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Abstract
This thesis is based on the results of a radio tracking study of P. volans individuals within five
remnant patches of eucalypt forest surrounded by radiata pine plantation near Tumut. This is the
first known study to examine P. volans populations within remnant patches. Results from this
thesis largely concur with results from studies where P. volans inhabit continuous forest.
However, there were some interesting outcomes that appear to be related to population density
and patch size. It is unclear whether there is a causal link between patch size and population
density, although it is believed population density influenced the way P. volans utilised
remnants.

The two smallest patches contained P. volans with the highest population densities (1.25-1.66
animals ha-1). Males had significantly larger home ranges than females. However individuals
within the smallest patches had smaller home ranges and shared greater home range overlap.
Those animals that shared the greatest home range overlap were adult males and females that
were assumed to be mates, and adults with their young. It is theorised that P. volans compete for
area, and this results in individuals using smaller home ranges in high density populations. This
trend was not significant for core home range areas, which suggest that those areas used by
individuals most commonly are less negotiable. The sharing of core-areas appeared be related to
population density, with increased core area overlap in patches with high population densities .
Therefore, despite having a minimal core area size, animals shared core areas when population
densities were high.

All animals used multiple den trees. Males and females used den trees differently, and this was
thought to be due to different sexual strategies. Patch size and population density appeared to
influence den tree use, as males in small, high density patches used fewer new trees over time. It
appears that animals will use large numbers of den trees when available, but can survive with a
few primary den sites when required.

The overall size of a tree was the best indicator that is would be selected for denning, and thi s
also influenced the number of animals likely to use it, and the number of visits ·it was likely to
receive. There appears to be some differentiation between den trees, as some attracted greater
use than others. The discrimination between den trees was more pronounced between April and

October. The co-use and sharing of den trees was governed by home range overlap.
Consequently, most observations of den tree co-use and sharing occurred between adults that
were assumed to be mates, and adults with their young.

The presence of mature E. radiata and E. viminalis trees appears to be a major determinant of
suitable habitat for P. volans in remnant patches at Tumut. These two species formed a key
component of the diet of P. volans at Tumut. However, individuals browsed almost all tree
species to some extent. This includes the surprise finding that some individuals feed on the
foliage and male cones of Radiata Pine.

The ability of P. volans to feed on Radiata Pine may assist individuals in moving between
remnant patches and thus reduce the impact of isolation. Evidence of inter-patch movement was
supported by preliminary genetic analysis.

Patch size and population ·density appear to have the greatest influence on remnant populations.
The correlation between population density and patch size is discussed. It is hypothesised that
since individuals have been observed moving between patches, and since den trees and foliage
do not appear to limit population size, then other factors such as predation may be responsible
for the differences in population density that were observed between the patches.
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Preface
Petauroides volans is a medium sized (adults 900-1700g) arboreal marsupial that inhabits
medium (10-30m) and tall (>30m) open forests of the Great Dividing Range of the east coast of
mainland Australia. A number of researchers have studied P. volans, and identified the habitat
requirements of the species in a variety of forest types. It feeds on particular tree species and
uses hollow bearing trees for shelter, making P. volans sensitive to forest disturbances that
reduce food or hollow resources. This has been explored by a range of workers including
Tyndale-Biscoe and Smith (1969a), Lunney (1987), and Lindenmayer et al. (1990). Few of
these studies have examined P. volans in fragmented landscapes.

Habitat fragmentation differs from gross forest disturbance because it leaves remnant patches of
the original habitat which may continue to support viable populations over the short, medium or
long term. In the case of P. volans, remnant patches of forest may have the same functional
attributes as the original forest. However, by virtue of being a remnant patch, issues such as
patch size, patch shape, isolation and edge effects can be important determinants influencing
population dynamics.

This thesis concentrates on P. volans populations in five remnant eucalypt patches at Tumut in
south eastern Australia. The five patches are surrounded by softwood plantations. P. volans was
selected as a study species because of its habitat requirements, and apparent inability to utilise
softwood plantation areas (Lindenmayer et al. 1999b ).

The first two chapters of this thesis give an overview of the study species and the theory of
habitat fragmentation. Chapter 3 provides a synopsis of field methods used in this study.
Chapter 4 , Chapter 5 and Chapter 6 assess P. volans spatial reqoirements, den tree use, and night
time activity patterns. Finally, Chapter 7 and Chapter 8 provide an overall discussion of the
results and a summary of outcomes.

The results of this study are congruent with those from investigations of P. volans inhabiting
continuous native forest. However, this thesis highlights the role of population· density in
determining population structure and resource availability in remnant patches. Animals were
detected using the plantation for feeding in a small number of cases and one individual was

3

known to move between study patches. Genetic analysis and field capture data suggested that
more animals move between patches that was revealed by radio tracking. It is hypothesized that
the relationship between population density and predation may be important in determining

P. volans social structure and metapopulation dynamics in the patch system at Tumut.

4

Chapter 1 A general review of the biology and
ecology of Petauroides volans

1.1 Introduction
This chapter provides a general overview of P. volans distribution, biology and habitat
requirements and informs discussions in subsequent chapters on the use of space, night-time
activities, and den tree requirements. The information in this chapter is based on existing
knowledge of P. volans. Results from this study are presented and discussed in Chapters 3 to
Chapters 8.

1.2 Species Description
Petauroides volans (Kerr) is a medium-sized, volant arboreal marsupial with a broad distribution
range within temperate and tropical eucalypt forests in eastern Australia (Griffith 1973; McKay
1983). P. volans reach sexual maturity in their second year, with adults weighing between 9001700g (Smith 1969; Tyndale-Biscoe and Smith 1969a; Griffith 1973; McKay 1983; Foley 1987).
The head and body length is typically 350-450mm, while the tail length ranges from 450-600mm
(McKay 1983). P. volans have long fur, varying in colour from black or dark chocolate to
mottled white above and white to whitish below (McKay 1983, 1989). The distinctive long tail
is evenly bushy with a small naked tip ventrally (McKay 1989). The ears are large and fully
furred on the outer surface and virtually naked inside. There is no apparent sexual dimorphism.

A patagium or gliding membrane is present and enables P. volans to glide distances up to 100m
(McKay 1983). The patagium spans from the elbow to tibia (McKay 1983 , 1989), and consists
of two thin layers of skin joined by connective tissue. Muscle fibres running through the
connective tissue control the shape of the patagium. They also can be contracted to gather the
patagium when it is not in use (McKay 1989). Gliding is facilitated by fully extending the
elbows and hind limbs laterally, while forelimbs remain tucked under the chin ,. only to be
extended upon landing. The tail enables directional changes during flight.
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P. volans feed almost exclusively on the leaves of Eucalyptus spp (Davey 1984; Davey 1989,
Kavanagh 1984, Kavanagh 1987, Kavanagh and Lambert I 990; McKay 1983; Tyndale-Biscoe
and Smith 1969a; Marples 1973; Foley et al 1987, Foley and Hume 1987). The diet is known to
be low in available nutrients such as nitrogen , phosphorous and potassium (Foley 1987; Foley et

al. 1990). Consequently, P. volans has evolved a number of adaptation to conserve energy.
These include physiological adaptations for gliding, reduced litter size with an annual monovular
cycle, and efficient insulation to reduce heat loss (McKay 1983; Rubsamen et al. 1984).
Movement (other than gliding) is slow and deliberate, to further conserve energy. Walking
involves a casual opposing gate, whilst climbing is done in a bounding fashion where fore and
rear limbs move in an opposed gallop.

P. volans is nocturnal , being most active 1-1.5hrs after dark as they move from the den to begin
feeding (Robinson 1984, Lindenmayer et al. 1991 ). Minimal fat reserves and a diet low in
available nutrients necessitates P. volans remaining active for most of the night, irrespective of
weather, in order to attain sufficient food resources. By moving about their home range with a
combination of traversing between adjoining tree crowns and gliding across open spaces,
individuals seek out palatable young eucalypt leaves (Kavanagh and Lambert 1990). General1y

P. volans avoid contact wit~ ground as their slow ungamely movements makes them susceptible
to predators (Tyndale-Biscoe and Smith 1969b).
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Figure 1. Sub-adult P. volans with characteristic pelage markings, and long tail

(Pope ).

7

1.3 Nomenclature
The most widely used and generally accepted common name for Petauroides volans is the
Greater Glider. Historically a number of names have been applied to the species across its
geographic range. These include the Greater Flying Phalanger 1, Dusky Glider, Greater Gliderpossum and the Black Possum (Strahan 1981; McKay 1983; Braithwaite 1984). The abreviated
scientific name P. volans will be used in this thesis.

P. volans weighs 900-1700 grams, making the species the largest and only member of the Family
Pseudocheir idae with gliding capacity (Tyndale-Bi scoe and Smith 1969a; McKay 1983). The
genus Petauroides is monotypic, however two subspecies are recognized (McKay 1983 ;
Comport et al. 1996).

Petauroides volans volans, is restricted to temperate and subtropical regions of suitable
habitat south of approximate ly the tropic of Capricorn.

Petauroides volans minor, occurs in wet-dry tropical regions of north eastern Queensland,
north of approximate ly the tropic of Capricorn.
The key difference between the subspecies is the smaller body mass of P. v. niinor. It also has
less variable colour forms , a slender body with shorter ears and tail.

Petauroides volans volans, is the focus of this thesis.

The name Petauroides comes from the Greek, petaurista rope-dancer, tight-rope walker; or
tumbler which is used to describe the genus Petaurus. Eides means resembling. Thu s,

Petauroides is a genus resembling Petaurus. The species name "volans" is from the Latin word
volare- to fly , again referring to the gliding ability.

Phal anger is a reference to the fused second and third digit on the hind feet
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1.4 History
P. volans was first collected from the Sydney region in 1788 by naturalists aboard the First Fleet

(McKay 1989). Governor Arthur Phillip and surgeon , John White, briefly described a series of
new species detailed in reports dated 1789 and 1790 respectively (McKay 1989). In 1792,
Robert Kerr named the species Didelpis volans from these descriptions and drawings, mistakenly
thinking it was related to the genus of American Opossums (Strahan 1981; McKay 1989). The
name was latter changed by Lesson in 1842 to Schoinobates volans, after realising the
discrepancy. The cun·ent name, Petauroides volans was adopted after McKay successfully
argued the correct name should be that described by Michael Thomas who produced a catalogue
of monotremes and marsupials for the British Museum in 1888 (Strahan 1981 ).

1.5 Distribution
P. volans is restricted to the eastern edge of the Australian continent with a broad latitudinal

range from near Cairns in northern Queensland to Daylesford in western Victoria and as far
south as Wilsons Promontory in eastern Victoria (Norton 1988 and McKay 1989) and (Figure 2).
The distribution of P. volans is closely associated with tree species that form key elements of the
diet and the availability of hollows suitable for denning (Lindenmayer et al. 1990).
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Figure 2. The geographic distribution of P. volans along the eastern ranges of mainland
Australia. In the northern tropics, the range is discontinuous and mostly confined to the
tablelands.

P. volans is not uniform ly distribu ted across its entire geograp hic range (Figure 2). There are
factors at multiple scales that influenc e a species distribu tion. Althoug h P. volans has a wide
distribu tion along the eastern ranges of Austral ia, other factors such as tree species and the
availabi lity of dens influenc e the distribu tion at a finer scale. Researc h by Braithw aite (1983)
demons trated the "patchy " di stributio n of arborea l marsupi al s in tempera te forests of
southea stern New South Wales by recordin g sightin g from forestry workers as logging coupe
were being harveste d. Results clearly showed arborea l marsupi al species were signific antly
more abundan t in particul ar parts of the landsca pe; 63% of a11 records came from 9% of the
forest area, and 52% of the forest estate produce d no record of arborea l marsupial specie .
Further research linked those sites favoure d by arborea l marsupial s to the area of highe t oil
nutrition and consequ ently support ing tree species with the highest concent rations of foliar
nutrient s (Braithw aite et al. 1983; Braithw aite 1986). Field work by Davey (1984) and
Kavana gh, (1987) also found a positive correlat ion between leaf bioma s (which is related to soi l
nutrition ) , and the ab undance of P. volans. These variable s appear to influenc e P. volans
distribu tion at a finer scale.
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Susceptibility to heat exposure, exacerbated by limited access to free water in the forest canopy
and low moisture levels in eucalypt foliage, may be other important factors limiting the
distribution of P. volans in Northern Australia. Rubsamen et a.l (1984) studied the
thermoregulatory ability of P. volans and concluded that the species is suitably adapted to
nocturnal activity in cool environments, but poorly suited to prolonged exposure to high
temperatures. This restricts P. volans to the cooler tablelands (>600m) in the northern tropics
(Henry Nix, pers co,n).

1.6 Diet and Feeding Biology
The diet of P. volans is similar to that of the Koala (Phascolarctos cinereus). Both are folivore
specialists that feed almost exclusively on species of Eucalyptus. As such, these marsupial
species have evolved similar strategies to digest a diet that is largely unpalatable and highly
sclerophyllous. P. volans spends long periods masticating food into fine particles, thus
providing a large surface area for bacterial fermentation (Foley 1987). Fine particles of digesta
are then selectively retained in the enlarged caecum, where fermentation by micorbial bacteria
takes place.

The foliage of Eucalyptus is high in essential oils and polyphenols; both chemical groups known
for their allelochemical properties (Foley et al. 1989). Specialised mechanisms are adopted by

P. volans to remove these chemicals from the stomach and small intestine before reaching the
caecum, were they would have a deleterious effect on bacterial fermentation , and inhibit
digestion (Foley et al. 1989, Foley 1987, Foley et al. 1987). However, removal and
detoxification of allelochemicals has a metabolic cost. High levels of nitrogen in the form of
NH4+ are excreted in urine to balance the acid-base interactions associated with detoxification
(Foley and Hume 1987). Urinary losses of nutrients by P. volans feeding on E. radiata account
for 45 % digestible energy (Foley et al. 1990). This explains the apparently low conversion of
digestible energy observed by Foley and Hume (1987).

Although many Eucalyptus tree species are present across the geographic range of P. volans, not
all are conspicuous in their diet (Kavanagh and Lambert 1990, McKay 1983). If a diet high in
nitrogen is required to counter the detoxification of essential oils and polyphenols (Foley et al.
1987 ; Kavanagh and Lambert 1990), tree species must be selected primarily on a nutritional
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basi s (Foley et al. 1987). However, exactly what constitutes a nutritious diet remains unclear.
Braithwaite et al. (1983) discovered that foliar concentratio ns of nitrogen, phosphoru and
potassium could be used to stratify eucalypt communities that supported population of arboreal
marsupials. It was theorized that threshold concentratio ns of nitrogen , phosphorus and
potassium might be used to define habitat quality. Although this was a useful predictive tool in
defining suitable and unsuitable habitat, there were large variations in population densitie above
this threshold. Cork and Catling (1996) suggested using the ratio of nitrogen to total phenolics
as an indicator of leaf quality since nutrition depends on the balance of nutrients and the cost
associated with coping with secondary metabolites. More recent tudies have identified other
chemical characteristi cs that affect the quality of foliage for P. cinereus and the Common
Ringtail Possum Pseudocheir us peregrinus (Moore and Foley 2000). In particular, formylated
phloroglucin ol compounds (FPCs) , which are present in many eucalypts have been found to
deter browsing. P. peregrinus and P. cinereus are able to relate the concentratio n of terpene
cineole in their diet with the post-ingestiv e effects of FPCs (Moore and Foley 2000). Thi
suggests that marsupial folivores may be able to directly or indirectly assess the suitability of
foliage during feeding. A number of other toxins are also thought to inhibit feeding , although
their exact properties and pathways by which they act are currently unknown. Evidence for thi
is the fact that marsupial folivores have been observed using the peppermint group of eucalypts
in a selective manner despite the absence of FPCs.

P. volans has a preference for young foliage when it is available and thi s is thought to related to
hi gher concentratio ns of nitrogen and lower amounts of gut-filling lignocelullos e (Kavanagh
l 987~ Kavan agh and Lambert 1990). By feeding on the young foliage of tree pecie high in
nitrogen , the nutritional return is maximised. However, it is also possible that the election of
you ng fo liage is for other reasons which are presently not known.

Seasonal differences in diet have been ob erved (Davey 1989, Kavanagh 1984 Comport et al.
1996) with animals tracking easonal patterns of foliage growth and feeding preferentiall y on
yo un g leave (Kavanagh and Lambert 1990). When young foliage wa unavailable,
( 1988) ob er ed individual

orton

witched to mature leave , while Kavanagh (1 987) found

individual con urned developing Eucal)ptus bud . Individual have al o been ob er ed
brow in g on Acacia flower and An1) ,nena pp , (mi tletoe) leave when young leave are not
a ai lable (D a e
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1989, Ka anagh and L ambert 1990).

The rate of microbial fermentation in P. volans is similar to that of the P. cinereus and

P. peregrinus, but significantly slower than that of most eutherian herbivores (Foley et al. 1989).
This is because Eucalyptus species are highly lignified and therefore slow to ferment (Foley et

al. 1989). This contributes to lower concentrations of short-chain fatty acids in the caecum, and
further limits the amount of energy available to these marsupial folivores. When combined with
the low levels of available nitrogen and high toxicity of foliage these elements tend to limit
available energy. P. volans require about 45-50 grams of dry matter per day to maintain
metabolic processes, 39% more than predicted for a 1kg folivore (Foley et al. 1990). This
disparity is attributed to the low metabolic conversion and slow rates of digestion.

A significant factor in the ageing process of many folivorous species is tooth wear. As the
selenodont cusps of the teeth become worn, there is a reduced ability to masticate food to particle
sizes fine enough to enable sufficient surface area for adequate fermentation (McKay 1989).
Animals find it harder to masticate food, until the cusp deteriorates to a state when individuals
can no longer procure adequate nourishment (Gipps and Sanson 1984 cited in McKay 1989).
This is thought to lead to deteriorating body condition and death in older animals.

1.7 Habitat
P. volans inhabit a range of environments, from low open coastal forests, to tall open forests
along the ranges and low woodlands west of the Great Dividing Range (McKay 1983).
However, the species does not occupy cool temperate forests, subtropical or tropical rainforests.
This may be due to a lack of suitableJood resources in these forest types (Lindenmayer et al.
1990), or the complex structure of these forests may negate the advantages of gliding (Davey
1989). However, the later explanation is unlikely as many gliding species occur in the
rai nfores ts of Asia.

The habitat requirements of P. volans can be divided into two critical components; both required
for survival. They are i) suitable foliage for feeding (Kavanagh 1987; Norton _1988; Davey
1989) and ii) hollows in standing trees for shelter (Henry 1985; Kavanagh 1987; Norton 1988;
Lindenmayer et al. l 990, 1991). These key requirements are highlighted by the strong
relationship between P. volans abundance with i) number of hollows (Davey 1989; Lindenmayer

13

et al. 1990), and ii) increased foliar biomass (Davey 1984, 1989, Kavanagh , 1987). The critical

role of hollows for arboreal marsupials is widely recognised in the literature (Tyndale-Bi coe
and Calaby 1975; Lindenmaye r et al. 1991 ; Rhind 1996). Forest age is associated with the
abundance of hollows (Gibbons et al. 2000), and may therefore reflect habitat quality for species
dependant on hollows. Lindenmaye r et al. (1990) found the highest densities of P. volans in late
succession al stages of forest developmen t (old growth), and attributed the abundance to high
numbers of large trees with hollows . These results were supported by Incoll et al. (2001) who
studied glider populations in patches of old growth forest in the central highlands of Victoria.

Tree hollows are used by P. volans for shelter during the daytime (denning), and maternal care to
raise young (nesting). The term "denning" is often used to describe denning and nesting
collectively and this collective meaning will be used here. Standing living and dead trees are
selected by P. volans for denning (Gibbons and Lindenmaye r 1997). However, unlike some
arboreal marsupials, P. volans do not use hollow logs on the forest floor, and can not construct
dreys like P. p eregrinus (How 1984 ).

P. volans has been observed to favour particular tree species for denning (Henry 1984 ).

However, Gibbon s (1999) showed that various trees species have physiologica l factors that
influence hollow formation, hence the abundance of hollow s naturally varies between tree
species (Gibbons et al. 2002; Gibbons , 1999). As hollow availability influences the abundance
of P. volans, individuals appear to favour certain tree species. However, P. volans may not be
selecting particular tree species, but responding to hollow availability in various tree species.
Th e number of hollow s suitable for occupancy is also positively associated with tree ize,
di ameter at breast height (dbh) , and the proportion of the crown containing dead branches
(Gibbon et al. , 2002). Mid-success ional stages of forest developmen t were reported by Davey
( 1989) to support a greater ab undance of P. volans. It was suggested that thi

tage of tand

developmen t supported mature trees that were old enough to form hollows, while imultaneou ly
providing vigo rou s growth (D avey 1989) and therefore pre ented optimum habitat for feeding
and denning.

The slope of the terrain 111ay al o be a determinant of habitat quality for P. volans . Stati tical
model predicting the ab undance and probability of occu1Tence of P. volans at Tumut revealed a
clear negative relationship with lope (ie a
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lope increa e , the probability of P. volans

occurring decreases) (Lindenmayer et al. 1999b ). Davey (1989) reported a similar relationship
and attributed this to the negative relationship between slope and tree species richness, top height
and basal area. Braithwaite et al (1983) suggested that soil fertility is reduced on steep slopes
through the action of runoff and leaching, which translates to reduced foliar nutrients, hence less
suitable habitat quality. Another important factor which may reduce the probability of P. volans
occurring on steep slopes is the energy required to move around·in steep areas. This may be an
important constraint for an energy-limited species such as P. volans . The combined influence of
these factors may limit the use of steep slopes by P. volans.

1.8 Den requirements
Individual P. volans occupy a number of hollows within their home range (Griffith 1973 ; Henry
1984; Kehl and Borsboom 1984; Norton 1988 ; Lindenmayer et al. 1990; Comport et al. 1996).
Multiple den use is a characteristic of many arboreal marsupials (Gibbons and Lindenmayer
1997, Lindenmayer et al. 1996b; Rhind 1996, Green and Coleman 1987) and has been attributed
to many factors. Key suggestions for multiple den use [from Comport et al. (1996), and
Lindenmayer et al. (1996b)] include:

•

Parasites can accumulate within dens, reducing their suitability. By moving between
multiple dens, the potential for parasites to infest any single den may be reduced (by
breaking lifecycle of parasites by absence of hosts) .

•

By maintaining multiple dens and movin g between them on a regular basis, animals can
establi h and maintain owner hip of a territory .

•

Multiple den may act as "stagin g po t " between foragin g sorties, allowing indi viduals to
utili e habitat effi cientl y rather than returning repeatedly to a sin gle site in the land cape
at the end of each night.

• B using multiple den indi idual are le

predictable and may avoid predators that may

' learn pattern in the beha iour of their prey.
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Studie s of den tree use by P. volans have reporte d individ uals u ing betwee n 2-18 den trees
acros their home range (Griffi th 1973; Kehl and Borsb oom 1984; Norton 1988; Comp ort et al.

1996). Compo rt et al (1996) and Kehl and Borsb oom (1984) came to the ame conclu ion that
P. volans use primar y dens (those used in prefere nce to others) althou gh, over time, animal s
attemp ted to occupy as many suitabl e hollow s within their range as possib le. In any given
month , individ uals occupi ed a numbe r of dens, but only used 1-2 of these freque ntly. Comp ort
et al. (1996) noted that all primar y dens were locate d within the core part of the home rangedefine d by the 50% isoplet h in home range calcula tions.

The physic al charac teristic s of hollow s are of critica l import ance for their use. Select ion of
hollow s is primar ily depend ent upon their interna l dimen sions (Gibbo ns et al. 2002). Other
charac teristic s, such as height and aspect appear to be of second ary import ance. In a review of
hollow charac teristic s used by P. volans , the mean height s of occupi ed dens varied by more than
30m across differe nt study sites (Gibbo ns and Linden mayer 1997). The height of hollow s is
related to forest height , which varies over the geogra phic range of P. volans . Menkh or t (1984)
found aspect was a signifi cant variab le in den selecti on in Victor ia, while Norton (1988) found
no effect of aspect in popula tions on the south- coast of N.S.W . It is likely that the influen ce of
aspect may vary across the geogra phic range of the specie s, as popula tions in cool tempe rate
ecosy terns favour northe rly aspect s (Menk horst 1984) where the occurr ence of dry warm
hollow s may be largely determ ined by aspect.

1.9 Reproduction
P. volans breed on an annual cycle, with the time of mating influen ced by ea onal differe nce
throug hout the geogra phic range of the specie . Individ uals in climat es domin ated by outher n
winter rainfal l mate betwee n March and May (Henry 1984; Hump hreys et al. 1984), while
individ uals in northe rn climat es domin ated by umme r rainfal l mate betwee n

ovemb er and

Februa ry (Kehl and Bor boom 1984; Compo rt et al. 1996). Femal es are polye trou , monov ular,
and annual fecund ity never exceed s one (Smith 1969; Henry 1984; Hump hrey et al. 1984). If
pouch young are lo t, they are not replac ed until the follow ing breedi ng ea on. Sexual maturi
ty
i attaine d in both exe during the econd year (Smith 1969). The reprod uctive cycle and ocial
cycle of P. volans i
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ummar i ed in Figure 3.

Young are born after a short gestation period (approximately 20 days) between April and May,
in south eastern N.S.W. At the time of birth, young weigh less than one gram and have few
discernible features (Smith 1969; Griffith 1973). They remain in the pouch for approximately
four months (September) until they are fully furred (Smith 1969). Den sharing between parents,
which is common during oestrous, stops when the young emerge from the pouch (Henry 1984 ).
By this time, the young weigh approximately 150 grams and spend much of their time on the
mother's back. In October, individuals weigh approximately 200 grams and are semiindependent, but continue to share den sites (Smith 1969a). By November, juveniles (which
weigh approximately 300g) become increasingly independent and continue to gain weight until
500-600 grams in January/February when dispersal is thought to occur (Smith 1969; TyndaleBiscoe and Smith 1969a).

Adult populations of P. volans often have a distinct female sex bias. Tyndale-Biscoe and Smith
(1969a) observed a female bias of 1: 1.56 (male: female) at Tumut. This strongly contrasts the
even sex distribution at birth (Tyndale-Biscoe and Smith 1969a; Humphreys et al. 1984 ).
Tyndale-Biscoe and Smith (1969a) compared the sex ratio of 1463 animals in four weight
classes and found it remained equal until young reached approximately 300g, which is about the
time juveniles lose close maternal associations. All subsequent development stages maintained a
consistent female sex bias. This indicates selective mortality of males when they exceed
approximately 300 grams. Adult males of the common brushtail possum (Trichosurus
vulpecula) are known to be intolerant of juvenile males, forcing them to disperse, which leads to

increased mortality and results in a female-biased sex ratio (Dunnet 1964 cited in Henry 1984).
Similar behavior may occur in P. volans populations.

P. volans have a facultative polygyous mating system (Norton 1988). Males maintain home

ranges that overlap their female mates. Polygyny occurs where resources are sufficiently
abundant to support more than two animals within a given area (Norton 1988). If resources fall
below a threshold level , a monogamous mating system is favoured. As resources vary across the
landscape, it is feasible for both monogamous and polygynous mating systems could occur in a
single population. A female-biased sex ratio may reduce competition between males for mates
in polygynous systems , and it is therefore advantageous for adult males to perpetuate a female
biased sex ratio .
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Fertility rates of P. volans have been reported by Henry (1984) and Tyndale -Biscoe and Smith
(1969a) to be 50% and 67 % respecti vely. The regulato ry system that controls fertility i unclear,
as females known to be associat ed with males in a polygyn ous mating system may remain
reprodu ctively dorman t in any one season (Henry 1984). Further more, there are no overt
morpho logical differen ces between breedin g and non-bre eding females that appear to be strongly
linked to low fertility rates (Humph reys et al. 1984 ).

Figure 3. Annual "social cycle" of P. volans in winter rainfall dominated areas.
Information above the month line relates to interactions between paired adult males and
females while below the month line represents interactions between adult females and their
young - redrawn from Henry (1984).
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1.1 O Preda tion
P. volans have no specific physical mechan isms to counter predato rs. Instead they rely on
crypsis (Henry 1984). By remaini ng predom inantly in the upper canopy and gliding acros open
spaces, individu al avoid pending time on the ground, where they are particul arly vulnera ble to
predatio n from dingoes , foxes and feral cats (Tyndal e-Bi scoe and Smith 1969b). The Powe1fu1
Owl (Ninox strenua ) i known to prey heavily on P. volans (Kavana gh 1988) and ob ervation of
ome roo t ite sugge t they almo t exclu ively feed on P. volans (Fleay 1939 cited in Griffith
1973).

Ninox strenua is unu ual in the austral owl fam-ily for having an autumn breedin g ea on, which
i notable a it corre pond to the breedin g ea on of P. volans (Griffith 1973). Fleay (1968)
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(cited in Griffith 1973) estimated that breeding pairs take one P. volans per day from the
begininng of the breeding season, until the fledglings have left the nest. Kavanagh (1988)
attributed a population decline of 90% over a 46 month period to predation by N. strenua. He
suggested that N. strenua systematically partition patches of forest, and hunt each patch until
prey numbers are so significantly reduced that extra search effort is ineffectual, before targeting
another patch.

Another known predator of P. volans is the Spotted-tailed Quoll (Dasyurus maculatus)
(C. Belcher pers. comm.). D. maculatus have been observed climbing into den sites and preying
on P. volans.

P. volans have been found on the ground or in very small trees during clear felling operations

(Tyndale-Biscoe and Smith 1969b). The Wedge-tailed Eagle (Aquila audax) has been observed
foraging in the crowns of fallen trees in search of prey, and subsequent inspection of their nests
revealed remains of P. volans (Tyndale-Biscoe and Smith 1969b). The nocturnal activity pattern
of P. volans usually excludes exposure to such predators. Skeletal remains of P. volans have
also been detected in scats from the wild dog or Dingo, Canisfamiliaris and the Red Fox, Vulpes
vulpes. The predation by C. familiaris and V. vulpes may also be associated with forest

harvesting operations, as P. volans is strictly arboreal, thus opportunities for predator/prey
interactions are limited under normal circumstances. Brown and Triggs (1989) reported
P. volans remains in 3.9% of 1870 scats collected from C. familiaris and V. vulpes. However,

these bones and hair fragments may have come from remains from animals first killed by owls.

1.11 Behaviour
P. volans has distinct nocturnal activity patterns. Individuals emerge from den sites after sunset.

Lindenmayer et al. (1991) examined the emergence patterns of a suite of arboreal marsupial
species and reported that P. volans was usually the last species to leave the den, emerging 36
minutes after dusk (+2 minutes). Henry (1985) indicated P. volans remained in their dens from
18 to 227 minutes after dark, although two thirds of animals emerged in the first hour after dark.
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Animal u ually spend a short time groomin g after emergin g from their dens (Griffith 1973),
before moving through the canopy to feed. Movem ent is by traversi ng between adjacen t trees
where crowns are touchin g, and gliding across gaps. The degree to which gliding is used
appears to vary signific antly between various populat ions. Griffith (1973) observe d defined
gliding paths which individu als repeated ly used to traverse their range. It may be· that animals
tend to avoid gliding if possible because of the energy required to compen sate for height loss
during flight.

P. volans feed predom inantly in the upper canopy, selectiv ely browsin g young foliage
(Kavana gh and Lamber t 1990). By feeding principa lly in the upper canopy P. volans effectiv ely
divide the dietary niche with the P. peregri nus which typicall y occupy the underst ory
(Linden mayer 1997) and P. cinereu s (Davey 1989) which require the support of larger branche s.

P. volans is a solitary species, but males do maintai n limited contact with their female mates

through most of the year, -with an increase d number of contacts between Februar y to March
(Novem ber to Decemb er in tropical populat ions), when interact ions are compar atively commo n
(Henry 1984; Compo rt et al. 1996). Individu als use core areas or small areas within the home
range that are favoure d. These areas are usually exclusiv e within each sex, but may be shared
between mated pairs (Henry 1984) and high density populat ions (Compo rt et al. 1996). The size
of home ranges for male P. volans is associat ed with the mating system employ ed. In a
polygyn ous system, male home ranges are larger as they try to encomp ass the home ranges of
two adjacen t females (Compo rt et al. 1996, Norton 1988). In monoga mous ystems male home
ranges closely resembl e that of their mates (Henry 1984 ).

1.11.1 Home range size.
Con iderable home range overlap has been observe d between females (Henry 1984; Compo rt et

al. 1996) while male where reported by Henry (1984) and Kehl and Bor boom (1984) , to
occupy home ranges exclusiv e from other males. Campor t et al (1996) found male P. v. ,ninor
in high-de n ity northern populat ion had conside rable home range overlap . Howeve r,
interact ion between animal were mini mi ed as individu al of both exe spent mo t of their
time in a core area
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and rarely u ed outlying area conjoin tly (Compo rt et al. 1996).

The home range sizes of P. volans have been calculated by several researchers. However,
estimates of size are largely dependant on the method of data collection and the models used to
interpret them (Larkin and Balkin 1994; Comport ft al. 1996). Home range estimates have been
reported between 1.4 - 2.6 ha for males and 1.3 - 2.5 ha for females (see Table 4 ). Greater
differences can result from application of different models than can be attributed to sex and
environmental differences. Hence, a comparison of home ranges must begin with a qualification
of methods. This is explored further in Chapter 4

Tyndale-Biscoe and Smith (1969b) found that P. volans has strong site affinities and remained
within their territory even after severe habitat disturbance. Field experiments demonstrated
animals would not relocate to adjacent habitat following habitat destruction. Furthermore, even
when adjacent habitat was made available by removing resident populations, disturbed animals
would not colonise adjacent vacant areas. Animals only survived disturbance when part of their
original home range was preserved (Tyndale~ Biscoe and Smith 1969b ). This suggests that
individuals are able to determine territorial ownership, and animals are unlikely to shift once
such areas have been established.

·1.11.2 Communication
Historically there has been some confusion about P. volans vocal communicative ability. Fleay
(1933) mistakenly attributed the distinctive call of the Yellow-bellied Glider (Petaurus australis)
to P. volans (Biggins 1984 ). It is now generally accepted that P. volans have limited vocal
ability, and emit only a faint "throaty hiss" when stressed. The lack of vocalisation may be
related to P. volans defensive ability. Biggins ( 1984) suggested that vocalisation in arboreal
marsupials was related to predation pressure, with those species under less pressure having the
loudest calls (e.g. , Mountain Brushtail Possum- Trichosurus caninus, and P. australis)

Olfactory communication via scent provides an energy-efficient method of clarifying ownership
of territories, and reduces the risk of announcing positions to predators, through volcalisation.

P. volans delineate their territories using scent markings on branches and dens sites (TyndaleBiscoe and Smith 1969a; Griffith 1973; Henry 1984). The scent is emitted from the cloacal
gland, which is present in both sexes , but proportionally larger in males . Both males and females
have been observed leaving scent markings. Animals typically raise their tail and rub their
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cloaca] region along branches leaving a milky ubstance which gives off a pungent and long
lasting odour (Tyndale- Biscoe and Smith 1969a; Griffith 1973).

1.12 Summary
Studies in forest communi ties have revealed that P. volans requires standing, ho11ow bearing
trees for denning and the foliage of select eucalypt species for feeding. A diet based on

Eucalyptus foliage is particular ly cha11enging given the toxic effects of the oils and phenols , and
the relatively low nutrient status of eucalypt species. This folivorou s diet, combined with

P. volans sma11 size and limited stomach capacity are thought to limit the amount of expendab le
energy. As a conseque nce, P. volans has evolved a number of adaptatio ns which conserve
energy.
These are thought to include,
(a) small home ranges with conservat ive movemen t patterns,
(b) limited socialisat ion ,
(c) a cryptic defence strategy,
(d) sent based communi cation and
(e) reduced fertility rates.
Despite these apparent constrains , when suitable habitat is available , P. volans are quite
common, and abundant enough to form key prey species for N. strenua.
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Chapter 2 An overview of habitat fragmentation
Previous studies on P. volans have concentrated on populations inhabiting large areas of
continuous forest (Tyndale-Biscoe and Smith 1969a; Kehl and Borsboom 1984; Henry 1985 ;
Kavanagh 1987; Norton 1988; Comport et al. 1996), and the effects of habitat disturbance
(Tyndale-Biscoe and Smith 1969b; Lunney 1987). P. volans is known to be sensitive to habitat
destruction , but little is understood of the longer term effects of habitat fragmentation, and the
impacts on populations remaining in remnant patches after isolation. The following chapter will
explore some of the wider issues involved in habitat fragmentation in preparation for later
discussions in this thesis.

2.1 Introduction
· Habitat loss from clearing and modification of native vegetation is considered the primary cause
of most modern extinctions (Boswell et al. 1998). As clearing or other disturbances modify
significant areas of the landscape, residual areas of habitat are left fragmented. Natural
processes such as fire , windstorms or volcanic eruptions can cause habitat fragmentation
(Burgman and Lindenmayer 1998; Lindenmayer and Franklin 2002), however, the expansion
and intensification of human land use is by far the most significant cause of habitat loss and
habitat fragmentation (Andren 1994 ). Habitat fragmentation is generally defined as an
anthropogenic process that increases heterogeneity across space by degrading once continuous
natural habitats into remnant pieces (Diffendorfer et al. 1995). Burgman and Lindenmayer
(1 998) described habitat fragmentation as the process of permanent land clearance that leaves
behind relatively small isolated remnants of native vegetation in a disturbed landscape. The term
"matrix" is often used to describe a habitat type which surround remnant patches in a fragmented
landscape.

Human use of the landscape is rarely random (Burgman and Lindenmayer 1998). Clearing
normally commences in areas with favourable access and highest productivity, and progresses
along a declining gradient until economic considerations dictate the exclusion of inaccessible or
le

productive lands (Burgman and Lindenmayer 1998). Consequently, remnant patches are

often clumped and often approximated by a fractal pattern (Hill and Caswell 1999) governed by
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external variables (e.g. productivity and accessibility in the previous example). Therefore,
remnants are frequently of lower quality, and may only represent part of the original landscape
(Burgman and Lindenmaye r 1998). The disturbance regime largely influences the spatial
distribution of remnant patches . For example, remnant patches in agricultural systems are not
analogous to remnant habitat patches derived from forest harvesting. In Australia; agricultural
expansion leaves remnants on steep or less fertile areas, while forestry often leave riparian strips
along drainage features to protect water quality as well as other "patch" type .

Habitat loss is naturally associated with fragmentatio n, though the two terms are not
synonymous . Fragmentatio n is a qualitative change in landscape structure whereas habitat loss
is simply a quantitative change in total habitat area and fails to consider the spatial aiTangement
(With and King 1999). The amount of habitat loss a species can tolerate depends on the spatial
aiTangement of suitable and unsuitable habitat (Hill and Caswell 1999). Fragmentati on has
three primary effects on populations:
i)

the loss of habitat across the landscape,

ii)

reduced remnant patch size, and

iii)

increased isolation between remnants

(Andren 1994; Lindenmaye r and Franklin 2002).

At the species level, loss of habitat is the primary driver determining survival in fragmented
landscapes (Andren 1994; Burgman and Lindenmaye r 1998; Lindenmaye r and Franklin 2002).
Some worker hypothesize that it is not until a significant proportion of the landscape is cleared
(e ti mated to be > 70% for bird and mammals) that the effects of patch size and isolation begin
to influence population survival to an important extent (Andren 1994; With and King 1999).

2.2 Discussion

2.2.1 Th reshold effects
Specie lo s and/or decline in population ize doe not follow a linear trajectory a fragmentatio n
increa e . In tead, a threshold level i thought to be reached where ma]] additional lo e of
habitat re ult in a marked increa e in pecie lo

24

and or decline in population size (Andren

1994; With and Crist 1995; With and King 1999).

Models investigating fragmentation using

random and fractal algorithms to represent land clearing support the non-linear response to
fragmentation and attribute the phenomenon to changes in landscape spatial geometry that
occurs beyond threshold levels (Andren 1994; Hill and Caswell 1999; With and King 1999). A
review of numerous studies on birds and mammals persisting in fragmented landscapes by
Andren (1994), indicated that threshold levels occur when 10-30% of original habitat remains .
Below this threshold level , remnant patches become increasingly isolated and animals must
move further between patches (Diffendorfer et al. 1995). A threshold of 10-30% may be lower
than expected in some cases, because remaining habitat is usually clumped, and this reduces the
risk of local extinction by facilitating movement between patches.

With and Crist (1995) indicated that critical thresholds in a landscape structure are not simply a
property of the landscape, but species interactions with landscape structure. Understanding
biological requirements of species is crucial for predicting their responses to fragmentation, as
individual species interact with the environment differently and at different scales (Burgman and
Lindenmayer 1998; Brooker et al. 1999). Hence, the effects of fragmentation are speciesspecific (Diffendorfer et al. l 995; Burgman and Lindenmayer 1998; Brooker et al. l 999; With
and King 1999; Lindenmayer and Franklin 2002). Highly mobile species may utilise several
habitat patches while less mobile species may be isolated within any given patch in the same
patch system. Moreover, generalist species may use the surrounding matrix and perceive no
apparent effects of fragmentation, while some specialist species may find the matrix
impermeable. On this basis, generalist species that operate on a large scale are usually more able
to tolerate habitat fragmentation.

2.2.2 Metapopulation Dynamics
Once a threshold level of vegetation cover is reached, metapopulation dynamics are thought to
become increasingly important in determining population size and species extinction . A
metapopulation is defined as "a set of local populations which interact via individuals moving
between local populations" (Burgman and Lindenmayer 1998). Two models of metapopulation
structure help explain metapopulation dynamics (Andren 1994; Burgman and Lindenmayer
1998; Nieminem and Hanski 1998; Lindenmayer and Franklin 2002).
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1. The Mainland-Island model (MacArthur and Wil on 1963) encompa e a large area with no
ri k of population extinction , urrounded by numerou

maller patche where the ri k of local

extinction i much higher. D i persal from the mainland continue to recoloni e mall
patches that periodical experience local extinction .

2. The Levin model (Levins 1969) encompasses a number of equivalent ize patche , aero

the

landscape, where population commonly become extinct, but are recoloni ed from
neighbouring patche over time.

These models demonstrate the role risk plays in patches. In reality, a combination of both
model normally applies ( ieminem and Hanski 1998), a fragmented land capes u ually con ist
of a range of patch size isolated to varying degree . A ource-sink metapopulation i thought to
be the most common type of metapopulation structure ( amba et al. 1999), and can be
incorporated into both models. A ource-sink metapopulation is characterised by individual that
emigrate from "source" areas of large or high quality habitat, to "sink" area of maller ize or
lower habitat quality (B urgman and Lindenmayer 1998). Small patches that would otherwi e be
non-viable, without additional immigrant from ource patches , may act a important
0

components in a landscape by bolstering regional pecies numbers (As 1999). A
metapopulations depend on individuals moving between local population , mall patches located
0

clo e to larger patche are thought to have greater conservation value (As 1999).

2.2.3 Fence Effects and the Island Syndrome.
The "fence effect" describe a crowding event that may ari e if specie are re tricted from
mo ing out of an area by a phy ical barrier. It wa fir t de cribed from field experiment on

Microtus pp conducted b y Kreb et al. (19 69 ). A phy ical enclo ure wa erected around a
Microtus popul ation, thereby re tricting immigrating and emigrating event . Population
den itie

ub equently increa ed over ub equent generation (Kreb et al. 1969), before

declining through a combination of re ource depletion. di ea e and predator/prey interaction
(0 tfeld 1994 ). The fence effect i widel con idered to provide trong evidence upporting the
critical role of emigration in regulating population ize and ultimatel limiting population of
-

mall herbi orou mammal . The phenomenon ha been repeatedly ob er ed in fenced
population of mall mammal (0 tfeld 1994) and ma occur in fragmented land cape if
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remnants patches are sun·ounded by poor quality habitat or a hostile matrix which restrict species
movement.

Wolff et al. (1997) noted that patch size influenced the fence effect and smaller patches had
higher population densities in the short term. It was theorized that individuals in small patches
had a greater degree of relatedness, thus dispersing young may face less aggressive behaviour
when establishing new territories .
Small isolated islands often support propo11ionally larger population densities. Populations of
rodents isolated on islands typically show higher and more stable densities relative to mainland
populations (Adler 1996). This is termed the "island sydrome" and has been attributed to
reduced dispersal due to isolation and fewer density-depressing agents such as predation or
interspecific competition. This is because islands are not large enough to support viable
populations of predators or numerous competing species occupying similar niches (Adler 1996).
The fence effect and island syndrome are similar as both describe increased population densities
related to reduced dispersal. Both may be applicable to isolated fragments of remnant habitat
surrounded by a matrix composed of foreign habitat.

2.2.4 Effects of Patch Size
Small isolated patches are exposed to a number offactors that can increase the effects likelihood
of extinction. Small patches support smaller populations, which have greater exposure to
stochastic events that can lead to local extinctions (Burgman and Lindenmayer 1998). Small
populations also have increased exposure to genetic drift, and the accumulation of deleterious
alleles (Lacy 1993). Furthermore, small patches have different physical attributes with a greater
proportion of edge relative to interior areas. Edges are known to have different physical
attributes, such as solar radiation , wind fluxes and disturbances such as weed invasion , grazing
and fire (Saunders et al. 1991). Species can respond differently to these variables, and species
compositions in edges often differ accordingly. In small patches, edge effects combine to reduce
the amount of interior habitat to the detriment of interior specialists. Patch shape may also
influence the ratio of edge to interior habitat. This is especially true of roadside and riparian
reserves , which often follow linear features and tend to have a greater amount of edge.
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2.2.5 Isolation Time.
Habitat fragmentation has a temporal and spatial dimen sion. At first, when patches are isolated,
the spec ies composition may approximate that of the pre-di sturbance environment (of course this
depends on the spatial scale of habitat loss relative to species distribution). While . pecies may
have access to sufficient habitat to survive, resources may be insufficient for reproductive
success. Over time, the original suite of species may decline as some species experience local
extinction. This is termed "extinction debt" (Tilman et al. 1994), and illu trates the influence of
0

time when studying the effects of fragmentation (Hill and Caswell 1999). As (1999) noted that
the species composition of small-isolated patches became increasingly similar to the surrounding
landscape matrix and that specialist species were most likely to disappear over time.

2.2 .6 Species responses to fragmentation
The effect of habitat fragmentation is largely species-specific, and is determined by the habitat
requirements and movement capabilities of each species and the extent to which it can utilise the
landscape matrix. Even taxonomic groups that are closely related can respond differently to
habitat fragmentation. This is illustrated by contrasting P. volans with its close relative P.

peregrinus. In a large-scale fragmentation experiment conducted near Tumut N.S.W., matched
"remnant eucalypt" sites were compared with control "radiata pine" site and "large continuous
forest" sites . The two species responded very differently to landscape context. P. volans wa
less likely to occur in remnants and more likely to inhabit contiguous eucal ypt forest , wherea

P. pereg rinus was less likely to occur in contiguous eucalypt forest and more likely to occur in
remnant patches. Site context had no specific effect on the abundance of P. volans or arboreal
111ar upials overall. However, the presence of P. volans and the P. peregrinus wa

ignificantly

related to vegetation type, ten-ain , and landscape covariate . Hence, two pecies that are clo ely
related and have similar biological requirements may respond differentl y to habitat
fragmentation.

2.2.7 Summary
Habitat fragmentation generally follow anthropomorphic change to the land cape, which re ult
in both habitat lo
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and qualitative change in remaining remnant patche . The degree to which

habitat fragmentation impacts on the biota is largely species-specific. Factors that influence the
effects of habitat fragmentation are the size, shape and arrangement of remnant patches. The
degree of patch isolation influences the ability for individuals to disperse between patches. The
movement of individuals between patches influences the level of fragmentation a metapopulation
experiences observe. The importance of dispersal is illustrated in experiments describing the
fence effect, and studies of the island syndrome.

29

Chapter 3 General methods

3.1 Introduction
The study was conducted in the Buccleuch State Forest (lat 148°40'E, long 35°10'S)
The softwood plantations of the Buccleuch State Forest have been established since the 1920's.
However, it wasn't until the 1960' s that assistance under the Softwood Forestry Agreements Act
1967 and 1972 provided funding for significant plantation expansion (Routley and Routley
1975). During this time extensive areas of native forest were cleared for plantation
establishment. Few remnants were reserved during this time. Later, as environmental concerns
developed, new approaches were adopted. These involved the reservation of native forest along
drainage lines and leaving forest on rocky sites that were difficult for mechanised clearing and
harvesting ·operations of the day. In the late 1980' s, forest policy in NSW shifted to restrict
forest clearing for plantation establishment. Instead, future plantations had to be established on
previously cleared agricultural land. This history of plantation establishment policy is important
as its implementation has influenced the type and number of remnants that exist in the Buccleuch
State Forest today.

The Buccleuch State Forest was selected as a study site for several reasons.
i)

The plantations that forms part of Buccleuch State Forest are up to 40 years old
and thus P. volans metapopulations have had time to respond to the effects of
disturbance and habitat fragmentation.

ii)

Pioneering research by Tyndale-Biscoe and Smith (1969a) on P. volans was
conducted in the Buccleuch State Forest as native forest was being cleared in the
late 1960' s for plantation establishment.

iii)

The Buccleuch State Forests is the focus for ongoing research. This research is
co-ordinated by David Lindenmayer. The study (broadly termed the Tumut
fragmentation "Experiment") commenced in July 1995, explored the effects of
habitat fragmentation on a range of taxa in and around the Buccleuch State Forest,
see (Lindenmayer et al. 1999a; Lindenmayer et al. 1999b; Lindenmayer et al.
1999c; Lindenmayer et al. 1999d; Lindenmayer et al. l 999e; Lindenmayer et al.
2000a). Results from the Tumut Fragmentation Experiment identified a number
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of neighbouring remnant patches with known populations of arboreal mar upial s,
· including P. volans , P. peregrinus, Common Brushtail Poss um (Trichosurus

vulpecular), Mountain Brushtail Poss um (Trichosurus caninus), and the Sugar
Glider (Petaurus breviceps) (Lindenmayer et al. 1999b).

P. volans was selected as a study species because reasonably-sized populations were found and
these were restricted to remnant patches of native forests within the softwood plantation area
The purpose of this chapter is to give an overview of the study area and describe techniques used
in fieldwork. Each of the following chapters also contains a section on methods specific to the
work reported in that chapter.

3.1.1 Study Area
This study was conducted in the Buccleuch State Forest north east of Tumut, in southern N.S.W.,
148°40'E, 35°l0'S , and elevation of 950m ASL (Figure 4). Native vegetation in the study area
is characterised by mixed stands of Narrow-leafed Peppermint (Eucalyptus radiata) and Ribbon
Gum (E. viniinalis), with less common associations of Mountain Swamp Gum (E. caniphora) ,
Mountain Gum (E. dalrynipleana), Snow Gum (E. pauciflora) along the gullies and Broad-leafed
Peppermint (E. dives), Red Stringybark (E. macrorhyncha) and Apple Box (E. bridgesiana) on
drier areas.

Populations of P. volans in five neighbouring remnant eucalypt patches, termed C3 , D3 , E3 ,
276b, 490 were chosen for detailed investigation. Patches differed in size and shape, but all had
analogous vegetation communities, management historie and isolation tirnes. Patche C3, D3 ,
E3 , and 276b contain ephemeral watercourses and neighbouring slope . Patch 490 wa a ridgetop patch with species composition analogous to side slopes in the other patches. See Figure
5 and Figure 6.
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Figure 4. A map placing the study area in relation to the towns of Tumut and Wee Jasper
in New South Wales and Canberra in the Australian Capital Territory.
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Figure 5. A map of the study are with patch labels "C3, D3, E3, 276B and 490.
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Figure 6. An ortho-photographic mosaic shows the remnant patches where radio tracking
of P. volans was conducted.
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3.1 .2 Animal Capture
P. volans is difficult to capture as it is active at heights of 15-30 metres above the ground
(Tyndale-Bi scoe and Smith 1969a; Kavanagh and Lambert 1990). Furthermore , a widely
available folivorous diet means animals are difficult to lure into traps. Previously, animals have
been i) netted from dens (Henry 1985), ii) shaken from low branches with a long pole (Comport
et al. 1996) and iii) caught on the ground after using a rifle to "prune" branches on which

animals perched (Kehl and Borsboom 1984). The latter method was the one chosen for this
study as it was comparative ly straight forward and allowed significant numbers of animals to be
caught.

Animals were located at night with a spotlight. A high powered rifle was used to sever branches
supporting animals. On removing a branch, animals would usually glide to the ground where
hand capture was possible. Individuals were sedated using 50 mg Zoletil (see Viggers and
Lindenmaye r 1995), before being fitted with a purpose-buil t single stage radio transmitter collar,
which weighed 20grams (phurchased from Faunatech Ltd, Bairnsdale) (See Figure 9). While
sedated, a suite of measuremen ts was taken. Measuremen ts included weight, sex, reproductive
status, body length, head length and tail length (Appendix 1). A blood sample was collected for
genetic analysis, and animals were marked with a permanent tattoo in their left ear to aid
identification for future captures. Indi victuals were given significant time to recover from
sedation, before being released at the exact capture point on the following night.

Radio tracking began only after each patch had been thoroughly earched in an attempt to collar
all adult and ub-adults animal . This required multiple visits (on more than five night ) to each
patch and repeat searches by multiple observers on any given night. Refer to Appendix 2 for
summary of animal captures.

3.1.3 Radio Tracking
To track P. volans , a portable Telonic TR-2 receiver operated between 150.000-152 .000 MHz
wa used in conjunciton with a collapsible 3-element Yagi™ antenna. Animals were tracked by
day and by night.
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Day-time tracking

Animals were tracked during the afternoon to identify den trees. The accuracy of the tracking
technique was tested when retrieving collars from tree hollows that had prematurely worn
through and "dropped" off. The trees that contained the "dropped" collars were correctly
identified in the first instance each time using this search method (n=7). In many instances, the
portion of the tree that contained the collar also could be determined. All den trees were
identified with flagging tape and assigned a unique number using a permanent aluminum tag.
Figure 7 displays all a trees den trees that animals were tracked to during day time radio
tracking.

Night-time tracking

Night-time tracking of collared animals commenced one hour after dusk. This allowed
individuals sufficient time to emerge from their dens (Kavanagh 1987, Lindenmaye r et al. 1991)
and avoided simply locating animals at their den sites. The sequence of tracking of the five
different patches used for this study was varied randomly. Likewise, the sequence of tracking
collared animals within patches was varied randomly, which meant animals were tracked at
different times on any given night depending on the order of the tracking sequence. This
reduced the chance of statistical problems arising from temporal dependence through tracking
animals using a predictable schedule. Animals were tracked to a single tree location each night,
which reduced intra-night dependence in the tracking data. It also had the logistical benefit in
allowing several animals to be tracked each night. As with den trees, those trees used by
animals at night were marked with flagging tape and assigned a unique identifying number.
Figure 8 illustrates the trees used by P. volans when active at night.

Day and night tracking was conducted for five consecutive days on a monthly basis over a full
twelve-month period. Tracking commenced in September 1997 with 30 collared individuals in
five eucalypt remnants. An additional ten animals were collared in subsequent capture periods in
. November 1997, February 1998, May 1998 and June 1998. Tracking was terminated in October
1998.
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Figure 7. This orthophoto illustrates the location of all den trees used by P. volans during
day time radio tracking sessions.
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Figure 8. The location of all trees used by P. volans at night during radio tracking surveys.
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Figure 9. Left photograph : P. volans fitted with purpose built radio transmitter ,
weighing 20grams. A faint tattoo can be seen in the animal's left ear.

(Pope) .

photograph : An animal being released at the location where it was caught,
approximat ely 24 hours after its capture
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(Pope)

Right

Figure 10. Climbing den trees to recover radio collars that had prematurely "~1orn ofr'.
Den entrances are identified with arrows. The right photograph also shows the flagging
tape and markers used to identify trees used by P. volans during this radio tracking study.

(MacGreggor)

(Tribolet)
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3.1.4 Summary of animals tracked in each remnant patch.
Patch 276 b

Patch 276b is centred on a gully system with sections of heathy wetlands. Initially, six
animals (five females and one male) were collared in this patch. Three females
disappear ed after only one period of tracking. One of these individua ls was located in a
neighbou ring patch (E3). Of the three individua ls that remained , the females were tracked
for a total of six or seven tracking periods, while the only male disappear ed in Novembe r
after only three tracking periods. A seventh individua l (male) was collared in May 1998
and was tracked until Septembe r 1998. Based on prelimina ry genetic analysis, this subadult male was thought to be the son of one of the original females from this patch.
Patch C3

Patch C3 is the largest patch (18.2 ha) of the five patches studied, and it contained the
largest populatio n of animals. Initially 11 animals were collared (three males and eight
females). Four females disappear ed within three months. Nine new individua ls were
subsequen tly caught, however, only six of these were radio tracked because of the
limitation s in the number of available radio collars.
Patch E3

Nine animals (five males and four females) were initially caught and radio collared in
patch E3. Two males could not be located after three and five periods respective ly. There
were technical difficultie s with keeping collars attached to a number of animals in patch
E3. However , subseque nt recapture efforts recollared some of the original animals and
strengthe ned collars were fitted. Two additiona l females were radio collared in Novembe r
1997, and a further two (one male and one female) were co11ared in May/June 1998.
Patch D3

Patch D3 is an elongated area along a riparian zone. Only two individua ls (one male and
one female) were co11ared in this patch. A third individua l was sighted once. However it
is unclear if thi individua l resided in this patch.
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Patch 490

Patch 490 was a small hillside patch (1.6 ha). See also Table 1. Initially two individuals
(one male, one female) were caught in this patch. The female produced a single young
(unknown sex) that died as a juvenile. A second female was caught in May 1998 shortly
before the original female died. An inspection of the carcase found substantial tooth wear,
which may have contributed to her death. The male was known to share den trees with
both females at various times. He was found dead in June. The cause of death was
unclear.

3.1.5 Patch Population Density and Patch Size
The population density for each patch was calculated based on combined animal captures taken
during the initial patch searches between July and August 1997. The number of P. volans
captured during this period was assumed to be a good population estimate given the intensity of
patch searches during the initial animal capture period (refer to Appendix 2 for the summary of
animal capture rates). Patch area was calculated using State Forests of NSW geographic
information system data. Patch population densities and patch sizes are presented in Table 1.
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Table 1. Summary of P. volans populations and remnant patch attributes based on data
from State Forests of NSW.

Site

Sex ratio m:f

Patch size

Population

Density of

Ha

size*

animals ha·1

276b

1:4

9.0

5

0.56

490

1: 1

1.6

2

1.25

C3

1 :3

18.2

11

0.60

D3

1: 1

8.3

2

0.241

E3

1: 1.4

6.0

10

1.66

* Adult and sub-adult population size at beginning of radio tracking.

The small number of individuals in patches 490 and D3 combined with the proportion of animals
that disappeared from patch 276b, means the majority of tracking data comes from patches C3
and E3.

The fate of the majority of the collared individuals that disappeared during the study is unknown.
Many disappeared between tracking periods, so it is possible that individuals dispersed beyond
the signal range of the tracking equipment (approximately l-2km depending on line of sight, and
vegetation stucture). However, some animals disappeared after being detected on the previous
day. It is unlikely these individuals dispersed beyond 1-2 km in less than 24 hours.
When tracking first commenced, the original collar design had a weak point that wore
prematurely. This caused some collars to fall off animals in the field, but they continued to
transmit.
Extensive spotlight surveys were undertaken to;
•

to track individuals during the course of thi study,

•

recapture animal that had lost collars,

•

add animals to the study that had previously been too small to safely attach collars, or

•

collar immigrants that may have dispersed from other patche .

During all the hundreds of spot light hours, no animals were ever ighted with transmitters in a
dysfunctional state, which suggest transmitter failure or battery failure i unlikely to have played
a significant part in the inability to locate missing individuals. Indeed if a collar cea ed to
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transmit, the coITesponding animals was never found on subsequent nights, either du1ing spot
lighting or during subsequent capture events. This seems to suggest that collared animals that
disappeared from the study must have travelled long distances away from remnant patches. This
may have occurred if animals unde11ook long distance dispersal, or if predators carried animals
and collars beyond the range of the tracking signal. Either scenario is possible. One individual
from this study travelled over one kilometre from patch 276b to patch E3.
The disappearance of collared animals due to predation appears likely given N. strenua was
known to frequent remnant patches and was heard calling near patch C3 during night time
tracking. Fu11he1more, an adult N. strenua was observed roosting in patch E3 during the day.

3.1.6 Tree Locations and Tree Characteristics
All trees used by gliders were revisited following the completion of tracking. Accurate locations
were recorded using a real-time, differentially co1Tected Global Positioning System (GPS )
(Global Star Pty Ltd, Melbourne). The morphological attributes of each tree were recorded.
Several measurements were taken to characterise the morphological attributes of trees. These
include:
•

tree species, based on the features of the leaves, bark, buds and fruit ,

diameter (dbh) , measured using a diameter tape and standard inventory conventions
(CmTon, 1968),
•

height, measured from ground level to the top of the crown using a laser-clinometer,

•

crown base, which is the height measured from ground level to the base of the crown
using a laser-clinometer, and

•

crown diameter, which i_s the width of the crown calculated from compass readings
of the crown edge.
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3.1.7 Data Summary
The field data collected in this study conform to five broad categories:1.

ii.

Radio tracking data (location and time) for each animal over time.
Locational data for each tree that was used by collared individuals during tracking.

111.

Physical attributes of each tree used by collared individuals.

1v.

Su1nmary statistics for each remnant patch (e.g., area).

v.

Morphological attributes of each collared animal (gender, weight, size, reproductive status).

v1.

Genetic information for each collared individual. Preliminary analysis by Andrea Taylor et
al. (unpublished data) allowed general (but preliminary) findings to be incorporated with

results of this thesis. A more detailed set of genetic analyses will be reported elsewhere.
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Chapter 4 The Home Range of P. volans in eucalypt
patches at Tumut.

4.1 Abstract
This chapter investigates home range attributes of P. volans in five patches of remnant eucalypt
forest near Turnut. A total of 40 animals was tracked during night-time and their spatial data are
summarised here. Fixed kernel home range estimates were calculated for 11 males and 12
females. The home range size of males varied from 1.38 - 4.10 ha and was significantly larger
than for females (range: 1.26 - 2.97 ha). Horne range size increased with i) increased patch size,
and ii) reduced population density. These relationships have not been reported before in other
studies of P. volans. Considerabl e home range overlap (95% isopleth) was observed between
males and females. Female pairs also shared overlapping areas. However, core area (50%
isopleth) overlap was more variable, and appeared to vary with population density. Instances of
home range overlap were predominant ly between adult males and females. Overall, results from
this chapter demonstrate P. volans populations can persist in remnant patches, at least in the
short term, and have a degree of flexibility in their use of space, which appears to vary
depending on patch size, gender, and population density.

4.2 Introduction
An understandin g of the way species respond to habitat fragmentation, and the way the spatial
distribution of patches and their size and shape influence a species' population dynamics remain
limited. Remnant patches of native forest with known populations of P. volans su1Tounded by
extensive areas of softwood plantation present a valuable landscape to examine P. volans
response to habitat fragmentation. The requirement of P. volans for standing hollow bearing
ttees and foliage from certain tree species, make P. volans sensitive to changes in habitat
· structure. In landscapes cleared to establish pine plantations, P. volans persists only in remnant
areas of the original native forest (Tyndale-Bi scoe and Smith 1969b; Tyndale-Bis coe and Calaby
1975; Recher et al. 1987; Lindenrnaye r et al. 1999b). This chapter addresses the spatial use of
remnants by P. volans at night. The key questions are :- Does patch ·size affect the use of space,
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either home range size or degree of home range overlap? Does the population density depend on
patch size? Does patch shape influence home range size or shape?

4.3 Methods

4.3.1 Justification of tracking regime.
An organism's home range is generally defined as the area that it usua11y occupies (McNab

1963). This definition is intuitive, but lacks temporal scale. Home ranges may vary between:1.

ii.

days, as animals move between sites of daily activity.
weeks; with shifts in the focus of activity, for example, due to changes reflecting resource
depletion in a certain area (Ward 1978)

111.

months; with seasonal variations influencing spatial use, for example, increased movements
relating to breeding seasons or seasonal availability of food resources.

1v.

years, as variation between years may influence resource availability, with animals forced
to range further in resource-poor years.

P. volans were tracked for five consecutive days each month, for one year (September 1997Augu st 1998). (Refer to Appendix 3 for a summary of night tracking records of each
i ndi vi dual.)

Home range calculations were based on night-time observations. This was because the inclusion
of day time tracking results tended to over-emphasize repeated den site vi sits. The inclu sion of
den sites in calculations may be wan-anted to analyse animal s overa11 use of space. However,
here the particular interest was in movement pattern s when animal s were active at night.
Furthermore, by excluding den trees, comparison could be made between day and night
activities.

4.3.2 Home-range Calculations
Convex polygon techniques have traditiona11y been u ed to calculate home range estimate for

P. vo lans (Kehl and Borsboom 1984; Henry 1985;

orton 1988; Comport et al. 1996).

However, Compo11 et al. (1996) al so used harmonic mean and kernel methods. Fixed kernel
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methods have numerous benefits over simple non-parametric methods such as minimum convex
polygon techniques. The key advantages of fixed kernel methods are:i)

they are less likely to be unduly influenced by additional data points when dealing
with small sample sizes , and

ii)

they emphasize the areas of greatest use by individuals.

This reflects the contemporary definition of an animal's home range (i.e. not all points
transcribed by an animal, but where an animal spends most of its time (Worton 1987 ~ White and
Garrot 1990).

Several authors have highlighted problems with the various home range estimation methods and
suggested using multiple methods to circumvent these deficiencies (Goldingay and Kavanagh
1993 ~ Comport et al. 1996). Only the fixed kernel model was selected here as the primary
concern was not absolute home range size for comparison with other studies, but rather a stable
estimate for comparison within this study.

Home range estimates were calculated using the Animal Movement Program (Version 2.04,).
This is an ESRI Arcview® extension written with A venue script (Hoage et al. 1999). An
advantage of using this program was that home range estimates were displayed as Arcview® GIS
polygons, which allowed detailed interpretation and analysis within a spatial GIS framework.
The fixed kernel model used bivariate normal density kernels (Worton 1989~ Hoage et al. 1999).
Isopleths of 95 % and 50% are nominally used to describe an animal's home range and its core
area, respectively. This convention was adopted for this thesis. A uniform smoothing factor was
used for all home range calculations. It was derived by visually comparing home range polygons
for a sub-set of animals using different smoothing factors. A compromise was sought between
encompassing large areas around each sample point, and restricting its effect to only encircle
discrete areas around prominent sample points where repeated observations occurred. Using a
constant smoothing value allows greater comparison to be made between home range estimates
in this study as bias associated with the smoothing factor is uniform, and effectively cancels out.
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Figure 11. Home range estimates for all radio tracked P. volans with 13 or more sample
points. Also represented are the locations of animals with less than 13 sample points.
These were subjectively called "background animals" and they give an insight into areas
used by other animals.
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4.3.3 Preliminary analysis of home range data
Independence of night tracking data

A key assumption of home range methods is that location data are independent. To check that
the locations of animals when tracked at night were not simply a reflection of the previous den
tree they occupied, the distance of each animal located at night was calculated relative to i) its
originating den , and ii) the den used on the subsequent day. These distances were incorporated
into a random effects model with data on patch , animal , day and month. Results indicated that
night-time locations were not strongly related to the location of den trees occupied by animals.
This indicates that animals had been given sufficient time to move away from their dens , before
being located by radio tracking at night.

Minimum sample size requirements

The effect of sample size on home range estimates is well documented (Worton 1987; Harris et

al. 1990· Goldingay and Kavanagh 1993; Comport et al. 1996; Handasyde and Martin 1996;
Seaman and Powell 1996). Larger sample sizes provide more accurate home range estimates.
However, gathering sufficient sample sizes can be difficult. This is especially true considering
that a compromise is often needed between i) sampling a representative set of the individuals
within a population , and ii) obtaining sufficient data for each radio tracked animal. In this study,
the aim was to track all sub-adult and adult animals within each patch whenever possible.

The minimum sample size required to give unbiased home range estimates was assessed oy
plotting the cumulative home range areas against the number of sample points (Figure 12). A
subset of animals with large sample sizes was used to interpret minimal sample size
requirements. The minimum sample size is reached when additional sample points produce
negligible increases in home range area (Harris et al. 1990). Most home range estimates began
to a mptote at approximately 15 sample points (Figure 12). There were four notable exceptions
where home range size continued to increase after fifteen sample points, and two of these
continued to increase e en after 22 sample points (Figure 12).
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Figure 12. The effect of sample size on home range estimates. The numbers on the right
correspond to the identifying numbers assigned to individuals. A minimum sample size of
13 was used to estimate home range areas for this study. However the majority of home
range estimates were calculated with a sample size greater than 22 (by which time most
individuals home range estimates had begun to asymptote).
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The minimum sample size invoked for home range calculations was 13 sample points. Thi may
underestimate home range size for some animals. However, this value may be appropriate for
use as it reveals additional information on the areas used by animals with a small sample si ze,
and it reduces the number of gaps in information when interpreting the extent of home range
overlap between animals. Home range estimates were calculated using all sample points
gathered for each animal providing the minimum sample size requirements had been met. The
majority of home range estimates were calculated with sample sizes exceeding 22 location fixe s
(T able 2), which gave added confidence to the accuracy of home range estimates. To test the
influence of small ample sizes, home range estimate were plotted against sample size.
relationship was observed once the minimum sample size wa attained (Figure 13). Thi s
sugges ts differences in home range izes were related to variables other than sample 1ze.
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Table 2. Home range and core range estimates calculated using kernel methods. This table
also displays the patch details, gender, animal number, and the number of sample points
used for each calculation.

Animal

Sample

Home range (ha)

Core range (ha)

number

Points

95 % kernel

50% kernel

m

47

15

3.34

0.34

276b

f

42

23

1.80

0.37

276b

f

44

23

1.92

0.35

490

m

24

35

2.12

0.58

490

f

32

29

1.35

0.17

C3

m

23

29

4.10

0.58

C3

m

26

28

2.97

0.41

C3

m

50

15

2.56

0.20

C3

f

22

?"
_ .J

2.39

0.26

C3

f

25

13

2.58

0.44

C3

f

30

26

1.26

0.15

C3

f

46

28

2.97

0.18

C3

f

49

15

2.32

0.26

D3

m

40

22

2.93

0.27

D3

f

39

29

2.96

0.40

E3

m

31

16

2.43

0.50

E3

m

34

25

2.77

0.31

E3

m

36

13

1.89

0.21

E3

m

37

15

1.38

0.26

E3

m

38

34

1.83

0.27

E3

f

29

34

1.69

0.13

E3

f

35

15

1.38

0.2 1

E3

f

41

25

1.90

0.23

Patch

Sex

276b
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Figure 13. Home range estimates plotted against the sample size for animals with more
than 13 night-time sample locations. If sample size strongly influenced home range size
after the minimum threshold sample size had been met, it would result in a positive
relationship when plotted in this manner. No such relationship is apparent for the data in
the plot.
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4.3.4 Home range overlap
To interpret home range overlap between individuals, home range polygons were overlaid to
calculated areas of intersection. An example is presented in Figure 14, which i11ustrates the
home range overlap between individuals in patch 490 and E3. Intersection matrices were
generated for each patch where ce11s contained the area of overlap between the relevant
individuals . Intersection matrices were transformed to similarity matrices by dividing each cell
by the square root of the combined home range area of the two overlapping animals. Principal
coordinate analysis (Digby and Kempton 1987) used the similarity matrices from patches C3 and
E3 to produce ordination plots (Figure 15 and Figure 16 respectively). Principal coordinate
analysis (PCA) provided a low dimensional graphical representation of the geometric
configuration of animals based on relative home range overlap. Table 3 presents the percent
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variation in the ordination score of the PCA of home range overlap. Individuals were grouped
arbitrarily based on their proximity in the ordination plots . Groupings did not imply an absence
of sharing with other individuals outside a given group, but simply a greater degree of overlap
with animals within groups.

Table 3 The percent variation in ordination scores produced by Principal Component
Analysis of home range overlap of animals in patches C3 and E3

Patch

Score 1

Score 2

E3

31.11 %

19.60%

C3

25.22%

20.83 %

Principal coordinate analysis was not required to analyze overlap between core areas (50%
isopleths) , as there were few areas of intersection between animals at this level. Instead, results
were interpreted directly from overlap matrices.

Regression analysis was used for comparing the home range areas of males and females.
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Figure 14. An illustration of home range estimates (95% Isopleths) derived from Kernel
models for individuals in patches 490 and E3.

This map also illustrates the degree of

home range overlap between individuals in these high density patches.
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Figure 15. Ordination plot of P. volans in patch C3 showing the home range overlap
between all collared individuals with >13 sample points. The solid line joins individuals
that share core area overlap. Circles represent arbitrary grouping which will be discussed
in the results.
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Figure 16. Ordination plot of P. volans in patch E3, showing the home range overlap
between all collared individuals with >13 sample points. The solid line joins individuals
that share core area overlap. Circles represent arbitrary grouping which will be discussed
in the results.
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4.4 Results

4.4.1 Home-range estimates
R adio tracking between September 1997 and October 1998 yielded 633 night tracking points
from 40 animals inhabiting five remnant eucalypt patches. Fixed kernel home range estimates
were calcu lated for 23 animals (11 males, 12 females) (Tabl e 2). There was a signifi cant
positive relation ship between remnant patch size and home range area (p-val ue=0.008). There
also was a significant difference in home range size between sex es (p-val ue = 0.016). Male
ho111e range estimates ranged between 1.38 - 4 .10 ha and the equi valent area for females was
1.26 - 2.97 ha (Fi gure 17). There was a significant di fference in home range size between low
and hi gh den sity populations. Indi vid uals in lo~ den sity patches (defined as havi ng< 1
indi vi dual s ha-' which is those in patches C3 , D 3 and 276b), had significantly larger home range

58

estimates than high density patches (> 1 individual ha-' , those in patches 490 and E3) (p-value
males =0.007, females=0.004).
There was a tendency for males to occupy larger core areas (0.2 to 0.58 ha) than females (0.13 to
0.44 ha). However, this difference was not statistically significant (p-value 0.078).

Figure 17. The relationship between home range size and patch size for each sex. The
home range size for P. volans of both sexes was significantly larger in larger patches.
Males had a significantly larger home range size (p=0.016) when compared to females at all
patch sizes.
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4.4.2 Home-range overlap
All animals exhibited some degree of home range overlap at the 95 % isopleth level. Although

P. volans is considered to be predominantly solitary (McKay 1983), neighbours often shared
peripheral home range areas. Home range overlap does not necessarily imply areas were used
· simultaneously, although this does occur at Tumut and will be discussed in a subsequent chapter
on activity patterns (Chapter 6 ).

The complexity of home range overlap increased with population size and population density.
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The ordination plot for C3 (Figure 15) shows animals aggregated into three distinct groups. One
was a male and female pair, and the remaining two groups each consisted of a male with two
females. A11 females had considerable overlap with males and some also had substantial overlap
with other females. The greatest overlap occurred between males and females , and between
females. Male pairs had the least overlap, although it was observed at the 95 % isopleth level.
Analysis of home range overlap between individuals in E3 (Figure 16) revealed less distinct
groupings. Despite a male-biased sex ratio 2 of 5:3 , the greatest overlap still occurred between
males and females, and between females. Some overlap also occurred between males with each
other. Individuals from patches 490, 276b and D3 shared overlapping home range areas with
each of the other animals from their patch.
Overlap of core areas was interpreted directly from overlap matrices for each patch. In patch C3
where the known adult population density was similar to that recorded elsewhere in
south-eastern Australia (see review by Gibbons and Lindenmayer 1997), only two pairs were
found to have core area overlap. This contrasts strongly with patch E3, where the adult
population density was considerably higher. Each individual within patch E3 shared core areas
to some extent, and some individuals shared core areas with up to three neighboring ·animals.
Figure 15 and Figure 16 depict core area overlap with lines drawn between individuals that share
core areas. Core area overlap was also observed between male and female pairs in patches 490,
276b and D3.

The results outlined above, gave the following general trends.
1.

ii.

A11 females showed considerable home range overlap with males.
Greatest overlap occu1Ted between males and females.

111.

Female home ranges often overlapped with home ranges of other fe111ales.

1v.

Males tended to maintain home ranges exclusive of other males, although so111e may share
common areas.

2

Thi s ratio was based on those animal s with en-ough data to allow home range estimates to be

estimated.
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Analysis of core area overlap may provide greater insight into resource sharing between
individuals as it indicates those areas of most regular use.
1.

Core areas were not shared with more than one other animal with the exception of the highdensity populations in patch E3.

ii.

Even groups of individuals identified through the ordination process that shared
considerable home range overlap did not necessarily share core areas, with the exception of
high-density population in patch E3 (Figure 16).

111.

Males and females sometimes shared core areas, and the instances of this increased in highdensity populations, such as those in patch E3.

1v.

Males were observed to share core areas with other males only in high-density populations
(e.g. patch E3).

v.

Sharing of core areas between females was not observed in any patch.

4.5 Discussion

4.5.1 The area requirements of P. volans
Home range estimates in this study varied between 1.26 ha and 4.1 ha, which is within the range
observed in other studies of P. volans (Table 4). Results from this study suggested that the
relatively small home ranges used by P. volans (generally <3.5 ha) were not purely a function of
limited mobility. An elongated home range like that of animal #40 in patch D3 was
approximately 500 metres end to end - a distance this animal frequently covered (Figure 11 ). If
this distance were used in a circular home range, the total area would be approximately 20 ha.
As with most herbivores, home range sizes are small in comparison to carnivores of the same
body size (Comport et al. 1996). Comport et al (1996) suggested that there was little incentive
for the northern subspecies P. volans ,ninor to occupy larger areas, as it persists on a low-energy
diet in habitat types where favourable foliage is abundant and food resources are not limited.
This is an important point because la~ger home ranges require additional energy expenditure
without any obvious benefits. Larger home range size is unlikely to increase·fecundity if

P. volans have abundant food and shelter within existing home range areas.
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Table 4. Summary of home range estimates for P. volans from various studies listing
researcher, home range estimates, and methods used to calculate estimates.

Investigator

Home Rage estimate (ha)

Method

Henry (1984)

2.08 + 0.66 (S.D.) polygynous males

Minimum Convex

1.36 + 0 .19 (S.D.) monogamous males

Polygon

1.25 + 0.46 (S.D.) females

Kehl and Borsboom

2.6 + 1.7 (S.D.) males

Minimum Convex

(1984)

2.5 + 1.2 (S.D.) females

Polygon

Norton (1988)

between 1.4 + 0.2 (S.D.) and 2.1 + 0.7

Minimum Convex

(S.D.) males

Polygon

between 1.3 + 0.5 (S.D.) and 1.5 + 0.3
(S.D.) females

Comport et al

1.3-4.2 males

(1996)

0.9-1.7 females

This study

2.6 + 0.8 (S. D.) males

Kernel

Kernel

2.0 + 0.6 (S.D.) females

4.5.2 Patch size effects on home range
Home range size increased with patch size for both sexes. Although this relationship continued
to increase across the range of patches ampled, it must eventually approach an asymptote when
increased sampling in larger remnants fails to reveal animals usin g larger areas. Studies of the
spatial requirements of P. volans in continuous native forest indicated that individuals generally
utilise areas le

than <3.5 ha [reviewed by Gibbon s and Lindenm ayer 1997]. Therefore, it i

unlikely that home range size continue to increa e beyond those observed for patch C3 (the
largest patch
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=18 ha).

It may be that patches of thi size are large enough to support a population

with similar spatial requirements to those in a continuous forest (see Section 4.5.3 below).
Additional field studies in larger patches would be required to confirm this prediction .

Remnant area may be an important determinant that limits home range size in small patches.
This may occur in two ways :
i)

Patch size physically limits the total area of suitable habitat for a given indivdiual. For
example, the smallest patch (patch 490, 1.6 ha) was less than half the size of the largest
home range estimate for a given individual (male 23, from patch C3 with home range of
4.1 ha). Consequently, the amount of available habitat may have limited the potential
home range size of individuals in the smaller patches.

ii)

Crowding may occur, where the area of available habitat does not physically limit the
spatial requirements of individuals, but the number of animals competing for finite space
leads to each animal having small home ranges. For example, patch E3 was large enough
(patch size= 6.0 ha) that animals had space for home ranges of equivalent size to those in
patch C3. However, it is suggested there is a crowding effect because of the population
density in patch E3, which limits the size of individuals home ranges.

4.5.3 Effects of population density on home range size
Home range size was significantly larger in low-density populations for both sexes, (male pvalue 0.007, females p-value 0.004). This result was complicated as co-linearity exists between
population density and patch size. The relationships between population density and remnant
size, and their influence on home range size, may be inter-related. In smaller patches there
appears to be a "crowding effect" and increased competition between individuals for space and
resources (e.g., den trees - see Chapter 5 ). Under these circumstances, patch size and population
density are linked to home range size. As patch size increases, its spatial properties may become
similar to those of continuous forests, and P. volans home range sizes may approach those
observed in continuous forest.

The effect of patch size on population density has some similarities to the "fence effect" as
reported by Krebs et al. (1969) and briefly di scussed in section 2.2.3. The plantation surrounding
the eucalypt patches provides very limited den sites and feeding opportunities for P. volans.
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Hence, conditions in the matrix might be so hostile that they are a disincentive for animals to
disperse away from patches. Over time, population density may increase until limited resources
eventually cap the maximum carrying capacity. This will be discussed fully in Chapter 7 . A
larger, replicated study with matched "controls" would be required to further examine the
influence of patch size on population density.

To more precisely separate the influence of population density and patch size on the use of
spatial resources by P. volans, it would be necessary to manipulate patches of varying sizes. One
of two treatments could be applied,
i)

removing animals to reduce population density, and monitoring changes in home
range size, or

ii)

ii) reducing the area of patches and monitoring changes in home range size and
population density.

These options were not possible within the scope of this study.

Contrary to the large variation in home range area, core areas remained in variate regardless of
patch size, population density or sex . This may indicate that core areas are an essential
requirement for individuals and that the resources they contain can not be shared with congeners.

4.5.4 Effects of patch shape on home range
Home range shape varied within and between patches. These variations may relate to habitat
qua] ity and competition between individuals. Generally animals did not use or occupy areas of
surrounding P. radiata plantation. In confined eucalypt remnants , patch shape limited home
range shape. For example, the two animal s in patch D3 had elongated home ranges that were
similar to the shape of the patch (Figure 11 ). The two individuals in patch 490 had home ranges
of a s imilar size and shape to that of the patch (Figure 14 ). In larger patches , home range areas
were less restricted by patch shape and greater variability was observed in home range shape. In
these patches, home range shapes may have varied because of competition between individuals
for pace, den trees and food resources.
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4.5.5 Differences between sexes
The mating system of P. volans is thought to be facultative polygynous (Henry 1984). Results
from Norton (1988) and Comport et al (1996) support this notion and they suggested that the
mating system is influenced by resource availability. It was hypothesized that high quality sites
had sufficient resources to enable the adoption of polygynous mating where one male would
mate with two females. Sites of lower quality habitat are thought to support only monogamous
breeding pairs (Norton 1988). The male and female pairs present in patch 490 and patch D3 at
the beginning of tracking were thought to be monogamous, predominantly because they were the
only animals within each patch, and they were observed sharing the same den trees over time.
Monogamy may be related to the amount of habitat in these patches. Patch 490 was the smallest
remnant and may provide enough habitat for only a single breeding pair. Likewise, the area of
suitable habitat in patch D3 may only provide enough resources for a single breeding pair.
Although patch D3 was 8.3 ha in size, a significant proportion of the patch (approximately 4 ha)
comprised dry sclerophyll species (Eucalyptus bridgesiana, and E. macrorhyncha) which were
thought to be largely unsuitable for P. volans. Larger remnant patches (C3, E3, 276b) generally
have more available resources because they are dominated by known feed trees such as E.

radiata and E. viniinalis. This may allow for the development of polygynous relationships .
Based on the degree of home range overlap, den sharing and preliminary genetics work, a
proportion of males residing in patch C3 , E3 and 276b (all patches with> 6 ha of habitat) were
thought to be polygynous. Therefore results from this study appear to support the hypothesis
proposed by Norton (1988) and Comport et al. (1996).

The disparity in home range size between the sexes is probably based on a combination of
gender and the mating system of males (monogamous or polygynous). Males were observed
using larger home range areas regardless of mating system, however polygynous males are
thought to have the largest home ranges (Henry 1984 ). Henry (1984) attributed difference in
home range size between males near Glengarry in Victoria, to differences in mating strategies.
From a theoretical perspective, if a male maintains contact with multiple females that do not
share synchronous home ranges , the home range size will increase with a switch from a
monogamous to a polygynous mating strategy.
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4.6 Conclusion
Males were observed using larger areas than females, which supports findings by Henry (1984 ),
Norton (1988) and Comport et al. (1996). Remnant patch size and population density appeared
to be related, and both may have played a role in influencing home range size. Consequently,
small patches had more animals per unit area with smaller home ranges and greater home range
overlap. Large patches share similar home range sizes as those observed by other researches in
continuous forest. Density effects on home range size may act along a gradient between small
and large patches, and the large patches studied here may be analogous to continuous forest. The
most substantial amount of home range overlap occurred between males and females, which may
reflect pairs of breeding animals. Adult female pairs were observed sharing considerable areas
with their neighbours, but never shared core areas. The incidence of core area overlap between

P. volans was uncommon with the exception of high density populations where males and
females were most likely to share core areas . These results demonstrate that P. volans can
persist in remnant patches; at least through one rotation of the surrounding plantation. They also
suggest that animals have a degree of flexibility in their use of space.
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Chapter 5 The use of Den trees by P. volans in
remnant patches at Tumut.

5.1 Abstract
This chapter investigates the use of tree hollows within remnant patches by P. volans. Radio
tracking was used to identify 171 den trees used by 40 animals over 948 animal tracking days
between September 1997 and October 1998. The number, spatial pattern, and rate of den use, as
well as the incidence of den sharing, and characteristics of trees selected for denning were
assessed across five remnant patches.

All animals used multiple den trees. Males used significantly more den trees than females and a
greater proportion of these were used for single visits. This may relate to differences in male and
female territorial behaviour. Commonly used den trees tended to be situated in (or close to) core
areas of an individual home range. Den tree sharing, either concurrently or independently was
predominantly between adult males and females, or adults with young. Trees most likely to be
used by more than one individual had the same characteristics as trees that had the highest
probability of use per se. In comparison with the larger patches (C3, D3, 276b ), individuals of
each sex in the smallest patches (490, E3) used fewer den trees, and the males accumulated
additional new den trees at a lower rate. This may result from the smallest patch having the
highest population density, and therefore the greatest competition for limited den sites.

5.2 Introduction
Approximately 300 vertebrate taxa utilise tree hollows in Australia (Gibbons and Lindenmayer
2002). Tree hollows are an important resource as they provide, shelter and protection from
weather, refuge from predators, communal sites for social activities (Cockburn and Lazenby. Cohen 1992) and creches for young whilst adults are feeding (Lindenmayer et al. 1996b ).
P. volans, like most species of arboreal marsupials, require standing trees with hollows for

denning and nesting. These requirements mean that P. volans is sensitive to disturbances that
influence den tree availability. Habitat loss is known to cause local extinctions of P. volans
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(Tyndale-Biscoe and Smith 1969b), but the effects of habitat fragmentation on den tree use have
never been explored.

Radio tracking between September 1997- August 1998 was used to examine den use by

P. volans in the five remnant patches . For the purpose of this study, dens were defined as
ho11ows used by P. volans during the day, and den trees were simply the trees that contained
these ho11ows. The pattern of den tree use, and tree characteristics that influenced utilisation
were assessed by contrasting results across genders and within and between patches. Radio
tracking was used to determine the number of visits each individual made to each den tree, the
rate at which additional new (previously unrecorded) dens were recruited, the number of animals
using each den tree, and the characteristics of trees that influenced their use for denning (such as
diameter and height). The purpose of this chapter is to examine den use by P. volans in remnant
patches. Questions of interest are:- Do males and females use the same number of den trees?
Does more than one animal use a given den tree? Are all den trees used with the same
frequency? Are there morphological characteristics of trees that influence the probability of use?
Does patch size influence den use? Are there differences in den use that appear to be a result of
habitat fragmentation?

5.3 Methods
Detail s of study sites and tracking methods are outlined in Chapter 3

5.3.1 Measuring tree attribu·tes
Several characteristics of each tree used for denning , as we11 as selectin of 120 unu ed tree were
measured. Unused trees selected based on a subset of used tree aero

a11 patche

There wa no

attempt to delineate between den trees and trees used for night-time activitie . The ub et of
visited tree wa used a a starting point to elect the clo e t unu ed tree of any specie . Thi
gave a random cros - ection of trees of different izes and tree specie . A number of variable
wa mea ured on each vi ited and unu ed tree. The e variable were diameter (dbh ), height,
crown break. and crown diameter (refer to ection 3.1.6). Becau e the e variable were largely
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co-linear, principal component analysis was used to determine how many dimensions were
present in the data.

5.3.2 Statistical Analysis
Generalised linear modelling (McCullagh and Nelder 1988) was used to examine the relationship
between the morphological characteristics of den trees occupied by P. volans. A scatter plot
matrix demonstrated a large degree of colinearity between variables. Principal components
analysis (Digby and Kempton 1987) was used to account for colinearity and emphasise major
causes of variation. Constructed variables were based on ordination scores. Logistic regression
(Collett 1991) was used to analyse the probability of a tree being used as a den site based on
constructed variables. Constructed variables were also analysed to interpret the number of
animals likely to visit a given tree. Ordinal regression models were fitted using each of the
constructed variables and contrasted using four categories:- not used, or used by one, two or
three animals. For example, the model could predict the probability of a given tree being used
by two animals given one of the constructed variables.

It is important to note that den trees are not synonymous with dens, as a single tree may contain

multiple dens and an individual may use multiple hollows within in a given tree (Gibbons and
Lindenmayer 2002).

5.4 Results
A total of 171 den trees was identified across five remnant patches from the radio tracking of 40
animals. The complete day-time data set comprised 948 records of animals tracked between
September 1997 and September 1998. The day-time tracking data for each animal is
summarised in Appendix 4 and Appendix 5.

5.4.1 Influence of sample period on den tree numbers.
All animals used multiple den trees distributed throughout their home range. The number of den
trees occupied by an individual was strongly correlated with the sample period (the time over
which individuals were tracked). As there was a finite number of suitable hollow bearing trees
within a given patch, the relationship between the number of den trees used and sample period
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must eventually approach an asymptote (i.e. when further sampling fails to identify animals
using additional new den trees).

Only four animals approached the asymptote, where the number of dens used remained
unchanged with additional sampling. One of these animals (animals 30) can be seen in Figure
18. Most animals accrued additional den trees until the termination of tracking. This suggested
that further sampling was required to determine the total number of den trees used by a given
individual (Figure 18).

Figure 18. The accumulative den use of P. volans individuals with radio tracking up to ten
periods. Interestingly, most individuals continued to use additional den trees after nine
periods. This graph shows one female (animal #30) that approached an asymptote after
four radio tracking periods.
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5.4.2 Differences between sexes
Poi sson regress ion was used to analyse the interaction between den use, sample period and sex.
The regress ion model demonstrated that males used significantly more den trees than females
(p=0.009) (Figure 19). When patch size was incorporated into the mode} , it influence was
particularly pronounced for male . Two graphs were produced for large and sma11er patches to
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illustrate this trend (see Figure 20 and Figure 21). Males accumulated additional den trees at a
slower rate in smaller patches than larger ones. That is , males used fewer new den trees over the
sample period in smaller patches, although they still used more than females. In larger patches ,
males and females used similar numbers of den trees. The rate of additional den trees used by
females was not influenced by patch size.

Figure 19. Den tree use for male and female P. volans over time. The solid line represents
males and the hatched line represents females. This graph reveals that male P. volans used
more den trees than females regardless of the number of tracking days.
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Figure 20. Den tree use by male and female P. volans in small patches. For this graph, the
patch size set at 6 ha for illustrative purposes. In small patches, male P. volans tended to
accumulate additional den trees at a slower rate than female P. volans.
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Figure 21. Den tree use by male and female P. volans in large patches. For this graph, the

patch size set at 18 ha for illustrative purposes. Male and female P. volans used similar
numbers of den trees, and these den trees were used at similar rates for both sexes.
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5.4.3 Frequency of den tree use
Not all den trees were used to the same extent. Most trees received comparatively few visits
(Figure 22). For example, 50% of den trees received three visits or less. Animal# 26 was
observed using 13 different den trees, however one of these was used for 35% of the time.
Males used more than twice the number of den trees for single visits compared with females, but
had similar usage patterns thereafter. Figure 23 contrasts the frequency of den tree visits for
each sex.

Figure 22. The frequency distribtuion of tree visits. The majority of den trees received less
than four visits by P. volans.
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Figure 23. The frequency distribution of tree visits classified by sex. Male P. volans used
more than twice the number of den trees for single visits when compared to females.
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5.4.4 Overlapping patterns in Den tree use
Concurrent den tree sharing

Den trees may be used by more than one individual P. volans, either concurrently or
independently over time. Concurrent den tree sharin g was relatively uncommon, occurring on
42 (5 %) of 904 tracking records. Most of these were between males and females (90% of cases).
Male/male sharing was observed in 4 % of cases and female/female sharing in 6% of cases.
Although animals were observed sharing den trees sim ul taneously, it was not possible to
determine if animals shared the same hollow in a given tree. Den tree sharing was observed
across all tracking periods except D ecember 1997. Although there was some variation in sharing
between months , there was insufficient data to statistically assess variation. Instead, the
percentage of cases where sharing was observed relative to the total number of tracking cases
was calculated at monthly intervals to enable a descriptive contrast in sharing patterns between
season s. Al though the overall level of sharing was low , some general outcomes can be
summari sed. The greatest proportion of sharing between adults occurred between February and
June, while adult and sub-adult sharing was recorded only between July and November. Further
analy is re vealed that sharing between males arid females occurred only between individuals
known to have overlapping core range areas (refer to section 4.4.2) . All cases of same-sex
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sharing occurred between adults and sub-adults (refer to Appendix 1 for data on ageclass).
Preliminary genetic analysis by Taylor et al. (unpublished data) suggest that same sex pairs
which shared den trees are parents and their young. There were no instances of sharing between
same sex adult pairs. Den tree sharing between adult males and females was exclusively
between unrelated animals which were assumed to be mated pairs. One adult female in patch E3
was observed sharing den trees with different adult males. Female sharing with multiple adult
males has not previously been reported. Although this is not direct evidence of sexual
relationships between these individuals, this type of female polygony has not been reported
before.

Co-use of den trees

The majority of cases where multiple individuals used a given tree involved animals using trees
independently over time. This will be defined here as "co-use". Table 5 shows the incidence of
co-use for all patches. When two individuals used trees, 75% of cases were between male and
female pairs. Same sex couples comprised 19% male pairs and 6% female pairs. Of the male
pairs, half the instances related to adults and sub-adults. The other half were between adult
males using den trees in patch E3- the only patch where core range overlap was observed
between males (see Chapter 4.3.4). Of the females using the same den trees, only instances of
co-use between adults and sub-adults were observed. Only two animals were recorded using any
given tree in patches 276b, D3 and 490 - all patches with few animals. In patches with large
I

populations (C3 and E3), up to three animals were recorded using some den trees.

Table 5. The number of den trees used by one, two or three individual P. volans.

Number of trees

Percent

1

113

66%

2

51

30%

3

7

4%

Number of animals using a
given tree

75

The co-use of den trees by three individuals occurred in:- i) five cases between adult and subadult males co-using trees with adult females, ii) one instance involving two adult males and an
adult female and iii) one case of two adult females and a sub-adult female.

5.4.5 Factors influencing den tree selection
In thi s study, P. volans utilised hollows from a variety of eucalypt tree species. Animals usually
select hollows based on their physical attributes, but the dimensions of hollows can be difficult
to assess from the ground (Gibbons 1999). Therefore, a range of tree measurements was
collected to describe the characteristics of each tree. These data were then used to assess the
relationships between tree selection by P. volans and measured attributes. Principal component
analysis revealed 80% of the variation could be attributed to one variable. This variable is best
expressed as the average of the log of each measured variable (diameter, height, crown diameter
and crown base), which is effectively the overall "size" of a tree. The probability a tree was used
for denning increased as the "size" increased, before reaching a probability of one, as all large
trees were used for denning (Figure 24 ).
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Figure 24. Probability of den tree was used based on the average of the log of a number of
measured variable [diameter (dbh), height, crown diameter and crown base- refer to
section 3.1.6 for explanation of these values]. This graph clearly demonstrates the
likelihood a tree was used for denning increased dramatically with the "size" of the tree.
The probability increased to one as all large trees were used. The solid line represents the
mean value, while the hatched line represents the 95 % confidence limits.
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The other constructed variables that accounted for significant variation in the scores from
principal component analysis were log(crown base) and log(diameter/crown diameter). The
probability of a tree being occupied increased as log(crown base) decreased (Figure 25). That
is, P. volans was less likely to use trees with increasing height of the crown base. The
probability a tree was occupied also increased with the ratio of stem diameter to crown diameter
[log (diameter/crown diameter)]. That is, trees with a large stem diameter relative to crown
diameter had a greater probability of being used (Figure 26). All variables examined were
highly significant (p<0.001 ).
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Figure 25. Relationship between probability of den tree use and log(crown base). The
" crown base" is a measure of the distance between ground level and the base of the crown.
The larger the "crown base", the lower the probability a tree was used for denning. The
solid line is the mean value, and the hatched line represents the 95 % confidence limits.
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Figure 26. Relationship between the probability of den tree use based on the Log of the
ratio of tree diameter to crown diameter (refer to section 3.1.6 for an explanation of these
variables). This indicates large diameter trees with small crown diameters have a greater
probability of being used for denning by P. volans. The solid line 'is the mean value, and the
hatched line represents the 95 % confidence limits.
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5.4.6 Factors effecting den use by multiple animals
Ordinal regression was used to interpret the constructed variables described by principal
component analysis to assess if they also influenced the number of animals likely to use a tree.
The variable representing "size" was again the most significant variable when explaining the
number of animals likely to use a given tree. Constructed variables relating to the crown base
and the ratio of stem diameter to crown diameter also were significant variables (p=0.002 and
p<0.001 respectively).

The influence of "size" on the probability a den tree was used by more than one individual is
best illustrated by assigning trees to size classes (small - average of the log (dbh, height, crown
diameter and crown base)= 2.4; medium - average of the log (dbh, height, crown diameter and
crown base) =3.0; large - average of the log (dbh, height, crown diameter and crown base) =3.6)
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(Figure 27). Large trees were alw ays used. They had probability of 0.25 for being used by one
individual, 0.55 of bein g used by two and 0.20 of being used by three individual s. Small trees
had hi gh probability (0.95) of not bein g used, less than 0.05 probability of being used by one
individual, less than 0 .01 probability of being used by two individual s and zero probability of
being used by three P. volans. Medium trees had the highest probability of being"used by one
animal but were midway between the probability values for large and small trees thereafter.

Figure 27. The probability a tree was selected for denning by none, one, two, or three
P. volans for a subset of large, medium and small trees. These groupings were based on the

average of the log of a number of measured variable [diameter (dbh), height, crown
diameter and crown base- refer to section in 3.1.6 for explanation of these values]).
Medium size trees had a higher probability of being used for denning for a single visit,
however large trees were more likely to be used for denning on multiple occasions.
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3

5.4.7 The influence of trees pecies on den tree selection
Approximately 95% of den trees belonged to three tree species (Table 6.). These were

E. viminalis, E. dalrympleana and E. radiata. Due to the similarities between E. viminalis and
E. dalrympleana and given hybridisation between these two species, data on them was pooled
and treated as a single species group. Aerial photo interpretation of projected foliage cover
indicated that there was greater proportion of E. radiata compared to

E. viminalis/E. dalrympleana. However E. viminalis and E. dalrympleana had more than twice
the number of trees used for denning when compared to E. radiata. The gross number of den
visits, which accounts for repeat den visits to certain trees , suggests a further preference of
individuals for E. viminalis IE. dalrympleana (Table 6). P. volans occasionally used other tree
species such as E. camphora, E. macrorhyncha, and E. dives although the level of use was too
infrequent to examine differences in use among these species.

Table 6. The number of individual trees used for denning listed per tree species, and the
percentage relative to total number of all den trees used summed across all patches. The
final column represents the percentage of visits each species received. The data presented
accounts for repeat visits to some trees.

% of visits ,

Number of trees

% of trees used for

used for denning

denning

E. viminalis & E. dalrympleana

103

61

71

E. radiata

46

27

19

Dead (any species) *

13

8

5.9

E. camphora

3

2

1.2

E. macrorhyncha

4

2

1.6

E. dives

1

1

0.1

Species

* Dead trees were known to be eucalypts in all cases. The species could sometimes be determined, howe ver to
avoid false classification in some cases, all dead trees were pooled for analysis.

5.4.8 Sequential den use
The sequential pattern of den tree use by individual P. volans was examined using logistic
regression to determine if the chance an animal stays in a given den tree on successive nights
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varied over time. The probability of returning to a given tree on any given day was examined for
three time categories. The rationale for the categories was based on typical life and reproductive
stages for P. volans, and they were "birth" (April and May) , "pouch young" (June to October)
and "independent young" (November to March) (Henry, 1985). The categories are also
correlated with seasonal differences in climate. The analysis showed no significant sex-based
difference in the sequential use of dens trees. However, each sex was significantly more likely
(p = 0.02) to return to a given den tree during the "birth" (probability 0.54) and "pouch young"
(probability 0.48) stages, than during "independent young" (probability 0.27) stage (Figure 28).
Thi indicates P. volans used den trees more repeatedly between April and October and is more
likely to use alternate dens on successive days between November and March.

Figure 28. The results of logistic regression modelling for the probability of return to a
given den tree on the following day (including 95% confidence limits), for three life history
stages in P. volans. The stages were defined as "birth" (April and May), "pouch young"
(June to October) and "independent young" (November to March).
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5.5 Discussion
All individual P. volans used multiple den trees, and this has been reported for most arboreal
marsupial species (Gibbons and Lindenmaye r 2002). The number of den trees used by

P. volans was related to intensity of sampling. Individuals were found to use more trees with
increased radio tracking. This relationship will approach an asymptote when an animal utilises
all available den trees within its home range, but this was not found in this study despite the
extensive tracking that was done. The value of the asymptote will depend on the number of dens
available and the propensity of an individual to use alternate den trees. The number of dens
occupied by P. volans at Tumut was similar to studies conducted elsewhere (Table 7). However,
the values from this study were likely to be under-estima tes, as most animals continued to
accumulate new den trees when sampling was concluded. The four animals that did approach
the asymptote in the number den trees used were all females, and they used between two and six
den trees each. Other females occupied considerably more dens (up to 10), and were using
additional new den trees at the completion of tracking.

The data gathered at Tumut suggests that given the opportunity, individuals attempt to occupy as
many den trees as possible within their home range. This supports conclusions by Kehl and
Borsboom (1984) who found that the total number of dens used was a reflection of den
availability. Lindenmaye r et al. (1996b) came to a similar conclusion when studying

Trichosurus caninus in the central highlands of Victoria, where individuals maintained primary
dens (trees used frequently), and tried to also use all other potentially suitable nest sites within
their home range. Because individuals use multiple den trees over time, and continue to
accumulate new den trees, it is essential for summaries of den use by arboreal marsupials be
qualified by the sample period, particularly if accurate comparisons are to be made between
different studies.
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Table 7. Summary of multiple den tree use by P. volans. These figures give an insight into
the number of dens used. However, limited comparison can be made because of varying
periods, different methods, and different reporting units between different studies.

Number of Dens

Author(s)

Field Location

Used

Method used to
count den use

Kehl and Borsboom
1984

Wong i State Forest sou th-east
Old

Radio track ing

2-5 dens ha-1

Norton 1988

Morton National Park, Southern
Tab lelands NSW

Trailing animals

4-6 dens per month

Comport et al. 1996

Wet-Trop ics , north -east Old

Radio tracking

2-13 den trees

Th is study

Buccleuch State Fo rest, South
West Slopes NSW.

Rad io tracking

4-18 dens
data from an extended
study over three years

over 40 non -sequential
trackin da s

5.5.1 Patch Differences
P. volans used trees in a simil ar fas hion in all patches except 490 , where th e two resi dent
animals occupied sign ifican tl y fewer trees. The size of a patch limits the number of suitable
tree available for den use. D en trees appear to be a critical requirement for the survival of
individual P. volans. It is likely there will be a mi nim um nu mber for per istence. The number
of uitable dens in patch 490 may be approachi ng such a minim um, because in compari on with
the other patches , there were fewer den trees used per individual and a lower rate of new den
trees accumulated by males. It may be possible to test if these animal were approaching a
minimum requirement by removing den trees and asses ing any potential change in the
population. This was not within the scope of this inve tigation.

It i po

ible that natural variation aero

the land cape may cau e difference in den tree

abundance between patche . However thi is unlikely to account for the large difference
ob er ed in animal ' den use between patches 490, C3 and E3. Until plantation e tabli hment
( 1979- 1982 in thi ca e). all patche were part of continuou eucalypt fore t cover characteri ed
by a imilar di turbance hi tor . en ironment and tree pecie compo ition. Therefore, it i
po
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ible that difference in den tree u e between patche i related to other factor

uch a patch

size or patch shape. These factors may have an influence via secondary effects such as
population density. This will be explored further in Chapter 7 .

5.5.2 Differences in den tree use between sexes
There were a number of differences in the way males and females used den trees at Tumut.
First, males used significantly more den trees than females and these were distributed over a
larger area (refer to Chapter 4.4.1). This may be related to the different reproductive strategies
employed by each sex . Henry (1984) suggested that males maintain female partnerships by
monopolisin g access to desirable resources (such as den trees) and limiting access to females by
maintaining overlapping territories exclusive of other males. The use of additional den trees by
males may be to assert a wider ten·itorial presence and maintain contact with their mate(s).
Second, in addition to using more den trees per se, males used a greater proportion of den trees
· for single visits. This supports the hypothesis that additional dens are used on a temporary basis
to maintain a presence across the entire home range. Third, males and females used dens trees
differently between large and small patches. Although males used a greater proportion of den
trees than females in small patches, the rate at which individuals used new den trees was
noticeably lower (Figure 20). Population density was negatively correlated with patch size (see
section 4.5.3), and may influence the rate animals use additional trees. Den tree availability is a
function of the number of trees present and inter/intra-specific competition for these trees. Thus,
the availability of dens may be limited in small patches with high population densities. Animal s
may have access to sufficient primary den sites for survival, but competition may limit the
number of supplementa ry dens used. It may be that den tree use at Tumut was curtailed only in
patches with high population den sities, particularly patches 490 and E3.

5.5.3 Charateristics of trees used for denning
P. volans selected trees with particular morphologic al characteristics. Den trees were not simpl y
a random set of trees present in each patch , but were the largest and oldest trees present.
Hollows become more abundant in large trees as they senesce (Gibbons and Lindenmaye r 2002).
Hence, big old trees have a greater number of hollows and therefore a higher probability of use.
Several authors have reported similar findings. Davey (1989) found populations of P. volans
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and the Yellow Bellied Glider (Petaurus australis) near Batemans Bay ( SW) occupied tree
ranging from 80-200 cm dbh. A study by Kehl and Borsboom (1984) in Queensland found that

P. volans most commonly used den trees with stems more than 50 centimetres dbh. In thi study
near Tumut, the con tructed variables that defined the probability of a tree being used
[Log(diameter)] and to a lesser extent [Log(crown break)] and [Log (diameter/cro·wn diameter)]
are indicative measures of senescent trees (refer to Figure 24, and Figure 26). Durin g
senescence, trees often develop epicormic branches on the main stem as the primary crown
recedes. This may account for the negative relationship with crown ba e (Figure 25). Likewi e,
the ratio of stem diameter to crown diameter increases as trees senesce (Figure 26) since tern
diameter continues to increase until death, whereas crown diameter recedes after maturity
(Jacobs 1955).

Some studies appear to suggest that arboreal marsupials favour certain tree species for denning.
For example (Compo11 et al. 1996) found that P. volans niinor preferred White Mahogany

(E. ac,nenoides) and Lemon Scented Gum (E. citriodora). However, it is more likely that den
selection is primarily based on physical attributes of tree hoIIows. Gibbons and Linden mayer

(2002) report that the physiological traits of certain tree species meant they formed hollow more
readily. Therefore, an apparent tree pecies preference may, in fact , be related to a greater
abundance of suitable hollows in that species. This appears to be the case at Tumut. Of the tree
species in the study area at Tumut, E. viniinalis IE. dalrynipleana upport the highest numbers of
ob ious hoIIows. P. i olans used the e tree species at ignificantly higher levels than would be
expected if animal

elected den tree species at random (Table 6).

5.5.4 Den tree sharing
Pre1iminar genetic analysi by Taylor et al. (unpubli hed data) ugge t pair of animal which
hare den tree v ere either unrelated adult of the oppo ite ex or mother and their off pring. If

P. volans a oid

harin2: den with adult relative . it mu t ha ea mechani m to determine
~

,

re1atednes . P. volans ha e limited ocal capacit (Biggin 1984) and therefore chemical
communication i thought to play an important role in clarifying territorie , den ite and
indi vi dual identi t

tatu . It i important that indi idual ha e the abi 1i ty to choo e unrelated

mate if the deleteriou effect of inbreeding are to be a oided (Lac
develop trategie to deter breeding bet een clo e relati e ·.
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1993). Mo t pecie

Den sharing between mothers and their offspring is common in P. volans because mothers
maintain close maternal contact with their young in the pouch then as back young, and for an
additional period when juveniles are semi-independent. Sharing between adults and sub-adults
was not observed between December and May. Sharing may have been overlooked during this
period as the young were to small too safely collar and young from the previous year were
approaching maturity, (and thus are less likely to share with their parents). Although it is likely
that a large proportion of adult/sub-adult and adult/juvenile sharing remained undetected, it was
suspected sharing between adults and their young declines as juveniles become more
independent.

Sharing between adult males and females was observed in all months except December 1997,
with the greatest incidence of sharing between February and June. Henry ( 1984) noted that den
sharing was particularly common between male and female breeding pairs, particularly during
the breeding season (February - March). The annual pattern of variation in sharing between
adult pairs at Tumut also may be related to the annual social cycle described by Henry (1984)
(refer to Figure 3).

The two observations of male-male den tree sharing were between a single sub-adult male
sharing with two adults on separate occasions. No genetic material was collected from the subadult males, so their relatedness is unknown. Den tree sharing between male P. volans has not
previously been reported. Henry (1984), suggested that adult males may be intolerant of
juveniles, and may enforce their dispersal. Instances of sharing between adult and sub-adult
males were observed in August 1998 and October 1998, shortly before sub-adults were expected
to disperse. Male/male sharing may have been a prelude to adult males enforcing the dispersal
of young males. If enforced dispersal leads to sub-adult mortality as suggested by TyndaleBiscoe and Smith (1969a), it will lead to a female sex bias which is typical of many populations
of P. volans (including the ones at Tumut). Such skewed patterns in the sex ratio also facilitate a
polygynous mating system in the species (Henry 1985, Tyndale-Biscoe and Smith 1969a).
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5.5.5 Co-use of den trees
The variables that were associated with the probability of a tree being selected for denning [i.e.
average log (size), log (diameter/crown diameter), and log (crown height)] were also related to
the number of individuals likely to use a given tree. This made it possible to predict which trees
were most likely to be co-used. Based on results of preliminary genetic analysis (A. Taylor et al.
unpublished data), adult males and females that co-used trees were generally unrelated and
assumed to be a mated pair. In high-density populations of P. volans, multiple males used
particular den trees over time. High population density may compel competing males to co-use
den trees. This was not observed in low-density populations, both in this investigation as well as
other studies reported to date.

It is difficult to contrast co-use of den trees in remnant patches in this study with results from
continuous populations in other studies (e.g.,. those obtained by Henry, 1985). Only methods
such as radio tracking can_accurately identify patterns of den tree use by a given individual.
Since radio tracking has rarely been used to study large samples of any given P. volans
population (particularly due to the difficulty of catching animals), there are few comparable
results that discuss the incidence of co-use. Instances where three individuals used single trees
occurred only in patches E3 and C3. This was most likely related to the larger numbers of
individuals in these patches, and thus greater potential for conjoint den tree use. Indeed, based
on home range overlap, some areas in E3 and C3 had the potential for up to five animals to use a
given tree. Such numbers of animals sharing or co-using den trees were not detected. However,
it is possible that more co-use would have been observed with greater sampling.

5.5.6 Den use frequency
Individuals generally used a few den trees regularly, and numerous others infrequently. Primary
den trees (those used most frequently) were located in, or close to core home range areas (section
4.4.1 ), while the remaining den trees were di stributed throughout an animal's entire home range.

Multiple den use has been observed in most arboreal marsupial s (see Gibbon s and Lindenmayer
2002). The benefits of 111ultiple den use include:1.

88

predator avoi dan ce because of less predictable den tree emergence behaviour,

ii.
111.

limiting infestations of parasites by swapping regularly between dens,
efficient use of space by utilising dens close to areas of activity (e.g., animals may use the
closest den to nightly feeding sites); and

1v.

clarification of territorial "ownership" , by using many den sites dispersed throughout
individuals territory.

All of these may apply to P. volans.

There were seasonal differences in den tree use at Tumut. Males and females were more likely
to use a given den tree on successive nights between April-May and June-Octobe r. Females may
favour primary den sites during these periods as they offer more suitable locations for raising
young. Males may favour primary den sites during these times because of the need to maintain
strict territorial boundaries. In addition, the need to monopolize access to females is reduced at
these times because females are not sexually receptive. Climate also may influence the selection
of dens as these periods correspond to colder months when superior thermal properties of trees
might influence their use.

5.5. 7 Conclusion
The establishmen t of exotic conifer plantations at Tumut has left an array of fragmented remnant
eucalypt patches. Habitat loss and fragmentatio n results ·in the net loss of den trees across a
region, but does not generally influence the proportion of den trees within remnant patches. If
habitat fragmentatio n increases population densities of P. volans, as is thought to occur in small
remnants in this study, individuals may experience greater competition for the finite number of
den sites that exist in them. Evidence for this is the lower numbers of dens used in patches with
high population densities. This may indicate den use was limited by competition. Ultimately,
den tree availability may strongly influence the carrying capacity of a patch. This conclusion is
supported by Lindenmaye r et al. (1990) who found that the abundance of P. volans in central
highlands of Victoria, was related to the abundance of hollows. Indeed, a number of authors
have linked P. volans habitat quality to the dbh of trees. The relationship between dbh and the
abundance of hollows is well documented (Lindenmay er et al. 1993b; Gibbons et al. 2002;
Lindenmaye r et al .. 2000b). Therefore, the use of dbh in defining P. volans habitat quality may
be related to the relationship between dbh_and the abundance of hollow.
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All radio tracked animals were observed using multiple den trees, however the way animals used
these dens varied between sexes, and between large and small patches. Differences in den tree
use between sexes was thought to relate to differences in sexual strategy, whilst difference
between large and small patches was thought to be related to population density and competition
for den sites.

Sharing and co-use of den trees is largely determined by home range overlap. Consequently,
sharing and co-use generally occurred between mates and also between parents with their young.
The overall size of a tree [average Jog (size)] was the best predictor of den tree selection . It also
influenced the number of animals likely to use a given tree, and the number of visits a given tree
was likely to recieve.
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Chapter 6 P. volans use of trees when active at night.

6.1 Abstract
Nightly use of remnant patches P. volans was assessed by recoding details of 40 radio collared
individuals. The aim of this work was to quantify aspects of feed tree use by P. volans. The
number of visits by an animal to each tree, the number of different animals recorded using each
tree, and the characteristics of trees that animals used (diameter, height, crown diameter, and
height of the crown base) were recorded, together with the category of activity or behaviour.
Males and females have similar activity patterns when active at night. Indeed, there were no
significant differences in activities between individuals across the five remnant patches.
Individuals spent most of the night feeding, and perching in the upper canopy. Feeding was
conducted across a broad selection of trees and tree species within each remnant patch. Most
trees were used independently, and sharing and co-use was generally between adult males and
female (assumed mates), and females sharing with their young. The probability that a tree was
used and the number of visits that a tree was likely to receive was significantly influenced by the
"size" of a tree.

6.2 Introduction
P. volans is a strictly nocturnal arboreal marsupial folivore, typically occupying the upper part of
the canopy. It has been speculated that P. volans is close to the maximum weight for volplaning
(gliding) and the minimum size to sustain a folivorous diet (Norton 1988). Foliage is
nutritionally poor compared to other food sources, and therefore strict folivores have low
metabolic rates and larger digestive tracts for extracting nutrients and energy from their food
(Hume et al. 1984). Consequently, folivores are typically large animals with complex digestive
systems. However, P. volans is thought to be limited to a size of approximately 1.5kg or less if it
. is to retain its gliding capacity (Norton 1988).

A scherohpyllous diet based on eucalypt foliage is particularly challenging because it contains
large quantities of lignocellulose, makes it slow to ferment. Indeed, sclerophylly is thought to be
an important mechanism used by trees to deter browsing, and folivorous species such as
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P. volans have evolved special adaptations digest such leaves. Fine digesta are selectively
retained in the caecum, which a11ows increased fermentation since microbial bacterial have a
greater surface area upon which to act. The slow fermentation rates of eucalypt foliage and
sma11 stomach capacity of P. volans are thought to limit food intake and hence the amount of
extractable energy. Ultimately, these factors dictate the activi ty patterns of the species when it is
active at night. Animals often remain stationary for prolonged periods to assist digestion of the
food and conserve energy (Hume 1999). Since P. volans has limited fat reserves , individuals are
required to feed regularly each night.

The study did not examine the chemical characteri stics of trees chosen by individuals , but
concentrated on animal use of trees and activi ty patterns within remnant patches. The que tions
posed in this chapter include:- D o males and females have the same activity patterns , and use
trees in a similar fashion? Do animals use different tree species differently? Does season
influence foliage selection? Do individuals share trees during nightly activities and if so, what
influences sharing (maturity, sex or season)? Does the morphological characteristics of a tree
influence its probability of use? Were there differences in activity pattern s between patches?

6.3 Methods
Detail s of the study area and general field protocol s are outlined in Chapter 3

6.3 .1 Night Activity
R adio tracking was u ed to locate P. volans at night. Tracking always started one hour after dark
to a11ow animals ufficient time to emerge from their den s. The order of patch sampling for
radio tracking, and the selection of animals within patches, was varied randomly to avoid
sy tematic bias. Animals were tracked for five con ecutive nights each month over a year.

When collared animal were located in a tree, the tree pec1e and dbh were recorded. The
height of the animal above the ground wa vis uall y e ti mated to the neare t metre. The activity
of the individual when fir t sighted was assigned to one of three categorie
i)

feeding .

ii)

perching, ( itting on a branch often inter per ed with period of grooming),
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iii)

moving, (actively changing location within the canopy).

The night-time locations of animals were plotted on a GIS and overlaid with topographic
features and home range polygons. If the activity patterns are spatially dependent, or influenced
by topography, then activities may appear aggregated (e.g. around certain topographic features).
The feeding locations (as opposed to night time locations per se) of each individual was overlaid
onto its home range and core area. This analysis attempted to further address the question
whether an individual's activity patterns were limited to particular areas within an animal's home
range. For example, was feeding restricted to core areas?

6.3.2 Measuring tree attributes
The measuremen t of tree attributes is covered in section 5.3.1.
A number of variables was measured on each visited and a sub-set of unused trees. These
variables were diameter (dbh), height, crown break, and crown diameter (refer to section 3.1.6).
Because these variables were largely co-linear, principal component analysis was used to
determine how many dimensions were present in the data. As with den tree selection, the
majority of the variation (76%) could be explained by the "size" of a tree. This was the average
of the logarithm of each of the measured variables, (dbh, height, crown break, and crown
diameter).

Tree Species

Tree species were identified from features of leaves, bark, buds and fruit. For the purpose of this
chapter E. vin1inalis and E. dalryniplean a were pooled and treated as one species group because
of difficulty in separating these taxa (Brooker and Kleinig 1983).

6.4 Results

6.4.1 Activity Patterns
A total of 40 individuals was tracked in the five remnant eucalypt patches studied at Tumut
between September 1997 and October 1998. Radio collared animals were observed making 663
visits to 433 trees. Animals were visually sighted in 99 % of the observations . The remaining
1% were attributed to animals remaining in their dens when tracking took place. Individuals
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were recorded feeding during 42% of sightings. Perching was observed in 54% of cases, and
animals were observed moving through the canopy in 4 % of cases . There was no difference in
activity patterns between males and females. Individuals predominantly used the upper canopy,
with 76% of activities recorded in the top half of trees. The height of an animal above the
grou nd was not significantly related to activity pattern (after accounting for tree height and
individual behaviour). Individuals were recorded using similar proportion of trees , and had
similar activity patters regardless of gender.

Overlay plots revealed that 96 % of all observations were within remnant patches. Only 4% of
observations related to individuals using neighbouring Radiata Pine plantation. Animals that
used the plantation traveled only a small distance from the edge, usually less than 20 metres
(refer to Figure 29). Within remnant patches , no spatial clustering of activities was observed.
However, patch 276b and patch D3 contained some vegetation communities that remained
unused. These areas consisted of heathy wetlands in patch 276b, and dry sclerophyll forest in
patch D3 .

No spatial relationships in activity patterns were identified. This suggested that feeding was
undertaken in a random manner throughout each animal's home range. There is a degree of
correlation between feeding data and home range polygons because the feeding locations were
used in home range calculations. However, if strong spatial relation ships existed, they should be
apparent as more than half the data used to calculate home range polygons were location data
unrelated to feeding.
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Figure 29. Records of P. volans observed in stands of Pinus radiata during night time
tracking
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6.4.2 Patterns of feed tree use
P. volans individuals were observed using a total of 433 trees during night-time surveys. Only
17 % were· used by more than one individual. As with den trees, multiple animals may vi it trees
simultaneously or independently over time. Without defining the type of multiple use of trees,
16% of trees were used by two animals, 1% of trees were used by three animals , and 0.5 % of
trees were used by four animals (Figure 30).

A well as the potential for a tree to be used by multiple animals, a tree may be revisited on
subsequent nights by a given individual. The majority of trees (70%) were visited once, and the
maximum number of visits received by any tree was 14 - this was the sum of visits from three
indi victuals. In high-density populations, where animals had largely overlapping home range ,
co-use of particular trees may be unavoidable. Four individuals that shared overlapping home
ranges in patch E3 were recorded using a single tree over time. The number of visits to trees
during night time tracking is summarised in Figure 31. The proportion of visits trees received
was consistent between patches, as was the use of trees by multiple animals; the later being
capped by the number of indi victuals within each patch.

Results show the cumulative use of trees during night-time activities was related to sample size.
This is similar to the cumulative use of den trees (Chapter 5.4.1). When sample size wa taken
into account, there was no apparent relationship observed in the proportion of trees used in a
patch based on gender, patch size, or patch population density.
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Figure 30. The frequency distribution of P. volans usage of trees during night time radio
tracking. Data are summarised for all patches. Clearly the majority of trees were used by
single individuals.
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Figure 31. The frequency disttribution of P. volans visits to trees. Data are summarised
across all five patches in this study. The majority of trees received one visit.
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6.4.3 Sharing and Co-use of trees during night time activities
Approximately 96% of observations were of a single animal in trees. The use of trees by two
individuals simultaneously occurred in the remaining 4 % of cases . As with den trees, multiple
individuals may use a given tree simultaneously (termed "sharing") or independently over time,
(termed "co-use").

Co-use was observed in 13 % of trees and was predominantly between adult males and adult
females (79% ). It was observed between two males in 11 % of co-use cases and between two
females in 10% of co-use cases. Most cases of sharing were observed between an adult male and
an adult female, although cases of sharing also occurred between adults with sub-adults and
same sex pairs. The incidence of sharing and co-use may have been underestimated, as a small
number of uncollared animals were known to exist in remnant patches during some tracking
periods and juveniles which are known to trail their mothers, were too small to collar safely.
However, the proportions _of sharing, co-use and independent visits should remain consistent in
the adult population, as the results presented here represent a large "sample" of the populations.

Sharing was observed across all months in which radio tracking was undertaken except April.
There were insufficient data to test for significant differences in seasonal variations in sharing.
However, a graph of monthly data for adult males observed sharing trees with females show
some interesting trends (Figure 32).
•

The percentage of cases where adult males were observed simultaneously sharing
trees with females never exceeded 12%.

•

In April 1998, July 1998, and August 1998 there were no records of simultaneou
sharing.

•

There was more sharing observed before mating season (October - January) than
during the mating season in March-April.

•

The highest percentage of sharing was observed late in the breeding season, May
1999.

Further studies over consecutive years would be required to assess the significance of any
pattern s of tree harin g between adult males and females at night.
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Figure 32. The percentage of total observations of adult males where they were observed
simultaneously occupying trees with females at night. The total number of observations of
males for each month is presented across the top of the chart.

12 ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - ~
27
22
40
18
19
13
16
42
0
11
45
52

10

8

Q)

Cl

s

~

6

~

Q)

c..

4

2

Sep-97

Oct-97

Nov-97

Dec-97

Jan-98

Feb-98

Mar-98

Apr-98

May-98

Jun-98

Jul-98

Aug-98

A total of 15 unique pairs comprising 22 individuals shared 21 trees on 24 occasions during
night surveys. This means some individuals shared trees with more than one animal. Repeated
sharing on separate nights was most commonly recorded between adult males and females. Two
pairs were observed sharing trees on up to four separate nights. Repeated sharing between same
sex pairs was recorded only between an adult/sub-adult female pair who used the same tree on
two separate nights in the same week. Genetic analysis indicated that these animals may be
sisters.

An obvious question arises. Do individuals that feed in the same tree at night also share den
trees? Of the 15 pairs observed sharing trees at night, only six were observed sharing den trees
during the day. · From preliminary genetic analysis, four pairs were unrelated and were likely to
be mated pairs, one pair were likely to be sisters (as mentioned above), and one pair was thought
· to be a mother with her young.
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6.4.4 Tree Characteristics
Morphological attributes

Logi stic regress ion was used to determine whether "size" influenced the probability of a tree
bein g used. Poi sson regression was used to interpret whether "size" influenced the probability of
a tree bein g used for nil , one, two , three or four visits. The probability that a tree was used
increased with "size" until approaching an asymptote of one, - i.e. all large trees were used
(Figure 33 ). The probability of a tree being used for muliple visits al so increased with "size"
(Figure 34 ). Therefore the probability of a tree being used, and the probability that it would
receive multiple vi sits over time increased with tree size.

Figure 33. Predictions from a logistic regression model showing the relationship between
the probability of a tree being used and the "size" of a tree. The hatched line shows the
95 % confidence interval ·around the mean predicted value (solid line).

1.0
p<0.00 1

,

I

I

I

I

I

I
...,
C/.

I

>
I

..D

w

I

I

0

~

..D

'

9
c:i:

I

I'

'

I

I

'

0.4

'

I

I

I

I

I

0.6

I

I

I
I

/

,,

I

0.8

-- --

/ - ----,I /

''

I

''

''

I

I
I

0.2

I

I

I

/

0.0
2

3
Average Log (s ize)

100

4

Figure 34. Predictions from a poisson regression model showing the relationship between
the predicted number of visits and the average Log "size" of a tree. The hatched line shows
the 95 % confidence interval around the mean predicted value (solid line).
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Tree Species

Approximately 48% of trees used during night time surveys were from three species of
eucalypts. These were E. viminalis, E. dalrympleana and E. radiata. An assessment of
projected foliage cover using aerial photo interpretation (API) revealed a ratio of approximately
3:2, [E. radiata:E. viminalis and E. dalry,npleana]. This is reflected in the results as a greater
number of E. radiata trees were used (41 % ), compared with E. viminalis and E. dalrympleana
(33%) (Figure 35). However, when considering the total number of visits (which accounts for
repeat visits to some trees), E. viminalis and E. dalrympleana received 6% more visits than

E. radiata (refer to Figure 36). Given the relative proportions of these species, thi s suggests
P. volans have a select preference for E. viminalis and E. dalry,npleana. This, result is
highlighted when tree species was incorporated into logistic and poisson regression models
(above). The probability that individuals used E. radiata, and the predicted number of visits for

. E. radiata was significantly less than E. viniinalis and E. dalrympleana and all other species
(Figure 38).
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Figure 35. The frequency distribution of tree species used by P. volans during night time
radio tracking surveys. These data are based on the presence of a collared individual in a
tr ee, and does not discriminate between activities.
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Figure 36. The frequency distribution of tree species, total visits during night time radio
tracking surveys. These date account for repeat visits by individuals to some trees.
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Figure 37. The results of logistic regression analysis showing the relationship between the
probability of a given tree being used (including the 95% confidence limits) given the tree
species. The category "other" includes several minor tree species including P. radiata, E.

pauciflora, E. bridgesiana, A. melanoxylon and standing dead trees. The probability of E.
radiata being used was significantly less than all other species.
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Figure 38. The results of poisson regression analysis showing the relationship between the
predicted number of visits (with 95 % confidence limits) and different tree species groups.
The category "other" includes several minor tree species including P. radiata, E. pauciflora,
E. bridgesiana, A. melanoxylon and standing dead trees. The predicted number of visits for
E. radiata was significantly less than for all other species.
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The use of tree species for feeding

Data for trees where animals were observed actively feeding were considered separately from
combined data on visits per se. Individuals were observed feeding on foliage from all eucalypt
species present within remnant patches with the exception of Apple Box (E. bridgesiana). Table
8 details the number of feeding observations in each tree species . Feeding was observed in

E. viniinalis and E. dalrympleana in 12% more cases than E. radiata. Although this result is
partially dependent on the relative proportions of these species visited, when combined with the
results on the probability of use (see section above) and the predicted number of visits (see
. section above), P. volans had a preference for E. viniinalis and E. dalrympleana.
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Table 8. Number and percentage of observations where P. volans were observed feeding in
each tree species.

Species

Number offeeding observations

Percent

E. viminalis IE. dalrympleana

100

42

E. radiata

72

30

E. camphora

23

10

P. radiata

16

7

E. macrorhyncha

14

6

E. dives

4

2

A. melanoxylon

4

2

E. pauciflora

2

1

Observations of P. volans -feeding on P. radiata have rarely been reported before. A total of 20
individuals was observed usi ng P. radiata trees, although there were only ten in which animals
were observed actively feeding. Particular individual s were repeatedly observed visiting P.

radiata between June and September. For example animal #55 (male) used P. radiata on six out
of the ten nights it was radio tracked. Observation s of individuals usi ng binoculars revealed
animals browsi ng on yo ung male cones and buds which are only present during late winter and
early spring.

The seasonal trends in feeding were assessed by plotting the proportion of feeding observations
in each tree species, at monthly intervals (Figure 39). E. radiata and E. viniinalis and

E. dalrynipleana were used in an opposing fashion, an increase in the u e of one was associated
with a decline the use of the other. E. vilninalis and E. dalrynipleana was used most between
January and June, while the highest use of E. radiata occurred between June and November.

E. ,nacrorhyncha and P. radiata showed similar seasonal patterns of use, and both were used
most frequently between June and November. E. caniphora was u ed most between January and
March , and least between April and June.
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Figure 39. The proportion of feeding observations in each species on a monthly basis. The
graphics show clear seasonal trends in feeding for each tree species.
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6.4.5 Differences in between patches
Radio tracking results were analysed to examine night activities per se (i.e all categories of
.

.

behaviour combined), but importantly also to determine if there were any differences in activity,
and feeding between animals in different patches. The number of trees used, and the number of
repeat visits was similar in each patch. The number of trees used by multiple animals, through
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sharing and co-use also was similar between patches. Therefore, unlike home range area and den
tree use, there were no significant differences in the way individuals used trees in remnant
patches during night activities.

6.5 Discussion
The sma11 stomach capacity and sc1erophy11ous diet of P. volans is thought to be an important
determinant governing energy expenditure. Individuals spend most of their time resting and
feeding (see above). These characteristics are consistent with conservative energy use in other
eucalypt folivores such as P. peregrinus and P. cinereus (Norton 1988; White 1999). The
amount of time P. volans actively spend feeding may be limited by the gut fi11ing effect of
eucalypt foliage (Norton 1988). When combined with the slow digestion rates (Foley et al.
1987) and the low levels of macronutrients in eucalypt foliage , individuals may benefit most
from spending much of the night resting interspersed with sho1i feeding sessions to maximi se
stomach throughput. Results from this and other studies (Kavanagh 1987, Norton 1988) support
this conclusion. Individuals were mostly observed feeding or resting and moving was rarely
observed (4% of cases). Movements were usua11y very slow. During nightly observation s
between one hour after darkness and until the completion of tracking (usua1ly before 0200hrs)
animals were usua11y active outside of their den sites irrespective of weather condition s or moon
phase. This result is consistent with the findings of Kavanagh and Lambert (1990) who reported

P. volans was active each night. They found no significant difference in the ability to observe
animals between the first 2-3 hours of the night and 4-6 hours after darkness . Norton ( 1988) also
observed that individuals were active each night, and remained active for approximately eight
hours. By remaining outside their dens and feeding regularly, animals may conserve energy and
maximise stomach capacity. If animals avoid returning to their den s sites between bout of
feedi ng they may expend less energy by making fewer 111ovements. Limited movement also may
better protect animals from predators and by not returning to den sties on multiple occasions
during the night, indi vi dual s reduce the chance of revealing the location of den sites to predators.

Feeding behaviour

Indi vid uals at Tumut fed on a broad range of tree species. However, they showed a preference
for particular tree pecies and used all feed tree specie on a seasonal basis. Henry ( 1985 )
attrib uted seasonal variation in the diet of P. volans to the avai lability of young leaves. He found

P. volans feed on the greatest di ver ity of eucalypt species during spring and summer which
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corresponded to the time when tree species experience flushes of new growth. Seasonal
variation in the eucalypt diet of marsupial folivores has been observed by numerous authors (see
Moore and Foley 2000 for a review) . Results from this study found that individual P. volans
feed upon various eucalypt and non-eucalypt species in different proportions and this varied
between seasons. The greatest range of tree species was consumed in July, August, September
and October. This might be due to animals searching for young leaves, which have high nutrient
value relative to other less palatable components. This may be particularly important for females
because it corresponds to a major period of growth and development in the young since
dependent young have a high metabolic cost (H. Tindale-Biscoe pers.com.). The relationship
between foliage consumption and new foliage growth was not specifically measured in this
study. Eucalypt growth is variable within and between species and season. Therefore, detailed
climatic analysis, correlated with the foliage growth rates of various species would be required
before any relationship with P. volans feeding behaviour could be explored.

A search for foliage with an increased moisture content may cause changes in browsing patterns
over summer. This may explain the increase use of E. camphora between January and March
when the greatest drought stress occurs at Tumut. As E. caniphora favours water courses and
wetter sites, it is possible that this species has more succulent foliage than other tree species
found elsewhere in the landscape, at a time when moisture may be limited.

Although the results showed a seasonal pattern in food selection, it was not within the scope of
this project make qualitative or quantitative measurements of feeding within or between months .
Marples (1973) found no significant seasonal differences in the stomach contents of P. volans at
Tumut. This suggests that although animals vary their diets between seasons, the amounts
consumed remain constant irrespective of season. The amount of foliage consumed by an
individual is most likely restricted by stomach capacity, with individuals browsing regularly to
maintain sustenance.

Tyndale-Biscoe and Smith (1969a) noted that animals at Tumut were rarely seen below the
· height of the canopy foliage of the dominant trees. Henry (1985) and Davey (1989) also found

P. volans typically occupied the upper canopy. Kavanagh and Lambert (1990) not€d P. volans
tended to feed in the top third of the canopy. Results from this study support these findings, as
64% of animals were observed in the top half of the canopy. This may also be related to the
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search for young leaves. Kavanagh and Lambert (1990) suggested that P. volans feed selectively
on young foliage because it contains higher proportions of nitrogen relative to fibre and thereby
limits the amount of lignocellulose in the diet. A search for young growth can lead individuals
to the growing tips of eucalypt foliage, which is most abundant at the periphery of the canopy.

The absence of P. volans from some areas within patches 276b, and D3 may be related to an
absence of dominant feed tree species. Although these areas contained tree species that

P. volans have been observed consuming, (P. radiata, E. camphora, and E. niacrorhyncha) they
lacked the dominant feed tree species that individuals consume in large quantities throughout
most of the year (i.e. E. radiata ·a nd E. viminalis and E. dalrympleana). This supports the
hypothesis that P. volans require some key tree species and use additional species on an
infrequent or supplementary basis when available. Bennett et al. (1991) noted that P. volans was
usually associated with E. radiata in north east Victoria, and Braithwaite (1983) suggested the
peppermint group (E. radiata, E. dives and E. elata) supported some of the best quality habitat
for arboreal marsupials at 'E den in south-eathern New South Wales. Davey's (1989) findings
support those of Braithwaite (1984) that the abundance of P. volans and other species of arboreal
marsupials was associated with soil fertility which, in turn, influences tree species presence. He
also suggested that habitat quality increased with eucalypt species diversity which could be
related to the supplementary role of "minor" or infrequently used feed tree species as suggested
above. On the basis of results from this thesis , E. radiata, E. viminalis and E. dalrynipleana
appear to be the highest quality feed trees for P. volans at Tumut.

The ability of P. volans to consume P. radiata is not widely known. The dispersal of young
coincides with periods when feeding on P. radiata buds and male cones was observed
(September, October and November). Therefore, the food resources in plantations at Tumut may
assist di spersal between remnant eucalypt patches. The only known dispersal event at Tumut
occurred sometime between 10th September and 27 th November 1997 when animal #45 moved
approximately one kilometre from patch 276b to patch E3. By feeding on P. radiata , thi
indi vidual may have been able to di sperse directly between the two remnant patches. It wa
hoped that thi s study would reveal more about the dispersal process. Unfortunately, only the one
dispersal event was recorded. However, preliminary genetic analysis indicates that more
di persal is occurring than was recorded by rad-io tracking (A. Taylor pers. co,n.).
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6.5.1 Morphological characteristics of trees used for feeding
The factors that influenced feed tree selection were explored by examining the morphological
attributes and tree species where animals were observed at night. The probability of tree use
increased with "size". Furthermore, "size" also influenced the number of visits a tree was likely
to receive. The same variable was also important in defining the probability trees were used for
denning, the probability trees would be used for denning over subsequent nights, and were used
for denning by multiple animals (see Chapter 5 ). Animals select large trees for denning as they
are more likely to contain hollows (see section 5.5.3, (Lindenmayer et al. 2000b)). Why
individuals favour large trees at night is less obvious. P. cinereus has also been found to favour
larger trees. As both P. volans and P. cinereus occupy a similar ecological niche, it seems
logical that large trees fulfil a common requirement. To date, no chemical differences have been
identified in large trees that may make them more suitable than smaller ones. However, the
study of intra-specific differences is relatively new. P. peregrinus and P. cinereus have been
shown to exhibit intra-specific preferences for foliage with lower levels of formylated
phloroglucinol compounds (FPCs) (refer to section 1.6) and this avenue of investigation may
help determine chemical characteristics that influence tree selection within a given tree species
(Moore and Foley 2000).

P. volans selected E. viminalis and E. dalrympleana for feeding in preference to E. radiata. A
study by Kavanagh and Lambert (1990) showed a similar tree species preference and this was
attributed to higher foliar nitrogen content of E. viminalis. The selection of particular tree
species by marsupial folivores is well documented (Moore in prep). Phillips and Callaghan
(2000) found P. cinereus preferred to feed on certain species and furthermore, they only browsed
these species on particular soil types. This supports conclusions drawn by Davey (1989) and
Kavanagh and Lambert (1990) who suggested that feed tree selection in P. volans was
determined by nutrient availability, which is ultimately governed by soil fertility and geological
parent material. More recent research suggests foliage selection is more specific than key tree
species on high fertility soils. As mentioned previously, eucalypt folivores are also thought to
select foliage based on a balance of nutrient levels and toxins , and it is speculated that intraspecific factors also play a role (Moore and Foley 2000).

Observations of intra-specific feeding patterns support the notion that individual trees have
different chemical traits, which individual animals can readily assess to determine the suitability
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for feeding.

If a large number of trees were unsuitable for feeding, either on a toxic or

nutritional basis, disproportionate feeding on particular (suitable) trees would be expected. This
scenario is not supported by the results for P. volans at Tumut. Although there may be intraspecific deterrents that inhibit an individual's use of certain trees, in this study 90% of trees used
during night surveys were visited once or twice. P. volans used large numbers of frees, and most
of these were only used for a small number of visits. Results of other studies are consistent with
those from Tumut. Kavanagh and Lambert (1990) found 70% of trees were used once, and
Henry (1985) reported that feeding occurred in most trees within hi s study area. Norton (1988)
reported that P. volans exerted relativley low browsing pressure on most of the feed trees. This
suggests the foliar chemistry of the dominant feed species at Tumut (and also sites studied by
Henry (1985), Norton (1988), and Kavanagh (1990)) did not markedly influence foraging
patterns.

6.5.2 Sharing of feed trees
Social interactions between individuals may be interpreted by examining records of tree sharing
(i.e. where two animals used a given tree simultaneously). Since males and females have the
greatest home range overlap with each other, it is not surprising they also have the greatest
number of encounters at night. Overall, the incidence of sharing observed (4% of all records)
highlights the solitary nature of P. volans. This result was considerably lower than that recorded
in other studies on P. volans, and the seasonal trend at Tumut was markedly different from that
reported by Henry (1984 ). Approximatley 20% of sightings of P. volans by Kavanagh and
Lambert (1990) were of two individuals per tree (except in spring when the corresponding value
was 12% ). Henry (1985) observed large variations in the number of social interactions between
males and females during each month (0-60% ), with the greatest number of social interactions
(60%) in the period prior to mating. Based on studies by Tyndale-Biscoe and Smith (1969a), the
social system and timing of the breeding cycle P. volans at Tumut is equivalent to that described
by Henry (1985). So what is the cause of this discrepancy? The number of observations of
males each month at Tumut was equivalent or greater than those recorded by Henry (1985).
However, the proportions of observations where social interactions occurred was considerably
fewer. The disparity most likely stems from different sampling techniques. Henry (1985) and
Kavanagh and Lambert (1990) trailed individuals and described their activities over time,
-

whereas this study only recorded one observation each night when animals were first sighted.
Hence, there was less chance of recording social interactions between animals using point
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observations from radio tracking relative to the continuous data collected by Henry (1985), and
Kavanagh and Lambert (1990). If it is assumed that the probability of social interaction does not
change during the night, then the results presented in this study give a more accurate portrayal of
the proportion of time animals spend together, since it is a sample of activity patterns across the
night, as opposed to a summary of nightly activity. Furthermore, by taking point observations,
opportunities to distract animals from their "normal" activities are limited. The low incidence of
tree sharing observed at Tumut suggests that although males may stay relatively close to their
female mates, they interact in only a limited way.

6.5.3 Differences in nightly activity among individuals and between individuals in
different patches
No differences were observed between activity patterns at night that could be attributed to
gender or patch. Males are known to have significantly larger home ranges (see Chapter 4 ),
however, there was no gender difference in the proportion of observations where animals were
observed moving. If males cover larger areas, then they must move over greater distances. This
anomaly is probably related to the proportion of time animals were observed moving (4%).
Norton (1988) found males spent twice the amount of time moving when compared to females .
However, as in the case of data collected by Henry (1985), Norton's (1988) result were based on
continuous data recorded by trailing an individual over an entire night.

Individuals in small patches used food resources in a similar fashion to those in large patches,
and assigned their time to different activities in a similar fashion. The consistency of activity
patterns between patches suggests that nightly activity was not affected by habitat fragmentation
at Tumut (across the range of patch sizes considered).

The congruence between feeding and activity data per se suggests they may be equivalent, ie.
animals visit trees to feed. This suggests P. volans activities are dominated by feeding , which
follows from the idea that the species persist on a marginal diet with limited energy reserves for
other activities.

If the number of suitable feed trees was limited in small patches, or in patches with high
population densities, it would be expected that there should be increased sharing and co-use of
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trees or individual trees would be visited more often. However, such results were not observed.
This contrasts with the finding for den tree selection, which showed signs of being limited in
small patches with high population densities. This suggests there are more trees available for
nightly activities (e.g., feeding) than available for denning.

Foley et al. (1990) suggested that P. volans requires 40-50 grams of dry matter per day to
maintain metabolic processes. Marples (1973) carried out postmortems on animals collected by
Tyndale Biscoe and Smith (1969a) and suggested that P. volans used approximately 20 gram
(dry weight) per day. With a daily dietary requirement for 20-50 grams of eucalypt foliage and a
maximum population density in remnant patches at Tumut of 1.66 animals ha-1, P. volans would
have an annual consumption on the order of 50kg ha-1•
The use of a large number of trees for feeding could be related to only a small proportion of the
foliage in each tree being suitable food at any given time. For example, leaves at a certain stage
of development or a small proportion of leaves (e.g., those that contain a comparatively low
concentration of toxins) might be favoured. If this was the case, and food was limited to a few
selected branches on many trees, how do individuals locate these sites? Indeed, optimal foraging
theory would suggest that animals only move if moving to resources in other trees outweigh the
costs of moving. A contrary point could be posed, if food was plentiful, is there any reason to
move? There may be a number of other important reasons to move between feeding location,
including predator avoidance by reducing predictable foraging behaviour, home range
maintenance or social interactions
With no obvious intra-specific variation (or at least a broad selection of trees to choose from) ,
re ults from this study do not support the hypothesis that P. volans are limited by food; even in
the smallest patche with high density populations. This poses the que tion: what limits

P. volans population size? Thi s will be explored in the following chapter.

6.5.4 Summary
M ale and female P. volans use remnant patches in a imilar fashion for activitie at night
regardless of patch size or population density. Individuals were generally solitary, and spent
mo t of their time perching or feeding in the top half of trees. This wa thought to allow animals
-

to con erve energy whil t maxi mi ing nouri shment by feeding on young leave on the periphery
of the crown. The haring and co-use of trees at night wa mostly between mates and females
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with their young. A large selection of tree species was used for feeding on a seasonal basis. Of
these, there was a significant preference for E. viminalis and E. dalrympleana. The overall size
of a tree [average log (size)] was used to model the probability a tree would be visited, and the
number of visits that a tree was likely to receive.
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Chapter 7 General Discussion
Chapters 4,

? and 6 explored P. volans use of space, den tree selection during the day, and

activities at night. This chapter provides a general discussion of the combined results.

Tyndale-Biscoe and Smith's (1969a) study of P. volans populations at Tumut represents a large
baseline data set in equivalent forest types which allows some comparisons with this study.
1
They reported population densities of between 0.4 to 0.83 animals ha- across the Peppermint-

Mountain/Manna Gum forest types surveyed. Comparable densities of between 0.56 to 0.60
1
animals ha- were observed in large remnant patches in this study. However, small remnant
1
patches had population densities between 1.25 - 1.66 animals ha- .

Tyndale-Biscoe and Smith (1969a) found that individual P. volans were uniformly distributed in
suitable habitat~ a finding supported by Henry (1985). This suggests that population densities
should be relatively homogeneous in uniform habitat. Thus, the assumption is made that small
patches in this study had higher population densities, which was unrelated to any natural
variation that may occur across the landscape.

Some studies have identified short-term population increases following habitat fragmentation.
This has been attributed to surviving individuals crowding into remaining remnants , during or
immediately after habitat disturbance (Wolff et al. 1997). This type of crowding effect was not
observed in remnant P. volans populations at Tumut. Indeed, Tyndale-Biscoe and Smith
(1969b) found individuals only survived in remnants if part of their original home range was left
intact. The reason why individual P. volans have such strong site affinities is unknown.
However, high populations densities in the smaller remnant patches is unlikely to be caused by
an influx of displaced animals following the destruction of adjoining habitat during plantation
establishment.

Higher populations levels in smaller remnant patches appears to have parallels with the island
· syndrome described by Adler (1996), and the fence effect recorded by Krebs et al. (1969). Both
theories attribute increased population density relating to reduced dispersal, and both are
expected to be empahsised in smaller remnant patche . Ostfeld (1994), noted that the fence
effect was most applicable to areas surrounded by poor quality habitat. A casual observer may
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think this describes the contrast between eucalypt remnants and the plantation in this study.
However, since the surrounds consist of a forest matrix, P. volans may be able to move between
re111nants without descending to the ground. Combined with the surprising result that P. volans
can feed on developing P. radiata buds during certain times of the year (refer to section 6.5 .1 ),

P. volans have a pathway and potential food resource when moving between remnant patches.

Evidence that undermines the existence of a fence effect or the island syndrome includes that of

P. volans moving between remnant patches. One collared animal moved between study patches
and several animals are likely to have immigrated and emigrated from the study area. Evidence
for this was the number of radio collared animals that disappeared from remnant patches (a
portion of these were thought to be emigrants), ,and the number of other animals that arrived in
patches after the exhaustive patch searches when the original suite of animals were collared (see
section 3.1.4). An example of an immigrant is animal #58 that arrived in patch 490 from an
unknown source area. Because of the small size of this patch and the repeated number of
surveys undertaken there, it was unlikely that this animal was previously undetected. There were
a number of similar cases [See data for animals with identity numbers greater than 50 in
appendix 1. Some of these individuals were sub-adults that were previously too small to collar
and some were probably adults that were previously undetected. However, many were likely to
be immigrants from neighbouring patches]. Further evidence that individuals can traverse
through the plantation was illustrated in patch E3 where animal #31 (a male) would often make
trips through the plantation to feed in a small cluster of trees lining the road to the east (see
Figure 8). Genetic analysis also confirms that there is dispersal between remnant patches remnant populations do not show significant signs of inbreeding (based on preliminary analysis),
and small populations such as those in patch D3 and 490 contained individuals that are unrelated
to each other.

The fact that a fe111ale di spersed was somewhat surprising, given males usually had larger home
ranges, and generally showed greater movement potential. Do females usually disperse?
Perhaps future genetic analysis of these populations could investigate Mitochondrial DNA since
Mitochondrial DNA is maternally transmitted and could reveal if female dispersal is common.
At the very minimum, females are known to move between patches. It is notable that these
events occun·ed against the underlying density gradient (the arrival of animals #58 in patch 490
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took the density from 1.25 to 1.89ha-1). This suggests that high density populations can
sometimes accommodate more animals.

Perhaps as wireless technology, battery efficiency, fuel cells and GPS-referenced radio collars
evolve, it will be possible to remotely record continuous movement data on a relatively small
animal such as P. volans. Currently, satellite trackers require large battery capacity to enable
signal strength to reach satellites. An alternate system to circumvent this requirement and
minimise collar weight could consist of a passive GPS collar that logs location data. These data
could then be downloaded to local data-loggers using wireless technology when prompted by an
appropriate signal. Similar systems using radio modems are already in use to record and
transmit data from remote weather stations. Such methods could help record successful and
unsuccessful dispersal events. Furthermore, this technology will allow researchers to record
movement patterns of large numbers of animals simultaneously.

Higher population density in small remnant patches suggests a degree of flexibility in the
population dynamics of P. volans. Norton (1988) theorised that food was the resource that
governed population size in P. volans. Kavanagh (1987) also thought food may be a limiting
factor and indicated it may depend on the availability of foliage high in nutrients but low in fibre
content and secondary compounds which have a detrimental effect on digestibility. Henry
(1985) also suggested that food may be the limiting resource, and suggested that food availability
in winter and during droughts may govern population levels at Glengarry in Victoria. As feeding
was spread over many trees in this study, and individuals consume 20-50 grams per night
(Marples 1973), there is little evidence that food was a factor limiting populations of P. volans at
Tumut, despite the restrictive demands of folivorous eucalypt diet. The lack of browsing
pressure on trees in the patches at Tumut is supported by careful observations of tree health
indicators. Furthermore, there was no indication that animals were in any way impoverished,
with fecundity rates and adult body weights similar to those reported by Tyndale-Biscoe and
Smith (1969a).

Phascolarctos cinereus (Koala) occupies a similar foraging niche to P. volans (i.e. a specialist
eucalypt folivore) and it can cause considerable damage to trees if animal numbers are high
(Martin and Lee 1985). High population densities and "overgrazing" has lead to tree mortality,
as well as animal starvation (Martin and Lee 1985). This raises an interesting question . What
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prevents populations of P. volans in remnant patches reaching population sizes where
overgrazing of eucalypt tree occurs? The most notable distinction between these two species is
that P. cinereus has few non-food related requirements such as den sites, and now has few
predators , in contrast to P. volans which requires tree hollows for denning and experiences
significant predation across its range (Kavanagh 1988). These factors may restrict P. volans
populations to below levels where overgrazing can occur. This also suggests that factors other
than food availability limit P. volans numbers, both in general and also at Tumut.

The importance of large trees as a key component of habitat quality for P. volans has been
illustrated in a myriad of studies (e.g., Tyndale-Biscoe and Calaby 1975; Mcllroy 1978; Kehl
and Borsboom 1984; Henry 1985; Kavanagh 1987; Lunney 1987; Norton 1988; Davey 1989;
Lindenmayer et al. 1990, 1991; Gibbons and Lindenmayer 1997, Incoll et al. 2001 ). Models
from this thesis found a significant correlation between the overall size of a tree and the
probability of:
•

night-time tree use·

•

multiple animals using a given tree at night

•

use for denning

•

use by multiple animals for denning over time.

There is an obvious and strong relationship between tree size, feeding and den use. As discussed
in Chapter 6 the reason behind the relationship between tree size and feeding is presently
unclear; but future work on foliar biochemistry may clarify this point. Kavanagh (1987)
indicated a relationship between P. volans abundance and i) site productivity, ii) standing
biomass, and iii) tree species diversity. He attributed a positive relationship between dbh and P.

volans abundance to a relationship between dbh and productivity and therefore food availabi1ity
(Kavanagh 1987). However, there is another factor, and this is the relationship between dbh and
the abundance of hollows (Gibbons and Lindenmayer 2002). Davey (1989) found that the midsuccessional forest had the highest habitat suitability for P. volans at Kiola in so uth-ea tern
SW, because it contained abundant young foliage and an adequate number of hollow s.

Lindenmayer et al. (1990) and Incoll et al. (2001 ) found that late-succes sional forests in the
Central Highl ands of Victoria supported the highest abundance of P. volans, and attributed this
to the abundance of large trees with hollows. These findings upport the importance of tree
hollows as a critical habitat component for P. volans.
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Differences in den tree use between high density populations in small patches and low density
populations in large patches suggests that den use patterns are flexible and can vary spatially._
Both sexes used dens more repeatedly in high-density populations. Furthermore, the seasonal
patterns of use suggest some den trees are preferable to others (ie primary dens). Secondary dens
may be used for auxiliary purposes (e.g., maintaining territorial presence), thereby allowing
individuals to maintain some form of "ownership" of all den trees within a home range but this
may not be essential for survival.

Den trees may be identified by following animals at night until they enter a den site (Norton
1988). Alternatively, dens may be identified by stag watching, where individual trees are
monitored at dusk to identifying which animals emerge from them (Lindenmayer et al. 1991).
Both of these methods are labour intensive and restrict the amount and type of data that can be
collected. Some researchers who suggested that dens are not a limiting factor, may not realise
the extent that animals use multiple dens. This is because of the methods they used to identify
den use. Radio tracking is currently the most efficient method of identifying patterns of den tree
use over time. A single researcher can record multiple animals per day, and collect continuous
data over sequential days. This allows patterns of "day by day" den tree use to be examined.
Kehl and Bors boom (1984) used radio tracking to reveal that one P. volans can use up to 18 den
trees over time. This study at Tumut revealed individual animals used up to 13 different dens
over 40 tracking days and most showed no indication of reduced demand for new dens (refer to
Appendix 5; Figure 18). Although there was evidence that den tree availability was becoming
limited in small patches (with males using few new den trees over time) there appears to be
sufficient flexibility to enable immigrants to become established in these patches (patches 490
and E3 , both had new animals an·ive during the course of this study). The dynamic nature of den
tree use suggests it did not severely curtail population sizes in the remnant patches studied at
Tumut.

What other factors that may influence P. volans numbers within remnant patches? If a
· population 's size is a consequence of the birth rate, and the death rate, answers come from those
factors that potentially influence the death rate. As discussed above, it is thought that food and
den tree availability are not thought to severely limit population_size. Other factors such as
disease or predation may play a role. Although , given the close proximity of patches and the

121

movement of animals between patches, disease is unlikely to cause the differences in population
den sity observed between patches. Predation however, may play a part. Kavanagh (1988)
observed a decline of 90% over 46 months in a population of P. volans, that was attributed to
predation by N. strenua. It was suggested that owls systematically targeted particular parcels of
forest, moving from one parcel to the next once resident populations of P. volans had been
depleted.

Differences in predation intensity or frequency may be responsible for variation in population
densities of P. volans between remnant patches at Tumut. Such differences may occur if:
i)

N. strenua targetted small populations to a lesser extent,

ii)

Populations in small patches recovered faster following predation; perhaps because
predators do not target patches for long periods of time.

Results from this study do not reveal which of these options, (if any) is most likely. However,
given that the population density is considerably higher than recorded by Tyndale-Biscoe and
Smith (1969a), it is not unreasonable to suggest there was a phenomena that influenced
population density in smaller patches. The notion that predation was a significant factor
determining population size is supported by the number of animals that disappeared from patches
and the observation of N. strenua in the same patches during radio tracking surveys (see section
3.1.4). The fauna database of State Forests NSW, list a N. strenua nesting site at Mt Wee Jasper,
just five kilometers from the study site (Robert Gay pers. comni.).

An effort was made to find collared animals that disappeared from remnant patches. Thi s
included radio tracking from a helicopter. Signals are much easier to detect from the air, as
signal distance is greatly increased since there are few physical obstructions such as hill s or tree
canopies. Despite these efforts, no signal s were detected from areas outside the study area,
including from Mt Wee Jasper. It is possible these animals were taken by N. strenua, and the
collars di scarded along with the remains of P. volans. Carrion-feeders such as V. vulpes and
C. faniilia ris also may have further moved the collars after eating the remain s of owl-killed
gliders. Durin g the study, the collars of three animals that di sappeared, were subsequently found
ei th er partially or completel y buried. The signal in each case was very weak becau se a layer of
so il impeded it. No anim al remains were found with these collars. It appeared as though these
collars were in V. vulpes or C. faniiliari den sites.
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The possibility that predation influences population densities in remnant patches is interesting.
Ultimately it may be the driving force that influences some of the life history differences
observed between the patches. This is a plausible suggestion, but further work on the remnant
patch landscape at Tumut is required to determine the true extent of predation at Tumut.
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Chapter 8 Conclusion
This study investigated the effects of habitat fragmentation on the Greater Glider

Petauroidies volans. Survey sites were remnant patches of eucalypt forest surrounded by Pinus
radiata plantation. Radio tracking revealed that individuals could travel between remnant
patches. This result was further supported by preliminary results from genetic analysis of
animals within remnant populations. Dispersal between patches may mitigate some of the
imputed negative impacts of habitat fragmentation.

Patch size and population density was negatively correlated. While a causal link could not be
established, it was hypothesised that this may be due to selective predation by owls. Irrespective
of the cause, differences in population density may be responsible for variations in the way
individuals used resources (home ranges and den trees) within remnant patches.

Generally P. volans appeared to utilise remnants in a similar manner to those reported from
studies in continuous eucalypt forest landscapes . For example, home range size was
significantly larger for males, than for females. However, this study also found that patch size
and population density was related to home range size for both males and females. Also, the
degree of home range overlap and the number of animals with core area overlap increased with
population density.

Overall, results show that P. volans can persist in remnant patches , and that individuals have a
degree of flexibility in their use of space and den trees , which appears to vary depending on
patch size, gender and population density.

The small number of patches investigated in this study means that there is an increased risk that
some results (e.g.,. population densities) occurred by chance and not due to any underlying
process. This should be taken into account when considering the results of inter-patch
differences. However, this is a difficult issue to address becau e of the logistics involved in a
· large number of replicated patches while radio tracking all animals in each patch.

Each of the patche studied at Tumut is embedded within a P. radiata plantation. Thi isolation
has existed for approximately 15-20 years (depending on the patch). It will be intere ting to
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monitor these patches when the SU1Tounding plantation is cleared at the end of its first rotation
(when the trees are approximately 30 years old). The remnant patches will then be surrounded
by a matrix of cleared land, which will be replanted with young P. radiata seedlings. Thi may
temporarily reduce dispersal between patches as P. volans individuals will no longer have
mature plantations as pathways between remnant patches. If remnant populations ·are
temporarily isolated, it will be interesting to assess if individuals continue to disperse between
patches or if changes in genetic diversity occur.
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Appendices
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Appendix 1. Summary statistics for individual P. volans

Patch

Animal id

Sex

Status

Weight (g)

276b
276b
276b
276b
276b
276b

42
43
44
47
48
59
24
32
58
21
22
23
25
26

female
female
female
mal e
female
male
male
female
female
femal e
fe mal e
mal e
female
male
female
female
female
female
female
male
female
male
mal e
female
male
fe mal e
fe male
female
male
fe mal e
male
fema le
male
female
male
female
mal e
male
male
fema le
fema le
fema le
fema le
male

ad ult
sub-adult
adult
adult
ad ult
sub-ad ult

11 75
775
1250
1075
1325
800
1250
1475
1275
1000
11 25
I 175
875
1225
875
1000
1225
1475
1325
I 125
975
875
875
375
11 75
1000
1275
11 75
850
1000
1250
1500
1375
1000
1000
1400
1225
1125
1250
1500
1000
11 75
925
1000

490
490
490

C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3
C3

72

CJ

73

CJ

74
39
40
29
31
33
34
35
36
37
38
41
52
53
57
60

DJ
D3
E3
E3
EJ
EJ
E3
E3
E3
EJ
E3
EJ
EJ
E3
E3
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27

28
30
46
49
50
51·
54
55
56
70
71

adult
adult
adult
adult
adult
ad ult
sub-ad ult
adult
sub-adult
adult
adult
ad ult
adult
adult
sub-ad ult
sub-adult
sub-adult
juvenile
adul t
adult
adult
ad ult
sub-ad ult
sub-adu lt
ad ult
ad ult
ad ult
ad ult
adu lt
ad ult
ad ult
ad ult
ad ult
ad ul t
adu lt
ad ult
sub-adult
ad ult

Appendix 2. Summary of dates when animals were captured in various patches. NB. Some
animals were captured twice to refit damaged collars, therefore totals of each column do
not equate to patch population sizes

Date

276B

30-Jul-97

490

C3

1

3

31-Ju/-97

4

01-Aug-97

1

06-Aug-97

D3

E3

1

2

1

07-Aug-97

2

13-Aug-97

1

14-Aug-97

2
2

15-Aug-97
27-Aug-97

4

28-Aug-97

1

1

3

29-Aug-97

3

27-Nov-97

1

24-Feb-98
21-May-98

3

22-May-98

1

1

4

23-May-98
24-May-98

1

1

2

1

1

02-Jun-98
28-Aug-98

1

02-Oct-98

2

1

1

06-Oct-98

5

02-Dec-98

3

1
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Appendix 3. Summary of night tracking data for each individual. Blank cells represent
periods when no tracking occurred. Individual animals may have non-continuous data
because of interruptions to tracking. n = the number of nights each animals was tracked.

Animal Patch

21

C3

n

Sep-97

6

4

......................... .......................... .................................

Oct-97

Nov-97 Dec-97

Jan-98

Feb-98

Mar-98 Apr-98 May-98

Jun-98

Jul-98

Aug-98

2
.................. ··································································································································································"························"············································································································································

22
C3
23
5
5
5
4
4
23
C3
29
5
5
5
4
3
2
3
2
..........................................................................................................................................................
·······························--·····································································•······•···•·······•·········· .. ·········.............................................................................................................................. .
24
490
34
5
5
5
4
4
I
2
2
6
.................................................................................................................................................................................................................................................................................
·······································································•··•··········••••·····•·····...... ········•····· ...............................
3
25
C3
13
5
5
............................................................................................................................................................
........................ ················••···•········ ·······•···················
5
4
3
3
4
I
3
26
C3
28
5
······•··· .. ············•·········.. ········································································· ··························································•····
27
C3
7
4
3
....................................................................................
28
C3
5
5
........................................................................................................................................................................................................................................................... .
.................................................................................................... .............................................................................
4
2
5
4
4
29
E3
34
5
5
5
.................................................................................................................................................................................................
........................................................................................................................................................................................................................................................
4
2
5
4
I
3
2
30
C3
26
5
................................................................................................................... ·····•·•·········--································· .... ···························--·············································
6
I
3
E3
16
5
I
31
..................................................................... .................................................................................................................................................................................................................................................................................................................................................................................................
32
490
29
5
5
5
4
4
2
4
···········•·•··•·····--·········--······•··············.......................................................................................................................... ········•··········--·····•···············••··••············--········.... ·.. ····································································································································•·······..............................................
34
E3
25
5
5
5
I
5
4
................................... ............................................................................................................................................................................................ .
.............................................................................. .............................................................................................................
6
I
2
35
E3
15
5
I
··········--··········••··•··· .. ···· ..
... ········•··················•·····"'·······--·· ........................................... ··••······•·····
36 ..............................................................................................................................................................................
E3
13
4
5
4
····•····•····•·········· ..............................................................................................................................................................................................................................
37 .....................................................
E3
15 .......................
5 ...................................
3 ~......... 4
3
............................................ .......................................................................................................................................................................................................... .
38
E3
34
5
5
4
4
4
I
8
I
2
..................................................................... ············................ ......................
········.................... ································•···· ··•········••·•··•····•········--··· .. ·•··•···•···················•······ .. ···················································································--····"···--·············--·······································
39
0...........................
3
29 ..................................................................................................................................................................................................................................................................................................................................................................................................
4
5
5
4
3
5
3
40
03
22
4
5
5
2
3
3
...............................................................................................................................................................................................................................................................................
·····················································•·· .......................................................................................................
41
E3
25
5
5
5
6
1
3
··•··•·•···•············· .. ························································· ............................................................................................................. ·····•·•·•······•········•• ...·.......................................................................................................................................................................................................................... .
42
276b
23
5
5
5
4
4
......................................................................................................................
43
276b
5
5
........................................................................................................... ··•··········•···•···········--················••··········•· ................... ·······································································--··························•·•····•···• .. ········•• ... ·•··--·································································•········--······························································
44
276b
23
5
5
5
4
4
··········································••···•······················································································ .....................................................................................................................................................................................................................................................................................................................................

···••··•••··--•··

..................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

276b
1
I
45
E3
5
I
4
........................................................................................................................................................................................................................................................................................................................................................................................................................................................................
46
C3
28
5
5
5
6
3
3
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................
47
276b .................................
15
5
5
5
.................................................................................................................................................................................................................................................................................................................... .
48
276b ·····················
6 .. · ··········.....................
5
I
.......................... ...................................... .......................................
....................................................................................................................................................................................... .
49
C3
15
4
4
5
2
······--................ ........................................................... ......................... ...................... ................................
·······•········ .. ········ ... ········--· ..........................................................................................................................................................................................
50
C3
15
4
5
5
I
.
45

.................................................................................. ...................................................... ................................................................................................................................................................................................................................................................................................................................

52

E3

4

·····•---- .. ·················••·•• .. ······················

53
E3
7
................................ ........................................
54
C3
10
................
55
C3
IO
58
490
15
59.........................
276b
60
E3
70 ......................................
C3
6
71
C3
4
....................................
73
C3
5
...........................................
74
C3
6
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4

...................................................
....................... .........................................

..............................
..............................................

4

.................................................................................................... ..................................................................................................... .

3
4
4

3
3

3
3

IO

2

3

4

I

5

I

2

3

3

2

2

3
2

2
4

............................................................................................................................................................................................................................................................................ ..

.............................................. ··•····•--····--·· ........................................................................................................................................................................................................ .
........................................................................................................................................................................ -..................................................................................................................................................................... .
·•·•··•····
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Appendix 4. Summary of day time tracking data for each individual. Blank cells
represent periods when no tracking occurred. Individual animals may have noncontinuous data due to interruptions to tracking. n = the number of days each
animals was tracked.

A11imal Pathch n

Sep-97 Oct- 97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98 Jul-98 Aug-98 Sep-98

21
22

C3

ll

5

5

l

C3

30

5

5

5

23

C3

42

5

5

5

24

490

45

4

5

5

25

C3

10

5

5

26

C3

40

5

1

27

C3

8

5

3

28

C3

5

5

29

E3

37

5

30

C3

42

5

31

E3

24

5

32

490

44

4

5

5

34

E3

30

5

5

5

35

E3

24

5

l

36

E3

14

5

4

5

37

E3

25

5

5

5

5

5

38

E3

49

5

5

5

5

5

39

D3

43

5

5

5

5

40

D3

30

5

5

5

41

E3

34

5

5

5

42

276b

36

5

5

5

5

5

5

43

276b

5

5

44

276b

30

5

5

5

5

5

5

45

E3

15

5

5

5

46

C3

36

5

5

5

1

47

276b

16

5

5

5

1

48

276b

5

5

49

C3

20

5

5

5

5

50

C3

15

5

5

5

52

E3

JO

5

5

53

E3

13

5

5

54

C3

55

5

5

5

5
5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5
5

5

5

5

4

5

5

6

6

1

5

5

3

1

5

6

5

4

5

5

5

4

4

5

5

4

5

5

5

2
1
4

5

5

5

4

6

5

5

21

4

6

6

5

C3

21

5

6

6

4

58

490

18

4

6

8

59

276b

19

4

5

5

5

60

E3

19

4

5

5

5

70

C3

17

6

6

4

71

C3

13

6

6

73

C3

16

5

5

5

74

C3

16

5

5

5

5

3

1
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Appendix 5. The total number of den trees used by each animal, given the number of
days each animal was tracked. The maximum number of den trees used by a male
P. volans was 13, and the maximum used by a female P. volans was 11.

Animal Id

No. Days Tracked

No. Den Trees Used

21

11

2

22

30

6

23

42

11

24

45

Q

25

10

3

26

40

13

27

8

4

28

s

29

37

10

30

42

s

31

24

10

32

44

2

34

30

12

35

24

s

36

14

8

37

25

s

38

49

9

39

43

I1

40

30

1I

41

34

IO

42

36

9

43

s

44

30

4

45

IS

3

46

36

6

47

16

s

48

s

3

49

20

s

50

IS

3

52

IO

2

53

13

3

54

21

9

55

21

s

58

I8

2

59

19

6

60

19

7

70

17

s

71

13

2

73

16

7

74

16

s
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