
 

 
i 

` 
 
 
 

 
Den use by the common brushtail possum 

in logged and unlogged dry forest in SE 
Tasmania 

 
 
 

         
 
 
 
 

By 
 
 

Lisa Cawthen 
 

B.Sc. (University of Tasmania) 
 

2007 

 
Thesis submitted as a partial requirement for the degree of Bachelor of 
Science with Honours in the School of Zoology



 

i 

Statement of originality 
 
 
This thesis contains no material which has been accepted for the award of any other 

degree or diploma in any tertiary institution, and to the best of my knowledge and 

belief, contains no material previously published or written by another person, except 

where due reference is made in the text of the thesis. 

 
 
Lisa Cawthen     29th October 2007 
 
 
 
 
 
 
 

Statement on authority of access 
 
This thesis may be made available for loan and limited copying in accordance with 
the Copyright Act 1968. 



 

ii 

Acknowledgements 
 

Words cannot adequately express the gratitude that I have towards the many people 

that contributed to this study, but I will try.   

 

Foremost I would like to thank my supervisors Sarah Munks and Alastair Richardson for their 

unwavering encouragement, enthusiasm and guidance throughout the year, especially their 

care not only for the success of this project but my wellbeing in and out of the field. I would 

also like to thank Stewart Nicol, who while not one of my supervisors was always engaging 

with my ideas and assisted me with encouragement and enthusiasm in many aspects of my 

project. To the three of you, I am forever grateful.  

 

The success of this project was greatly assisted by a concurrent study by Erin Flynn on 

brushtail possum physiology at the same study site. Thank you for all those wonderful hours 

in the field setting up trap lines, making bait, capturing possums and teaching me the tricks of 

the trade. Your help as a researcher was amazing and greatly appreciated and was only out 

done by your greatness as a friend.  

 

However, this project would not have been possible without the assistance of volunteers who 

who contributed many hours of their spare time assisting in trapping, radio-tracking, 

spotlighting and tree surveying throughout the year. I don’t think there are enough Tim Tams 

or Banjos muffins in the world to express my thanks towards all those that came out with me, 

especially when it rained and snowed. So thank you Dave Carpenter, Virginia Scollay, Frank 

Tse, Anita Alexander, Malcolm O’toolem, Tammy Mcgowan, Robyn Kramer, Sally Taylor, 

Danait Delebay, Penny Waker, Natalie Schimitt, Gemma Morrow, Madlen Ziege, Rachelle 

Olsson Herrin, Claire Maraldi, Genevieve Bordogna, Nathan Heal, Justin Mcgowan, Jarrod 

Radcock, Mick Todd, Regine Miller, Kevin Redd, Harrison King, Holly Devereaux, Sarah 

Armstrong and Bruce Hart.  

 

I would also like to thank the organizations and people that provided equipment, time 

and effort into this project. This includes the wonderful people at the Forest Practices 

Authority who I deeply respect and admire (a special mention to Joan Calvert and 

Adrienne Liddell for endless photocopying on my behalf and Amy Koch for her 

knowledge of all things hollows). Julianne O’Reilly-Wapstra and the mammal 

browsing group for the loan of additional radio-collars. Andrew Walsh and Lee Stann 



 

iii 

for assistance with radio-telemetry. All the Forestry Tasmania duty-officers that kept 

me safe in the field. People at Forestry Tasmania who assisted in background data 

collection (a special mention to Peter Ladaniwskyj who spent considerable time 

helping me with PI type data). Mike Driessen and the Wildlife Management branch 

for the loan of small mammal traps. Leon Barmuta for statistical advice. Gemma 

Morrow and Stewart Nicol who assisted me in deployment of temperature loggers at 

Melton Mowbray. Pete Tonelli for his brushtail possum photographs. A special 

mention to members of the school of zoology support crew including Barry Rumbold, 

Adam Stephens, Simon Talbot, Kate Hamilton, Richard Holmes, Wayne Kelly, Kit 

Williams and Sherrin Bowden who probably don’t get enough thanks for keeping us 

researchers on our two feet!  

 

And finally, thankyou to the people in the Honours Hollow – Neats, Toni, Gems, Tim 

and Jimmy, (and Bridge in the dungeon), if science fails us, we always have guidance 

counseling to fall back on. Without you all, this year would never have been the same.  

 

This study was conducted with permission from DPIW under the permit FA. 07057 

and the University of Tasmanian Animal Ethics Committee approval A9248. 

Thankyou to Gunns Limited and White Marsh for allowing me permission to 

radiotrack on their properties and Forestry Tasmania for giving me access to State 

Forest throughout the course of this project.  

 

Preface 
 
All data for this thesis was collected by myself, and volunteers. Spatial data on 

Informal Reserves and Vegetation supplied by Forestry Tasmania. Transport, 

Hydrological and Contour data supplied by the Department of Primary Industries and 

Water.  

 



 

iv 

Abstract 
 
Understanding the habitat requirements of fauna is essential for successful 

management. Tree hollows provide an important denning habitat for arboreal 

marsupials. Concern over the availability of tree hollows in timber production forests 

has prompted forest management agencies to develop strategies for the retention of 

suitable habitat. However in Tasmania there is little information on the tree hollow 

requirements of arboreal marsupials to base these retention measures on.  

 

The main aim of this thesis was to investigate the den use of the Tasmanian common 

brushtail possum, Trichosurus vulpecula fuliginosus in a logged and unlogged dry 

forest in south-east Tasmania. Using radio-telemetry, 10 brushtail possums were 

continuously radio tracked between March – July 2002. A total of 162 observations of 

den use were gathered in 75 hollow-bearing trees, 1 log and 1 burrow. At each den 

tree a number of site, tree and hollow attributes were collected, and a scat survey and 

bark wear assessment completed at each den tree to examine the effectiveness of 

indirect methods at assessing hollow-bearing tree use. A sub-sample of unoccupied 

hollow-bearing trees was also surveyed.  

 

Brushtail possums selected for den sites primarily in hollow-bearing trees. The main 

attribute associated with tree use was the presence of a large hollow (>10cm 

diameter), but this did not necessarily indicate that an animal was denning inside that 

hollow, as many individuals emerged from fissures and cracks. Den sites were 

primarily located at both sites, despite an availability of suitable den trees in 

regenerating forest. The lack of mature forest retained in the logged area significantly 

impacted the den ranges of brushtail possums, with significantly more den ranges in 

logged areas than unlogged areas. This suggested that hollow-bearing trees in mature 

forest represent high quality habitat and may be limited in logged areas if sufficient 

mature forest is not retained. The selection against isolated trees and patches of 

hollow-bearing trees retained in the logged area suggested that this may represent low 

quality habitat. Thus, the retention of hollow-bearing trees for brushtail possums 

should be selected on the basis of high quality trees and surrounding habitat. 
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Chapter 1  
General introduction 
 
 
 
Understanding the habitat requirements of animals is fundamental to understanding 

the distribution and abundance of a species, yet it is one of the most poorly 

understood areas in ecology (Krebs 2001). Habitat requirements of species include a 

range of physical and biotic factors (e.g. shade, humidity, food availability, protection 

from predators), which influence the quality of habitat potentially available. Habitat 

quality can be defined as the availability of resources (e.g. shelter), balanced against 

other factors (e.g. predation risk, energetic expenditure), which can influence mating 

systems, breeding success, offspring sex ratios and many other important aspects of 

physiology and behaviour (Barnard 2004). The habitat selected by animals should 

reflect the habitat that offers the greatest benefits in terms of reproductive success and 

survivorship (Johnson 2007). For these reasons an understanding of the characteristics 

of habitat preferred by a species is important for the development of successful 

conservation management strategies. This is particularly so in areas where quality 

habitat may be limited as a result of clearance and fragmentation.   

 

The importance of conserving tree hollows 

Hollow-bearing trees represent an important component of habitat required by many 

species. A diversity of fauna including birds, mammals, bats, reptiles, amphibians and 

invertebrates are known to use tree hollows as a place to den, nest and roost (Carlson 

et al. 1998; Mackowski 1984; Ruczynski & Bogdanoweiz 2005; Seebacher & Alford 

1999; Webb & Shine 1997). In Australia, it is estimated that over 400 vertebrates 

species are hollow-users, many of which are rare, vulnerable or endangered (Ambrose 

1981), and limited in their abundance and distribution by the availability of suitable 

tree hollows (e.g. Alexander et al. 2002; Calver & Dell 1998; Deacon & Mac Nally 

1998; Kavanagh & Webb 1998; Newton 1994; Smith & Lindenmayer 1988; Tyndale-

Biscoe & Calaby 1975). Consequently, the clearance of hollow-bearing trees in the 

landscape may have major impacts on the quality of habitat available to those species.  
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Timber harvesting, firewood collection, grazing, rural dieback and land clearing for 

urbanisation and agriculture are all processes that have collectively been responsible 

for an on-going decline in the hollow resource in ‘off-reserve’ areas (Gibbons & 

Lindenmayer 2002). In part, the hollow resource is protected by Australia’s CAR 

(Comprehensive, Adequate and Representative) reserve system. However, for the 

many species that use hollows, the habitat captured in these reserves is unlikely to 

maintain sufficient quality habitat at a landscape scale (Koch 2007). Therefore, if 

biodiversity in ‘off-reserve’ areas is to be conserved, ‘ these areas need to be 

appropriately managed (Lindenmayer & Burgman 2005).  

 

In Australia, timber-harvesting is one of the greatest threats to the availability of 

hollow-bearing trees and associated fauna in ‘off-reserve’ areas (Alexander et al. 

2002; Loyn 1985; McIlroy 1978; Tyndale-Biscoe & Calaby 1975). Practices involved 

in timber-harvesting (i.e. clearfelling, partial harvesting) directly reduce the number, 

type and spatial arrangement of tree hollows, creating even-aged stands of regrowth 

forest (Wormington et al. 2005). Remaining regrowth may be devoid of suitable 

habitat for hundreds of years as a suitable hollow may take between 120-260 years to 

form (Koch 2007; Mackowski 1984; Nelson & Morris 1994; Wormington & Lamb 

1999). In addition, the rotation times of current silvicultural systems (e.g. clearfelling 

on 80-120 years rotations) remove hollow-bearing trees at rates than prevent adequate 

recruitment of hollows. (e.g. in Tasmania: Forestry Commission 1994). Without 

sufficient habitat retention measures, the future of the hollow resource and its 

associated fauna is uncertain.  

 

The management of hollow-bearing trees 

Concern over the decline of the hollow resource and its associated fauna has prompted 

forest management agencies in most States of Australia, including Tasmania, to 

develop measures for the conservation of trees with hollows (See Gibbons & 

Lindenmayer 1996 for review).  Management strategies differ from State to State, but 

generally involve the retention of habitat trees (hollow-bearing trees). Measures to 

retain suitable ‘habitat’ trees in timber production forest are implemented at various 

spatial scales and include large reserves, linear strips, aggregates, clumps or single 

trees. (Gibbon & Lindenmayer In prep; Wayne et al. 2006). These management 



Chapter 1: General introduction 
 

3 

actions are particularly important in Tasmania, where a large proportion of ‘off-

reserve’ habitat in both State and private forest is potentially available for timber 

harvesting (Taylor 1991). 

 

In Tasmania, measures for the conservation of tree hollows in timber production 

forests are delivered via the Forest Practices Code (2000). They include the retention 

of hollow-bearing trees in a network of formal and informal reserves across the 

landscape. These include wildlife habitat strips, wildlife priority areas, streamside 

reserves and wildlife habitat clumps. The aim of these actions is to ensure long-term 

maintenance of biodiversity in forests used for timber production by providing 

remnants of mature native forest valued by fauna (Taylor 1991). Retained patches of 

hollow-bearing trees (wildlife habitat clumps) are specifically designed to retain 

hollow-bearing trees (habitat trees). The Forest Practices Code (2000) prescribes the 

retention of 2-3 habitat trees per clump at a rate of approximately 1 clump per 5 ha, 

surrounded where possible by recruitment trees (i.e.. future hollow-bearing trees) to 

ensure on-going perpetual supply of hollows. These strategies are important in 

Tasmania where a recent review listed at least 45 vertebrate species using trees 

hollows (Munks et al. 2006), including 32% of the State’s birds and 35% of 

mammals, much higher than the national average (Koch 2007). Four of these species 

are listed as threatened under the Tasmanian Threatened Species Protection Act 1995 

and the Commonwealth Environmental Protection and Biodiversity Conservation Act 

1998: the forty-spotted pardalote, swift parrot, orange-bellied parrot and masked owl 

(Bryant & Jackson 1999). Furthermore, the Tasmanian Regional Forest Agreement 

(1997) lists all hollow-dependent fauna as Priority Fauna to ensure that they are 

provided with habitat for their persistence in timber production forests irrespective of 

conservation status. If Tasmania is to continue harvesting timber and attempt to 

maintain current biodiversity, these species must be provided with suitable habitat.  

 

To effectively retain habitat, forest managers must overcome several challenges. In 

the absence of information on the habitat requirements of Tasmania’s hollow-users, 

the current management actions prescribed in the Forest Practices Code (2000) were 

developed predominately from studies on mainland Australian species. However, it is 

known that such information is not readily transferable from one site to another due to 
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the differences in forest types, environmental conditions and species present (Gibbons 

& Lindenmayer 1997). This is important in Tasmania where it is estimated that only 

50% of trees with visible hollows are suitable for occupancy (Koch 2007). This 

implies that if hollow-bearing trees are chosen randomly for retention, the number of 

suitable tree hollows is going to be half the number of the actual hollows retained.  

 

Effective management also requires an understanding of the effectiveness and 

adequacy of current management strategies. Since their implementation, few studies 

have focused on examining the effectiveness of retained areas at providing adequate 

habitat. Small scale studies by Duhig et al. (2000) and Munks et al. (2004a) have 

provided minimal information on how well the retention measures are implemented, 

and limited investigations into the use of wildlife habitat strips by birds have been 

undertaken (MacDonald et al. 2005; Wapstra & Taylor 1998). However, no studies 

have been published on the value of retention measures for arboreal marsupials, which 

are considered one of the most impacted of all hollow-using fauna (Smith & 

Lindenmayer 1988).  An understanding of the use of retained areas would allow the 

assessment of the adequacy of current management actions. 

 

Current studies aiming to fill these gaps in knowledge have involved the development 

of predictive models of tree use at the stand, tree and hollow level (e.g. Koch 2007). 

Such models have the potential to improve the efficacy of current management 

actions by providing forest managers with generic attributes of quality habitat trees 

that can form the basis for retaining suitable habitat for fauna.  
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The common brushtail possum 
 
In Tasmania, the common brushtail possum, Trichosurus vulpecula fuliginosus is one 

of two medium-sized arboreal marsupials endemic to Tasmania at the subspecific 

level. Its widespread and abundant distribution makes it an easy species to study in 

relation to its hollow-bearing tree requirements (Munks et al. 2004b). Although 

considered a pest on Australian plantations and in New Zealand where it was 

introduced (Hocking 1981; How & Hillcox 2000; Kerle 2004), in others parts of 

Australia, T. vulpecula is in decline (southwestern Australia),  low numbers (northern 

Queensland) or almost extinct (Central Australia) (Caley et al. 1998; Kerle et al. 1992; 

Paull & Kerle 2004).  

 

Brushtail possums are known to occupy multiple dens within their home range 

(Wayne 2005). Home ranges and the number of dens occupied appear to reflect an 

animal’s size and sex, and the availability of habitat, with dens generally located 

around the periphery of the home range. Individual brushtail possums use between 2 

to 17 dens in urban remnants and up to 18 dens in native forest in Australia and New 

Zealand (Cowan 1989; Harper 2005; Statham & Statham 1997; Wayne 2005; Winter 

1976). Daughters den next to, or within, their mother’s home range, while males 

disperse into newly available home ranges adjacent to, or large distances from, their 

maternal home range. The intraspecific competition for dens created by this behaviour 

is thought to promote male bias in offspring when the availability of resources, such 

as hollow-bearing trees is limited (Clinchy 1999; Johnson et al. 2001).  

 

Dens are actively defended and are an important focal point of an individual brushtail 

possums home range. Possums will defend not only the den from other brushtail 

possums, but are known to evict other species from their den, particularly when the 

den is a tree hollow (How & Hillcox 2000; Tyndale-Biscoe 1955; Winter 1976). 

Animals generally become active one to two hours after sunset when they leave their 

den to forage. They spend a large amount of time sitting within or directly outside 

their den, followed by feeding, travelling and grooming, but little time is spent on 

social interaction when they occupy a hollow-bearing tree (Winter 1976). Movement 
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between dens and through their home range is generally restricted during wet weather 

and animals will often den in the closest available hollow-bearing tree if caught out in 

heavy rains but then return to one of their “ regular “ dens the following day. Sick or 

starving individuals may forage during the day, but this is considered uncommon. 

During the day animals generally occupy a single den but have been observed visiting 

multiple dens during the night (Hynes 1999; Ward 1978; Winter 1976).  

 

Brushtail possums are primarily tree hollow denners, but they are considered 

opportunistic, since animals have been documented denning in a variety of refuges 

including logs, burrows, caves, rock crevices, gorse, blackberry, hay stacks, 

woodpiles, hollow stumps, ringtail possum dreys, nest boxes and buildings (Cowan 

1989; Harper 2005; Munks et al. 2004b; Statham & Statham 1997). The use of 

alternative den sites such as logs and stumps has previously been considered a natural 

refuge choice in situations where no hollow-bearing trees remain, such as clearfelled 

forest (Green 1982). However, in Tasmania where animals must contend with 

predators such as the masked owl, wedge-tailed eagle, Tasmanian devil and spotted-

tail quoll, it would seem advantageous to select for hollow-bearing trees (Le Mar & 

McArthur 2005a). 

 

Few studies have investigated den use by the brushtail possum in Tasmania (Hynes 

1999; Le Mar 2002; Statham & Statham 1997). Limited information is available 

through anecdotal evidence and known distributions (Munks et al. 2004b), but the use 

of hollow-bearing trees within timber-harvested forest is of particular interest. The 

Regional Forest Agreement (1997) recognises brushtail possums as a hollow-

dependent species, but it is unknown to what degree brushtail possums actually rely 

on hollow-bearing trees in Tasmania.  
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Thesis aims 

The main aim of this study is to compare den use by the brushtail possum, 

Trichosurus vulpecula fuliginosus, in logged and unlogged dry forest in south east 

Tasmania. 

 

The questions explored in this study include – 

• What are the number, type and spatial arrangement of dens used by the 

brushtail possums in logged and unlogged forest? 

• Are there any differences in the denning behaviours (i.e.. frequency, co-use 

and den-sharing) of brushtail possum in logged and unlogged forest? 

• What are the attributes of hollow-bearing trees that indicate whether a tree will 

provide suitable refuge as a den site for the brushtail possum? 

• Are trees retained as part of the current management prescriptions used by the 

brushtail possum? 

 

This study will also determine the effectiveness of indirect methods (scat counts and 

bark wear) in the assessment of hollow-bearing tree use and report on an initial trial of 

temperature loggers as a potential method of monitoring tree hollow use.   
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Thesis structure 

This thesis is written as a series of scientific papers. Repetition in content may occur.   

 

Chapter 2  

This chapter investigates the den use (number, type & spatial arrangement of den 

sites) in logged and unlogged forest. It examines the selection of hollow-bearing trees 

as den sites, and whether alternative den sites are selected in logged areas where 

hollow-bearing trees may be limited. It also explores the attributes of hollow-bearing 

trees that indicate whether a tree is likely to be suitable for diurnal refuge by the 

brushtail possum, and makes comparisons with other hollow-users.  

 

Chapter 3  

An alternative method to directly investigating den use (e.g. radiotelemetry used in 

chapter 2) is to employ indirect methods (scat surveys and bark wear assessments). 

This chapter discusses the effectiveness of indirect methods at assessing hollow-

bearing tree use and discusses an initial trial of temperature loggers as a potential 

method of monitoring tree hollow use.  

 

Chapter 4  

This chapter reviews the effectiveness of current management strategies at providing 

habitat for the brushtail possum and discusses the main conclusions drawn from 

chapter 2 and 3 in relation to management implications for the retention of habitat for 

the brushtail possum and other hollow-users.  
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Chapter 2  

Den use by the Tasmanian brushtail possum in logged 
and unlogged dry forest in SE Tasmania 
 

 

Introduction 

Hollow-bearing trees provide an important resource as a place of diurnal refuge for 

arboreal marsupials. The distribution and abundance of many arboreal marsupials is 

associated with the availability of suitable tree hollows as den sites (Mackowski 1984; 

Smith & Lindenmayer 1988). As practices such as timber harvesting contribute to an 

on-going decline in the availability of tree hollows, it is crucial that adequate habitat is 

retained in ‘off-reserve’ areas that provides the number, type and spatial arrangement 

of tree hollows required to maintain wildlife populations (Mackowski 1984; Tyndale-

Biscoe & Calaby 1975). Consequently, the conservation and management of arboreal 

marsupials is greatly reliant on the development of effective management strategies for 

retaining hollow-bearing trees in cleared and fragmented landscapes.  

 

As few available tree hollows in the landscape are actually used, it is recognised that 

arboreal marsupials must be selecting hollow-bearing trees based on their suitability 

(i.e.. quality) as a den site (Gibbons et al. 2002). In addition, the behavior of arboreal 

marsupials is known to change in response to resource availability (i.e.. den sites) 

(Martin & Handasyde 2007). Thus understanding den use in terms of the number, type 

and spatial arrangement of den sites used in a particular habitat can enable the 

development of more meaningful conservation management strategies.  

 

The generic factors which influence tree use are of particular interest to forest managers 

(Gibbons et al. 2002). It is more practical to base tree retention strategies on a set of 

generic attributes (i.e.. tree size) easily identified from the ground than attributes of the 

hollow itself. Although generic attributes are unlikely to be the actual characteristics 

selected by animals, they may be indicative of those attributes that are. Studies of the 

generic attributes that influence tree use can greatly improve tree retention strategies, 

particularly if species–specific studies are combined with generic modeling, providing a 
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greater understanding of what constitutes a “suitable” hollow-bearing tree, enabling the 

choice of trees for retention to be guided by the requirements of animals which the trees 

are intended to conserve (Gibbons & Lindenmayer 1996).  

 

The common brushtail possum, Trichosurus vulpecula fuliginosus is Tasmania’s most 

widespread and abundant vertebrate hollow-users (Munks et al. 2004b). T.vulpecula is 

known to use multiple tree hollows as den sites, but has been associated with a variety 

of alternative den sites suggesting that its den use can be relatively opportunistic 

(Hynes 1999; Statham & Statham 1997). As one of only two medium sized arboreal 

marsupials endemic to Tasmania (at the subspecific level), knowledge of its den use 

can greatly contribute to the current lack of species-specific knowledge available to 

forest managers.  

 

The aim of this study was to investigate den use of the Tasmanian brushtail possum in 

logged and unlogged dry forest and its use of retained patches of hollow bearing trees. 

This study explores three main questions. 

 

1. Are there any differences in den use between logged and unlogged forest, and how 

important are alternative den sites in logged areas?  

2. What are the characteristics of hollow-bearing trees used as den sites? 

3. What is the spatial arrangement of dens used in logged and unlogged forest?  
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Materials and Methods 

Study area 
The study area was located approximately 54km north east of Hobart at Kellevie, in the 

southeastern dry forests of Tasmania where the land use is a mixture of timber-production, 

agriculture and undisturbed forest and woodland (Figure 2.1). Situated 400m above sea 

level, the study area is subject to 600mm rain per year and dominated by red clay on 

Jurassic dolerite. The area was chosen because of its Eucalyptus pulchella-globulus-

viminalis dry forest and woodland, a forest type typically harvested in Tasmania and one 

which hollow-using species are known to occupy (Koch 2007; Taylor & Savva 1988; 

Wapstra & Taylor 1998).  

 

Two study sites were selected in the area, one in timber production forest, regenerating 

after harvest, and the other 20km away in an unharvested forest of similar environmental 

and floristic attributes, each 140ha in size (See Appendix 1 and 2 for illustrations of study 

area).  

 

 
 

Figure 2.1. The study site location in Tasmania's south east 
 
 

 

 

 

 

Kellevie 
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Logged site  

The harvested forest was located on the Illes Tier Plateau (562000 E 5265500 N). The 

site encompassed two partially harvested coupes MM004a and MM002a. MM004a 

covered an area of approximately 69ha of native forest that was selectively harvested in 

2004 (Figure 2.2). MM002a, covered an area of approximately 65ha of native forest that 

had been selectively harvested in 1998. The selective harvesting methods applied in both 

coupes were a combination of advanced growth and seed tree retention (Forestry 

Commission 1994) in which a scattering of single mature and young trees were retained 

within coupes. A 100m wide wildlife habitat strip was retained between both coupes. This 

strip of unlogged forest connected the informal reserves on the northern and southern sides 

of the coupe boundaries.  Within each coupe, patches of hollow-bearing trees (wildlife 

habitat clumps) were retained as per the Forest Practices Code (2000) provisions. These 

prescriptions aimed to retain clumps of between 2-3 habitat trees and future habitat trees in 

areas more than 200 metres away from unlogged forest. Ten clumps were retained in this 

way in MM002a and one in coupe MM004a. Many of these clumps had become part of the 

coupe boundary as areas were unharvested due to unloggable slopes and the presence of a 

wedge-tailed eagle nest reserve. As such, only 5 of these clumps could be identified in the 

harvest boundary.  

 

Prior to harvesting, the site was dominated by mature Eucalyptus pulchella-globulus-

viminalis forest and woodland with tracts of tall Eucalyptus obliqua wet forest in the 

gullies and mid slopes (Figure 2.3 and Figure 2.4). Post-harvest, tracts of Eucalyptus 

obliqua wet forest, Eucalyptus globulus forest and woodland, broadleaf shrubland and 

regenerating Eucalyptus pulchella forest and woodland create a mosaic of mature and 

regenerating forest stands (Figure 2.5). These remaining stands were subject to wildfire 

in 2006 that burnt throughout the wildlife habitat strip, some wildlife habitat clumps and 

regenerating forest in the two coupes leaving a patchy distribution of burnt and unburnt 

forest. 
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Figure 2.2. The harvest boundary and retained areas of mature forest in the logged study site 
at Illes Tier Plateau.  
 
 

 
Figure 2.3. The vegetation communities within the logged site at Illes Tier in south-east 

Tasmania. 
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Figure 2.4. The pre-logging forest types in the logged study site at Illes Tier Plateau in south-

east Tasmania. 

 
 
Figure 2.5. The post-logging forest types in the logged site at Iles Tier in south-east Tasmania. 
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Unlogged site 

The unharvested study site was located in the Mount Morrison State Forest north west of 

the harvested site (5274000 E 552000 N). This area was chosen as a control site because of 

similar floristic and environmental attributes to the study site located in harvested forest. 

Like the harvested forest prior to harvesting, this study site is currently dominated by 

Eucalyptus pulchella-globulus-viminalis forest and woodland with patches of Eucalyptus 

obliqua forest and woodland on the northern slopes (Figure 2.6).   

 

The area of interest was classed as an MDC protected zone by Forestry Tasmania  and was 

surrounded by private property containing Pinus radiata and Eucalyptus sp. plantation 

(White Marsh & Gunns Ltd). Like many parts of Tasmania’s dry forest, the area has a 

history of forestry activities since European settlement. This includes early selective 

harvest for saw-log (since 1800s) and later (mid 70s) more intensive woodchip logging. In 

recent decades the area has remained relatively undisturbed apart from the removal of 

some of the larger trees which is evident from a scattering of cut stumps throughout the 

area. Between the 1950s-1980s the area was within a Exclusive Forest Permit (EFP) area 

which resulted in the continued removal of timber for saw-logs until the area was set aside 

as a research site and subsequently classified as an informal reserve (Hynes 1999).   

 

The area has been subject to two wildfires in 1981 and 1998 that have left a patchy 

distribution of burnt and unburnt forest similar to the logged site. Evidence of recent 

low intensity tree removal throughout the study site, probably from illegal firewood 

collection but despite these disturbances the area is dominated by intact mature forest 

(Figure 2.7). 

 

1km 
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Figure 2.6. The area of informal reserve in the unlogged study site at Mount Morrison in south-

east Tasmania. 

 

 

 
Figure 2.7.  The vegetation communities in the unlogged study site at  Mount Morrison in 

south-east Tasmania. 
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Figure 2.8. The forest types in the unlogged study site at Mount Morrison State Forest
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Animal capture 
Fifteen brushtail possums (6 adult ♀, 7 adult ♂, 2 juvenile ♀) were captured at the 

unlogged site and 22 at the logged site (7 adult ♀, 13 adult ♂ and 1 sub adult ♀, and 1 

juvenile ♀) on 2 5-day trips between March and April 2007 (Figure 2.9). Estimates 

from a concurrent study suggest a population size of 23 and 25 individuals for the 

unlogged and logged sites respectively (Flynn unpublished data.). Individual possums 

were targeted for capture in small mammal cage traps (56 x 20 x 20cm) placed in 

suitable locations (i.e.. near logs, stumps or hollow-bearing trees) along trap lines 50 

meters x 20 meters apart. The trap line ran along either side of the road bisecting the 

core of each study site as part of a concurrent study (Flynn unpublished data). This 

design was to enable the capture and radio-collaring of all individuals that denned 

within the core of the study area. This was especially important in the logged site to 

maximise the capture of animals likely to be utilising the forest regenerating after 

harvest and retained areas. In the logged site, trap lines targeted animals throughout 

forest in the coupe (forest regenerating after harvest) and retained areas (wildlife 

habitat clumps and the wildlife habitat strip) (Figure 2.9). A total of 67 and 89 traps 

respectively were set in the unlogged and logged site on alternative trapping sessions. 

More traps were used in the logged site in an effort to trap animals utilising the 

retained patches of hollow-bearing trees. Each site was trapped over 4 consecutive nights 

consisting of 1 night pre-baiting (trap baited but zip tied open) and 3 nights trapping. Traps 

were baited with 1 apple and 1 bait ball (peanut butter, rolled oats and vanilla essence) set 

in the morning and rechecked prior to or at dawn.  
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a) Unlogged area 

 
 

b) Logged area 

 
 
Figure 2.9. The positions of traps and capture locations in the a) unlogged and b) logged 

study areas in south-east Tasmania.  

Note: Size of wildlife habitat clumps not to scale  
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Handling and measurements 
After capture, all animals were transferred from the trap into a pre-weighed hessian sack 

and then weighed (Salter 10kg balance). Each animal received an individual transponder 

chip (Passive Integrated Transponder tag) injected subcutaneously between the shoulder 

blades with a disposable sterile injector needle for long-term identification (Afllex ISO 

DX-B electronic tag). Animals were aged (juvenile/sub-adult/adult), sexed, distinguishable 

features noted, and a number of morphological measurements taken.  Back-young were 

referred to as juveniles and young that were weaned but not reproductively active were 

classed as sub-adults (Crawley 1973). Sub-adult females were distinguished from adults 

(those reproductively active) by size (<2kg) and the condition of the pouch. In sub-adult 

females pouches were a shallow indentation on the abdomen, whereas in adults it was 

enlarged with clear invagination (Clinchy 1999; Hynes 1999). All adult females were 

assessed for their reproductive status (primiparous vs multiparous) (Isaac et al. 2005). Sub-

adult males were distinguished from adult males by the length of the left testis (<17mm) 

and the  degree of sternal patch staining (Hynes 1999; Tyndale-Biscoe 1955). 

Morphological measurements recorded included head length (nose tip to back of head), tail 

length (cloaca to tail tip), leg length (heel base to knee joint), pes length (heel base to toe), 

testis length and testis width using vernier callipers, as size is thought to influence home 

range of animals (Harper 2005).  
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Radio-telemetry 
In order to examine den use, 5 adult males and five adult females were fitted with 

radio-collars at each site (Table 2.1). This was estimated to be a sub-sample of 

between 40-50% of the known population size at each site (Flynn unpublished data). 

Radio-collars were a single stage transmitter attached to a leather collar; weighing 26-

28g produced by Sirtrack NZ or Faunatech AUS. Each radio-collar emitted a unique 

frequency in the 150-151 Mhz band and was marked for identification with its unique 

frequency. Collared individuals were released at the site of capture and initially located 

using radio-tracking within 4 days. They were then radio-tracked every fourth week for 

four consecutive days per site over five months between March and July 2007. During 

each trip, the daytime refuge location of each individual was pin-pointed by two 

people on foot using an Australis 26K tracking receiver (Titley Electronics Aus) and a 

3-element hand held yagii antennae (Sirtrack NZ). To avoid potential influence of 

capture on den use, data on dens was not collected for two weeks post-capture (Wayne 

2005). This appeared to be important, as a number of animals ran into hollow-bearing 

trees situated in close proximity to traps once released, but these were never noted to 

be used again or to be within the animal’s den range for the duration of the study.   
 

Once an individual was radio-tracked and the location of its den pinpointed, the location of 

each den site was recorded using a global positioning system (<5m accuracy) and inputted 

into ArcView GIS 3.3 for spatial mapping and analysis. Each den site was marked using 

water resistant marking paint with a unique number. 

 

It was important to verify the accuracy of den location using radio-telemetry, particularly 

on den trees where no hollows were visible. Consequently, spotlighting and stag watching 

was undertaken at randomly selected den sites throughout the study. Two observers were 

placed at least 20 metres from the den site 1 hour before astronomical twilight. Animals 

were observed using the naked eye or binoculars using natural light until after 

astronomical twilight. Following twilight a 400 Watt spotlight with a red light filter was 

used to detect the silhouette and eye shine of animals as they emerged from their dens and 

time of emergence and emergence behaviours were recorded. Radio-collared animals were 

identified by the presence of a radio-collar and its antennae. 
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Table 2.1. General information on the brushtail possums radio-collared in the a) 
unlogged and b) logged study sites.  
 

a) Unlogged study site 
 

 
ID 

Pit tag 
number Sex 

Weight 
(Kg) 

Reproductive 
status Capture location 

 
Fate of animal 

 
CF2 04800005 ♀ 2.60 Primiparous Informal reserve 

 
Alive 

 
CF3# 04999373 ♀ 2.60 

 
Multiparous Informal reserve 

 
Status unknown 

 
CF4# 05132499 ♀ 2.75 

 
Multiparous Informal reserve 

 
Status unknown 

 
CF5 05176634 ♀ 2.85 

 
Multiparous Informal reserve 

 
Alive 

 
CM1 04834269 ♂ 2.85  Informal reserve 

 
Alive 

 
CM2# 05396208 ♂ 3.35  Informal reserve 

 
Deceased 

 
CM3 04790286 ♂ 3.25  Informal reserve 

 
Alive, collar found 

 
CM4# 04820323 ♂ 3.20  Informal reserve 

 
Status unknown 

 
CM5 04997946 ♂ 3.55  Informal reserve 

 
Alive 

 

Note: CM2 was found under a large hollow-bearing tree dead. Autopsies suggested radio collaring was not 

the cause. At the same time, three collars were found near the road. None of the animals were re-captured. 

(denoted  by #). 

b) Logged study site 
 

 

ID 

PIT tag 

number Sex 

Weight 

(Kg) 

Reproductive 

status Capture location 

 

Fate of animal 

 
DF1 04786479 ♀ 3.20 

 
Multiparous Logged area 

 
Alive 

 
DF2 04801190 ♀ 2.65 

 
Multiparous Wildlife habitat clump 

 
Alive 

 
DF3# 04868330 ♀ 3.00 

 
Multiparous 

 
Mature forest (wildlife habitat strip) 

 
Alive, dens study area 

 
DF4# 04870980 ♀ 2.85 Primiparous 

 
Mature forest (wildlife habitat strip) 

 
Status unknown  

 
DF5 04873306 ♀ 3.25 Multiparous Wildlife habitat clump 

 
Alive 

 
DM1 04799211 ♂ 3.05  Logged area 

 
Alive 

 
DM2 04802024 ♂ 3.65  Wildlife habitat strip 

 
Alive 

 
DM3# 04863356 ♂ 3.50  Logged area 

 
Status unknown  

 
DM4# 04960827 ♂ 3.65  Wildlife habitat strip & logged area 

 
Alive, outside study area 

 
DM5 04966531 ♂ 3.10  Logged area 

 
Alive 

 

Note: Four animals (denoted  by #) at the logged site continuously denned outside the study area in 

unharvested mature forest adjacent to the informal reserve. These four animals (2 ♂ & 2 ♀) were not 

radio-tracked after initial location because of the time it took to access their den sites.   
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 Habitat variables 

A number of hollow, tree, site and substrate attributes were recorded for each den site 

(Table 2.2). Only hollow attributes recordable from the ground were assessed because of 

the difficulty associated with examining hollows (Whitford 2002). These variables have 

been identified in other studies as potential predictors of hollow occurrence and use by 

fauna (Gibbons et al. 2002; Koch 2007; Munks et al. 2006; Wayne 2005; Whitford 2002). 

It was often difficult to determine without spotlighting and/or stagwatching, which hollow 

an animal occupied, so on instances where this could not be verified, hollow variables 

were recorded for the lowest tree hollow visible (Wayne 2005). In addition to these 

variables, at each tree surveyed, an assessment of whether or not the tree was a ‘potential 

habitat tree’ based on the generic models by Koch (2007) was done.  

 
Table 2.2.  The hollow, tree and site variables collected at each tree surveyed (See appendix 

4 for full methodology) 

Site variables Type Tree variables Type 

Study site Categorical Potential habitat tree Categorical 

Land tenure Categorical Tree species Categorical 

Vegetation type Categorical Diameter at breast height  Continuous 

Floristic community Categorical Tree height Continuous 

Stand age Categorical Burn damage Categorical 

Canopy cover (%) Continuous Tree form  Categorical 

Understorey cover (%) Continuous Canopy connectivity Continuous 

Elevation Categorical No. visible hollows Continuous 

Topographic position Categorical Presence of pipe Categorical 

Aspect Categorical Number large dead branches Continuous 

Slope Categorical Number of small dead branches Continuous 

Distance to undisturbed 

habitat 

Continuous Presence of scats Categorical 

Distance to road 

 

Continuous Presence of bark wear Categorical 

Hollow variables  Substrate variables  

Hollow height Continuous Rock cover Continuous 

Size of entrance Categorical Leaf litter cover Continuous 

Aspect Categorical Ground cover Continuous 

Branch order Categorical   
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Quantifying unoccupied hollow-bearing tree attributes 

All hollow-bearing trees (>15cm dbh) were surveyed in a circular plot (100m2 ) within 

the core of each possum’s den range (estimated using 100% kernel analysis) for the 

same habitat variables collected for den trees . This method minimised the likelihood 

that non-radio collared possums used ‘unused’ trees. This was based on previous work 

that showed brushtail possums generally held mutually exclusive home ranges (Dunnet 

1964).  

 
 

Data Analysis 

Den use in logged and unlogged forest 
Site and sex differences in the number, type, co-use and frequency of den use were 

analysed using two-way ANOVA and Chi-squared tests in SAS (version 9.1) where type, 

number, frequency and co-use of dens were dependent variables and sex and site were 

independent variables. All data were checked for normality and the appropriate 

transformations performed where required.  

 

Spatial use in logged and unlogged forest 
ArcView GIS 3.3 was used to show den site location data collected from the field in 

relation to topographic and photo interpretation data (Stone 1999). For the purpose of this 

study, the area in which a possum dens was termed its den range, as opposed to the home 

range, which encompasses the area in which animals both den and forage (Lindenmayer 

DB et al. 1991). Den ranges were only calculated for animals radio tracked at least 12 

times in order to accurately estimate den range (Clinchy 1999). Den ranges were estimated 

using minimum convex polygon analysis (MCP 100%) using Home Range Extension 3.0. 

Minimum convex polygon analysis was chosen to allow comparisons with other studies.   

 

The influence of animal size on spatial use 
The influence of animal size (i.e. weight) on spatial use (i.e. den range) was analyzed 

using generalized linear modeling in R (version 2.4.1). 
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Habitat selection 
Two modeling techniques were employed to describe which attributes affected the 

probability of a hollow-bearing tree being used by a brushtail possum. The first technique 

used Classification Trees (De'ath & Fabricius 2000), comparing the attributes that 

separated “occupied “ hollow-bearing trees from “unoccupied “ hollow-bearing trees. 

Classification Trees were selected for several reasons. The main advantage of using this 

modeling technique is that it lacks many of the assumptions associated with traditional 

techniques (i.e.. linear relationships), and the model can deal with missing data. The 

second advantage is that the output is easily interpreted for use in management guidelines 

(De'ath & Fabricius 2000). Used in conjunction with Random Forests (Prasad et al. 2006) , 

using the ‘random Forest ‘ library in R (Liaw & Wiener 2002) this technique produced an 

indication of the predictive ability of the model was produced by calculating 

misclassification rates by cross-validating the model 500 times. This also produces a Gini 

index, a measure of the total decrease in node impurity resulting from the splitting of the 

variable, averaged over all trees. This provides an indication of the relative importance of 

each attribute.  

 

The second modelling technique used two types of generalised linear modelling 

(McCullagh & Nelder 1989). The first was Logistic regression, which was used to 

examine what attributes affected the probability of a hollow-bearing tree being occupied. 

The second used Poisson regression to examine which attributes influenced the probability 

that a tree would be used more frequently than others. The most important variables 

relating tree occupancy and frequency of tree use were selected using a forward stepwise 

regression approach, investigating both single and two-way interactions. To avoid 

collinearity between all continuous independent variables, each variable was standardised 

(variable – total variable mean) / [Square root of variable of variable (Standard deviation)].   

Regression diagnostics were used to examine model fit and variables were transformed 

where appropriate. All modelling was done in R (version 2.4.1).  
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Results 

 
General 
During 32 days of radio tracking between March and July 2007, 162 locations of den use 

were recorded (a total of 70 and 92 records for the unlogged and logged sites respectively) 

in 77 den sites (37 and 40 den sites in the unlogged and logged sites respectively).  

 

Number of dens 
The cumulative number of den sites used by males and females was directly 

proportional to the number of observations collected (a non-asymptote relationship) for 

all except one female, DF1 (Figure 2.10). This female accumulated no more than three 

dens after the sixth observation, continuously being located in the same den (Figure 

2.11). The number of dens used was similar for both sites. Males used more dens than 

females (but insignificantly) at both sites (p=0.168) (Table 2.3).  
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Figure 2.10. The cumulative mean number of den sites used by the brushtail possums 
continuously tracked in this study in relation to the number of observations obtained for males 
and females.  
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Table 2.3 The mean number ± standard deviation of dens sites and observations recorded for 

the 10 brushtail possums continuously tracked in logged and unlogged forest in south east 

Tasmania.  

 
 Logged Unlogged 
 Male Female Male Female 

Number of animals  3 3 2 2 

Mean number of dens  8 ± 0.71 6 ± 2.65 10 ± 0.71 8 ± 0.58 

Number of observations 45 45 31 32 

 

* Excludes DM3, CM3, CF1 & CF4 because they were tracked infrequently 

 

Type and location of dens 
Of the 77 dens recorded, 75 (97%) were located in standing hollow-bearing trees and 2 

(3%) in alternative den sites (1 hollow log and 1 burrow). At both sites, dens were 

primarily located in mature forest (Figure 2.12). In the unlogged site, 37 (95%) dens were 

in hollow-bearing trees. One hollow-bearing tree was located within 30-40 year old 

regenerating forest, and the other in a hollow log in a Pinus radiata plantation on adjacent 

property. In the logged site, despite the availability of hollow-bearing trees and alternative 

den sites (hollow stumps, logs, windrows) in regrowth, 37 (95%) of dens were located in 

the mature forest. Only a single den was located in a standing hollow-bearing tree in 

regenerating forest and this was located in relatively close proximity to mature forest 

(within 26 metres). Another den site located outside mature forest was in a burrow located 

directly under a large E.obliqua hollow log amongst Pomaderris apetala broadleaf scrub.   

 

The distribution of den sites differed between logged and unlogged forest. At the unlogged 

study site, dens were randomly distributed in the mature forest, in the logged area dens 

were clumped into the areas of mature forest. 

 

Use of retained habitat in logged areas 
The majority of den site locations in the logged study site were in informal reserves (38/39 

= 97%). The one den site located outside of informal reserves was within 25 meters of the 

wildlife habitat strip, supporting the association of brushtail possum den sites with mature 

forest retained in informal reserves.  
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a) Unlogged site 
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b) Logged site 
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Figure 2.11. Number of dens used by individual brushtail possums in relation to the number of 

observations for male and females in a) unlogged study site and b) logged study site.



Chapter 2: Brushtail possum den use in logged and unlogged forest 
 

29 

  

a) Unlogged area 

 
 

 
b) Logged area 

 
 

Figure 2..12. Den site location in a) unlogged study site and b) logged study site of the 

brushtail possums tracked in this study.  
Note: Size of wildlife habitat clumps not to scale  
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Spatial use  
The strong association between den sites and mature forest influenced the den range of 

brushtail possums at both sites. At the logged site, where mature forest was limited and 

regrowth forest dominated, den ranges were significantly smaller than at the unlogged 

site where mature forest dominated (F1,8 = 13.59, p=0.0078) (Figure 2.13).   Den ranges 

were not influenced by an animals size (i.e. weight) (F1,8 = 1.45, P=0.263), but were 

strongly influenced by sex (F1,8 = 34.59, p=0.0006), with males denning over a 
significantly greater area than females.   

 

Although the males in this study tended to use more den sites than females, the number 

of dens did not influence den range (F1,8 = 2.99, p=0.122).  
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Figure 2.13. The mean estimated den range (ha) of male and female brushtail possums in 

unlogged and logged forest between March-July 2007. 

 
 

There was little overlap in the den range between individuals (Figure 2.14). Males held 

exclusive den ranges, which did overlap with the den range of one female. Females 

showed a weaker degree of den range exclusiveness, with den ranges overlapping with 

both males and other females. This could be partly because only a proportion of the 

populations were collared.  
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a) Unlogged area 

 

 
b) Logged area 

 
Figure 2.14. Representative den ranges of individual brushtail possums radio-tracked at the a) 
unlogged site and b) logged site. 

N=3 
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Frequency of den use 
The majority of den sites were used once, with some den sites being used more 

frequently than others. In total, 46.15% and 42.42% of dens were used on more than 

one occasion at the logged and unlogged areas respectively. Each individual possum 

used a range of dens, with a single den used disproportionately more than others. For 

the purpose of this study, such dens are termed favourite den trees (Martin 2006). 

Females used a ‘favourite’ den tree disproportionately more than males, with females 

in the logged site tending to use a single den disproportionately more than those in the 

unlogged site (but not significantly) (F1,68 = 0.46, p=0.5022) (Figure 2.15). 
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Figure 2.15. The mean proportion of ‘favourite’ den tree use by males and females in logged 

and unlogged forest. 

 
Frequency of den use is likely to be underestimated in this study because animals were not 

radio-tracked every day. This was revealed in data collected in chapter 3 on tree hollow 

use using temperature loggers that demonstrated that a number of tree hollows were 

reoccupied in between radiotracking trips. 
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Den sharing and co-use 
Den sharing is defined as the simultaneous use of a specific den by more than one radio-

collared animal. Co-use of the same den is temporally discrete (i.e. not simultaneous) 

(Lindenmayer et al. 2004).  It is important to note that in this study, the degree of den-

sharing and co-use are likely to be underestimated because only a sub-sample of 

individuals out of the population were radio-tracked and animals were not radio-tracked 

each day. Furthermore, sub-adults and juveniles that were trapped in the same area as 

adults may have been co-using or den sharing but were not recorded as doing so because 

only adult possums were collared.  

 

Most dens were occupied by only one individual (83% and 90% of dens at the unlogged 

and logged site, respectively). At both sites observations of den sharing and co-use 

between two individuals did occur at both sites (Table 2.4). There was no difference in the 

frequency of den sharing and co-use between the unlogged and logged site. However those 

dens that were occupied by more than one individual were also those most frequently used 

(i.e. favourite dens) (F2,68 = 7.89, p<0.0001). It was unknown whether instances of co-use 

and particularly den sharing were in the same hollow, as such trees often had multiple 

hollow entrances.  

  
Table 2.4. Summary of observed instances of den sharing and co-use within logged and 

unlogged forest by the brushtail possum. 

Unlogged Logged  
Duo Co-use Den-sharing Co-use Den-sharing 

♀ + ♀ 0 0 1 2 

♂ + ♂ 1 0 2 0 

♂ + ♀ 0 2 0 0 
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Den emergence and entering behaviour 
Where hollows were not visible from the ground, animals emerged (verified from 

spotlighting) from fissures and cracks within major side branches and trunks of the 

tree. On several occasions an animal was observed emerging from a crack on the trunk 

or side branch rather than from large visible hollows on the trunk of a tree. This 

indicated that it was difficult to determine accurately the location of actual den sites 

within a tree using radio-tracking. It is possible that many of the fissures, cracks and 

visible hollows on trees were interconnected, but this is impossible to assess from the 

ground.  If an accurate record of den site location within a tree is required then radio-

tracking needs to be followed up with direct observations using a spotlight. Den 

locations obtained by radio-tracking were verified on 6 random occasions in which 

animals were observed leaving the hollow at dusk using radio-telemetry, stag watching 

and spotlighting. On three additional occasions during the day, animals were observed 

above ground within the basal cavity of a tree and subsequently exited a low level 

hollow as we approached on foot. 

 

Emergence time was defined as the time at which an animal left its tree hollow and was 

calculated as the number of hours before astronomical twilight when the last traces of 

daylight disappear in the western sky. Entry times were calculated as the number of hours 

before astronomical rise, when the first traces of daylight appear in the eastern sky (Winter 

1976) as obtained from GeoScience Australia < http://www.ga.gov.au/geodesy/asttro/sunrise.jsp >. 

 

Animals spent a relatively short amount of time outside their dens, spending an estimated 

7 hours outside after dusk and into the early morning. Mean time of entry was variable 

ranging from 2:28 to 6:03 hours before astronomical rise, with a mean 4:55 ±1:19 hours. 

In contrast, animals emerged consistently within an hour and a half before astronomical 

twilight, on average 0:48±0:15 hours (Table 2.5).  
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Table 2.5. Emergence and entrance times of brushtail possums from tree hollows in dry forest 

and woodland in south east Tasmania. 

 
Method Date Animal Entry Emergence 

Spotlighting 9/06/07 DM2 - 0:53 
Spotlighting 10/06/07 DF1 - 1:08 
Temp datalogger 19/06/07 unknown 5:56 - 
Temp datalogger 21/06/07 CM5 4:56 - 
Spotlighting 22/06/07 CF1 - 0:56 
Spotlighting 23/06/07 CM5 - 0:29 

Spotlighting 6/07/07 DM1 - 0:23 
Temp datalogger 14/07/07 unknown 5:30 0:39 
Temp datalogger 15/07/07 unknown 4:40 0:59 
Temp datalogger 12/08/07 unknown 2:28 0:44 
Temp datalogger 13/08/07 unknown 6:03 1:04 

 

Characteristics of hollow-bearing trees  
A total of 158 hollow-bearing trees were surveyed, including 75 known to be occupied by 

brushtail possum(s) using radiotelemetry, and 84 trees that were available, but not used. 

Table 2.6 summaries the key site, tree, hollow and substrate attributes of occupied and 

unoccupied hollow-bearing trees. Eucalyptus species constituted all of the hollow-bearing 

trees surveyed and the proportion of use of each species appeared to reflect availability, 

although this was not quantified. At both sites, those trees that were occupied were 

generally larger, taller, had a greater number of hollows, greater canopy cover, more dead 

branches, lower minimum hollow heights and were generally not burnt to the stage of 

containing a basal hollow than trees unused.  Trees at the logged site were generally larger, 

and this was associated with the dominant species E. obliqua.
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Table 2.6. Summary of key characteristics of a sample of occupied and unoccupied hollow-

bearing trees by the brushtail possum in south-east Tasmania (N=158). 
 

Note: Figures in parentheses are percentages of the total tree count 
Unlogged area Logged area  

Occupied Unoccupied Occupied Unoccupied 

 

Sample size 
 

36 

 

17 

 

39 

 

66 

 

 
Tree species 

    

E. obliqua 9 (25) 1 (6) 37 (96) 63 (96) 

E. pulchella 13 (36) 8 (47) 1 (2)  

E. globulus 4 (11) 2 (12) 1 (2) 3 (4) 

E. viminalis 5 (14) 2 (12)   

E. amygdalina 5 (14) 4 (23)   

 

 

DBH (cm) 

 

76.6± 22.7 

 

63.8±16.81 

 

101.2±30.34 

 

93.2±33.62 

Tree height (m) 19.5±7.31 18.6±5.79 22.5±8.05 22.5±7.4 

Canopy cover (%) 60±18 49±29 66±18 62±22.81 

Understorey cover (%) 41±50 17±39 33±47 56±50 

Burn damage Moderate Low Moderate Low 

No. Small hollows 2 0-1 1-2 1-2 

No. Medium hollows 1-2 0-1 0-1 0-1 

No. Large hollows 1-2 0-1 1-2 0-1 

Total No. Hollows 4-5 1-2 4-5 2-3 

No. Small dead branches 1 0-1 2-3 0-1 

No. Large dead branches 1-2 0-1 1-2 0-1 

Minimum hollow height (m) 10.8±4.31 12.5±4.73 13.9 14.5 

Hollow entrance size Large Medium Large Medium 

Rock cover (%) 27.19±22 20.65±4.73 27.17 53.88 

Leaf cover (%) 7.84±5.6 32.12±15.06 18.36 25.61 

Ground cover (%) 15.28±16 26.44±15.79 23.46 18.11 

Predicted habitat trees 10 (28) 0 (0) 13 (33) 6 (9) 
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Classification trees 
 
Classification trees and Random Forests revealed that the size of the hollow entrance 

present on a hollow-bearing tree was the best predictor that a brushtail possum would 

occupy a hollow-bearing tree. The best classification tree is represented in Figure 2.16. 

The model indicated that trees with a large hollow entrance size (>10cm) were more likely 

to be occupied as a den tree than trees with only small (2-5cm) or medium (5-10cm) 

entrances.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.16. A representation of the classification tree of characteristics that indicate potential 

use of a hollow-bearing trees as a den sites by the brushtail possums tracked in this study.  

 

The models misclassification error from the Random Forest confirmed that hollow 

entrance size was the variable that was more strongly related to a tree being used as a den 

site. The models misclassification rates were very low for predicting tree non-occupancy 

but were slightly higher for predicting occupancy (Table 2.8).  Table 2.7 reveals the 10 

most strongly related attributes of hollow-bearing trees that related to tree use.  

Unoccupied 
69/14 

Occupied 
15/61 

The presence of a hollow 
with an entrance size 

Large 
(>10cm) Medium/small 

(<10cm) 
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Table 2.7. The ten attributes most strongly related to tree use as den sites by brushtail 

possums as indicated by the Random Forest.  
#  The high n Gini index, the greater contribution the variable has to model accuracy 
 

Variable Total decrease in Gini index# 

Entrance size 9.92 

% Litter 9.68 

Number large hollows 8.42 

% Rock 4.99 

Tree aspect 3.72 

Number of hollows 3.41 

Burn damage 3.03 

Tree height 2.98 

Hollow aspect 2.84 

Tree form 2.58 

 

 
Table 2.8. Misclassification rates for the Random Forest. 

Predicted result  

Unoccupied Occupied 

Classification error 

Unoccupied 80 4 0.041619 True 

 result Occupied 9 66 0.120000 
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Generalized linear modeling 
Due to the complex ecological nature of the data collected (i.e. large number of 

variables) and the low sample size, Logistic and Poisson regression models violated 

many assumptions, indicating that these models were not suited to predicting tree 

occupancy by brushtail possums in this study. Preliminary analysis did reveal a weak 

trend of the most frequently used tree to be larger than those trees only used once 

existed (F 1,70 = 8.139; P=0.0058; R2 = 0.26) (Figure 2.17).  
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Figure 2.17. The relationship between the frequency of den and the diameter at breast height 

of occupied hollow-bearing trees of the brushtail possum.  
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Discussion  

Den use in logged and unlogged forest 
An overwhelming majority of den sites chosen by the brushtail possums tracked in this 

study were in standing hollow-bearing trees. This is inconsistent with the 

generalisation that brushtail possums in Tasmania are more opportunistic in their 

choice of den sites than other arboreal marsupials (Green 1993; Munks et al. 2004b; 

Strahan 1984), readily denning in alternative refuges in logged forest, where hollow-

bearing trees are potentially limited (Green 1982). The selection of trees with hollows 

in both unlogged and logged forest, despite the availability of alternative den sites (i.e. 

dense vegetation, windrows, logs and stumps), is consistent with similar studies on den 

use in Australia (Hynes 1999; Johnson et al. 2001; Le Mar & McArthur 2005b; Winter 

1976). This supports the view that alternative den sites are rarely used because they 

offer suboptimal habitat (Le Mar & McArthur 2005b; Wayne 2005). The use of 

suboptimal habitat (i.e.. non hollow-bearing trees) should rarely occur if brushtail 

possums are selecting optimal denning habitat (Johnson 2007). As such, observations 

of alternative den use are unlikely to reflect selection for alternative den sites in the 

long-term, but rather reflect short-term benefits associated with a single point in time 

that make denning in alternative den sites advantageous (i.e. bad weather, predators, 

sickness) (Hynes 1999; Ward 1978; Winter 1976).  

 

Brushtail possums, like other hollow-users, have evolved hollow-using behaviour in 

response to the benefits associated with denning in enclosed cavities (i.e. 

thermoregulatory advantages, protection against predators) than more exposed 

alternative den sites (Gibbons & Lindenmayer 2002). The absence of predators and a 

lack of suitable den trees in New Zealand, and in Australian urban areas, are probable 

explanations of the high occurrence of alternative den use in these habitats (Green & 

Coleman 1987; Harper 2005; Martin et al. 2007; Statham & Statham 1997). Given the 

reliance on multiple hollow-bearing trees as den sites, the brushtail possum in 

Tasmania is likely to be susceptible to changes in hollow abundance created by timber-

harvesting (Abbott & Whitford 2002), but this is unlikely to significantly influence the 

population size while sufficient foraging habitat (i.e. forest regrowth) remains 

avaliable (Paull & Kerle 2004).  
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Little evidence indicated that tree hollows were limited in the logged area in this study, 

as large retained patches provided habitat to den in. There was no evidence that the 

number of dens differed between logged and unlogged areas, with animals at both sites 

using multiple den trees, with the number varying between individuals. The use of 

multiple dens is a common behaviour in brushtail possums (Cowan 1989; Dunnet 

1956; Green & Coleman 1987; Wayne 2005), and other arboreal marsupials 

(Lindenmayer 1996; Martin 2006; Martin et al. 2007; Rhind 2004; Wayne 2005). The 

behavioural mechanisms behind this behaviour are unclear, but several factors are 

thought to influence the use of multiple dens (den swapping behaviour) by arboreal 

marsupials. This includes home range defense, reduction in the build up of 

ectoparasites, decreased predation risk and in response to current foraging areas 

(Lindenmayer et al. 1991). The use of favourite den trees, particularly by females, is 

not uncommon among arboreal marsupials, including brushtail possums (Clinchy 

1999; Cowan 1989; Harper 2005; Lindenmayer 1996; Lindenmayer et al. 1996a; 

Martin 2006; Rhind 2004; Ward 1978; Wayne et al. 2005). The greater proportion of 

use of a favourite den tree by females in the logged area may suggest that den trees 

favoured by females are limited in some way, however the specific mechanisms 

operating on the brushtail possums tracked in this study are difficult to determine 

without quantitatively investigating hollow use.  

  

An actual estimate of the number of dens used by brushtail possums was difficult to 

assess in this study. Firstly, the number of dens used increased with the number of 

observations, suggesting that a greater number of dens may have been observed if 

further observations had been obtained (e.g. Lindenmayer et al. 2004; Lindenmayer et 

al. 1996a; Wayne 2005). Secondly, it is difficult to compare and make generalisations 

about the number of dens used per individual between forest types because numbers 

may vary according to the techniques used (i.e. radio-telemetry, spool-and-line, 

spotlighting), time frame of the study, inter and intraspecific population density, 

competition, forest type, region and sub-species. Expanding home ranges, competition 

and death of animals suggests that den use is a dynamic process (Wayne 2005), 

arguably overriding suggestions that den sites over time should reach an asymptotic 

relationship because of the sedentary nature of brushtail possums and the finite 

availability of den sites in a forest patch (Lindenmayer et al. 2004; Wayne 2005). 
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Based on the most comparable estimates of den use in a study at an adjacent forest 

patch, the estimates of between 6-11 dens per individual appear reliable (Clinchy et al. 

2004; Hynes 1999).  

 

Spatial arrangement of den sites 

A surprisingly strong association between den sites and mature forest at both sites was 

observed in this study. This indicated that mature forest provided higher quality habitat 

for denning than regenerating forest. This was largely because in regenerating forest, 

den sites in hollow-bearing trees were readily available, but unused, suggesting a 

preference for den sites located in mature forest.  This suggests that habitat choice by 

brushtail possums for denning is governed by not only tree availability but possibly 

social (e.g.territoriality) and forest patch (e.g. edge effects, connectivity) factors. The 

influence of these factors on the use of den sites located in forest patch and retained 

areas is further discussed in chapter 4. 

 

 The selection of mature forest strongly governed the diurnal spatial use of brushtail 

possums. Den ranges were significantly larger in the unlogged area, where mature 

forest was readily available, but were restricted in the logged area where mature forest 

was limited. At both sites, males denned over a larger area than females, which is 

consistent with brushtail possum behaviour (i.e. Hocking 1981).  Restrictions in den 

and home range size have been previously associated with limited habitat availability 

(Martin et al. 2007; Van der Ree et al. 2006), which suggests that the availability of 

mature forest in the logged area in this study may be limiting the availability of 

suitable habitat to brushtail possums.  

 

No studies have quantified the impacts of decreased availability of high quality habitat 

on brushtail possums in native forest in Australia. Recent studies have revealed that  

habitat clearance and fragmentation (i.e. through logging) can influence the mating 

systems and offspring sex ratios in arboreal marsupials (Johnson 2007; Martin & 

Handasyde 2007). This is alarming, as similar preferences of mature forest have been 

documented in other hollow users including the brushtail possum (Le Mar & McArthur 

2005b; Lunney et al. 1988; Rhind 2004; Taylor & Savva 1988; Wapstra & Taylor 

1998). 
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Characteristics of den trees 
Den trees used by brushtail possums in this study all shared similar key attributes. Trees were 

more likely to be chosen for den use if at least one hollow in the trunk had a large entrance 

(Figure 2.18). Hollow entrance size has been well established as an important attribute 

influencing tree use, as entrance size can be indicative of other hollow dimensions (i.e.. 

depth) that will influence whether a hollow is suitable for use (Gibbons et al. 2002; Heinsohn 

et al. 2003; Koch 2007; Nelson & Morris 1994; Saunders et al. 1982).  In part, the selection 

for den trees with large hollows is likely to reflect the need for hollows to be at least 5-10cm 

in diameter for a brushtail possum to enter (Koch 2007). However, the direct observations of 

brushtail possums emerging from fissures, cracks and smaller hollows in the side branches of 

trees suggests that it is more probable that a large hollow increases the likelihood that the tree 

contains other suitable cavities for use.  

 

Consistent with previous work (Koch 2007), the use of smaller trees by brushtail possums 

suggested that brushtail possums may be much less selective in terms of the size or age of the 

tree than other species. However, that attributes that influenced tree selection to a lesser 

degree than entrance size were also very similar to those attributes recognised as important 

indicators of tree use across hollow users (Figure 2.18).   
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Figure 2.18. An example of a brushtail possum den tree (left) with a large hollow in the trunk (upper 

right), and similar large hollows found in other den trees (middle and bottom right) 
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Table 2.9. Similarities between the most important attributes that indicate a tree is potentially suitable for use as a den, nest of roost site by arboreal 

marsupials and other hollow-using groups.    
Hollow-using species Tree 

DBH 
Tree 
Height 

Hollow 
height 

Hollow size No.  hollows Crown 
senescence 

Canopy 
Connectivity 

Sources 

Current study - - - Large - - -  

Broad hollow use (TAS) Large Large Low Large High High - (Koch 2007) 

Trichosurus vulpecula Large Large - Large - High High (Inions et al. 1989; Johnson et al. 2001; Lindenmayer et al. 

1990; Wayne 2005; Wood & Wallis 1998) 

Trichosurus caninus Large Short - - High 

 

High - (Lindenmayer et al. 1990, 1991; Lindenmayer et al. 1996b) 

Gymnobelideus 

leadbeateri 

Large Short - - - High - (Lindenmayer et al. 1990, 1991; Smith & Lindenmayer 

1988) 

 Pseudocheirus 

occidentalis 

Large - - Small 

~Large 

- High High (Inions et al. 1989; Thomson & Owen 1964; Wayne 2005) 

Petauroides volans Large Large - - - High - (Cunningham et al. 2004; Kehl & Borsboom 1984; 

Lindenmayer et al. 1991; Lindenmayer et al. 2004) 

 Petaurus breviceps Small - - - High - - (Lindenmayer et al. 1990, 1991)  

Acrobates pygmaeus Small - -  - - - (Lindenmayer et al. 1990; Mackowski 1987) 

Antechinus stuartii Small Large  - High - - (Lindenmayer et al. 1990, 1991) 

Bats species Large - - Small - - - (Lunney et al. 1988; Taylor & Savva 1988; Tidemann & 

Flavel 1987) 

Bird species.  Large Large 

~small 

Low Large~ 

small 

High - High (Brigham et al. 1998; Heinsohn et al. 2003; Saunders et al. 

1982; Taylor & Haseler 1993) 
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Conclusion 

This study has emphasised the importance of understanding habitat selection of common 

arboreal marsupials, such as the brushtail possum, and the benefits of short-term studies in 

identifying the impacts of logging on the habitat use at both the tree, and forest patch scale. 

The surprisingly strong selection for dens in standing hollow-bearing trees emphasises the 

importance of retaining suitable hollow-bearing trees (i.e. those with large hollows) with 

surrounding suitable habitat (i.e. mature forest elements) in logged areas. A greater number of 

observations across seasons are likely to reveal whether the availability of mature forest due 

to logging impacts other aspects of den use. Impacts of logging on the behaviour of brushtail 

possums should be a concern for not only the susceptibility of brushtail possums to logging, 

but more importantly the impacts on other arboreal marsupials that are less abundant and 

selective in terms of suitable den sites.  In light of these findings, a greater understanding of 

the den use at the species-specific level in logged areas should become an important objective 

for forest managers in the future.  
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Chapter 3  

Assessing the effectiveness of indirect methods to detect 
hollow-bearing tree use by the common brushtail possum, 
Trichosurus vulpecula fuliginosus 
 

Introduction  

A greater understanding of habitat use by arboreal marsupials is critically required in order to 

adequately retain high quality habitat. The lack of current information can in part be 

attributed to difficulties associated with detecting habitat use by arboreal marsupials. To 

improve our understanding of habitat use, we need to develop methods capable of detecting 

the use of habitat applicable to specific species. It is important that any methods chosen are 

appropriate in terms of effectiveness and accuracy, as the methods applied can significantly 

influence the amount, quality and type of data collected (Wayne et al. 2005), which in turn, 

can potentially affect the adequacy of management decisions. Traditional approaches include 

direct methods (e.g. radiotelemetry, trapping, spotlighting, nest boxes), but such methods are 

labour and cost intensive, and the results are unlikely to be good quality in terms of return-

for-effort (Mills et al. 2002). Alternatively indirect methods (e.g. surveys for scats, bark wear, 

hair and feathers) are often used when gathering information on habitat use of species that are 

difficult to study (e.g. rare species) or where funds are limited.  

 

Surprisingly, the ability of such methods to effectively detect habitat use by arboreal 

marsupials has received limited attention. A number of studies have examined particular 

methods in terms of their effectiveness and accuracy to detect the presence of a range of 

marsupials, particularly the use of hair tubes (Lindenmayer et al. 1999; Lobert et al. 2001; 

Mills et al. 2002), trapping (Laurance 1992), scats surveys (Telfer et al. 2006), and 

comparisons between methods including radio-telemetry, hair tubes, soil plots, trapping, nest 

boxes, sightings, spotlighting, vocalisations and scat surveys (Catling et al. 1997; Franco et 

al. 2007; Garden et al. 2007; Ward 2000; Wayne et al. 2005). The main conclusion across 

these studies is that no one method can be applied to detect all species, and that certain 

combinations of methods may be more effective than others at detecting species in different 

situations (i.e.. because of constraints due to time, money, species, environment). No studies 
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have investigated the efficacy of indirect methods at assessing fine scale habitat use (i.e. of 

the hollow-bearing tree) by arboreal marsupials.  

 

In Tasmania, a lack of information on tree hollow use by arboreal marsupials greatly under 

minds the effectiveness and development of management strategies.  Forest managers 

responsible for developing and implementing management strategies are faced with two 

challenges. The first is to decide on the type, number and spatial arrangement of trees to 

retain, and the second is to monitor the effectiveness (i.e.. the use) of retained trees at 

providing adequate habitat to maintain pre-existing populations of hollow-users in logged 

areas. In the absence of labour and funds for direct studies, more cost-effective ‘rapid 

assessment’ methods are required. The development of rapid assessment techniques to detect 

trees used by fauna can go along way towards the development of meaningful management 

strategies.  

 

Two methods potentially suitable for ‘rapid assessment’ of habitat use are scat surveys and 

bark wear assessments (e.g.Inions et al. 1989; Munks et al. 1996).  These methods are 

generally used to assess presence/absence of arboreal marsupials. However it is unknown 

whether they can be used to assess the use of a particular hollow-bearing tree in the forest 

patch.  A commonly detected species using these species is the brushtail possum, Trichosurus 

vulpecua. As one of only two medium sized arboreal marsupials in Tasmania, the scats and 

bark wear of easily identifiable. Scats can be identified from their shape, composition and 

texture (Triggs 1996). Bark wear is caused predominately by the brushtail possum and to a 

lesser extent, the ringtail possum (Inions et al. 1989).  A further sign of tree use is the scratch 

marks on the trunk of the tree which are produced by the wear of brushtail possum claws on 

the bark of trees as the ascend and descend up the trunk.  

 

No-cost effective method can currently monitor tree hollow use. Temper loggers are 

potentially a non-invasive, indirect method to monitor tree hollow use. They have been 

successfully used in studies of torpor associated with nest and burrow use (Bethge et al. 2004; 

Willis et al. 2005).  Previous work has revealed that when occupied, the temperatures in a 

tree hollow rapidly increase in response to the heat produced by occupants (Symes et al. 

2004; Willis et al. 2005), suggesting a means of detecting hollow use.  
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 This study examines the effectiveness of scat surveys and bark wear assessments in detecting 

hollow-bearing tree use. It also documents a preliminary trial of temperature loggers as a 

method of monitoring the frequency of hollow use by brushtail possums. Two questions will 

be explored in this study:  

 

1. Can scat surveys and bark wear be used to detect hollow- use by the brushtail 

possum? 

2. Do temperature loggers have potential as a method of monitoring tree hollow use by 

brushtail possums? 
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Materials and Methods 

Study Area 
The main study area was located in Kellevie, in the Mount Morrison State Forest in south-

eastern Tasmania in mature Eucalyptus obliqua and E. pulchella-globulus-viminalis dry 

forest (see Chapter 2 for specific details). An additional study area at Melton Mowbray 

(519000E 5299000N) in the southern Midlands of Tasmania on the Lovely Banks grazing 

property was used to further pilot the use of temperature loggers because of a lack of 

accessible hollows at Kellevie (Figure 3.1).. It shared similar environmental attributes with 

the other site, being 200-300 metres above sea level, but was floristically dissimilar, 

dominated by mature Eucalyptus amygdalina and Eucalyptus pauciflora-viminalis remnant 

forest and woodland.  

 
 
Figure 3.1. Location of study sites in Tasmania. 
 

Identification of den trees 
Hollow-bearing trees used as den sites were identified using radiotelemetry of 13 adult 

brushtail possums. Radiotelemetry was completed over 4 consecutive days each month for 

the unlogged and logged site at Kellevie in a concurrent study between March and July 2007 

(see Chapter 2 for full methodology).  

Melton Mowbray 

Kellevie 
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Identification of unoccupied trees 
A sub-sample of hollow-bearing trees not used by brushtail possums was surveyed in the core 

of each individual’s estimated den range at the end of the study in July and August 2007 (see 

Chapter 2 for full methodology).  

 
Scat surveys and bark wear assessments 
At each tree, a scat survey and bark wear assessment was completed. Additional surveys were 

done when a den tree was re-used, to investigate not only the relationship between indirect 

methods and den use, but also frequency of den use. Scats were surveyed by systematically 

searching for their presence at the base of the tree and connecting trees (i.e. those trees whose 

canopies connected with the den tree) for 2 minutes per tree. Scats were identified based upon 

the shape, size and content of the faecal pellet using Triggs (1996). Bark wear assessments 

were completed by assessing the trunk and side branches of the tree leading to hollows for 

signs of wear from the claws of a brushtail possum, visually and with binoculars. Identified 

scats were removed, and the location of bark wear on the tree was identified. Bark wear were 

recorded as either present or absent from the den tree or connecting tree. Figure 3.2 gives an 

example of scats and bark wear detected at a hollow-bearing tree. 

 

                
Figure 3.2. An example of the detection of brushtail possum scats (left) and bark wear on a hollow-
bearing tree (right). 
 



Chapter 3: Effectiveness of Indirect methods to detect tree use 

52 

Data analysis 
The correlation between scat and bark wear presence and the occupancy and frequency of use 

of a den tree was analysed using generalised linear modeling in R version 3.3 (McCullagh & 

Nelder 1989).   

 

Pilot study of temperature loggers 
Temperature loggers  (17.35 x 5.59 mm)(Alphaflex, iButton DS1922L/T, Dallas 

semiconductor, USA) (at $40 each) (Figure 3.3 ) were trialled in five accessible tree hollows, 

two at Kellevie and three at Melton Mowbray between May and September 2007 (Figure 

3.34). Accessible tree hollows were those that could be safely accessed from the ground or by 

ladder. Each temperature logger was calibrated to record temperature at 10 minute intervals 

for up to 54 days with a  sensitivity of 0.1 ºC. The start of data recording could be pre-

programmed to coincide with time of deployment. Each temperature logger was fixed to a 

metal washer using glue and attached to surgical string. This method allowed the temperature 

logger to be lowered to the bottom of a hollow and to be removed easily. The surgical cotton 

was tied off around the trunk or nearest branch of a tree to prevent loss for easy removal. 

Once temperature loggers were removed, data was downloaded from the logger via a USB 

reader into Mission Master 4.0 for analysis. 

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

.............................................................................................................................................................  b) 
back  

           
Figure 3.3. The size of a temperature logger at the front (left) and back with attached washer and 
surgical string (right).   
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Figure 3.4. An example of an assessable tree hollow (D17) from the outside (left) and inside the 
hollow (right).  
 

Initially, one temperature logger was placed inside a hollow frequently occupied by a 

brushtail possum (C17). The aims of this trial were to determine whether hollow use by a 

brushtail possum could be detected, and define the onset of tree hollow use by correlating 

temperature increase with known entry/emergence times, as verified by radio-telemetry. 

Further testing occurred on randomly assessable tree hollows. One temperature logger was 

placed in an unoccupied tree hollow at the Illes Tier study site (D1) and three temperature 

loggers were placed inside tree hollows at Melton Mowbray (MM1-MM3). For each tree 

hollow temperature dataset, the temperature change was calculated between each 10 minute 

temperature recording (T2-T1 = Tchange) and changes in temperature were compared between 

when a tree hollow was known to be unoccupied and occupied. 

 
Table 3.1.  Details on the deployment of temperature loggers into tree hollows between May and 
September 2007.  
 

Hollow 
number 

Site Date inserted Date removed Total number of 
recordings 

C17 Mount Morison 24th May 2007 1st September 2007 14664 

D1 Illes Tier 3rd July 2007 7th August 2007 4985 

MM1 Melton Mowbray 16th July 2007 3rd September 2007 7205 

MM2# Melton Mowbray 16th July 2007 3rd September 2007 7205 

MM3# Melton Mowbray 16th July 2007 3rd September 2007 7205 
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# Due to dislodgement of two loggers in MM2 and MM3, these loggers recorded ambient temperature 

at Melton Mowbray 
 

Results 

Bark-wear assessments and scat surveys 
Den use observations 
Eighty-one den sites were located in 75 hollow-bearing trees between March and July 2007 

(from a total of 162 observations). The majority of dens were located in the trunks of E. 

obliqua and other tree species. In total 45 of the 75 (60%) hollow-bearing trees showed signs 

of bark wear and/or scats. A greater detection rate of bark wear appeared to be associated 

with rough bark trees (Table 3.2).  

 

Table 3.2. Occupied den trees and the proportion of trees with indirect signs  (scat and bark wear) 

identified in tree surveys (see appendix for full details). 

 
Note: Figures in parenthesis are percentages of the total number of den trees.  

Tree species Bark type No. Dens 
per 

species 

No. and (%) of den 
trees with indirect 

signs observed 

Positive 
scats 

surveys 

Positive bark wear 
assessments 

E. obliqua Rough 46 28(60) 12 16 

E. pulchella Smooth 14 4 (28) 1 3 

E. globulus Smooth 4 1 (25) - 1 

E. amygdalina Rough  5 1 (2) - 1 

E. viminalis Smooth 6 2 (33) 1 1 

Total  75 36 (48) 14  (19) 22 (29) 

 

Indirect methods successfully detected tree use on 41 of the 162 occasions when a possum 

was denning within a hollow-bearing tree. Recent bark wear was present on the trunk of 25 

(16%) known den trees, while scats were present at the base of the den tree or connecting 

trees on 21 (13%) of den use observations (Table 3.2). Generalised linear modelling of the 

factors associated with occupied and unoccupied den trees (Chapter 2) revealed that bark 

wear assessments were a slightly more effective method of detecting den use than scat 

surveys, but the use of either indirect method was poorly associated with known den use 

assessed by radio telemetry (P = 0.293 & P = 0.423 respectively). Neither method effectively 

detected frequency of den use. Scats were detected more frequently at the most frequently 

observed den trees, but it is unclear whether this reflected the actual number of times a den 
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was occupied (frequency of den use) or the number of scat surveys undertaken at that tree 

over the study. Also, due to the nature of the forest, few of the canopies of den trees 

connected with surrounding trees, so an assessment of the relative rate of detection of scats at 

den trees versus connecting trees could not be made.  

 

Other observations  
No surveys of scats were undertaken across the whole study area, but during radiotelemetry 

scats were frequently observed away from the den tree within the forest patch on rocks, logs 

or stumps. Limited spotlighting revealed that possums left den trees immediately after 

emergence from a hollow and proceeded to the ground, where they travelled on the ground, 

suggesting that brushtail possums may not deposit scats under den or adjacent trees, but may 

deposit scats from trees in which the forage or travel under. 

 

Temperature loggers 
Detection of tree hollow use within a known den tree 

Peaks in the temperature of the tree hollows monitored by radiotracking at the Kellieve site 

consistently increased when occupied by a brushtail possum (n=101 days). Although tree 

hollow temperature is likely to fluctuate with daily changes in ambient temperature, the mean 

tree hollow temperature when unoccupied was relatively constant through autumn/winter (6 ± 

3 ºC), with daily temperatures ranging from 0 ºC to 22 ºC.  

 

The presence of a brushtail possum in the hollow produced an obvious effect on temperature 

readings, with an initial steep increase in temperature from the mean during the 10-minute 

interval of tree hollow non-use and occupation. When occupied, the mean tree hollow 

temperature was 4 times greater  than unoccupied temperature, with a recorded mean of 21± 

4 ºC, ranging from 8 ºC to 28 ºC. The relatively high temperature during occupation allowed 

for clear differentiation between when a tree hollow was occupied and unoccupied, as on 

emergence the temperature rapidly declined and returned to the previously recorded 

unocccupied temperature ranges (Figure 3.5). Tree hollow use by a brushtail possum could be 

defined as a change in temperature of more than 3 ºC in 10 minutes.  
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Based on this criterion, a further four recorded uses of the tree hollow (D17) were clearly 

detected when radiotelemetry was not being undertaken at the Kellieve site (Figure 3.6 and 

Figure 3.7). At least one of these detection events was probably by a brushtail possum on the 

basis of fur sample from within the hollow (Figure 3.6).  
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Figure 3.5. Representative daily temperatures of a tree hollow during two examples of tree hollow 

use by a brushtail possum in dry forest at Kellevie over 5-days. 
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Figure 3.6. Daily tree hollow temperature over 6-days measuring temperature increases during two 
occurrences of hollow occupation by a brushtail possum. 
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Figure 3.7. Daily tree hollow temperature over 8-days measuring temperature increases during three 
occurrences of hollow occupation. 
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Detection of use of two randomly selected hollows 
Two temperature loggers were placed into tree hollows D1 and MM1. The temperature 

logger in D1 failed to detect tree hollow use. The temperature logger in MM1 however 

successfully detected tree hollow use on 12 occasions (Figure 3.8b). Previously quantified 

temperature increases in D17 at the onset of occupation were observed, but varied from 1 ºC 

to 8 ºC suggesting that either a) a different species or b) more than one individual occupied 

that tree hollow (communal denning) were occupying MM1. An alternative explanation is 

that observed temperature increases at the onset of occupation differed between hollow type 

(i.e. depth, entrance size), tree species or forest type. The hollow-using species detected in 

MM1 is unknown, but wear around the hollow entrance suggested it was used frequently. The 

size and depth of the hollow suggested that it may have been used by a species other than a 

brushtail possum, as the hollow entrance was relatively small and the hollow itself deep, but 

narrow suggesting that an adult brushtail would be unable to occupy it (see Chapter 2 for 

details on hollow requirements).  

 

Coincidently and of particular interest was the timing of this observation of MM1 hollow 

occupation, which occurred on the day of the largest recorded rainfall (63 mm) in 12 months 

at the site. 

 

Tree hollow versus ambient temperatures  
The mean daily temperature of D17 and MM1 when occupied were similar, despite the 

difference in location. The mean daily temperature of MM1 was of 7.±3 ºC. The temperature 

range of this tree hollow was considerably lower when compared to ambient temperatures 

recorded outside MM2 and MM3. Ambient temperatures varied greatly and fell below zero 

degrees, ranging from -2 ºC and 39 ºC, much lower and higher than within the tree hollow 

itself (2 ºC to 19 ºC). A significant correlation existed between ambient temperature and tree 

hollow temperature with higher temperatures recorded outside the tree hollow (R2=0.76). An 

example of the representative temperature correlation between the tree hollow and ambient 

temperatures is shown in Figure 3.8a. 

 
When occupied, MM1 tree hollow generally maintained a temperature above ambient 

temperatures ranging from 3 ºC to 34 ºC with a mean of 17±6 ºC (Figure 3.8b).  
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Figure 3.8. Representative daily temperature from tree hollow # MM1 when a) unoccupied b) occupied 

and c) at the entrance of a tree hollow compared to ambient temperatures from outside MM2 and MM3 

within the forest patch at Melton Mowbray over 12 days. 

a) 

b) 

c) 
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Discussion 

Indirect methods of detecting hollow-bearing tree use 
Indirect methods (bark wear and scat surveys) could not reliably detect specific den tree use 

in a forest patch. If this technique was the sole method used, at least 40% of dens, i.e. 30 

occupied hollow-bearing trees, would have been overlooked within the study area, and an 

estimated 78% of den use observations missed. Furthermore, generalised linear models 

revealed that presence of scats and barks wear at unoccupied trees greatly reduced the ability 

of indirect methods to detect specific tree-use in a forest patch.  

 
The ineffectiveness of indirect signs implies that tree use cannot be relied upon to detect the 

use of hollow-bearing trees as den sites. This, coupled with observations that possums may 

not necessarily deposit scats at their den trees and the bias of bark wear to fibrous tree species 

(i.e. E. obliqua), further supports the conclusion that these methodologies are better suited to 

broader-scale studies of habitat use, or at least, should not be used until further efforts are 

made in understanding their efficacy and accuracy of these methods. 

 

Recent work by Gibbons (unpublished data in Gibbons & Lindenmayer 2002) showed that 

bark wear could be associated with den use on as few as 26% of known den trees. Similarly, 

in the broader context of forest patch use, Wayne (2005) concluded, based on comparisons of 

survey methods, that the presence of scats was a poor detector of forest patch use in general 

and suggested that scats were more effective at detecting the presence and absence of 

brushtail possums in a given area.   

 

Indirect methods such as bark wear and scat counts are likely to be better suited as indicators 

of the presence or absence of brushtail possums in a forest patch, rather than finer-scale 

assessments of use. In forest patches with a mixture of fibrous and smooth bark Eucalyptus 

spp. the use of bark wear may grossly underestimate the use of smooth bark species and 

overestimate rough bark species (Table 3.2) (see also Gibbons & Lindenmayer 2002). The 

detection of scats may also be influenced by the vegetation cover and height of a den tree, as 

well as observer error in detecting scats. Furthermore scat surveys are not necessarily a 

reliable method of monitoring tree use as scats can be lost at different rates of decomposition 

in a forest patches, depending on substrate (Telfer et al. 2006). 
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Pilot study of temperature loggers 
Finer-scale habitat use, at the level of the hollow, is difficult to study, but the temperature 

logger data indicated that they may be a useful tool in detecting the use of individual tree 

hollows in a hollow-bearing tree by warm-blooded vertebrates. In this study hollow use was 

accurately detected using temperature loggers on occasions that a hollow was known to be 

used by a brushtail possum. A further 12 observations of hollow use by either a brushtail 

possum or an unknown hollow-user were made 

 

The onset of occupation was successfully defined as a rise of more than 3 ºC for a brushtail 

possum, and between 1.5 ºC and 8 ºC for the unknown hollow-using species. A steep increase 

in mean tree hollow temperature at the onset of occupation, followed by a constant high 

temperature throughout the day until the animal emerged was consistently observed. This 

lack of fluctuation in hollow temperature compared with ambient temperatures shows the 

adaptive benefit of occupying tree hollows, with tree hollow use likely to significantly reduce 

the thermoregulatory energy expenditure of hollow users.  

 

This study supports the initial work by Willis et al. (2005) who tested the effectiveness of the 

same type of temperature logger (ibutton) to detect the onset of torpor in dunnarts in their 

nests. Alternative technologies such as electronic temperature recorders based on the same 

approach are likely to be inferior based on comparisons of temperature increases with this 

study (Ruczynski 2006; Wiebe 2001).  

 

While successfully trialled in this pilot study, and studies on torpor (Willis et al. 2005), the 

application of temperature loggers as an alternative approach to monitoring tree hollow use 

requires further research. Future work should include: (1) quantifying the ability of loggers to 

detect both birds and mammals with different hollow, tree and site variables (e.g. aspect, 

hollow size, tree species), which could be undertaken using nest boxes at a wildlife sanctuary; 

(2) developing an adequate deployment method other than string (e.g. weighted cage), and (3) 

testing the applicability of the approach in investigating the use of different types of hollows 

(e.g. fissures, cracks). 
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Once fully tested in terms of effectiveness and accuracy, temperature loggers may provide 

invaluable knowledge on the use of tree hollows by hollow-using species, particularly those 

that are highly cryptic or difficult to study.  

 

Conclusion 
This study represents the first insight into the ability of indirect methods to detect finer-scale 

habitat use at the hollow-bearing tree. Previous work, coupled with our results indicate that 

the ability of bark wear assessments and scat surveys to detect hollow-bearing tree use is 

poor, indicating that these methodologies are better suited to ‘rapid assessments’ of 

presence/absence at the broader-scale of forest patch use. We suggest that these methods 

should be used cautiously in conjunction with other methods when inferring that such indirect 

signs in a forest patch indicate the use of hollow-bearing trees.  

 

A more direct but still cost-effective method that can be used to assess the use of hollows is 

temperature loggers. This novel approach has the potential to provide highly accurate, non-

invasive monitoring of tree hollow use, once calibrated to detect hollow-using species across 

forest, tree and hollow types. Furthermore, this method may provide researchers with a fairly 

cost efficient indirect means of exploring the links between tree hollow selection, 

thermoregulation and reproductive success in small forest patches, an area of research that 

has important implications in the selection of trees for retention in cleared forest.  
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Chapter 4  

General discussion: Selection of refuge habitat by the 
brushtail possum and its implications for management 
 
 
There is a lack of understanding of the habitat requirements of hollow-using species in 

Tasmania, and uncertainty about the effectiveness of current management strategies at 

providing suitable habitat in timber production forest. This thesis contributes information in 

both these areas. Firstly, it has gathered information on the den use of Tasmania’s most 

abundant hollow-using species, the common brushtail possum (Trichosurus vulpecula 

fuliginosus). Secondly, it provides information on the value of indirect methods in assessing 

and monitoring the re-use of hollow- bearing trees. This final chapter discusses the main 

conclusions drawn from the results of this study, and implication for habitat management. In 

particular, the value of trees retained as part of current management measures will be 

discussed.  

 

In chapter 2 revealed that the brushtail possums tracked in this study were not denning in 

trees retained in ‘in coupe’ management prescriptions (i.e.. retained patches of hollow-

bearing trees) or as part of the silvicultural system in logged areas.  Their selection for mature 

forest over regenerating forest after harvest suggests that brushtail possums are using large 

retained areas (i.e. the wildlife habitat strip and forest reserves) for denning, and  regenerating 

forest for foraging. The absence of den trees in the regenerating forest could have several 

explanations:  preferential selection for den trees in mature forest; suitable tree hollows that 

were available in regenerating forest were avoided due to social or spatial competition; or 

suitable tree hollows were unavailable. The exact mechanism behind this habitat choice is 

unclear without intensive study of the entire population. However the results of this study 

indicate that there is an availability of suitable den trees in retained and isolated patches 

within the logged areas (Table 4.1). The latter were recorded as being used as refuge post-

capture. The similarities in den co-use, den sharing and den range overlap in the logged and 

unlogged in this study suggests that individuals maintained relatively mutually exclusive 

number of dens within their den range and were unlikely to compete for den sites. Changes in 

these behaviours compared to the unlogged site would have been suggestive of intense den 



Chapter 4: General discussion: Implications for management 

64 

and spatial competition underlined by limited tree hollows (Gibbons & Lindenmayer 2002; 

Johnson et al. 2001; Martin et al. 2007). Hence the results of this study indicated habitat 

selection by the brushtail possum for den sites was influenced at the tree and forest patch. We 

previously discussed that this contrasted anecdotal reports of brushtail possums readily 

denning in alternative refuges in logged areas (Green 1982), and that the preference of trees 

in mature forest was  inconsistent with the widespread use of isolated paddock trees   (Law et 

al. 2000). Selection for dens within mature forest (i.e. forest with greater structural 

complexity) suggests adaptive habitat selection. It is recognised that alternative den sites are 

likely to be of low quality (Le Mar & McArthur 2005b) and therefore be selected against as 

the quality of refuge sites can influence survivorship and reproductive success of an 

individual (Lohmus & Remm 2005; Wiebe 2001). No studies have examined the costs 

associated with denning in low quality habitat in arboreal marsupials. This appears important, 

particularly as our study shows that hollow-bearing trees in mature forest may represent high 

quality habitat that is preferentially selected for when available. The quality of this habitat 

appears to outweigh the energetic costs associated with travelling further distances in a 

logged area between diurnal habitat (i.e. mature forest) and foraging habitat (i.e. regenerating 

forest).   

 
Table 4.1. The availability of hollow-bearing trees and there key attributes retained the wildlife habitat 

clumps in the logged area.  

 
Variable Clump 1 Clump 2 Clump 3 Clump 4 Clump 5 

No. hollow-bearing trees 2 1 4 3 3 

No. trees with a large hollow 2 0 4 2 2 

Trees with dbh > 100cm 3 0 1 2 0 

 

There are two factors likely to influence the quality of available denning habitat for the 

brushtail possum in logged areas: dge effects (i.e.. microclimate) and the amount of forest 

structure (i.e. connectivity) (Fischer & Lindenmayer 2007). Edge effects, that is, the degree 

of habitat subject to the boundary between disturbed and undisturbed areas (McCollin 1998).  

The microclimate (i.e.. temperature, wind exposure) of a forest patch can influence tree 

hollow microclimate (See Chapter 3) and in turn forest patch microclimate can be influenced 
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by the relative distance to the forest edge, and the degree canopy cover (Duncan 1995; 

Weihong et al. 2003; Wiebe 2001). For example, Duncan (1995) clearly demonstrated that 

the temperature inside a regenerating forest reaches greater extremes than intact mature 

forest. As temperature is known to influence the quality of hollows (Wiebe 2001), this 

suggests that den trees available in retained patches of hollow-bearing trees and isolated trees 

in regenerating forest may be of lower quality. 

 

Connectivity between and within forest patches is also known to be an important factor 

influencing habitat choice by arboreal marsupials (i.e. Wilson et al. 2007) . Wayne (2005) 

found that canopy connectivity was an important attribute for trees used as den sites by the 

brushtail and ringtail possum. Canopy connectivity assists in arboreal movement and the 

avoidance of aerial and ground-based predators (i.e. spotted-tailed quolls, wedge tailed 

eagle), but can also assist some predators, such as the Tasmanian devil to access hollows. If  

brushtail possums are unable to move freely into and within retained patches (i.e. due to lack 

of connectivity) or suffer increased predation when denning in small patches in otherwise 

logged areas,  it is unlikely that individuals will select for den sites retained within areas of 

regenerating forest.   

 

This study cannot quantitatively reveal which factors are influencing the quality of habitat as 

den sites for the brushtail possum. However, it has emphasised that while the attributes of 

potential den trees are important, the characteristics of the matrix in which the den tree is 

found are also important.  The potential influence of edge effects and forest structure on the 

use of suitable trees suggests that the size of the forest patch is an important factor 

influencing tree use. A greater area of forest patch retained around suitable den trees may 

lower the degree of edge effects and increase forest structure which would result in a greater 

number of suitable “ high quality “ hollows available to fauna inside retained patches.  

 

The use of the wildlife habitat strip and informal reserves by the brushtail possums tracked in 

this study directly shows the value of large forest patches in the retention of tree hollows in 

logged areas. Previously, the value of wildlife habitat strips or “ corridors” has been 

recognised as a main strategy in maintaining species composition in ‘off-reserve’ landscapes 

subject to production activities (Downes et al. 1997; Kavanagh & Stanton 2005; MacDonald 
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et al. 2005). Our results suggest that such retained areas are likely to provide the most 

suitable habitat for species with stable home ranges or territories (e.g. Kehl & Borsboom 

1984). However they are unlikely to retain enough hollows to sustain pre-harvest densities 

(e.g. MacDonald et al. 2005), particularly for species that hold mutually exclusive territories 

or home ranges, like the brushtail possum (Dunnet 1964). Concurrent work reveals that 

despite a ‘reduction’ in available hollows in the logged area, densities of brushtail possums in 

unlogged and logged forest are similar, but population structure (male:female) are different 

(Flynn unpublished data). This contracts the “ high densities” of brushtail possums thought to 

reside in logged areas because of foraging opporunities (Hocking 1981), and suggests that a 

lack of suitable habitat for denning may be influencing population structure by intraspecific 

competition among females, promoting male biased offspring (Johnson et al. 2001) . 

 

Chapter 1 discussed the importance of validating generic models of tree use developed for 

management with species-specific studies. This study provided the first opportunity to do this 

on a recently produced generic model by Koch (2007). The strong similarities between the 

attributes indicating tree use in this study, with those produced in the generic models by Koch 

(2007) demonstrated that generic studies of hollow use, based on secondary evidence (i.e.. 

feather, fur samples) can effectively predict the suitability of trees as den sites. Generic 

models of tree hollow occurance and use are widely cited in the literature (e.g. Gibbons & 

Lindenmayer 1997; Gibbons et al. 2000, 2002; Lindenmayer et al. 1991; Munks et al. 2007; 

Wormington et al. 2002) and their development is an important tool for management 

(Gibbons & Lindenmayer 1997). Retaining trees with the presence of a large hollow will 

increase the probability that a tree will be a suitable den tree for brushtail possums. Other 

factors which were found not significant in this study, but have been found to be for other 

hollow-users include the number of hollows, tree size, crown senescence and canopy 

connectivity.   

 

It is important to emphasise to forest managers that the selection of suitable trees for retention 

will be ineffective if not retained at appropriate scales. The development of meaningful 

management strategies for the retention of habitat for hollow-users requires not only an 

understanding of tree use, but also forest patch use. Suitable trees retained as per management 

strategies are unlikely to be effective if not retained in patches where the impacts of edge 
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effects, connectivity and social interactions are lessened. Effectively retaining this habitat is 

important, particularly as this study has demonstrated that the shape and size of used habitat 

(i.e. the wildlife habitat strip, informal reserves) significantly affected the spatial use (i.e.. den 

range) of brushtail possums. Although not clearly understood, changes in the habitat use by 

arboreal marsupials and birds has been associated with changes in mating systems, offspring 

sex ratios and breeding success of hollow-users (Johnson et al. 2001; Martin et al. 2007; 

Wiebe 2001). 

 

Conclusion 

This study was the first to examine den use in logged and unlogged forest by brushtail 

possums, including use of retained areas. This thesis has provided valuable information on 

the hollow-bearing tree requirements of Tasmania’s most abundant hollow-user that can be 

used to inform future management guidelines for the retention of hollow-bearing trees. Future 

work needs to apply the approaches developed in this study (i.e. short term radiotelemetry, 

temperature loggers) to the study of hollow requirements of other hollow-using species, 

particularly arboreal marsupials that may be disadvantaged by logging (i.e. the ringtail 

possum). Without an understanding of the impacts of logging, the types of habitat required 

and the effectiveness of retained areas at enabling recolonisation by hollow-using species, the 

future of hollow-users in timber production forest will remain uncertain.   
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Appendices 
 

Appendix 1. Examples of regenerating and retained forest located 
in the logged study site 
 

 
 

Regenerating forest 9 years after harvest in coupe MM002a in the logged study site 
which illustrates the isolated trees retained as part of the advanced growth and seed 
tree retention silvicultural method.  
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A wildlife habitat clump in coupe MM002a in the logged study site 
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The wildlife habitat strip separating coupe MM004a and MM002a in the logged study 
area  

 
 
 

 
 

 
The informal reserve running along the coupe boundary of MM004a in the logged 
study site 
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Appendix 2. Examples of the forest and Pinus radiata plantation in 
the unlogged study site.  
 
 

   
 
 

 
 

Mature forest located in the informal reserve at the unlogged study site 
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Pinus radiata plantation on private property at the unlogged study site 



References 

85 

 

Appendix 3.  Explanations of habitat variables collected at each 
tree.  
 
Site Variable Description 

Study site Classified as (1) MMC (unlogged site); (2) MMD (logged site) 

Land tenure Using Forestry Tasmania’s spatial forest use data and was categorised as (1) 

logged; (2) unloggable; (3) informal reserve; (4) private land 

Vegetation type Using data obtained from DPIW based on TASVEG communities (Harris & Kitchener 

2005) vegetation type categorised as (1) Eucalyptus pulchella forest and woodland; 

(2) Eucalyptus obliqua wet forest; (3) DGL (Eucalyptus globulus dry forest and 

woodland 

Floristic community Using the RFA classification system dominant forest community was determined 

(Authority 2005). The RFA classification system is more detailed than TASVEG 

because it classified by forest typet, dominant eucalypt species in the canopy and 

understorey characteristics (e.g.., shrubby, heathy, grassy, sedgy) and categorised 

as - (1) E. obliqua – Olearia lirata – Pultenaea juniperina wsf ; (2) Dry. E. obliqua 

forest; (3) E. pulchella- E. globulus - E. viminalis grassy shrubby forest); (4) 

Pomaderis apetala – Beyeria viscosa – Asterotrichion discolor closed forest/scrub 

Stand age Stand age or commonly referred to as growth stage was categorised according to 

photographic interpretation (PI) type data of the vegetation growth structure of the 

forest type. This was obtained from Forestry Tasmania’s digital and microfilm PI type 

maps (Stone 1998) and categorised as – (1) mature; (2) mature with regrowth; (3) 

Regrowth with mature; (4) Regrowth; (5) non forest. 

Canopy cover Estimated by counting the degree of canopy cover at 4 points under the canopy of 

den tree using a spherical densiometer and taking the average 

Understorey cover Estimated by counting the degree of understorey cover at 4 points under the canopy 

of den tree  

Elevation Using GPS coordinates of den site and map contours the elevation was described 

as (1) 241-290m; (2) 291-350m; (3) 351-490m. 

Topographic position The location of the den site was categorised as: (1) ridge; (2) upper slope; (2) mid 

slope; (4) lower slope / gully 

Aspect A compass was used to determine the direction down-slope of den and categorised 

as (1) N; (2) NE; (3) NW; (4) S; (5) SE; (6) SW;  

Slope Measured using a clinometer and allocated into descriptive categories of steepness 

– (0) = flat, 0-3 º slope; (1) = gently undulating, 3-6 º slope; (2) = undulating/hilly, 7-

13 º slope; (3) = steep, >13 º slope. 

Distance to undisturbed 

habitat 

Estimated in ArcView using GPS coordinates of den site and location of mature 

forest  

Distance to road Estimated in ArcView using GPS coordinates of den site and location of road  

 

Tree Variable Description 

Potential habitat tree Identified using predictors modelled by Koch (2007) as tree attributes indicating high 

quality tree hollows potentially used by fauna classified as (1) yes (0) no 

Tree species Identified using bark, leaves and fruit as a basis to identify living trees and 

categorised as (1) E. obliqua; (2) E. pulchella; (3) E. globulus; (4) E. amygdalina; (5) 
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E. viminalis 

Diameter at breast height 

(DBH) 

Measure of trunk diameter 1.3m off the ground upslope using a diameter at breast 

height (dbh) tape  

Tree height Determined using a laser measurer (m). Measurements were taken 10-20m from the 

base of the tree along slope and Pythagoras theorem was used to estimated tree 

height  

Burn damage Scored as – (0) = no damage; (1) = presence of burnt mark; (2) = cambium of tree 

effected by fire damage; (3) = presence of burnt out basal hollow or arch at base of 

tree (Koch 2007) 

Tree form  Classified on tree form categories adapted from Smith and Lindenmayer 1(988) by 

Munks et al. (2006). Living trees ranked on a scale of F1-F5 (young to old 

trees/senescing trees) and dead trees ranked on a scale from L3-L8 (dead trees 

intact to hollow stump) 

Canopy connectivity Quantified as vegetation in close proximity to the tree foliage. One point is scored for 

each 3 m vertical section of a hollow-bearing tree where surrounding vegetation was 

< 10 cm from the tree, on either side of the tree. A cumulative score is calculated.  

No. visible hollows As observed using binoculars scanning the tree for 2 minutes were grouped into 

estimated entrance width size classes of small (2-5cm), medium (6-10m) and large 

(>10 cm ) (Koch 2007) 

Presence of pipe Described as the hollowing >6m up main tree stem of tree classified as (1) present; 

(0) absent  

Number large dead 

branches 

The number of large dead branches  

Number of small dead 

branches 

The number of small dead branches 

Presence of scats Based upon a 2 minute sweep under the canopy of the den tree and connecting 

trees ranked as either (1) present; (0) absent  

Presence of bark wear Possum scratchings up tree bark categorised as (1) present; (0) absent. 

 

Hollow Variable Description 

Hollow height Hollow height on the trunk was determined using a laser measurer (m). 

Measurements were taken 10-20m from the base of the tree along slope and 

Pythagorus theorem was used to estimated hollow height  

Size of entrance Using binoculars the hollow entrance was estimated as (1) small (2-5cm); (2) 

medium (6-10cm) and (3) large (>10 cm) (Koch 2007) 

Aspect A compass was used to determine the direction from the hollow was facing and 

categorised as (1) N; (2) NE; (3) NW; (4) S; (5) SE; (6) SW 

Branch order The location of the hollow on (0) = trunk; (1) = first order branch; (2) = 2nd order 

branch;  

 

Substrate Variable Description 

Rock cover Estimated % cover of rocks  

Leaf litter cover Estimated % cover of leaf litter  

Ground cover Estimated % cover of substrate  
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Appendix 4. Individual brushtail possum den site locations in the 
unlogged study site at Mount Morrison State Forest.  
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Appendix 5. Individual brushtail possum den site locations 
in the logged study site at the Illes Tier Plateau.   
 

 


