractable phosphorus and potassium (lOg of soil sample extracted in
50 mL sodium bicarbonate),

•

exchangeable magnesium, sodium, calcium (lOg soil sample extracted in 50 mL
IN ammonium acetate), and,

•

chloride (20 g of soil sample extracted on 100 mL de-ionised water).

Nutrient

concentrations

were

analysed

uSLng

inductively

coupled

plasma

spectrophotometry at Analabs (Perth). Results were reported in parts per million (p.p.m.).

Depth to the water table (in metres) was determined from

bore~hole

data (Power and

Water Authority, Alice Springs), observations of springs and soaks at sites, interpretation of
geological maps and descriptions of water potential in various strata provided in map
explanatory noles.

Six broad geological types were recognised for the study (sandstone,

granite, quartzite, dolomite, mixed and alluvial) and determined from geological maps
(Quinlan and Forman 1968; Forman 1972; Thompson 1991). Three landfonn types were
recorded (plain/floodplain, low hills and steep hills).

SI

3.2.2

Cluster Analysis
Cluster analysis was used to assign sites to similar floristic groups based on

presence/absence data for 294 perennial plant species from 26 sites where T. ,-'ulpecula was
present.

Data were analysed using PATN (Belbin 1994) with a Bray-Curtis association

measure, then clustered using unweighted pair-group arithmetic averaging (UPGMA) with
beta

CP)

set at

~O.l

(Belbin 1994). The groups were then defined in terms of the canopy

species and under·storey species with the highest frequency in each group and landform
descriptions for each site within the group.

3.2.3

Logistic Regression
The statistical package GLIM (Francis el al. 1994) was used to fit the recorded

variables using a logistic regression model because the response variable (presence or absence
of T vulpecula) had a presumed binomial distribution Logistic regression was applied to
sites both where T. vLllpecula was present (n=26) and absent (n=20).

The continuous

independent variables were fitted as both linear and quadratic functions to allow for possible
curvature of the response. The measure of discrepancy used by GUM to assess the goodness
of fit of the model
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the data is the deviance. Each independent variable was added to the

null model separately and its level of significance detennined using the change in deviance of
the fined model from that of the null model (Nichols 1989; Crawley 1993; Sarre ef al. 1994)

The variable that accounted for the highest change in deviance was included in the
model and the others were added in turn to determine if they significantly improved the
model. This was continued until there was no significant improvement.

3.3

Results

3.3.1

Cluster Analysis
The cluster analysis of vegetation data from sites where T. vulpecula was present

defined six main groups. The distribution of plant species recorded in > 66% of sites in each
group are presented in Appendix 1. The brief descriptions of each are set out below.

'2

Group 1: Five sites at Rama Gorge, Hale River and Ellery Big Hole can be described as
Acacia aneuralCallitrir glaucophylla on Rocky Hills. The ranges are vegetated. by Acacia
aneura and clumps of Ficus platypoda and Eucalyptus gammophylla over a Triodia spicala

and Triodia cleiandii hummock grassland (Figure 3.2).

The higher quartzite slopes are

vegetated mainly by A. aneura, Callitris glaucophylla with occasional Corymbia aparrerjnja

over sparse Triodia species hummock grasses. Scattered Corymbia opaca, Eucalyptus sessilis
and Eremophi/a spp. were present. The mistletoe Amyema maidenii was present in A. aneura at
all sites. Floristically this was the richest group with a mean of 58 species.

Group 2: Three sites from Irving Creek and one from near Ormiston Gorge, generally
classified as E. camaldulensis Sandy Creek-lines with adjacent open woodland and
occasional low rocky hills. Creek-lines were dominated by Eucalyptus camaldulensis with
other trees and shrubs such as Santalum lanceolalum, Dodonaea viscosa, A. aneura and A.
telragonophylla occurring on smalL 'islands' within the creek bed (Figure 3.3). The open
woodland sites were dominated by Acacia eSlrophiolata, C opaca and Hakea suberea but
also included GrevilJea striata over Arislida contortalholalhera and Enneapogon polyphyllus
grasses. The low rocky hills wcre dominated by A. aneura with scattered C. opaca and C.
aparrerinja over a grassy under-storey.

Lysiana spathulala was present as a parasite in

eucalypts and Am. maidenii was present in acacias, predominantly A. aneura. Mean species
richness was 51 species.

Group 3: Five sites, four from Hale River and one from Milton Park can be classified as
Mixed Acada Rocky Hills. This group is comprised of two sub-groups.

Group 3a, Acacia macdonelliens/s Steep Quartzite Hills occurs on steep quartzite hills and
are vegetated by an A. macdonelliensis upper srorey with a mid-storey of Eremophila latrobei
over Triodia hummock grassland (Figure 3.4). The hummock grassland under-storey consists
of T. spicala on more exposed areas and Triodia hubbardii on the more protected slopes.
Pockets of F. platypoda occur in very proteeted gullies and on rock faces with occasional
clumps of Eremophila freelingii and Pandorea pandorana. Abutting the steep rocky hills is
mixed open woodland of Atalaya hemiglauca and C. opaca with an under-storey dominated
by E. freelingii and T. cleiandii.
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Figure 3.2: Acacia aneura/Callitris.glaucophylla on Rocky Hills (Group 1) habitat at the
Hale River study site in central Australia.

Figure 3.3: Eucalyptus camaldulensis Sandy Creekline (Group 2) habitat at the Irving
Creek slUdy site in central Australia.
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Figure 3.4: Acacia macdonnelliensis Steep Quartzite HiUs (Group 3a) at the Hale River
study site in central Australia.
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Group 3b, Mixed Acacia & Whitewood Dolomite Hills occurs on low rolling dolomite hills
vegetated by an A. aneuraJA. kempeana and scattered At. hemiglauca, E. freelingii and C.
opoca upper storey with a mid-storey of Eremophila latrobei over Aristida spp. grasses and
low shrubs (Figure 3.5). Mistletoes were present in A. aneura at 4 of the 5 sites. Mean species
richness for sites in group 3 was 52 species.

Group 4: Two sites, both at Hale River were classified as Rocky Eucalyptus Creek-lines.
The rocky creek-lines are dominated by E. camaldu/ensij' with isolated C. opaca and C.

aparrerinja (Figure 3.6). The under-storey consists of scattered Eremophila spp., PlnO/us
spp., grasses and malvaceous shrubs. Mean species richness for sites in group 4 was 41.

Group 5: Four sites, one from Milton Park and three from Harts Range, considered as
Degraded Drainage Lines.

In the flood-plains adjacent the E. camaldulensis dominated

creek· lines there were scattered A. estrophjolala, At. hemiglauca, C. opaca, A. vicloriae,

Senna spp., Capparis spinosa, Einadia nulans and other chenopod shrub species, with
scattered tussock grasses and ephemeral species (Figure 3.7). Mistletoes were not recorded al
these sites.

These sites were subject to heavy grazing pressure at times.

Mean species

richness was the lowest over aU groups with a mean of23 species.

Group 6: Three sites which can be described as the Wet Gullies of Giles Yard Spring and
Chopper Gully. The gorges conlained E. camaldulensis and Callistemon pauciflorus in the
over-storey and an under·storey of Acacia dolichophylJa, A. stronglyophylla, D. viscosa,

Castr%bium grandiflorum, Hjbbertia g/aberrjma, and dense dumps of the fern species
Pteris tremula, Dicranopteris linearis and Paraceterach reynoldsii (Figure 3.8).

Isolated

clumps of sedges (Juncus and Cyperus) were present only at Giles Yard Spring.

The rocky slopes adjacent to the wet gullies are dominated by T. clelandii and T.

spicara with isolated trees of F. platypoda, E. gil/enii, C. wickhamii, C. aparrerjnja, C.
glaucophy//a and Macrozamia macdonne//ii. Other grasses and several herbs and rock ferns
were found in sheltered locations in the slopes. In gullies near the top of the range there are
isolated groves of A. macdonnelliensis and scattered Sarcostemma australe and E. gi//enii.
The mistletoes Am. Maidenii and Lysiana species were also present in aeacias and eucalypts
respectively. Mean species richness of group 6 was 35 species.
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Figure 3.5: Mixed Acacia and Whitewood Dolomite HiUs (Group 3b) at the Hale River
sludy site in central Australia.

Figure 3.6: Rocky Eucalyptus Creek-lines (Group 4) at the HaIe River study site in central
Australia.
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Figure 3.7: Degraded Drainage Lines and Flood.plains (Group 5) are dominated by E.
cGlluddulensis (right). The drainage line and adjacen.t flood-pl'ains and are mostly affected by
heavy cattle grazing pressure.
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Figure 3.8: Wet GuUies (Group 6) habitat at Giles Yard Spring in central Australia.

59

3.3.2

Logistic Regression
TrichosuruJ' vulpecuia was present in 26 of the 46 sites sampled. Twelve variables,

listed in decreasing order of significance, were each significantly correlated with the presence
of T. vulpecula when considered separately (Table 3.1):

mistletoe species richness
soil calcium
soil nitrogen
number of fire sensitive species
geology
soil magnesium
trce species richness
soil potassium
total plant species richness
vine species richness
water depth
soil phosphorus
shrub species richness
After the most significant variable 'mistletoe species richness' (X 2 = 19.19, P < 0.001,

d.£. = 1, Table 3.1) was fitted, five other variables were added in tum which significantly
improved the model.

They were soil nitrogen, soil calcium, number of perennial grass

species, soil magnesium and soil sodium (Table 3.1). The most significant of those, soil
nitrogen (X' ~ 8.47, P < 0.001, d.f. ~ I, Table 3.1) was added to the first model, and the
contribution of thc remaining variables reconsidered.

None of these variables contributed

significantly over and above what could be explained by 'mistletoe species richness' and 'soil
nitrogen'. Hence the best explanatory model took the form:
e-3.024+ 1.169MJ+O,00602N

p~

(1

+ e- 3.024-rLl69MI+O.00602N)

(where p = probability [hat T vu/pecula is present, MI = mistletoe species richness at a site
and N = concentration of soH nitrogen at a site in p.p.m.),
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Table 3.1: Summary of the fitted statistical model to estimate the presence of Trichosurus
vu/pecula in central Australia. Significance levels shown as (ns, p > 0.05, p<O.OS," p<
0.01, ... p < 0.001)
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3.4

Discussion
There are two main habitat types occupied by T. vu/pecula in central Australia: E.

camaldulensis dominated creek-lines in both range country (Group 4) and on the sandy plains
(Group 2 and 5) and steep rocky hills dominated by Acacia shrubs, mainly A. aneura and A.
macdonelliensis with scattered Eucalyptus, Corymbia, Callitris and Eremophi/a (Group J and

3). Other rarer habitats are those with E. camaldu/ensis as a co-dominant with Callistemon

pauciflorus in sheltered spring fed gullies with a fern dominated under-storey (Group 6).
Mistletoes are common parasites on Acacia shrubs. Species richness ranges from 23 species
on degraded drainage sites to 58 species on Acada dominated sites on steep rocky hills.

Trichosurus vulpecula presence and abundance in central Australia is driven by food

quality and abundance, particularly that of mistletoe, and these attributes are themselves
driven by surface and ground-water availability. soil nitrogen and fire history. The size and
spatial distribution of patches necessary to meet the possums' minimwn requirements are also
factors. These interrelationships are discussed below and illustrated in Figure 3.9.

The logistic regression analysis shows there is a high probability that the presence of

T vulpecula is significantly correlated to the species richness of mistletoes and eoncentration
of soil nitrogen. The species richness of mistletoes is related to the absenee of fire and to
reliable ground water supplies in habitats occupied by T \'ulpecula. This is supported by the
dietary data (Chapter 4) which show that possums eonswne mistletoes and a range of species
characterised by higher moisture content. The concentration of soil nitrogen is related to the
geology and topography but is also related to the absence of fire. The model is supported by
significant correlations with other variables not included in the final model such as water
depth, perennial grass species richness, fire sensitive plant species richness and geology
(Table 3.1).

3.4.1

Mistletoes
Perennial species richness of mistletoe was the most significant factor describing the

distribution of T. vulpecula in the sites studied. This in tum is correlated with a low fire
frequency and the presence ofreliable ground water supplies (Figure 3.9). In addition, dietary
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data (Chapter 3) show that mistletoes, despite their low abundanee, feature strongly in the diet
of T vulpecula. The mistletoe species consumed by T. vulpecufa has superior nutrient and
moisture levels when compared with the majority of plant species oeeurring in sites occupied
by T vulpecula.

Mistletoes are readily killed by fire, regardless of whether or not host trees are killed
(Reid and Lange 1988; Reid et al. 1995; Reid 1997). Central Australian mistletoe species,
almost without exception, die following fire (Latz 1995) although many such fires may not

damage the canopy. Indeed, the species richness of mistletoes may be a better indicator of
absence of fire than' fire sensitive' species identified by Latz (1995), although the presence of
'fire sensitive' species is also significantly correlated with the presence of T. vulpecula (Table
3. J). [n addition, both of the major host species (Acacia estrophiolata and A. aneura) for the
preferred dietary mistletoe (Amyema maidenii -see Chapter 3) are fire intolerant (Latz 1995).
Kimber (1983) states that Aborigines knew of the susceptibHity of A. aneura to fire and
preferred not to bum it, and even attempted to put fire out in some instances. Before 1917,
when Aboriginal people were still on the land, fire in A. aneura communities was rare
(Kimber 1983). Acacia aneura, in particular, is declining in much of the MacDonnell Ranges,
mainly killed by fire (Bowman

el

aZ. 1994; Pitts 1994) as is Caililris giaucophylla (Bo\\TIlan

and Latz 1993) another significant species in the habitat of T vuZpecula (Group 1). This
suggests that fires have not occurred on the sites occupied by T. vuZpecula for some time.

Kerle (1983) found a significant positive correlation between possum abundance and
absence of fire in tropical Australia. She suggested that the exclusion of fire pennits a larger
number of plant species, particularly in the shrub layer to reach maturity and be able to
produce fruits and seed, and in doing so to proVide T vulpecula with a greater food source.
This also provides a diversity of hosts so that many mistletoe species may occur together
(Barlow 1981) as many mistletoe species are host specific. There is mounting evidence that
in northern Australia, T. v. arnhemensis is in decline as a result of excessive firing of the
landscape (Braithwaite 1990).

Fire is one of the most significant modifiers of habitats throughout arid Australia, but
there are few data on the effects of changed fire regimes on

medium~sized

mammals

(Burbidge and McKenzie 1989). When Aboriginal people moved from a nomadie lifestyle to
settlements, fire regimes changed from one where there were numerous small fires over all
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seasons promoting a mosaic of community development to one of mainly infrequent but
~xtensive

summer fires (Griffin and Friedel 1985). This change in fire regimes has resulted in

a reduction of environmental patchiness (Latz and Griffin 1978; Kimber 1983; Burbidge and
McKenzie 1989). The disappearance of many of the medium-sized mammals coincided with

the movement of Aboriginal people off the country and the subsequent changes in fire
regimes (Burbidge et al. 1988).

3.4.2

Moisture Availability
The relationship between mistletoes and T. vulpecula, and the relationship between

mistletoes and ground water is supported by the significant correlation between sites with T
vulpecula and siles with shallow water tables (Table 3.1). Observations from several sites

show that water was present at the site in springs or soaks or at depths no greater than 25 m as
indicated from available borehole data from nearby sites in the same geological strata.

The moisture COntent of plants (see Chapter 4) was also significantly higher at sites
occupied by T. vulpecula compared with where they were absent. This further supports the
idea that possums are associated with reliable sub-surface moisture eonditions. Unlike most
nutrients within ecosystems, water is essentially a non-cyclable, periodically exhaustible
resouree, replenished by new input (Noy-Meir 1973). Trichosurus vulpecula in areas with
shallow ground-water should therefore be able to withstand drought longer than those
without, provided the site is not subjected to additional disturbance such as depletion of water
by inslallation of bores for introduced livestock, habitat modification by introduced species or
fire.

Norton el at. (1995) found a strong negative association between disturbance and
mistletoe presence, with mistletoes being absent from all disturbed sites. Disturbance, such as
grazing, can have the same effects as fire: removing the litter and shrub cover, resulting in
higher soil temperatures which increases evapotranspiration and hence reducing the water
available to the host and mistletoe. The absence of mistletoes and low plant species richness
of Group 5 sites indicate that disturbance by introduced herbivores (see Chapter 6) may have
affectcd T vulpecula survival. Indeed, T. vulpecula sign was less abundant at Group 5 sites
than at other sites where they were present.
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The findings of Lamont and Southall (1982) and Yan (1993) show that mistletoes
cannot survive on hosts with very low water potential's and Dawson et al. (1990) suggested
that recruitment is likely to be highest in years with favourable water status or in trees on
favoured sites.

Reid and Lange (1988) found that severe drought inereases mistletoe

mortality. This indicates that sites with high mistletoe species richness may also oceur on
sites with reliable ground water access for the host species, enabling their survival during
drought.

Surface or near surface water around seepage zones and rocky outcrops have been
demonstrated to be important for mammals (Freeland e/ al. 1988; Braithwaite 1990;
Braithwaite and Muller 1997).

Kerle (1983) found T.v. arnhemensis to prefer locations

adjacent to flood-plains, waterholes and drainage lines where the water table is close
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the

surface throughout the year. The concentration of animals around water sources in semi-arid
and arid areas has also been found for koalas by Gordon et al. (1988) and Munks et al. (1996).
The data from this study and these previous studies support Morton's (1990) model that
refugia are moisture rich compared with surrounding patches. Recent work by Braithwaite
and

Muller

(1997)

demonstrated

that decline

in mammal

abundance showed a

synchrony/correlation with the deeline in ground water levels. Climatic extrapolations back
in time show the last records of mammals now extinct from central Australia preceded periods
of prolonged low ground-water levcls (Braithwaite and Muller 1997).

Perennial Grass Species

The significance of perennial grass species richness as a correlate with T vulpecula
presence (Table 3.1) also supports the importance of the absence of fire when determining
possum distribution. The same relationship was found by Kerle (1983) at sites with a higher
possum abundance and by Bowman el af. (1994) for locations in mulga communities with a
low fire frequency.

In east coast forests, several authors (Fleay 1947; Fox 1978; Lunney

1987) have noted a marked shift away by possums and gliders from burnt areas to sites with
plant species characteristic of low or no fire frequency sueh as deep gullies and creek-lines.
Unlike habitat in forested regions of Australia where T vulpecula recolonise burnt areas
within a few years of fire (Driessen et al. 1991), the impact of habitat replacement with
Triodia hummock grasses is largely irreversible and T. vulpecula do not quickly recalonise
burnt areas.
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3.4.3

Soil Fertility
The second component of the model, concentration of soil nitrogen, reflects the

influence of geology and topography. The sites where T. vulpecu/a occur contain run-on areas
\'r'here the flow of water has produced patches of enhanced fertility as proposed by Morton
(1990).

Notably, many of the T vulpecula sites are on areas of diverse geology,

predominantly metamorphic focks, which give rise to more fertile soils than the more
common quartzite. Braithwaite el al. (1984) found that possums and gliders in New South
Wales were concentrated in plant communities, occwring in soils derived from one geological

formation, recognised for their high fertility.

The high coneentration of soil nitrogen also reflects the absence of fire since soil
nutrients are readily volatilised by fire (Raison 1979).

Soils occupied by A. aneura are

generally the deepest, a result of deposition over a long period of time (Pitts 1994) and have
greater fertility (Tongway and Ludwig 1990; BO\VITlan et al. 1994).

These soils are

susceptible to erosion when the soil surface is disturbed by fire or drought (Tongway and
Ludwig 1990; Pitts 1994). Removal of soil and litter reduces site fertility allowing Triodia
hummock grasses to gain a competitive advantage. The increased abundance of Triodia in
tum makes the site more fire prone, mostly because of its high resin eontent and regenerating
perennial plants are frequently burnt before they can establish a seed bank for the other
species can be established (Latzetal. 1989) (Figure J.9).

Nutrient rich soils such as those found at sites occupied by T. vulpecuia is vital for the
rapid growth of ephemeral species and the rapid regeneration and establishment by perennial
species following rainfall. Small changes in soil fertility are knoVtn to represent large changes
in the plant nnd animal productivity at a location (Stafford Smith and Morton 1990). In
nddition to the greater abundance of ephemeral specics and fruits and flowers in nutrient rich
areas, there may also be extended productivity if the area has the advantage of being a run-on
area or having reliable ground water.

The presence of high nutrient levels may be an indication of what is available for
ephemeral species and rapid establishment of perennials rather than established perennials.
However, established perennials in nutrient rich sites are more productive in terms of new
growth and more vigorous growth than species on nutrient poor sites. The significance of soil
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nitrogen and other soil nutrients significantly eorrelating with T. vulpecula presenee (Table
3.1) strongly supports Morton's (1990) model.

Other studies on arboreal marsupials in Australia (Braithwaite 1983; Smith and
Lindenmayer 1988; Jones et of. 1994a; Jones and Hillcox (995) have found eucalyptus
species and foliage nutrients to be correlated with possum presence, and that arboreal
marsupials are abundant in less than 10 % of forested areas. A similar situation exists in
central Australia.

Despite an apparent abundanee of habitat, only a small portion of that

habitat is suitable to sustain populations of medium sized mammals.

3.4.4

Fire

The impact of fire on possum habitat eontrasts strongly with the habitat requirements
of other medium-sized mammals in central Australia for which the oeeurrenee of patchy fires
is important in ereating a diversity of feeding and sheltering habitats.

For example, the

Rufous Hare Wallaby Lagorchestes hirsutus (Lundie-Jenkins 1993a) and the Greater Bilby

lvlacrotis lagotis (Southgate 1990b) in the central deserts, prefer recently burnt areas for
feeding.

The range of these species has decreased considerably due, at least in part, to

changes in fLre regimes that have resulted in the development of huge expanses of relatively
homogeneous vegetation. Morton (1990) considered fire to be of secondary importanee in the
decline of medium-sized mammals. He argued that fire releases nutrients that are then readily
taken up by new growth, which are consumed by herbivores. This may be the ease for L.

hirsutus and Ai 'ago/is, but T vulpecula is unique in that it is the only medium-sized mammal
remaining in central Australia whose diet is almost entirely composed of perennial plant
species and their flowers and fruits (Chapter 4). These plant species are slow to regenerate
following fire.

Fire has the potential to change ecosystem nutrient capital and mobility, and henee to
affect plant groVlth and surviv<:\( in situations where the availability of nutrients is a major
factor controlling these processes. Fire alters many ecosystem processes both directly and
because of changes to vegetation and patterns of grazing (Raison 1979). Kerle (1983) also
found that some sites where T v. arnhemensis occurred were in fire shadow areas in whieh
topographic characteristics assist in diverting fire away. The combined influence of fire and
water regimes is illustrated in Figure 3.9.
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3.4.5

Conclusions

The results of this analysis support Morton's (1990) model that refuge habitats for T.
vulpecuJa are in relatively moist and fertile pockets scattered across the arid-zone. The major

threats to these refugia and the populations that occur there are fire and disturbance from
introduced herbivores. The effects of disturbance and subsequent fragmentation of the habitat
in arid central Australia are more subtle than that observed in the forested and agricultural
landscapes of Australia, but the effects on faunal populations are much the same.

The

survival of T vulpecula within a fragmented landscape depends on their ability to occupy and
exploit suitable habitats. Their absence from large parts of their former range indicate that
they have not been very successful in doing this, thereby throwing some doubt as to their
perceived plasticity and ability to occupy almost any habitat.

EssentiallY, T. vulpecula in central Australia is found as isolated populations occupying
islands of habitat within a volatile, unpalatable and species poor 'sea' dominated by Triodia
hummock grasses.
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CHAPTER 4
DIET AND DIET SELECTION
4.1

Introd nction
Studies of the diet of T. vulpecula in Australia are few and have been conducted

mainly in temperate (Owen and Thompson 1965; Statham 1984; MacLennan 1987) and
tropical regions (Kerle 1983; Proctor-Gray 1984). Trichosurus vulpecula eats grasses, herbs,
flowers, fruits and leaves of eucalypt and non-euealypt tree species and invertebrates. In New
Zealand, the diet of T. vulpecula has been studied extensively, prompted by its pest status
(Harvie 1973; Fitzgerald 1976; 1978; Cowan 1990). These studies show a preference for
plant foliage, but that possums also eat flowers and fruits and occasionally insects, birds and
bird eggs (Williams 1982; Green 1984; Cowan 1990; Owen and Norton 1995). Warburton
(1978) recorded a preference for pine pollen in winter and spring. A large range of both
indigenous and introduced species is eaten, although the diet is typically dominated by only a
few species. The species eaten are not necessarily those most abundant in the habitat (Kerle
1984; Owen and Norton 1995).

Apart from studies referring to Aboriginal knowledge of their diet (Burbidge et aI.
1988; Foulkes and Kerle 1988), the only previous study of the diet of T. lJulpecula in central
Australia was conducted by Evans (1992). He examined the diet of T. vulpecula in a range of
habitats including rocky hills, hummock-grass dominated sand-plain and riparian habitats in
the MacDonnell Ranges and Tanami Desert. It is of some note that all these populations are
now extinct.

Evans (1992) found the diet consisted mostly of dicot species and that grass and
eucalypts were rarely eaten.

Flowers and fruits comprised almost 40% of the diet, the

remainder consisting mostly of the leaves of the Pale Leaf Mistletoe, Amyema maidenii, and
the leaves of four shrub species. However, only a limited number of scats were examined, so
these data may reflect only a small portion of the species total feeding strategy.

Morton (1990) suggested that medium-sized mammals such as T. vulpecula is
disadvantaged by having similar relative gut sizes but higher metabolic rates when compared
with larger herbivorous mammals. This means that the same diet will provide less energy
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relative to metabolic requirements for smaller species. Unlike other species of possum such
as Pseudocheirus peregrinus, T vulpecula cannot "selectively retain" food particles within the

digestive tract to maximise nutrient extraction (Hume 1982). Consequently, they must eat
more digestible and nutritious foods, such as flowers and fruits in order to obtain sufficient
nutriment for maintenance. Free water is generally unavailable in arid Australia, so medium
sized mammals like T. vulpecula, must obtain all their moisture from their food. This means
that their diet must be easily digestible and provide a balanced package of nutrients and water
(Morton 1990).

Plant growth is limited in the arid zone. While water is available, the growth of tissue
is not limited by the plant's capacity to photosynthesize carbohydrates. Consequently, many
plants produce energy rich arils, extra floral nectaries and fleshy fruits, so long as moisture is
still available. Such high quality resources are seasonally available in perennials and from
ephemeral plant species that are relatively free of anti-herbivore defences relative to perennial
species (Stafford Smith and Morton 1990).

Nitrogen has been considered the single most important factor limiting the abundance
of most animals whether they are herbivores or carnivores, vertebrate or invertebrate (White
1978; Mattson 1980).

Degabrielle (1983) when examining the diet of koalas found they

appeared to select foliage with a low fibre content which was correlated with high nitrogen
level.

Similarly, Kavanagh and Lambert (1990) fOWld that Petauroides \lolans consumed

young eucalypt leaves that contained higher levels of nitrogen and low fibre (le. highly
digestible). Higher levels of foliar nitrogen were also associated with relative abundance of

Pseudocheirus occidentalis (Jones et al. 1994a) and Braithwaite et al. (I984) found foliar
potassium, nitrogen and phosphorus determined distribution of T \lulpecula in eastern
Australian eucalypt forests.

Water is one ofthe most important and essential nutrients because ofthe variety of its
functions (Robbins 1993).

It is essential within the body as a solvent and involved in

hydrolytic reactions, temperature control, transport of metabolic products, excretion and many
other functions (Robbins 1993), but has received little attention in examination of diets of
herbivorous mammals, particularly from arid regions. Munks et al. (1996) detennined that
water availability rather than soil nutrients is more than likely the primary factor detennining
preferred arboreal marsupial habitats in arid and semi-arid woodlands. Cooke (1983), found
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that rabbits lost condition and did not breed if the moislwe content of pasture fell below 55%
or free water was unavailable.

In this arid environment. T vulpecula has to obtain food from resources which are
generally nutritionally poor and which may not be regularly available (Owen and Thompson
1965; Statham 1984; Maclennan 1987; Stafford Smith and Morton 1990).

This chapter

outlines some of the strategies that enable T. vulpecula to persist in this nutritionally poor and
unpredictable environment.

This study aims to:
t)

provide descriptions of the diet of T vulpecula in three major habitat types in which it
occurs in central Australia (E. camaldulensis Sandy Creek-lines, Mixed Acacia Rocky

Hills and Wet Gullies-see Chapler 3), useful in qualitatively predicting the suitability
ofa given habitat type for T. yulpecula;
2)

examine temporal changes in the diet

In

three major habitat types m which T

yulpecula occur in central Australia;
3)

determine which foods are preferred by comparing the foods being eaten with their
availability in the habitat and;

4)

provide insight into whether such differences and temporal changes in food
preferences and diet are driven by their superior digestibility, nutrient and moisture
content as postulated by Morton (1990), by examining the nutritional characteristics of
a range of plant species within the habitats occupied by T vulpecula,

4.2

Materials and Methods

....2.1

Diet Analysis

Microscopic analysis of scats was used to determine the dietary preferences of T.
yulpecula. The rare status and infrequent observation of T vulpecula meant that it was not

feasible to examine gut contents or document diet by direct observation.

Fresh seats were collected from scat collection plots (see Chapter 5) and from trapped
animals on their first night of capture for each trapping trip. Fresh scats were identified by the
presence of a shiny mucous coating. Fresh dry scats were stored in plastic bags and moist
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scats from trapped T. vulpecula was stored in 70% ethanol to reduce fungal infection. Only
fresh scats were included in dietary analysis.

4.2.2

Reference Collection
A reference collection of epidermal fragments was made from the leaves of over 200

plant species occurring at the three study sites, as well as their flowers and fruits whenever
possible. Plant taxonomy follows Dunlop et al. (1995). The method used was modified from
that of Kerle (1983) and Evans (1986). Leaves, flowers and fruits were manually cut into
small fragments, approximately 4-5 mrn in diameter. The fragments were added to a test tube
containing approximately 10 rnL of stock macerating solution. This was diluted 1: 1 with
distilled water and placed in an 80 DC water bath. The stock macerating solution consisted of
three parts 50% aqueous solution of chromium trioxide and two parts 50% dilution of nitric
acid (63.7% HN03).

Maceration time varied depending on the toughness of the fragments. Some species
required less than 2 minutes maceration time whereas others such as some Eucalyp/us species
required up to 20 minutes. When the abaxial and adaxial surfaces of leaves began to separate
or epidermal fragments were seen to be clear, the solution was diluted into a small beaker of
cold water and allowed to cool. Then the epidermal fragments were picked up with a fine
paintbrush and placed into drops of anunoniaeal basic fuchsin on a microscope slide (GUIT
1965).

Once stained, fragments were rinsed with water, dabbed dry and mounted on a

microscope slide with glycerol. Black and white photomicrographs of adaxial and abaxial
surfaces were taken at x 63 and x 160 magnification. The photomicrographs in conjunction
with the slides were used to identify epidermal fragments.
4.2.3

Faeeal Material
Preparation of scats followed Kerle (1983) and Evans (1986). Firstly, a sample of four

to six scats from each habitat were placed in distilled water to soften. Once softened, scats
were teased apart and maeroscopically examined for seeds and insect fragments. The sample
was then blended together with water for 30-60 seconds to allow uniform fragmentation and
separation. This mixture was strained through a 210 J..lrn Endeeott sieve and a sub-sample was
placed in a test tube containing 10 mL of macerating solution, diluted 1:2 with distilled water.
The sub-sample was then placed in an 80 0C water-bath for 12 minutes and diluted into a
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beaker of cold water. Once cooled the samples were tipped into the 21 0

~

sieve and washed

thoroughly to neutralise the acid and remove mesophyll fragments. The washed sample was

placed in a glass petri dish and covered with a solution of ammoniacal basic fuchsin far 10
minutes.

After thorough washing, the stained sample was placed in glycerol on two

microscope slides and spread thinly and evenly to facilitate fragment identification.

Some scats required additional treatment to that described above. Many of the scats
collected from Hale River were sticky and did not respond to the usual chemical treatment.
"Histiclear", a histological fat solvent was used to disperse most of the sticky substance from
the scats. The scats were covered with the solvent, broken apart and the fragments left to soak
for 1a minutes before proceeding with the above treatment. The use of "Histiclear" resulted
in clear fragment separation for identification. Other attempts to disperse the substance using
detergents and dilute acids proved unsuccessful.

Slides were scanned at x 63 magnification and fragments were identified in twenty
fields of view on each slide. Fragments were identified to species if possible and scored as
present/absent in each of the twenty fields of view. For each temporal sample, the oecurrence
of each species was then calculated as a pereentage frequency (number of limes each item or
speeies was recorded divided by the total number of observations of food items).

Percentage oeeurrences of leaf, flower and fruit fragments for each species were
calculated as well as the total percentage of leaf fragments and flower and fruit fragments. No
attempr has been made to quantify the data any further due to problems resulting from the
differential digestibility of epidermal fragments and observer error (Dunnet et at. 1973;
Wesloby el al. 1976; Fitzgerald and Waddington 1979). Some plant fragments were difficult
to identify due to incomplete maceration and these were placed in the unidentified category.
Relatively few fragments were completely unidentifiable, with most able to be identified to
leat~

4.2.4

flower or fruit based on their cellular structure.

Preference Index
Preference ratings indicate the relationship between plant utilisation and availability.

They are based on the difference between T. \lulpecu/a proportional consumption of a plant
and the proportion of that plant in the habitat. In this study, food preferences were assessed
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using a method used by Owen and Norton (1995) for 1: Ilu/pecula in New Zealand.

A

preference index (PI) was calculated as: PI = (% in diet - % available in habitat)/(% in diet +
% available in habitat). PI values range from + 1 (present in scats, absent in habitat) to -1

(absent in scats, present in habitat). PI equals zero when food use equals availability. The
percentage available in the habitat was determined using the methods described in Chapter J.

4.2.5

Diet Quality
Mature foliage, flowers and fruit of species present in the diet and species abundant in

the habitat were collected in paper bags, weighed to the nearest 0.5g and pressed.

All

specimens were collected in summer to negate known seasonal differences in nutrient content
of foliage (Newman 1968; Siebert el at 1968; Jones and Wilson 1987). Specimens were later
oven~dried

at 40 0C for 72 hours and re-weighed. The percent moisture content of plant

species was calculated subtracting the oven dried weight of the sample from the wet weight of
the sample. All samples were milled and underwent micro-kjedahl analysis for nitrogen and
crude protein content. Percentage crude protein = nitrogen x 6.25, as nitrogen in most protein
represents around 16 per cent (McKenzie and Wallace 1954). Percentage phosphorus was
determined by the standard analytical method of foliar phosphorus determination (Anon.
1960).

Dry matter digestibility (DMD) was determined by the pepsin cellulose digestion

method (Jones and Hayward 1975). Eighty-four samples were also analysed for total phenols
and total condensed tannins following the method described in Cork and Krockenburger
(1991).

T-tests were carried oul to see whether there were significant differences in the
nutrient and moisture levels of plants at sites occupied by T vulpecula and sites not occupied
(See Chapter 3). Differences in nutrient content between species at the two main study sites
were compared using ANOVA and Tukey's tests.

4.3

Results

4.3.1 Diet
4.3.1.1 Irving Creek (E. camaldulensis Sandy Creek-line Habitats)
A summary of food items occurring in possum diet from eight sample periods is
shown in Table 4.1. A total of 32 food items were recorded and the number of food items
identified in each sample varied between 10 and IS. Eucalyptus camaldulensis, Am. maidenii

Table 4.1: Percent contribution by frequency for food items (> 0.5%) in the diet of
Trichosurus vulpecula at the Irving Creek (E. camaldulensis Sandy Creek-line Habitat) study
site in central Australia during eight sample periods between July 1987 and October 1991. (L
leaf, Fl = flower, Fr = fruit).
0=

Date
Species

Acacia aneura
Acacia spp.
Acacia spp.
Acacia spp.
A eSlrophiolola
Amyema maidenii
Callifris glaucophylla
Cynanchum fl oribundum
Erodium cygnorum
Eucalyptus camaldu{ensis
Eucalyptus sPP,
Euphorbia drummondif
Hakea suberea
H suberea
L}'Siana spalhulala
Samalum lanceolalum
Senna arlemisioides
arlemisiaides
Solanum elliplicum
Insect
UnidelUified
Unidentified
Unidentified
Fields

Part

Jut-87

L
FI
F,
L
L
L
L
L
L
L
FI
L
L
FI
L
L
L

2.3
21.0
3.2

0.7
18.3

14.7
1l.2

21.8
4.3

F,
I
L
FI
F,

23.8
1.0
0.5

Aug-88 Mar-89 Aug-89 Jun-90 Apr-91

26.5
0.6
51

Jul-91

Oct-91

OA
16.4
0.5

1.1
47.5
03

21.1
07

14.9
12.1

24.5
0.1
0.3
16.2
21.5

16.6
5.5

13.4
14.3

1.3

7.5
16.5
0.2
2.7

0.8
0.2
17.0
0.2
0.1

15.7
3.6

18.6
3.2

18.9
6.4

3.9
14.4
4.6
5.0

0.3
14.8

1.3

16.6
J6.0
05

0.3
27.1

3.3
23.3

2.2

2.7

3.7
3. I

1.1
4.2
0.5

1.3
6.0

53
0.5

29
0.8

1.3
2.7

2.1
8.5
3.1
2A
391

5.2
7.2
IA
3.6
300

4.9
11.9
4.6
2.3
275

1.9
13.1
1.6
1.6
408

4.3
5.3
OA
0.2
1.9
5.1
0.5
02
780

3.7
0.5

2.1
3.2

5A
6.0

IA
2.4
9.0

0.6
400

IA
340

1.3
280
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and Acacia esJrophiolatQ leaves and Acacia flowers were the four most common food items in
each sample, ranging from 55.4% in March 1989 to 79% in April 1991.

There Were notable differences in occurrence between samples for all food items with
the exception of Lysiana spathulaIa and Santa/urn lanceD/alum. The amount of Am. maidenij
consumed was lower in August 1988 and March 1989, compared with all other samples,
whereas occurrence of E. camaldulensis foliage was greater in August 1988 and July 1991. A
lower proportion of A estrophiolata leaves was recorded in July 1991 than in other samples.
Consumption of Acacia flowers was usually higher in autumn and winter samples, and was

especially high in April 1991, when they represented almost half of the diet in that sample.

Ephemeral herbs, Erodium cygnorum and Euphorbia drummondii were more common
in the diet following summer rain. Erodium consumption was higher in March and August
1989 and Euphorbia higher in August 1988 and March.

Insect remains were present but represented less than 5% in all samples.

Their

remains were mostly Coleoptera and Orthoptera. Intact and partly digested seeds of Solanum,
Euphorbia and Gomphrena were also recorded in scats throughout the study. It is likely that

T. vulpecula was deriving nutriment from seed ingestion.

Comparison of the total percentage of leaves, flowers and fruits by sample period
shows that leaves were the main food of T. vulpecula at Irving Creek. Leaves comprised over
70% for all sample periods except April 1991 when leaves represented 54.7% and flowers
45%. Fruits were present in small amounts in all samples (less than 5%).

Food Preferences

Table 4.2 lists the preference index for all food items in the diet of T. vulpecula at
Irving Creek.

The species with the highest scores were Acacia flowers and fruits, Am.

maidenii. Lysiana spalhulata and Eu. drummondii.

Of these, Acacia flowers and Am.

maidenii were also important in possum diet (Table 4.1). Some species such as Solanum
ellipticum and Boerhaltia coccinea had positive scores in one or two samples and

negativescores in other samples. This suggests that T. vulpecula occasionally consumes large
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Table 4.2: Preference index (Owen and Norton 1995) for food items recorded in the diet of
Trichosurus vulpecula at the Irving Creek (E. camaldulensis Sandy Creek~line Habitat) study
site in central Australia during eight sample periods between July 1987 and October 1991.
Positive preference indices are indicated in bold. (L = leaf, Ft = flower, Fr = fruit).

Species
Acacia anelJra
Acacia eSlrophiofafQ
Acacia vicforiae

Acacia spp.
Acacia spp.
Amyema gibberulum
A. maidenii
8o(!rhU\lia coccinea
Callitris glaucophylla
Cory-mbia aparrerinja
C. opaca
Cynanchum
Jloribundum
Eremophila fongifolia
Erodium cygnorum
Eucalyptus
camaldulertJis
Euphorbia drummondii
Grevillea slriala
Hakea suberea
H. suberea
Lysiana spathulata
Marsdf!nia australis
Santalum lanceolalum
Senna artemisioidf!s
artf!misioides
Solanum f!llipticum
Grasses
Ferns

Part

Jul-87

L
L
L
FI
Fr
L
L
L
L
L
L
L

-O.D

L
L

L
L
L

L
FI

L
L
L
L
Fr

L
L

0.28
-1.00
1.00

1.00
-1.00
0.99
-1.00
·1.00
-1.00
·1.00
·1.00

Date
Aug-SS Mar-89 Aug-89 Jun-90
-1.00
-0.62
-1.00
-1.00
0.39
O.4S
0.33
0.29
-1.00
-1.00
-1.00
-1.00
1.00
1.00
1.00
1.00
1.00
-1.00
1.00
LaO
-1.00
0.70
-1.00
-1.00
0.98
0.99
1.00
0.98
·1.00
·1.00
0.88
·1.00
-1.00
·1.00
·1.00
·1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
0.88
-1.00
-1.00

Apr-91
-0.46

0.34
-1.00

1.00
1.00

Jul-91
-1.00
0.24
0.88

1.00

0,1-91
-0.76

0.34
·1.00
1.00
1.00

0.30
0.98
-1.00
-1.00
·1.00
0.71
0.93

1.00
-1.00
0.99
0.82
0.93
·1.00
·1.00
·1.00

0.99
·1.00
0.82
-1.00
0.33
-1.00

~1.00

.J .00
·1.00
0.23

-1.00
-1.00
0.28

·1.00
0.97
-0.02

·1.00
·0.03
0.05

0.21
0.60
0.06

·1.00
0.50
-0.0 I

-1.00
0.71
0.29

-1.00
0.97
0.22

0.82
-1.00
-1.00
-1.00
0.98
-1.00
-1.00
-1.00

0.82
-1.00
-1.00
-1.00
0.98
-1.00
-0.41
-1.00

0.05
-1.00
·1.00
·1.00
0.97
-1.00
·0.20
·1.00

-0.50
-1.00

0.93
·1.00
0.38
·1.00

0.33
-1.00
-1.00
-1.00
0.98
-1.00
0.63
-0.27

·1.00
-1.00
-0.26
0.97
0.82
-1.00
-1.00
-1.00

0.96
-1.00
-1.00
-1.00
0.97
0.60
0.44
-1.00

0.96
·1.00
-1.00
-1.00
0.91
-1.00
0.56
-0.17

·1.00
-1.00
-1.00

-1.00
-1.00
-1.00

-1.00
-1.00
-1.00

·1.00
·1.00
- [.00

0.60
-1.00
·1.00

-1.00
-1.00
- J .00

-1.00
-1.00
-1.00

0.93
-1.00
-1.00

-LaO
-LaO

7.
amounts or there are fluctuations in their availability. Other species such as Hakea suberea
and Senna artemisioides consistently had negative scores, and were only a minor component
of the diet relative to their abundance in the habitat Grasses and ferns were not consumed at
all as shown by their consistent -1.0 scores for a1l samples.

Diet of males and females

The results of '-tests, comparing 17 female samples and 10 male samples, found no
significant differences during this study.
4.3.1.2 Hale River (Mixed Acacia Rocky Hills Habitats)

A summary of food items occurring in the possum diet from seven sample periods is
shown in Table 4.3. A total of 32 food items from 29 plant species were recorded at Hale
River. Leaves of Marsdenia australis, Amyema maidenii, Atalaya hemiglauca and Santalum

lunceolalum, thc tlowers of At. hemiglauca, various Acacia species and fruit of Solanum
quadriloculatum and M australis represented between 50% (November 1989) and 70% (June
1991) of the diet during the study.

There were differences in the importance of all these species between samples. The
proportion of Acacia flowers, the most commonly recorded item in the diet, was greater in
August 1990 where it represented almost 42% of the sample. Foliage of Acacia estrophiolata
represented less than 8% in all samples, but greater amounts were present in February and
May 1990.

Leaves of Amyema maidenii represented between 0.2 and 18.9%, with much

greater amounts reeorded in March and June 1991. Leaves of M. australis represented less
than 10% in all samples, but much less wus recorded in August 1990 and October 1991 (4.1
und 4.5% respectively). Santalum lanceolalum foliage was present in the diet in all samples,
however much more was recorded in May 1990 and March 1991. Flowers of At. hemiglauca
were recorded primarily in the spring and summer samples, but they were absent or in low
amounts in all other samples.

Fruits of S. quadriloculatum were present in all samples,

representing less than 7%, but least was recorded in February 1990.

Leaves comprised more than 50% of food items for all sample periods, exeept August
1990 and October 1991 when flowers represented greater than 50% of the diet. At other times
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Table 4.3: Percent contribution by frequency for food items (> \.0%) in the diet of
Trichosurw vulpecula at the Hale River (Mixed Acacia Rocky Hills Habitats) study site in
central Australia during seven sample periods between November 1989 and October 1991. (L
~ leaf, Fl ~ flower, Fr ~ fruit).
Date
Species

Part

Acacia spp_
Acacia spp.
Acacia spp.

L

Acacia aneura
Amyema maideni;
Amyema sp.

L
L
L
L

Atafaya hemiglollca

FI

At hemiglollca
Boerhavia coccinea
Dipleracanlhus oUslralasiClis
Eremophila Jreelingii
E. fatrobei
ElIca~yptlis camaldulensis
Corymbia opaca
C. aparrerinja
Eucalyptus spp.
Euphorbia cenlralis
LYsiana exocarpi
Marsdenia australis
Samalum lanceolatllm
Solanum qlladrilocu!allim

L
L
L
L
L
L
L
L

Grass

L

Acacia eSlrophiolQIQ

Insect
Unidentified
Unidentified
Unidentified
Unknown I
Unknown2
Unknown3
Fields

FI
F,

Fr
L
L
L
L

Fr
L

Fr
FI
L
L
L

Nov-89 Feb-90 Aug-90 May-90 Mar·91 JUQ-91 Od-91

0.'
7.'
'.6
2.8
2.7
6.0
0.4
'.8
Il.O

0.7
11.4
0.5
1.I
7.8
4.5

O.

0.5
0.7
0.7
0.8
2.1
O.J
8.9
07
8.'
4.5
1.1

98
19.0
1.2

J.J
41.6
8.6
1.0
0.2
I.J

0.6
0.1

1.5

22
J.'
O.J
1.6
0.6
0.8
'.8
'.0
'.2
0.3
2.0
8.8
12

I.'
0.8
2.8
08
670

4.5
5.7
1.1
1.2
0.7
0.7
3.0

1.0
J.7
0.1
0.7

1.8
26,7
1.7
'.4
6.6
6.8
2.6
4.1
0.'
0.'
O.J
1.6
OJ
0.6
0.4

4.1

6.5

4.1
3.J
3.6
0.1
5.4

6.5
14.0

10.6
I.J

0.'
18.7
1.4

1.6
18.9

2.5
18.1

02
4.7

4.6

2.J
0.4
0.2
0.2
13. I

4.2
O.J
I.J
0.2
1.0
5.8

22.1
5.8
25
06
0.2
4.J
22. [
12.7

2.6
06

3.5

I.'

11.3
2.0

I.'

400

I.,

8.5
15.2
6.3
0.5

3.2

J.6
5.5
0'
1.1

1.3
0.'
0.2

340

340

••

I.,

46
0.2
5.J
6.4
0.'

4.5
5.8
2.4
J.O
63

0.2
0.4

340

340
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the percentage of flowers raoged from 24.5% (March 1991) to 34% (May 1990). Fruits were
present in the diet throughout, raoging from 2.6% (February 1990) to 15.2% (August 1990).

The origin of the waxy coating on some scats was initially puzzling. It was first
thought to have come from either honeycomb or plants with extremely waxy cuticles. A

beehive with possum scats scattered around and broken honeycomb pieces provided the
evidence that T vulpecula had been raiding honeycomb from the exposed hives of feral bees.

The 'fatty' scats are most likely to be the result of T vulpecula eating large quantities
of fat rich insect larvae, although no larvae mouthparts or skin remains were found in scats to
confirm this. Other possible sources such as saps and resins were discounted, as they were all
found highly soluble in water and dilute acids. Approximately 75% of the scats of females
and 50% of those from males were 'fany'.

Food preferences

The food items with the highest preference scores were Acacia flowers, Eu. centralis,
.A1. australis, S. lanceolatum, At. hemiglauca flowers and Am. maidenii (Table 3.4). With the
exception of At. hemiglauca in November 1989 and August 1990, all these species had very
high positive values (>0.80) in all samples.

Some species such as A. eSlrophiolata and L. spathulata had positive seores in one or
two samples and negative scores in other samples indicating that T vulpecula oceasionally
consume large amounts of them. Some species had negative scores in all samples, including

Hybanrhus auran/facus, E. camaldulensis and grasses suggesting that these species form only
a minor component of the diet relative to their abundance in the habitat.
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Table 4.4: Preference index (Owen and Norton 1995) for food items recorded in the diet of
Trichosurus vulpecu/a at the Hale River (Mixed Acacia Rocky Hills Habitats) study site in
central Australia during seven sample periods between November 1989 and October 1991.
Positive preference indices are indicated in bold. Blanks indicate item not present at that date.
(L ~ leaf, FI = flower, Fr ~ fruit).
Date
Species
Acacia aneura
Acacia estrophiolata
Acacia spp.
Acacia spp.
Amyema maidenii
Amyema spp.
Alalaya hemiglauCQ
At, hemiglauca
Boerhavia cDCcinea
Capparis mitchellii
C. spinosa
C. mitchellii
Corymbia aparrerinja
C. opaca
Dipteracanrhus australasicus
Eremophilafreelingii
E. latrobei
Eucalyptus camaldulensis
Eucalyptus spp.
Eucalypt/iS spp.
Euphorbia centralis
Ficus plorypoda
F. plarypoda
Hybanthus aurantiacus
Lysiana spathu/ata
L. exocarpi
Marsdenia australis
Sanralllm lanceD/alum
Solanum quadriloculatum
Grass

Ferns

Part

Nov-89

L
L

-0.63
-0.25
0.98
0.96
0.98
0.79
-0.07
0.99
-1.00
-1.00
0.69
0.77
0.15
0.95

FI
Fr
L
L
L

FI
L

Fr
Fr
L
L
L
L
L
L
L

Fr
FI
L

Fr
L
L
L
L
L
L

Fr
L
L

~1.00

-0.12
0.77
·0.38
0.94
-1.00
0.84
0.84
0.88
·0.59
0.88
0.88
0.99
0.99
0.98
-0.98
~1.00

Feb-90 MaJ-90 Aug-90 Mar-91
-0.83
-0.47
-0.73
-1.00
0.19
-0.47
0.27
-0.91
0.99
0.98
1.00
0.98
0.89
0.68
0.98
0.85
0.99
0.98
0.93
0.99
• [.00
-1.00
-LOO
-1.00
-0.56
0.81
0.35
0.40
-1.00
0.99
0.96
0.56
0.89
0.38
0.92
·1.00
0.81
0.87
0.80
0.89
0.86
~ 1.00
0.56
0.89
0.89
~ 1.00
-1.00
0.83
0.38
0.29
0.78
0.73
0.74
~ 1.00
-1.00
-0.15
0.10
-0.05
-0.21
- 1.00
0.58
0.97
0.96
0.87
0.94
-0.96
-0.88
·0.87
·0.76
0.56
0.74
0.86
0.89
0.98
0.99
0.99
0.98
0.76
0.68
~I.OO
-1.00
~ 1.00
·1,00
~I.OO
~ 1.00
-0.91
-0.85
-1.00
-1.00
0.56
-1.00
~
1.00
~1.00
-1.00
0.86
0.99
0.98
0.99
0.98
0.98
0.99
0.97
0.99
0.92
0.97
0.98
0.95
-1.00
-1.00
-0.99
-0.96
-1.00
-1.00
~ 1.00
~1.00

Jun-91
-1.00
-0.28
0.99
0.87
0.99
-1.00
0.40
-1.00
-1.00

Oct-91
-0.65
-0.78
0.99
0.97
0.58
0.98
0.73
1.00
-1.00

0.60
0.66
0.33
-1.00
0.79
0.74
-0 ..59

0.76
-1.00
0.70
-1.00
-1.00
0.96
-1.00

0.83
0.98

0.97

-1.00
-0.80
-1.00
0.93
0.99
0.95
0.98
-0.98
-1.00

-1.00
-1.00
-1.00
-l.00
0.98
0.98
0.96
-1.00
-1.00
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Comparison or the diet or males and females

Overall, the diet of males and females was comprised mainly of leaves with lesser
amounts of flowers, fruits and insect. The only notable difference between the diet of seven
male and 14 female samples during the study was the higher proportion of M australis leaves
in the diet of females. Three main food items were consistently recorded in the diet of both
sexes: Acacia flowers, Am. maidenii leaf and S. lanceolalum leaf. Females had a higher
proponion of fruits and insect in their diet but a lower proportion of leaf and flowers than
males.
4.3.1.3 Gile, Yard Spring (Wet Gullie' Habitat)
A summary of food items recorded in the diet of T. vulpecula at Giles Yard Spring is
shown in Table 4.5. A total of 16 food items from four samples were recorded. The diet was
composed mostly of Acacia flowers,

Eucalyph~s

fruits and fhe leaves of Am. maidenii, S.

lanceo/alum and A. macdonnelliensis. These six food items contributed more than 10% of the

diet in two or more samples and between 48% (August 1989) and 70.7% (February 1990) of
the diet in each sample. Other species such as Clerodendrum jloribundum and fruits of Ficus
p{atypoda were abundant in only one sample (21% May 1990 and 12.9% August 1989

respectively). Insects were present in small amounts in all samples and were most abundant

in February 1993 (6.6%).

Leaves were the major dietary component, comprising over 58% for all sample periods
except August 1989. In August 1989, leaves represented 48.7%, fruits 31.6% and flowers
almost 20% of the diet.

Food Preferences

Preference indices are listed in Table 4.6. The species with the highest indices were
Acacia flowers, Eucalyptus flowers, fruits, and the leaves of Am. maidenii, Callitris
glaucophylla, S. lanceolalUm and Lysiana spathulata. All of these had an index of 0.90 or

greater. Santalum lanceolatum recorded scores of 1.0 in every sample, indicating it was the
most preferred food. Several species had positive scores in some samples and negative in
others. This reflects the seasonal availability of these foods. Eucalyptus camaldulensis and
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Table 4.5: Percent contribution by frequency for food items (> 0.5%) in the diet of
Trichosurus vulpecula at Giles Yard Spring (Wet Gullies Habitat) in central Australia during
four sample periods between August 1989 and February i 994. (L ~ leaf. Fr = fruit. FI =
flower).

Species
Acacia macdonnelliensis
Acacia spp.
Acacia spp.
Acacia spp.
Amyema maidenii
Am. prei.tiii
Col/Uris glaucophylla
Clerodendru m floribundum
Corymbia aparrerinja
Cucumus myriocarpus
Eucalyptus camaldulensis
Eucalyplus 5pp,
Eucalyptus spp.
Ficus plotypoda
F. platypoda
Grevillea wickhamii
Lysiana spalhu/alQ

SontalUln lanceo/alum
Solanum spp.
Grass
Insect

Unidentified

Part
L

FI
L

F'
L
L
L
L
L

4.3
2.8
2.0
1.0

Date
Feb-90
12,6
4.0
0.8
11.3
0.3
0.6
4.7
1.0

F,
F'

12.8

21.3

FI

2.5
4.6
12.9
0.2
7.2
13.]

0.6
06
1.9

L

F,
L
L
L

May·90
3.0
24.3
0.8
0.6
12.3
2.1
2.1
210
0.9

F,

0.6
13.1
0.5

Fl

20,9

2.2
2.7

1.3

0.2
12.9
2.5
1.6
180

10.3

6.l

O.l

1.I

1.3
4.3
O.l
0.0
160

6.•
O.l
0.0
160

2.2
2.2
43
1.4
l.O

0.6

1.3
21.5

L
L

Feb-94
9.8
16.4

L3
2.3

L

F,
Fields

Aug-89
4.8
14.4

17.0
0.5
6.6
7.4

160
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Table 4.6: Preference index (Owen and Norton 1995) for food items recorded in the diet of
Trichosurus vulpecula at Giles Yard Spring (Wet Gullies Habitat) in central Australia during
four sample periods between August 1989 and February 1994. Positive preferences are
indicated in bold. (L ~ leaf, Fr ~ fruit, Fl ~ flower).

Species
Acacia mocdonnelliensis
Acacia spp.

Acacia spp.
Acacia spp.
Amyema maideni;
Amyema pre;ssii
Call1sfemon pouciflorus
Catlirris glaucophylla
Clerodendrum floribundum
Corymbia aparrerinja
Cucumw myriocarpus
Eucalyptus camaldulensis
Eucalyptlls spp.
Eucalyptlls spp.
Fiew; plotypoda
F platypoda
Grevi/lea widhamii
Lysiana spothulolo
Sanlalum lanceo/alum
Solanum spp.
Grasses
Ferns

Part
L
FI
L

Fe
L

L
L
L
L
L

Fr
L

Fr
FI
L
Fe
L
L
L

Fr
L
L

0.16
0.98
-1.00
-1.00
0.99
-1.00
- 1.00
0.99
-1.00
0.8l
-1.00
-LOa
0.90

0.99
0.92
1.00
0.92
1.00
1.00
-1.00
-1.00

-LOO

Date
Feb-90
May-90
0.57
-0.08
0.99
0.97
-0.11
-0.12
0.88
0.88
1.00
1.00
0.94
0.99
-1.00
-1.00
0.97
0.99
1.00
1.00
0.81
0.81
·1.00
0.98
-0.87
-0.60
0.90
0.90
1.00
0.99
0.53
0.41
-1.00
0.99
-1.00
-1.00
0.97
0.98
1.00
1.00
1.00
0.96
-LOO
-1.00
-1.00
-1.00

Feb-94
0.47
0.99
-1.00
-1.00
1.00
-1.00
-1.00
0.99
0.99
0.86
-1.00
-0.60
0.93
0.96
0.76
1.00
-1.00
-1.00
1.00
-1.00
-1.00
-1.00
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Callistemon pauciflorus had negative scores in all samples, suggesting these species form

only a minor component of the diet relative to their abundance in the habitat.
4.3.2

Diet Quality

4.3.2.1 Differences Between Occupied and Unoccupied Sites
Nutrient levels and moisture content of leaves for dominant perennial plant speeies at

locations both occupied or not occupied by T. vulpecula is shown in Table 4.7. Comparison
of nutrient content, dry matter digestibility and moisture content of a range of flowers, fruits
and leaves of ephemeral species are shown in Table 4.8. There were no signifieant differences
in nutrient levels of flowers, fruits or leaves of ephemeral speeies between locations.

In all cases where significant differences occurred, levels were higher in plant species
from locations where T. vulpecula was present.

Crude protein and nitrogen levels were

significantly higher in A. aneura (crude protein -/ U7
P = 0.036) and A. estrophiolata (crude protein -

=

tl. 46 =

2.63,p = 0.012, nitrogen 2.61,p = 0.012, nitrogen -

(1,57
'1.46

=

2.15,

= 2.5,p

~0.011).

Phosphorus concentrations in perennial leaves were low and ranged from 0.06% in A.
aneura from unoeeupied sites, to 0.17% in S. lanceolalum from occupied sites. In leaves of

ephemeral speeies, this ranged from 0.13 and 0.37% and fruits 0.13 to 0.22% and were
generally higher in phosphorus than leaves of perennial speeies. Phosphorus coneentration
was greater in the leaves of A. aneura (/1 57 = 2.15,p

=

0.036) and A. eslrophiolala (t1.46 =4.76,

P < 0.001) from occupied sites.

Dry matter digestibility in perennial speCies ranged from a high of 76.2% in S.

lanceolalUm to 30% for Corymbia opaca, whereas in fruits and ephemeral species DMD

ranged from a low of 37.7% for Ficus fruits to 80.3% in S. quadriloculalum fruits. Overall,
leaves of ephemeral species, tlowers and fruits had higher digestibility than perennial species.
Dry matter digestibility was significantly higher at oecupied sites in two species: S.

laneea/alum (I.."

~

2.53,p

~

0.015) and At. hemig/auea (I,."

~3. J3,p ~

0.004).
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Table 4.7: Comparison of percent nutrient levels, dry matter digestibility and moisture
content of leaves at locations occupied by Trichosurus vulpecula and sites unoccupied by T.
vulpecula in central Australia. Figures are means ± SD. Sample sizes indicated in brackets.
Significance levels shown as (ns, p> 0.05,· P < 0.05,·· p < 0.01, ••• p< 0.001).
Occupied

Unoccupied

Moisture con lent t2&)

9,97 ± 0,9
1.58 ± 0.19
0.11 ± 0.14
51.56 ± 4.8
50.27 ± 7.5

8.87±1,7
1.43 ± 0,27
0.06 ± 002
48.73±6.7
36.68 ± 3.5

A. eSlrophio/ata
Crude Protein (46)
Nitrogen (46)
Phosphorus (46)
Dry matter digestibilily (46)
Moisture content (3])

11.46 ± 1.07
1.86±0,18
0.10 ± 0.03
48.92 ± 6,5
4780 ± 3.3

10.27
1.67
0.06
50.70
43.90

Amyema maidenll
Crude Protein (27)
Nitrogen (27)
Phosphorus (27)
Dry matter digestibility (26)
Moisture content (17)

10.811.7
1.75 ± 0.26
0.13 ± 0.04
50.46 ± 8.9
59.17±9.9

10.61 ± 2.2
1.7010.38
0.]\ ± 0.03
48.50±7.6
52.31 ± 4.8

Atafaya hemigfauca
Crude Protein (36)
Nitrogen (36J
Phosphorus (36)
Dry matter digestibili[)' (35)
Moisture content (30)

8.9812.1
1.4410.34
0.13 1 0.05
39.79±6.8
56.53 ± 3.7

10.18±2.03
1.63 ± 0.34
0.10 ± 0.03
33.17 ±6. J
46.80 ± 5.9

.....

Eucafyptus camaidulens;s
Crude Protein (56)
Nitrogen (56)
Pho~phorus (56)
Dry matler digestibility (56)
Moisture content (44)

5.951 1.4
0.9610.22
0.0910.02
59.1915.9
47.3313.4

6.23 ± J.2
1.01±0.19
0.09 ± 0.03
56.66± 13.3
48.00 ± 3.3

"'
"'
"'
"'

CO'Ymb;a opaca
Crude Protein (43)
~itrogen (43)
Phosphorus (43)
Dry matter digestibility (43)
Moisture content \27)

5.31 ± 0.54
0.8510.07
0.0810.02
30.0916.5
49.30 ± 3.3

5.79 ± 1.4
0.93 ± 0.22
0.09 ± 0.06
30.8.'i ± 8.74
50.6317.7

"'
"'"'
"'"'

A. kempeana
Crude Protein (17)
Nitrogeu (17)
Phosphorus (17)
Dry matter digestibility (17)
Moisture content (5)

7.75 ± 0.87
J.25± 0.13
0.0610.01
60.00 ± 3.05
58.7019.3

8.71±1,76
1.4510.28
0.07 ± 0.01
63.17±7.13
42.00±7.4

"'
"'
"'
•"'

8.62 ±2.1
1.38 ± 0.55
0,16 ± 0.07
76.19±6.5
.'i9,24 ± 4,9

7.38± 1.9
1.19±0.31
0.17 ±O.IO
70.54 ± 8.8
55.13±6.1

"'
"'
"'
•
•

Species & Nutrient

Significante

..k"cia ant'ura
Crude Protein (57)
Nilrogen (57)
Phosphorus (57)
Dry matter digestibility (57)

Snntafum lanceol/Jlum
Crude Protein (59)
Nitrogen (59)
Phosphorus (59)
Dry matler digestibility (59)

MOisture content (50)

± 2.0
± 0.31
± 0.02
± 4.9
± 6.5

••
•

..

...
..
...
"'
•

•"'

"'

"'
"'

•"'
"'
"'
"'

"'
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Moisture content of perennial specIes ranged from 36.6%

unoccupied) to 59.2% (S. lancea/alum leaves, occupied).

CA. aneura leaves,

Ephemeral leaves and fruits

contained more than 60% moisture in all samples and the highest recorded was 73% for
Einadia nulans fruits (Tables 4.7 and 4.8). Moisture content of foliage from occupied sites
was consistently higher in six of the eight species analysed. The greatest differences were in
the moisture content of A. aneura (t1.2ol' = 6.73,p < 0.001) and At. hemiglauca (/ 1,30 = 5.64,p <
0.001). Lesser differences were recorded for A. estrophiolafa
kempeana
=

(tI,S

= 2.8.

P = 0.05), Am. maidenii

(t1,l7 =

(l1.33

=

2.11, p = 0.043), A.

2.17, P = 0.044) and S. lancea/alum

(tl.jO

2.66, P = 0.0] 0). but there was no significant difference for E. camaldulensis and Corymbia

opaca.

The highest crude protein levels in perennial species were found in A. estrophiolala
(11.46%) and the lowest in C. apaca (5.31 %) with Eradium cygnarum leaves, Acacia legumes
and 8. ellipticum fruit having higher levels of crude protein and nitrogen than A. eSlraphialala
(Table 4.8).

4,3.2.2 Differences Between Preferred Food Items and Other Plants at Inring Creek and
Hale River.
The concentration of crude protein, nitrogen, available nitrogen. phosphorus, available
phosphorus and dry matter digestibility were measured in the foliage of 10 plant species
which were either abundant in the diet or W1common Or absent from the diet.

Inring Creek

Moisture content was compared for seven species. Significant differences were found
in the concentrations of crude protein (F9,2.l

=

17.49, P < 0.00 I), nitrogen (F9 ,2J = 17.99. P <

0.001) available nitrogen (FSA ? = 8.47, P < 0.001), phosphorus (F9 .21 = 7.59, P < 0.001),
available phosphorus (F9 ,2J = 3.46,p < 0.05), dry matter digestibility (F9 •2J = 5.28, P = 0.001)
and moisture content (F7,15 = 51.98, P < O.OOl)(Table 4.9). The ephemeral herb Eradium
cygnarum had the highest levels for all variables except dry matter digestibility, which was
highest for 8. lanceolatum. Species that featured in the diet (8. lanceolalum, A. estraphialala
and Am. maidenii) also had high levels of one or more of the nutrients. Species such as C.
aparrerinja and Grevillea striata, which wcrc rarely consumed, had the lowest level of all
nutrients.
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Table 4.8: Crude protein (CP). nitrogen (Nl, phosphorus (Pl, dry matter digestibility (DMDl
and moisture content (Me) of leaves of ephemeral species and fruits and flowers of perennial
species which occur in the diet of Trichosurus vulpecula in central Australia. Figures are
mean percent ± SD. Plant part and sample size indicated in brackets. (L"" leaf, FI = flower, Fr
= fruil).

Species

N

DMD

MC

50.1 ± 7.6

65.5± 0.7

Erodium cygnorum (L)(3)

13.20 ± 3.6 2.10 ± 0.60 0.37± 0.19 61.1 ± 12.8

76.5 ± 0.7

Euphorbia cemralis(L)(S)

6.50 ± 0.5

I.D6±0.11

60.0 ± 5.5

Eu. drummondii (L)(6)

8.50 ± 23

1.35 ± 0.37 O.19±O.O5

Boerhavia coccinea (l) (2)

CP
9.10±2.2

P

1.45 ± 0.40 0.19±0.01

1.30 ± 0.03 67.6± 10.1
63.4 ± 9.3

Acacia (Fl)

10.6

1.70

0.12

57.6

Einadia nutans (Fr)

12.2

2.00

0.22

77.7

Acacia spp. (Fr)(2)

11.80 ± 0.2

1.9 ± 0.00

O.IH 0.00

62.5 ± 2.6

Ficus platypoda (Fr)(2)

6.40 ± 1.1

1.03 ± 0.18 0.13 ± 0.02

37.7± 4.9

Solanum ellipticum (Fr)(4)

13.20 ± 2.2

1.95 ± 0.42 0.14 ± 0.04 50.8 ± 10.4

S. quadri/ocu/atum (Fr)(4)

8.8H 2.1

1.43±032 0.20 + 0.03 803±16.9

63.8 ± 2.6

73.0

65.0 ± 0.0

Table 4.9: Mean percentage values for concentrations of crude protein, nitrogen, phosphorus, dry matter digestibility and moisture contem in the
foliage of 10 species recorded in the diet of T,ichosu,us vulpecula at the Irving Creek (E. camaJduiensis Sandy Creek~line Habitat) study site in central
Australia Means with Ihe same superscript are not significantly different (Tukey's test, p < 0.05). Species codes refer 10 first two letters of plant
genus and first three letters of species.

Species E,. cyg

13.23'1

Species E,. cyg

2.13'
Species E,. cyg

0.37'

Species Sa. ian

66.8'

Species Er. cyg

76.5'

Ac.est

Sa. Ian

Am. mai

2.46'

10.9'

9.25'

Crude Protein
Bo. coc
Ell. d,u
7.2'
9.05'

Ac.est

Sa. Ian
ac
1.7

Am. mai
be
1.5

Bo. coc
1.45 be

2.02'

Nitrogen
Eu. dru
1.17 be

Sa. Ian

Eu. d,lI

Ly. spa

Phosphorus
Bo. coc
Am. mai

0.26'

0.21'

0.20'

0.19'

Eu. dru

65.1'

Sa. ian
bc
66.5

Er. cyg
61.1'

Bo. coc
65.5 bc

0.17'

Eu. cam

Dry Matter Digestibility
Bo. coc
Ac. est

55.9'

SO.I~

Eu. dru
63.S bc

Moisture Content
Am. mai
Ac. est
be
49.0"
61.5

43.5'"

G,. str
4.2'

Eu. cam

Co. apa

5.0'

5.0'

Eu. cam

Co. apa

0.81 "

0.80 "

Ac. est

Co. apa

0.12'

Ell. cam
O.ll'

Gr. str

0.13'

Ly. sea

42.2 '

Am. ma;
33.6be

Co. apa
be
33.4

G,. str
31.0'"

Eu. cam

Co. apa

48.3"

45.0"

G,. str
0.68 "

Ly. spa

3.1'

Ly.

s{:l'

0.50

0.044'

:::

90

Hale River

Significant differences were found in the levels of crude protein (F9 .47
0.001), nitrogen (F,,,
phosphorus (F,."

~

matter digestibility

~

24.3, p < 0.001) available nitrogen (F""

6.97, P < 0.001), available phosphorus (F9."
(F~.41 =

~

~

=

25.7, P <

35.66, p < 0.001),

14.64, P < 0.001), dry

25.79, P < 0.001) and moisture content (F7,JI

=

23.19, P <

0.001 )(Table 4.10). The plant species fell into a number of groups for each nutrient variable.
The vine, M australis, had the highest levels for all parameters except dry matter digestibility,

which was highest for Eremophila chrislOpheri. Species that featured highly in the diet (eg

M australis, S. lancealalum, Eu. cen/ralis) also had higher levels of one or more of the
nutrients. Species such as C. aparrerinja and A. aneura were uncommon in the diet and had
lower levels of all nutrients. Other species such as Er. christopheri and Dodonaea viscosa
had higher nutrient levels than some of the more commonly consumed species.

Phenols and Tannins

Considerable variation between species in the levels of foliar phenols and tannins was
recorded in this study. The species listed in the upper half of the table occur frequently in the
diet of T. vulpecula and those in the lower half rarely or never occur in the diet (Table 4.11).
Tannins were in higher concentrations in perennial species, than in ephemeral Erodium and
Euphorbia, but phenol levels were similar for both ephemeral and perennial species.

4.4

Discussion
In central Australia, Trichosurus vulpecula was highly selective in both the plant

species and parts of a plant eaten. The preference index shows that frequency in the diet does
not conform with abundance in the habitat with many common plant species being consumed
in small amounts or not consumed at aiL Some species were highly preferred; particularly
Acacia flowers, fruits, and leaves of short-lived ephemerals. These results support previous

studies in New Zealand (Fitzgerald 1984, Green 1984, Owen and Norton 1995) and Australia
(Kerle 1984, Evans 1992) showing that a small number of plant species dominate the diet,
despite there being a wide range of species recorded.

Table .1.10: Mean percent values for concentrations of t.:rude prott:in, nitrogen, phosphorus, dry matter dig~stibilily and moisture content in the foliage
of 10 species recorded in the diet of TrichosunJs vu{pecu{a at the Hale River study sit~ in central Australia. Means with the same superscript are not
significantly different (Tukey's [est,p < 0.05). Species codes refer to first two letters of plant genus and first three letters of species.
Crude Protein
Species

Ae. esl

Am. mai

Ae. one

AI. hem

Do. vis

Sa, Ian

Er cll,.

Eu.

11.67'"

10.4'"

10.22'"

9.47'"

8.78'"

S.Obd

7.43'"

6.48'"

5.64""

Ma. aus

Ae.

Am. mar

Ac. one

AI. hem

Do. vis

So. Ian

Er. chr

Eu.

eefl

Ca. opa

2.42"

1.87'

1.67'"

1.65'"

1.53'"

1.43'"

1.28'"

1.23'"

1.05'"

0.92""

Ma.

£IUS

SO. Ian

Oa. vis

Eu. een

E,.. eh,.

At. hem

Am. mal

..Ie. est

..Ie. ane

0.168'

0.16'

0.148"

0.135"

O:lOS-'

0.108"

0.103'"

Co.~

0.098'"

0.077'"

0.075""

fr. ch,.

Ma.aus

So. Ian

£1'. een

Do. vis

Am. mal

Ae. est

..Ie. one

Co apu

At. he",

81.58'

73.78"

73.3g"'

66.2'"

55.4'"

54.53'"

51.65'"

47.55'"

37.31""

28.78""

Ma.

Sa. Ian

Eu. een

E,.. ch,.

AI. hem

..lc. one

..Ie. est

Ca. apa

61.0'"

60.0'"

59.5'"

56.22""

54.8"'"

49.0'"

47.8""

Mo. aus

15.05'

Cefl

Caopa

Nitrogen
Species

eSI

Phosphorus
Species

Dry Matter Digestibility
Species

Moisture Content
Species

£IUS

75.0'

~
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Table 4.11: Summary of total phenols and total condensed tannins (mg gOI) in leaves of
selected species from sites occupied by Trichosurus vulpecu./a in central Australia.
Spei:ies

Phenols

Acacia aneura

Tannins

84

A. estrophiolata

253

155

A. macdonnelliensis #

474

17

A, victoriae #

201

292

Amyema maidenii

327

1728

Atalaya hemiglauca

127

927

Corymbia aparrerinja #

233

197

C. opaca #

163

273

Eucalyptus camaldulensi.'i

293

66

Erodium spp.

238

5

31

6

501

14

80

190

Sanlalum lanceo/alum

193

258

Ventilago viminalis #

154

841

Erythrina vesper/ilia #

Euphorbia australis
Grevillea striata #

# Species randy or never present in diet
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In central Australia, the diet is extremely varied both temporally and spatially. No
species was consistently recorded in high amounts tluoughout the year but a number of
species were always present in the diet at all sites. The most important of these were Acacia
flowers and leaves of S lanceo/alum and Am. maidenjj, which are often uncommon in some
habitats. With few exceptions, the most moist, nutritious and easily digestible plant species
and plant parts were consumed at each location.

There was no relationship with plant

abundance, as demonstrated by the high preference indices for most of the species in the diet.
For example, M australis, a slender vine, representing less than 0.07% cover, represented
between 4 and 10% of total food items recorded in the diet in each sample, was also the most
nutritious perennial plant species sampled at Hale River.

Foliage from dicots forms the major part of the diet. The temporaJ variation in the
quantity of leaves in the diet may be a response to the availability of new growth following
rains or temperature changes. Eucalyptus leaf comprised only a small proportion of the diet at
the Hale River and Giles Yard Spring sites comparing well with proportions found by Evans
(1992), Kede (1983, 1984) and Fitzgerald (1984). Conversely, at Irving Creek, Eucalyptus
was a major component and more consistent with proportions found in the diet of T. vulpecufa
in eastern Australia and Tasmania (Owen and Thompson 1965; Fitzgerald 1984; Statham
1984; MacLennan 1987).

Flowers and fruits are preferred during the short periods they are available.

For

example, Acacia flowers were consumed in larger amounts at Hale River in August 1990,
lrving Creek in April 1991 and at Giles Yard Spring in May 1990. The proportion of flowers
and fruits eaten in central Australia is much higher than found in temperate Australia (Owen
and Thompson 1965; Sampson 1971; Winter 1976) but similar to that in the tropics (Proctor
Gray 1984; Kede 1985).

Fruits were in higher proportions in the diet and in availability in the rocky habitats
compared with the creek-line habitat of Irving Creek. Selection seems to be affected by
temporal and spatial changes in the relative palatability and availability of food items. Fruits
are generally more digestible than foliage and provides greater energy intake per unit time
(Williams 1982) and have been commonly recorded in possum diet in Ncw Zealand
(Fitzgerald 1976; Coleman et af. 1985; Cowan 1990; Owen and Norton 1995) and Australia
(Fitzgerald 1984; Kede 1984; Foulkes and Kede 1988; Evans 1992).
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Mistletoes were eonsistently recorded in all samples examined in this study (Tables
4.1,4.3 and 4.5), They formed the majority of the diet in Evans' (1992) study and were
prominent in observations by Russell (1980). This predominance of mistletoes in the diet of

T. vulpecula has not been recorded elsewhere, although Owen and Norton (1995) did record
them as a eomponent of the diet. Trichosurus yulpecula has been blamed for the elimination
of mistletoes from parts of New Zealand (Ogle and Wilson 1985; Broekie 1992) and an
increase in the abundance of mistletoes has been observed following the decline of T.
vulpecula in south-eastern Australia (Greenwood et 01. 1989; Cooke 1992)

Invertebrates were consistently found in seats in low amounts, generally less than 5%.

Cowan and Maeed (1987) found that invertebrates were frequently eaten but contributed less
than 3%. with proportions varying in relation to seasonal abundance. The presence of larvae,
although not quantified, has been recorded in other studies. Warburton (1978) suggested that
T vulpecula actively sought larvae as an important SOUrce of protein to supplement their diet.

This too appears to be happening in central Australia. Skin remains present in scats may have
been destroyed by the maceration process used to prepare scats and hence their contibution to
the diet under estimated.

Water availability rather than the level of foliar nutrients appears to be the primary
factor in detennining possum habitat selection in arid Australia.

The only factor, which

consistently separates, occupied from unoeeupied sites is moisture content of mature foliage
of perennial species. The importance of plant moisture or an association with trees with
aeeess to water was demonstrated by Gordon et af. (1988) for koalas, and more recently by
Munks elal. (1996) for T vulpecula in semi-arid Queensland. Munks eta!' (1996) found no
relationship between level of foliar nutrients and T vulpecula abundance. The range of values
obtained for foliage nutrients in major tree species were similar to those documented by
Braithwaite el af. (1983) and Munks et af. (1996) for south-eastern Australian forests and
semi-arid woodland respectively. Eucalypt species sampled from central Australia contained
much lower levels of condensed tannins than eucalypts from eastern Australia (Cork and
K..rockenburger 1990), whereas phenols were higher in eentral Australian eucalypts, but not
markedly so.

Seasonal variation in digestibility of browse species varies little, unlike grasses (Jones
and Wilson 1987).

Crude protein is also relatively constant, however tannins and other
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phenolic compounds reduce the availability of protein and fibre and hence reduce palatability
(Jones and Wilson 1987). 1b..is seasonal change in toxic or unpalatable compounds may
account for seasonal or total rejection or large fluctuations of the proportion of some species
in the diet such as that recorded in this study.

For T. vulpecula and other animals in arid Australia, the difficulties of obtaining
adequate protein are made worse by the presence of plant defence compounds such as tannins
and phenols in most plant species. Tannins and phenols can decrease food consumption rates
and digestive efficiency, affect nitrogen economics and have metabolic and pathological
effects (Cork and Foley 1991). These compounds have been described as anli-nutritional and
may affect growth, development and reproduction as a result (Harbourne 1991).

When

eucalypts are highly stressed by drought, they have significantly less nitrogen, less water and
more tannin than trees of the same species under less stress. Severity and duration of stress
influence the degree of change in composition of nitrogenous compounds and hence their
availability for digestion (Landsberg 1990).

Therefore, during drought, dietary species,

although still abundant, probably have much lower nutritional value, which may explain the
seasonal variation in the consumption of some perennial species.

At Hale River, there was a distinct difference between the foods preferred by females
compared with males. Females consistently consumed and preferred S. lanceolatum, Am.

maidenii and Acacia flowers and fruits and

th~

proportions of these varied in relation to the

seasonal availability of other food items. On the other hand, males ate smaller amounts of a
larger number of species (including those eaten by females), with males consuming 20 food
items (greater than 1.0% each) compared with 14 food items for females. This may be a
retlection of the greater mobility and home range sizes of males.

Overall, the main plant species eaten by both sexes were the mistletoe Am. maiden ii, S.

lanceo/arum, Eu. centralis leaves and Acacia species flowers. All these species have high
moisture content, dry matter digestibility and nutrient levels but relatively low levels of plant
toxins compared with most of the other species present in the same location. If a plant species
has high levels of toxins, but is also rich in moisture and protein (e.g. Am. maidenii) it is
preferred to species that are low in toxins and low in protein and nitrogen.
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Robbins (1993) stated that it is common for 90% of a herbivore diet to be composed of

three or four species that meet all immediate nutrient requirements.

He suggests the

remaining species in the diet are sampled for availability of nutrients and presence of toxins
that vary both spatially and temporally in the habitat. This appears to be true for the possum
populations at Irving Creek, Hale River and Giles Yard Spring. It is of considerable note that

the same food items (Am. maidenii, S lanceo/arum and Acacia flowers) are consistently
recorded in the diet of T. vulpecula throughout the range of habitats that T. vulpecula occupies
in central Australia.

Trichosurus vulpecula conswned a mixture of leaves, flowers and fruits supplemented

with other sources such as insects and their larvae and honeycomb. In doing so, they obtained
moisture and energy necessary for maintaining activity and lactation, and protein for tissue
growth, whilst also minimising the intake of toxic secondary plant compounds.

Intake of toxins is moderated by varying the composition of leaves, flowers and fruits
lt1

the diet.

When they are ripe, fruits contain higher concentrations of readily digestible

carbohydrate but less protein and importantly, fewer toxins than foliage (Cork and Foley
1991).

The flowers and leaves of ephemeral plants are relatively free of toxins, high in

carbohydrate and protein and are generally highly digestible. Possums may favour particular
individuals of a plant species or plant parts to minimise the intake of secondary compounds
and they may have distinct preferences for particular

d~fence

compounds (Cork and Foley

1991) or have a high capacity to counteract them (Kavanagh and Lambert 1990). Amyema
maidenii leaves for example have very high levels of tannins and phenols in addition to high

levels of moisture and nutrients, indicating that they may prefer them or can satisfactorily
detoxify them.

Ephemeral species such as Erodium may be important because the have

shown that the relative degree of palatability is highest in early successional species or
ephemeral species, which have a lower investment in defensive compounds (Cates and Orians
1975).

Females may be limited by their greater need for energy rather than by their protein
requirements at times. Energy rich foods are vital for activity and lactation. Although it is
possible to convert protein to energy (DWlbar 1991), T vulpecula appears to have utilised the
energy sourees of honeycomb (carbohydrate), fat from larvae and flowers to provide their
energy requirements. This may be indicated by the high incidence of sticky and 'fatty' scats,
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particularly from females (75%) who travelled long distances (Chapter 5) to obtain a balanced
diet essential for tissue growth and lactation.

The nutritional value of preferred food items has generally been the primary focus of
many dietary studies, but in an arid climate, moisture levels are apparently of equal or greater
importance than mineral nutrients. Cooke (1982), found that rabbits in arid South Australia

lost condition and did not breed if the moisture content of pasture feil below 55% or free
water was unavailable. Other studies on rabbits in Australia found that when plant moisture
content was below 60%, milk production and therefore total reproductive effort was reduced
and the rapidly growing juveniles died. It is not unreasonable to assume that T. vulpecula
would also have a moisture threshold below which they could not survive or reproduee, but
this would probably be lower than the threshold for rabbits.

Brushtail possums in mid

lactation produce milk that is 75.6% water (Robbins 1993). Oxidative or metabolic water can
considerably supplement the "preformed" water contained in plant tissue.

Metabolism of

anhydrous carbohydrates typically yield 56% of their weight as water, proteins 40% and fats
t 07% when completely oxidised (Robbins 1993).

The changing composition of diet suggests that T. vulpecula is able to recognise
changes in the environment and respond quickly to them. This is important in the arid zone
because fluctuations in the quality and quantity of food are highly unpredictable (Bro\VI1
1974). The same shift in diet has been reported for a number of species in the arid zone such
as Lagorchestes hirsulus (Lundie-Jenkins et al. 1993b) and for T. vulpecula throughout
Australia (Kerle 1984).

Trichosurus vulpecula appears to respond to changes in the

availability of food resources in two ways: firstly, they vary the plant speeies and plant parts
they consume, and secondly, they change the proportion of time they spend feeding in
particular habitats.

This is particularly evident within the Hale River study area, where

species not recorded in particular habitats were found in scats collected from them. A similar
habitat shift was recorded by Lundie-Jenkins et at. (1993) when studying the diet of 1.

hirsutus.

Some evidence from temperate Australia suggests that T. vulpecula has a minimum
requirement for particular nutrients and below such a threshold, populations cannot persist (Cork
and Foley 1991). The data for T. vulpecu/a in central Australia suggest that they select food
items that prOVide an optimum supply of essential water and nutrients. They eat the best quality
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foods availabJe at each site resulting in variation in the composition of the diet between sites and

through time.

The specific concentrations of particular minerals that define the critical

thresholds are yet to be determined.
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CHAPTERS
HABITAT USE AND REPRODUCTION
S.I

Introduction
Considerable between-population variation exists for T vu/pecula in terms of

fecundity, reproduction, growth and demography (Dunnet 1956; Lyne and Verhagen 1957;
Pilton and Sharman 1962; MacLennan 1987; Kerle and Howe 1992; Gemmell and Hendrikz
1993). Births of T vulpecula from various parts of their range in south-eastern Australia and
New Zealand have been recorded in every month, but the distribution of births is highly
seasonal. Elsewhere births are more evenly distributed. This variation appears to be related
to the type of habitat the population occupies (Kerle 1984).

In central Australia, T vulpecula lives in a hoI, arid environment with highly
unpredictable patterns of productivity both spatially and temporally. In order for it to survive,
T vulpecuia would be expected to exhibit patterns of reproduction and growth that enable it to
exploit brief and unpredictable periods of high resource availability and to target patches of
productivity scattered throughout the habitat, by moving considerable distances to find them.

Preliminary surveys of T vulpecula in central Australia indicated there were temporal
differcnccs in habitat use (Foulkes and Kerle 1991). Studies of habitat use and preferences
providc information about resources critical to the species which assis[ in the prediction of
likely impact of management practices, including selecting suitable areas for reintroduction.
This study sought to:
[)

determine the relative importance of different communities to the distribution of T
vulpecula by investigating changes in thcir local distribution in relation to seasonal
conditions and detennine the fac[ors that influence changcs in habitat use;

2)

determine home rangcs and denning habits;

3)

determine breeding patterns and estimate growth ratcs of young and compare with
other Trichosurus populations in order to detennine the influence of taxonomy and
environmental conditions.
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5.2

Materials and Methods
Infonnation on the habitat use of T. vu/pecula was obtained from a combination of

methods, including live-trapping, radio-tracking, spotlighting and observations of changes in
scat distribution and abundance at Irving Creek and Hale River. All other populations were
subject
(page

5.2.1

10

less intensive studies. The locations of all sites examined are shown in Figure 1.4

17).
Trapping Study
Trichosurus vulpecula were captured in "Mascot" and "Tomahawk" cage traps (585 x

220 x 220 mm). To maximise trapping success, traps were located in areas where there were
fresh tracks, seats, scent marking stains and scratches on trees, and presence of obvious
runways. Five trapping trips \..'ere conducted at Irving Creek between August 1989 to October
]991. Access to the study area was restricted by flood conditions on one occasion and from
pennit refusals from the Central Land Council on two occasions.

Fifteen field trips were

conducted from November 1989 to December 1991 at Hale River. Flooding of the access
track prevented access to the study site on two occasions.

Once captured, each animal was weighed to the nearest 50 grams to detennine the
appropriate dose for anaesthesia and then transferred to a hessian bag for easier manipulation.
This \.. . as essential, especially for "jumpy" and aggressive animals.

More accurate

measurements could then be taken, stress to the animal and injury to the handler minimised
and radio collars could be fined easily and correctly.

Immobilisation was achieved by

administering 20 mg kg" of the anaesthetic "Ketamine" and 5 mg kg· l of the muscle relaxant
"Xylazine".

This was administered intra-muscularly, generally to the rump (Tribe and

Middleton 1988).

Induction occurred in about 5 minutes and animals were immobile for

approximately 50 minutes. Full recovery occurred within 3-4 hours. Animals were kept in a
cool, shaded location during the day and released at the point of capture at dusk.

Length of the head, ear, forearm, leg and testes were measured with vernier ca1lipers to
0.1 mm, and body and tail were measured with a cape measure to 5 mm. See Kerle (1983) for
diagramatic representation of measurements. All trapped animals were pennanently marked
with individual ear tattoos consisting of different colour combinations and their position in the
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left or right ear.

Individuals were also identified from distinguishing physical features.

Breeding status was always recorded, and pouch young were measured while still attached to the
nipple and were weighed only after they began to voluntarily release the nipple. A straight-Jine
model for the growth of poueh young was used following Keele and Howe (1992).

5.2.2

Radio-tracking

T vulpecula were radio·tracked to provide infonnation on home range and denning
habits during 1991. Collars were fitted only to adults, as fitting collars to growing young may
have resulted in strangulation if they could not be reeaptured and the eollars removed. An
individually-tuned radio-collar, designed for T vulpecula (Sirtraek V. DSIR New Zealand), was
fIned. The eoUars emitted signals in the 150 - 151 MHz range and weighed approximately 25 g.

The collars and whip aerials were marked with reflective tape to aid recognition of animals
when spotlighting. Animals were located using a "Telorucs" four-element direetional antenna
and a "Tetonics" 150-151 MHz tracking reeeiver.

At Irving Creek only three animals were collared. Because of the infrequent visits to this
study site it was eonsidered an ineffieient use of resourees to collar more animals. Collared
animals were located at approximately three hourly intervals during the night, starting one hour
after dusk. Eaeh position was marked with flagging tape. The distances and eompass bearings
between these positions were measured the following day. This provided data on distanees
travelled by an individual and areas it utilised.

The extremely rugged terrain at the Hale River site precluded any observation of collared
animals during the night. Any attempt to do so would have disturbed animals and altered their
nonna] activity patterns, as well as being dangerous for observers.

Home ranges and

movements were established by making daily fixes of the animals in their dens and from
trapping locations. These locations were then marked on air-photos and the home range was
detennined in the same manner as above. A correction factor was used to account for traverses
by animals over steep terrain with home range area calculated on a flat plane being multiplied by
1.6 to account for elevation.

Burt (1943) defmed home range as that area traversed by the individual in its nonnal
activities of food gathering, mating and caring for young. Burt's defmition was used for this
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study. Home range area was detennined for each possum by joining the outennost loeations on
the air-photos to form a minimum convex-polygon and then the area within the polygon was
calculated. This method, combined with habitat maps can give an indieation of habitat use and
static imeractions; it gives no indication of the intensity of use of parts of the habitat, and the
area can be strongly influenced by locations recorded on the periphery (Kenward 1988). This
method was used as there were Lnsuffieicnt locations gathered to conduct further detailed
analysis.

5.2.3

Scat Distribution
The distribution and abundance of possum scats were recorded at each site to provide an

indication of the density of T. vulpecu/a and frequency of use of areas. Scat data were found to
be the best method of assessing habitat use, particularly when trapping and spotlighting proved
fruitless or time constraints prevented extensive trapping over all (he survey area. Scats were
collected from six sections along the creek-line at Irving Creek and timed scat pickups were
conducted within each section on six trips (Figure 5.1). At Hale River, timed scat pick-ups were
conducted approximately every three months, at 18 sites, spread across the four main habitats
identified in cluster analysis (ChapLer 3) (Figure 5.2). These four habitats were identified using
the following abbreviations: Mulga (representing Group I), AcaeialQTZ (Group 3a),
AcaciaIDOL (Group 3b) and Woodland (Group 4).

The mass of fresh seats collected per unit time was used as an index of the abundance of

T vulpecula at each site. The differences in activity levels in each habitat for the duration of the
study and differences in activity levels between habitat types at each sample period were
compared using ANOV A.

Significant differences were further tested, using Tukey's tests LO

identify which habitat type or temporal sample within habitats were responsible for the result.
5.2.4

Spotlighting

Spotlighting was carried out for a period of two to three hours, starting an hour after
dark. All spotlighting was done on foot using 30 W lights attached to a 12 V rechargeable gel
battery. When sighted, the time, and the position of a possum were noted and the site marked
with flagging tape so the site could be located and examined the following day. Spotlighting
was given little priority during the latter part of the study because of the small amount of
information gained from the considerable effort spent.

Section end point
(scats coHected between these
points wlithin lhe creekline)

~

o

..

Ikm

-
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Figure 5.1: Location of Trichosurus vulpecula scat collection sections at the !Irving Creek study site in central Austraha.
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Figure 5.2: Location of Trichosurus vulpecula scat collection sites in major habitat types at the Hale River study site in
c~ntra1 Australia. Description of ~abitat types: Group}- Acacia aneura / Callitris glaucophylla on Rocky Hills;
Group3a-A. macdonelliensis Steep Quartzite Hills; Group3b-Mixed Acacia spp. and Atalaya hemiglauca Dolomite
Hills~ Group4- Rocky Eucalyptus Creek-tines.
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5.3

Results

5.3.1

Trapping
In total, 34 individual possums were identified from 53 captures made over 3065 trap

nights at five locations, resulting in an overall trap success of 1.6%. Sex ratios (males: females)
were 1.0: 1.0 overall. The only suecessful trapping was at Irving Creek and Hale River,

5.3.1.1 Irving Creek

Eighteen individuals (9 females and 9 males) were captured 24 times during five field
trips conducted from August 1989 to October 1991 (Table 5.1). Five of these (three females and

two males) were sub-adults. Overall trap success was 2.7 % (883 trap-nights) and Table 5.1
shows the trap success for each trip. The highest trap suecess was on the July 1991 trip. All
adult females captured on this trip had pouch young. Captures were made in all sections at

Irving Creek with more captures made in section C (8 captures) than any other section. There
were 7 captures at section B, five at D, and two at A and E. The majority of animals were in
good condition although some were carrying Stick Fast Fleas, Echidnophaga myrmecobii. Two
males captured in April 1991 had patches of fur missing from thcir shoulders and back,
presumably as a result of fighting.

5.3.1.2 Hale River

The overall trap success was 1.5 % for 1916 trap-nights, with 16 individuals captured
(8 females and 8 males) 29 times during 15 field trips conducted from November 1989 to
December 1991. All were adults except for two sub-adult males. Two adult females were
captured four and five times respectively, and an adult male and female were captured twice
each. All captured adult females had pouch young at varying stages of development (See
Section 5.5). Table 5.2 shows the trap success for each trip. All animals were in very good
condition and no external parasites were recorded. Nine of the individuals were captured at
two m<lin locations. At these locations, captures Were concentrated in a very small segment of
thc trapping area, eovering an area of approximately 2000 m2 at both sites. The majority of
captures were made in the QTZ/Acacia habitat (20), Seven on the Woodland/Acacia/DOL
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Table 5.1: Summary of trapping data for Trichosurus vulpecula at the Irving Creek study site
in central Australia over five trips conducted between August 1989 and October 1991.
Date
Aug-89

June-90

Apr- 91

July-91

OCI-91

Total

Trap-nights

125

175

170

228

185

883

Captures

2

3

6

8

5

24

No. nights

5

7

6

6

5

29

% Success

1.6

2.3

2.9

4.0

2.7

2.7

Table 5.2: Summary of trapping dalL! for Tllc!wsurlls vlI/pecula at the I-!<Jlc' River study site ill cetllt'al Australia over fifteen trips comiuCled
be[w~~11

November 1989 and October 11)91,
Date

Mar
90

May

Aug

Mar

90

Jun
90

July

89

Feb
90

90

90

Trap
nights

30

60

120

120

90

180

120

Caprures

I

0

1

2

0

0

No.
nights

3

4

5

5

4

%

3.3

0

0.8

1.7

0

No,'

Success

April

May

June

Aug

Sept

0"

91a

Mar
91b

91

91

91

91

91

91

145

I 16

87

135

185

166

J75

87

1916

4

1

6

2

I

4

2

3

2

29

8

5

5

4

3

4

5

5

5

3

68

0

2.5

0.7

5.2

2.3

0.7

2.2

1.2

1.7

_.,
''

1.5

Total

c

~

108

margin and one on the riverine and Acacia/DOL margin.

No captures were made in the

Mulga or Acacia/DOL habitat although fresh sign was always present.

5.3.1.3 Other Locations

Trapping at all other locations was unsuccessful. In the Rama Gorge area,

fOUf

separate

areas consisting of creek·lines. gorges and adjacent rocky hills were trapped simultaneously over
tom nights, in July 1991 (146 trapwnights). Similarly, trapping was conducted in the MiltonPark

area in March 1991 (100 trap·nights) and at Giles Yard Spring in February 1993 (20 trap
nights),

5.3.2

Radio-tracking

5.3.2.1 Jnring Creek

Three animals (two males, one female) were radio· tracked at Irving Creek. A summary
of radio-tracking data collected is shown in Table 5.3 and plots of their movements are sho\VTI in
Figures 5.3 a-c. Most animals were high up in the foliage of a den tree when first seen and then
quickly "vent into a hollow or remained stationary when disturbed. Only one of the collared
animals was seen on the groWld. The male in section D (AM2) was seen on the rocky outcrop
next to the creek-line and moved rapidly along the rocks back towards the creek. All dens were
in Eucalypfus camaldulcllsis. usually in the large old trees in the creek-line. Den trees were
llsually obvious, being heavily scratched and with large quantities of scms around their base.
The number of dens used by collared animals ranged between two and thiI1een (Table 5.3).
Activity away from den trees appeared to begin between 2100 hours and midnight. however, on
some occasions, nctivity did not appear to begin Wltil after midnight. None of the animals
~ppeared

to leave their den trees during the one occasion when it rained as no fresh tracks in the

\\et sand the following morning. AM2, in section D had the largest home range of the Irving
Creek individuals of 6.3 ha (Table 5.3). His foraging area included the low, rocky area adjacent
to thc creek, and the margins of the creek line (Figure 5.3 a). The longest distance he covered in
a three-hour period was 320 m, and his range length of approximately 760 m was the longest of
the coUared animals at Irving Creek. AM2 occupied thirteen different dens during the study

(Table 53).
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Table 5.3: Summary of radio-tracking data from collared Trichosurus vulpecula at the Irving
Creek study site in central Australia during 1991.

Animal &
Location

Dates Fitted

No. Locations
(Dens Used)

Area (hal

AM2

D

2414·18110

18 (13)

6.30

AMI

B

21/7·18IJO·

11 (2)

3.41

AF1'

A

21/7·19110

19 (3)

5.25

• collar found - animal presumed killed by predator

# female with pouch young
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Key to individuals
radio~tracked

Males
.... AMI
••• AM2
Female
- - AFI

+

Den site

o

100m

Fil,lJres .5.3(8 - c): Min~mum area home ~an~es and den s~tes ~f Tr(chosurus vulpecula
radio -tracked at the Irvmg Creek study sUe 10 central Australia dunng 1991.
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All the fixes of male AMI in section B were within the creek line and two den sites
were used (Figure S,3 b). His minimwn home range area was 3.41 ha (Table 5.3). The
longest distance he moved in one night was 360 m including 200 m in one three~hour period.
His maximwn range length was approximately 430 m. The transmitter from AM l was fOWld
on the edge of the creek on the October 1991 field trip and damage to the collar indicated he
was taken by a dingo.

AF I and her pouch young occupied a

ffilfilmwu

occupied three different dens during the study (Figure 5.3

C,

home range area of 5.25 ha and
Table 5.3). All observations were

confined to the creek-line, many of which were close to the creek margin.

Scat analysis

however, revealed species in her diet, whieh grow outside the creek-line (Chapter 4), indieating
that she had forays into the surrounding woodland to feed. In one three-hour period, she moved
460 m and then returned to her previous location and den tree during the next three hours. Her
range length was also 460m.

5.3.2.2 Hale River

Seven animals (four females, three maies) were radio-tracked at Hale River in 1991. A
summary of radio-tracking data eollected from collared animals is shown in Table 5.4. The
locations of the collared animaLs, their home ranges and nwnber of dens used are shown in
Figure 5.4. The home ranges are based on one fix per 24 hours and provide no infonn<ltion
about movements within a night.

The minimum borne range area caleulated for each animal is shown in Table 5.4. These
are conservative estimates of the actual areas that T. vulpecula was using.

On munerous

occasions, signals could not be received despite extensive searching, indicating that the
particular animal had moved out of range of the receiver. Initially, intennittent transmitter
failure was suspected but eventual location of some animals and subsequent consistent
transmitter function suggests animals were travelling large distances in short periods of time,
away from where they were usually fOWld.

Dens in this area were mostly crevices and caves in the quartzite ranges or solution
cavities in the dolomite hills. Only two T vulpecula were recorded using hollows in trees and
then, only oeeasionally. AM4 was located in a E. camaldulensis hollow once, and AF3 was
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Table 5.4: Swnmary of radio-tracking data from collared Trichosurus vu/pecula at the Hale

River study site in central Australia during 1991.
Animal &

Dates Filled

Area (hal

(Dens used)

Location
AF2"

No. Locations

14/3 - 29/10'

30 (7)

47.04

AM3

2

22/3 - 16/12

IS (S)

32.96

AF3"

3

17/6 -16/12

19 (S)

61.76

AF4"

4

17/8 - 29/10'

11 (S)

32.16

AFS'

S

21/3 - 2217'

10 (5)

14.08

AM4

6

17/8 - 16112'

9(2)

n.c.

ANIS

7

IS/6/ _6/9'

7 (7)

77.28

# female with pouch young, ·collar and remains found - killed by predator,
S

died in den - cause unkno'WT1, n.c. not calculated

Key to individuals.
radio-tracked
Males
•••••• AM3
•••••• AM4
••••• AM5
Females

--=

AF2

- -  AF3

- -  AIF4
-  AF5

o
!

~

Ibn

_ !

-

Figure 5.4: M.nimum area home ranges of Triclwsurus vulpecula radio -tracked at the Hale River study site in central Australia during 1991.
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recorded in hollows in fjve trees up on rocky slopes on three occasions and a dead hollow tree
twice. The nwnber of dens used ranged. between two and seven (Table 5.4).

The largest home range area was that of AM5 of slightly more than 77 ha and the
smallest was that of AF5 (just over 14 ha). The largest home range for a female was almost 62
ha (AF3). AF3 had a range length of more than 1500 m including locations in AcaciaIDOL,
quartzite and woodland habitats. She moved distances of up to 700 m. over very rough ground,
in one night.

AF2 had a home range of just over 47 ha. She utilised a core area within a major
quartzite gully for much of the year, however, she moved out of this area later in the year on
forays into other gullies. These took place over a 3-4 day period, but she returned to her main
den in the core area, remaining there for one or two nights before moving again. The other
females moved distances of up to 500 m in one night and had home range lengths of between
650 and 1100 m. The home range for one animal (AM4) was not calculated because all his
captures and radio-tracking fixes were in a straight line. His home range length was
approximately 1.4 kIn.

AnimaLs, in their movements, appeared to be utilising boundaries

between vegetation communities (e.g. AF3) and variation in the vegetation related to aspect

Den sharing by males and females was sho'WIl by AF2 and AM3, at two locations, on
two separate occasions. They shared the same den for five consecutive days on one occasion
and two days on another. This is the only knO'WIl occurrence of den sharing by any T vulpecula
from Hale River. AM4 and AF3 denned within 150 m of eaeh other once but they were never
recorded together. The ranges of the T rulpecula in the study area overlapped to some extent.
In some instances, an individual occupied the same den for five or more days in sueeession (e.g.
AF3 and AF2) whereas on mher oecasions the same animal would occupy a different den every
day over a five-day period.

Many of the loeatable dens were on, or near to, ridge tops !.hat were up to 250 m in
altitude from the gully door and were difficult to access. Those dens with obvious openings
went back some distance (up to 15 m) and were marked with urine and seent gland stains at the
entrance. There were also polished patehes on rocks at the entrance from rubbing of their fur
when leaving and entering. Other den sites were very inconspieuous with no obvious entrance
and no sign (such as scats or stains) to indicate !.heir use. Dens were not necessarily deep. AF3

liS

was found in a small hole in the rocks, sleeping, with her back approximately 10 em from the
entrance. It is of some interest that posswn scats were rarely found around den sites whether

they were in trees or rocks.

Signs of territory marking by T vulpecufa was found. Three separate locations were
found where saplings of Corymbia aparrerinja and Alafaya hemiglauca were regularly visited
and the bark chewed, scent gland secretions applied and the tree scratched. The area around the
base was usually trampled and bare, and scats were always present.

5.3.3 Scat Distribution
5.3.3.1 In'ing Creek

The ranks of relative differences in scat abundance are shown in Table 5.5. Significant

differences in scat abundance were recorded between sampling sections in every sampling
period (Table 5.5). In March 1989, posswn activity was observed over a six-kilometre stretch of
creek with four major sections identified. Significantly greater sign was located at D and B (F(lo
=

71.34, P < 0.001).

camaldulensis.

At these sites, fresh scats were under Acacia estrophiolata and E.

Distinct runways were evident between den and preferred feeding trees.

Activity levels were (ower with considerably less sign found in sections C and A. Very few
scats were collected in section E.

During the second trip in August 1989, significantly more sign was observed in seetions

o

and E (F,.

12

=

44.89, P < 0.001) whereas scat abundance was lower at A, B and C.

Significantly less sign was collected at F than all other sections. In June 1990, significantly
more sign (F,.12 = 44.45, P < 0.001) was in sections B and D than other sections. Section E was
next, followed by sections C, F and A, which had significantly less sign than section E. During
April 1991, sections E and C had significantly more sign than the other sections (F'.ll = 86.98,p
< 0.001).

[n July 1991, a similar result was recorded with sections E, C and B having

significantly more sign

(F~.12 =

58.93, P < 0.001) than D, F and A. During October 1991,

sections E, D and C had significantly more sign (F~.12 = 57.99,p < 0.001) than sections B, A and

F.

Over the six temporal samples undertaken during the study, no significant differences in
scat abundance were recorded in sections A, B and F. Section C recorded a signifieant incrcase
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Table 5.5: Ranks of mean Trichosurus vulpecula scat abundance, from lowest (1) to highest
(6), in the six major sections of the Irving Creek study site in central Australia during six
sample periods between March 1989 and October 1991. Significance levels shown as ••, p <
0.0 1; •••, P < 0.001; n.s., not significant. Sample sizes indicated in brackets

Overall
Section

Rank

Dafe

Mar89

Aug 89

June 90

April 91

July 91

Oct 91

Signif
(section)

2

1

2

n.s.

6

4

4

3

4

3

5

5

5

5

6

5

3

3

4

.....

I

5

4

6

6

6

•••

2

I

2

1

n.s.

A (n=3)

2

2

3

8 (n=3)

3

4

2

C(n=3)

4

3

o (n=3)

5

E (n=])

6

F (n=3)

I

Signif.

(date)

# not surveyed

... ... ... ... ... ...
#

n.s.
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in activity

(F~.12

== 9.53, p == 0.001), with the three 1991 samples greater than the previous

samples. Section D recorded a significant decrease in activity (Fj.l J == 114.2, p < 0.001) in the

first two samples of 1991. A highly significant result was recorded from section E (F j • 12 ==

32.69, P < 0.00 1) where seat abundance inerease from the lowest in March 1989 to the highest in
<111 samples during 1991.

5.3.3.2 Hale River

Table 5.6 shows the ranks of scat abundance in the four main habitats over five time
periods. Significant differenees in scat ahundanee were recorded in four of the five temporal
samples. The distribution of scats within and between habitats varied throughout the study.
Significantly higher mean scat abundance was recorded in Mulga and AcacialQTZ habitats
~

5.45,p

~

(f1.'~

0.011) than in Woodland or AcaciaIDOL habitats in March 1990. In August 1990,

the level of activity in the Mulga habitats was significantly higher than in AcacialQTZ habitats
(Fl,17

=

5.58, P = 0.01), but not signifLcantly different from the other habitats. No significant

difference in scat ahundanee between habitats was found in March 1991.

In June 1991, the highest mean index of activity was recorded in the AcaciaIDOL habitat

which was almost twice as much as Mulga and more than four times that of AcacialQTZ sites
(Table 5.6) resulting in a signifieant difference (F4 ,20 = 6.16, p = 0.007) between AcaciaIDOL

and AcacialQTZ sites. Woodland habitats showed the highest mean level of activity of the
habitats in the October 1991 sample, followed by AcaciwDOL habitats. The level of activity
recorded in Woodland habitats in March and October 1991 was significantly different (FJ,17

=

5.03.p = 0.014). The level of activity recorded in AcaeiaIDOL habitats in March and October
1991 were also significantly different (p < 0.05) from the preVious two sampling periods.
Activity levels in Mulga and AcacialQTZ were similar and were slightly less than half the
activity of the AcaciaIDOL sites (Table 5.5).

The amount of activity was not consistent within each habitat at the same time. In Mulga
habitats, at one site the highest activity occurred in June 1991, whilst in another it was in March
1991 and in the third site, the index of activity remained relatively stable throughout 1991. The
same pattern was apparent in AcacialQTZ habitats (Table 5.5) with no significant differences
being found in the level of activity within AcacialQTZ sites in the five periods sampled.

\18

Table 5.6: Ranks of mean T'ichosurus vulpecula scat abundance, from lowest (1) to highest
(4) to at the four main habitats at the Hale River study site in central Australia during five
sample periods between March 1990 and October 1991. Significance levels shown as; •• ,p <
0.01;· P < 0.05; n.s., not significant. Sample sizes indicated in brackets.

Date

Overall

Habitat

Rank

Mar. 90

Aug. 90

Mar. 91

June 91

Oct. 91

Signif.

(habitat)
Mulga (n=3)

4

3.5

4

4

3

Acacla/QTZ (n=5)

I

3.5

I

3

I

Woodland (n=5)

2

I

2

1

2

4

Acacia/DOL (n=5)

3

2

3

2

•

•

n.s.

..

3

Signif. (date)

4

2

n.s.

n.S.

•

..

n.s.
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The greatest variation in activity levels occurred in Woodland and AcaciaIDOL habitats.
In AcaciaIDOL habitats, the highest activity levels were recorded in the June 1991 sample with
significantly {ower activity

(FJJ7

=- 5.62, P

=

0.002) in both the March 1990 and March 1991

samples. In the October 1991 sample, the level of activity was less than the June sample, but
still quite high. Activity at sites in the same sampling period varied by a factor of 3 or 4.

5.3.3.3 Other Sites

At Roma Gorge, sign of T. vu/pecula was found on the rocky sandstone slopes
adjacent to the gorges with activity evident along the watercourse margins both upstream and
downstream of the rocky gorges. Scats were fOW1d around C. aparrerinja, C. opaca and A.
aneura on top of the ranges and under At. hemiglauca, A. estrophio/ata and E. camaldulensis

on the watercourses. Distribution of scats was very patchy but covered an extensive area.

Scats were found both on the sheltered moist gully floor and on the exposed slopes to
the west of the gully at Giles Yard Spring. Concentrations of scats were found under Ficus
platypoda and in A. macdonnelliensis groves on the slopes and Wlder Callistemon paucifloru.5

and E. camaldulensis on the gully floor. Fewer seats were collected on the gully floor but this
was probably due to moist conditions causing scats to break down quickly.

A small nwnber of scats collected at Chopper Gully were fOWld on the gully floor and
were widely scattered over a distance of approximately 2000 m downstream. Scat nwnbers
decreased as the gully became broader and cover was less. Scats could not be fOWld on the drier
gully slopes but it is likely that most were concealed in the deep litter on the slopes. This site is
very difficult to access but the population at this site is probably small.

At Milton Park, scats were found scattered sparsely over the rocky granite hills and
gullies. Concentrations of scats were found around the bases of C. aparrerinja, C. opaca and F.
platypoda on the hills, but most scats were found under E. camaldulensis and A. estrophiolaTQ

on a creek-line approximately 200m downstream from the rocky hills. They were also found
scattered along the margin of the creek for another 1000 m with many scats being fOWld under
E. camaldulensis and C. opaca, until the creek began to flood-out Sign of T. vulpecula was

fOWld up 10 200 m away from the creek-line Wlder A. estrophiolafa and At. hemiglauca, and on
the edgc of an A. aneura grove near the flood-out.

The number and distribution of scals

120

indicates that the population is probably small. Subsequent visits to the area have found small
numbers of scats, with the most recent sign found in mid-1997 (0. Edwards, pm, comm. 1997).

A similar pattern of scat distribution was found on another similarly vegetated creek to
the west. Investigation of the hills further to the west again revealed some old scats but little
fresh sign of T vulpecula. This indicates that the hills were utilised infrequently,

Most scats were found on the western side of Ellery Creek at the Bighole under AI.

hemiglauca, Santalum lanceo/alum and clumps of F. p/atypoda on the tow limestone hills along
the creek margin. Scats were also found under A. estrophiolala on the river margins and higher
up on the AcaeiaJQTZ slopes around the bases of C aparrerinja, A. aneura and Caliifris

glaucophylia. None was found under the E camaldulensis in Ellery Creek. The absence of
older scats in the area suggests that T vulpecula has recently colonised the area from sheltered
gullies along the Heavitree Range.

The lower reaches of Armstrong Creek were searched in March 1989, but no sign was
found. The upper reaches of the creek were surveyed in August 1989 and the tracks of one
individual were found, the animal appearing to be wandering up and do\Vl1 the creek. Only 18
sca[s were found on the creek despite extensive searching. Searching of rocky outcrops adjaeent
to Armstrong Creek revealed no sign of T vulpewla.

5.3.4

Spotlighting

Between March 1989 and October 1991 at Irving Creek, 15 animals were observed
during a total of35.9 spotlight hours (one sighting every 2.4 spotlight hours). Most observations
(6) were made at C, four observations at D, three at B, one each at A and E and none at F. One
animal was seen feeding in a Hakea suberea, on the edge of the ereek, two were observed
feeding inside the canopy of Amyema maidenii mistletoe. whilst all other sightings were made
within the creek-line. Animals were observed on the ground twice, but each rapidly moved up
the nearest tree and into the canopy once disturbed.

Spotlighting was even less productive at Hale River. Between November 1989 and
September 1990, six animals were observed during a total of 49.3 spotlight hours (one sighting
every 8.2 spotlight hours). Three were seen in the AcacialQTZ habitat whilst single sightings
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were made in Mulga, AcaciaIDOL and Woodland habitats. One of the animals observed was a
female feeding in mistletoe. None of [he other T vulpecula was seen long enough to detennine

sex.

No animals were seen during 4.7 hours of spotlighting along the creek-lines and around
the bases of the rocky slopes at Milton Park in March 1991 or during 6.0 hours of spotlighting
along the creek-lines and into the rocky gullies at Rama Gorge in July 1991.

5.3.5

Breeding Records
During the study, all 14 adult females trapped were carrying pouch young. Two of the

females produced another young immediately after the loss of fhe first pouch young were
recorded. Measurements were obtained from all 16 pOllch young. Of T vulpecula born during
the study, only two (both females) were measured more than twice during pOllch life. The head
length of one female pouch young increased from 19 to 39 rnm in 55 days and then from 39 to
50 mm in 33 days. The head length of the other pouch young increased from 10 to 23 rnm in 30
days, and then from 23 to 58 rnm in 82 days. The growth rate of head length (L), calculated
using thesc records, was 0.397 ± 0.03 7mm dail. The smallest pouch young had head lengths of
7.3,7.7 and 10.0 mm. Using the above data and a linear growth rate, the following fonnula was
derived which was used to estimate the age of pouch young (t) in days and hence month of birth:
1=

(L-7.3)
0.397

Figure 5.5 shows the distribution of births at Irving Creek and Hale River. Despite the
smail sample size, it appears births occur throughout the year in central Australia; the strong
seasonal clumping of births found in southern populations is not evident. A total of I 5 pouch
young (seven males, six females and two undetermined) were recorded from 13 females,
giving a sex ratio close to parity. One female had a second pouch young almost immediately
after the presumed independence of the first at 6 months of age. One female had another
pouch young soon after the presumed death of the first pouch young. Using the estimated
ages of the two pouch young, the first would have been unfurred and too young to survive
independently when the second was born. It is not yet known at what age females reach
sexual maturity as there was insufficient data eollected. There is only one record of a female
with a pouch young who, nine months prior, was recorded as a sub~adult.
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Figure 5.S: Distribution of Trichosurus vulpecu/a births throughout the year at Hale River
and Irving Creek study sites in central Australia.
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5.4

Discussion
Trap success for T. vulpecufa in central Australia was very low (1.6 %) compared with

other Australian studies where trap success has ranged between 6.8 % (MacLennan 1987) and

57.3 % (Kerle 1998). The low capture rate reinforces the rare status of the species in central
Australia, particularly when traps were placed in order to maximise trap success.

The data from scat distribution, trapping and radio-tracking indicate that use of partieular
habitats varies seasonally. At Hale River, all four main habitats are used throughout the year,
however. the Mulga and AcaciaIDOL habitats appear to be used seasonally, whereas the
Acacia/QTZ habitat use is relatively constant. Each habitat is subject to peaks of activity or
minor seasonal forays in response to specific food availability. Peaks in activity in woodland
habitat can be attributed to the beginning of flowering of A. estrophiolala and fruiting of

Einadia nulans in June 1991 and the start of At. hemiglauca flowering in October 1991, both of
which are reflected in thc diet (Chapter 4). The peak of activity in June 1991 can be attributed to
the flowering of acacias in the AcaciaIDOL habitats and in thc adjoining Woodlands.

At Irving Creek and other creek habitats, particular seetions of the creek-line are
preferred to others reflecting differences in 1he quality of food resources available within an
apparently homogeneous habitat. Additionally, the edges of particular vegetation communities
are an important element in the foraging strategies of T. vu/pecula at all locations.

The population size and individual home range size and shape of the two main study
populations differed greatly. Home range size reflects food availability and quality, and the
availability of den sites within each habitat (Kcrle 1984). Densities and hence population sizes
are low, particularly at Hale River, because of the relative separation or spatial "clumpiness" of
suitable food resources and this is confirmed by the information about home range.

The

majority of captures in a very small segment of the study area imply a concentration of key or
quality resources in that area. Home ranges at Irving Creek are long and narrow, as resources
are restricted to the creek line and its margins.

Although it is difficult to directly compare the home range areas from other studies
because of the different methods used, the size and length of home ranges at Irving Creek are
larger than those of other T vulpecula populations in Australia (Sampson 1971; Winter 1976;
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Kede 1984), but are substantially smaller than those recorded by Dunnet (1964); Hocking
(1981) and MacLennan (1987). In all these studies, except Sampson (1971), males had larger
horne ranges than females. In this study. however, home range areas were variable with a high
level of overlap between males and females.

Home ranges for T vulpecula at Hale River were considerably larger than those of other

T vulpecula in Australia. The largest home range at Hale River, of almost 62 ha (Table 5.4), is
seven times greater in area than the largest reported in an Australian study by Dunne! (1956) in
the Canberra area.

The large home range size in central Australia encompasses a range of habitat types,
which provides access to a variety offoods of suitable quality. The smaller size of home ranges
at Irving Creek suggests that food resources are more concentrated than at Hale River. The
diversity of food species is much lower at Irving Creek, indicating that T vulpecula will not or
cannot travel long distances to obtain suitable foods because it is energetically inefficient. The
creek lines are where the higher quality foods are located (Chapter 4).

This supports the

hypothesis that T vulpecula has survived in rocky habitats because of the presence of higher
quality foods. Other faetors such as

<l

wetter mieroclimate and the barriers to competition by

introduced herbivores in rocky habitats provide additional benefits.

A variety of den types were used. Almost 93 % of dens used at Hale River were below
ground, whereas at Irving Creek, all dens were in large E. camaldulensis within the creek-line.
The den selection at Irving Creek was most similar to that found for most other Australian
possum populations (How 1974; Winter 1976; Kerle 1983; MacLennan 1987; Lindenmayer et

at. 2991) and one in New Zealand (Cowan 1989). Although there were many suitable large
trees <It Hale River, T vulpecula still selected below ground dens, while elsewhere below groWld
dens tended to be used when above ground dens were scarce or unsuitable (Allen and Bradshaw
1978; Kede 1984; Green and Coleman 1987). Cowan (1989) suggested that denning behaviour
is most likely to be a habitat-dependent interaction, however it is probable that in central
Australia, such selection is to provide thermal protection superior to that provided by dens inside
trees.

The number of dens used by an individual is similar to that recorded in other Australian
studies (Winter 1976; How 1981; Statham and Statham 1997).
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Although T. vulpecula apparently breed throughout the year, reproductive success would
vary depending on the availability and quality of food resources. It is likely that during periods
of high food avaHability, a higher proportion of pouch young would survive to independence
and reproductive maturity, whereas during drought, animals may not breed or ejeet pouch
young. This is demonstrated by eomparing the Hale River and lIVing Creek data. Hale River
~xperienced

exceptionally productive conditions during 1990 and 1991. with an abundance of

suitable food for T. vulpecula. Conversely, lIVing Creek experieneed relatively dry conditions
during 1990 and 1991, with an overall lack of highly nutritious and digestible food resources
(see Chapter 4).

Despite this, breeding has still occurred but at a lower level.

Suecess of

breeding and survival of pouch young appears to depend on continuous availability of certain
foods and especially at the time the young leave their mother. The death of a pouch young at
approximately three months of age in section A on lIVing Creek, but the survival of the pouch
young at section C in the same period may be due to a lower quality food in section A. The
distribution of scat data supports this. There was greater scat abundance in section C throughout
the study. Females may be able to support a pouch young in some habitats, only up to a certain
stage of development unless supplementary foods are available, after which time the demands
placed on the mother by the young may not be met and the pouch young ejected as a result of
poor nutrition or excess toxins in the milk.

This possible scenario has been described by

(MacLennan et al. 1983).

Hope (1972) found that sex ratios of newborn T. vulpecula, were biased toward males, to
compensate for higher mortality of males during dispersal. In this study, however, the sex ratios
of newborn animals were close to parity, but the small sample size should be taken into account.
Adulr sex ralios were also at parity as found by Winter (1976), Hocking (1981) and How (1981),
whereas others (Keele 1984) found the adult sex ratio biased toward males and Dunnet (1964)
trapped fewer males than females.

Previous studies on the growth rates of T. vulpecula (Keele and Howe 1992; Jones et al.
1994b) and macropods (Poole et al. 1982; Lundie-Jenkins 1993b) have found that head length is
the most reliable measure. The mean rate of growth of eentral Australian T. vulpecula, using
head length, was 0.397 mm day·l. This is higher than the growth rate for T. v. vulpecula (0.38
mm day"), T. v. arnhemens!s (0.33 nun day") (Kerle and Howe 1992), T. v. v"lpec"la (0345
nun day") (MacLennan 1987), T. v. hypole"c"s (037 nun day") (How and Hillcox 2000) and T.

caninus (0.388 mm day"l) (How 1976). A faster growth rate may be an adaptation for surviving
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in an arid enviroMlent in order to raise and wean young prior to the next inevitable dIy and
nutritionally poor period.

This is a strategy that has been found in similar sized arid-zone

macropcds (Lund ie-Jenkins 1993a).

At Hale River. recruitment of T vulpecula was extremely low or nil because of the high
level of predation (Chapter 6). The area studied was the most accessible part of the study for
both predators and for the field study. It is probable that in more inaccessible parts of the area,
the viability of the population through the survival of adults and young is greater because of the
reduced threat from predators. Brief examination, in mid-December 1991, of the areas which
were occupied by radio-coUared animals taken by predalors showed fresh sign of T. vulpecula,
but it was less than encountered in other parts of the study area. Subsequent visits to regular
trapping sites as recently as 1997 have found no fresh sign of T. vulpecu/a.

Recruitment of T vulpecula to the Irving Creek population has probably been greater
than at Hale River in 1991, as indicated by the captures of two sub-adults; females with pouch
young and lower levels of predation. The distribution of scats indicates that the population is
relatively stable, with the focus of activity ehanging to different locations along the creek at
different times.

Immediate threats to the T vulpecula population at Hale River are fire (Chapter J) and
predators, whereas at Irving Creek, the major threats are competition and habitat alleration by
camels and rabbits (see Chapter 6). The impact of predators at Irving Creek may increase,
particularly if rabbit numbers decline.

It is evident that the threatening processes change

temporally and spatially. This will be discussed further in Chapter 7.

The reproduction and growth patterns of central Australian T vulpecula is similar to
those described for T v. vulpecula and T v. arnhemensis. The apparent conlinuous breeding
pattern can be attributed to the favourable conditions ercated by above average rainfall at the
time of the study.

In periods of food shortages such as droughts, limited reproduction or

unsuccessful rearing of yaung to independence probably occurs.
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CHAPTER 6
IMPACT OF PREDATORS AND INTRODUCED HERBIVORES
6.1

Introduction
The Common Brushtail Possum, Trichosurus vulpecula, is one of a number of

medium-sized mammal species from arid Australia that have fared badly following 200 years
of European settlement.

Considered one of the most successful and adaptable of the

marsupials, it has declined to the stage that it is now known from only a small number of
locations in central Australia, with each location small in area. The mechanisms of decline of
medium-sized mammal species, including T vulpecula, are poorly understood and it is not

possible to attribute the decline to any single cause or consistent combination of causes
(Burbidge and McKenzie 1989; Morton 1990).

Introduced species such as cats (Felis calUs), dingoes (Canis lupus), foxes (Vulpes

vulpes), rabbits (Oryctolagus cuniculus) and livestock (Bas sp.) have been implieated in the
decline of arid Australian medium-sized mammals (Finlayson 1961; Burbidge and McKenzie
1989). Despite strong sentiments expressed about the perceived role of introduced species in
the demise of native species, there have only been a few studies examining the interaction
between introduced species and native mammals (Dawson and Ellis 1979; Lundie-Jenkins et

af. 1993a) and one attempt to explain their role in the decline of medium-sized manunals in a
structured manner in light of broad ecological evidence (Morton 1990).

This chapter documents the interactions between T vulpecula and a number of
introduced species in central Australia at two locations: Irving Creek and Hale River. The
aim of this study is to:
1)

provide deSCriptions of the diet of predators (dingoes, cats and foxes) associated with

T vulpecula populations by scat analysis and determine if they prey upon T
vu/pecula;
2)

provide a quantitative comparison of the diets of T. vulpecula and rabbits, and
qualitative comparison of T. vulpecula diet with camels and livestock, gauge their
impact as potential competitors with T vulpecula, by analysing the level of overlap of
their diets and their impact on the habitat;
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3)

increase understanding of the role of predators and introduced herbivores in the
decline of T vulpecula in central Australia;

4)

develop conceptual models to illustrate the interactions between T vulpecula and
introduced predators and herbivores under a range of scenarios.

6.2

Materials and Methods

6.2.1

Rabbit Density Assessment
An index of rabbit density was calculated to provide an indication of their temporal

variation in population size. The density of rabbits was determined on five occasions between

August 1989 and October 1991 using the method of Friedel (1985). Within six, two hectare
plots adjacent Irving Creek (Figure 6.1), the number of active and inactive rabbit holes was
counted. Holes within a 50 m perimeter of the plots were scored as I hole per rabbit. The
number of rabbits was calculated on the basis of 2 holes per rabbit using the number of active
holes only and the density derived from the area sampled. A chi-square test was performed to
determine if a significant difference in the temporal density of rabbits was evident.

Rabbit densities were only calculated for Irving Creek. A similar comparison for Hale
River was not undertaken as the rabbit population there was surface dwelling and did not
develop warren systems

6.2.2

Dietary Analysis of Rabbit Seats
Rabbit Scats were eollected from the same site on five trips to Irving Creek, and six

trips to Hale River. Rabbit scats were prepared in the same manner as T vulpecula scats
(Chapter 4), exeept thaI the stock macerating solution was diluted in the ratio 1:3 with water.
Slides of faecal material were also assessed using the same methods, but the diet items were
categorised into grasses, individual species found in the diet of T vulpecula and other dieots.
The degree of diet overlap was determined by correlation analysis as used by Lundie-Jenkins

et 01. (l993a) to compare the diet of Lagorchestes hirsutus and rabbits in the Tanami Desert.
Diets were considered to be similar if the relative proportions were positively correlated.
Samples that showed negative or low eorrelations indicate that rabbits and T vulpecula was
selceting different food plants and that there was not a significant overlap in their diets.

Predator transect
•

Rabbit assessment plot

+...

o

~-~-

Irkm

Figure 6.1: Location of predator scal collection transect and rabbit assessment plots at the Irving Creek study site in central AIUstralia.
N
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6.2.3

Dietary Analysis of Predator Scats
Predator scats were collected from regularly sampled transects and opportunistically

along Irving Creek and within the Hale River study area (Figure 6.2). The nwnber of scats
collected reflects the relative abundance of each of the predators at each site.

The nwnber of scats collected at the Hale River study area provides an index of
predator activity throughout the year, as approximately the same amount of effort in searching

for scats at the same locations was applied on each visit. The size, shape, odour and location
(eg. buried or deposited on an object) of scats were used to differentiate between those of
dingoes, foxes and cats. Unpublished data on dingo diet from stomachs collected from the
Petermann Ranges (including Irving Creek) in 1969 and from the Central Ranges, north-east
of Alice Springs during the period 1966-1979 were provided by Laurie Corbett (CSIRO
Division of Wildlife and Ecology, Darwin). These data provide an indication of some long
term variation in the diet of dingoes from the same region.

Fresh, moist scats were stored in jars of 70% ethanol, and dry scats were stored in
plastic bags, each labelled with the location, date and predator species. In the laboratory, all
scats were stored and soaked in 70% ethanol to kill any parasites, soften scats and reducc the
aroma. Softened scats were teased apart with forceps and washed thoroughly under running
water through a 2 mm Endecolt sieve. The residue was spread out and air-dried on absorbent
paper. In some cases, older scats were boiled in water to facilitate faster breakdown.

Prey species present in the scats were identified from cross·sections and scale
impressions of hairs made using the methods of Brunner and Coman (1974), and were
compared with photographic material and an existing slide reference collection. In addition,
bone, claw and tooth fragments were also used to confirm the identity of prey items (Corbett
and Newsome 1987).

The percentage frequencies of food items in predator diets were

calculated and the composition of scats from the samples at each study area were compared by
a chi-square test using frequency data to determine if there were significant differences in
food items between samples.

- - Predator transect

o

~

_IL-~~_

Jiigu.re 6.2: Location ofrpredator scat collection transect at the Hale River study site in central Australia.
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6.2.4

Diet of Cattle, Horses Bnd Camels
The diet of camels has been detennined from personal observations from the Irving

Creek study area and from Doerges and Heuke (1989). Information on the diet of horses and
cattle and their impact on the vegetation has been obtained from Bennan and Jarman (1985),
Chippendale (1963a; 196Jb) and personal observations.

6.3

Results

6.3.1

Distribution and Density oflntroduced Species

6.3.1.1 Irving Creek

Six species of introduced mammal were recorded within the study area; dingoes,
rabbits, camels, feral cats, horses and foxes. Dingoes were the most common predators. They
were seen and heard daily along Irving Creek, and fresh tracks and scats were evident
throughout the study area, predominantly along the creek margin but also in the creek bed and

on the vehicle track. The increase in the nwnber of dingo scats collected during the study
undoubtedly reflects an increase in the nwnber of dingoes present in the area. Feral cats were
observed at night in the creek bed or in close proximity to rabbit warrens, where cats appeared
to be living and hunting. Two feral cats were shot in the creek-line in JUly 1991. No foxes
were seen, but scats and tracks were found.

Rabbits were widespread and abundant at Irving Creek during the study. Large warren
systems have been established mostly within 100 m of the creek margin and on the low hills.
Rabbits were frequently seen in the creek bed and on the surrounding grasslands. Rabbits
severely degraded the habitats adjacent to Irving Creek causing denudation of large areas of
vegetation and undermined the root systems of food trees with their warren systems,
frequently causing the death of mature trees.

Changes in rabbit densities at selected sites along Irving Creek from the beginning of
the study in 1989 are shown in Table 6.1. Mean rabbit numbers fluctuated with the highest
density being recorded in June 1990 at 16.4 rabbits ha.- 1, but ehi-square analysis revealed no
significant temporal differences.

During 1991, rabbit densities were relatively stable at

between 11.0 and 12.0 rabbits ha.- l . Numbers increased at sites 1 and 4, and deereased at the
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Table 6.1: Estimates of rabbit densities (rabbits ha') (Friedel 1985) from plots at the Irving
Creek study site in central Australia during five sample periods between August 1989 and
October 1991. Significance levels shown as (.,p < 0.05; n.s., not significant.)

Date
Plot

Aug

June

April July

Oct

1989

1990

1991

1991

1991

13

28

8

10

2

17

16

14

13

3

5

9

7

4

5

5

11

6

Mean
Density

X' (,I)

X' (rcJ

16

4.36 n.s.

18.83 n.s.

11

2.69 n.s.

5

0.40 n.s.

18

22

22

8.15'

11

9

7

6

1.58 n.s.

7

18

10

8

8

1.65 n.s.

9.7

16.4

11.0

12.0

11.3

indicates site not sampled
Xl (st) indicates chi-square value for individual plots between dales

"1: (rc) indicates overall chi-square value between all plots and all dates

134

other four sites. From 1989, site 4 was slowly colonised and a high density was maintained (p
<0.05, Xl = 8.15). At other sites, densities have fluctuated or remained relatively stable and
chi-square tests revealed no significant differences in rabbit density_

The number of camels in the Irving Creek area increased considerably during the
study. When the area was first visited in 1988, old eamel scats were uneommon and sparsely
distributed and no animals were observed. By October 1991, camels were observed or heard
daily with groups containing up to 27 individuals being observed. Camel pads were well

developed along and across the ereek and areas began to be denuded by continual camel
traffic. feeding and dust bathing.

The relatively dry conditions from early 1989 and the

absence of free water in the area, probably causing camels to congregate along the drainage
lines. All eamels seen in the area during 1990 and 1991 were in very good condition, with a
substantial number of young animals and some pregnant females. Favoured tree and shrub
species whieh were seen to be browsed by camels included most Acacia species, Eremophila
longifoiia, Corymbia opaca, C. aparrerinja. Atalaya hemiglauca and Santalum lanceolatum.

Feral camels competed directly with T.

~'ulpecula

by consuming almost every Santalum

lanceolatum shrub along Irving Creek. Sanlalum lanceolalum is especially important in the

diet of T. vulpecula and has superior nutritional eharacteristics eompared to other perennial

planls (Chapter 4).

Small groups of feral horses were occasionally present

III

the area, but their

distribution was restricted by the absence of permanent free water. Cattle have never been
grazed on the country surrounding Irving Creek.

6.3.1.2 Hale River
During the study, sevcn speCIes of introduced mammals were reeorded within the
study area: dingoes, rabbits, feral cats, foxes, cattle, goats and horses. Sign of dingoes was the
most eommonly found, followed by cat and then fox. The activity of all introduced species
was confined to creek-lines, lower slopes, cattle and horse pads and vehicle tracks.

A

biological survey of the same area, conducted in late 1989, found little sign of dingoes. foxes
or cats (Gibson el af. 1992), and all sign observed was similarly confined to creek·Jines, pads
and vehicle tracks (Jeff Cole, pers. eomm. 1990). Dingoes mostly chose the easiest path of
movement, staying on vehicle tracks and avoiding stony and prickly ground. Consequently,

m
most scats were found in the drainage lines and tracks, and relatively few were found in the
woodland and mulga habitats of the lower slopes.

In 1990, only 14 dingo scats were collected compared with 165 in 1991, which is a 12
fold Increase.

The lessee of Hale River Station had observed a similar increase (Peter

Bloomfield, pees. camm. 1991). Although more trips were conducted in 1991. a distinct
change in abundanee of dingoes was clearly apparent. A similar number of fox and cat seats
were collected. but there were more cat scats collected in 1991 (11 scats compared with two in

1990).

This also coincided with an increase in the number of cats seen throughout the

southern Northern Territory by rangers and landholders.

Cat activity was difficult to monitor, due to the rocky terrain and their cryptic and
secretive nature. Two cats were seen there in March 1991; one was eating frogs in the Hale
River, and the other was seen in a gully usually occupied by two radio-collared possums. No
foxes were seen in the area during the study, but tracks were seen at times on the Hale River.

Rabbits were recorded within the woodland and the mulga habitats that bordered
directly onto woodland.

No burrows or evidence of warren construction was observed.

suggesting rabbits were predominantly surface dwellers. Densities of scats were high in some
areas, indicating utilisation of preferred areas. Rabbit densities appeared to decrease during
1990, as there were no fresh scats in some of the preferred areas. There was little obvious
impact on vegetation in the preferred areas, beyond diggings at the bases of grass clumps.
The overall distribution remained the same in 1989 and 1990 and then decreased markedly in
1991.

Signs of cattle were found only on two occasions around waterholes on the Hale River.
The area was de-stocked in 1988, when un-mustered cattle and horses were shot as part of the
BTEC (Brucellosis and Tuberculosis Eradication Campaign) programme (Peter Bloomfield
pers. comm. 1990). In early 1991, horses were frequently seen in small groups on the Hale
River near semi-permanent waters, as well as along the track entering the study area and along
minor watercourses. Fresh sign of horses was not recorded after June 1990, when widespread
rains caused their dispersal.

The repair of a fence across the western end of the valley

prevented aCCess and hence re-establishment by livestock. Well developed pads were most

136

commonly recorded in the lower mulga and woodland habitats, but only occasionally on
lower rocky slopes. A small group of goats was observed onCe,
6.3.1.3 Western MacDonnell Ranges

The rocky and steep nature of the gullies at Giles Yard Spring and Chopper Gully acts
as a barrier to entry of cattle, horses and rabbits and no sign of these introduced herbivores
was found. Two old dingo scats were found during visits to the site but no sign of cats or
foxes was found. Below the spring, the vegetation was affected

by the activity of cattle and

horses that congregated at the outflow of the spring during summer and droughts.

On the rocky hills and drainage lines of Milton Park, Rama Gorge, Ellery and
Ormiston, sign of cattle and horses were evident on the alluvial flats, and decreased along the
creek-lines as they extended into the ranges. No rabbit sign was detected at any of the sites.
Only a smaJi number of dingo scats were found but no animals were observed. Sign of cats
and faxes were not found. Recent work condueted in the Milton Park area recorded cats at
densities between 0.52 km- 1 and 0.16 km .~ (Edwards et of. 1997)

6.3.1.4 Western Queensland (Channel Country)

This region was visited in late 1992.

Three introduced specIes were recorded

commonly in any number: sheep, cattle and feral pigs. Rabbits were very uncommon in the
area as the hard clay soils prevent warren establishment. Only one rabbit was seen in a two
week period. The dingo, fox and eat were also uncommon (A. Emmott, pers. comm. 1995),
with no sign of them recorded during my visit.

6.3.2

Comparisons of Diets of T. l·,tfpecula and Rabbits

6.3.2.11nring Creek
The companson of the diets of T. vulpecula and rabbits for five different sample
periods is shown in Table 6.2. Dietary overlap was low with rabbits predominantly utilising
grasses. whereas T. vulpecula rarely did. In all samples, rabbits consumed leaves of Acacia

estrophiolato and the mistletoe Amyema maidenfi.
with angled trunks to obtain these foods.

Rabbits apparently elimbed large trees

Table 6.2: Comparative dietary analyses for Trichosurlls vil/pecl/fa (P) and the rabbit (R) at the Irving Creek study site in central Australia
during five sample periods betwee£l August 1989 and October 1991. (Species with an occurrence> 1% are given. L = leat~ Fl "= flower, Fr =
fruit, • = trace).
Plant Specie5

Part

August 1989

June 1990

April 1991

October 1991

July 1991

R

P

R

P

R

P

R

P

R

P

Monocots

L

48.3

0

32.6

0

22.5

0

42.6

•
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•

Acacia aneura

L

1.4

0

1.5

0

10.2

1.1

0.4

0

1.2

0.4

Acacia eslrophiolata

L

17.0

14.9

20.4

16.2

22.8

16.6

16.0

13.4

18.9

16.6

Acacia \lic/arial!

L

0.4

0

0.2

0

0.6

0

0

•

0

0

Acacia spp.

r1

0.5

18.6

2.5

24.5

3.9

47.5

0.4

21.1

0.6

16.4

Amyema maidenii

L

32

12.1

7.5

21.5

7.8

5.5

33

14.3

10.1

16.6

BOf!rhrn-ia spp.

L

0

0

1.0

0

1.2

0

0.'

0

0

COf}'mbia opaca

L

0

0

0.2

0

0

0

0

•
•

0.6

•

£radium spp

L

1.9

7.5

3.'

0.2

0.3

0.3

0

0.3

4.6

33

EucalyplUS camalduleflSis

L

1.4

16.5

1.7

17.0

1.8

17.0

2.9

27.1

1.5

23.3

Euphorbia drummorulii

L

0.4

2.7

0.7

0.1

1.2

0

0

2.2

0.9

2.7

Groillea striala

L

0.4

0

8.2

0

0.9

0.3

0

0

0

0

HalcEu suberea

L

0.4

0

2.2

0

1.8

1J

0

0

0

0

Lysiana spa/hulala

L

0

1J

0.8

4.3

0

0.5

0

3.7

0

1.1

Sanlalum lanceolalum

L

1.2

2.7

0

5.3

2.1

0

0

3.1

0

42

Solanum ellipticum

r,

06

0

0

0.2

0

0

0.4

0

0.6

1.4

Other Diem

[8,)

21.2

15.3

8.'

22.3

7.8

19.3

9.8

22.3

11.2

In~c[

4.6

1.9

1.7

1.9

0.6

2.1

[19

5.4

7.6

2.4

Correlation (r)

0.12

0.13

0.16

0.036

0.23

;;;
~
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The greatest overlap was in the October 1991 sample (r = 0.23) which followed a
period of poor summer rains and a mild winter resulting in little grass growth.

Rabbits

selected two browse species and a mistletoe in all samples, to supplement the monocots in
their diet. Acacia estrophioiata represented 18.9% and Am. maidenii, 10.1 %. Overlap was

lowest in the July 1991 sample (r = 0.036), when there was abundant monacot and dicot
growth following rain that month. Seven species in common with the diet of T vulpecula was

recorded in July 1991, however only one of these represented more than 10% of the diet of
rabbits.

In the remaining samples, up to 13 speeies regularly found in the diet of T. vulpecula
was found in rabbit scats. Of these, the majority represented less than 5%, the species were
superabundant or T. vulpecula was not selecting that species at the same time. The results
indicate that rabbits utilise common food resources during dry periods but there is limited
evidence of direct eompetition.
6.3.2.2 Hale River
The comparison of the diets of T vulpecuia and rabbits at Hale River for six collection
periods is shown in Table 6.3. Three of the six samples were negatively correlated, the
highest positive correlation being the October 1991 sample (r = 0.098). As with the Irving
Creek samples, grasses predominated in the diet of rabbits and of the browse species A.

estrophiolata, was the most commonly consumed dicot. Much of the overlap in diet ""as at a
very low level and when rabbits were selecting a "typical" T. vuipecula diet speeies, T.

vulpecula was utilising a different suite of speeies during that same period.

The results

indicate there is little or no competition for food resources between T vulpecuia and the rabbit
at Hale River.
6.3.3

Analysis of Predator Scats

6.3.3.1 Irving Creek
The contents of 127 dingo scats were identified and classified as shown on
Table 6.4. The diet of dingoes was dominated by rabbit which was present in 119 (94%) of
scats. The remainder was made up of bird, plant material, insect and rodent. The

radio~collar

from an adult male T. vulpecula was found in October 1991. Tooth puncture marks on the

Table 6.3: Comparative dietary analy!:ies for TricJlO.I'UrliS vu/peel/fa (P) and the rabbit (R) at the Hak River sludy !:iite in c~nlral Auslr::Jlia dunng
six sample paiods between November 1989 and October 1991. (Species with an occurrence >0.5% are given L == leaf, Fl == nower, • == trace)
Plant Species

P,rt

NO\'fmber 1989

March 1990

R

P

R

Otlo~r

AUgUiill990

March 1991

June 1991

P

R

P

R

P

R

P

R

1991

P

Monoco($

I

20.1

OJ

27.0

0

32.4

0.1

26.5

0.5

21.8

o1

19.6

0

Acacia aneura

L

0.7

2.8

0.3

1.1

0.3

1.0

3.0

0

0

0

0

2.1

Acacia eSlrophio/ala

19.7

27

11.1

7.8

9.6

1.6

16.6

2.5

17.2

0.6

0.5

79

OJ

11.4

"

0.2

Acacio spp.

L
fI

0

41.6

7.7

10.6

66

18.7

4.9

22.0

Amyema maidenii

L

0

6.0

0

0

1.3

0

18.9

0

[8.1

0

0.2

Alalaya hemiglauca

L

1.6

10.7

4.0

4'
18.1

0

0.6

2.1

4.7

2.2

4.1

1.9

12,7

Boerh,..!ia 5pp

0
10,9

0
0.0

0.6

1.2

IA

0.1

OA

0

0

0

0.9

0

Capparis mitchellil

L
L

9.1

0.1

0

04

OJ

0

0
0

0

0.5

0
0

02

L

0.9
0.7

5.1

Capparis spinosa

0

0.5

0

L

0.2

0.3

0

2.1

0

0

0

0
0

0

Corymbia aparrerirya

0
0

1.0

0

0

Corymbia apaca

L

0.7

3.9

0

0

0.7

0

0.2

0

0.1

0

0.6

0

0.'
1.5

0

0

0

Dipterucanthlil all.'ilralasicll.'i
Eremophila freelingii
Eri'mophila latrobei
£remaphila /angi/olia

L
L

0

0

0

OA

0

OA

L
L

0

0.0

0

0

0.1

2.3

L1

1.4

0

0

0

0
L4

1.0

0

0

0

4.2

0

0

07

3.7

1.2

23

0

OJ

0

2.6

0

1.0

0.3

0

0

0

0

0.3

0

0

0

0

0

0

0

0

0.7

0.6

0

0

0

£ucal),'pIUS cama/dutensis

L
L

02

20

0.1

0

0.1

0

0.4

6.6

1.2

4.7

0

Euphorbia ('",,[ratis

L

1.1

0.5

0
1.4

8.9

03

41

10

131

'22

5.8

3.5

HalU'a sub€rea

I.
L

0.2

0

0

0

0

0

0

0

0

0

1.9
0

15.0

0.1

4.0

01

0

3.0

0

0

0.3

0

0

L
L

0

1.1

0

0.1

0.6

0

0.4

0

1.8

0

0

Marsdenia aus/ralls

29

9.8

09

89

1.7
0
2.4

4.1

8.5

2.6

9.9

2.8

4.5

15./

44

10.9

6.8

5.8

0

0

0

0

0

£rodium cygnorum

Hyban/hll.'i aurantiacll.'i
Lysiana 5pp.
Sama/um lal1ci'o[alum

L

0.2

9.0

0.6

40

0

33

L1
1.7.

Senna arlemisioides

L

0

0

0

0

IA

0.6

0

Solanum quadri/oclI/atum

f'

Other d icots
Insecl
Correlalion V·)

0

0

42

0

3.6

0

6.3

1.1

4.6

0

35.9

38.1

1.0
21.8

0

2~.~

42,3

27.0

33.6

14.0

34.8

II

36.9

2'
39.6

2.0

0.3

4.0

92

5.4

34

3.2

1.1

5.3

1.6

30

0
-0. (26

0.015

-0.069

-0.06

0.081

0.096

~

'"
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Table 6.4: The frequency offood items in the diet of dingoes, cats and foxes at the Irving
Creek and Hale River study sites in central Australia.
Irving Creek

Diet Item

Dingo

Cat

1

1

Rabbit

119

15

Rodent

6

2

T vulpecula

Dasyurid
Macropod

Hale River
Fox

10

Dingo

Cat

Fox

16

1

2

47

5

9

5

9

2
2

I

79

Echidna

51

Cattle

2

Horse

3

Lizard

2

2

15

29

8

5

Snake

Bird

15

9

Insect

22

9

4

64

9

8

Vegetation

31

5

4

51

6

7

Other

3

2

2

10

5

2

127

22

11

183

13

15

No. scats
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Table 6.S: Percentage occurrence of items in the diet of dingoes at the Irving Creek study
site in central Australia during six sample periods between March 1989 and October 1991.
Significance level shown as (•• , p < 0.0 1; "., p < 0.00 I; n.s" not significant. (X 2 analyses
based on frequencies not percentages shown in table.)

Date
Diet Item

Mar

Aug

1989

1989

June
1990

April

July

Oct

1991

1991

1991

4

T vulpecula
RRbbit

94

Rodent

12

100

90

100

10

84

n.s.

93

8

n.s.

n.s.

5

Macropod

X'

n.s.

Lizard

4

n.s.

Snake

4

n.s.

Bird

6

25

Insect

18

8

20

Vegetation

75

67

30

Other
No. scats

38

5

••

25

13

20

n.s.

4

21

5

•••

5

n.s.

9

16

12

10

24

24

41
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epoxy coating of the transmitter indicates a dingo probablY took it. No other remains of T.

vulpecula was found.

Rabbit was consistently the dominant vertebrate prey in the dingo diet during this
study and was also dominant in dingo stomach samples collected from the vicinity of Irving
Creek in 1969, when it was present in 58 of 60 samples (L. Corbett pers. comrn., 1991). The
only prey item that varied significantly between samples in this study were bird and plant
remains (Table 6.5). The frequency of vegetation decreased, whereas, the frequency of bird
remains was at greater levels in the August 1989 and July 1991 samples.

Chi-square analyses conducted on cat and fox dietary data revealed no significant
differences in their diets through time.

In the 22 cat scats collected from Irving Creek, rabbit was also the most eommon
prey item, with an overall frequency of 68%. Bird and insect remains were the second most
commonly recorded diet items, each being recorded in 9 (40%) scats and other mammals
were found in only 5 (24%) of scats. Two feral cats were also shot in July 1991. The
stomach contents of one contained rabbit, rodent and bird remains as well as soil and plant
material. The other contained chunks of unidentified flesh, Acacia leaves and soil. No fur,
bones or other diagnostic items were present to aid identification of the flesh.

Fox scats were uncommon during the study with only 11 found during five trips.
Rabbit remains were present in lO (90%) of the scats with no other vertebrate remains
detected. Small amounts of insect and vegetation were found in four of the 11 scats. During
the study, T. vulpecula remains were found in one dingo scat and one cat scat, both of which
were colleeted in July 1991 (Table 6.4).

6.3.3.2 Hale River
The diet of predators at Hale River was mostly mammalian and dominated by
macropod (mostly PeJrogale lateralis) which occurred in 43% of dingo scats. Echidna was
recorded in 51 (28%) scats and rabbit was found in 26% of dingo scats (Table 6.4). Of
particular relevance to this study, was T. vulpecula remains occurring in 16 (8.7%) dingo
scats. The remains of three radio collared T vulpecula was also found, all presumably killed
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by dingoes. Bird remains represented the fourth most frequently occurring vertebrate food
item, being found in 29 (16%) dingo scats.

The majority of invertebrate material was

grasshoppers and beetles. Vegetation was common in the scats and consisted of grasses and
some Acacia leaves. The hindquarters of an adult T. vufpecula was found in the woodland
habitat in March 1991.

Rodent and insect remains (mainly grasshoppers) were both present in 9 (69%) of the
13 eat scats examined. Birds were the third most frequently recorded prey item (8 scats)
followed by vegetation (6 scats) and rabbit (5 scats). Trichosurus vulpecula remains were
found in only one cat scat (Table 6.4).

In contrast, rabbit was the most common prey item in fox scats, being present in 9
(60%) of the 15 collected.

Invertebrate remains represented the second most frequently

recorded prey item (8 scats) followed by vegetation (7 scats) and bird (5 scats). Trichosurus

vulpecula remains were recorded in two fox scats (Table 6.4) collected in October 1991.
Although scats were rarely found in steep and rocky parts of this study area, evidence of
predation on birds such as piles of feathers in dense vegetation, presumably by either cats or
foxes was found in dense vegetation on some of the steeper slopes.

It is of considerable significance that the majority of T. vulpecu/a taken by predators
were either females with almost independent pouch young (the radio-collared animals found
dead), or juveniles and sub-adults. The agc of animals taken was indicated by the small size
of claws found in the predator scats when compared with reference material.

There were significant differences between the samples in the frequency of five
vertebrate food groups (T. vulpecula, rabbit, echidna. macropod and horse) and invertebrates
in the diet of dingoes (Table 6.6). The variation in the incidenee of invertebrates probably
reflects seasonal fluctuation in prey numbers, however their role in the diet of dingoes is not
as important as that of vertebrates.

A highly significant decrease was recorded in the

frequency of occurrence of rabbit in dingo scats (Fs.54 = 28.7. P < 0.001) which steadily
decreased from the beginning of the study. Conversely there were significant increases in the
frequency of occurrence of macropod (F s,80 = 24,2, P

=

0.002) and echidna (Fs' 48= 22.5, P =

0.004). It is of some note that the highest incidence of macropod remains (and to a lesser
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Table 6.6: Percentage occurrence of items in the diet of dingoes at the Hale River study site
in central Australia during nine sample periods between November 1989 and November
1991. Significance levels shown as (., p < 0.05, •• , P < 0.01, ••• , P < 0.001, n.s., not
significant. X2 analyses based on frequencies not percentages shown in table).

Date
Diet Item

No'
1989

Aug
1990

April May
1991 \991

June
199.

T. vulpecula
R~bbi[

100

57

60

Rodent

38

17

5
20

Macropod

14

Echidna
Cattle

Horse

14

Bird

14

Sept

0"

No'

1991

1991

1991

9

3

21

21

26

14

17

12

...

4

7

3

n.s.

43

52

38

34

59

62

14

22

26

66

21

29

5

4

•

....

n.S.

•

5
40

X2

Aag
1991

29

9

22

14

5

9

17

10

10

15

n.s.

Insect

43

20

76

52

35

24

17

26

..

Vegelation

64

20

5

9

39

45

45

26

n.5.

lJ

10

7

3

n.s.

23

29

29

34

Lizard

5

Other
No. scats

5

14

5

21

23

15

n.s.

,4>
extent echidna), coincided with the lowest frequency of rabbits, in the diet of dingoes. Most
significantly,

POSSlUllS

were not recorded in dingo scats from the first five samples,

increasing to a maximum of 21% in the final two samples. (FS•20 = 16.2, p = 0.039). The
significant decrease in the frequency of horse reflects their exclusion from the study area.

Chi-square analysis conducted on cat and fox dietary data revealed no significant
temporal changes in the diet of cats and, for foxes, the only significant difference was in the
frequency of T. vulpecula (Fs) = 21.74, P = 0.005) which resulted from the presence of their
remains in two scats from November 1991.

6.4

Discussion

6.4.1

Competitors
In his analysis of mammal decline, Morton (1990), considered rabbits unlikely to be

responsible for the decline of animals with which they would never seemingly compete for
food such as Numbats, Myrmecobius Jasciarus, Western QuoIl, Dasyurus geoffroii, or T.
vulpecula. The results of this study generally support this conclusion. The level of overlap

during the study was highest at Irving Creek, and was negligible at Hale River, however at
both sites it was not a significant factor. This overlap would be expected to increase at all
sites, as conditions become drier with the reliance by both species on limited food resources.
This could cause serious problems of competition and the regeneration of vegetation
following drought. Rather than being a serious competitor, the major threat from rabbits is
their ability to denude large areas and alter the structure and floristic composition mthin the
habitat (Newsome 1971; Griffin and Friedel 1985).

At the beginning of the study, camels were not considered to be a likely competitor
with T. yulpecula. However, the damage inflicted by camels upon the vegetation at Irving
Creek by heavy selective browsing, dust bathing and trampling by large numbers of camels
luter in the study caused a serious reconsideration of this. Camels are selective browsers,
feeding on a large variety of plant speeies, partieularly those high in moisture, salt and
oxalates (Newman ]983). Doerges and Heucke (1989) in a central Australian study observed
camels eating 233 plant species, with the freshest of these being conswned first. Doerges
and Heucke (1989) noted that trees and shrubs were preferred when in flower or fruit, or in
dry periods, when few forbs were available. Favoured lree and shrub species included most
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Acacia species, Eremophila longifolia, Corymbia opaca, C. aparrerinja, Atalaya hemiglauca
and Sanlalum lanceo/alum. Santa/urn lanceo/arum is especially important in the diet of T

vulpecula and has superior nutritional characteristics compared to other perelUlial plants
(Chapter 4).

Other species that are favoured and common to the diet of both camels and T.

vulpecula include the mistletoes, Am. maidenii, Am. preissii, and the climber Marsdenia

australis. Doerges and Heucke (1989) considered that only during times of drought, would
camels cause eonsiderable damage to vegetation and compete with wildlife.

The period

toward the end of the study was the first extended dry period since the heavy rains and
flooding of early 1989. Additionally, the increased number of camels consuming the best
quality foods on the creek-lines caused an enhancement of the drought-like eonditions by
reducing the number and availability of suitable food plants for T. vulpecula.

The browse species most commonly consumed by horses and cattle are also those
eaten by T. vulpecula, but because they are predominantly grazers (Bennan and Jannan
1987), competition is not of major concern. Like rabbits, the main influence of cattle and
horses on T. vulpecula is indirect, through denuding areas and altering the floristics and
structure of vegetation by trampling. This has been noted by many authors (Chippendale
1963a; 1963b; 1964; Griffin and Friedel 1985; Bennan and Jarman 1987) particularly along
watercourses, which were formerly prime habitat for T. vulpecula in central Australia. The
high incidence of weed species on many central Australian watercourses may be indicative of
grazing pressure by livestock.

Livestoek are attracted to watercourses and "held" there by the availability of water,
shade and the higher quantity and variety of forage (Kauffman and Krueger 1984). The
concentration of livestock results in decreased vigour and biomass, and alters the species
composition and diversity of the vegetation.

Studies by Kauffman and Krueger (1984),

Fleischner (1994) and Hayward et al. (1997) have sho\.\o11 that livesloek have severely
affected terrestrial wildlife causing a decrease in their species diversity and population
density. Medin and Clary (1989) reported a higher mammal species richness and diversity
on an arid watercourse un-grazed by cattle compared with that of a similar grazed site. They
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also found that once cattle were excluded from grazed sites, recolonisation by mammals and
regeneration of vegetation was extremely slow.
6.4.2

Predation
Previous studies have shown that dingoes, cats and foxes are the major predators of

medium·sized mammals (Cates and Orians 1975; Croft and Hone 1978; Robertshaw and
Harden 1985; Corbett and Newsome 1987; Lunney et al. 1990; Horsup and Evans 1993;
Lundie-Jenkins et af. 1993b). The importance of these predators in regulating populations of

T vulpecula appears to be dependent on the relative distribution and abundance of the
predator and their staple prey species and the prey-switching capability of the predator.

The low frequency of T. vulpecula remains in predator scats would suggest that
predators had an indirect role in the initial decline of T vulpecula. It is possible, however,
that they have an important role in maintaining low T. vuipecula populations in a "predator
pit". This occurs when prey species, especially those with a low fecundity like T. vulpecula,
are reduced to low densities which are kept at low levels by predators (Walker and Noy-Meir
1982). It is probable that T. vulpecula is preyed upon opportunistically, but this is sufficient
to maintain T. vulpecula in the "pit". and make it less likely that any sign of T. vulpecula be
detected in predator scats. Dispersing juveniles, mostly males, are probably most vulnerable,
as indicated by the presence of small T vulpecula claws found in scats.

The effectiveness of the fox as predator has been long recognised and demonstrated
in a number of cases (eg. Christensen 1984; Lundie-Jenkins

e(

al. 1993a). Finlayson (1961)

described "the work of the fox is often done with remarkable speed and it seems probable
that the colonial type of distribution of so many marsupials is particularly vulnerable to its
attack". Trichosurus vulpecJlla is not a colonial species and although fox activity was lower
than for the other predators, the presence of possum remains in two scats at the end of the
study indicates the efficacy and sporadic nature of their hunting ability. Baiting for foxes in
parts of south·west Western Australia and semi-arid areas of Western Australia such as
Tuttaning has resulted in increased T. vulpecula populations (How and Hillcox 2000).
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6.4.3

The Interactive Impact ofPredatofli and Competitors

The results of this study show that at each of the study sites each predator or
introduced herbivore species affected T. l,'u/pecula populations differently, and the

importance of each varies through time.

No one species can be directly linked to T.

vulpecula decline in arid Australia, but an interactive impact is implicated in this. The

interactions between Lagorchestes hirsutus and introduced species were discussed by
Lundie-Jenkins el al. (l993a).

Flow charts have been developed to illustrate the interactions between T. vulpecula
and their predators and competitors at the beginning and end of the study at both Irving
Creek and Hale River (Figures 6.3 and 6.4).

Newsome (1990) proposed that drastie initial reduetions in the populations of prey
(rabbits in his study), caused by prolonged periods of hat, dry weather was Ihe necessary
precursor for predator regulation of prey. Historical evidenee shows that the decline of T.

vulpecula began during prolonged drought in the 19305 conceivably because of lack of food
produced by competition and severe habitat alteration by introduced herbivores. Numbers
continued to decline after draughts broke, when animals in poor condition were subjected to
wet and cold conditions and no immediate improvement in food supply. This phenomenon
was noted for T vulpecula by Owen and Thompson (1965) and Davey (1990) and indirectly
by (Low 1984, 1991) in his observations that deelines occurred during and just after
prolonged drought. Low fecundity and slow habitat regeneration hinder the ability of T

vulpecula

[0

recover fallowing such conditions.

It appears that the low numbers of T vulpecula after droughts have been kepI at low

levels by dingoes and, to a lesser extent by faxes and cats. There is evidence from other
studies to suggest that foxes and cats are antagonised and their numbers suppressed by
dingoes (Lundie-lenkins et af. 1993a; Paltridge et af. 1997) and this is further supported by
the presence of cat and fox in dingo diet (Lunney et af. 1990). In the rabbit/fox system in
arid Australia, a predator pit appears to operate at densities of 8-15 rabbits km- I. Below such
densities, faxes eat other foods, and above them, rate of rabbit population growth is high
enough 10 escape from the "pit". The rate of population grol.Vth for T vulpecula in central
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Figure 6.3 (a): Flow chart depicting the interactions between T. vulpecula, rabbits and three
predator species in early 1989 at the Irving Creek study site in central Australia. Thickness
of line indieates strength of interaction. Dotted line indicates weak interaction. (b): Flow
chart depicting the interaetions between T vulpecuJa, rabbits, camels and three predator
speeies in late 1991 at the Irving Creek study site in central Australia. Thickness of line
indieates strength of interaction. Dotted line indicates weak interaction.
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Figure 6.4 (a): Flow chart depicting the interactions between T. vulpecula, rabbits, three
predator species and other prey species in early 1990 at the Hale River study site in central
Australia. Thickness of line indicates strength of interaction. Dotted line indicates weak
interaction. (b): Flow chart depicting the interactions between T vulpecula, rabbits, three
predator species and other prey species in late 1991 at the Hale River study site in central
Australia. Thickness of line indicates strength of interaction. Dotted line indicates weak
interaction.
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Australia is a maximum of one young female per year, and is not high enough for T
vulpecula to escape from the "pit" (Newsome 1990) particularly in habitats modified by the

activities of rabbits and livestock.

"Prey-switching" has been recorded for dingoes in central Australia by Corbett and
Newsome (1987) and Lundie-Jenkins et al. (1993a).

These studies found that dingoes

selected the most available prey during dry periods, irrespective of habitat, usual prey
preference or body size, and largely independent of absolute abundance or biomass. The
importance of rabbits as a staple food source whose abundance determines the level of

predation pressure is supported by my observations from western Queensland. There, rabbits
were absent from all locations where T. vulpecuia was present, and predators were absent or
at very low densities. Furthermore, despite severe drought eonditions, T vulpecula was able
to breed successfully, with sheep and cattle present but without the degrading influence of
rabbits.

The impaet that predators and competitors can have on isolated, relatively small T

vulpecuia populations and the speed with which this happens was elearly demonstrated at the
two main study areas. The threats to these populations came from different species. At Hale
River, the greatest threat was from predators, whereas at Irving Creek it was primarily from
competition and habitat alteration by camels and habitat alteration by rabbits. Both these
outeomes represent different management problems and have important ramifications for the
plaill1ing and implementation of any proposed reintroduction programmes. The impacts of
introduced species, however, can be estimated most reliably from controlled and replicated
removal experiments.

At Hale River, the most probable explanation for the observed change in the diet of
predators, particularly of dingoes, was that a crash in the rabbit population occurred because
of unseasonably warm weather that caused grasses and forbs to die off. The study area
supported only a very low rabbit population because the soil was too hard and shallow for
rabbits to develop warren systems. They are surfaee dwellers and subject to greater levels of
predation and the physiologieal disadvantages of not living in warrens. Immediately to the
south of the study area was the highest rabbit population on Hale River Station whieh was
considerably higher than in the study area (P. Bloomfield, pers. eomm. 1991). When the
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southern rabbit populations crashed, dingo numbers increased in the study area, probably by
immigration from the south, travelling along the drainage lines in search of food. Hunting
strategies of both resident and immigrant dingoes also changed in response to the combined
influence of increased predator numbers and the decrease in easy to catch prey such as
rabbits.

At Hale River, the next most available prey were rock wal1abies, followed by
echidnas and T. vulpecula.

Rock wallabies were vulnerable when they moved onto the

woodland margins and drainage lines at night and appeared to be oblivious to any
approaching threat (pefs. obs.). Echidnas were vulnerable on the softer substrates of the
creek and river margins where dingoes could easily dig them out. Trichosurus vulpecula was
less abundant and features less in the diet. Although possums spend a large proportion of
their time on the ground, much of their activity is higher up on the slopes (Chapter 5), a
preference which may be related to predator avoidance. All dead T. vulpecula found were
either in the minor drainage lines or on the lower slopes. Females with pouch young were
extremely vulnerable as they carry up to 25% of their body weight, either on their back or in
the pouch. Juveniles were vulnerable as they are less experienced at predator avoidance, less
knowledgeable of their environment than adults and may be dispersing through unfavourable
habitat.

The level of predation on T. vulpecula at Hale River is relatively low with
approximately 8% of scats containing T. vulpecula remains and is similar to the levels of
predation of T. vulpecula by predators throughout Australia (Robertshaw and Harden 1985;
Brunner and Wallis 1986) but this level of predation is sufficient to keep T. vulpecula in a
"predator pit" (Walker and Noy-Melr 1982). Medium-sized mammals in central Australia
such as T vulpecula may be in the "pit" for longer periods more frequently than their east
coast conspecifics because there are fewer prey species available for dingoes in arid central
Australia, and hence fewer alternatives for the predator to switch to in drier times. Predation
in the study area is probably patchy. Most of the survey work was conducted on more
accessible slopes and it is highly probable that predation on the steeper, less accessible parts
of the study area is very low. This was supported by the paucity of predator scats found
away from the more easily traversed areas, although T vulpecula sign was commonly found
on steeper less accessible slopes.
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It appears the population at Irving Creek is also in a "predator pit" but for different
reasons. Habitat alteration and competition for resources by cameJs and habitat alteration by
rabbits reduced the spatial and temporal availability of high quality food items for T.

vulpecula. This in tum effectively reduced the reproductive potential of T vulpecula. In
199 J there was [ow reproductive success in terms of both birth rate and recruitmenr, when
the dry conditions over summer and the impact of introduced herbivores reduced the
availability of some ephemeral food sources favoured by T vu/pecula.

Only some T.

vulpecula was carrying pouch young and adults were in poorer condition than those at Hale

River.

However, conditions were still suitable for successful reproduction in the rabbit

population, with rabbit hole counts indicating that the population was rdatively stable.

The level of T vulpecula predation at Irving Creek was lower than that at Hale River
where the habitat has been more degraded and there are fewer species for predators to switch
to. Despite the habitat pressure by rabbits at Irving Creek, the continued presence of rabbits
at current levds is probably an advantage to T. vulpecllla in the short tenn as they are the
preferred prey of the predators present. The capture of

sub~adult

possums at Irving Creek

indicates that the predator pressure on T. vllipecula was minimal and probably opportunistic,
with only two occurrences of T. vulpecufa in scats and the possible predation of one collared
animal by a dingo. It should be noted however that the smaller sample size of predator scats
from Irving Creek may be biasing this result. With the continued competition and habitat
degradation at Irving Creek, the quality and quantity of food resources may be sufficient for
maintenance of adults but not for the demands of lactation in breeding females.

As a

consequence, any decline at Irving Creek is likely to occur with a time lag.

Chllnges in the relative impacts of introduced predators and competitors during this
study emphasise the need for both broad-scale integrated pest control both to maintain wild
populations and prior to reintroduction of T. vulpecula. All the possible scenarios need to be
considered and follow up research must be programmed. Most importantly, the findings
from this study clearly show that the problems for survival of wild T. I.'ulpecula populations
change from year to year and differ between sites, but the impact of both the introduced
herbivores and predators are implicated in the decline of T vulpecula.

154

CHAPTER 7
SYNOPSIS
This study has investigated the basic ecology of the Common Brushtail Possum,
Trichosurus vulpecula in central Australia with the aim of gaining insight into the processes

causing its decline and subsequent restriction in its distribution in arid Australia.

This

insight can then be used in its management and recovery.

This chapter will retum to the objectives presented in Chapter 1 and re-assess the
status of T. vulpecula in light of the information obtained during this study. The causes of
decline in arid-zone T. vulpecula populations will be examined, including the model put
forward by Morton (1990), on the basis of findings in this study of the faclors contributing to

the decline in distribution of T vulpecula. Consequently, the aim is to assess the infonnation
in a broader sense to increase our understanding of the processes affecting the decline of
herbivorous medium-sized mammals of arid Australia.

7.1 The ecological requirements and biology of T. vulpecula in arid
Australia
7.1.1

Habitat

Objectives: Describe the habitat requirements of T. vulpecula. Qualitatively predict the
presenee of T. vulpecula in the region on the hasis of habitat requirements. Examine
Morton1s (1990) model for T. vulpecula in central Australia using the results ofhabilat
requirements from this study.

Trichosurus vulpecula were found in six mam habitat types including Acacia
aneuraiCallitris glaucophyl/a on rocky hills, mixed Acacia rocky hills, Rocky Eucalyptus

creek-lines, Wet gullies, Degroded drainage lines and E. camaldulensis sandy creek-lines.
These habitats can be grouped into in two broad landscape types: 1) rocky ranges and 2)
riparian lowlands. Prior to this study, non-creek-line habitats such as rocky hills were not
considered 'typical' T vulpecula habitat in central Australia. All habitat types where T
vulpecula occur have a higher mistletoe species richness (max. of 6 v 2 species) and high soil

nitrogen (mean 289 v 114 p.p.m.) than unoecupied habitats. These factors reflect the absence

'"

of fire. Mistletoes are sensitive to both fire and moisture stress which may result from the
reduction of ground cover through fire, drought or introduced herbivores and by direct
contact with fire (LalZ 1995; Norton., of. 1995; Reid 1997). It is likely that sites with high
mistletoe species richness have more reliable ground-water access or are run-on areas,
enabling higher survival of plants during drought. The exclusion of fire permits a larger
diversity of perennial plant species, particularly in the shrub layer. to reach maturity and be
able to produce fruits and seed, and in doing so provide T. vuJpecula with a higher quality
food supply. This also provides a greater diversity of host species for mistletoes as many
species are host specific (Barlow 1981; Norton and Carpenter 1998). The importance of the
lack of fire has been noted for T. vu/pecu/a in tropical environments (Kerle 1985) and
temperate south-eastern Australia (Hocking J981; Suckling 1982; Lunney 1987).

Major soil nutrients including nitrogen, phosphorus, calcium, magnesium and
potassium were in significantly higher concentrations at occupied sites compared with
unoccupied sites.

The importance of soil nutrients for T. vu/pecufa presence has been

investigated in only One other study (Braithwaite et a/. 1984) where they were found to be
significant in influencing the distribution of arboreal marsupials including T. vu/pecu/a.
Sites with higher soil nutrients may be preferred because of the enhanced growth potential of
easily digested ephemeral plants, new growth and regeneration of perennials, and re
establishment of perennials before the next drought.

The higher nutrient coneentration,

combined with a consistent moisture supply, permits extended periods of productivity which
enable T. vu/pecu/a to have extended breeding periods and consequently a greater likelihood
of raising young to independenee. Higher soil nutrient levels also reflect the likely absence
of fire as fire volatilises soil nutrients and exposes the soil to erosion. The results of this
analysis support Morton's (1990) model that refuge habitats for T. vUlpecula are in relatively
moist and fertile pockets scattered across the arid-zone. The major threats to these refugia
and the populations that occur there are fire and disturbance from introduced herbivores (see
Chapter 6).

7.1.2

Diet and Diet Selection

Objectives: Determine the temporal variation within tbe diet of T. vuJpecula in different
habitat types. Determine the relationship between diet and nutritive quality of food
plant items in these habitats and derive food preference ratings to indicate relationships

1'6

between plant availability and utilisation.

Examine whether food preferences/diet

selection are driven by digestibility and nutrient content as postulated by Morton
(1990).

The results of diet analyses in three broad habirat types show the diet is composed of
leaves, flowers and fruits from a wide range of perennial and ephemeral dicotyledonous plant
species, as reported in previous studies of T. vulpecula in a range of envirorunents (Keele

1985; Statham 1984; Evans 1992; How and Hillcox 2000). Seasonal differences in the
consumption of flowers and fruits reflect temporal changes of flowering and fruiting of
vegetation. The high proportion of flowers and fruits (up to 48 and 12 % respectively) in the
diet is most similar to that reported in diets of tropical possums (Kerle 1985). Ephemeral
species were also consumed in preference to perennial plant foliage during the short periods
they were available. Non-plant foods such as honeycomb, insects and insect larvae were
eaten, supplementing the available protein, fat and energy content of the diet. These foods
were consumed by both sexes but more females included them in their diet, providing
additional nourishmcnt and energy during lactation. The inclusion of non-plant foods in the
diet is consistcnt with other diet studies (e.g. Warburton J978).

Although a wide range of plant species were recorded in the diet, only a small
number of species comprise the bulk of the diet. and most of these species are unconunon in
the habitat. The selection of unconunon plant species has been recorded for T. vulpecula in
New Zealand (Owen and Norton 1995), however no similar analysis has been conducted
elsewhere in Australia.

The most significant finding was that all prefcrrcd foods had a

significantly higher moisture content and bctter digestibility and higher nitrogen content than
plant species rarely or never consumed. This supports Morton's postulation that medium
sized-mammal species in arid Australia would select sueh foods. The significant relationship
between possum diet and nutritional quality of diet items has been found by a number of
authors (Braithwaite el at. 1983; Maclennan 1987; Kavanagh and Lambert 1990; Jones and

Hillcox 1995).

The moisture content of foods was consistently higher in habitats occupied by T.

vulpecula, but there was a less consistent association between the concentration of the major
nutrients and the presence of T lIulpecula. There are no comparable data available on the
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importance of moisture content on food selection, however its importance has been implied
(see Munks et al. 1996). This fact notwithstanding. nutrients are important in diet selection
and it is probable that a nutrient threshold exists, below which T. vulpecula cannot persist,
but this is yet to be detennined.

7.1.3

Habitat Use and Reproduction

Objectives: Determine the relative importance of different plant communities to the
distribution of T. I'ulpecula.

Investigate changes in habitat in relation to seasonal

conditions. Determine home ranges and denning habits. Determine breeding patterns
and estimate growth rates of young.

At Hale River, radio telemetry revealed that Mixed Acacia rocky hill habitats and

Acacia aneuraiCallitris glaucophylla habitats, and the edges between these main habitats
were preferred by T vu/pecu/a. This was also confinned by the distribution and abundance
of T vulpecu/a scats. Seasonal changes in the use of four main habitats were in response to
flushes of flowering and fruiting of plants, particularly acacias. This was also reflected in the
diet. In sandy creek-line habitats at Irving Creek, activity was confined primarily to the
drainage lines with minor forays away from the edges and changes in foci of T. vulpecu/a
activity occurred during the study, in response to habitat degradation by rabbits.

Radio

telemetry data from the main study sites revealed considerable variation in home range size
of individuals. It appears that home range sizes reflect habitat quality in tenns of food
availability and, to a lesser extent, den availability. The mean home ranges of T. vulpecula at
lrving Creek (4.99 ± 1.46 ha.) were smaller than those recorded in some studies (Dunnet
1964; Allen and Bradshaw 1978; HOCking 1981; MacLennan 1987) hut larger than others
(Sampson 1971; Winter 1976; Kerle 1983). Mean home ranges for T vu/pecula at Hale
River (44.21 ± 22.76 ha.) were considerably larger than those of all T. vulpecula populations
studied in Australia.

The reproduction, growth and development of T. vu/pecula recorded in this study are
similar to other populations of T. vulpecu/a (Keele and Howe 1992). The success of breeding
and survival of yOWlg was found to vary with the availability of suitably nutritious and moist
foods for females. Despite the small sample size, births appear to occur throughout the year,
with little evidence of the seasonality found in T. vulpecula populations from south-eastem
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Australia. During drier conditions, breeding and births may be affected by lower availability
of suitable foods. The growth raCes observed in this study, although from a small sample, are

the fastest recorded for Trichosurus in Australia. Faster growth rates and hence a shorter
pouch life is likely to be an adaptation to an arid environment.

This would enable T.

vulpecula 10 raise and wean the young before conditions might become too dry.

7.1.4

Introdueed Predators and Herbivores

Objectives: Examine the diets of dingo, cat and fox to determine the presence of T.
vu/pecula.

Compare the diets of T. vulpecula and introdueed herbivores. Define the

interactions between introduced herbivores, predators and T. vulpecula.

Gain an

understanding of the role of predators and introduced herbivores in the decline of T.

vulpecula in central Australia and develop coneeptual models to illustrate tbese
interactions under a range of scenarios.

, The results of this study suggest that introduced herbivores (rabbits, cattle, horses and
camels) affected survival of T vulpecula by modifying habitats and to a lesser extent,
competition for food resources. The impact of rabbits through habirat modification was the
most significant in terms of impaet from all introduced herbivores. For example, rabbits
severely degraded the habitats adjacent to Irving Creck causing denudation of large areas of
vegetation and undermined the root systems of food trees with their warren systems,
frequently causing the death of mature trees. Their effects may be responsible for the change
in foeus of T vulpecula activity along the creek-line during the study. Little evidence was
found of competition between rabbits and T. vulpecula for food resourees.

Rabbit diet

overlapped little with T. vulpecula but this may become signifieant during drier, less
productive condi[ions as found by Dawson and Ellis (1979) and Lundie-Jenkins et aJ.
(1993a) for other arid-zone mammals.

Competition for food resources from cattle and horses with T. vulpecula was found to
be minimal. Their main impact, like that of rabbits was habitat alteration. They disturb
habitats by trampling and prevented regeneration by grazing and browsing. This supports
previous findings that cattle and horses are primarily grazers (Berman and Jarman 1987).
Although the impact of introduced herbivores was through habitat modification, there was
evidence of direct competition between camels and T. vulpecula during the study.

Feral

I,.
camels competed directly with T. vulpecu/a by conswning almost every San/alum
laneea/alum shrub along Irving Creek. San/a/urn is a preferred and very important item in

the diet of T. vulpecula (Chapter 4) and the absence of this highly preferred, moisture rich
and nutritious food species could affect the long tenn survival of adults and loss of pouch
young.

It appears that T. vulpecu/a has been able to persist in areas affected by one of the
main exotic herbivores, but they are Mable to sunrive when there are more than two species
of exotic herbivores with aceess to all habitats at a site. That herbivores do impact on
possum populations is supported by the persistenee of T vulpecula at sites such as Giles
Yard Spring, Chopper Gully and parts of Hale River that appear not to have been affected at
all by exotic herbivores as topographic barriers prevent or severely restrict their access.

All three mammalian predators (dingo, fox and cat) were found to have preyed upon

T vu/pecula. with dingoes taking the greatest nwnber of animals. At the beginning of the
study, there was no evidence of predation on T vulpecula at either study site.

But as

conditions at the Hale River became drier, rabbit nwnbers crashed and dingoes switched
from rabbits to echidnas, macropods and T vulpecula.

The impact of predators on T

vulpecu/a was particularly severe in the second half of the study, with females carrying
pouch young and juveniles being the main victims. This demonstrates how quiekly shifts
can -occur jn the environment that adversely affect populations. At Irving Creek, rabbit
populations remained stable throughout the study and T vu/pecula was little affected by
predators.

As a result of habitat degradation by introduced herbivores which reduces habitat and
food quality and causes lower fecundity or poor survival, many populations are in a "predator
pit". The consistent low levels of predation combined with lower recruitment mean that T

vulpecula cannol escape the "predator pit". Impacts of introdueed species, however, can be
estimated most reliably from controlled and replicated removal experiments.
7.1.5

Morphology and Taxonomic Status

Objectives: Describe the morphology 01 central Australian Trichosurus vulpecula to
determine the taxonomic status and affinities of central Australian T. vulpecula.
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Central Australian T. vulpecula is sexually dimorphic, with males larger than females.
Mean body weight (1.8 kg) is intennediate in the range of T. vulpecula weigh,.. They are
smaller than the Tasmanian fonn of T. vulpecula (3.0 kg, Hocking 1981) but larger than T.

vulpecula from the Top End of Australia (l.5kg, Kerle er al. 1991). On the basis of cranial
morphology central Australian T vulpecula could not be separated from other populations,

however Tasmanian and Western Queensland animals could be distinguished from other
regional populations. The cytochrome b analysis demonstrated that central Australian T.
vulpecula was most similar to Adelaide T. vulpecula but the affinities with other Trichosurus
in Australia could not be verified.

7.2

Cause of decline of T. vulpecula in central Australia
Numerous authors have identified factors that are coincident with the decline of

mediumMsized mammals in arid Australia, but few have attempted to put forward a cohesive
model and to test using evidence from studies. This study has indicated the key proeesses
involved in the decline of T vu/pecula is a combination of changes in fire regime, the impact
of introduced herbivores (particularly rabbits), introduced predators and the effects of
drought and variable rainfall patterns.
7.2.1

The Causes
A variety of reasons have been proposed for the decline in mammals including the

impact of drought, introduced predators and eompctitors, pastoralism, change in fire regimes,
overhunting and disease (Finlayson 1961; Bolton and Latz 1978; Burbidge et al. 1988;
Burbidge and McKenzie 1989; Johnson el al. 1989).

Morton (1990) argued that" the primary cause of extinction was brought about by
waves of introduced herbivores, the eattle, horses, sheep, goats and especially rabbits",
Morton considered the impacts of predators as a secondary force in the decline and
extinctions of mediwn-sizcd mammals. He stated that it was likely that the waves of rabbits
carried with them high densities of predators that contributed to local disappearances of
medium-sized mammals by "switching" to them following the collapse of rabbit populations.

Although it is almost universally accepted that predators alone were not responsible
for the initial deeline of medium-sized mammals (Burbidge and McKenzie 1989; Morton
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1990), the data from this study shows that they are implicated in the localised extinction of
small populations or the restriction of populations. Since the completion of this study, visits
to Irving Creek have found no fresh sign of T. vu[pecula and an abundance of feral cats (J.

Gillen, pefs. comm., 1997). Similarly, at Hale River, T. vulpecu/a appear not to have
recolonised parts of the habitat following the reduction of their numbers by dingoes.

Fire, considered by Morton to be of secondary importance in causing habitat change
and subsequent decline and extinction of many species of medium-sized mammals was
identified as a primary factor affecting T. vulpecula in this study. Trichosurus vulpecula is
heavily dependent on the leaves, flowers and fruits of perennial plant species (Chapter 4), a
large number of which are fire intolerant (Latz and Griffin 1978; Latz 1995). There is no
dispute that fire was important in the decline of Rufous Hare Wallaby, Lagorchestes hirsutus
(Lundie-Jenkins 1993a; Lundie-Jenkins et al. 1993b) and Greater Bilby, MacroNs lagotis
(Friend 1990; Johnson and Southgate J990). Both species rely on the very productive flush
of "fire weeds" in the 1 - 2 year period following fire.

The presenee of drought refuges was a fundamental component of Morton's (1990)
model. He suggested drought refuges were more moisture and nutrient rich relative to the
surrounding habitats and therefore they would provide refuge -for species -in times of drought.
Morton (1990) postulates that "herbivores are forced to select the richer, more dependable
portions of the landseape" with this applying in particular to medium-sized mammals
because of the physiological and morphological constraints acting upon them in an arid
environment.

The data presented on habitat (Chapter 3) and diet (Chapter 4) strongly

support Morton's (1990) proposition that loeations where herbivorous manunals persist have
relatively shallow waler tables andlor topographic diversity which coneentrates water and
nutrients to particular areas. Trichosurus vulpecula both presently and historically prefer
areas of high productivity such as drainage areas and run-on areas.

Perennial plants at sites occupied by T. vulpecula has signifieantly higher moisture
compared with plants at unoccupied sites (Chapter 4) and the foods of T. vulpecula has
significantly higher moisture, nitrogen and digestibility than non-diet items. In addition,
some perennial species ego San/alum lanceolalum, Eucalyptus camaldulensjs. Acacia

eslrophiolala and mistletoes (Amyema and Lysiana speeies) are consistently found in the diet
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of T. vu/pecu/a whenever they occur in a habitat. and these have a significantly higher
moisture content than non-preferred foods.

Masters (1997) included T. vulpecula as a

member of a group of predominantlY insectivorous/omnivorous medium-sized manunals that

have persisted in the arid-zone because they are species adapted to survive in
inhospitable/unproductive country where pastoral activity. rabbits and predation are low, ego

rocky hills.

Trichosurus vulpecula are clearly an exception as they dependent upon

particular high quality species of perennial plants for food and to a lesser extent, shelter, as
well as occupying sites with higher soil nutrients and moisture.

Long term rainfall records were examined to assess the role of drought in the decline
of T. vulpecula. The irregular nature of rainfall and thc effect of extended periods of low
rainfall are best depicted using a rainfall residual curve.

Figure 7.1a shows the armual

rainfall data from Alice Springs, converted to a "rain year" (October to September) so that
the summer skew of rainfall is not divided.

Yearly totals were plotted as a cumulativc

residual curve (Figure 7.1 b), which is the cumulative sum of differenees between the series
of observations and the mean value of the observations. In the period between 1874 and 1895
variable rainfall patterns occurred, but then a period of low rainfall began in 1895 and
continued until 1902 when Alice Springs received abundant rains bringing the cumulative
residual into a surplus. An extended period of below average rainfall began in the early 1920's
and continued to 1938 when the deficit was twice the average annual rainfall. It was dwing this
time that the major decline of medium sized mammals began in eentral Australia From the
late 1930's until the mid-1950's rainfall was again variable and the cwnulative residual
remained in deficit. The mid-1950's saw the beginning of another extended period of below
average rainfall and this coincides with another period of medium-sized mammal decline and
extinctions. The slope of the line indicates the level of severity of the drought conditions at this
time TIlls period continued to 1965 when the cumulative rainfall deficit was more severe than
tor the 1920's and 1930's, with a deficit that was almost four times the annual mean rainfall.
From this time, above average rainfall has been experienced and a positive cwnulative rainfall
total in the mid-1980's oecured for the first time since the late 1920's to early 1930's (Figure

7.1 b).

The timing and quantity of rainfall have major consequences for arid Australian plants
and animals. The timing of rainfall essentially dictates the composition of ephemeral species,
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and frequently. rainfall is the trigger for flowering and fruiting in perennial species (Friedel et

al. 1994).

Poor timing of rainfall results in !he reduction in !he quality and quantity of

preferred foods.

The change in climatic conditions may be reflected in ground-water levels as
demonstrated by Braithwaite and Muller (1997). Because of the importance of ground water
in defining T vulpecu/a habitats, a stabilisation or increase of extant populations could now
be expected with the current positive phase of the eumulative rainfall residual. A widespread

increase would be unlikely because of the changes in fire regimes and/or introduced
herbivores throughout much oftheiT fonner range. The apparent recolonisation of Ellery Big
Hole by T vulpecula indicates that sites with shallow water-tables may recover quite rapidly
after the removal of introduced herbivores.

This has important implieations for

recolonisation by T vulpecula in many areas, partieularly in the MacDonnell Ranges. For
example, if areas potentially suitable for T vulpecula cWTently under pastoralism are
jncorporated into the park system, exotic herbivores were removed and appropriate fire
management strategies implemented, it may result in an increase in T. vulpecula.

7.2.2

New Models of Decline
The results of this study broadly supports the model put forward by Morton,

particuJarly the importance of refuge habitats with enhanced nutrients and moisture, but
when Morton's model is tested for individual species, there appear to be differences in the
forces influencing their persistence. The model requires refinement for particular species and
populations. Trichosurus vulpecula inhabits two broad landscape types in central Australia:
riparian lowlands and rocky ranges. Separate models have been defined for these landscapes
(Figure 7.2 and Figure 7.3) to incorporate the different forces affecting the viability of each

T vu{pecu{a population. Introduced herbivores and predators have the greatest impact on T.
vu{pecuia habitat in the riparian lowlands, whereas in the roeky ranges, fire has a more
significant impact.

In both models, T vulpecula occupy refuge habitats during drought

which are characterised by higher available moisture for plant growth (such as drainage lines,
run on areas and/or shallow water tables) and soils with higher soil nutrient eoncentrations.

Figure 7.2 swnmarises the forces which are still operating and are suggested to have
caused the deeline and extinetion of T. vuipecula in the riparian lowlands. Degradation of
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the habitat and competition for food by introduced herbivores is continuous, with pulses of
higher impact following rain, whilst the influence of predators is most severe during droughts
when the abundance and diversity of prey (particularly rabbits) declines.

Following European settlement, introduced livestock and rabbits focussed on the
lowland refugia as they required the same moist, nutritious and digestible foods as T.
vu/pecula in order to survive. Although, there is some overlap in the diet with introduced

herbivores, their main impact was not competition, but changes to the structure and
composition of the vegetation by selective grazing and prevention of regeneration of
perennial plants by trampling and grazing.

Introduced predators followed population increases of rabbits. Predators were able to
survive on rabbits and take T. vulpecula occasionally during favourable seasons. They were
also able to prey on Livestock or consume carrion. As drought worsened, animal numbers
were sustained best in refugia as suitable food supplies diminished. Trichosurus vulpecula
could maintain themselves on the foliage of perennial trees not available to most herbivores
and were better able to avoid predators by climbing trees. As rabbit numbers decreased,
exotic mammalian predators switched to other prey including T vulpecula, resulting in their
extinction from small or less productive refugia. In larger or more productive refugia, the
combined effect of predators, the degradation caused by exotie herbivores and reduced
fecundity of T. vulpecula from the decreased availability of suitably nutritious foods also led
to the decline of populations (Figure 7.2).

The impact of fires on these refugia was minimal, as Aboriginal burning practices
protected them and mosaic burning prevented large-scale fires from developing. Many of
these areas were signifieant ceremonial sites as welt as providing food and water supplies for
Aboriginal people during drought. Figure 7.3 summarises the forces which are suggested to
have eaused the decline and extinction of T vulpecula in the rocky range habitats. Whilst
fire was not an important factor causing the decline of T vulpecula in the riparian lowlands,
it was the primary factor for the decline in rocky ranges. The extent of impact on range
habitats was dependent on the size and frequency of fires which were greatest when there is a
flush of growth following major rainfall events. This study of T vulpecula supports Masters
(1997) assertion that the periods of greatest threat to medium-sized manunals are the times
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Figure 7.2: A flow-chart summarizing the forces which are suggested to have caused the
decline and extinction of Trichosurus vulpecula on riparian lowlands habitats in central
Australia.
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Figure 7.3: A flow-chart summarizing the forces which are suggested to have caused the
decline and extinction of T,ichosurus vulpecula on rocky range habitats in centra! Australia.
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that follow mesic periods, because of the build up of predators as well as the increased fire

threat due to high fuel loads.

Introduced herbivores did not have the same impact in these habitats as in the riparian
lowlands because the slope and ruggedness of the rocky ranges acted as a physical barrier.
Similarly, predators were not very abundant because of the relative difficulty in moving over
rough ground and the generally low relative abundanee of prey such as rabbits.

Droughts or periods of low rainfall affected refuge habitats in both the riparian
lowlands and rocky range habitats. Local populations became extinct and the numbers of T.
vu/pecula populations declined as water tables became depleted through evapotranspiration

and a lack of recharge and as a consequence food quality and quantity declined below
threshold levels. Consequently populations of T. vulpecula are now widely separated and
more vulnerable to extinetion (Figure 7.2 and 7.3).

7.3

Recommendations for conservation management
This study has provided an understanding of the habitat requirements of extant

populations which are required to define the essential elements of habitats suitable for the
reintroduction of r vulpecula to parts of their former range. The data presented here provide
the basis for the next step - to locate remaining populations and to identify unoccupied but
suitable sites and manage them for reintroduction or translocations to re-establish a new
population. As Morton concludes, " ... reintroduction's will only be successful if the habitats
into which the animals are released are of exceptionally high quality in terms of their
dependability and nutritional character of their plant growth".

An adaptive management strategy needs to be implemented to determine the effects
of different management regimes on T. vulpecula population viability.

Importantly, any

management strategies should involve Aboriginal people. A recent workshop (Gillen et al.
2000) provided guidelines to the proeesses of establishing reintroductions which incorporate
Aboriginal perspectives and eoncerns as part of any reintroduction. Aboriginal people were
the impetus behind this study as T vulpecula is an important part of their culture and its
decline is of great concern to many people. Several remaining popuJations and potential
reintroduction locations are on Aboriginal land. Beeause of their attachment to the land and
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the animals, a number of people have both the knowledge of the animal and the skills (such

as burning) to provide knowledge to managers and to assist with management

From this study a number of key recommendations have been developed which are
vital to the sw-vival and recovery of T. vulpecu/a in central Australia. These are measures
which prolect both the remaining populations as well as potential reintroduction sites.
Protection of remaining populations is the most important priority for the survival of T

vulpecula in central Australia. These recommendations are:

1. Fire Management.
A burning programme designed to break up patches of Triodia on the edges of extant

T vulpecula populations and fire sensitive plant communities, thereby reducing the
probability of wildfire entering them is a priority.

This should be undertaken

predominantly around the rocky range habitat types identified in Chapter 3. The
restoration of suitable habitats in rocky range habitats is unlikely to be a viable option
as the effects of fire on these communities; especially Acacia aneura is largely
irreversible.

2. Control ofIntroduced Species
An integrated pest control programme is required to ensure the long-term survival of

the species. TI1is would most likely involve a 1080 baiting program for dingoes and
foxes (Lundie-Jenkins et al. 1993a) and a combination of lures and traps for cats
(Edwards et al. 1997).

Control of rabbits could be achieved by fumigating and

ripping rabbit warrens (Low 1982; Foran et al. J 985). This task is more achievable
now that calici-virus has reduced rabbit numbers to low levels in many parts of
central Australia.

Monitoring of all predators and prey species is a major and

ongoing part of any control program, allowing adjustments to be made to control
measures, if necessary.

3. Captive Breeding and Reintroduction.
The impetus behind this study was a desire by Aboriginal people to reintroduce T

vulpecula to UIUfU National Park. There are many important elements of a successful
reintroduction program involving captive-bred animals. These have been detailed by
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Kleiman (1989) and are outlined in Table 7.1 and Lundie-Jenkins (1998) provides a
theoretical frame work for planning, decision making and evaluation in an experimental

reintroduction.

Many of the elements listed by Kleiman (1989, 1994) have been

assessed in the course of this research project but there are several, which require
resolution before attempting an actual reintroduction. In particular, further information
is required about the size of remnant populations and their behavioural ecology (home
range, movement).

As this information is obtained a breeding program and

management requirements for successful reintroduction could be put in place using the
procedures described in Lundie-Jenkins (1998) and Gillen ef 01. (2000).

To achieve these management strategies a coordinated national education programme
would be required to inform and convince the Australian community that conservation of T.
vulpecula in central Australia is deserving of attention. This is particularly important because

there is an entrenched perception that this species is common throughout Australia, despite it
being part of the massive decline of medium·sized mammal species in arid Australia since
European settlement.
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Table 1.1: The elements of a successful reintroduction program involving captive animals
(after Kleiman 1989).

Captive Population
Ongoing research in behaviour, genetics, physiology, nutrition, reproduction and pathology
Genetic and demographic management of the population
Self-sustaining viable captive population

Field studies
Regular censuses of the size, distribution and genetics of the wild population
Behavioural ecology studies (home range size, movements, habitat preferences, sociaJ
organisation, mating system, feeding and anti-predator adaptations)
Locating existing suitable habitat containing critical resourees for introduction

Habitat presenration and Management
Proteetion of habitat from deforestation, degradation and exploitation
Restoration and management of degraded habitats
Increase or the maintenance of preservation areas

Conservation education for long term support
Professional training through academic studies, workshops, internships, courses and
fellowships
Detennining the most appropriate public relations and educational strategies through surveys
Public relations educational efforts using appropriate mass media
Local community education, both fonnal and infonnal

Preparation and reintroduction of animals
Choice of candidates and assessment of their characteristics for retrospective correlation with
post release survival
Training in survival techniques, including foraging and feeding, anti-predator taetics,
locomotion and orientation
Adaptation to local eonditions at release site (food, climate and temperature, and disease)
Release and long tenn monitoring to evaluate causes of death and basis of survival
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Appendix I. Distribution of plant species recorded in >66% of sites within each group.
Species
AbutUonfraseri
Acacia aneura
Acacia dolicophylla
Acacia estophiolata
Acaciajarnesiana
Acacia kempeana
Acacia macdonnelliensis
Acacia stronglyophylla
Acacia tetragonophylla
Acacia victoriae
Alectryon oleaejolius
Amyema gibberulum
Amyema maidenii
Arislida strigosa
Atalaya hemiglauca
Callistemon pauciflorus
Callitris glaucophylla
Canthium latifolium
Capparis lanceolata
Capparis mitchellii
Capparis spinosa
Carexjasciulosa
Cheilanthes lasiophyyllum
Cheilanthes sieberi
Chenopodium chrislalum
Clerodendrum jloribundum
Corymbia aparrinja
Corymbia opaca
Cremnothamnus thompsonii
Crotolaria eremaea
Cymbopogon ambiguus
Cyperus cuninghamii
Digitaria brownii
Dodonaea viscosa
Einadia nutans
Enchylaena tomentosa
Enneapogon avenaceus
Enneapogon polyphyllus
Eragrostis elongata
Eremophilafreelingii
Eremophila latrobei
Eremophila longifolia
Eucalyptus camaldu/ensis
Eucalyptus gilleni
Eucalyptus intertexta
Eucalyptus socialis
Euphorbia tannensis

Group 1 Group 2 Group 3 Group 4 Group S Group 6

80

75
100

80
100

100
67

100
100
80
80
80
80
100

100
100
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100
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100

80
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100
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100

100
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80
100
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67
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100

100
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100
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100
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100
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100
100

75

100
67

100
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75

100

75

100
100
80

100

80
80
75

100
100

80

67
67

2U.

Species
Ficus p/atypoda
Gastrolobium brevipes
Glycine canescens
Gaodenfa grandiflorum
Gossypium s(urtii
Grevillea striata

Hakea suherea

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

100
80
100
100

100
75

100
100
67
100

80
100
100

100

Hibbertia glabberimma

Hibiscus sturti;
Hybanthus aurantiacus
Indigofera basedowii
Jasminum didymum
Juncus aridicola
Lysiana spathulata

75
80

75
80

75

Macrozamia macdonellii
Maireana georgei
Marsdenia australis
Mela/euea bracfeala
Dlearia stuartii

67
100

Pandorea pandorana

80

a

a

a

a

a

a

a

a

75

Petalostylis cossiaides

80

a

a

100

75

Rhagodia spinescens
Santa/urn lanceD/alum

67

100
100

75
80

75

100

75

67
67

Sarcostemma australis

67

Scaevola spinescens
Senna artemisioides artemisioides
Senna artemisioides jilifolia
Senna artemisioides helmsii
Senna glutinosa
Sida filijormis
Sida platyca/yx
Solanum centrale
Solanum ellipticum
Solanum quadrifocuiatum
Sparthothamnella puberella
Sparthothamnella teucriflora
Stemodja viscosa
Themeda friandra
Trichodesma zeylanicum
Triodia hubbardii
Triodia spicata
Venti/ago viminalis
Zygophyllum apjculatum

67
67
67
67

100

Ptiiotus exultus
Ptilotus obovatus
Plilo/us parviflorus
Rhagodia eremaea

67

80

Paraceterach reynoldsii
Pros/ran/hera stiatiflora
Pleris treml~la

67
100
100

80

75
75

80

75

100

80
100

75
100

75
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100

100

67
75
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80
80
80

75

