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Abstract 

 

Roads are primary agents of habitat fragmentation and transform landscapes on 

a global scale. Roads remove habitat and create barriers or filters to the movement of 

many wildlife species. Moreover, roads disrupt population processes by breaking up 

continuous populations into smaller, isolated subpopulations or metapopulations, which 

can suffer genetic drift and become more vulnerable to stochastic processes. 

Consequently, understanding and mitigating the impact of roads on wildlife has 

attracted increasing international interest in recent decades.  

Foremost in efforts to re-connect wildlife populations severed by roads has been 

the installation of crossing-structures. These are engineered structures designed to 

provide the opportunity for animals to safely cross either over the road (e.g. land-

bridges, rope or wooden canopy-bridges) or under the road (e.g. underpasses, culverts, 

ecopipes). Crossing-structures enhance the permeability of roads to animal movement 

thereby improving the ‘functional connectivity’ of the surrounding landscape, or the 

degree to which the inter-fragment landscape (matrix) facilitates movement. Crossing-

structures have thus become a common feature of new road projects in developed 

countries. 

Research into the efficacy of crossing-structures is very much in its infancy and 

has largely focused on assessing whether structures are being used by different wildlife 

species. As a consequence, we know very little about higher order questions pertaining 

to population processes, particularly whether the viability of local populations is 

enhanced by the deployment of crossing-structures. Furthermore, the deployment of 

crossing-structures has largely focused on terrestrial vertebrates and scant attention has 

been directed at mitigating road impacts on arboreal mammals, particularly gliding 

mammals (gliders). 

 This thesis endeavours to address some of these information gaps by presenting 

the results of a number of investigations into wildlife use of road crossing-structures 

located in subtropical, eastern Australia. The topics of investigation include: i) glider 

use of wooden poles on a road land-bridge; ii) home-ranges of gliders residing near road 

crossing-structures; iii) modelling the effect of connecting habitat patches across road-

gaps on glider metapopulation viability; and, vi) determining the effect of road 
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widening on bandicoot use of highway underpasses. They represent the first studies of 

their kind to investigate such topics.  

The Australian squirrel glider Petaurus norfolcensis (Marsupialia: 

Diprotodontia) is a gliding marsupial distributed along the eastern seaboard of 

Australia. It is listed as threatened in the southern part of its geographic range due to 

habitat fragmentation. I investigated whether 7-m high wooden poles installed on a 

land-bridge could enable squirrel gliders to cross a road canopy-gap at two locations in 

Brisbane, the capital city of Queensland. This represented the first attempt in the world 

to facilitate road crossing by a gliding mammal in this way. At one location no road 

crossing was revealed from trapping over a 3-year period. Radio-tracking over 8 months 

revealed 3 occasions when animals whose home-ranges were aligned along the road had 

crossed the road. Hair-sampling devices revealed use of the poles at one location during 

15 of 20 sampling sessions over a 3-year period, and at the second location during 6 of 

6 sampling sessions over a 6-month period. Detection of hair on all poles during some 

sessions at both locations suggests complete crossings could occur. These observations 

suggest that wooden poles can be used to facilitate road-crossing by gliding mammals.  

Obtaining information on the use of novel road-crossing technologies such as 

gliding poles is a necessary first step to understanding their efficacy. However, the 

ultimate test of a crossing-structure’s effectiveness is in establishing to what extent has 

it alleviated the barrier effect of the road and prevented the extirpation of local 

populations. Accordingly, I utilised the population modelling program VORTEX to 

assess the viability of a metapopulation of squirrel gliders and Australia’s largest 

gliding marsupial, the greater glider (Petauroides volans), occurring in forest remnants 

in the fastest urbanising region of Australia. Population studies were conducted over 

two years within two of these forest remnants (one small, one large) connected across a 

major road by a land-bridge with gliding poles and rope canopy-bridges. Whereas I 

obtained direct evidence of squirrel glider use of the land-bridge poles, it is currently 

unknown whether greater gliders will use the crossing structures but available tree 

height and spacing do not allow a glide crossing and fences with metal flashing prevent 

access to the road by terrestrial and arboreal mammals. My modelling revealed that 

even a relatively low rate of dispersal facilitated by these structures would substantially 

reduce the probability of extirpation of the smaller subpopulation for both glider 
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species. This rate of dispersal is plausible given the small distance involved (~50 m). 

The inclusion of wildfire as a catastrophe in my model suggests that these two remnants 

may encounter an undesirable level of extinction risk. This can be reduced to an 

acceptable level by including inter-patch movement via dispersal among other forest 

remnants. However, this requires connection to a very large remnant 8 km away, 

through a set of smaller remnants that straddle two motorways. These motorways create 

discontinuities in forest cover that are beyond the gliding ability of both these species 

and will require the deployment of crossing-structures to allow inter-patch movement.   

Whereas our knowledge of wildlife use of road crossing-structures has grown 

considerably in recent years, little is known about the effect that road widening may 

have on patterns of use by target fauna. To address this, I investigated the effect that 

duplicating a highway had on bandicoot (Marsupialia: Peramelemorphia) use of 

underpasses at Brunswick Heads in north east New South Wales (NSW). This study 

represented one of the first of its kind in Australia and spanned the period of pre and 

post-construction over an eight year period. Evidence from trapping data showed that 

individuals of the two bandicoot species present at the study site (i.e. Isoodon 

macrourus and Perameles nasuta) incorporated both sides of the road corridor into their 

home ranges and that the majority of movements were likely associated with foraging. 

The trapping data also demonstrated spatial overlap between and within sexes and 

congeners suggesting that underpasses were functionally available to resident animals 

and were each being used by multiple individuals. Despite this, gaining clear insights on 

the effect that road-widening had on underpass use by bandicoots was confounded by 

drought, loss of high quality habitat, a decline in bandicoot abundance, the presence of 

foxes and different design characteristics of new underpasses. Further surveys are 

required at Brunswick Heads to elucidate this issue. 

The results of my investigations on bandicoot and glider use of road crossing-

structures provide strong support for the need to manage road impacts on wildlife at 

multiple scales. At the patch or site-level, a number of enhancements are required to 

improve the functionality of the investigated crossing-structures and to make the study 

sites more amenable to the target species. At the landscape-level, management needs to 

focus on improving functional connectivity in the surrounding landscape to strengthen 

the viability of local metapopulations. This will require the combination of habitat 
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restoration works, wildfire control and the deployment of crossing structures where 

large roads and motorways breach forest cover. In the case of gliders, the deployment of 

crossing-structures can be achieved rapidly and cost-effectively by installing gliding 

poles along motorway edges and in median strips at locations where forest cover is 

breached.  

Future research at these study sites needs to continue for much longer periods 

(i.e. 5-10 years) and incorporate genetic techniques. This will assist in improving our 

understanding of the isolation effects of road barriers and whether or not gene flow is 

restored by the installation of crossing-structures. This should be routinely combined 

with viability assessments (e.g. PVA) to determine how populations are affected by 

roads and whether they might benefit from crossing structures. Research is also required 

to provide insights to dispersal behaviour, particularly for gliders, and the likely use of 

road-crossing structures. Loss of habitat and habitat connections is continuing in my 

study landscapes and this is likely to have dire consequences for wildlife if land 

managers are unable to retain appropriate habitat cover with corridors and install 

effective wildlife road crossing-structures where large roads bisect wildlife habitat. 
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1.  BACKGROUND AND GENERAL INTRODUCTION  

 

1.1  Introduction 

 

In a seminal review published in 1998, Richard Forman and Lauren Alexander 

described the study of the effects of roads on ecological systems, or ‘road ecology’, as a 

global ‘sleeping giant’ (Forman and Alexander 1998), intimating both the scale yet lack 

of apparent recognition of the field. For example, Forman (2000) estimated that about 

one fifth of the area of the USA, or in excess of one million km
2
, was adversely affected 

by roads. Since this time, a series of major international conferences have been 

convened to discuss the ecological impacts of roads (e.g. International Conference on 

Ecology and Transportation (ICOET)) and a large body of scientific papers arising from 

all the major continents have been published on the issue. Clearly, roads and their 

ecological impacts are of global concern.  

This thesis explores various aspects of engineered solutions to managing the 

impact of roads on wildlife. It begins with a detailed review of the considerable 

international and Australian scientific literature on wildlife road ecology (over 240 

papers) published since the 1998 review by Forman and Alexander. This review creates 

a context for my own investigations and highlights gaps within current research, 

particularly within Australia. Importantly, it identifies gliding mammals and population-

level effects amongst the topics in most need of research attention. I endeavour to 

address aspects of these information-gaps by presenting investigations on the use of 

engineered over-road crossing-structures for gliding mammals (Marsupialia: 

Diprotodontia) and under-road crossing-structures for bandicoots (Marsupialia: 

Peramelemorphia). I also consider the critical question of whether or not road crossing-

structures convey population-level benefit by the use of simulation modelling.  
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1.2 The global impact of roads on wildlife 

 

Roads and traffic are ubiquitous features of the modern landscape. Over 32 

million km of road partition the earth’s surface (CIA 2007) imposing enormous habitat 

loss and landscape fragmentation (Spellerberg 1998; Forman et al. 2003). Roads reduce 

habitat quality, encourage the spread of invasive species and provide greater human 

access to undeveloped areas (Trombulak and Frissel 2000; Coffin 2007; Laurance et al. 

2008). It is now well recognised that roads can potentially disrupt the population 

processes of vertebrate wildlife in several fundamental ways. Firstly, population sizes 

may be reduced or population dynamics impaired when habitat is removed for roads and 

the quality of habitat remaining is altered (Benayas et al. 2006; Laurance et al. 2006; 

Ament et al. 2008). Secondly, vehicle-induced mortality (road-kill) may lead to a 

decrease in local population size. There is now a very large number of studies that 

document species that are susceptible to road-kill but the extent that this may threaten 

populations is not well understood (e.g. Massemin and Zorn 1998; Hels and Buckwald 

2001, Dique et al. 2003, Ramp et al. 2005; Hobday and Minstrell 2008). Thirdly, roads 

may alter patterns of migration, which can result in changed social structure and 

reduced reproduction (e.g. Mansergh and Scotts 1989). Last, roads may alter patterns of 

gene flow and lead to genetic isolation, resulting in genetic drift and inbreeding (e.g. 

Epps et al. 2005; Lesbarreres et al. 2006; Riley et al. 2006; Sillero 2008). The 

consequence of these genetic changes is that population viability may be threatened.  

Despite the potential severity of these impacts, and recognition that not all species will 

be affected (e.g. Meunier et al. 1999; Bellamy et al. 2000; Dean and Milton 2003),we 

are only beginning to understand how widespread these effects are and  how predictable 

they might be across taxa (see Fahrig and Rytwinski 2009). 

Road impacts on wildlife are a truly global concern. Road networks are 

expanding in most countries throughout the world. Impacts will not be uniform across 

taxa and may vary geographically due to variation in the natural environment, as well as 

due to variation in the physical characteristics of roads and traffic in different countries. 

This requires that studies be conducted throughout the world on a broad range of 

species. This has occurred (e.g. Mumme et al. 2000; Carr and Fahrig 2001; Hels and 
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Buchwald 2001; Goosem 2004; Dique et al. 2003; Laurance et al. 2008) but further 

research is needed.  

Concurrent with studies that identify impacts on species is the need to conduct 

studies that consider how such impacts might be mitigated. Road agencies world-wide 

are paying increased attention to impact mitigation and in many cases are installing 

structures to mitigate road impacts, even when the effectiveness of those structures for 

particular taxa may be unknown (e.g. Taylor and Goldingay 2003; van der Ree et al. 

2007). Studies that examine how species respond to the mitigation of road impacts have 

been conducted at two levels: one is simply where data are collected to show a 

behavioural response of individual species (e.g. use of a crossing structure) while the 

other is to demonstrate that there is a population response to the mitigation. Both are 

complementary in that understanding the behavioural response is important if 

improvements to design are needed, whereas the population response is the ultimate test 

of how effective the mitigation is.  

In this chapter I review studies published in an 11 year period (1998-2008) 

describing road impacts on wildlife populations and their mitigation. I chose 1998 as a 

starting point because two significant literature reviews on roads and wildlife were 

published that year (Forman and Alexander 1998; Spellerberg 1998). The aim of this 

review is to synthesise research in this field, with an emphasis on examining how 

research activity in Australia compares to that overseas and to use my evaluation to 

guide future research (discussed in greater detail in final chapter). I focus particularly on 

how our understanding has improved at the population level as this is the scale at which 

broader effects on biodiversity are likely to occur.  

 

1.3 Geographic and Taxonomic Biases 

 

I confined my attention to published peer-reviewed English-language papers on 

roads and vertebrate wildlife for the years 1998 to 2008. I did not consider the literature 

prior to this period because this had been reviewed in depth by Forman and Alexander 

(1998), Spellerberg (1998) and Trombulak and Frissell (2000). I refer to some 2009 

papers that provide key insights on particular topics. I have not included conference 

proceedings in this review but acknowledge that those arising from the International 

Conference on Ecology and Transportation (ICOET) (e.g. 2003, 2005, 2007) and Infra 
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Eco Network Europe Meetings (IENE) (e.g. 2001, 2003, 2008) provide a valuable 

record of research projects conducted over the last 10 years. I chose not to include these 

studies because they are not peer-reviewed, many describe works in progress, and there 

was a predominance of studies from the USA and Europe where the conferences were 

held. I have not considered non-English language journals and acknowledge that this 

may cause a partial bias. I searched the Web of Science database using many keywords 

relating to roads and wildlife, and also checked the reference lists of any papers I 

obtained to provide further references.  

I located 244 papers and note that although all of these have been reviewed, only 

those that are cited specifically in my text are included in the reference list at the end of 

the thesis. I found that research involving roads and wildlife has grown steadily over the 

last 11 years from <10 papers per annum in 1998-99 to ~40 per annum in 2006-08 

(Fig.1.1). North America (n = 124), Europe (n = 60) and Australia (n = 42) were the 

primary sources of published research, and the growth in attention has occurred in each 

area. The remaining 18 papers were derived from the vast geographic areas of south-

east Asia, Africa and South America. This shows that globally there are large 

geographic biases in research effort with vast areas of the globe relatively ignored. On 

the basis of population size (i.e. North America ~340 million, Europe ~830 million, 

Australia ~20 million), Australia has shown a relatively high level of research activity. 

 

 

 

Fig. 1.1. Number of published studies by year and region on vertebrate wildlife and roads during 1998- 

2008. (‘Other’ includes Asia, Africa, South America and New Zealand). 
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The most frequently studied vertebrate class was mammals (53% of studies), 

with ungulates (predominantly deer) the most frequently studied single taxonomic 

group (14% of studies). Reptiles represented 8% of studies while birds accounted for 

10%. Despite the growing international recognition that amphibians are more threatened 

and declining more rapidly than either mammals or birds (Stuart et al. 2004), they 

represent only 9% of studies. Multiple taxonomic groups (e.g., mammals and 

herpetofauna) accounted for 20% of studies. 

 The focus on mammals is likely due to the high medical and vehicle repair costs 

arising from collision with large mammals. However, based on numbers of declining 

species world-wide, amphibians may be particularly sensitive to road effects (e.g. 

Lesbarreres et al. 2006; Arens et al. 2007; Glista et al. 2008; Fahrig and Rytwinski 

2009). The relative inattention they have received precludes generalisation, particularly 

given that as a group they vary substantially in morphology and ecology. Arboreal 

mammals also require more attention because their general reliance on continuity of 

forest cover makes them highly sensitive to landscape fragmentation and many species 

are threatened  (see Goldingay 2000; Goosem 2004; Wilson et al. 2007; Ball and 

Goldingay 2008). For example, half of Australia’s six species of gliding possum are 

listed as threatened (Goldingay 2000). 

I divided the literature into four broad topics: (1) wildlife road mortality, (2) 

adverse landscape effects, (3) impact mitigation, and (4) landscape-level strategic road 

planning.  There were obvious geographic differences in the spread of these topics (Fig. 

1.2). Australian studies were dominated by road mortality investigations (45%) and paid 

little attention to aspects of strategic planning (4% of studies). Studies in North America 

were spread across all topics but with an emphasis on landscape effects (41% of North 

American studies). European research was spread across the four topics but with an 

equivalent emphasis on landscape effects (33% of studies) and road mortality (36% of 

studies).  
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Fig. 1.2. Number of published studies on vertebrate wildlife and roads by region and study type.  

Some papers included more than one study type. 

 

 

 

1.4 Wildlife Road Mortality   

 

1.4.1 Road-killed taxa and population effects 

 

Assessment of wildlife road mortality is fundamental to understanding road 

impacts, both in identifying species in need of detailed population studies and as a 

means of determining the effectiveness of impact mitigation. I identified 82 studies 

documenting road-kill, including mitigation studies that reported road mortality data as 

part of its investigation. Most (n = 45) of these studies targeted individual species or 

fauna groups (e.g. amphibians). Twenty eight studies were generic in nature with an aim 

of simply describing the species that occur as road-kill. Thirteen of these studies 

identified species that may be vulnerable to road-kill, particularly those that are listed as 

threatened.  

Concern about adverse population effects from road mortality was expressed in 

50 of the 82 studies, which is a similar proportion to that reported recently in a review 

of the effects of roads on animal abundance (see Fahrig and Rytwinski 2009). However, 
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negatively compared to seven documenting no effect (some studies assessed more than 

one species). Negative effects were reported more frequently in amphibians (n = 11) 

and mammals (n = 11) compared to in reptiles (n = 9) and birds (n = 1), which is a 

similar distribution to that noted by Fahrig and Rytwinski (2009). Given that 

amphibians occurred in few studies relative to other taxonomic groups (see above) the 

frequent negative impacts reported for amphibians suggests that this group is 

particularly vulnerable to road impacts and warrant further attention. 

 

1.4.2 Factors associated with wildlife road mortality 

 

Studies of factors, or attributes, associated with wildlife road mortality 

essentially attempt to identify road-kill ‘black-spots’ as a way of identifying locations 

where mitigation is needed. This type of analysis is a necessary complement to 

population impacts because it can provide an indirect way of understanding local factors 

associated with high road-kill. Such studies may also reveal preferred locations for the 

placement of crossing structures (i.e. where local populations will benefit the most). 

Most of the 52 studies I reviewed involved assessments of road mortality locations 

according to a range of road, landscape or life history attributes (Table 1.1). The 

development of spatially explicit models to predict likely black-spots has been a more 

recent addition to attribute investigations (e.g., Jaeger et al. 2005; Litvaitis and Tash 

2008; Ramp and Roger 2008).  
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Table 1.1  Relationship between road, landscape and life history attributes and road mortality for various 

taxa. Values are number of studies with positive, negative or neutral relationship (respectively) to road 

mortality (- = not assessed). A=Amphibians; R=Reptiles; B=Birds; SM=Small Mammals (<1kg); 

MM=Medium Mammals (1-5kg); LM=Large Mammals (>5kg). The totals show the number of studies 

out of 52 that examined that group (10 studies assessed >1 fauna group). 

 

Attribute Relationship to road mortality (+ve, -ve, neutral) 

 A R B SM MM LM 

Road & traffic       

Traffic volume 4,1,1 4, -, - 3,1,- 3, -, - 3, 1, - 11, -, 1 

Traffic speed - - 1,-,- - 2,-,- 1,-,- 

Proximity to crossing structure -,1,- -,1 ,- - - -,2,- -,2,- 

Level of urbanisation - 1,-,- 2,-,- 2,-,- 3,2,1 1,3,- 

Farmland - - 1, -,- 1,-,- 1,-,- -,1,- 

Road width/number of lanes - - 1, -,- 1,-,- 1,-,- 2,-,- 

Road density - 1,-,- - - - 2,-,- 

Bridge frequency - - - - - 1,-,- 

Road curvature - - - - - 3,-,- 

Landscape       

Roadside vegetation density/cover - - 4,2,- - 4,2,- 12,2,1 

Embanked road - - 1,-,- - - -,1,- 

Migration/movement paths 1.-,- - - - - 1,-,- 

Proximity to water 1,-,- - - - -,1,- 5,-,- 

Elevation/slope/hilliness - - 1,1,- - 1,2,- -,3,- 

Life history       

Migration 1,-,- 4,-,- 1,-,- - - - 

Juvenile dispersal - 2,-,- 1,-,- - - 2,-,- 

Breeding period - 1,-,- 1,-,- - - 1,-,- 

Vagility/transience 1, -, - 1,-,- - - - 2,-,- 

Taxa crossing speed -,1,- -,1,- - -,2,- -,2,- -,2,- 

Total 8 10 8 6 11 21 
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Large mammals were the best represented wildlife group (Table 1.1). Traffic 

volume was positively associated with road mortality in 11 studies (e.g. kangaroos in 

western NSW – Klocker et al. 2006). Speed, road curvature, road width and density, 

roadside vegetation density and cover, proximity to water, bridge frequency (indicative 

of water proximity), migration paths, juvenile dispersal and vagility all showed a 

positive association with large mammal road-kill. Conversely, proximity to crossing 

structure, level of urbanisation, farmland, embanked road, elevation and taxon crossing 

speed all demonstrated a negative relationship to road mortality levels.  

Eight studies on amphibians focused on a small number of attributes (Table 1.1). 

Increased traffic volume, migration and high vagility were associated with higher road-

kill values. Of 10 studies on reptiles, traffic volume, road density and the life history 

attributes of migration, juvenile dispersal and vagility were more likely to explain 

increased road-kill values (Table 1.1). Proximity to crossing structure and taxon 

crossing speed were both negatively associated with road mortality values for reptiles 

and amphibians. In eight studies of birds, higher road mortality was associated with 

traffic volume, urbanisation, farmland, road width, embanked roads, migration, juvenile 

dispersal and during breeding (Table 1.1).  

The six studies on small mammals identified traffic volume, road width, 

urbanisation and farmland to be positively associated with increased levels of road 

mortality (Table 1.1). Eleven studies of medium-sized mammals revealed that road 

mortality was positively associated with traffic volume and speed, road width and 

farmland (e.g. Hobday and Minstrell 2008). The proximity to crossing structure or water 

and taxon crossing speed demonstrated a negative relationship to road mortality. 

Interestingly, a meta-analysis of mammal road-kill studies in North America revealed 

that mammals of approximately 1 kg were the most frequently killed (Ford and Fahrig 

2007). 

Traffic volume and road width are the attributes most commonly identified 

across all wildlife groups to be associated with higher road mortality. However, traffic 

volumes above 10 000 vehicles/day may function as an effective barrier for many 

species (Seiler 2004). For such species, the impact of minor roads may be greater 

because they are less likely to be inhibited by them compared to large, heavily 

trafficked motorways (e.g. badgers; see van Langevelde et al. 2009). This may be the 
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case for some mammals in peri-urban and regional areas of Australia (e.g. Macropus 

spp.; see Burgin and Brainwood 2008). The key point here is that even if road-kill rates 

are lower on minor roads, the overall impact may be substantial due to the number of 

such roads. Further, large numbers of road-killed species may indicate high population 

density and highly viable populations that may be able to withstand high road mortality 

and may, therefore, not benefit significantly from mitigation measures. Alternatively, 

road sections with low road mortality may be associated with low population density, 

and low population viability. Mitigation measures that reduce mortality and improve 

connectivity may substantially benefit population viability at such locations. Clearly, 

this is an issue warranting further investigation to gain a better perspective on overall 

population impact. Nonetheless, recognising the impact of large, high volume roads 

indicates that mitigation is needed when such roads are being constructed through 

native vegetation. 

There is sufficient evidence to suggest that road mortality exerts a negative 

population effect on a range of wildlife taxa. Amphibians and threatened taxa of other 

fauna classes that exhibit highly fragmented and patchy distributions and experience 

high levels of road mortality may be especially vulnerable (Fig 1.3). In Australia, 

population impacts of road mortality are only just beginning to be examined (e.g. Jones 

2000) so there is a great need for many further studies. Some isolated frog populations 

(Fig. 1.4) may be at particular risk of population decline due to road mortality 

(Goldingay and Taylor 2006) and deserve to be a priority of such research.   
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a)   b)  

 

Fig. 1.3. Some threatened species that are adversely affected by landscape fragmentation may be 

particularly vulnerable to the additive effects of high levels of road mortality. (a) tiger quoll (Dasyurus 

maculatus), (b) koala (Phascolarctos cinereus). (Photos: (a) R. Goldingay; (b) Karawatha Pres. Society) 

 

 

 

 

 

Fig. 1.4. Thousands of threatened wallum sedge frogs (Litoria olongburensis) are killed each year on a 

road that traverses an important population of this species near Lennox Head, NSW. (Photo: R. 

Goldingay) 
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1.5 Adverse landscape effects 

 

1.5.1 Barrier effects 

 

Roads may act as a barrier or filter to the movement of vertebrates (e.g., 

Mansergh and Scotts 1989; Alexander and Waters 2000; Rondinini and Doncaster 2002; 

Rico et al. 2007; van der Ree 2006). A barrier effect may result from a behavioural 

aversion to a road (e.g. reindeer Rangifer tarandus in Norway – Dahle et al. 2008) or as 

a result of reduced dispersal due to high road mortality (e.g. amphibians in Indiana – 

Glista et al. 2008). The inclusion of tall ‘sound-barrier’ walls along some major roads 

may enhance the physical barrier to some terrestrial vertebrates (Fig. 1.5). Forty four 

studies have explored barrier effects, including nine on genetic effects. Mammals (n = 

29 studies) dominate investigations compared to herpetofauna (mostly frogs) (n = 7), 

birds (n = 6) and multiple taxa and/or modeling (n = 3).  

 

 

 

 

Fig. 1.5. ‘Sound-barrier’ walls erected along some highways may add to the road barrier-effect for some 

terrestrial vertebrates. Pacific Highway, Billinudgel, north-east NSW, Australia. (Photo: B. Taylor) 
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Although it is tempting to view the behavioural response to roads as an all or 

nothing scenario, this is unlikely to be the case for many species. For example, while 

increased traffic volume reduced highway-crossing frequency for elk (Cervus 

canadensis), this effect depended on season and the proximity of high quality foraging 

areas (Gagnon et al. 2007). Numerous studies demonstrate that roads severely inhibit 

the movement of a range of species across all fauna classes. This is particularly so for 

forest-interior species including Ambystoman salamanders (deMaynadier and Hunter 

2000), a range of terrestrial snake species (Andrews and Gibbons 2005), rainforest birds 

(Laurance et al. 2004) and some species of rodents (Goosem 2001; Rico et al. 2007; 

McGregor et al. 2008). 

Behavioural studies confirm the effect of traffic volume and road width. Bank 

voles (Clethrionomys glareolus), yellow-necked mice (Apodemus flavicollis) and 

hedgehogs crossed two-lane highways but not three-lane highways of similar volume 

(Rondinini and Doncaster 2002; Rico et al. 2007). Mammalian carnivores crossed low-

medium volume 2-lane roads but showed some avoidance of high volume 2- and 3-lane 

roads (Alexander et al. 2005; Dickson et al. 2005). However, gray wolves (Canis lupus) 

and gray foxes (Urocyon cinereoargenteus) regularly crossed 3-lane, high-volume 

highways (Blanco et al. 2005; Riley 2006). Ungulates crossed medium-high volume, 2-

lane highways but were greatly inhibited by very high volume 2-lane highways 

(Alexander et al. 2005; Alexander and Waters 2000). No study reported the effect that 

road widening (e.g. road duplication) may have on movement patterns. 

Edge-dwelling birds were not affected by a forest road whereas forest-interior 

birds were partially inhibited (Laurance 2004). However, by the use of playback and 

translocation, forest birds (Cassady St Clair 2003) and understory rainforest birds 

(Laurance and Gomez 2005) crossed busy 2 and 3-lane highways. Small snakes and 

salamanders were partially inhibited by low-volume 2-lane roads while anuran 

movement was reportedly unaffected (DeMaynadier and Hunter 2000; Shine et al. 2004; 

Andrews and Gibbons 2005). 

Behavioural studies of barrier effects provide an important complement to other 

studies because they may reveal more readily which species show an aversion to 

crossing roads and which factors may alleviate inhibition. Currently, few studies of this 

kind have been conducted in Australia but those that have reveal that a diversity of 
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responses can be expected among mammal taxa. Rodents of different genera showed a 

gradient of responses to crossing road clearings, from no inhibition to severe inhibition 

(Goosem 2001). Squirrel glider (Petaurus norfolcensis) regularly crossed a high volume 

2-lane highway but females appeared to be inhibited from crossing a high volume 4-

lane highway with a median strip (van der Ree 2006). Wilson et al. (2007) demonstrated 

by translocating lemuroid ringtail possums (Hemibelideus lemuroides) across roads and 

powerline easements that gaps in rainforest canopy posed substantial barriers to the 

return of many individuals. Many further studies and involving other vertebrate classes 

are needed.  

 

1.5.2 Population effects of road barriers 

 

The most compelling evidence demonstrating an adverse population effect 

resulting from roads as barriers comes from recent genetic studies. Research on desert 

bighorn sheep (Ovis canadensis) (Epps et al. 2005), bank voles (Gerlach and Musolf 

2000), coyotes (Canis latrans) and bobcats (Lynx rufus) (Riley et al. 2006), Scottish 

Highland red deer (Cervus elaphus) (Perez-Espona et al. 2008), grizzly bears (Proctor et 

al. 2005) and frogs (Lesbarreres et al. 2006; Arens et al. 2007) has demonstrated 

significant genetic subdivision in populations separated by highways. That is, roads may 

create an unstable metapopulation, by fragmenting formerly large continuous areas into 

a series of smaller patches (Hanski 1998; Gerlach and Musolf 2000). Loss of 

connectivity between these smaller patches causes the loss of genetic diversity and 

increases the likelihood of extirpation from stochastic events (Forman et al. 2003; Epps 

et al. 2005; Patten et al. 2005). For long-lived species, such as desert bighorn sheep, 

there was a reduction in genetic diversity from as little as 40 years of road induced 

isolation (Epps et al. 2005). For short-lived species, such as frogs, the genetic effect of 

highway development was evident in as little as 7-10 generations (~21 years) 

(Lesbarreres et al. 2006). This isolation effect would likely be most severe for very 

small populations and rare species (Riley et al. 2006). 

Riley et al. (2006) suggest that observed migration rates across anthropogenic 

barriers such as major roads, may be poor surrogates for gene flow. They found that 

despite moderate levels of migration by coyotes and bobcats across the Ventura 

Freeway in Los Angeles, populations on either side of the freeway were genetically 
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differentiated, implying that individuals that cross the freeway rarely reproduced. They 

concluded that highways impose artificial home range boundaries on territorial and 

reproductive individuals and hence decrease genetically effective migration. This study 

highlights how little is known about road-mediated changes to dispersal behaviour. It 

suggests that assumptions about gene flow based on observed crossings of roads may be 

untenable. Many further studies are needed to determine whether there are life history 

traits that might predict incongruities between observed crossings and population 

genetic consequences. 

Currently, there are no published studies in Australia that examine the effects of 

roads on gene flow of wildlife populations. Initially, studies should focus on species 

with small and isolated populations that are vulnerable to fragmentation effects. Such 

species should be examined under different road treatment scenarios, such as road 

upgrades and different types and sizes of roads. This would provide insight into possible 

tolerance thresholds of vulnerable species to different road treatments and better inform 

mitigation strategies.    

 

1.6 Impact mitigation  

 

It is not my intention to review this topic in great detail because this has recently 

been done by van der Ree et al. (2007).  Rather, here I gauge the relative level of 

research activity in this area across countries.  

Foremost in efforts to reduce the barrier effect of roads and increase landscape 

permeability has been the installation of wildlife road-crossing structures (Fig. 1.6). 

Published studies have been undertaken in Australia, Europe and North America, and 

have involved a total of 329 crossing structures (Table 1.2). Various below-road 

crossing structures comprised 82% of all crossing structures studied. These ranged in 

size from small drainage pipes up to dry passage bridges. Box drainage culverts were 

the most commonly studied (26%) of all crossing structure types. Over-road structures 

(overpasses) have taken the form of wildlife-dedicated land or green bridges, combined 

wildlife/vehicle overpasses, pole bridges, and rope bridges (e.g. Goosem 2004; 

Clevenger and Waltho 2005; Krawchuk et al. 2005; Mata et al. 2008). Canopy rope 

bridges are a recent innovation (Fig. 1.3) and featured in just one study (Goosem 2004). 
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Studies of under-road structures were more common in North America (n = 15), 

compared to Europe (n = 5 studies) or Australia (n = 3). Overpasses were infrequently 

studied in Europe (n = 5 studies) and North America (n = 4). Within my review period 

there was only a single published study on overpasses in Australia (Bond and Jones 

2008). However, another study has recently been published (see Hayes and Goldingay 

in press). 
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a)  b)  

 

Fig. 1.6. (a) Aerial view of one of the five 50 m long rope bridges installed on the Pacific Hwy, Karuah, 

NSW. (b) Aerial view of wildlife crossing structures installed at Compton Road, Brisbane, Qld. Shown 

here are one of 3 rope bridges and a land-bridge which contains 8 glider poles. (Photos: Google Earth) 

 

 

Table 1.2.  The number of studies of different crossing structure types by broad geographic area. The 

number of crossing structures investigated is in parenthesis. Fourteen of the 30 published papers 

investigated multiple structure types which resulted in a total of 52 studies of different structure types. 

 

Structure type Function North 

America 

Europe Australia Total 

Pipe Drainage 3 (18) 2 (41) - 5 (59) 

Box drainage culvert Drainage 5 (52) 1 (34) - 6 (86) 

Adapted culvert Drainage/adapted for wildlife 2 (11) 2 (17) 2 (14) 6 (42) 

Wildlife underpass Use by wildlife 8 (24) 4 (11) 1 (4) 13 (39) 

Bridge underpass Rural roads/livestock paths 5 (24) 2 (19) - 7 (43) 

Overpass Rural roads 1(2) 3 (34) - 4 (36) 

Wildlife Overpass Use by wildlife 4 (5) 5 (16) 1 (1) 10 (22) 

Canopy rope bridge Use by arboreal mammals - - 1 (2) 1 (2) 

Total  27 (134) 19 (172) 5 (21) 52 (329) 
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While research on crossing structure usage has focused primarily on mammals 

(Table 1.2), there is evidence of use by a broad range of taxa (e.g., Mathiasen and 

Madsen 2000; Popowski and Krausman 2002; Taylor and Goldingay 2003; Ng et al. 

2004; Bond and Jones 2008). Pipes were used by small to medium-sized vertebrate 

groups and by some canids. All vertebrate groups have been recorded in culverts and 

underpasses, though some amphibians and mustelids were not recorded in some 

drainage culverts and wildlife underpasses (e.g. Dodd et al. 2004). Overpasses were 

commonly used by a range of large mammals but their use by small and medium-sized 

vertebrate groups was less consistent (see McDonald and Cassady St Clair 2004a). 

Despite these demonstrations of use by many species there is a need for behavioural 

studies that attempt to understand how species respond to structures, whether widely 

used or novel structures. There is some evidence of aversion of some structures by some 

groups (e.g. small mammals on overpasses; Table 1.3) but further studies are needed. 

Furthermore, we lack information on the effect that road-widening (i.e. road 

duplication) may have on crossing-structure use by different species and whether or not 

there are width thresholds. 

 

 

Table 1.3.  Use of different crossing structure types by different taxa recorded in 30 published papers. 

The first value shows the number of studies where that taxonomic group was recorded using a structure; 

the second value shows the number of studies where that group was present but not recorded using a 

structure. 

Taxon/taxa Pipe Drainage 

culvert 

Adapted 

culvert 

Wildlife 

underpass 

Bridge 

u/pass 

Over- 

pass 

Wildlife 

o/pass 

Rope  

bridge 

Amphibians 2-0 4-1 3-0 1-0 1-0 1-0 0-1 0-0 

Reptiles 4-0 9-0 4-0 1-1 3-0 2-0 1-1 0-0 

Small mammals 6-1 5-0 5-0 3-1 2-1 2-2 4-3 0-0 

Arboreal mammals 1-1 4-0 4-0 0-0 1-0 0-0 1-0 1-0 

Medium mammals 8-3 12-1 8-0 6-2 6-1 4-1 5-2 0-0 

Large mammals         

omnivores 1-0 0-1 1-0 1-0 1-0 2-0 3-0 0-0 

carnivores 5-2 9-0 8-0 11-0 10-1 4-1 11-0 0-0 

herbivores 0-1 2-0 2-0 12-0 3-0 3-1 9-0 0-0 
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Fifteen studies have investigated factors that influence the use of underpasses. 

Structural, landscape and road-related attributes influence the pattern of usage and may 

be species-specific. Underpass openness and usage generally related to an animal’s 

body size (see Mata et al. 2005) although medium-sized carnivores preferred larger 

passages (Grilo et al. 2008). Funnel-fencing and/or walls adjoining underpasses were 

positively related to use by herpetofauna and small to medium-sized mammals but not 

for wide-ranging bobcats (Cain et al. 2003; Dodd et al. 2004). Wild carnivores appear to 

utilise culverts away from human settlements and noise whereas domestic carnivores 

show an opposite usage pattern (Clevenger and Waltho 2005; Ascensao and Mira 2007; 

Grilo et al. 2008). Vegetation cover near an underpass entrance appears to encourage 

use by small to medium-sized mammals and reptiles but may discourage use by grizzly 

bears and some ungulates (e.g. Clevenger and Waltho 2005). Underpasses adjoining 

areas of greater natural habitat show higher levels of usage by carnivores and deer (e.g. 

Ng et al. 2004; Grilo et al. 2008). Structural attributes better explain patterns of 

underpass usage for a range of taxa than do landscape or human-related factors (Mata et 

al. 2005; Clevenger and Waltho 2005).  

Studies suggest that usage of overpasses by ungulates and canids was positively 

related to proximity to vegetation cover, negatively related to proximity to croplands 

and showed no relationship to mountain proximity (Popowski and Krausman 2002; 

Peris and Morales 2004, Mata et al. 2005). Ungulate usage was also positively related to 

proximity to a creek or river (Popowski and Krausman 2002) but narrow overpasses 

(less than 6 m wide) were not used by wolves and deer (Peris and Morales 2004; Mata 

et al. 2005). 

Crossing structures are generally combined with exclusion fencing or barrier 

walls (see Dodd et al. 2004; Olsson and Widen 2008) that attempt to prevent animals 

from entering a road and funnel them towards the crossing structure. While rigorous 

experiments on the efficacy of ‘funnel-fencing’ are lacking, some underpass studies 

inferred a positive funneling effect for large mammals (e.g. Ascensao and Mira 2007) 

and herpetofauna (Aresco 2005). Highway mitigation fencing in Canada led to a 78% 

reduction in moose highway incursions and an 80% reduction in ungulate-vehicle 

collisions (Clevenger et al. 2001; Leblond et al. 2007) but concerns have been raised 

about the potential barrier effect (Olsson and Widen 2008). In Florida, a drift fence 
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system was successful in preventing road incursion and funneled a variety of 

herpetofauna to underpasses (Aresco 2005). The combined funneling effect of fencing 

and crossing structures has also raised concern that they may act as prey traps but Little 

et al. (2002) found scant evidence for this. 

It is apparent from crossing structure research that few studies have rigorously 

evaluated their efficacy (see Clevenger 2005; van der Ree et al. 2007). Clevenger and 

Waltho (2005) stress that such studies often fail to address masking effects of 

confounding variables, such as variation in human activity, density of crossing 

structures along the highway corridor and equality of species’ perceived access to each 

crossing structure. Of the 30 studies on crossing structure usage I reviewed, 16 simply 

described the species or guilds of wildlife and the frequency of use (e.g. Mathiasen and 

Madsen 2000; Krawchuck et al. 2005; Bond and Jones 2008); 12 studies identified 

factors that influence or facilitate use by particular species or guilds of wildlife; and 

three studies conducted behavioural experiments on usage (see McDonald and Cassady 

St Clair 2004b; Lesbarreres et al. 2004; Woltz et al. 2008). Importantly, only two 

studies determined whether wildlife crossing structures enhanced the population 

viability of species. van der Ree et al. (2009) used PVA modeling to demonstrate that a 

tunnel built under a road at Mt Higginbotham for the mountain pygmy-possum 

(Burramys parvus) reduced but did not eliminate the negative effects of the road. Taylor 

and Goldingay (2009) also used PVA modeling and reported that a sub-population of 

greater gliders (Petauroides volans) were likely ‘rescued’ from extirpation by the 

presence of a land-bridge with gliding poles (refer Chapter 3).   

Investigating the extent to which a mitigation measure reduces the risk of local 

extinction is an obvious area of research that is lacking. In terms of taxonomic groups, 

frogs and arboreal mammals have not been adequately catered for by the design of 

crossing structures or by research into their requirements. These fauna groups are ones 

requiring research in Australia because many have populations likely to be impacted by 

roads (e.g. Goldingay and Sharpe 2004a; Goldingay and Taylor 2006) and many are 

listed as threatened species.  
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1.7 Landscape-level road planning  

 

Concomitant with the growing concern for landscape fragmentation by roads 

(Vos and Chardon 1998; Forman et al. 2003; Epps et al. 2005) has been the 

development of GIS-based information technologies that allow coordination of 

ecological and transportation networks at multiple scales (Clevenger 2005; Frair et al. 

2008). A number of countries have incorporated these technologies into strategic spatial 

planning to assess the potential impact of linear infrastructure on landscape permeability 

and connectivity. Road authorities in the north of Spain investigated at both a local and 

regional scale how the main transport infrastructure network affected horizontal 

ecological flows, such as the movement of large mammals (Serrano et al. 2002). This 

approach allowed integration of regional-scale fragmentation and connectivity patterns, 

and local-scale information on road mortality black-spots and wildlife movement. This 

information was then used to guide assessments of future transport infrastructure 

proposals. Researchers in Austria and the Czech Republic evaluated the permeability of 

their national motorway network for large and medium-sized mammals and developed 

recommendations for existing and future motorways to ensure both landscape 

connectivity and permeability, particularly by the inclusion of minimally-spaced 

crossing structures (Woess et al. 2002; Hlavac 2005).  

Other GIS-based strategic planning approaches have been developed for specific 

taxa or fauna groups. Benayas et al. (2006) developed a matrix that compared 

distributional data of herpetofauna across Spain with planned linear infrastructure. They 

identified ‘alert planning units’ where planned infrastructure coincided with areas of 

high diversity or presence of threatened species. These areas were recommended for 

either habitat protection or a range of mitigation strategies. Studies of migratory water 

snakes (Roe et al. 2006) and pond-breeding amphibians (Timm et al. 2007) demonstrate 

that maintaining population persistence requires a landscape-level approach that 

considers the permeability of terrestrial corridors between wetlands because roads 

through such corridors may account for significant levels of mortality. An extension of 

addressing road permeability involves identifying appropriate criteria, such as an 

animal’s vagility, to guide the placement and frequency of crossing structures (see 

Bissonette and Adair 2008). 
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GIS-generated, expert-based models were used to identify habitat linkages and 

to plan migration passages for black bears (Ursus americanus) on a major road-

widening project on the Trans-Canada Highway (Clevenger et al. 2002). The utility of 

such habitat models could be enhanced by the complementary use of predictive models 

that identify wildlife fatality black-spots (e.g. Malo et al. 2004; Kramer-Schadt et al. 

2004; Ramp et al. 2005; Litvaitis and Tash 2008). Lee et al. (2006) demonstrated the 

utility of an internet-based GIS to enable community members to report wildlife-

crossing observations for a highway in Canada, which revealed that wildlife 

successfully crossed the highway in areas not identified by wildlife mortality data. 

Spatially explicit genetic data that reveal effective dispersal may further refine the 

efficacy of predictive models (Epps et al. 2007).  

The approach adopted thus far in Australia is best exemplified by the on-going 

conversion of the Pacific Highway in New South Wales (NSW) to a dual carriageway 

from immediately north of Sydney to the Queensland border. Much of this has involved 

the development of new transportation corridors, which have fragmented once 

continuous natural habitats. The landscape-level planning that has taken place has 

focused on species listed under the NSW Threatened Species Conservation Act (1995). 

Location records of species deemed vulnerable to road mortality and road barriers have 

been used to determine the location of wildlife crossing structures (e.g. Sinclair Knight 

Merz 1998, unpub. report). The structures installed have largely been chosen in the 

absence of knowledge about their effectiveness (see Taylor and Goldingay 2003; Hayes 

and Goldingay 2009). Such an approach has been a necessary starting point given the 

poor state of knowledge in Australia when this road project began in the early 1990’s. 

However, a more sophisticated approach is now needed based on a more rigorous 

assessment of vulnerability and that aims to maintain local population viability of 

wildlife.  

 

1.8 Aim and structure of thesis 

 

A number of dominant themes emerge from the preceding review about 

managing road impacts on Australian wildlife. Four are particularly relevant to the 

studies undertaken in this thesis and provide a strong justification for their choice. They 
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are: i) the deployment of crossing structures has outpaced research into their 

effectiveness; ii) studies of population level responses are largely lacking from the 

published literature; iii) arboreal mammals are under-represented in research efforts; 

and, (iv) the effect of road-widening on fauna use of underpasses has not been 

investigated.  

In an effort to contribute to these knowledge gaps, I was indeed fortunate that 

during the early stage of my candidature (i.e. 2004/05) Australia’s first wildlife land-

bridge complete with wooden ‘gliding’ poles for gliding mammals was constructed over 

Compton Road, Brisbane, as part of a road upgrade. This presented a timely opportunity 

to investigate both the efficacy of gliding poles and population-level responses to re-

connecting a road-gap. Concurrent with this, construction of the duplication of the 

Brunswick Heads bypass section of the Pacific Highway in north east NSW commenced 

and included duplication of underpasses I had studied during an Honours project in 

2000/01 (see Taylor and Goldingay 2003). This presented another timely opportunity to 

investigate the effect of road-widening on fauna use of underpasses, for which there are 

no published accounts. In this case, I chose bandicoots (Peramelidae) as the focal 

species because they were one of the most frequent users of the underpasses and had 

been identified as potentially sensitive to road impacts (see Taylor and Goldingay 

2004).  

The broad aim of my thesis is to contribute to our understanding of the ‘use’ and 

‘effectiveness’ of engineered road crossing-structures for wildlife. I present four data 

chapters based on field investigations and a final synthesis chapter discussing the results 

and management implications arising from these investigations. Chapters 2, 3 and 4 are 

based on studies conducted on two species of glider across four years at the Compton 

Road land-bridge site. Chapter 2 details investigations designed to determine whether or 

not squirrel gliders (Petaurus norfolcensis) will use glider poles to cross a road gap and 

to describe their home ranges. The next two chapters make use of the population 

simulation program VORTEX to model the effect that providing inter-patch 

connectivity across Compton Road has on the viability of the local greater glider 

(Petauroides volans) (Chapter 3) and squirrel glider (Chapter 4) metapopulations. 

Chapter 5 investigates the effect of highway duplication on bandicoot use of purpose-

built underpasses. The thesis concludes with a general discussion that synthesizes the 
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results and their implications for management and provides a number of 

recommendations for Australian research within the global context of wildlife road 

ecology (Chapter 6). All of the data chapters within the thesis represent original studies 

that to my knowledge have not been undertaken either in Australia or overseas.  
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2. WOODEN POLES ENABLE SQUIRREL GLIDERS (Petaurus 

norfolcensis) TO CROSS A ROAD-GAP 

 

2.1 Introduction 

 

Road systems across the globe are a major cause of habitat fragmentation and 

can disrupt population processes of some wildlife species (Forman and Alexander 1998; 

Serrano et al. 2002; Fahrig 2003; Andersson 2006; Riley et al. 2006; Laurance et al. 

2006; Fahrig and  Rytwinski 2009). Roads remove habitat and create barriers or filters 

to the movement of many wildlife species (e.g. Alexander and Waters 2000; Rondinini 

and Doncaster 2002; van der Ree 2006; Wilson et al. 2007; McGregor et al. 2008). This 

breaks up continuous populations into smaller, isolated subpopulations or 

metapopulations (Gerlach and Musolf 2000; Patten et al. 2005; Riley et al. 2006), which 

can suffer genetic drift and become more vulnerable to stochastic processes (e.g. Gilpin 

and Soulé 1986; Coulon et al. 2004; Epps et al. 2005). Consequently, reducing the 

disruptive effects of roads on population processes has become a topic of great interest 

within conservation biology (e.g. Vos and Chardon 1998; Clevenger et al. 2002; 

Forman et al. 2003; Laurance et al. 2004).  

Arboreal mammals are one group of wildlife species that may be particularly 

affected by the impact of roads in disrupting dispersal and gene flow. Some arboreal 

species may spend time on the ground in their usual activities (e.g. red squirrel 

Tamiasciurus hudsonicus; Australian brushtail possum Trichosurus vulpecula), and so 

may show no reluctance to cross over some roads along the ground and even be 

frequent victims of road-kill (e.g. Clevenger et al. 2003; Taylor and Goldingay 2004). In 

contrast, there are arboreal mammal species that infrequently venture to the ground (e.g. 

Australian lemuroid ringtail possum Hemibelideus lemuroides, Wilson et al. 2007) and 

may be very reluctant to use underpasses or even overpasses. Gliding mammals 

(hereafter gliders) are one example of this because they are more likely to use tree cover 

to move through a landscape (van der Ree et al. 2003; Selonen and Hanski 2003, 2004, 

2006; Ball and Goldingay 2008). More than 60 species of glider are distributed 

worldwide and many are classified as threatened (Goldingay 2000; Odom et al. 2001; 

Selonen and Hanski 2003). Gliders are vulnerable to processes that fragment forest 
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landscapes and create gaps that are beyond their gliding capacity (Selonen and Hanski 

2003; Goldingay and Taylor 2009). The construction of large roads and motorways are 

primary agents of such processes.   

During the last 50 years, efforts to reconnect wildlife populations fragmented by 

roads have largely taken the form of engineered wildlife road-crossing structures, such 

as land-bridges and underpasses (Clevenger et al. 2001a; McDonald and St Clair 

2004a). Such structures are primarily designed to enhance the functional connectivity 

(i.e. inter-fragment movement) of roaded landscapes (see Taylor et al. 1993; 

Tischendorf and Fahrig 2000). While their use by a broad range of taxa has been well 

documented (see Clevenger and Waltho 2005; Mata et al. 2005; Bond and Jones 2008), 

their deployment has largely focused on terrestrial vertebrates. Only within the last 

decade or so have structures targeting arboreal mammals been developed. Examples 

include wooden pole canopy-bridges for forest primates in Brazil (Valladares-Padua et 

al. 1995) and rope canopy-bridges for rainforest possums in north Queensland (Goosem 

2004; Goosem et al. 2005). Rope canopy-bridges have since been deployed over 

highways on the mid-north coast of NSW (Bax 2006) and southern Victoria (van der 

Ree et al. 2008) and are reportedly used by possums and squirrel gliders (Petaurus 

norfolcensis).  

Tall wooden poles have been proposed as an appropriate method to reconnect 

habitat for gliders (Goldingay and Jackson 2004). Indeed, Ball and Goldingay (2008) 

recently demonstrated that 12 m-high wooden poles enabled a gliding marsupial to 

move between two habitat remnants. They suggested that poles could be deployed to 

enable gliding mammals to cross road tree-gaps beyond their gliding ability. At two 

locations in Brisbane, a land-bridge with a set of tall wooden poles for gliding mammals 

was installed when arterial roads were expanded. This provided a unique opportunity to 

examine how a gliding mammal, in this case the squirrel glider, responded to these 

structures. The squirrel glider is a small (150 - 300 g) gliding marsupial that is restricted 

to dry forests and woodlands along the eastern part of Australia (Eyre 2004; Kavanagh 

2004; van der Ree et al. 2004). It is dependent on tree hollows for nesting (Traill and 

Lill 1997; Beyer et al. 2008) and feeds on plant exudates and arthropods (Menkhorst 

and Collier 1987; Sharpe and Goldingay 1998; Ball et al. 2009). It is listed as threatened 

in the southern part of its range (i.e. NSW and Victoria) due to expansive land clearing 
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(Kavanagh 2004; van der Ree et al. 2004) whereas its status in the northern part of its 

range (i.e. Queensland) remains a point of conjecture (Eyre 2004; Winter et al. 2004). It 

is regarded as a species of conservation concern by Brisbane City Council (BCC 2005). 

Should the land-bridge with gliding poles enable movement across a road for squirrel 

gliders, then wooden poles should be trialled at other locations to reconnect habitat 

severed by roads. This has been recently demonstrated in north Queensland where 

mahogany gliders (P. gracilis) reportedly used a roadside wooden pole to successfully 

cross the 38 m-wide Palmerstone Highway (Asari et al. 2010).  

The primary aim of my study was to determine whether squirrel gliders would 

use the wooden poles on a land-bridge to cross a major road. A secondary aim was to 

describe the spatial arrangement of squirrel glider home ranges adjacent to the land-

bridge at one location. Arboreal mammals that have over road connections may use both 

sides of a road (Wilson et al. 2007). Therefore, I examined the home ranges of animals 

living near the crossing structures because it is possible that if a species is willing to use 

crossing structures then resident animals may include them within their home ranges.  

 

2.2   Methods  

 

2.2.1  Study sites 

 

The study was conducted at Compton Road and Hamilton Road in the capital 

city of Brisbane, Queensland, Australia (Fig. 2.1). Brisbane has a population of 

approximately 1.9 million people and experiences a subtropical climate with an average 

annual temperature range of 15 - 25
o
 C and an average annual rainfall of 1149 mm 

(Bureau of Meteorology 2008). Compton Road (27°62’S, 153°08’E) is located in the 

suburb of Kuraby and separates two forest remnants: Karawatha Forest Reserve (~950 

ha) and Kuraby Bushland Reserve (~140 ha) (Fig. 2.1). It is a busy arterial road 

(Average Annual Daily Traffic (AADT) ~26 000 vehicles) that was developed from a 2-

lane road to a 4-lane road complete with a~7 m-wide median stip in early 2004 (Bond 

and Jones 2008).  Each two-lane carriageway is ~9m-wide and is flanked by a ~8-9m-

wide grassy verge. The total road corridor is bordered by 2m-high exclusion fencing 

and extends ~43m from fence-to-fence. 
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Fig 2.1. Compton Road study site showing location of arboreal crossing structures (Photo: Google Earth) 

 

 

Vegetation in these remnants is predominantly dry sclerophyll open forest and 

woodland with grass and heath understory (Bond and Jones 2008). It was dominated by 

Tindale’s stringybark (Eucalyptus tindaliae), Bailey’s stringybark (E. baileyana), white 

mahogany (E. acmenoides), broad-leaved spotted gum (E. henryi), scribbly gum (E. 

racemosa), grey gum (E. major), northern gray ironbark (E. siderophloia) and pink 

bloodwood (Corymbia intermedia) on the ridges and paperbark (Malaleuca 

quinquenervia) and swamp box (Lophostemon suaveolans) in the lower, moister areas. 

The understory was characterised by kangaroo grass (Themeda triandra), wild may 

(Leptospermum polygalifolium), black sheoak (Allocasuarina littoralis) and black 

wattle (Acacia concurrens). The study area has been declared an area of bioregional 

importance due to the significance of the habitat and biodiversity it contains (Erickson 

et al. 1996). The two reserves also form part of the regional Greenbank habitat corridor, 

which extends from Redland Bay (~20 km to the east) to the Greenbank Military 

Reserve (~8 km to the south-west) (Veage and Jones 2007). The Greenbank corridor 

consists of a series of small, tenuously connected habitat fragments and is severed by 

major roads in many places. 

Hamilton Road (27°38’S 153°0’E) is a two-lane arterial road (AADT ~ 13 000 

vehicles) in the northern Brisbane suburb of Chermside Hills (Fig. 2.2). It was upgraded 



- 29 - 

 

and widened during 2007-08 and includes a turning lane in the vicinity of the land-

bridge and no median strip. It is bordered by 2m-high exclusion fence and the road 

corridor is ~31m-wide between the fences. Hamilton Road severs a number of locally 

significant patches of remnant urban bushland, including Milne Hill Reserve (11 ha) 

and Raven Street Reserve (33 ha). These remnants are dominated by dry sclerophyll 

open forest and woodland with a shrub understory of a similar species composition to 

that at Compton Rd (Greig and Woon 2007).  

 

 

 

 

Fig 2.2. Hamilton Road study site showing location of wildlife land-bridge 

(Photo: Google Earth) 

 

2.2.2  Crossing structures 

 

When Compton Road was expanded Brisbane City Council (BCC) installed a 

number of wildlife crossing structures, including a land-bridge with wooden poles for 

gliding mammals and three rope canopy-bridges (Fig. 2.3). Exclusion fencing was 

installed along the length of the adjoining reserves and enclosed a road corridor that is 

44 m wide. The land-bridge is an hour-glass shaped arch (~70 m long) that is ~20 m 
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wide at each end and ~10 m wide in the centre. It is covered by a thick layer of soil and 

mulch and was planted out with a range of local endemic trees and shrubs soon after 

installation. Some plantings had reached heights of up to 3 m by March 2008. The 

gliding-pole array consisted of eight, 6-7 m high hardwood poles (~30 cm diameter) 

spaced at every 10-12 m across the middle of the land-bridge (Fig. 2.4). Each pole 

contained two wooden crossbars (~ 240 cm x 10 cm x 10 cm) mounted at ~30 cm and 

~70 cm from the top of the pole.  

 

 

 

 

 

Fig. 2.3. Aerial photo of the Compton Road land-bridge and one of the three rope canopy-bridges 

(white line crossing road in the right of the image). Some of the wooden gliding-poles  

on the land-bridge are visible in the foreground of the image. (Photo: Google Earth) 
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a)   b)  

 

Fig. 2.4. The gliding pole array photographed from the Kuraby side of the road in (a) June 2005  

soon after installation and (b) July 2007during the radio-tracking study. (Photos: B.Taylor) 

 

 

Three rope canopy-bridges were suspended ~7 m above the road and linked by a 

wooden pole at each side of the road reserve and within the median strip. The ladder-

like rope construction was supported by metal wire stayers and was connected to trees 

in the adjoining forest by a series of ropes. Digital infrared cameras with motion 

detectors were installed by BCC at the beginning of the project to detect use by arboreal 

wildlife but technical problems over the life of the project have prevented any 

conclusion that mammals used them to cross the road. Therefore, no further reference is 

made to the use of these structures.  

At Hamilton Road the land-bridge was flat and rectangular shaped (36 m x 15 

m) (Fig. 2.5). Exclusion fencing was installed along the length of the adjoining reserves 

and enclosed a road corridor that was 31 m wide. The surface of the land-bridge was 

filled with topsoil and planted out with local endemic shrubs. Six 6.5 m-high hardwood 

poles (~20 cm diameter) were spaced at 5 m intervals across the land-bridge. The land 

surface sloped away at each end of the bridge. The closest tree to the pole at the south-

end had its canopy 6 m away and its trunk 18 m away. At the north-end the closest tree 

had its canopy and trunk 30 m away from a pole. The downward slope, tree height and 

pole height all suggested a glide to or from the northern pole was beyond the gliding 

capacity of the squirrel glider (see Ball and Goldingay 2008; Goldingay and Taylor 

2009). Each pole contained a single wooden crossbar (~150 cm x 10 cm x 10 cm) 

mounted ~30 cm from the top of the pole below which were secured two closed PVC 
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‘refuge’ tubes (40 cm long x 12 cm diameter) with a 5 cm entrance hole designed to 

provide temporary refuge for gliders that encountered aerial predators whilst on the 

poles (Fig. 2.5).   

 The closest gap between tree canopies on either side of the road was ~60 m at 

Compton Road and ~50 m at Hamilton Road.  

 

 

a)   b)   c)  

 

Fig. 2.5. The Hamilton Road land-bridge with gliding poles (a), the pathway on the left side (b) and the 

pole crossbar and refuge tubes (c). (Photos: B.Taylor) 

 

 

 

2.2.3  Detection of pole use and location of home ranges 

  

I conducted several investigations to determine whether gliders would use the 

poles to cross the road and whether the presence of the crossing structures at one 

location led to incorporation of both sides of the road into animal home ranges.  All 

investigations were conducted after crossing structures were fully installed and no data 

were collected ‘before’ installation.   

 

1) At one location traps were set in trees each side of the road to mark animals and to 

determine whether recaptured animals had moved across the road.  

2) At one location ten animals captured near the crossing structures were fitted with 

radio-collars to determine the alignment of their home ranges with respect to the 

new crossing structures and also whether they moved across the road.   

3) At one location eight radio-collared individuals were released onto the poles at 

night to observe their ability to use the poles. 
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4) At both locations hair-sampling tubes were attached to poles to determine whether 

gliders used the poles. 

 

2.2.4  Glider capture 

 

I established a grid of 40 traps straddling Compton Road in May 2005 and also 

installed 20 nest boxes within this area. Four trap lines were placed parallel to the road 

(20 m, 60 m, 100 m and 140 m) on each side of Compton Road. Each line contained 

five traps at 50 m intervals. They extended 220 m along the road to incorporate all three 

canopy-bridges and the land-bridge (total area ~6.2 ha).  

From 2006 onwards, only two lines (those at 20 m and 100 m comprising 20 

traps) from each side of the road were utilised. The 100 m trap lines on each side of the 

road were also included within a set of 36 transects that were used in a remnant-wide 

population survey which led to these lines being trapped with three traps on five 

occasions between 2006 and 2008. These were also trapped on one occasion to retrieve 

radio-collars. Trapping was conducted on the trapping grid for 1-3 nights on 11 

occasions between June 2005 and March 2008 for a total trapping effort of 916 trap-

nights. 

Elliott type B traps (45 cm x 15 cm x 15 cm) were mounted on brackets (~4 m 

high) in trees and baited with peanut butter, oats and honey. A honey-water mixture was 

sprayed up the trunk of the tree leading to the baited trap. Traps were checked early 

each morning and any captured gliders were weighed and assigned to age classes based 

on tooth condition, ventral fur colour and breeding status (see Quin 1995; Millis and 

Bradley 2001; van der Ree 2002). Before release, individuals were tagged in each ear 

with an individually numbered fingerling ear tag. Ear tags had reflective tape adhered to 

their outer side to assist in identification under spotlight.  

Ten rear-entry wooden nest boxes (15 cm x 25 cm x 35 cm) that squirrel gliders 

are known to utilise (Beyer and Goldingay 2006; Goldingay et al. 2006) were installed 

each side of Compton Road in April 2005. One box was placed ~10 m from each trap-

point along the 20 m and 100 m trap-lines. Boxes were mounted ~4 m high on medium-

sized trees (20 – 40 cm DBH). Fourteen nest box checks were conducted between May 

2005 and January 2008. Captured gliders were processed as above.  
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2.2.5  Radio-tracking 

 

Radio-collars (Sirtrack, New Zealand) consisting of a single-stage transmitter 

with brass loop collar antenna (weight ~6 g; <4% of body weight) were attached to five 

male and five female (incl. 1 subadult) squirrel gliders (6 in Karawatha, 4 in Kuraby). 

An R-1000 telemetry receiver (Communication Specialists Inc., USA) attached to a 

YAGI two-dimensional antenna (Sirtrak, New Zealand) was used to locate collared 

individuals.  

Squirrel gliders were radio-tracked for 1-3 nights/week between July 2007 and 

February 2008. Individuals were located 2-4 times/night and the majority of fixes were 

collected before midnight. A minimum of 30 minutes but mostly > 1 hour was allowed 

between fixes for any individual glider to reduce the likelihood of autocorrelated 

observations (see Swihart and Slade 1985; Sharpe and Goldingay 2007). Each time an 

animal was located a GPS was used to record its position, and other data were recorded 

such as the tree/shrub species it was in, position in tree/shrub and behaviour. Daytime 

locations of glider dens were also obtained. Collared individuals were re-trapped and 

collars removed at the end of the radio-tracking period. 

 

 

2.2.6  Home-range size and alignment 

 

Home range size was estimated from nocturnal and diurnal (den) locations. Trap 

locations were included if they occurred within area bounded by nocturnal locations 

(see Sharpe and Goldingay 2007). Single forays by three animals (F5, M3 and F2) well 

outside their usual home range area were not included in these analyses. I estimated the 

minimum convex polygon 100% (MCP) and fixed kernel (K95% and K50%). These 

estimators are frequently used to describe the home range (Goldingay and Kavanagh 

1993; Sharpe and Goldingay 2007; Wilson et al. 2007; Menzel et al. 2006). MCP and 

kernel home-range sizes were calculated using the Animal Movement Analysis 

Extension (Hooge et al. 2000) to ArcView 3.2 (ESRI 1997). Smoothing parameters for 

fixed kernels were determined by least squares cross-validation (Seaman and Powell 

1996) and grid size was selected automatically by the home-range program. Because the 
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study site included a non-habitat area (i.e. Compton Road), any part of the kernel 

isopleths that extended beyond the road fence-line was excluded from the home-range 

area using the ‘clip’ function in Arcview 3.2 and subsequently subtracted from the 

individual estimates. Such an approach to kernel estimates has been adopted in other 

studies incorporating non-habitat linear environments (see Blundell et al. 2001; Knight 

et al. 2009). 

To determine the number of locations at which home-range size estimates 

stabilised for both estimators, incremental plots were developed by calculating 

cumulative home-range area with every 10 additional fixes collected (see Goldingay 

and Kavanagh 1993; Hanski et al. 2000; Jackson 2000; van der Ree and Bennett 2003; 

Martin et al. 2007; Smith et al. 2007; Wilson et al. 2007).  

 

2.2.7 Glider pole releases 

 

Eight squirrel gliders were released on 12 occasions after dusk onto one of the 

eight land-bridge gliding poles at Compton Rd between February and August 2007. I 

released gliders at ~1.5 m above the ground and slowly moved 10-20 m away from the 

line of the gliding poles and observed with intermittent use of a red-filtered 50-watt 

spotlight. Generally, a three-step approach to pole-releases was followed such that 

gliders were progressively released on a pole further from its home remnant with the 

final release on either the furthest pole or a tree close to the furthest pole on the other 

side of the road to where the animal was caught. That is, a close-pole release followed 

by a middle-pole release followed by a final far release. Only collared gliders were 

utilised for far-releases. Location fixes obtained during the night of pole releases were 

not used for home range analysis.   

 

2.2.8  Hair-tube surveys of Compton Road and Hamilton Road land-bridges 

 

Hair-tubes have proven an effective method for detecting the presence of 

petaurid gliders near roads and within linear habitat fragments (see van der Ree et al. 

2003). Hair-tubes were constructed from 100 mm long x 40 mm diameter lengths of 

PVC pipe. Double-sided tape was applied to the end of each tube. A smaller plastic tube 
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(30 mm x 20 mm) with a number of small holes was packed with a bait mixture of 

peanut butter, honey and oats and inserted into the hair-tube. A screw was pushed 

through the tube/insert and screwed onto the pole. Hair-tubes were left in place for 

periods of three to four weeks. When retrieved, they were individually wrapped in 

grease-proof paper in the field. Specimens were sent to a hair analysis consultant for 

identification. The hair of the squirrel glider cannot be reliably distinguished from that 

of the sugar glider (P. breviceps) (Lobert et al. 2001; van der Ree et al. 2003; Taylor 

and Goldingay unpub. data), so any hair resembling that of either species was recorded 

as petaurid hair.  

Hair-tube surveys were conducted at Compton Rd on 20 occasions between 

September 2006 and May 2009 and at Hamilton Road on six occasions between 

December 2008 and May 2009. At Compton Rd, one hair-tube was attached 1.8 m high 

on each of the eight wooden poles. From September 2007 onwards, hair-tubes were also 

placed 1.8 m high on six shrubs along the length of the land-bridge at 15 m intervals 

(total of 16 occasions). At Hamilton Road, one tube was placed 4 m high on each pole 

for each sampling session.  

I used MLwiN 2.15 (Center for Multilevel Modelling) to conduct multilevel 

logistic regression analysis on the hair data from Compton Road. I used data on the 

presence or absence of glider hair on the poles or shrubs over the 16 survey occasions 

when hair-tubes were installed on both poles and shrubs. I fitted models to my data to 

predict the probability of squirrel glider detection that included explanatory variables 

consisting of hair records on pole or shrub, survey occasion and an interaction between 

these. I used Monte Carlo simulation in MLwiN to estimate the coefficients in the 

model. I used a Wald test to test the significance of each of these coefficients. Initial 

modelling revealed that the interaction coefficient was not significant so this was 

dropped and the model rerun. Essentially what I was testing here was the null 

hypotheses that glider hair was equally likely to be detected on the poles and shrubs, 

and that this did not change through time. 
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2.3 Results 

 

2.3.1  Movements Revealed By Capture Locations 

 

Between June 2005 and March 2008 I captured 31 squirrel gliders a total of 85 

times from trapping (8 % capture success) and nest box inspections on the road-zone 

trapping grid (Table 2.1; refer to Appendix for more detail). There were 16 individuals 

captured in Kuraby bushland and 15 in Karawatha forest. This included the capture of 

11 sub-adults. No crossing of Compton Road, involving a distance of ~80 m between 

trap lines, was revealed from the location of recaptured individuals. In contrast, I 

detected 43 instances where individuals moved between trap points within the road-

zone, including nine instances of moves of 100-150 m and three of between 150-300 m 

(Table 2.1). From the results of a concurrent population study using trapping transects 

within both remnants and >300 m away from the road zone I detected 24 movements of 

distances greater than 50 m, including four occasions of movements >300 m (B.Taylor 

unpub. data). None of these records were of animals that had moved across the road 

between the two forest patches. The frequency of movements in the distance categories 

was independent of whether animals were captured in the road zone or in the forest (G = 

0.43, d.f.= 2, P > 0.5). 

 

 

 

Table 2.1.  A comparison of movement within the trapping grid adjoining the road and the forest 

transects spread across the two forest reserves (B.Taylor unpub. data). No movement across the road was 

detected from trapping records. n = number of individuals captured. Juv = individuals < 1 year of age.  

 NA = not applicable (i.e. beyond the range of the road zone trap grid).  

 

Side of  

Road  

Trap 

nights 

Captures  

(n) 

Juv Movements between traps  

50-100m 100-150m 150-300m >300m 

Road zone        

Kuraby 446 38 (16) 6 11 3 2 NA 

Karawatha 446 47 (15) 5 20 6 1 NA 

Forest transects       

Kuraby 420 26 (15) 2 5 2 2 1 

Karawatha 1170 95 (73) 37 10 1 0 3 
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2.3.2  Home-range size and configuration 

 

Seven gliders were tracked for ≥ five months and each tallied > 50 locations 

(Table 2.2). The period of tracking was curtailed for three individuals due to either 

collar failure (M2, F1) or late recruitment into the project (M6). Incremental plots of 

home-range area (K95%) versus the number of locations revealed that the area of all 

seven individuals had reached a plateau (asymptote). The K95% home-range size 

averaged 4.3 ha ± 0.7 s.e. (Table 2.2) with estimates for males ranging between 3.4 -7.2 

ha and 2.3 – 6.3 ha for females. MCP100% home-range estimates produced a mean of 

4.1 ± 0.6 s.e. for all seven gliders (Table 2.2). Greater detail about home range estimates 

are provided in the Appendix. 

The core areas of the home ranges, as represented by the K50% isopleths (Table 

2.2), were a mean of 0.6 ha ± 0.1 s.e., or 15% (range 8-21%) of the total home range 

area. These core areas were clustered around den trees and flowering tree locations. The 

majority (70%) of glider feeding observations (n=71) were of individuals consuming 

nectar/pollen from flowering eucalypts. 

 

 

Table 2.2.  Radio-tracking effort and home range estimates of seven squirrel gliders at Compton Road  

study site. Figures are means (range). Radio-tracking occurred between July 2008 and March 2009. 

  

Sex (n) Months Total MCP K95% K50% 

 
Tracked Fixes 100%   

Male (3) 5.3 (5-6) 80 (75-82) 4.7 (3.5-6.6) 5.1 (3.4-7.2) 0.8 (0.3-1.3) 

Female (4) 5.0 (5) 81 (54-105) 3.7 (2.0-6.0) 3.6 (2.7-6.3) 0.5 (0.2-0.9) 

 

 

Social groups were identified on the basis of individuals occupying the same den 

tree on two or more nights during radio-tracking (see van der Ree and Bennett 2003; 

Goldingay and Jackson 2004) combined with observations of group foraging and home-

range overlap (see Sharpe and Goldingay 2007). This revealed that a distinct social 

group occupied each side of the land-bridge (Fig. 2.6). On the Karawatha side, F4 (sub-

adult), F5, M3 and M4 regularly denned in the same tree, mostly within 80 m of the 
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land-bridge. M3 also denned and foraged on a number of occasions separately with F2. 

On the Kuraby side of the land-bridge, F1 and F3 were regularly recorded in the same 

den tree and M5 was observed foraging with F1 on one occasion and was detected in a 

den used by F1 and F3. The spatial overlap of K95% home-ranges of members of the 

same social group was 60 % ± 4.1 (s.e.) 

The shape of individual home ranges tended to be elliptical or rectangular with 

the long axis generally aligned with the road (Fig. 2.6). The average long axis was 322 

m ± 39 (s.e.) by a short axis of 201 m ± 15. All individuals were detected within 50 m 

of the land bridge and F3, F4, F5 and M4 were detected within 30 m. No gliders were 

detected on the land-bridge during the radio-tracking study. However, F2, F5, and M3 

were each recorded once on the opposite side of the road to their usual home ranges. 

These gliders were each tracked for 5-6 months and these observations occurred during 

the early part of this period. This represents 3 occasions from a total of 637 locations (3 

of 398 nocturnal locations) when squirrel gliders were detected on the opposite side of 

the road.   
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Fig. 2.6.  K95% and K50% (core areas) home range estimates for seven squirrel gliders residing near the  

Compton Road land-bridge. The white concrete arches of the land-bridge can be seen on Compton Road 

(Background Photo: Google Earth). 

 

 

 

2.3.3 Behavioural observations of gliders released onto poles 

 

Eight squirrel gliders (1 male, 7 female) were released onto gliding poles on 12 

occasions. Gliders typically climbed quickly to the top of the pole and either 

immediately launched off (14%), sat on a crossbar and scanned their surroundings prior 

to launching (64%), or explored the crossbars and pole top (22%) before launching off. 

Most released gliders chose to launch (exit) from the upper arm of the gliding pole 

structure (70% of all exits) rather than the pole top (24%) or lower arm (6%). The time 

taken from release on to the pole to exit ranged from 1 - 61 minutes, with 75% 

occurring within 10 minutes.  
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Animals that glided from the wooden poles did so either to a nearby shrub (~5 m 

away), a tree (~19 m away) or to another of the poles (10-12 m apart). Of six glides to 

another pole, four were successful and an individual fell 1 m short of a pole on two 

occasions. An animal glided successfully to a nearby shrub on eight occasions. Only 

one of three attempts to glide from the end southern pole to the closest tree (19 m away) 

was successful; on the other two occasions the animal landed 2 m short. 

 

2.3.4 Glider detections on Compton Road and Hamilton Road land-bridges 

 

At Compton Road, a total of 20 sampling sessions of the gliding poles and 16 of 

the land-bridge shrubs ranging from 19-34 nights were conducted between October 

2006 and May 2009. Petaurid hair was detected on land-bridge poles in 15 of the 20 

sessions and within shrubs on 9 of 16 sessions (Fig. 2.7 and 2.8). The rate of pole and 

shrub detections was greatest during the early-mid part of the year with a tapering off 

during the later part of the year. Detection of hair on the middle poles indicated a 

willingness to use the poles to cross the road. 

Analysis of the hair-tube data revealed that the coefficient describing the 

difference in detecting hair on a pole versus a shrub was highly significant (χ
2
 = 17.93, 

d.f. = 1, P <0.001). Overall, the mean probability of detecting glider hair was 0.36 for a 

pole and 0.10 for a shrub. The coefficient describing the change in glider detection over 

time was also highly significant (χ
2
 = 17.61, d.f. = 1, P <0.001), suggesting that 

detection of glider hair increased over time.  
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Fig. 2.7.  The detection frequency of Petaurid hair on eight glider-poles during 20 hair-tube sampling 

sessions on the Compton Road land-bridge between October 2006 and May 2009. 

 

 

 

 

Fig. 2.8.  The detection frequency of Petaurid hair on six hair-tubes placed in shrubs across the length of 

the land-bridge during 16 sampling sessions on the Compton Road between September 2007 and May 

2009. Dots represent sampling months with no detections. 

 

 

At Hamilton Road, Petaurid hair was detected on poles during all six sampling 

sessions, including all six poles in April 2009 (Fig. 2.9). The first sampling session 

occurred six months after the completion of the land-bridge. 
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Figure 2.9.  The detection frequency of Petaurid hair on six glider-poles during six hair-tube sampling 

sessions on the Hamilton Road land-bridge between December 2008 and May 2009. 

 

 

The overall hair detection from 20 sampling sessions of glider poles at Compton 

Road was 37 % and at Hamilton Road 63 %. This compares to hair detected on 42% of 

106 hair-tubes located across 36 transects within Kuraby and Karawatha forest and 42% 

of 31 trees adjoining the road during a single sampling session in June/July 2008 at the 

Compton Road study site (B. Taylor unpub. data).  

 

2.4   Discussion 

 

2.4.1  Use of road crossing structures by gliding mammals 

 

This is the first study to describe the use of wooden poles to traverse a road canopy-

gap by a gliding mammal. This was demonstrated at two road locations 27 km apart. 

This extends the findings of another study (Ball and Goldingay 2008) where it was 

demonstrated that squirrel gliders used tall wooden poles to cross a 70-m canopy-gap 

through open pasture. These separate studies suggest that squirrel gliders readily adapt 

to using wooden poles to traverse canopy gaps. This species is subject to habitat 

fragmentation throughout its geographic range and roads are a leading cause of this 
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(Goldingay and Sharpe 2004a; van der Ree 2006). This work now needs to be extended 

to other gliding mammals, of which there are many species that are exposed to habitat 

fragmentation (Goldingay 2000; Selonen and Hanski 2003, 2004). In particular, this 

research should involve the placement of wooden poles along road-sides and in the 

median strips of roads, which is a much cheaper management strategy to achieve 

connectivity over a road for gliding mammals compared to building a relatively 

expensive land-bridge as in the present study. However, this research needs to establish 

whether or not there is an elevated road mortality risk for gliders accessing roadside 

and/or median-strip poles which is all but eliminated in the case of road-crossing via a 

land-bridge.   

Hair records on the wooden poles suggest that pole use at Compton Road may 

have been by dispersing rather than resident animals. Pole hair records were intermittent 

from October 2007 through to January 2009. Use appeared high (7-8 of the poles with 

hair) in July-August 2007 and again in February-May 2009. My inability to capture 

tagged gliders that had crossed the road supports this hypothesis. In contrast, with a 

similar trap effort Ball and Goldingay (2008) captured individuals that had moved from 

one remnant to another on a number of occasions. At Hamilton Road, the extent of 

habitat on each side of the road was less than that at Compton Road and possibly 

insufficient to support separate social groups on each side. The frequent hair records on 

most poles suggests that road crossing may have occurred during foraging movements. 

Trapping and radio-tracking are needed to confirm this. The hair records at the two 

locations suggest that resident and naïve dispersing animals will use wooden poles to 

cross canopy gaps. The dispersal behaviour of juvenile Siberian flying squirrels 

(Pteromys volans) has been studied in Finland in detail (Selonen and Hanksi 2003, 

2004, 2006, 2007), finding that some individuals used linear strips of trees to traverse 

extensive areas of open habitat. This suggests that some species of flying squirrel are 

also likely to use wooden poles to cross roads and other open areas.  

 

2.4.2  Implications for facilitating dispersal 

 

Currently it is unknown whether the presence of social groups clustered near 

road-crossing structures, or indeed using them for foraging, will hamper the dispersal of 
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sub-adult individuals. Although squirrel glider home ranges at Compton Road were 

aligned along the road it seems unlikely that this will impede dispersal because the 

home ranges of adjoining social groups in continuous forest may overlap by 50% 

(Sharpe and Goldingay 2007). Individuals must also cross the home ranges of other 

social groups during dispersal and this is probably how they determine where 

opportunities exist for settling in an area (see Selonen and Hanski 2004, 2006). Three 

individual gliders (two adults, one sub-adult) independently moved across Compton 

Road and back again on one occasion each. Their movement across the road did not 

appear to be impeded by the presence of another social group.  

Applying the one-migrant-per-generation-rule (see Mills and Allendorf 1996; 

Wang 2004) suggests that even a very small rate of successful dispersal across the land 

bridge would be sufficient to maintain gene flow between the two remnants. Riley et al. 

(2006) dubbed the clustering of home ranges alongside a motorway as ‘home range 

pile-up’. They used genetic techniques to infer that for highly mobile carnivores, such 

as bobcats (Lynx rufus) and coyotes (Canis latrans), the pile-up effect restricted 

dispersing animals from breeding. Conversely, dispersing and resident large carnivores 

in Croatia regularly utilised a land-bridge to cross a motorway and incorporated both 

sides of the highway into their home range (Kusak et al. 2009). The genetic 

consequences of this were not investigated. In Florida, radio-tracking of Florida 

panthers (Puma concolor) showed that two individuals made crossings under a 

highway, and use was related to the home ranges of the panthers (Foster and Humphrey 

1995). Furthermore, in reviewing the scientific literature on spatially structured wildlife 

populations, Bowne and Bowers (2004) concluded that on average 5% of 

individuals/generation moved between habitat patches and the majority of movements 

was associated with positive population benefits. It may be that the concept of home-

range ‘pile-up’ restricting gene flow is species-specific and largely contingent on a 

species’ behavioural ecology. Further genetic studies of populations at road-crossing 

sites are needed to resolve this issue.  
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2.4.3  Gliding capacity and crossing roadways  

 

The use of poles to facilitate safe road-crossing for glider mammals is 

contingent on improving our understanding of the gliding behaviour for a particular 

species. Gliding distance will be dependent on the glide-ratio (horizontal glide distance 

to height lost), tree height and ground slope (see Goldingay and Taylor 2009). The 

mean glide-ratio for the squirrel glider is 1.9:1 (range 1.1-2.5:1) (van der Ree 2006; 

Goldingay and Taylor 2009). This suggests that a squirrel glider launching from a 6 m-

high pole should be able to achieve, on average, a horizontal distance of 11.4 m (range 

6.6 – 15 m). This approximates the inter-pole spacing at Compton Road (10-12 m) and 

is well within the inter-pole spacing at Hamilton Road (5 m).  However, shorter glides 

are characterised by smaller glide-ratios because the angle of decent during the initial 

phase of a glide is much steeper than during the later phase of a glide (see Ando and 

Shiraishi 1993; Jackson 1999a; Keith et al. 2000; Goldingay and Taylor 2009). 

Therefore, 6-m high wooden poles provide for a glide trajectory that is essentially in the 

early/steep phase. Therefore, the positioning of poles of this size should be spaced in 

accordance with the minimum glide-ratio (e.g. 1.1:1) and also take into account the 

effect of ground slope, until further research is conducted to demonstrate otherwise.   

The slope of the ground over which a glide occurs will either reduce (up-slope) 

or increase (down-slope) the potential glide distance. All inter-pole glides observed at 

Compton Road occurred over terrain that was down-slope, apart from one that was 

effectively flat. Despite this, 33% were unsuccessful and achieved glide-ratios 

approximating 1.3:1, close to the lower end of the reported range for squirrel gliders 

(Goldingay and Taylor 2009). Conversely, a successful glide by an individual from pole 

8 to a tree 19 m away required a glide ratio of 2.2:1. This concurs with the glide-ratio 

achieved for the longest glides between poles in north Queensland (Ball and Goldingay 

2008) and for a squirrel glider which repeatedly crossed a 55-60 m-wide motorway in 

Victoria (3-4:1), launching from 15-20 m-high roadside trees (van der Ree 2006). 

  Observations at Compton Road suggest that translocated gliders were unwilling 

to glide back to their home remnant and almost failed while attempting return glides, 

despite achieving glide ratios of 3.3:1 (Taylor and Goldingay unpub. data). Albeit, 

gliders released onto poles would likely have been under additional stress compared to 
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normal nightly activity. This may have adversely affected their performance. Vernes 

(2001) proposed that to effect a more rapid escape after release, gliders may increase 

glide speed by increasing glide ratio, thereby reducing the glide angle and effective 

glide distance.  Hence, under normal circumstances, gliders may have achieved higher 

success rates when attempting pole-pole glides. Despite this, my observations support 

the notion that Compton Road is at the upper limit of squirrel glider capacity and 

require crossing structures. While it appears that some gliders can achieve high ratio 

glides, management should cater for a range of capabilities.  Furthermore, management 

should ensure that the placement of poles along roadsides and within median strips 

enables launching gliders to safely clear the extent of trucks and other tall vehicles.  

Such trigonometric calculations must be informed by robust glide performance data (see 

Goldingay and Taylor 2009). 

The vegetation on the land-bridge at Compton Road increased substantially in 

height and density during my study. Sampling of the shrubs revealed that gliders did 

occasionally use that habitat element on the land-bridge. However, the frequency of 

records from shrubs was far less than that on the poles. Therefore, if our intention is to 

maximise animal movement over a road then the installation of the poles was central to 

achieving this. This supports the contention that wooden poles have the potential to 

rapidly reconnect areas of severed habitat rather than waiting for vegetation to achieve 

maturity that would enable glide crossings (Ball and Goldingay 2008).  

  

2.5 Management Implications 

 

There is growing support for the need to adopt a landscape-scale approach to 

managing wildlife population in urban environments (see Selonen and Hanski 2003; 

Andersson 2006; Garden et al. 2006; McAlpine et al. 2006; Anderson et al. 2007). This 

is particularly so for the squirrel glider as it is dependent upon functional connections 

through the urban matrix to large remnants (see Goldingay and Sharpe 2004a). Gaps in 

tree cover that exceed the gliding range of this species are effectively barriers to 

movement and dispersal (Rowston et al. 2002; Selonen and Hanski 2003; Van der Ree 

et al. 2003). Installing wooden poles on a land-bridge is one approach to reconnecting 

severed landscapes and occurred in this study because land-bridges were installed to 
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cater for a broad range of wildlife (see Bond and Jones 2008). However, I believe that 

wooden poles have far greater versatility than this and should be installed widely along 

road-sides and in median strips. This will provide much more connectivity through the 

matrix in fragmented habitats. Further, to allow generalisation of the effectiveness of 

these crossing structures, further studies are needed to show the use of similar structures 

at other locations and for other species of glider and monitoring at Compton and 

Hamilton Roads needs to continue over a much longer period of time (5 - 10 years). The 

field testing of different methods at my sites should inform and refine monitoring of 

crossing structures at other locations and over longer periods. In particular, the 

definitive evidence of pole use provided by hair-detection tubes warrants wider 

application of this detection method.  

Recent results from mid-north coast NSW and southern Victoria suggest that 

squirrel gliders have utilised ladder-style rope canopy-bridges to make complete 

highway crossings (R. van der Ree pers. comm.; S. Laurance pers. comm.; refer also to 

Goosem et al. 2005 for arboreal mammals generally). While these are promising results, 

rope canopy-bridges are relatively expensive pieces of infrastructure (~$30 – 60 000). 

By comparison, gliding poles (~$2 – 5 000) are a relatively inexpensive, rapid and 

effective way of creating connectivity for gliders between habitat patches severed by 

wide roads and clearings. Accordingly, gliding poles should be deployed along road 

edges and within median strips at locations where motorways traverse remnant forest. 

Concurrent with pole deployment is the need for monitoring to establish whether or not 

there is an elevated road mortality risk for gliders accessing roadside and/or median-

strip poles which is all but eliminated in the case of road-crossing via a land-bridge. 

Road authorities need to consider average glide ratio (i.e. 1:1.9 for squirrel gliders), 

ground slope, maximum truck height, tree height and be cognisant of the fact that 

shorter poles require shorter glides that produce lower glide ratios.  

Finally, we currently lack information on the long-term response of local fauna 

populations to crossing-structures and this is impeding our understanding of their 

effectiveness and ways to refine (see Clevenger 2005). This is addressed later in the 

thesis for both greater gliders (Chapter 3) and squirrel gliders (Chapter 4). 

Notwithstanding this, the evidence from population modelling predicted that even with 

a relatively low rate of dispersal, the land-bridge substantially reduced the probability of 
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extinction of the smaller Kuraby subpopulation for both glider species. Population 

persistence could be further enhanced by connecting the Karawatha/Kuraby population 

to the broader Greenbank corridor metapopulation, although this would require crossing 

structures at points along the corridor that are breached by motorways.  
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3.  MODELLING THE EFFECT OF ROAD CROSSING-STRUCTURES ON 

THE VIABILITY OF AN URBAN GREATER GLIDER (Petauroides 

volans) METAPOPULATION 

 

3.1 Introduction 

 

Research into the impact of roads on wildlife populations and the effectiveness 

of crossing structures in enhancing population processes is still in its infancy (see 

McDonald and Cassidy-St Clair 2004a; Clevenger 2005). Much attention has been 

given to assessing whether structures are being used by different wildlife species, which 

is a necessary first step. However, little attention has been given to population processes 

and understanding whether the viability of populations is enhanced by crossing 

structures or indeed compromised by roads in the absence of crossing structures (see 

van der Ree et al. 2007). Population viability analysis (PVA) provides a way of 

determining how populations are affected by roads, and whether they might benefit 

from crossing structures.  

PVA is a method of using computer simulation of population processes to assess 

population behaviour to specific scenarios (Boyce 1992). PVA allows the estimation of 

extinction probabilities by analyses that incorporate identifiable threats to population 

survival (Miller and Lacey 2005). Only a small number of studies have used this 

approach to understand road impacts (e.g. Ramp and Ben-Ami 2006) but this approach 

is well suited to understanding road impacts and modelling scenarios in which crossing 

structures may create corridors to link habitat fragmented by roads.  

An Australian arboreal mammal that may be particularly sensitive to 

fragmentation by roads is the greater glider (Petauroides volans). It is Australia’s 

largest gliding marsupial, weighing approximately 900-1700 g (Comport et al. 1996). It 

is known to be very clumsy when moving along the ground and highly vulnerable to 

terrestrial predators (Fleay 1947). It is distributed throughout forests and woodlands of 

eastern Australia from temperate eastern Victoria to tropical north-east Queensland 

(Eyre 2004; Kavanagh 2004; van der Ree et al. 2004; Winter et al. 2004). Greater 

gliders feed almost exclusively on eucalypt foliage (Kavanagh and Lambert 1990). They 

use gliding locomotion to move between trees and are dependent on tree cover for 
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movement through their home ranges, which are commonly in the order of 1-3 ha (Kehl 

and Borsboom 1984; Comport et al. 1996; Cunningham et al. 2004; Kavanagh and 

Wheeler 2004) but may reach up to 11 ha in hollow-limited environments (Smith et al. 

2007). Density estimates range from 0.1 to 3.8 individuals/ha (Henry 1984; Kehl and 

Borsboom 1984; Comport et al. 1996; Smith et al. 2007).   

The greater glider is sensitive to habitat disturbance associated with timber 

production (Tyndale-Biscoe and Smith 1969b; Kavanagh and Wheeler 2004) and has 

often been treated as a focus of forest management (e.g. Kavanagh 1991; Possingham et 

al. 1994). One isolated population in New South Wales has been listed as endangered 

due to concern about its inability to disperse through open habitat (NSW Scientific 

Committee 2007). In south-east Queensland the greater glider is present within forest 

remnants that are surrounded by urban development and concern for its survival has led 

to two remnants being dedicated as conservation reserves for this species. Despite this, 

there is currently little information available to guide the conservation of this species in 

this region where natural habitats are highly fragmented. In particular, many forest 

remnants are now surrounded by roads, which may create barriers to dispersal. 

The aim of this study was to use population modelling to examine the impact of 

habitat fragmentation and potential road barriers on a metapopulation of the greater 

glider. I hypothesised that in the absence of dispersal among remnants, this 

metapopulation will have a high risk of extinction. In my study area road-crossing 

structures specifically for arboreal mammals have been installed between two forest 

remnants. These consist of three rope-bridges that link the tree canopy on each side of 

the road, as well as wooden poles on a wildlife land-bridge to specifically facilitate the 

movements of gliding mammals (Goldingay et al. 2006). Wooden poles have been 

shown recently to facilitate the movement between habitat patches of another species of 

gliding mammal in Australia (Ball and Goldingay 2008). I used PVA to predict changes 

to population viability if the arboreal mammal crossing structures allow inter-patch 

movement by greater gliders.  
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3.2 Methods 

 

3.2.1 Study area 

 

The study area was located at Compton Road in Brisbane (described in detail in 

Chapter 2) and included a series of contiguous forest remnants that are part of the 

broader Greenbank habitat corridor (Fig. 3.1). Vegetation in these remnants is 

predominantly dry sclerophyll open forest and woodland with a heath understory (Bond 

and Jones 2008). The study area has been declared an area of bioregional importance 

due to the significance of the habitat and biodiversity it contains (Veage and Jones 

2007).  

 

 

 

 

Fig. 3.1. Aerial photograph of the study area landscape showing six forest remnants of the Greenbank 

habitat corridor and the location of the Compton Road land-bridge. (Photo: Google Earth) 

 

 

Karawatha forest (~950 ha) and Kuraby bushland (~140 ha) are separated by 

Compton Road (refer Chapter 2 for details). The width of the road between the forest 

edges is approximately 55-65 m. The two remnants are linked by a 15-20 m wide land-

bridge with eight wooden poles for gliding mammals and three rope canopy-bridges 
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(Fig. 3.2 and 3.3). The Compton Road study site and crossing structures have been 

described in detail in Chapter 2.  

 

 

 

Fig. 3.2. Aerial photograph of the land-bridge over Compton Road, connecting Karawatha Forest (below) 

to Kuraby Bushland (above). Two of the three rope canopy-bridges spanning the road can be seen as thin 

white lines. The canopy gap created by the 4-lane road is approximately 50 m. (Photo: Google Earth) 

 

 

 

Fig. 3.3. Land-bridge with gliding poles photographed in March 2005, one month after installation.  

(Photo: B.Taylor) 
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Karawatha Forest is bordered on its western side by the Gateway Motorway 

which joins the Logan Motorway at the south-west corner of Karawatha. To the west of 

this is a forest remnant in the suburb of Drewvale (~120 ha). Adjoining this to the 

southwest and separated by the interchange between the Logan Motorway and the major 

arterial, Beaudesert Road, is the forest remnant Parkinson (~450 ha). This is bisected by 

the Sydney-Brisbane railway-line. Immediately west of Parkinson is the forest remnant 

of Heathwood (~190 ha). The latter has a narrow but direct link with the Greenbank 

reserve (4500ha) but an indirect link through the housing development of Forestdale, 

which is divided into large parcels of land and has sufficient tree cover that greater 

gliders could readily disperse through, though this area offers limited habitat value. The 

composition of the habitat in all these remnants is similar but the quality of the habitat 

due to tree size and the provision of tree hollows varies considerably. 

There are tenuous connections among the south-west remnants. The Gateway 

Motorway has two bridges that allow connections under the roadway across to 

Drewvale (Fig. 3.1). The northern one contains a creek and broad-leaved paperbarks 

(Melaleuca quinquenervia) that may facilitate movement by gliders. The southern one 

is an unpaved road underpass, requiring movement along the ground. A small number 

of trees ~25-30 meters tall are present along the sides of the remnants bordered by the 

Logan Motorway where gliding movement may occur across to enable dispersal among 

the Drewvale and Parkinson forest remnants. 

 

3.3 Population census – spotlighting  

 

The sizes of the subpopulations of greater gliders in each remnant were 

estimated based on spotlight transect surveys undertaken in Karawatha forest on five 

occasions between May 2006 and March 2008. Transect spotlighting is a method of 

detecting arboreal animals by their eye-shine or movement with a hand-held spotlight 

(see Kavanagh 1984; Lindenmayer et al. 2000). I placed 26 transects (each 200 m long) 

across the whole remnant and spaced transects at least 200 m apart to avoid 

autocorrelation . To locate these transects I stratified the remnant according to 10 forest 

vegetation alliances (based on Kordas et al. 1993) and allowed the proportional 

representation of each to determine how many transects were placed in each alliance. 
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Each spotlighting session was conducted over three nights during which time all 

26 transects were surveyed once. The order with which this occurred was randomised 

for each session. Spotlighting was conducted during fine weather conditions and all  

traverses were completed in the first half of the night. Transects were spotlighted at a 

slow pace (approx 500 m/hr or approx 25 minutes/transect) by a single operator with a 

50 W spotlight. These data were used to estimate greater glider density (see below).  

 

3.4 Population viability modelling  

 

3.4.1 PVA Software 

 

I used VORTEX (Version 9.73) program (Lacey et al. 2007) to conduct the 

PVA. VORTEX is a Monte Carlo simulation of the effects of deterministic forces (e.g. 

habitat clearing) as well as demographic, environmental and genetic stochasticity and 

catastrophes (e.g. bushfire) on the dynamics of wildlife populations (Miller and Lacy 

2005). Population dynamics (e.g. births, mortality, catastrophes, etc.) are modeled as 

discrete, sequential events that occur according to defined probabilities (Lindenmayer 

and Lacy 1995). The model is repeated many times to reveal the distribution of fates 

that the populations might experience under a given set of input conditions (Miller and 

Lacy 2005). A detailed description of Vortex and its features is provided in Lacy (2000) 

and Miller and Lacy (2005).  

VORTEX has been used in numerous studies investigating the viability of free-

ranging mammalian populations and to evaluate management strategies. Focal species 

have included ocelots (Leopardus pardalis) (Haines et al. 2005), koalas  (Phascolarctos 

cinereus) (Lunney et al. 2002), mountain brushtail possums (Trichosurus caninus) 

(Lindenmayer and Lacey 1995), greater glider (Lindenmayer et al. 1999, 2000) and 

swamp wallabies (Wallabia bicolour) (Ramp and Ben-Ami 2006). The software is 

appropriate for the greater glider because it is designed to model populations with low 

fecundity and small local populations (Lacey 2000). 
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3.4.2 PVA life history data input 

 

The greater glider has been the subject of a number of detailed field studies. 

Many of these have examined its dietary and den tree requirements, and its movement 

with respect to estimating home-range size. Few studies have been able to collect 

detailed information on its demography because it is a species that has never been 

captured in traps. The most detailed demographic study is that by Tyndale-Biscoe and 

Smith (1969a,b), in which animals were captured as they were displaced from their tree 

hollows during logging operations over a 4-year period and another sample of animals 

was collected by shooting during an 18-month period. The two sampling methods 

produced 1466 observations.   

The social system of the greater glider has been examined in a number of 

studies, and ranged from monogamy through to polygyny (Henry 1984; Kehl and 

Borsboom 1984; Comport et al. 1996). This has been based on the number of female 

home ranges that males overlap with. Tyndale-Biscoe and Smith (1969a) observed a 

skewed sex ratio among adults (38% male), which suggests a polygynous social system 

in that population. Therefore, I have used polygyny as the base-line setting.  

Most females and males appear not to breed until 2 years of age (Smith 1969; 

Tyndale-Biscoe and Smith 1969a). Based on a very large sample size (348 breeding 

females), it is clear that only a single young is produced (Tyndale-Biscoe and Smith 

1969a). Tyndale-Biscoe and Smith (1969a) found that 25-40% of adult females were 

non-breeding but they were uncertain whether this represented failure to breed or might 

result from females having lost a pouch young some time earlier that they could not 

recognise. Based on this I have set the percentage of females producing one young to 

70%. 

Tyndale-Biscoe and Smith (1969a) estimated mortality at the end of the first 

year to average 20% for males and females together. This was based on the assumption 

that during sampling of the population, any difference between the number of juveniles 

recorded and the number of females scored in breeding condition (n=348) should 

represent juvenile mortality. For other age classes, mortality of males and females was 

set at 25% based on the estimate of Tyndale-Biscoe and Smith (1969a). They suggested 

this mortality may allow some individuals to live for 15 years. The contribution of 
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vehicle collision to the mortality estimate for urban greater gliders is considered to be 

negligible based on data obtained from wildlife carers (WIRES unpub. data).  

A key element of modelling the behaviour of a metapopulation is the inclusion 

of migration among subpopulations in the form of dispersal. Tyndale-Biscoe and Smith 

(1969b) reported on the number of tagged greater gliders that were recaptured after 

being displaced from their home ranges during logging. This enforced displacement is 

not the same as dispersal but the data provide some insight into possible rates of 

dispersal. For animals tagged and released over a 4-year period, 1.7% of juveniles 

(n=232) and 8.3% of immature and adult greater gliders (n=517) were recaptured after 

one or more years. The sex ratio of those recaptured did not differ to that of the original 

sample. These survival values are likely to be conservative because displacement 

occurred during the day and many individuals were known to have fallen prey to diurnal 

birds of prey. The reproductive condition of most recaptured individuals had advanced 

and their weight increased, which suggested they had become established as breeding 

residents (Tyndale-Biscoe and Smith 1969a). I have used values of 0.1% and 0.5% to 

allow a small rate of dispersal among remnants. Tyndale-Biscoe and Smith (1969b) 

reported dispersal distances of 0.2 to 3.2 km by displaced gliders. A genetic study of 

greater gliders from this same area, but living in forest remnants surrounded by exotic 

pine plantations, described dispersal distances of 1-7 km (Taylor et al. 2007). Of 80 

animals sampled within these remnants, five (6.3%) were argued to have been 

immigrants based on assignment tests (Taylor et al. 2007), one of which was recorded 

by radio-tracking to have dispersed 1 km from its natal patch (Pope et al. 2004). The 

five individuals comprised two males and three females, and at the time of sampling 

two were subadults and three were adults. Taylor et al. (2007) suggest that the observed 

level of genetic diversity in the remnant forest that had been surrounded by exotic pine 

plantations for 35 years was the result of immigration. Thus, it is reasonable to infer that 

individuals migrating between patches in my study system can become established and 

breed, and that there is no sex-bias to dispersal.  

The input parameters and values used in building the basic model are shown in 

Table 3.1. 
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Table 3.1. Parameters and values used in the PVA for the basic model. 

 

CATEGORY PARAMETER VALUE (SD) 

Scenario settings 

 

No. of iterations 

 

500 

 No. of years 100 

 Extinction definition 1 sex remains 

Species description Inbreeding depression none 

 Environmental concordance in survival and 

reproduction 

1 

Reproduction system Mating system polygyny 

 Age at first breeding for F 2 yr 

 Age at first breeding for M 2 yr 

 Maximum reproductive age  15 

 Max. no. progeny per year 1 

 % M at birth 50 

Reproduction rates % adult females breeding (EV) 100 (10) 

 % adult females with litter size of 1 70 

Mate monopolization % males in breeding pool 100 

Mortality rates (%) Females – age 0 to 1 (SD) 20 (3) 

 Females – age 1 to 2 (SD) 25 (3) 

 Females – age >2 (SD) 25 (3) 

 Males – age 0 to 1 (SD) 20 (3) 

 Males – age 1 to 2 (SD) 25 (3) 

 Males – age >2 (SD) 25 (3) 

Dispersal Age range 1-2 yr 

 Dispersing sex both 

 % survival of dispersers 70 

 Annual dispersal prob. among populations 0.5% 

Initial population size Stable age distribution  

Carrying capacity Defined by initial population size (5) 
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3.4.3 Population estimates 

 

I estimated the size of the greater glider population in each remnant based on the 

estimated density within Karawatha forest. I derived a Karawatha forest density 

estimate by calculating the mean of the number of spotlight observations of greater 

gliders within 40 m either side of the spotlight transect line. My data showed that the 

rate of detection of greater gliders beyond 40 m fell markedly, which has been reported 

for other spotlighting studies in eucalypt forests (see Kavanagh 1984). This provided an 

effective transect survey area of 1.6 ha (80 m width x 200 m transect length) divided by 

the number of individuals observed. Overall density was based on the mean of all 26 

transects across the five surveys. This density estimate was then used to extrapolate 

from for the other remnants. This approach has been shown to be a reliable and valid 

method of estimating the population abundance of arboreal marsupials, such as the 

greater glider, within a forest remnant (Lindenmayer et al. 2000).  

The overall density estimate for Karawatha was 0.36 gliders per ha, which is 

similar to greater glider density estimates in similar forests (see Pope et al. 2004; Smith 

et al. 2007). Excluding area covered by infrastructure (i.e. roads, quarry, water towers), 

I estimate that Karawatha offers approximately 750 ha of greater glider habitat and 

therefore supports a subpopulation of approximately 270 greater gliders. The Greenbank 

remnant appears to offer similar habitat to that in Karawatha so I have used the 

Karawatha density to estimate a sub-population size of 1600 gliders. I conducted 

extensive spotlighting surveys across 10 transects within Kuraby bushland, concurrent 

with those I conducted in Karawatha (Taylor and Goldingay unpub. data). These 

surveys revealed that greater gliders were confined to an area of mature forest 

immediately north of the wildlife overpass. Based on this I estimate that approximately 

12 adult gliders would be present but the habitat should be able to support 20 

individuals.  

The habitat in the remaining remnants is clearly of a lower quality than 

Karawatha, mostly due to the paucity of hollow-bearing trees. Rather than simply apply 

the Karawatha animal density to the area of these remnants, I have scored their quality 

on a 4-point scale equivalent to 25%, 50%, 75% and 100% of that in Karawatha. The 

Drewvale and Heathwood remnants are characterised by young forest with few tree 
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hollows so I scored them as 25% of that of Karawatha (subpopulation estimates of 8 and 

22, respectively). The Parkinson remnant also has large areas with few tree hollows 

interspersed with patches where large hollows are present, so I scored it as 50% of the 

Karawatha density (subpopulation estimate of 72).   

 

3.4.4 Catastrophes  

 

I have included wildfire as a catastrophe in some of my models. Several of the 

remnants in my landscape have experienced wildfire 2-3 times in the last 20 years. For 

example, Karawatha has experienced three fires during the last 20 years that have burnt 

out 20 – 50 % of the reserve (BCC 2007, unpub. data). The Parkinson remnant has 

experienced two fires in the last 10 years that have burnt >50% of the remnant. Based 

on these observations I have used annual probabilities of 5-10% for fire frequency. 

Although the response of greater gliders to wildfire is largely unknown, it is likely that a 

fire that reaches the forest canopy will have an immediate effect on this species because 

it is a strict folivore and foliage will be in short supply for 1-2 weeks following a fire. I 

have modelled this as potentially causing a 30-50% reduction in survival of animals and 

a 50% reduction in breeding. I treat these as worst-case scenarios.  

 

3.4.5 Model Simulation Scenarios  

 

I initially contrasted two low rates of dispersal (0.1% and 0.5% annual 

probability) with no dispersal between Karawatha and Kuraby as a way of assessing the 

benefit of a low level of dispersal that might occur via the crossing structures over 

Compton Road. A scenario of no dispersal was plausible because I believe the road 

creates a tree gap beyond the gliding ability of the greater glider and fencing with metal 

flashing along the road-side makes it physically impossible for this species to cross the 

road along the ground. Although I have no evidence that this species will use crossing 

structures, I believe it is plausible that these structures will enable a low level of 

dispersal between the two remnants.  

The distance between the remnants is short (~50 m) and the variety of crossing 

structures allow several modes of movement; the three canopy bridges may enable 
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animals to cross by climbing, the wooden poles may enable gliding, and the vegetated 

land-bridge may enable movement along the ground or through a shrub layer. Because I 

did not want to overstate this I have used low values for rates of dispersal (0.1%, 0.5%). 

In modelling the dynamics of a greater glider metapopulation embedded in an exotic 

pine matrix, the lowest dispersal value used by Lindenmayer et al. (2000) was 10%. It is 

unknown whether the narrow crossing points in my study area would restrict dispersal 

due to behavioural interactions with resident individuals living near the crossing 

structures. However, no animals were ever spotlighted within 300 m of the structures on 

the south side of the road. Furthermore, Goosem et al. (2005) reported multiple 

individuals of lemuroid ringtail possums and Herbert River ringtail possums 

(Pseudochirulus herbertensis) using a single rope canopy bridge in northeast Australia.   

The combined Karawatha-Kuraby metapopulation was then subjected to a 

number of different catastrophe (wildfire) scenarios. My final scenario considered the 

influence of adding more forest remnants to the expanded metapopulation, assuming a 

relatively small amount of dispersal (0.5% per year). This scenario included the effect 

of catastrophes on metapopulation viability because these are an inherent element of this 

landscape (Bradstock et al. 2002).  

Each scenario was simulated 500 times over a 100-year period. The probability 

of extinction was estimated as the proportion of simulations in which a population 

became extinct (Lindenmayer and Lacy 1995). I regarded demographic stability to 

equate with a 5% or lower mean probability of extinction (P(E)) in 100 years, which is 

consistent with other PVA studies (see Soulé 1987; Goldingay and Possingham 1995; 

Brito and Grelle 2004). 

 

3.5 Results 

 

3.5.1 Influence of the land-bridge in connecting two forest remnants  

 

In this scenario I have focused on the probability of extinction in the Kuraby 

remnant if dispersal has been facilitated by the land-bridge. I contrast the outcome for 

no dispersal with two low rates of annual dispersal (0.1%, 0.5%). My modelling shows 

that if no dispersal occurs across Compton Road, the Kuraby subpopulation has a very 
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high probability of extinction (Fig. 3.4), reaching 0.92 after 100 years. However, with a 

dispersal rate of just 0.5%, the subpopulation is repeatedly rescued from extinction and 

should be able to persist over a 100-year period (Fig. 3.4).  

 

 

 

Fig. 3.4.  Probability of extinction within Kuraby Bushland with different values for probability of 

dispersal from the larger Karawatha Forest remnant (based on 500 iterations). Dispersal has been set at 0, 

0.1%, and 0.5% per year. Initial population size in Kuraby was 12 but with carrying capacity set at 20. 

 

 

3.5.2 Influence of catastrophes 

 

The catastrophe scenario considered the potential reduction in fecundity and 

survivorship caused by wildfire and its effect on population viability. Catastrophe 

scenario two (annual probability of fire is 10%; if fire occurs 0.5 of females breed; 0.5 

of animals survive) resulted in a very high likelihood of extinction (0.82) after 100 

years. However, if fires occur at a lower frequency (catastrophe 3) or survivorship after 

fire is higher (catastrophe 1), then the probability of extinction after 100 years is much 

lower (Fig. 3.5).  
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Fig. 3.5.  Probability of extinction of the greater glider within the Karawatha and Kuraby metapopulation 

under different catastrophe scenarios. Catastrophes have three attributes: a frequency (annual probability 

of 5-10%), and an influence on the proportion of females breeding (0.5) and proportion of individuals 

surviving (0.5-0.7). I modelled three types of catastrophes (cat 1-3), which comprise different values of 

these attributes. 

 

 

3.5.3 Influence of adding forest remnants to the metapopulation 

 

I conducted modelling to understand the influence of an expanded 

metapopulation with more forest remnants. In this case I started with the three southern 

remnants that straddle the Logan Motorway. I have assumed that a small amount of 

dispersal could occur (rate of 0.5% per year). If no catastrophes are included then there 

is a low probability (0.02) of extinction after 100 years (Fig. 3.6). However, including 

catastrophe scenario 1 (10% fire frequency; 50% breeding females; 70% survivorship) 

has a dramatic influence on the probability of extinction, which is 0.32 after just 10 

years and rises to 0.92 after 100 years (Fig. 3.6). That is, if roads isolate these remnants 

and wildfires have a severe effect on breeding and survival, the greater glider is assured 

of extinction in these remnants. By expanding this metapopulation to include Karawatha 

and Kuraby reduces the probability of extinction after 100 years to 0.32. However, if I 

model catastrophe scenario 2 (10% fire frequency; 50% breeding females; 50% 

survivorship), then the probability of extinction rises to 0.82. These probabilities can be 
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reduced to 0.04 by connecting the five-remnant metapopulation to the much larger 

subpopulation in Greenbank (‘Plus Greenbank’).  

 

 

 

Fig. 3.6. Probability of extinction for the greater glider metapopulation with (cat 1 or 2) and without (no 

cats) the inclusion of catastrophes (refer Fig. 4) for different combinations of remnants or for all remnants 

(Plus Greenbank). Drewvale (D), Parkinson (P), Heathwood (H), Karawatha-Kuraby (KK). 

 

 

3.6 Discussion 

 

3.6.1 Habitat fragmentation in urban landscapes 

 

Urban landscapes are characterised by a complex mosaic of land uses that give 

rise to a combination of developed land and remnant vegetation (Andersson 2006). The 

extent to which remnant habitat will retain its biodiversity will depend on its area, 

habitat quality, distance and connectivity to other habitats, and the resistance of the 

matrix to dispersal (e.g. Soulé et al. 1988; McCarthy and Lindenmayer 1999; Verbeylen 

et al. 2003). An obvious key to managing biodiversity in remnant habitat in urban 

landscapes is ensuring its functional connectivity (see Taylor et al. 1993; Tischendorf, 
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and Fahrig 2000; Fitzgibbon et al. 2007). The approach taken to achieve this will vary 

among taxa and may also vary among landscapes.  

My study landscape provides a typical example of poorly planned urbanisation 

that results in large-scale habitat fragmentation with few or no dispersal corridors 

retained to connect remaining habitat patches (see Garden et al. 2006). This now 

requires that expensive retrofitting of habitat connections be undertaken to minimise the 

potential barrier effect of roads. An example of this is the set of road-crossing structures 

that have been installed across Compton Road. A variety of vertebrate wildlife has been 

shown to use some of these structures (Bond and Jones 2008) and my modelling shows 

the benefit that can accrue to the subpopulation of greater gliders in the smaller of the 

linked remnants, providing there is no behavioural aversion to the crossing structures.  

Although it might seem sensible in my landscape for conservation biologists to 

simply focus on the single largest forest remnant present, there is no guarantee that this 

area will be retained in its present form over the next 100 years. The Greenbank 

remnant is a military training area and is likely to come under urban development 

pressure in future years as the local population grows. This scenario has occurred in 

Sydney, Australia’s largest city, where a large remnant (1500 ha) of original vegetation 

in the western suburbs that had been owned and managed by the Australian Defence 

Industries was sold to a development company for conversion to urban expansion (Cook 

and Ruming 2008). Thus, retaining a set of remnants and maintaining connectivity 

among them with appropriately placed crossing structures is vital to overall 

conservation in my study landscape. Small remnants can contribute to urban 

conservation but will lose elements of biodiversity if allowed to become fully isolated 

from other remnants (e.g. Soulé et al. 1988).  

 

3.6.2 Model constraints 

 

In my modelling I have assumed that the density of animals derived from one of 

the remnants can be the basis of the subpopulation estimates for other remnants in my 

landscape. Recent spotlighting surveys in the Parkinson and Heathwood remnants has 

failed to detect any greater gliders (G. Brierley pers. comm.; B. Taylor and R. 

Goldingay, unpubl. data). A single greater glider was detected during 23 hours of 
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spotlighting surveys in 2005 (Place Environmental Consultants, unpubl. report). It may 

be the case that the presence of the motorways during the last 20 years has reduced the 

capacity for greater glider dispersal and led to their decline in these remnants. This 

should be verified by further field surveys.   

Another potential shortcoming of my study is that I have assumed that the area 

of habitat in the remnants will be constant over time. This is unlikely to be true due to a 

variety of endogenous (e.g. loss of hollow-bearing trees) and exogenous (e.g. edge 

effects) factors affecting remnant quality over time (see Soulé et al. 1988; Goldingay 

and Sharpe 2004a). Furthermore, urbanisation in this landscape is continuing so 

contraction in the area of many of the remnants can be expected. These factors and the 

output of the model suggest that the persistence of greater gliders in this landscape is 

strongly contingent on achieving functional connectivity amongst the remnants.  

  

3.6.3 Greater Glider dispersal and response to fire 

 

A fundamental element of the life history of the greater glider where data are 

poor concerns its dispersal behaviour (see Lindenmayer et al. 1999, 2000). Minimising 

the risk of extinction for the metapopulation in various scenarios was dependent on 

successful dispersal among subpopulations. Observations have been reported of greater 

gliders dispersing distances of 1-7 km (Fleay 1947; Tyndale-Biscoe and Smith 1969b; 

Pope et al. 2004; Taylor et al. 2007). The distances between adjoining remnants in my 

study landscape are not great (50-100 m) so the key issue is whether gliders can 

successfully disperse across motorways and other major arterial roads, or use road-

crossing structures to do so. I hypothesise that successful dispersal would be negligible 

and the probability of road mortality with motorway-crossing attempts would be high 

without facilitated crossing. Research on this topic is obviously needed with genetic 

techniques the most likely to provide insight (e.g. Riley et al. 2006; Taylor et al. 2007).  

A key element to my PVA was the inclusion of catastrophes in the model. Fire is 

a common element of landscapes within Australia (Whelan 1995; Bradstock et al. 2002; 

Lindenmayer et al. 2008a) so it is appropriate to treat fire as a catastrophe in a PVA 

model for the greater glider (Possingham et al. 1994), unless there is compelling 

evidence that fire suppression is effective (Lindenmayer et al. 2001). In my study 
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landscape, wildfires have occurred within several of the forest remnants at least once in 

the last 20 years (BCC unpub. data; T. Fensham, pers. comm.). Due to the rapid 

urbanisation of the landscape within this period, earlier fire records are unlikely to be 

relevant. I predict that fire frequency will increase as the local human population 

increases, and in response to climate change. The critical issue for my model is the 

response of greater gliders to wildfire. Currently there are few data on this to guide 

inputs to a PVA, but Possingham et al. (1994) assumed that 50-100% of greater gliders 

would be killed immediately in mountain ash forest (Eucalyptus regnans) where 

wildfires are very hot. I have modelled scenarios that allow for 30-50% of a 

subpopulation to be killed by fire. The forests in the study landscape are not dominated 

by very large old-growth trees but they do contain a modest availability of hollow-

bearing trees (B. Taylor unpubl. data). Thus, greater gliders may be vulnerable to death 

during the passage of fire. Furthermore, the loss of the greater glider’s eucalypt foliage 

food resource for at least a week following fire may lead to some mortality. I expect that 

the nutritional stress caused by this for surviving individuals would result in a decline in 

reproduction in the following year. Lindenmayer et al. (2008) present data on the 

greater glider in relation to a wildfire but few insights are apparent due to enormous 

variation among survey transects and a substantial decline in mean abundance on burnt 

and unburnt sites over a 3-year period following the wildfire. My assumptions can be 

viewed as worse-case scenarios until data become available. Their importance in the 

predictions I make indicates that research must be conducted to address these data gaps. 

Wildfires have become an unavoidable element of this landscape and this increases the 

need for inter-patch movement by greater gliders.  

 

3.6.4 Gliding capability 

 

Disruption to habitat connectivity for a gliding mammal will largely depend on 

tree height and inter-tree distance. These attributes, in combination with the gliding 

ability of the species, will determine whether a specific tree gap can be crossed without 

incurring increased predation pressure. This is a subject for which there are few 

quantitative data (see Jackson 1999a; Goldingay and Taylor 2009). Gliding ability will 

vary depending on the area of the gliding membrane and other morphological attributes, 
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and this largely manifests itself as the angle from the horizontal of the glide (Jackson 

1999a).  

Wakefield (1970) questioned several early accounts of the gliding ability of the 

greater glider and stated that the glide angle for this species was approximately 40
o
 

based on extensive field observations. R. Kavanagh (pers. comm.) measured a 

maximum glide of 75 m from a tree canopy 45 m high, which gives a glide angle of 31
o
. 

At Compton Road, each side of the road has a 2.5 m high fence with metal flashing that 

would need to be cleared by a gliding mammal. The fences are 45 m apart and the 

closest existing trees are approximately 5-10 m back from the fence. Using the lower 

glide angle, and that animals would need to land 2.5 m above the ground to clear the 

fence, the tallest road-side tree would only allow a horizontal glide distance of 38 m, 

which would be insufficient to clear the fence. Distances between opposite road-side 

trees along the motorways in my study area are even greater, and highlights the 

difficulty that greater gliders will have in crossing these roads. Gliding distance is a 

topic that requires specific research because having a better understanding of gliding 

performance will allow more detailed analysis of tree gaps caused by roads and 

evaluation of some management responses (see Goldingay and Taylor 2009).  

 

3.6.5 Motorways and urban conservation 

 

Conserving forest-dependent wildlife within urbanised landscapes poses an 

enormous challenge. This is exacerbated where motorways and other major arterial 

roads create potential barriers to the dispersal of such wildlife. Species that are 

dependent on tree cover for food and shelter will be particularly vulnerable to road 

impacts. This has been shown by the high level of road-mortality on a population of 

koalas living in forest remnants approximately 5-20 km from my study landscape 

(Dique et al. 2003). The greater glider is another such species that will be vulnerable 

because it requires tree cover to move, and is slow and clumsy when attempting to 

move across the ground (Fleay 1947). The distance between trees on each side of a road 

is critical to determining its movement through the landscape, as is whether vehicle 

traffic creates a behavioural aversion to roads for this species.  
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The motorways in my study area have created gaps in forest cover of 50-100 m. 

Road-side trees reach a maximum height of approximately 30 m, which would enable a 

glide of 50 m (see above). This suggests that there would be only a few locations where 

animals might make a glide crossing. Instead, animals would be required to travel along 

the ground to cross a road. Therefore, these motorways almost certainly create some 

level of barrier to dispersal by greater gliders and place the viability of the 

metapopulation at high risk or extinction.  

The land-bridge on Compton Road between two of my remnants provides one 

model of how forest remnants can be reconnected. This has eight wooden poles (6-7 m 

high) across it to facilitate crossings by gliding mammals and three canopy rope-bridges 

for arboreal mammals in general. The land-bridge now has a thick cover of 4-m high 

shrubs that may also facilitate crossings by arboreal mammals. Whereas I have evidence 

of use of the wooden poles and shrubs by squirrel gliders (refer Chapter 2), I currently 

have no information about whether greater gliders use any of the crossing structures but 

fences with metal flashing and the width of the road prevent crossing except via these 

structures. Further research needs to be conducted to determine whether or not greater 

gliders use these structures. Until it is demonstrated it can only be regarded as an 

hypothesis that greater gliders will use road crossing structures.  

Ball and Goldingay (2008) have shown that wooden poles can be used to 

reconnect habitat for the squirrel glider where a gap in habitat exceeds its gliding 

capability. Building a land-bridge as at Compton Road is a very costly approach to 

providing habitat connectivity for a gliding mammal where roads occur, though this 

land-bridge was installed to cater for a broad range of wildlife. Another option for 

gliding mammals is simply to install wooden poles on each side of a road as well as in 

the median strip where one is present. Importantly, the height and position of the poles 

must be carefully calculated to ensure that gliders can safely glide across the road above 

the extent of trucks and tall vehicles to avoid risk of colliding with vehicles. The 

motorways in my study area have a median strip of 7-8 m width, which provides ample 

space for poles and an associated safety barrier for vehicles. The installation of wooden 

poles 20 m in height should enable a glide of approximately 33 m and potentially allow 

the movement of greater gliders across the motorways in my study area.  
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Other potential approaches to reconnecting habitat should also be trialled. At 

one location along the Gateway Motorway, a bridge with a 160 m span crosses over a 

creek. This is sufficiently high (4 m) that a series of connected wooden poles could be 

installed under the road-bridge to allow arboreal mammals to climb across under the 

bridge. Rope-bridges are another option and have been utilised by rainforest possums 

(Goosem et al. 2005) and primates (Kirathe and Parry 2003) to cross roads.  Employing 

several options may be the best strategy to ensure the crossing of large roads such as the 

motorways in my study area. Given that the effectiveness of all of these road-crossing 

structures is currently unknown for gliding mammals, their deployment must be coupled 

with research. Providing an effective road-crossing solution will be fundamental to the 

urban conservation of arboreal species such as the greater glider.  

 

3.7 Management implications 

 

There are several management recommendations that arise from this study. 

Firstly, the output of my model shows that the dual effects of wildfire and road-

mediated dispersal barriers threaten the persistence of the greater glider in this 

landscape. Therefore, I urge that management should be focussed on lessening the likely 

barrier effect of the roads by providing crossing structures to link all remnants. My 

model results suggest that even low levels of dispersal may be effective to maintain 

persistence. It is predicted that higher levels of dispersal will result if crossing structures 

are installed at multiple locations so I suggest that structures not be limited to a single 

location between adjoining remnants. This could also be augmented by assisted 

migration and has been raised as a possible conservation strategy for a congener (see 

Goldingay and Kavanagh 1991). Indeed, wildlife managers may go to great lengths to 

reconnect habitat but it may be easier to simply catch animals and move them to desired 

locations. However, such action may have unintended and unpredictable consequences, 

such as disease transmission and interspecific interactions (Ricciardi and Simberloff 

2009) and may be prohibitively expensive (Hunter 2007). It may be more cost-effective 

and risk averse in the long term for animals to do this unassisted, although, there may be 

instances where a compelling case can be built for its implementation, such as after a 
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severe wildfire. Clearly, implementing an assisted migration strategy requires a 

thorough and robust cost-benefit assessment (see Richardson et al. 2009). 

Secondly, it is currently unknown whether any of the crossing structures are 

effective to enable greater gliders to traverse a road barrier. I have evidence that the 

smaller squirrel glider will use the gliding poles, which provides promise for other 

gliding species. However, data are required to demonstrate definitively which measures 

will be effective for the greater glider so management can proceed with some certainty. 

Given that gliding poles are relatively inexpensive (Ball and Goldingay 2008), trials 

could initially commence with such structures. Lastly, the most difficult crossing points 

for gliders in my study landscape will be either side of the Drewvale remnant where 

motorways need to be traversed by dispersing animals. Thus, I suggest that a priority for 

reconnection with crossing structures should be the Greenbank to Parkinson remnants 

whilst research is conducted around Drewvale. 
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4. RECONNECTING HABITAT OVER A ROAD-GAP IMPROVES THE 

VIABILITY OF AN URBAN SQUIRREL GLIDER (Petaurus norfolcensis) 

METAPOPULATION  

 

4.1 Introduction 

 

Road crossing-structures designed for terrestrial mammals have been a part of 

some roaded landscapes for more than half a century (see Forman et al. 2003). Those 

targeting arboreal mammals, however, have only appeared during the last two decades. 

Such structures have generally taken the form of either wooden canopy-bridges (see 

Valladares-Padua et al. 1995) or rope canopy-bridges (see Goosem 2004). Whereas 

their deployment has largely focused on non-volant species, they may also be used by 

volant or gliding mammals (hereafter gliders). In fact, squirrel gliders (Petaurus 

norfolcensis) have reportedly used rope bridges to cross motorways at two locations in 

eastern Australia (see Bax 2006; van der Ree et al. 2008).  

Another engineering strategy that has long been proposed for reconnecting 

severed habitat for gliders is that of tall wooden ‘gliding’ poles (see Goldingay and 

Jackson 2004). The efficacy of this strategy has recently been demonstrated at two 

locations. In north Queensland, an array of 12 m-high wooden poles was used by 

squirrel gliders to cross cleared land between two forest remnants (Ball and Goldingay 

2008) and squirrel gliders have been detected using 6-7 m-high gliding poles on a 

wildlife land-bridge in Brisbane (refer Chapter 2). While this information is important 

for understanding their use, landscape managers need to know what effect this may have 

on population processes. That is, to effectively conserve populations at larger scales we 

require information on the benefit or otherwise of crossing-structures on population 

persistence (see Roedenbeck et al. 2007; van der Ree et al. 2007). 

One approach to understanding population responses to habitat reconnection is 

through the use of Population Viability Analysis (PVA). PVA provides a way of 

evaluating how populations respond to management that may permit inter-patch 

movement which may be analogous to the installation of road-crossing structures. PVA 

uses computer simulation to predict the effects of specific scenarios on population 

processes (Boyce 1992) and is particularly well-suited to modelling metapopulation 
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dynamics (Miller and Lacey 2005). The PVA model simulations conducted in chapter 

three demonstrated that the land-bridge connection across Compton Road markedly 

improved the viability of a fragmented greater glider (Petauroides volans) population. 

However, this was based on an assumption that greater gliders would use crossing 

structures to cross Compton Road. In contrast, the modelling undertaken in the current 

study is based on definitive evidence of squirrel glider use of poles on the land-bridge 

(refer Chapter 2) and should, therefore, provide greater confidence in model predictions. 

The southeast Queensland region surrounding my study area has undergone 

extensive clearing and fragmentation of forest habitat (Catteral et al. 1997). In 

particular, 80 % of lowland vegetation within Brisbane has been cleared and 80% of 

remaining habitat consists of remnants less than 20 ha in size (Brisbane City Council 

(BCC) 2002, unpub. report). Many forest remnants are now surrounded by roads, which 

may create barriers to dispersal. A modelling study conducted in 2004 concluded that 

maintaining viable squirrel glider populations throughout the highly urbanised and 

heavily roaded Brisbane landscape was largely contingent on connecting the sub-

populations across major roads and motorways (see Goldingay and Sharpe 2004a). The 

current study provided an opportunity to test what effect dispersal connections across 

some of these major roads and motorways would have on metapopulation function. 

In my study area of southern Brisbane, road-crossing structures specifically for 

arboreal mammals have been installed between two forest remnants. The aims of this 

study were to use population modelling to: i) examine whether viability of a squirrel 

glider metapopulation (refer Chapter 2 for species description) was improved by 

reconnecting the habitat patches, ii) determine the influence of wildfire catastrophe, and 

iii) examine the effect of providing dispersal connections amongst remnants of the 

Greenbank corridor (refer below) on the broader metapopulation persistence. It was 

hypothesised that in the absence of inter-patch dispersal between remnants the meta-

population would suffer a high extinction risk.   
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4.2 Methods 

 

4.2.1 Study area 

 

The study was conducted at Compton Road and included the southwest 

remnants of the Greenbank corridor (Fig. 4.1). This study area has been described in 

detail in Chapters 2 and 3. I have included some of the more pertinent detail in summary 

form.  

 

 

 

 

Fig. 4.1. Aerial photograph of the study area landscape showing six forest remnants and the location of 

the Compton Road land-bridge. (Photo: Google Earth) 

 

 

Compton Road separates Karawatha and Kuraby remnants and is ~55-60 m wide 

between the forest edges. The two remnants are linked by a 15-20 m wide land-bridge 

with eight wooden poles for gliding mammals and three rope canopy-bridges. To the 

west of Karawatha is contiguous forest in the form of a series of small remnants that 

include Drewvale (90 ha), Parkinson (400 ha) and Heathwood (250 ha).  These 

contiguous remnants link to the much larger Greenbank Reserve (4450 ha) (Fig. 4.1). 

The remnants are separated by a number of major roads and a railway line. The 
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composition of the habitat in all these remnants is similar but the quality of the habitat 

due to tree size and the abundance of tree hollows varies considerably. 

 

4.2.2 Population census 

 

The sizes of the squirrel glider subpopulations in each remnant were estimated 

based on spotlight transect surveys undertaken in Karawatha and Kuraby forests on five 

occasions between May 2006 and March 2008. Goldingay and Sharpe (2004b) reported 

that spotlighting under suitable conditions by experienced personnel was equally 

effective as trapping in detecting and providing an index of population abundance of 

squirrel gliders within an open forest and woodland habitat similar to that found in 

Karawatha and Kuraby forest reserves.  

Twenty six transects (200 m long) were placed across the whole Karawatha 

forest remnant as described in Chapter 3. Transects were also placed across Kuraby 

bushland to cover the forest areas of the reserve; 8 were 200 m long and two were 100 

m long. Spotlighting was conducted over three nights during fine weather conditions. 

All traverses were completed in the first half of the night. Transects were spotlighted at 

a slow pace (approx. 500 m/hr or approx. 25 minutes/transect based on Goldingay and 

Sharpe 2004b) by a single operator with a 50 W spotlight. These data were used to 

estimate squirrel glider density (see below).  

 

4.3 Population viability modelling  

 

4.3.1 PVA Software 

 

VORTEX (Version 9.73) program (Lacey et al. 2007) was used to conduct the 

PVA. VORTEX is a Monte Carlo simulation of the effects of deterministic forces (e.g. 

habitat clearing) as well as demographic, environmental and genetic stochasticity and 

catastrophes (e.g. bushfire) on the dynamics of wildlife populations (Miller and Lacy 

2005). Population dynamics (e.g. births, mortality, catastrophes, etc.) are modelled as 

discrete, sequential events that occur according to defined probabilities (Lindenmayer 

and Lacy 1995). The model is repeated many times to reveal the distribution of fates 
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that the populations might experience under a given set of input conditions (Miller and 

Lacy 2005). A detailed description of VORTEX and its features is provided in Lacy 

(2000) and Miller and Lacy (2005).  

 

4.3.2 PVA life history data input 

 

The squirrel glider has been the subject of a number of ecological field studies, 

particularly throughout the middle and southern part of its range. The emphasis of these 

investigations has been on describing home range (e.g. Sharpe and Goldingay 2007), 

diet (e.g. Holland et al. 2007), den requirements (e.g. Beyer et al. 2008) and various 

demographic parameters (e.g. van der Ree 2002). The squirrel glider has also been the 

subject of a modelling exercise focusing on a metapopulation residing in urban habitat 

fragments within the eastern suburbs of Brisbane (see Goldingay and Sharpe 2004a). 

These and other studies were used to guide the life history data inputs for the model.  

 Squirrel gliders typically live in small groups consisting of an adult male and 

one or two adult females and their young (van der Ree and Bennett 2003; Goldingay 

and Jackson 2004; Sharpe and Goldingay 2007). Both a monogamous and polygynous 

mating system have been described and this appears to vary between groups and 

localities (Quin 1995; van der Ree 2002; Sharpe and Goldingay 2007). This may reflect 

a response to variations in food availability and has been reported in other congeners 

(Suckling 1984; Goldingay 1992; Jackson 2000). I have, therefore, used polygyny as the 

baseline setting. 

 Female squirrel gliders generally begin breeding at about 12 months of age and 

are capable of producing two litters a year (Quinn 1995; van der Ree 2002; Sharpe 

2004, 2009). The mean litter size varies between 1.6 and 1.9 and natality rate ranges 

between 1.8 and 2.4 (Quinn 1995; Rowston 1998; Millis and Bradley 2001; van der Ree 

2002; Sharpe 2009). Sharpe (2009) suggested that the production of a second litter may 

be influenced by food availability and the size of the first litter. Thus, the maximum 

number of progeny per female per year has been set at two and the proportion of adult 

females with a litter size of two at 90%. Further, I have used a figure of 100% for the 

proportion of adult females breeding based on reports from Brisbane (Sharpe 2009) and 

Victoria (van der Ree 2002). 
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 The sex ratio of squirrel gliders in the pouch appears to be 1:1 (Sharpe 2009). 

Studies of other congeners have also reported 1:1 sex ratios (e.g. Suckling 1984; Sadler 

and Ward 1999; Jackson 2000). Squirrel gliders may live up to 6 years (Quin 1995; van 

der Ree et al. 2006; Sharpe 2009), but mean persistence time is reportedly closer to 

three years (Sharpe 2009). This suggests that squirrel glider populations suffer from 

high rates of mortality which appears to be particularly high in juvenile and subadult 

gliders. Sharpe (2009) reported an overall annual probability of survival of 0.5 for a 

squirrel glider population in Brisbane based on an assessment of four years of mark-

recapture data using Program MARK. This is considerably lower than an earlier 

estimate of 0.65, which was used in a metapopulation modelling study of the same 

population (see Goldingay and Sharpe 2004a). Other studies have reported juvenile 

mortality rates of between 30 and 64% (Quinn 1995; van der Ree 2002) for squirrel 

gliders and between 40 and 50% for sugar gliders (Suckling 1984; Quinn 1995). Based 

on these figures, I selected a 50% mortality rate for 0-1 (pouch/nestling/juvenile) and a 

rate of 40 % for subadult/adults (>1 year). The subadult/adult figure is lower because 

this class includes the dispersal element (i.e. age 1-2 years) which is an additive 

mortality for this age class (refer below). Temporal variation in mortality rates also 

tends to be highly variable, particularly in response to flowering patterns (see Sharpe 

2004; Sharpe 2009). Therefore, the standard deviation (SD) for mortality rates has been 

set at 10% for both age classes.   

VORTEX models dispersal as movement among discrete populations or patches 

with the user specifying the rate of movement between populations (Miller and Lacey 

2005). Our understanding of squirrel glider dispersal largely rests on our knowledge of 

their capacity for movement and persistence in heterogeneous landscapes. Firstly, 

squirrel gliders are known to persist in urban and rural landscapes that are highly 

fragmented (Rowston et al. 2002; van der Ree 2002; Smith and Murray 2003; Sharpe 

2009) and can make use of very narrow corridors as both living and dispersal habitat 

(van der Ree and Bennett 2003). Secondly, squirrel gliders are known to have crossed 

roads of varying widths and traffic volumes that are within their glide capacity (van der 

Ree 2006; Melton 2007) and do not appear to be edge-averse (Sharpe 2009). 

Accordingly, I have assumed that the 60 m gap between tree canopies at Compton Road 

represents a dispersal barrier because it is probably beyond the gliding capacity of 
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squirrel gliders (see Goldingay and Taylor 2009). This is supported by my radio-

tracking data (refer Chapter 2). By contrast, repeated use of the land-bridge poles and 

shrubs at Compton Road (refer Chapter 2) demonstrates that dispersal movement will 

occur over the road via the land-bridge. Whereas I currently have no evidence of use of 

the canopy rope-bridges, squirrel gliders have recently been reported crossing the Hume 

Highway in Victoria (R. van der Ree, pers. comm.) and the Pacific Highway at Karuah 

in NSW (Bax 2006) using a similar styled rope-bridge to that at Compton  

 (Bax 2006; R. van der Ree pers. comm.). Henceforth, it is highly likely that some use 

of the Compton Road rope-bridges will occur. It is not possible to distinguish within the 

model between crossing via the land-bridge or rope-bridges but my observations of use 

of the land-bridge suggests a frequency that I can approximate to various rates. 

Furthermore, the dispersal distance involved is very small (i.e. 60 m) and the mortality 

associated with crossing is likely to be quite low. For example, the radio-tracking data 

revealed three of 10 individuals crossed (path unknown) without mortality which can 

also be used to guide the values used here. Therefore, I have allowed a small amount of 

dispersal across the land-bridge (i.e. 1 %) and dispersal survivorship has been set at 80 

%. There is no reported sex bias for dispersal.  

The input parameters and values used in building the basic model are shown in 

Table 4.1. 
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Table 4.1. Parameters and values used in PVA base model. 

 

CATEGORY PARAMETER VALUE (SD) 

Scenario settings 
 

No. of iterations 

 

500 

 No. of years 100 

 Extinction definition 1 sex remains 

Species description Inbreeding depression none 

 Environmental concordance in survival & 

reproduction 

 

1.0 

Reproduction system Mating system polygny 

 Age at first breeding for F 1 

 Age at first breeding for M 1 

 Maximum reproductive age  6 

 Max. no. progeny per year 2 

 % M at birth 50 

Reproduction rates % adult F breeding (EV) 

% adult F with litter size 2 

100 (10) 

90 

Mate monopolization % M in breeding pool 100 

Mortality rates (%) Females – age 0 to 1 (SD) 50(10) 

 Females – age >1 (SD) 40(10) 

 Males – age 0 to 1 (SD) 50(10) 

 Males – age >1 (SD) 40(10) 

Dispersal Age range 1-2 yrs 

 Dispersing sex both 

 % survival of dispersers 80 

 Annual dispersal prob. among popns (%) 1 

Initial population size Stable age distribution 270 (KW) 

25 (KB) 

Carrying capacity Defined by initial population size (SD) (5) 

 

 

 

4.3.3 Population estimates 

 

I estimated the size of the squirrel glider population in each remnant based on 

the estimated density within Karawatha and Kuraby forest. Density estimates were 

derived from spotlighting data from Karawatha and Kuraby forests and only included 

animals identified as either squirrel gliders or Petaurids (i.e. those not confidently 
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distinguished between squirrel or sugar gliders). It is likely that the vast majority of 

Petaurid detections were squirrel gliders because 89 % of individual gliders captured 

across the study site were squirrel gliders and sugar glider captures were confined to a 

small area within Kuraby forest (Taylor and Goldingay unpub. data).  

My spotlighting data were plotted on a histogram showing frequency of 

sightings at perpendicular distances from the transect line (Fig. 4.2). This showed that 

detectability dropped considerably beyond 10 m of the transect line. Therefore, data 

were truncated at 10 m for density calculations to eliminate any bias in detectability due 

to variations in habitat type that occur across the study site (see Kavanagh 1984). I then 

input the dataset into program DISTANCE 6.0 and utilised the conventional distance 

sampling (CDS) engine (Thomas et al. 2009) to calculate density. DISTANCE is a 

Windows-based computer package that allows estimation of the density of wildlife 

populations based on detection probabilities (Buckland et al. 1993). It uses Akaike’s 

Information Criteria (AIC) to select the model with the best fit to the data (i.e. highest 

likelihood) (Burnham and Anderson 1998). It has been used in a variety of applications 

(e.g. Marques et al. 2007; Thomas et al. 2007) and has been shown to be a robust 

method for estimating animal abundance (Cassey and McArdle 1999). Mean density 

was also calculated from counts of observations within the first 10 m either side of the 

transect line (sensu Kavanagh 1984). 

 

 

 

Fig. 4.2. Perpendicular distribution of petaurid sightings (n = 51) from the transect line according to 10 m 

groupings. 
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The best-fit model selected by program DISTANCE (AIC = 107.57; δAIC = 0.0) 

described a density estimate for Karawatha and Kuraby forests of 0.37 gliders ha
-1

. A 

similar mean figure of 0.32 ± 0.14 gliders ha
-1

 was derived from the manual calculation 

of gliders detected within the first 10 m band and included a range of 0 – 0.78 ha
-1

 

across sampling sessions. I used a mean of these two figures (i.e. 0.35 gliders ha
-1

) to 

estimate the size of the squirrel glider population in Karawatha and Kuraby forests. 

These estimates are similar to values reported for continuous forest in north-east 

Victoria (0.4-0.5 ha
-1

, Trail 1995) and north-east NSW (0.18-0.87 ha
-1

, Sharpe 2004) 

but lower than those reported for continuous forest in coastal NSW (0.89-1.54 ha
-1

, 

Quin 1995) and in roadside woodland strips in northern Victoria (0.95-1.54 ha
-1

, van der 

Ree 2002). Sharpe (2009) reported a figure of (0.49-1.2 ha
-1

) for forest patches in an 

urban forest remnant in inner-eastern Brisbane, which is higher than that at other study 

remnants in Brisbane (see Goldingay et al. 2006).  

Excluding area covered by infrastructure (i.e. roads, quarry, water towers), I 

estimated that Karawatha offers approximately 780 ha of squirrel glider habitat. Using 

the density above, Karawatha supports a subpopulation of approximately 270 squirrel 

gliders. A considerable proportion of Kuraby reserve contains inappropriate squirrel 

glider habitat (i.e. roads, powerline easement, scrubland regrowth). I therefore estimated 

that approximately 70 ha of the reserve provides habitat suitable to the squirrel glider. 

Based on this size, the habitat should be able to support approximately 25 squirrel 

gliders.  

The habitat in the remaining remnants is clearly of a lower quality than 

Karawatha and Kuraby, mostly due to the paucity of hollow-bearing trees. Therefore, I 

have scored the quality of habitat in these remnants on a 5-point scale (i.e. 20%, 40%, 

60%, 80%, 100%) relative to that in Karawatha/Kuraby. The Drewvale (~120 ha) and 

Heathwood (~190 ha) remnants are characterised by young forest with few tree hollows 

so I have assumed the density of animals there would be 40% of that of Karawatha-

Kuraby (subpopulation estimates of 15 and 25, respectively). The Parkinson remnant 

(~450 ha) also has large areas with few tree hollows interspersed with patches where 

hollows are present, so I scored it as 60% of the Karawatha density (subpopulation 

estimate of 95). The Greenbank remnant (4500 ha) appears to offer suitable habitat so I 

have used the Karawatha density to estimate sub-population size (1500 gliders). 
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4.3.4 Catastrophes  

 

Wildfire is a common feature of dry forests in Australia (Gill et al. 1981; 

Bradstock et al. 2002) so I have included it as a catastrophe in some of the models. The 

remnants in my study landscape have experienced wildfire 2-3 times in the last 20 

years. In particular, Karawatha has experienced three fires during the last 20 years that 

have burnt out 20 – 50 % of the reserve (BCC 2007, unpub. data). The Parkinson 

remnant has experienced two fires in the last 10 years that have burnt >50% of the 

remnant. Accordingly, I have set fire frequency at an annual probability of 5-10%.  

There are few data on squirrel glider responses to wildfire. Quin (1995) reported 

an unquantified increase in squirrel glider mortality and dispersal resulting from 

disruptions to flowering patterns of key food trees, particularly winter-flowering 

banksias, after wildlife burnt through a large proportion of his study area. A similar 

population effect has been attributed to drought-induced flower failure (Sharpe 2004). 

Lunney (1987) also recorded a marked shift in the distribution of sugar gliders away 

from a burnt area of forest at Bega in southern NSW one year-post fire. Sugar gliders 

appear to respond favourably to an early successional post-fire community typified by 

Acacias (Braithwaite et al. 1983) and recolonised and inhabited a relatively young 

regenerating forest that had suffered an intense wildfire 11 years previous (van der Ree 

and Loyn 2002). I have, therefore, modelled wildfire as potentially causing a 20-30% 

reduction in survival of animals and a 20-40% reduction in breeding.  

 

4.3.5 Model Simulation Scenarios and Sensitivity Analysis  

 

I ran a number of simulations based on the basic model values (Table 4.1). 

Initially, I contrasted two low rates of dispersal (0.1%, 0.5%) and the base model rate 

(1%) with no dispersal between Karawatha and Kuraby to assess the effect of a low 

level of dispersal via the crossing structures over Compton Road (refer above). It is not 

known whether the narrow crossing points in my study area would restrict dispersal due 

to behavioural interactions with resident individuals living near the crossing structures 

(see Riley et al. 2006). My radio-tracking records revealed three individual gliders (two 
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adults, one sub-adult) independently moved back and forth across Compton Road on 

one occasion each. Their movement across the road did not appear to be impeded by the 

presence of another social group (see Chapter 2). This suggests that dispersal is 

possible.   

The combined Karawatha-Kuraby metapopulation was then subjected to a 

number of different catastrophe (wildfire) scenarios using variations in the attributes fire 

frequency, survivorship and fecundity. Next, I explored the model considering the 

influence of adding more forest remnants to the expanded metapopulation, assuming a 

relatively small amount of dispersal (0.5% per year) and included the effect of 

catastrophes on metapopulation viability. This is to represent a scenario where crossing 

structures are installed on the other major roads. Finally, a sensitivity analysis was 

conducted to determine which parameters had the greatest influence on extinction 

probability of the Karawatha and Kuraby metapopulation. Sensitivity analysis is a 

valuable component of modelling because it can highlight parameters that have 

important influences on predictions (McCarthy et al. 1995) and assist in identifying 

incorrect assumptions (e.g. Price and Kelly 1994). Undertaking a sensitivity analysis 

provides a general indication of the reliability of the model predictions and can aid in 

assessing effective management strategies (McCarthy et al. 1995). The model was 

examined for sensitivity to variation in rates of mortality and survivorship during 

dispersal. 

Each scenario was simulated 500 times over a 100-year period. The probability 

of extinction was estimated as the proportion of simulations in which a population 

became extinct (Lindenmayer and Lacy 1995). Demographic stability was equated to a 

5% or lower mean probability of extinction (P(E)) in 100 years, which is consistent with 

other PVA studies (see Soulé 1987; Goldingay and Possingham 1995; Brito and Grelle. 

2004; Goldingay and Sharpe 2004a). 
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4.4 Results 

 

4.4.1 Influence of a land-bridge in connecting two forest remnants 

 

This scenario focused on the probability of extinction in the Kuraby remnant if 

dispersal from the larger Karawatha remnant has been facilitated by the land-bridge. I 

have contrasted two low rates of dispersal (0.1%, 0.5%) and 1% (base model) with no 

dispersal. Where no dispersal is allowed, the model shows that the extinction likelihood 

is >90% after 100 years (Fig. 4.3). This drops to ~70% if there is a 0.1% probability of 

dispersal. If dispersal is increased to 1% then the probability of extinction is reduced to 

almost 0. 

 

 

Fig. 4.3. Probability of extinction within Kuraby bushland with different values for annual probability of 

dispersal from the larger Karawatha forest remnant. Dispersal probabilities have been set at 0, 0.1%, 

0.5%, and 1% (base model). 

 

 

The effect of varying dispersal survivorship on the probability of extinction of 

the Kuraby subpopulation was also modelled. For this scenario, to isolate the effect of 

varying dispersal survivorship, the baseline dispersal probability was lowered to 0.5%. 

The resulting model predicted that reducing survivorship from 80% to 20% increased 
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the extinction probability from 5% to 45%, which could occur with greater dispersal 

distances and more inhospitable habitat configuration (Fig. 4.4).   

 

 

 

Fig. 4.4. Effect of varying dispersal survivorship values on probability of extinction of the Kuraby 

subpopulation. The baseline dispersal probability has been set at 0.5% for this scenario to isolate the 

effect of varying dispersal survivorship for which the input values 80% (base model), 60%, 40% and 20% 

were used. 

 

 

4.4.2 Influence of catastrophes 

 

The impact of different catastrophe scenarios on the viability of the Kuraby-

Karawatha metapopulation was highly variable. The simulation revealed that the 

occurrence of a fire every 10 years causing a 20% reduction in fecundity and 

survivorship resulted in the metapopulation extinction probability of 0.26 (Fig. 4.5). 

Increasing the effect of the fire to a 40% reduction in fecundity and survival increased 

this effect by a factor of three to 0.76 likelihood of extinction at 100 years. Fires 

occurring every 20 years with a similar impact on survivorship and fecundity resulted in 

an extinction probability of 0.32. This compares to the baseline model with no 

catastrophes (abbreviated as ‘no cats’) that predicts a viable metapopulation after 100 

years. 
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Fig. 4.5. Probability of extinction of the Karawatha-Kuraby metapopulation under different catastrophe 

scenarios. Catastrophes have three attributes: a frequency (annual probability of 5-10%), and an influence 

on the proportion of females breeding (‘Repro’_ 60-80%) and individuals surviving (‘Surv’_60-80%). 

Three types of catastrophe are modelled comprising different values for these attributes and plotted 

against the base model (‘No cats’).  

 

 

4.4.3 Influence of adding forest remnants to the metapopulation 

 

I explored the influence of an expanded metapopulation with more forest 

remnants. I started with three southern remnants that straddle the Logan Motorway (i.e. 

Drewvale, Parkinson, Heathwood) and assumed that a small amount of dispersal could 

occur (rate of 0.5% per year). In the absence of catastrophes, a relatively low probability 

(0.18) of extinction after 100 years is predicted (Fig. 4.6). When this scenario is run 

with the inclusion of catastrophe scenario 1 (10% fire frequency; 80% breeding females; 

80% survivorship) the probability of extinction rises considerably to 0.58 (Fig. 4.6). By 

expanding this metapopulation to include Karawatha and Kuraby reduces the 

probability of extinction after 100 years to 0.18. However, when I model an equivalent 
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fire frequency with a greater impact on fecundity and survivorship (i.e. catastrophe 

scenario 2 - 10% fire frequency; 60% breeding females; 60% survivorship), then the 

probability of extinction rises to 0.79. By connecting the five-remnant metapopulation 

to the much larger subpopulation in Greenbank (‘Plus Greenbank’), these extinction 

probabilities can be markedly reduced.  

 

 

 

 

Fig. 4.6. Probability of extinction of the squirrel glider metapopulation with (cat 1 or 2) and without (no 

cats) the inclusion of catastrophes for different combinations of remnants or for all remnants (Plus 

Greenbank). Drewvale (D), Parkinson (P), Heathwood (H), Karawatha-Kuraby (KK). (Cat 1 = Freq 10%; 

Repro 80%; Surv 80%. Cat 2 = Freq 10%; Repro 60%; Surv 60%). 

 

 

4.4.4 Effect of varying ‘juvenile mortality’ on metapopulation viability 

 

Varying the value for annual juvenile mortality had a strong influence on the 

extinction probability of the Kuraby-Karawatha metapopulation. Using a mortality rate 

that was five percent above the baseline value resulted in a 0.46 probability of 

extinction at 100 years (Fig. 4.7). Extending this value to 60% almost assured the 

extinction of the metapopulation with a 0.99 probability of extinction at 100 years.  
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Fig. 4.7. Effect of varying juvenile mortality input values on probability of extinction of the Karawatha-

Kuraby metapopulation. Juvenile mortality has been set at 45%, 50% (base model), 55% and 60%. 

 

 

 

4.4.5 Effect of varying ‘adult mortality’ on metapopulation viability  

 

Varying the value for annual adult mortality resulted in a similarly strong 

influence on the extinction probability of the Karawatha-Kuraby metapopulation. 

Increasing the annual mortality rate to 45% pushed the likelihood of extinction at 100 

years to 0.5 (Fig. 4.8). An additional 5% resulted in a doubling of this effect and a 0.94 

probability of extinction at 100 years (Fig. 4.8).   
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Fig. 4.8. Effect of varying adult mortality input values on probability of extinction of the Karawatha-

Kuraby metapopulation. Adult mortality has been set at 35%, 40% (base model), 45% and 50%. 

 

 

4.5 Discussion 

 

4.5.1 Roaded landscapes and habitat fragmentation 

 

Simulating the effect of habitat fragmentation and patch isolation on the 

metapopulation dynamics of gliding mammals has been undertaken in a number of 

landscape contexts (see Jackson 1999b; Lindenmayer et al. 1999; Goldingay and Sharpe 

2004a; Selonen and Hanski 2004). Its application to road ecology, however, is relatively 

new (see van der Ree et al. 2009); yet it provides a method of evaluating how 

populations separated by roads respond to the provision of crossing structures which 

may permit inter-patch movement. In this regard, my modelling study is unique because 

it is based on a real situation where crossing-structures have been deployed across a 

road that is a likely barrier to glider dispersal. And, it is based on definitive evidence of 

squirrel glider use of gliding poles on the wildlife land-bridge (see Chapter 2). 

Accordingly, the model predicted that the smaller Kuraby subpopulation will be 

‘rescued’ from a high likelihood of extirpation by the dispersal connection to the larger 
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Karawatha remnant. Currently, however, wildfire threatens the viability of these 

populations. If similar connections were constructed between other remnants of the 

Greenbank corridor, then the broader metapopulation should be viable in the long-term.  

A similar outcome was predicted for the greater glider metapopulation within 

the Greenbank corridor, but this was in the absence of any direct evidence of use of the 

crossing structures at Compton Road (Chapter 3). The simulation results of the current 

study are somewhat more compelling because there is direct evidence of squirrel glider 

use of land-bridge poles. The only other study to model the effect of road crossing-

structures on population viability was by van der Ree et al. (2009). They reported that 

while an under-road tunnel restored habitat continuity for the endangered mountain 

pygmy possum (Burramys parvus) it did not completely remove the negative effects of 

a road. Collectively, these studies demonstrate that reconnecting habitat patches across 

road gaps using engineered structures does convey population-level benefit for at least 

some target species.  

 

4.5.2  Squirrel glider population fluctuations and responses to fire 

 

Squirrel glider populations in fragmented urban and rural landscapes probably 

experience pronounced fluctuations in population variability due to their small size and 

the demographic stochasticity inherent in squirrel glider population dynamics (Reed and 

Hobbs 2004; Sharpe 2009). As a consequence, these populations are at an increased risk 

of extinction (Vucetich et al. 2000) and may require larger estimates of viable 

populations than previously thought (Reed et al. 2003). This may be the case for the 

remnants of the Greenbank corridor which are typically small in size and highly 

fragmented by major roads and motorways. My modelling suggests that providing 

dispersal connections throughout these remnants and linking them to the large 

Greenbank remnant will build resilience into the metapopulation and alleviate much of 

the extinction risk. However, this needs to occur in combination with management of 

wildfire.    

Catastrophic wildfire is predicted to profoundly affect the viability of squirrel 

glider populations in my study landscape. Despite this, we currently know very little 

about squirrel glider responses to wildfire, particularly the degree to which it impacts on 
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survivorship and fecundity. Reportedly, there will be some mortality and dispersal from 

the burnt area due to loss and/or disruption to key food resources (Lunney 1987; Quin 

1995) but re-colonisation should occur at some stage (van der Ree and Loyn 2002). For 

the current study, I modelled a 20-40% loss of individuals after the passage of a major 

wildfire and an equivalent decline in reproduction in the following year. Squirrel gliders 

may suffer some nutritional stress with the initial loss of nectar resources but may be 

able to compensate to some degree by supplementing with arthropods and other plant 

exudates such as Acacia gum or sap from Myrtaceous tree species. Sugar gliders appear 

to respond favourably to an early successional post-fire community typified by Acacias 

(Braithwaite et al. 1983) but this may not be the case for squirrel gliders (see Sharpe and 

Goldingay 1998).  

The other critical feature of wildfire catastrophe is frequency of occurrence. My 

model inputs are based on actual frequencies in my study reserves. That is, Karawatha 

forest has experienced three fires during the last 20 years that have burnt out 20 – 50 % 

of the reserve and the Parkinson remnant has experienced two fires in the last 10 years 

that have burnt >50% of the remnant (BCC 2007, unpub. data). With accelerating 

urbanisation occurring in the surrounding area, fires are likely to become more frequent 

(S. Sparkes, pers. comm.). If this is the case, my input values may in fact be 

conservative and underestimate the impact of wildfire.  

A likely consequence of increased fire frequency within the Kuraby-Karawatha 

remnants is that it makes the larger Karawatha subpopulation more unstable. This was 

also the case for greater gliders (refer Chapter 3). The simulation model also 

demonstrated a strong effect from increasing fire frequency on the broader Greenbank 

corridor metapopulation, even when adopting relatively low impact values for 

survivorship and fecundity (i.e. 80% of baseline values). In particular, increasing the 

fire frequency from one in every 20 years to one in every 10 years (i.e. from 5% to 

10%) resulted in a four-fold increase in the likelihood of metapopulation extinction 

without connection to the large Greenbank remnant (Fig. 4.6). A similar effect of 

increased fire frequency on population viability has been reported for koalas in Port 

Stephens, NSW (Lunney et al. 2007).  

It is apparent from the discussion of wildfire that a high degree of uncertainty 

surrounds both the impact of such catastrophes and the frequency of their occurrence. In 
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light of this, land managers should strive to conserve populations that are sufficiently 

robust to cope with such events (Coulson et al. 2001). Establishing dispersal 

connections amongst the remnants of the Greenbank corridor will be crucial to 

achieving this. 

 

4.5.3 Model constraints  

 

The robustness of predictions generated by a PVA model is largely contingent 

on the precision of input values (see Possingham et al. 1993; Lindenmayer et al. 2000; 

Ellner et al. 2002; Southwell et al. 2008). The sensitivity analysis conducted in the 

current study highlighted the strong effect variation in juvenile and adult mortality 

exerted on metapopulation viability predictions. Goldingay and Sharpe (2004a) 

identified adult mortality as being particularly sensitive to variations and questioned the 

accuracy of their baseline value (i.e. 35%). I used a baseline value of 50% mortality for 

0-1 year class and 40% for >1 year class. This was largely informed by a detailed 

analysis of four years of mark-recapture data on a squirrel glider population located no 

more than 20 km from Compton Road (Sharpe 2009). From this analysis, Sharpe (2009) 

reported a figure of 50 % mortality for all gliders but did not separate age classes. 

Importantly, VORTEX imposes dispersal mortality on the 1-2 yr class after other 

mortality has been applied (i.e. additive). Therefore, some dispersing individuals 

effectively ‘die twice’ during the running of the model (Brook 2000). I have 

endeavoured to account for this by choosing a lower value of 40% for adult (i.e. >1 

year) mortality. Clearly, more definitive data on mortality rates for different age classes 

are required. This also applies to data on dispersal, although modelling dispersal may 

require a species-specific approach (see Lindenmayer et al. 2000).  

There is a high level of uncertainty inherent in long-term predictions such as 

those generated in this study (see Ellner et al. 2002; Lunney et al. 2007). A fundamental 

assumption built in to the current model predictions is that the study landscape will 

remain static over the next 100 years. Clearly this is unlikely because the study habitat 

patches will be subjected to a range of intrinsic (e.g. dieback and loss of hollow-bearing 

trees) and extrinsic (e.g. increased urban pressure along remnant boundaries) forces that 

will affect their quality over time (see Soulé et al. 1988; Goldingay and Sharpe 2004a). 
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Moreover, the question of how climate change will affect Australian biota (see Hughes 

2003) may add considerably to the level of uncertainty inherent in model predictions.    

 

4.5.4 Glider dispersal and managing roaded landscapes 

 

 Road crossing structures are essentially engineered conduits across road-gaps 

designed to improve or restore functional connectivity in the local landscape. The 

success or otherwise of constructing a single narrow connection (e.g. a 15 m-wide land-

bridge) between formally continuous forest patches largely rests on the dispersal ability 

of the target species. The sensitivity analysis conducted in this study predicted that 

variations in dispersal survivorship had very little influence on the viability of the 

Kuraby subpopulation (Fig. 4.4). The model also predicted that only a small amount of 

dispersal was required to rescue the Kuraby subpopulation in the long-term (Fig. 4.3). 

Evidence from genetic studies would suggest that even a very small rate of successful 

dispersal across the land-bridge should be sufficient to maintain gene flow between the 

two remnants (see Mills and Allendorf  1996; Wang 2004). Despite this, what was not 

built-in to the model and is largely unknown is whether or not the presence of social 

groups near road-crossing structures, or indeed using them for foraging, will hamper the 

dispersal of sub-adult individuals. Some authors have dubbed it ‘home-range pile-up’ 

(e.g. Riley et al. 2006) but its occurrence may be highly species specific (see discussion 

in Chapter 2).  

Individuals must ordinarily cross the home ranges of other social groups during 

dispersal and this is probably how they determine where opportunities exist for settling 

in an area (see Selonen and Hanski 2004 and 2006). The back and forth movement of 

three individual gliders at Compton Road did not appear to be impeded by the presence 

of another social group (see Chapter 2). Other observations of Petaurid gliders confirm 

that they are not behaviourally averse to dispersing along narrow roadside strips 

(Suckling 1984; van der Ree and Bennett 2003) or crossing roads that are within their 

glide capacity (van der Ree et al. 2003; Taylor and Goldingay unpub. data). Therefore, a 

primary objective for managing roaded landscapes for gliders, particularly where major 

roads traverse forest habitat, should be the provision of numerous dispersal 

opportunities. In addition, because wildfires are generally patchy and may burn through 
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rope–bridges and even poles, creating multiple crossing options provides redundancy 

and ensures higher levels of encounter by dispersing individuals. This could be achieved 

in a very cost-effective way by retaining tall roadside trees and median strip trees and/or 

by deploying tall wooden gliding poles along road edges and within median strips. 

Albeit, concurrent research must be conducted to establish whether or not there is an 

elevated road mortality risk for gliders accessing roadside and/or median-strip poles and 

trees. 

  

4.6 Management implications  

 

This modelling study has generated four important implications for managing 

squirrel glider populations within the study landscape. Firstly, the provision of a land-

bridge connection between Karawatha forest and Kuraby bushland across Compton 

Road should prevent the extirpation of the squirrel glider subpopulation in Kuraby. This 

provides a clear message to road managers that the provision of such structures 

effectively reduces the barrier effect of a major road on squirrel gliders. Secondly, a 

viable Greenbank corridor metapopulation can only be achieved by functionally 

connecting all five northern and central remnants (i.e. Kuraby, Karawatha, Drewvale, 

Parkinson, Heathwood) with the large southern remnant of Greenbank. My modelling 

suggests that even a very low rate of dispersal may be effective to maintain persistence. 

Thirdly, wildfire threatens the long-term persistence of squirrel gliders within the 

Greenbank corridor and can be mitigated by functionally linking all remnants with 

Greenbank. However, more data are required to better guide inputs on the impact of fire 

on squirrel glider fecundity and survival. Lastly, greater precision of demographic data, 

particularly pertaining to mortality and dispersal, are required to improve the robustness 

of model predictions. Mortality was highly sensitive to variations in input values and 

therefore exerts much influence on model predictions. Dispersal values used in my 

model were informed by observations on the frequency of use of the poles on the land-

bridge but more data are required to understand what effect dispersal facilitated by a 

crossing-structure has on gene flow.  

The use of PVA software to model the effect of a land-bridge on metapopulation 

dynamics is but one approach to assessing the effectiveness of mitigation structures. van 
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der Ree et al. (2009) built a model based on a Ricker function to assess changes in 

population viability of a mountain pygmy possum population re-connected by a tunnel. 

Other authors have described spatially-explicit dispersal models to assess the 

likelihoods of a dispersing animal reaching a suitable patch while negotiating a heavily 

roaded matrix landscape (e.g. Kramer-Schadt et al. 2004) and Eigenbrod et al. (2008a) 

developed a metric to assess the amount of habitat that can be reached from a focal 

habitat patch without crossing a road (i.e. ‘accessible habitat’). These other assessment 

tools should be regarded as complementary to the viability modelling conducted in this 

study. Combined, they provide land-managers and conservation biologists opportunities 

to further refine and test a range of management scenarios for mitigating the impact of 

roaded landscapes on wildlife persistence.   
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5. THE EFFECT OF ROAD WIDENING ON BANDICOOT (Peramelidae)  

USE OF ROAD UNDERPASSES 

 

5.1 Introduction 

 

The installation of road underpasses has been widely employed as a strategy for 

maintaining landscape connectivity across major road corridors and for reducing 

wildlife road mortality (Clevenger et al. 2001a; Bissonette 2002; van der Ree et al. 

2009). Indeed, underpasses have featured in major road projects in Europe and North 

America for more than 50 years (see Forman et al. 2003). Whereas the focus of their 

deployment has largely been on ungulates, a broad range of taxa reportedly use them 

(e.g. Mathiasen and Madsen 2000; Ng et al. 2004; Mata et al. 2005). Within Australia, 

wildlife underpasses that target terrestrial vertebrates have been increasingly adopted 

over the last 20 years, particularly in conjunction with upgrades to the Pacific Highway 

along the eastern seaboard (e.g. Taylor and Goldingay 2003).  

Data on the use of road underpasses in Australia are largely embedded in 

consultant reports (e.g. Australian Museum Business Services (AMBS) 1997, 2001, 

2002; Fitzgerald 2005) and there are very few published studies (see Hunt et al. 1987; 

Mansergh and Scotts 1989; Taylor and Goldingay 2003; Bond and Jones 2008). A 

consistent finding of these reports and studies is that underpasses are regularly used by a 

wide range of terrestrial and arboreal fauna and that one of the most frequent users were 

bandicoots.  

Bandicoot populations in Australia (family Peramelidae) have suffered severe 

range contractions due to land clearing, habitat fragmentation and introduced predators 

such as the European red fox (Vulpes vulpes) (Ashby et al. 1990; Menkhorst and 

Seebeck 1990). Predation by the European red fox is recognised nationally as a key 

threatening process (Commonwealth Department of Environment, Water, Heritage and 

the Arts 2008, unpub. report), particularly for native mammals within the critical weight 

range (CWR, i.e. 120 – 5500 g). Fox predation of bandicoots has been well documented 

and reportedly threatens the persistence of a number of isolated populations (see Scott et 

al. 1999; Coates and Wright 2003). An early Australian study of underpasses suggested 

that they may serve as prey traps for introduced predators (see Hunt et al. 1987) but 
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subsequent studies have not supported this (e.g. Abson and Lawrence 2003; Taylor and 

Goldingay 2003; Goosem et al. 2005). Further, a review of the international literature 

by Little et al. (2002) found little evidence to support the prey trap hypothesis.  

More recently, road mortality has been recognised as a threat to the persistence of 

some bandicoot populations, including an endangered population of long-nosed 

bandicoots (Perameles nasuta) at North Head in Sydney (Scott et al. 1999) and the 

recently extirpated population of eastern barred bandicoots (P. gunnii) at Hamilton in 

Victoria (Department of Sustainability and Environment 2009, unpub. report). Further, 

bandicoots were the most common victim of road mortality on some major roads in 

north-east NSW which may be adversely affecting local populations (Taylor and 

Goldingay 2004). Consequently, bandicoot use of fenced road corridors with 

underpasses is of great interest in managing potentially deleterious population impacts 

from road mortality and in maintaining connectivity across major road barriers.   

An investigation into fauna use of underpasses along the Pacific Highway at 

Brunswick Heads during 2000/01 reported frequent use by long-nosed and northern 

brown bandicoots (Isoodon macrourus) (Taylor and Goldingay 2003). During 2005/06, 

the Pacific Highway at Brunswick Heads was expanded from two lanes to four, and in 

so doing, the existing underpasses were lengthened. This presented a unique opportunity 

to investigate bandicoot use of both the existing underpasses during construction and 

the duplicated underpass system post-construction. Importantly, such investigations are 

lacking from crossing structure studies (see Roedenbeck et al. 2007). The aims of this 

study were: (1) determine the abundance of bandicoots residing near the underpasses, 

and (2) investigate whether road widening affected bandicoot use of underpasses.  

 

5.2 Methods 

 

5.2.1 Study area and underpasses 

 

The study area was situated along the Brunswick Heads Bypass of the Pacific 

Highway, approximately 1 km west of the coastal town of Brunswick Heads in 

northeast NSW (28
0
33’S, 153

0
32’E) (Fig. 5.1). Construction of the 2.5 km long two-

lane bypass was completed in 1998. Twelve purpose-built fauna box culverts (hereafter 



- 98 - 

 

referred to as underpasses) and two bridges with set-back abutment batters (i.e. creating 

dry-land passageways) were variously positioned along the length of the bypass. Both 

sides of the route were lined with a 1.8 m-high chain-mesh fauna exclusion fence 

(‘floppy top’) (Fig. 5.2a). Six underpasses (A - F) were chosen for inclusion in this 

study from the 14 structures available because access to several was difficult and 

several were prone to flooding and could not be readily monitored with the methods 

employed here. The selected underpasses were variously spaced at intervals of between 

90 – 240 m along a 750 m segment of the middle of the bypass (Fig. 5.1). Underpasses 

were constructed in reinforced concrete of relatively uniform dimensions (2.4 m wide, 

1.2 m high and 17-19 m long) (Fig. 5.2b). The floor of the selected underpasses was dry 

and only became temporarily inundated (up to 100 mm) during heavy rain events.   

 

 

 

 

 

Fig 5.1. Brunswick Heads bypass section of the Pacific Highway, northeast NSW (Photo: Google Earth) 
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a)    b)  

 

Fig. 5.2. ‘Floppy-top’ exclusion fencing borders both sides of the highway (a). The entrance to an 

underpass along the old dual-carriageway (b). (Photos: B.Taylor) 

 

 

 

During 2005/06, the highway, including the underpasses, was duplicated (i.e. 

expanded from two lanes to four). A 20-30 m-wide vegetated median strip was retained 

along part of the highway that corresponded to underpasses B-F (Fig. 5.3). Duplication 

of underpasses B, C, E and F included the erection of a 3 m-wide fence tunnel that 

stretched across the median strip and linked with the corresponding underpass in the 

new section of highway and included a raised concrete path (Fig. 5.4a). Underpass D 

was duplicated by way of a bridge with setback abutments that provide dry-land 

passageway. Underpass A was duplicated without a median strip resulting in a 49 m-

long tunnel that spanned the full width of the four lanes. The internal dimensions of the 

new underpasses were equivalent to the old underpasses with the inclusion of 900 mm-

wide and100 mm-high ledges along the sides of the floor and a 600 mm-wide drainage 

recess in the middle (Fig. 5.4b). Rock rubble (up to 300 mm diameter) was scattered on 

the ground adjacent to and up to 5 m from the entrance to new underpasses (Fig. 5.4c). 

Two concrete paths were constructed within the rock rubble and each led up to 10 m 

from the entrance into adjacent habitat (Fig. 5.4c). Traffic volume measured as Average 

Annual Daily Traffic (AADT) was 16 000 in 2001 pre-duplication and 19 000 in 2006 

post-duplication (RTA 2006).   
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a)    b)  

 

Fig. 5.3. Tall blackbutt (E. pilularis) dominates the vegetation of the median strip along the duplicated 

Brunswick Heads bypass looking south (a) and looking north (b). Four of the study underpasses cross the 

median stip. (Photos: B.Taylor) 

 

 

a)  b)  c)      

 

Fig. 5.4. A fence tunnel ‘funnels’ wildlife across the median strip between corresponding old and new 

underpasses and includes a raised concrete path (a). Raised side ledges and a central drainage recess 

extend along the length of new underpasses (b). Rock rubble complete with two concrete paths adjoin 

entrances to new underpasses (c). (Photos: B.Taylor) 

 

 

The landscape of the study area is predominantly coastal lowlands comprising old, 

low-lying dunes to the south and east that grade into the floodplain of the Brunswick 

River to the north and west (Taylor and Goldingay 2003). The vegetation adjoining on 

the eastern side of the study culverts is predominantly swamp sclerophyll open forest 

and woodland dominated by swamp mahogany (Eucalyptus robusta), swamp oak 

(Allocasuarina glauca) and broad-leaved paperbark (Malaleuca quenquinervia) with a 

dense shrub understory dominated by melastoma (Melastoma affine), willow 

bottlebrush (Callistemon salignus), heath-leaved banksia (Banksia ericifolia) and saw 

sedge (Gahnia clarkei) (Fig. 5.5a). Vegetation on the eastern side abuts the culvert 
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entrances and is part of the Brunswick Heads Nature Reserve. Pre-highway duplication, 

up to 40 m west of the old highway contained similar vegetation to that of the east side. 

Beyond 40 m the vegetation abruptly changes to woodland dominated by swamp 

mahogany with a grass understory (i.e. blady grass Imperata cylindrical, palm grass 

Setaria palmifolia and saw sedge) and is used for light cattle grazing (Fig. 5.5b). 

Construction of the duplication effectively removed the habitat on the western side such 

that the culverts under the western section of highway open out to the grassy woodland. 

Disturbance caused by the Bypass construction generally extended 5 m from the 

exclusion fencing/culvert entrance and was dominated by thick stands of exotic palm 

grass and molasses grass (Melinus minutiflora).  

 

 

a)   b)  

 

Fig. 5.5. Habitat at the study site was typified by swamp sclerophyll woodland dominated by a shrub 

understory on the eastern side of the bypass (a) and a grass understory on the western side (b).  

(Photos: B.Taylor)  

 

 

5.2.2 Trapping 

 

I conducted trapping of bandicoots at the study site using both line transects and 

a trapping grid. Aluminium Elliott (Type B) traps (45 x 15 x 15 cm) and collapsible 

cage traps (16 x 20 x 35 cm) were used to capture bandicoots. Traps were baited with a 

standard bait mixture (oats and peanut butter) and were checked early each morning of 

the trapping session. Captured bandicoots were identified, sexed, weighed and ear-

tagged with individually numbered fingerling tags (Fig. 5.6).  
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a)    b)  

 

Fig. 5.6. A female P. nasuta (a) and a female I. macrourus (b). (Photos: B.Taylor) 

 

Line transects were established in conjunction with a pilot radio-tracking study 

(Taylor and Goldingay unpub. data). Four ~ 100 m-long transects that ran parallel with 

the highway and adjacent to the west entrances of underpasses C - F. Traps were placed 

at 20 m intervals along the length of each transect. I conducted seven sessions of 2-4 

nights duration utilizing two to four of the trapping transects between August 2004 and 

February 2005. In addition to the line transects, during October 2004 I set up a 18 ha 

trapping grid bounded by underpasses A and D that straddled the old highway to 

establish bandicoot population distribution and density. Traps were placed at 50 m 

intervals along five 450 m-long parallel lines (10 traps/line) each spaced 100 m apart for 

a total of 50 traps (25 cages, 25 Elliott traps). Cage and Elliott traps were randomly 

alternated along each transect line. Three pre-duplication trapping sessions each of four 

nights duration were conducted in November 2004, December 2004 and March 2005. A 

single post-duplication trapping session of four nights duration was conducted in May 

2008. Transect and grid trapping sessions were conducted on separate occasions.  

 

5.2.3 Population size and density estimates 

 

The bandicoot population size on the trapping grid was determined by 

calculating the minimum number known to be alive (MNA) for each of three census 

periods. The MNA method assumes that an individual not captured during a trapping 

session, but known to be present from previous or subsequent sampling sessions, is 
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present in the area (Krebs 1999). The MNA is sensitive to capture heterogeneity, which 

can result in biased estimates, but it remains a useful measure of a lower limit of 

population size (Jolly and Dickson 1983). MNA has been commonly used in other 

bandicoot studies (see Mallick et al. 2000; Friend 1990) and its use enabled data 

comparisons to be made. 

 The MNA population estimates were also used to calculate density (individuals 

ha
-1

) by dividing by the size of the study area. The study area was defined as the 

trapping grid plus a boundary strip equal to one half the radius of the average home 

range area. The inclusion of a boundary strip is a common method of compensating for 

the effect of trapping animals that have home ranges on the edge of the trapping grid 

resulting in density over-estimates (Krebs 1999). I used a boundary strip width of 85 m 

based on an average of home range figures for P. nasuta (2.9 ha, Scott et al. 1999) and 

southern brown bandicoots I. obesulus (1.4 ha, Lobert 1990).  

 

5.2.4 Sand tracking 

 

Bandicoot use of the underpasses was determined by tracks on sand strips (Fig. 

5.7) laid within each of the study underpasses (as described by Taylor and Goldingay 

2003). A one metre-wide layer of fine grain sand (2 - 3 cm deep) was positioned near 

and across the middle of six underpasses in 2000. Sand track monitoring sessions were 

conducted pre-construction (i.e. Spring 2000, Summer 2001, Spring 2004, Summer 

2005, Autumn 2005), during construction (i.e. Spring 2005, Summer 2006, Winter 

2006, Spring 2006) and post-construction (i.e. Summer 2007, Autumn 2007, Spring 

2007, Autumn 2008). Sand strips were checked and re-smoothed every 2
nd

 day for 8 

days during each session, but for 4 days in spring 2004, summer 2005 and autumn 2005. 

Monitoring from spring 2005 to summer 2007 coincided with construction of the new 

expanded roadway. Only four old underpasses could be assessed during this time 

(underpasses B - E) because underpasses A and F were blocked by the RTA to minimise 

harm to wildlife. Access to the old underpasses that remained open during construction 

(i.e. B-E) was somewhat compromised by 2-4 m-high earth fill laid along much of the 

new carriageway. However, the two bridge underpasses, each featuring ~10-20m 

recessed abutments and located between underpass B and C and between underpass D 
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and E, provided unimpeded access across the new carriageway during the period of 

construction. The four open old underpasses and bridge underpasses remained open to 

the vegetated median strip which facilitated access to the open underpasses. This 

arrangement enabled terrestrial fauna to access the four old underpasses. Underpasses B 

– E in the new section of road were opened at the beginning of 2007 and old and new 

underpasses A and F in mid 2007. Post-construction monitoring of old and new 

underpasses B - E began in summer 2007 and in the old and new underpasses A and F 

during spring 2007. Bandicoot tracks could not be distinguished between the two 

species and were scored as ‘bandicoot sp.’. 

 

 

 

    

 

Fig. 5.7. The distinctive tracks of bandicoots registered on an underpass sand-strip. (Photos: B.Taylor) 

 

 

5.2.5 Data analysis 

 

The frequency of bandicoot use of underpasses pre, during and post-construction 

was compared using a repeated measures analysis of variance (ANOVA). To assess if 

underpass use by bandicoots and foxes were correlated, I used a Pearson’s Correlation 

Coefficient test. All analyses were conducted using MS EXCEL and SPSS (13.0) 

software. All data presented are means (± standard error). 
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5.3 Results 

 

5.3.1 Bandicoot captures 

 

Between August 2004 and March 2005, 25 bandicoots were captured a total of 

92 times for an overall trap success of 5.1% (Table 5.1). Fifty percent of captured 

females were carrying pouch young (mean 2.5 ± 0.7 young per female; range 1-3) and 

pouch young occurred in all trapping months. All captures were of adults, except for 

three juvenile long-nosed males.  

 

 

Table 5.1. Northern brown (NB) and long-nosed (LN) bandicoot captures from 1851 trap-nights (trap 

success rate = 5.1 %) between August 2004 and March 2005 at the Brunswick Heads Bypass prior to 

construction of the highway duplication. Adults were >500 g (f) and >600 g (m) for LN (after Scott et al. 

1999) and >550 g (f) and >600 g (m) for NB (after Friend 1990).  

 

Species 

(sex) 

Captures 

(ind’s) 

Mean Adult  

Wt (± s.e.) 

% Fem capt’s 

with Pch Yng 

Juv capt’s 

(ind’s) 

% ind’s capt’d 

both sides of road 

NB (f) 40 (5) 1006 ± 33 50 nil 60 

NB (m) 18 (5) 1331 ± 93 - nil 40 

LN (f) 9 (4) 879 ± 55 86 nil 25 

LN (m) 25 (11) 1277 ± 67 - 4 (3) 27 

 

 

 

 Captures of both bandicoot species on the trapping grid were pooled to calculate 

MNA. MNA ranged between five and eight individuals and more males than females 

were captured in two of the three sessions (Fig. 5.8). The estimated population density 

followed the trend in MNA estimates and ranged from 0.11 individual ha
-1

 to 0.22 

individuals ha
-1

. Due to the manner in which MNA is calculated, figures for Nov 04 and 

Mar 05 are probably underestimates. Therefore, 0.22 individuals ha
-1 

recorded for Dec 

04 is likely the most robust estimate of population density during the grid-trapping 

period.  
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Fig. 5.8.  Population density estimates for bandicoots on the trapping grid based on MNA figures.  

Figures for Nov 04 and Mar 05 are likely underestimates.  

 

 

5.3.2 Movements and road crossings revealed by capture locations 

 

Males and females of the two species were captured on both sides of the road, 

including 60% of northern brown females (Table 5.1). Northern brown bandicoots 

demonstrated a higher proportion of individuals that were captured on both sides of the 

road, though this may be an artifact of a higher number of recaptures (i.e. a mean of 5.8 

captures/individual for northern brown compared to 2.3/individual for long-nosed).  

The location of recaptured individuals revealed 60 instances of inter-trap 

movements, with the highest proportion (40%) occurring between 0-50 m. There was a 

gradual reduction in instances of inter-trap movements as size of the distance category 

increased. Ten percent of inter-trap movements (n = 6) were between 300 and 450 m. 

Separating data for inter-trap movements between captures according to sex 

revealed that male bandicoots demonstrated a significantly higher proportion of longer 

movements between captures than females (X
2
 = 68.95, P<0.0001) (Fig. 5.9). In 

particular, two individuals (both northern brown) were recorded moving 300-450 m on 

five occasions. By contrast, 79 % of female inter-trap movements were within 150 m, 

including 55 % within 50 m. The only instance of inter-trap movement > 300 m was by 
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a northern brown female. Pooling data for inter-trap movements between captures 

according to species revealed a significantly higher proportion of longer movements 

between captures by northern brown bandicoots compared to long-nosed (X
2 

= 30.01, 

P<0.0001) (Fig. 5.10).  

 

 

 

Fig. 5.9.  Proportion of inter-trap movement by distance category for male and female bandicoots (data 

for the two species were pooled). Total number of inter-trap movements for each sex is in parenthesis. 

 

 

 

 

Fig. 5.10.  Proportion of inter-trap movement by distance category for long-nosed (LN) and northern 

brown (NB) bandicoots (male and female data for each species were pooled). Total number of inter-trap 

movements for each species is in parenthesis. 
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Individuals of both sexes of both bandicoot species crossed the road on multiple 

occasions as revealed by the location of recaptures (Fig. 5.11). With the exception of 

NF1, all individuals recaptured on four or more occasions (n = 9) crossed the road on at 

least one occasion and six crossed on two or more occasions. The highest number of 

crossings was by a northern brown female who was recaptured on the opposite side of 

the road on four out of eleven recaptures.  

 

 

 

 

Fig. 5.11 . Percentage of bandicoot recaptures as crossings of the highway. The number of recaptures are 

shown above each bar. NF = northern brown female; NM = northern brown male; LF = long-nosed 

female; LM = long-nosed male. Does not include individuals captured once.  

 

 

5.3.3 Road crossings revealed by sand-tracks 

 

The number of pre-construction bandicoot traverses during 2000/01 was 

between 1.5 and 2.4/underpass/day (from Taylor and Goldingay 2003) (Fig. 5.12). This 

fell to 0.2 - 0.3 traverses/underpass/day during spring 2004 to autumn 2005. During 

construction, bandicoot traverses were between 0.3 - 0.6/underpass/day. The post-
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construction sampling period included the new underpasses and revealed a gradual 

increase from no traverses (summer 2007) to 0.2 traverses/underpass/day for old and 

new underpasses each by autumn 2008. The post-construction detection frequency 

within the new-old underpass system remained low.  There was no significant 

difference in traverse frequency between pre/during/post construction for the old 

culverts (F=0.72, P = 0.59).  

  

 

 

 

 

 

Fig. 5.12. Mean number of bandicoot traverses/underpass/day during sand-track sampling sessions 

conducted pre, during and post-construction of the single carriageway duplication. All sampling sessions 

were 8 days duration except Spr 04, Sum 05 and Aut 05 were 4 days each. ‘Old’ refers to underpasses in 

the initial dual carriageway and ‘New’ refers to the more recently constructed underpasses. The number 

of underpasses surveyed per session is in parenthesis. Spring 00 and Summer 01 data from Taylor and 

Goldingay (2003). 

 

 

 Data for bandicoot usage of individual underpasses revealed only two occasions 

where complete thoroughfare of a linked old-new underpass may have occurred (Table 

5.2). In underpass F on day six of sand checks during spring 2007 a track in either 

direction in the old underpass and two sets of tracks in either direction in the new 

0

0.5

1

1.5

2

2.5

3

Spr 00 
(6)

Sum 01 
(6)

Spr 04 
(4)

Sum 05 
(5)

Aut 05 
(3)

Spr 05 
(4)

Sum 06 
(3)

Win 06 
(3)

Spr 06 
(4)

Sum 07 
(3)

Aut 07 
(3)

Spr 07 
(4)

Aut 08 
(4)

Pre-Construction During Post

Tr
av

e
rs

e
s/

u
'p

as
s/

d
ay

Old underpasses

New underpasses



- 110 - 

 

underpass were recorded. Though this is not definitive, it is strongly suggestive of at 

least one full traverse of the linked old-new underpass. During the autumn 2008 session 

an odd number of tracks were detected within underpass B on two occasions (i.e. a 

single westward track on one occasion; two eastward and one westward track on a 

second occasion). An odd number of tracks of individuals indicates that a bandicoot(s) 

has proceeded over the sand bed in one direction and not returned; or, an individual has 

returned and gone back again; or, an individual has gone through one underpass and 

returned via another. Bandicoot transit through the old underpass B could not be 

confirmed because it was inundated with 40-50 mm of water during the session. 

However, the number and direction of tracks in the new culvert suggest that at least one 

bandicoot made a concurrent traverse of the old underpass. Bandicoots have been 

observed moving through 50-100 mm-deep water (B.Taylor pers. obs.). Bandicoot 

usage of underpass A (continuous, no median strip) was not confirmed during post-

construction monitoring (Table 5.2).  
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Table 5.2. Number of bandicoot traverses/underpass/day recorded during sand-track survey sessions of 6 

underpasses. nc = not checked. clsd = closed. All sessions were of 8 days duration (* denotes 4-day 

sessions).  

Season-Year Underpass 

 
A B C D E F 

 
Old New Old New Old New Old Old New Old New 

Pre-construction 
 

 
 

 
 

 
 

 
  

 

Spring 2000 3.3  2.1  2  1.8 1.3 
 

4  

Summer 2001 1  3.3  1  0.8 0.6 
 

2.6  

Spring 2004* 1.3  0.5  0.3  0.3 nc 
 

nc  

Summer 2005* nc  0.5  1  0 0.8 
 

0.8  

Autumn 2005* wet  1  0  0 nc 
 

nc  

During construction 
 

 
 

 
 

 
 

 
  

 

Spring 2005 nc  0.8  0.5  0.4 0.3 
 

nc  

Summer 2006 clsd  wet  0.8  0.5 0.6 
 

clsd  

Winter 2006 clsd  wet  0.3  0.3 0.3 
 

clsd  

Spring 2006 clsd  0  0.5  0.6 0.9 
 

clsd  

Post-construction 
 

 
 

 
 

 
 

 
  

 

Summer 2007 clsd clsd wet wet 0 0 0 0 0 nc nc 

Autumn 2007 clsd clsd nc nc 0 0 1.3 0.5 0 nc nc 

Spring 2007 0 0 wet wet 0 0 0 0 0 0.5 0.5 

Autumn 2008 wet wet wet 0.5 0.3 0 0.3 0 wet 0.1 0 

 

 

 

5.3.4 Fox use of underpasses 

 

Fox use of underpasses was variable across the study period (Fig. 10). The highest 

number of detections (0.17 traverses/culvert/day) occurred during autumn sessions in 

2005 and 2007. Foxes were detected during nine of the 13 sampling sessions. The number 

of bandicoots and fox tracks for all sampling sessions showed a moderate negative 

association (r = - 0.31, p = 0.30) and were weakly associated when data for spring 2000 

and summer 2001 were excluded (r = 0.02, p = 0.1). There was no evidence of fox 

predation of bandicoots (e.g. partly eaten carcasses) in or around the underpasses during 

the study. 
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Fig. 5.13.  Mean number of bandicoot and fox traverses/underpass/day during sand-track sampling 

sessions conducted pre, during and post-construction of the single carriageway duplication. All sampling 

sessions were 8 days duration except Spr 04, Sum 05 and Aut 05 were 4 days each. Track counts for old 

and new section of each underpass are pooled. Spring 00 and Summer 01 data from Taylor and Goldingay 

(2003). 

 

 

5.4 Discussion 

 

This is one of the few studies to investigate whether an expanded road-width 

influences use of underpasses by mammals, in this case bandicoots. It is also one of the 

few Australian crossing structure studies that spans pre to post-construction over a 

number of years (see Mansergh and Scotts 1989). Such studies are lacking in Australian 

road ecology research (see van der Ree et al. 2007). Further, this study highlights the 

importance of complementing usage monitoring with population studies to gain greater 

insight on the type of underpass usage being made by bandicoots (i.e. foraging and/or 

dispersal) and the potential effects that temporal changes in population demographics 

may have on usage patterns. These themes are explored below.  
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5.4.1 Bandicoot abundance and use of underpasses 

 

Five years before the Brunswick Heads bypass expansion commenced (i.e. spring 

2000 and summer 2001), underpasses were used extensively by bandicoots (1.5 - 2.4 

traverses/underpass/day). During the nine months prior to road expansion (spring 2004 

– autumn 2005), underpass usage dropped considerably (0.2 - 0.3 

traverses/underpass/day) and remained low for the remainder of the study. It is likely 

that the downward trend in underpass usage reflects a downward trend in bandicoot 

abundance at the study site during this time. This is supported by a number of 

observations. 

Firstly, a downward trend in abundance between 2000/01 and 2004/05 is evident 

from trapping data. Trapping was conducted in and near the entrances of the study 

underpasses concurrent with the spring 2000 sand-tracking session. For this period, 2.4 

traverses/underpass/day were recorded and 11 individuals were captured 15 times 

during 40 trap-nights for a capture success rate of 37 % (Taylor and Goldingay 2003). 

By contrast, the capture success during 600 trap-nights on the trapping grid (November 

2004 to March 2005) was 4.3 % and underpass usage measured 0.2-0.3 

traverses/underpass/day. Based on calculation of MNA on the trapping grid during this 

time, I estimated bandicoot density to be in the order of 0.11-0.22 individuals ha
-1

, 

which is within the range of density estimates for other congeners (i.e. 0 - 0.35 for 

southern brown bandicoots in Tasmania (Mallick et al. 1998a) and 0.44 – 4.79 ha
-1

 for 

eastern barred bandicoots in Victoria (Dufty 1991; Minta et al. 1990). The design of the 

targeted trapping conducted during 2000 precluded population density estimates for this 

period. However, based on capture rates, it is apparent that bandicoot population 

abundance at the study site dropped considerably between 2000/01 and 2004/05. A 

possible reason for this may have been the sustained drought experienced at the study 

site during this time. That is, four of the five years 2001-2005 achieved between 69-

76% of long-term mean annual rainfall, with 2004 the lowest of these (Bureau of 

Meterology 2009). A significant reduction in bandicoot abundance has been attributed 

to reduced rainfall over periods of 2-3 years in other bandicoot studies (see Mallick et 

al. 1998a, 2000; Short et al. 1998). 
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Secondly, a population study of eastern barred bandicoots in Tasmania reported 

that local population abundance and the incidence of road-kills on an adjacent highway 

followed the same downward trend over a four year period (Mallick et al. 1998b). Based 

on this, it appears that the positive linear association between population abundance and 

rate of road-kill corresponds with rates of road-crossing by bandicoots. That is, higher 

numbers of bandicoot road-kill is indicative of more individuals and a higher incidence 

of road crossings. Moreover, if we also assume that road-crossing by bandicoots is 

equivalent to underpass usage on a road with underpasses, then it is plausible that trends 

in rates of underpass usage would generally follow trends in population abundance. 

Therefore, it is likely that the downward trend in underpass usage at my study site 

between the pre-construction periods 2000/01 and 2004/05 reflects a downward trend in 

bandicoot abundance during the same period. The absence of any bandicoot captures 

during grid trapping in May 2008 (Taylor and Goldingay unpub. data) suggests a 

continued low abundance at the study site. 

 

5.4.2 Bandicoot movements and road crossings 

 

Trapping data from this study provides important insights on the type of use 

bandicoots were making of the Brunswick Heads bypass underpasses. Firstly, the data 

demonstrated that males of both species made relatively larger movements. This 

included inter-trap movements of up to 450 m by male northern brown bandicoots and 

an instance of a movement of 1.3 km by a male long-nosed sub-adult which was found 

road-killed on the highway north of the study site. Previous studies have also reported 

larger home-ranges for male bandicoots, including movements of up to 2.3 km from 

initial points of capture (Dufty 1991). Such findings have been reported in previous 

studies on bandicoot home-ranges with figures in the order of 1.6 – 4.4 ha for 

Perameles species (Dufty 1994; Scott et al. 1999; Mallick et al. 2000) and 0.8 – 7.0 ha 

for Isoodon species (Lobert 1990; Copley et al. 1990; Broughton and Dickman 1991; 

Mallick et al. 1998a) The location of recaptures also revealed multiple road crossings by 

males and females of both species. This was evident for all individuals captured four or 

more times, except one northern brown female. Movements revealed from trapping data 

were supported by a radio-tracking pilot study conducted during summer 2005 which 
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demonstrated multiple underpass road-crossings by an adult male long-nosed bandicoot 

(Taylor and Goldingay unpub. data). This suggests that individuals of both species 

exhibited home-ranges that incorporated both sides of the road corridor during the 

period of the trapping study and that the majority of movements were associated with 

foraging. 

Another important feature of the configuration of home-ranges in my study was 

the amount of spatial overlap between individuals. Previous studies report moderate 

levels of home-range overlap, though this is greater for females and generally low for 

males during breeding (Scott et al. 1999; Mallick et al. 2000). Interestingly, my study 

site included two sympatric species of bandicoot. The trapping data show spatial 

overlap between and within sexes and congeners. The only combination where this was 

not evident was amongst different P. nasuta females, although this comprised a small 

cohort. It is likely, therefore, that underpasses are functionally available to resident 

animals and are each being used by multiple individuals.   

 

5.4.3 Road widening and underpass usage 

 

Investigating the effect of road widening on underpass usage was one of the 

primary aims of the current study. To this end, the results were equivocal and likely 

confounded by the loss of high quality habitat, drought, a decline in bandicoot 

abundance, the presence of foxes and design characteristics of new underpasses (e.g. 

rubble surrounding entrances). For instance, bandicoot access across the highway was 

cut off very early in the construction phase as the new highway corridor was rapidly 

cleared and covered with a 4 m-high layer of fill. This effectively blocked access for the 

following 18 months between high quality nesting habitat on the east side and open 

foraging areas on the west side of the highway (see Chambers and Dickman 2002), 

albeit a small amount of nesting and foraging habitat would still have been available 

within the median strip. It is unknown what effect this may have had on population 

processes during this time. Despite this, bandicoot use of the old underpasses during 

construction was equivalent to usage during the year prior to construction.  

When monitoring began incorporating new underpasses, early avoidance of both 

old and new underpasses was evident (i.e. summer 2007). Bandicoot tracks were not 
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observed in the new underpasses until spring 2007, almost 12 months after they opened. 

Subsequent monitoring sessions revealed low rates of use and no confirmed 

thoroughfare of the continuous tunnel (underpass A). Admittedly, monitoring of 

underpass A was compromised by a delay in its opening and a session during which it 

was inundated, resulting in only one post-construction monitoring session (see Table 

5.2). A negative association between underpass length and use by small mammals has 

been reported in Spain (Yanes et al. 1995) and murid rodents translocated across the 

Trans-Canada Highway were more successful in returning across smaller crossing 

structures (McDonald and Cassady St Clair 2004b). However, northern brown and long-

nosed bandicoots reportedly used a variety of continuous tunnel underpasses (i.e. box 

culverts, circular tunnels, steel span underpasses) up to 80 m long at a number of 

locations along the Pacific Highway in NSW (AMBS 1997, 2002) and in Brisbane 

(Bond and Jones 2008). This suggests that bandicoots are not behaviorally averse to 

using long, continuous underpasses and are therefore likely to use the 49 m-long 

underpass at the Brunswick Heads bypass site but a period of habituation may be 

needed.  

 Wildlife usage of underpasses is reportedly affected by many factors. Vegetation 

cover near an underpass’ entrance and proximity to vegetation cover is said to 

encourage use by small to medium-sized mammals (McDonald and Cassady St Clair 

2004a; Ng et al. 2004; Clevenger and Waltho 2005). The entrances to the new 

underpasses include concrete aprons and paths that effectively limit the amount of 

vegetation cover that can become established close to the entrance (see Fig. 5.3). By 

contrast, the old underpasses feature thick vegetation and natural ground right up to 

their entrances (see Fig. 5.2). Because structural rather than landscape or human-related 

attributes may better explain patterns of underpass usage (Mata et al. 2005, Clevenger 

and Waltho 2005), it may be that the design of the new underpass entrances is 

discouraging use by bandicoots.  

 Another feature of my study site that may have affected bandicoot usage of the 

underpasses is human presence and construction activity and noise. Clevenger and 

Waltho (2000) report an inverse relationship between human activity and wildlife use of 

highway underpasses. Such a relationship may have contributed to low usage during 

construction when noise and human activity was high. However, this relationship was 
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not evident during post-construction monitoring when construction noise and human 

activity had all but stopped and usage was lower than during construction in three of 

four sessions. Alternatively, the continued low usage of the underpasses post-

construction may be indicative of a lag-time in adjusting to the presence of the new 

structures. Some authors have described this lag-time as a period of habituation and 

have reported that regular use may not become apparent for months or even years (see 

Hunt et al. 1987; Goosem et al. 2005; Mata et al. 2005), albeit Bond and Jones (2008) 

reported high rates of underpass usage (including by bandicoots) as soon as monitoring 

began six months post-construction. Further surveys are required at Brunswick Heads to 

elucidate this issue. 

 

5.4.4 Influence of foxes 

 

Predation by the European red fox is recognised nationally as a key threatening 

process (Commonwealth Department of Environment, Water, Heritage and the Arts 

2008, unpub. report), particularly for native mammals within the critical weight range 

(CWR, i.e. 120 – 5500 g). Fox predation of bandicoots has been well documented and 

reportedly threatens the persistence of a number of isolated populations (see Scott et al. 

1999; Coates and Wright 2003). Foxes were detected within culverts during nine of 13 

sampling sessions, though the number of tracks was low. An early Australian study of 

underpasses suggested that they may serve as prey traps for introduced predators (see 

Hunt et al. 1987) but subsequent studies have not supported this (e.g. Abson and 

Lawrence 2003; Taylor and Goldingay 2003; Goosem et al. 2005). Further, a review of 

the international literature by Little et al. (2002) found little evidence to support the prey 

trap hypothesis.  

The current study found no evidence to support fox predation of bandicoots and 

the pattern of underpass usage by foxes and bandicoots revealed only a very weak 

negative association. However, it is possible that the combination of low bandicoot 

population abundance at the study site from 2004 to 2008 and the continued presence of 

foxes restrained population recovery. Foxes are described as evolutionary novel 

predators to native prey such as bandicoots as evidenced by a lack of bandicoot 

avoidance of fox scent (Russell and Banks 2005). This suggests that underpasses 
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scented with fox odour would not deter use by bandicoots. Conversely, many northern 

hemisphere prey species that have co-evolved with native predators demonstrate strong 

predator-responses and tend to avoid underpasses used by predators (Clevenger and 

Waltho 2000). 

 

5.5 Management implications 

 

The current study represents one of the longest periods of investigation of 

wildlife use of road-crossing structures in Australia, albeit the results were somewhat 

equivocal regarding the effect of road-widening on bandicoot use of underpasses. 

Despite this, a number of important management implications at both a site (patch) and 

landscape-level have emerged that would improve the likelihood of bandicoot 

persistence in the regional landscape.  

Firstly, removal of the rubble and concrete paths from new underpass entrances 

would likely improve their attractiveness to bandicoots (and likely other fauna). The 

rubble and concrete substrate should be replaced with soil and planted out to encourage 

the growth of thick vegetation. Evidence from other studies suggests that underpass 

structural attributes (Mata et al. 2005; Clevenger and Waltho 2005) and both vegetation 

cover near an underpass’s entrance and proximity to vegetation cover (McDonald and 

Cassady St Clair 2004a; Ng et al. 2004; Clevenger and Waltho 2005) are strongly 

associated with usage.  

 Secondly, vegetation enhancements are required to improve habitat quality on 

the western side of the highway, which features privately owned woodland managed for 

cattle grazing. Creating a greater number of small patches of dense vegetation and 

retaining fallen timber would improve the availability of bandicoot shelter sites on this 

side of the highway (see Chambers and Dickman 2002). Admittedly, this would require 

the cooperation of the local landholder.  

Thirdly, at the landscape level, the site requires greater functional connectivity 

with the surrounding high quality habitat. ‘Functional’ connectivity refers to the degree 

to which the inter-fragment landscape, or ‘matrix’, facilitates or impedes the movement 

of individuals between fragments (see Taylor et al. 1993; Tischendorf and Fahrig 2000). 

Much of the landscape to the south and west of the Brunswick Heads study site is 
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largely cleared, highly fragmented and features many discontinuities in forest cover that 

compromise its functional connectivity. Fitzgibbon et al. (2007) concluded that 

improving connectivity within the landscape rather than improving patch-level 

attributes such as fragment size or quality was the most strategic way of facilitating 

long-term persistence of bandicoots in a highly fragmented landscape. This has also 

been reported for other terrestrial mammals (e.g. Fahrig 2003; Coulon et al. 2004).  

Fourthly, an assessment of the effectiveness of road crossing structures ultimately 

rests on their ability to enhance population viability at a landscape level (see 

Roedenbeck et al. 2007; Taylor and Goldingay 2009; van der Ree et al. 2009). Such 

higher order studies are lacking in road ecology research (see Van der Ree et al. 2007; 

Corlatti et al. 2009). In the case of the current study, a shift may have occurred in the 

type of use by bandicoots of the Brunswick Heads underpasses post-duplication from 

that of daily or regular foraging by resident animals to infrequent use by dispersing 

individuals. Assuming dispersing animals are successfully breeding (see Riley et al. 

2006), it is likely that use of the underpasses by dispersing animals only is sufficient to 

convey population benefit. Population modeling would be one method of establishing 

the veracity of this claim and should form a routine component of crossing structure 

deployment, particularly during the planning stage. That is, population modeling should 

be used to ascertain whether the proposed mitigation measures are going to markedly 

enhance the persistence of target species in the regional landscape.  

Finally, the use of road-crossing structures to facilitate wildlife movement and 

improve landscape permeability needs to be nested within the context of landscape-level 

conservation management. A number of European countries have developed integrated 

planning instruments that combine information on landscape-level fragmentation and 

connectivity, and local or patch-level information on road mortality hotspots and 

wildlife movement patterns (e.g. Serrano et al. 2002; Hlavac 2005; Frair et al. 2008). 

This information is then used to guide assessments of future transport infrastructure 

proposals. While there are isolated examples of this type of planning within Australia 

(see Straker 1998), a nationally integrated approach does not currently exist but is 

urgently required.  
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6. SYNTHESIS OF RESULTS AND IMPLICATIONS FOR MANAGING 

ROADED LANDSCAPES FOR WILDLIFE CONSERVATION 

 

 

6.1 Introduction 

 

The concept of ‘landscape connectivity’, or the connectedness of native 

vegetation cover in the landscape (Fischer and Lindenmayer 2007), largely informs 

efforts to reduce the barrier effect of roads on population processes. Moreover, re-

connecting habitat patches by deploying road crossing-structures make roads and 

therefore landscapes more permeable to wildlife movement. This is especially important 

within modified landscapes because establishing and maintaining adequate landscape 

connectivity is critical to averting extinction cascades (see Fischer and Lindenmayer 

2007). As a consequence, maintaining forest fragments and understanding and 

improving the permeability of the inter-fragment matrix (i.e. ‘functional connectivity’) 

is of critical importance to managing urban landscapes for conservation (see Taylor et 

al. 1993; Tischendorf and Fahrig 2000; Andersson 2006). Currently, we know very little 

about conditions within and wildlife use of the urban matrix (Fischer and Lindenmayer 

2007), and urban glider and bandicoot populations are a case in point (see Fitzgibbon et 

al. 2007; Melton 2007). Managing such populations, therefore, needs to focus on 

restoring or improving functional connectivity by creating vegetated corridors between 

habitat remnants and by perforating road barriers with crossing structures. Wildlife 

managers must also act to improve control of other threatening processes, such as that 

posed by introduced predators (e.g. Coates and Wright 2003), which would otherwise 

compromise the effectiveness of re-connecting the natural landscape. 

Road crossing-structures have been increasingly employed in many places 

across the globe as the primary mitigation strategy to improve the permeability of 

roaded landscapes (van der Ree et al. 2007). Their deployment, however, has somewhat 

outpaced our understanding of their effectiveness or otherwise (see Clevenger 2005). 

Most studies on crossing structures have focussed simply on their use by local wildlife 

(e.g. Taylor and Goldingay 2003; Clevenger and Waltho 2005; Krawchuk et al. 2005; 

Mata et al. 2005). As a result, there is a paucity of information on the population 
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processes of animals residing near crossing structures (see Riley et al. 2006; Corlatti et 

al. 2009). Such information is crucial because it is at the population level where 

assessment of crossing structure effectiveness needs to occur (Roedenbeck et al. 2007). 

Put simply - we need to establish to what extent has a crossing structure mitigated the 

barrier effect of a road and has this prevented the extirpation of populations due to road 

effects (see van der Ree et al. 2007). This includes an assessment of source-sink 

dynamics (see Pulliam 1988) associated with the crossing structure deployment. The 

preceding chapters considered aspects of the use and effectiveness of engineered road 

crossing-structures for two groups of wildlife. Importantly, they have provided some of 

the first insights into higher-order questions on the population effects of crossing-

structures for target species. In this final chapter, I highlight some of the key points that 

emerge from these investigations and the broad-ranging review detailed in Chapter 1. I 

then discuss the management implications arising from these insights and make a 

number of recommendations for both improving our understanding and better managing 

roaded landscapes within Australia for wildlife conservation.     

 

6.2 Road crossing-structures for gliding mammals  

 

This study was the first of its kind to demonstrate (at two sites) that wooden 

poles spaced across a land-bridge may serve as a functional connection for gliding 

mammals to disperse and move between habitat patches separated by a major road. This 

builds upon the work of Ball and Goldingay (2008) who demonstrated that squirrel 

gliders could use tall wooden poles to cross a 70-m canopy-gap through open pasture. 

These separate studies suggest that squirrel gliders readily adapt to using wooden poles 

to traverse canopy gaps. Therefore, wooden poles have the potential to rapidly 

reconnect areas of severed habitat rather than waiting for vegetation to achieve maturity 

that would enable glide crossings.  

Based on this information of glider use of wooden poles at Compton Road, I 

used the population modelling program VORTEX to understand how this may affect 

local populations. The model simulations predicted that the smaller Kuraby 

subpopulations of both greater gliders and squirrel gliders may be rescued from a high 

likelihood of extirpation by the dispersal connection to the larger Karawatha remnant.  
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Currently, however, wildfire threatens the viability of these populations. If similar 

connections were constructed between other remnants of the Greenbank corridor, then 

the broader metapopulations should be viable in the long-term. These were amongst the 

first studies of their kind to demonstrate the population-level benefit of a dedicated 

wildlife crossing-structure.  

An important aspect of population processes at sites where crossing-structures 

have re-connected severed habitat patches is the response by local social groups. My 

radio-tracking at Compton Road revealed that squirrel glider home ranges were aligned 

along the road and social groups confined their foraging to habitat on one side of the 

road. This contrasts with the situation in continuous forest where the home ranges of 

adjoining social groups may overlap by 50% (Sharpe and Goldingay 2007). It is 

currently unknown whether the presence of social groups clustered near road-crossing 

structures, or indeed using them for foraging, will hamper the dispersal of sub-adult 

individuals but this seems unlikely because individuals must also cross the home ranges 

of other social groups during dispersal and this is probably how they determine where 

opportunities exist for settling in an area (see also Selonen and Hanski 2004, 2006). 

Genetic studies of populations at road-crossing sites would be required before more 

definitive conclusions could be drawn. 

Two major shortcomings of my investigations at Compton Road were the lack 

of information on glider use of rope canopy-bridges and greater glider use of land-

bridge poles. The ongoing technical problems with remote cameras frustrated efforts to 

obtain information about canopy-bridge use that was conducted by Dr Darryl Jones and 

BCC.  However, squirrel gliders have been observed using rope canopy-bridges at two 

other highway mitigation sites (Bax 2006; R. van der Ree, pers. comm.), but their 

application to other glider species remains unknown. No land-bridge hair records were 

obtained for greater gliders and no individuals were observed on the land-bridge. 

Indeed, the absence of greater glider captures through the use of nest boxes prevented 

investigations of their potential interactions with the land-bridge (e.g. translocating 

collared individuals across the road). Future investigations may call for more novel 

approaches to capture greater gliders (e.g. tree climbing), particularly as the more 

commonly used method of shooting off tree branches (see Kavanagh and Wheeler 2004; 

Smith et al. 2007) is inappropriate in an urban context.  
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6.3 Road widening, underpasses and bandicoots 

 

My study of the effects of road-widening on bandicoot use of road underpasses 

is to my knowledge the first of its kind in Australia. It is also one of the few Australian 

crossing structure studies that span pre to post-construction over a number of years (see 

also Mansergh and Scotts 1989). Moreover, my study highlighted the importance of 

complementing usage monitoring with population studies to better understand the type 

of underpass usage being made by the target species (i.e. foraging and/or dispersal). It 

also highlighted the potential effect that temporal changes in population demographics 

may have on usage patterns. It was apparent from trapping conducted prior to road 

widening that individuals of the two bandicoot species incorporated both sides of the 

road corridor into their home ranges and that the majority of movements were likely 

associated with foraging. The trapping data also demonstrated spatial overlap between 

and within sexes and congeners suggesting that underpasses were functionally available 

to several resident animals and were each being used by multiple individuals.  

Despite these important insights, data pertaining to the effect of road-widening 

on underpass usage by bandicoot were equivocal. A decline in bandicoot usage of 

underpasses was evident prior to road widening and this pattern continued both during 

and after construction. The cause of this decline was unclear, but it was likely associated 

with a number of factors including drought, loss of high quality habitat, a decline in 

bandicoot abundance, the presence of foxes and different design characteristics of new 

underpasses (e.g. rubble surrounding entrances). Future studies would need to control 

for these confounding effects in an effort to isolate specific treatments.  

 

6.4 Scaling-up functional connectivity enhancements 

 

One of the emerging themes within the international road ecology literature is that 

the use of road-crossing structures to facilitate wildlife movement and improve 

landscape permeability needs to be nested within the context of landscape-level 

conservation management (Bissonette 2002; Forman et al. 2003; Coffin 2007). That is, 

endeavouring to conserve population processes requires strategic management that 

integrates both a patch or site-level and a landscape-level response. A number of 
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European countries have developed integrated planning instruments that combine 

information on landscape-level fragmentation and connectivity with local or patch-level 

information on road mortality hotspots and wildlife movement patterns (e.g. Serrano et 

al. 2002; Hlavac 2005; Frair et al. 2008). This information is then used to guide 

assessments of future transport infrastructure proposals. Updating this information then 

occurs within an adaptive management framework (see Walters and Holling 1990). This 

enables ongoing refinement of the design and strategic deployment of crossing 

structures as new information arises from monitoring and research. I discuss these 

complementary approaches in turn. 

 

6.4.1 Site or patch-level enhancements 

 

I will comment first on several points regarding the Brunswick Heads study site 

and then several with reference to the Compton Road and Hamilton Road sites. 

At the Brunswick Heads study site, it is possible that the lack of vegetation 

cover near the entrances to the new underpasses and the rubble and concrete apron 

surrounding them is a deterrent to bandicoot use. Other studies of terrestrial mammal 

use of highway underpasses have reported a significant positive relationship between 

use and the amount of vegetation cover at the underpass entrance (see McDonald and 

Cassady St Clair 2004a; Clevenger and Waltho 2005).  

 Secondly, undertaking vegetation enhancements around the underpass entrance 

should be extended to improving habitat quality on the western side of the highway 

which features privately owned woodland managed for cattle grazing. Creating a greater 

number of small patches of dense vegetation and retaining fallen timber would improve 

the lack of availability of bandicoot shelter sites on this side of the highway (see 

Chambers and Dickman 2002).  

 Finally, whereas the current study found no evidence to suggest fox predation of 

bandicoots, it is possible that the combination of low bandicoot population abundance at 

the study site from 2004 to 2008 and the continued presence of foxes restrained 

population recovery. Therefore, local fox control by the NSW Department of 

Environment and Climate Change and Water (DECCW) may benefit bandicoot 

abundance and other critical weight range species at the site, which includes the 

threatened long-nosed potoroo (Potorous tridactylus). 
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With regards the Compton Road study site, the growth in land-bridge vegetation 

over the course of the study period has resulted in the glide pathway between poles 

becoming blocked by shrubs. Pruning vegetation along the glide-path was 

recommended to the management agency (BCC) and has since been carried out. This 

should not compromise the integrity of the land-bridge vegetation but, importantly, will 

provide the ongoing option of pole-to-pole transit across the land-bridge. The same will 

also soon apply to Hamilton Road as land-bridge vegetation grows up.   

Secondly, the inclusion of an additional pole at each end of the Compton Road 

pole array would enhance their functionality. Currently, the distance between the last 

pole at each end and its closest tree requires a glide that is probably at the upper limit of 

the local glider’s capacity. This was confirmed by the observation of a squirrel glider 

landing on the ground, 2 m short of a tree, after attempting a pole-to-tree glide. For the 

same reason, a recommendation for two additional poles beyond the north end of the 

land-bridge at Hamilton Road was also made to BCC.  Both of these instances highlight 

that placement of poles should be informed by info on glide performance in the context 

of pole/tree height and slope (refer discussion in Chapter 2). The management agency 

agreed to implement both recommendations and have recently done so at Hamilton 

Road. It is noteworthy that the willingness of the management agency to implement 

both these and the previous recommendation is a practical example of adaptive 

management.  

Thirdly, the utility of the land-bridge to gliders would be improved at both sites 

by enhancing the vegetative link between the forest edges and the land-bridge and 

should include efforts to maintain forest health of the roadside habitat and control edge 

effects, such as tree dieback. It is apparent from this and other Australian studies that 

roadside habitat is readily utilised for denning and foraging purposes and can represent 

critical habitat within fragmented landscapes (Taylor and Goldingay unpub. data; 

Downes et al. 1997; van der Ree and Bennett 2003). It is important, therefore, that these 

roadside habitats be actively managed accordingly.  

 

6.4.2 Landscape-level enhancements 

 

A number of landscape-level enhancements need to be implemented to 

complement those undertaken at the site or patch-level. At Brunswick Heads, the study 
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site requires greater functional connectivity with the surrounding high quality habitat. 

Much of the landscape to the south and west of the Brunswick Heads study site is 

largely cleared, highly fragmented and features many discontinuities in vegetation cover 

that compromise its functional connectivity. This will require targeted restoration efforts 

to develop and enhance vegetated corridors. The importance of this management 

strategy is reinforced by a recent finding that improving connectivity within the 

landscape rather than improving patch-level attributes such as fragment size or quality 

was the most strategic way of facilitating long-term persistence of bandicoots in a 

highly fragmented landscape (Fitzgibbon et al. 2007). This has also been reported for 

other terrestrial mammals (e.g. Fahrig 2003; Coulon et al. 2004).  

At Compton Road, the demonstrated use and predicted population benefit of the 

land-bridge connection between Kuraby and Karawatha provides strong justification for 

the installation of crossing-structures across the Greenbank corridor. The importance of 

this was further highlighted by model outputs which showed that the dual effects of 

wildfire and road-mediated dispersal barriers threaten the persistence of gliders in this 

landscape, particularly greater gliders. Therefore, management should be focussed on 

controlling wildfire and lessening the likely barrier effect of the roads by providing 

crossing structures to link all remnants. The model simulations suggest that even a very 

small rate of dispersal facilitated by crossing structures may be effective to maintain 

long-term persistence of squirrel and greater glider metapopulations. It is predicted that 

higher levels of dispersal will result if crossing structures are installed at multiple 

locations, so I suggest that structures not be limited to a single location between 

adjoining remnants. This could be achieved in a very rapid, cost-effective way by 

deploying gliding poles at multiple locations along motorway edges and within median 

strips.  

At the Hamilton Road site, connecting the adjoining squirrel glider 

subpopulations to the relatively large Bunyaville State Forest remnant (~650 ha) via the 

tree-lined Cabbage Tree Creek would likely strengthen the viability of the 

metapopulation. This ~3 km-long linkage would probably require gliding poles at two 

locations where forest cover is breached by major roads (i.e. Old Northern Road and 

Beckett Road).  A preliminary PVA modelling exercise would assist in determining the 

potential benefit of this exercise.  
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6.4.3 Monitoring and research 

 

Research into the use and effectiveness of crossing structures in Australia is still 

very much in its infancy. This is especially so for the application of gliding poles. 

Researchers face the difficulty of achieving replication of structure types and sites. 

Despite this, and to enable generalisation of crossing structure effectiveness, further 

studies are needed to show the use of similar structures at other locations and 

monitoring at Compton and Hamilton Roads needs to continue over a much longer 

period of time (5 - 10 years). The same applies to monitoring at Brunswick Heads, 

particularly to understand temporal changes in use over time since duplication.  

The field testing of different methods at Compton Road should inform and 

refine monitoring of glider crossing-structures at other locations and over longer 

periods. In particular, the definitive evidence of pole use provided by hair-detection 

tubes warrants wider application of this detection method. Use of genetic techniques 

could further extend this work, particularly for detecting isolation effects of road 

barriers. 

The work at Compton and Hamilton Roads should be extended to other gliding 

mammals, of which there are many species that are subjected to habitat fragmentation 

(Goldingay 2000; Selonen and Hanski 2004). This research could involve the placement 

of the wooden poles along road-sides and in median strips, rather than on a land-bridge 

as in the present study which is an expensive way to achieve connectivity for gliders. 

The use of wooden poles constructed over roads for arboreal mammals is another 

method worthy of investigation (see Valladares-Padua et al. 1995); albeit, their broad 

application may be constrained by high installation costs. 

At Brunswick Heads, gaining a better insight into spatial use of the surrounding 

areas and species interactions is worthy of investigation. This could extend to predator 

interactions involving radio-tracked foxes, particularly as we know very little about how 

predators may utilise and interact with crossing structures and how this may affect use 

by target species (see Little et al. 2002).   

Finally, allometric scaling based on the relationship between dispersal distance 

and home range (see Bowman et al. 2002) has been proposed as an alternative method 
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of determining the placement of wildlife crossing structures (see Bissonette and Adair 

2008). In this approach, guilds of mammals are classified according to similarities in 

vagility and crossing structures are spaced according to the dispersal distance/home-

range metric. The proponents of this approach build a relatively compelling argument 

for its application, so trials of its utility may be worthy of investigation.  

 

6.5 Wildlife road ecology in Australia 

 

The broad-ranging review presented in Chapter 1 confirmed that Australia has 

made a relatively strong contribution to the international published literature on wildlife 

road ecology. Despite this, there are still many gaps in our understanding of the effect of 

roads on population processes for a range of taxa and methods of mitigating these. 

Further, there are a number of planning and coordination issues that require addressing. 

To conclude this final chapter, I present seven key emergent issues that should assist in 

guiding future research and management of the impact of roaded landscapes on wildlife 

within Australia. 

 

6.5.1 A national research body is required 

 

A national research body needs to be established in Australia that includes all 

three levels of government, road construction companies and researchers from around 

the country. Such a body, equivalent to a CRC (Cooperative Research Center), would 

establish research priorities and fund projects. Currently, research is conducted on an 

ad-hoc basis and largely reflects the interests of the researchers doing the work. Funding 

needs to occur for on-going research rather than the current practice of evaluation of 

potential road impacts and mitigation measures through short-term surveys conducted 

by private consultants. Furthermore, there should be continued study of installed 

structures that are now permanently embedded in the landscape to assess their 

ecological performance (see also Clevenger 2005) and this information used to guide 

future projects. 
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6.5.2 The study of road impacts and mitigation largely suffer from poor design 

 

World-wide, adverse impacts of roads on wildlife populations are frequently 

implicated though not well demonstrated, largely due to weaknesses in study design, 

which compromises their inferential power (see Roedenbeck et al. 2007). Conducting 

better-designed studies, such as full BACI (Before-After-Control-Impact) are ideal but 

will require close collaboration with road authorities during the strategic phase of road 

development. Facilitation of such studies should be a role for a body such as a road 

ecology research centre (see above).  

 

6.5.3 Better understanding is required of what species may be at risk of local 

 extirpation from road mortality 

 

Road mortality may threaten the persistence of some populations (e.g. Jones 

2000; Goldingay and Taylor 2006). Australian researchers need to identify species 

vulnerable to local extirpation from road mortality (e.g. Taylor and Goldingay 2004; 

Hobday and Minstrell 2008). Data on the distribution of these at-risk species should 

then be combined with information on existing or proposed road networks to identify 

locations requiring mitigation (see Litvaitis and Tash 2008). This is occurring to some 

extent in NSW on recent highway upgrades with threatened species records largely 

driving mitigation (e.g. Taylor and Goldingay 2003). The suggestion that minor roads 

may lead to greater cumulative impacts for some species (see Burgin and Brainwood 

2008; van Langevelde et al. 2009) warrants further investigation.  

 

6.5.4 Population-level assessments should be a part of strategic planning 

 

The installation of road crossing-structures has outpaced an understanding of 

which species may use them and whether a population benefit may be derived. 

Population modelling (e.g. PVA) of a range of target species should be conducted as 

part of the planning stage to establish the benefit or otherwise of proposed crossing 

structures. Moreover, the installation of crossing structures should include an 
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assessment of whether or not crossing structures are associated with reduced road 

mortality (e.g. Bond and Jones 2008).   

 

6.5.5 Knowledge of both road impacts and their mitigation on gene flow is inadequate 

 

There are no published accounts in Australia on the effect of roads on gene flow 

across the landscape and few on how crossing structures may facilitate dispersal across 

a road barrier (see van der Ree et al. 2009). Accordingly, I suggest that road agencies 

and/or a national research body need to fund genetic studies on: (a) representative taxa 

from different functional groups to understand what road types (e.g. major, minor, etc.) 

are barriers or filters or allow movement; and (b) populations separated by a road barrier 

that has been mitigated to determine if gene flow has been re-established. 

Notwithstanding this, it is evident that large, high-volume roads create movement 

barriers for a range of terrestrial and arboreal taxa and their construction should 

routinely include crossing structures for a range of functional groups. Underpasses 

clearly are worthwhile as a generic mitigation structure and their routine inclusion in 

new road projects should continue.  

 

6.5.6 A meta-analysis of grey literature is required 

 

The results of monitoring of crossing structures are largely embedded in 

consultant reports (e.g. AMBS 1997, 2001; see van der Ree et al. 2007). Conducting a 

formal meta-analysis of this information (e.g. Fahrig and Rytwinski 2009) would assist 

in resolving which species use which structures and under what conditions. For 

example, culvert-style underpasses have been installed at many locations of similar 

habitat along the Pacific Highway. This effectively provides high replication of this 

crossing structure type. Analysis of these data may allow the development of crossing 

structure standards and aid in the refinement of future research needs.  
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6.5.7 A national strategy is required for managing impacts of linear infrastructure 

 

Australia is lagging well behind North America and Europe in developing a 

national strategy for managing the impact of linear infrastructure (roads, rail, 

powerlines) on wildlife movement and population processes and to guide future 

proposals. A number of European countries, in particular, have developed very detailed 

models for assessing the effects of existing and proposed linear infrastructure on 

landscape permeability at a national scale (e.g. Hlavac 2005). Nonetheless, a 

coordinated national approach may be emerging since over 200 delegates gathered for 

the first national ‘Breaking the Barriers’ road ecology symposium in Brisbane during 

May 2009 and recognised the need to develop national guidelines for dealing with road 

impacts.  

 

6.6 Conclusion 

 

Forman and Alexander (1998) described road ecology as a ‘sleeping giant’, 

focussing attention on the largely unrecognised ecological effects of roads and the 

obvious need for further research. Since then, a burgeoning scientific literature has 

emerged which largely vindicates their notion that understanding and mitigating the 

ecological impact of roads is pivotal to conserving global biodiversity. I have 

endeavoured to contribute to this understanding by considering aspects of mitigating 

road effects on wildlife populations. In so doing, I have demonstrated for the first time 

that wooden poles spaced across a land-bridge enable gliding mammals to disperse 

across a road barrier and avert likely local extirpations. I have also conducted one of the 

first investigations of a species response to the duplication of a highway corridor. These 

studies and the concluding recommendations should assist in better managing the 

impact of roaded landscapes on wildlife populations within Australia.  
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APPENDIX 1 

 

Squirrel glider captures from trapping and nest box inspection at the Compton Road trapping grid. Values 

in brackets with the number of trap-nights are the number of trap stations. Nest box capture figures are the 

number of boxes occupied from a total of 20 squirrel glider boxes and the number of individuals captured 

during each inspection. 

 

Month – Year 

 

Trap-nights 

(traps) 

Captures 

(individuals) 

Captures(ind’s) 

/100 trap-nights 

Boxes occupied 

(individuals) 

May 2005 - - - 1 (4) 

June 2005 160 (40) 2 (1) 1.3 (0.6) 2 (3) 

July 2005 - - - 0 

Aug 2005 - - - 0 

Sep 2005 - - - 0 

Dec 2005 160 (40) 7 (6) 4.4 (3.8) 0 

April 2006 - - - 1 (3) 

May 2006 18 (6) 0 0 - 

June 2006 18 (6) 0 0 - 

July 2006 - - - 1 (2) 

Nov 2006 18 (6) 2 (2) 11.1 (11.1) - 

Jan 2007 - - - 0 

Feb 2007 80 (40) 4 (4) 5 (5) 0 

June 2007 18 (6) 4 (4) 22.2 (22.2) 0 

July 2007 40 (20) 8 (8) 20 (20) - 

Aug 2007 40 (20) 5 (5) 12.5 (12.5) - 

Sep 2007 40 (20) 4 (4) 10 (10) 1 (2) 

Oct 2007 80 (20) 11 (8) 13.8 (10) - 

Nov 2007 80 (20) 8 (7) 10 (8.8) - 

Dec 2007 40 (20) 4 (4) 10 (10) - 

Jan 2008 40 (20) 3 (3) 7.5 (7.5) 0 

Feb 2008 36 (6) 6 (5) 16.7 (13.9) - 

Mar 2008 24 (6) 3 (3) 12.5 (12.5) - 
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APPENDIX 2 

 

Summary of squirrel glider radio-tracking at Compton Road showing months tracked, number of fixes 

and trap captures. Day fixes are of animals in den trees with the number of trees in parenthesis. (sub) 

refers to sub-adult. 

 

Glider  Months radio-tracked No. of Night Day fixes Trap Total 

ID Jul Aug Sep Oct Nov Dec Jan Feb Months Fixes [no. Dens] Capt’s Fixes 

K'watha 

             M2 X X 

      

2 5 6[2] 1 12 

M3 

 

X X X X X X 

 

6 42 27[10] 6 75 

M4 

   

X X X X X 5 54 22[3] 6 82 

F2 X X X X X 

   

5 54 27[7] 5 86 

F4(sub) 

  

X X X X X 

 

5 35 14[3] 5 54 

F5 

  

X X X X X 

 

5 70 28[6] 7 105 

Kuraby 

             M5 

   

X X X X X 5 57 24[8] 1 82 

M6 

     

X X X 3 15 6[2] 6 27 

F1 X X X 

     

3 19 14[8] 2 35 

F3   X X X   X X   5 47 23[8] 9 79 
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APPENDIX 3 

 

Radio-tracking effort and home range estimates of squirrel gliders at Compton Road study site. Estimates 

are based on 5 females and 3 males for which there were > 30 locations each. Means include ± s.e. 

 

Glider Months Total MCP K95% K50% 

ID Tracked Fixes 100%   

K'WATHA 
  

   

M2 1 12 - - - 

M3 6 75 3.47 4.71 0.73 

M4 5 82 4.13 3.43 0.26 

F2 5 86 2.57 2.25 0.21 

F4(sub) 5 54 1.98 2.71 0.56 

F5 5 105 4.06 3.28 0.44 

KURABY 
  

   

M6 2 27 - - - 

M5 5 82 6.58 7.20 1.30 

F1 3 35 - - - 

F3 5 79 6.03 6.34 0.88 

All (n=8) 4.9 ± 0.3 74.8 ± 7.5 4.1 ha ± 0.6 4.3 ha ± 0.7 0.6 ha ± 0. 
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APPENDIX 4 

 

Cumulative kernel (K95%) and minimum convex polygon (MCP100%) home-range areas versus number 

of consecutive fixes for seven squirrel gliders radio-tracked at Compton Road. The asymptote analysis 

was conducted on gliders that were tracked for ≥ 5 months and > 30 locations . 
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APPENDIX 5 

 

Details of den trees recorded during radio-tracking study at Compton Road. Tree Type classes are: (1) 

mature living tree, (2) mature living tree with dead or broken top, (3) dead tree with some branches intact, 

(4) dead tree with no branches & some of top remaining, (5) hollow stump (adapted from Lindenmayer et 

al. 1990). Hollows were classed as either fissures (F – longitudinal cracks in tree trunk > 3 cm), holes (H 

– any non-longitudinal opening in the trunk > 3 cm) and hollow branches (B – branch with hole opening 

> 3 cm) (adapted from Lindenmayer et al. 1990). DBH is stem diameter at breast height (1.5 m) above 

natural ground. 

 

Den Glider Tree Tree DBH Hollow size (cm) 

No. Id. Type Specie (cm) 3>5 6>10 11>20 20+ 

1 F4,F5,M4 3 stag 35 B H 

  2 F3, F1 3 stag 70 B B H F 

 3 M3,F4,F5 2 E acmenoides 48 B B 

  4 F2,M3 4 stag 37 B H 

   5 M5 2 E carnea 55 B H H 

  6 F3,F1,M5 2 E acmenoides 65 B B 

  7 F5, F4 4 stag 52 B B H B H 

8 M3 3 stag 43 B H F B B H 

 9 F2 2 E acmenoides 55 B H 

   10 M5 5 stag 52 

  

H 

 11 F2 4 stag 82 B H F B H H F 

 12 M5 2 E racemosa 56 B H B H 

  13 F2, M3 2 E acmenoides 58 B 

   14 M5 3 stag 65 B H B H F B H 

 15 M3 1 E siderophloia 49 B B 

  16 F2, M3 4 stag 25 B H 

   17 F2 2 E tindaliae 41 B B F B H 

 18 F1, F3, M6 4 stag 56 B H F B F H 

 19 F3 2 E tindaliae 85 B H B 

  20 F3 2 E acmenoides  51 B B 

  21 F3 2 E microcorys 78 B H B 

 

B 

22 M5 4 stag 98 B H B H B H F H 

23 F1, F3 2 E tindaliae 74 B 

 

B 

 24 F3 1 E tindaliae 66 B B H 

  25 F3 4 stag 32 B H B H 

  26 F1, M6 2 E acmenoides 62 B B 

  27 F1 3 stag 42 B H B H 

  28 F1 3 stag 43 B H F B 

  29 F1 2 E tindaliae 56 B 
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30 F5 3 stag 32 B H 

   31 F5, M4, F4 4 stag 52 B 

   32 M3 3 stag 71 B H B H B 

 33 M3 2 E carnea 59 B B 

  34 F3, M6 2 E microcorys 52 B H B 

  35 M5 2 E baileyana 54 B 

   36 M6, F3 2 E acmenoides 62 B H 

   37 M3 3 stag 64 B H B H 

  38 M3 2 E tindaliae 68 B H B H 

  39 M5 2 E acmenoides 74 B H B 

  40 M5 2 E carnea 122 B H B H B H H 

41 M4 2 E carnea 33 B H 

    

 

 


