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Abstract 

Urbanisation has become the most significant cause of habitat loss and fragmentation 

globally, facilitating the rapid expansion of road infrastructure networks which have led 

to environmental degradation at a scale disproportionate to the land they occupy. More 

than 20 individual ecological effects are directly attributed to road presence, with road 

effect zones shown to extend up to thousands of meters beyond the road itself. The effects 

of roads are generally recognised as being detrimental to most wildlife, occurring at 

localised patch levels, endangering local wildlife and reducing local habitat, as well as at 

the landscape scale, where they increase habitat fragmentation and facilitate widespread 

ecological degradation.  

The expansion of road systems worldwide has stimulated the development of mitigation 

strategies aiming to reduce biodiversity loss and enhance species persistence. The 

preservation of landscape corridors and natural habitat are becoming commonplace in 

urban planning, while fauna passages are gaining increasing recognition as tools to 

reconnect already fragmented landscapes. The potential for fauna passages to reduce 

barrier effects, increase habitat connectivity and avoid roadkill is becoming increasingly 

evident throughout the world, with the rapid expansion of road ecology research. 

Currently, fauna passage use by mammals is by far the most researched, followed by 

reptiles, birds and amphibians, while bats have received almost no attention. Furthermore, 

a lack of detailed information demonstrating effective fauna passage use is a consequence 

of study longevity, restricting the comprehensive understanding of fauna passage 

acclimation and long–term success. 

The Compton Road fauna array, located in southern Brisbane, Queensland, is the most 

complex fauna passage assembly in Australia, attracting global attention since its 

construction in 2005. The array, which is comprised of two underpasses, a vegetated 

overpass, glider poles and arboreal ladders, was constructed to reduce the isolation 

between Karawatha Forest and Kuraby Bushland, two of Brisbane’s most significant 

remnant habitats, primarily for various species of mammals. The array has been 

monitored through short–term studies, but has not been subjected to continuous 

monitoring. The general aim of the research reported in this thesis was to determine 

whether the Compton Road fauna passages (overpass and underpass) effectively facilitate 
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increased habitat connectivity for diverse non–target species, and whether they have done 

so over the last 10 years. This has been achieved by combining the current research 

(2013–2015) with previous studies on mammals (2004–2008) and herpetofauna (2005–

2010) to determine long–term patterns of use. 

The study design was established primarily to assess the effectiveness of the passages at 

a multi–taxa community level, while also allowing direct comparison between the 

passages and the surrounding forests. The study design also had to resemble the layout 

and methodology used in previous studies to allow the inclusion of previous data. A 

capture–release methodology was used to monitor mammals and herpetofauna, which 

occurred every three to four months at ten sample sites between 2013 and 2015. A single 

pitfall/drift fence array and 10 mammal traps, as well as cameras, were used at each site, 

with cameras used in the underpass. Bat monitoring was completed using Echometer 

Touch bat call recorders at 10 transects along the roadside, undertaken twice a month for 

six months between December 2014 and July 2015. Of the 90 species recorded, over 74% 

of herpetofauna, 70% of mammal and 100% of bat species identified during the study 

were observed using the overpass, while 13% of herpetofauna and 45% of mammal 

species used the underpass. Some forest specialist species of bats and herpetofauna were 

found using, and in some cases colonising, the overpass, suggesting that the structure 

functions effectively as habitat; however, invasive predators are a serious concern. This 

long–term, comprehensive data provides new insights into how species assemblages 

respond to and utilise fauna passages over time, which addresses some fundamental 

questions currently being considered in the literature.  

Defining effective fauna passages, through a more substantial understanding of long–term 

use by diverse taxa, will assist in establishing new best–practice regimes. Road ecology 

must encompass innovative approaches to monitoring, including genetic research and the 

use of indicator species, combined with robust study designs and long–term monitoring, 

to further understand effective passage construction. Road ecology must also strengthen 

its partnership with those agencies charged with constructing and implementing road 

mitigation measures, which in turn must acknowledge the input of road ecology 

researchers. Only then will fauna passage research provide a sound basis for effective and 

practical solutions which may be applied to address the detrimental effects of roads on 

urban wildlife. 
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Are fauna passages effective in reducing road impacts on wildlife? 

1.1 Introduction 

Roads in a modern world 

Road infrastructure is of vital importance to modern society in our requirement for safe 

and efficient transport (Forman et al. 2003). Since the introduction of the mass production 

of vehicles in the 1900s, urban and rural communities alike are now highly dependent on 

roads to establish interconnected networks for people, produce and resources (Bennett 

1991; Andrews et al. 2008). In vast and expansive countries such as Australia, which is 

connected by approximately 913,000km of road (Australian Bureau of Statistics 2012), 

functioning road networks are vital to the successful operation of the country’s economy 

and society. With increasing urbanisation, road networks become a complex web of 

interconnected barriers that facilitate the creation of a highly modified matrix, within 

which remnant habitat often persists in isolation (Avila–Flores and Fenton 2005). 

Globally, roads comprise less than 1% of the total land surface (Forman et al. 2003); 

however, the environmental impacts associated with roads extend far beyond the physical 

surface and can have serious ecological consequences (Forman et al. 2003; Beckman et 

al. 2010; van der Ree et al. 2011; Berthinussen and Altringham 2012).  

Roads lead to environmental degradation at a scale disproportionate to the land they 

occupy (Bellis et al. 2007), with more than 20 individual ecological effects directly 

attributed to road presence (Forman and Deblinger 2000; Forman et al. 2003). The area 

of landscape affected by a road, referred to as the road effect zone (Forman 2000), 

encompasses all measureable environmental impacts (van der Ree et al. 2015a) and is 

ultimately determined by those factors that extend the furthest into the landscape (Forman 

and Deblinger 2000). The road effect zone is highly variable, depending on landscape 

features such as slope, microclimate and habitat (Forman and Alexander 1998; Jochimsen 
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et al. 2004), as well as road features such as width, traffic density, noise, light, dust 

(Forman et al. 2003; Bond and Jones 2008; Berthinussen and Altringham 2012; Jones et 

al. 2015), age, construction materials, human access and many other variables (Eigenbrod 

et al. 2009; van der Ree et al. 2015a). The road effect zone has been shown to extend 

anywhere from 100 m (Reijnen et al. 1995; Andrews et al. 2008; Eigenbrod et al. 2009) 

up to and beyond 1000 m (Eigenbrod et al. 2009) from the roadside. Road effects occur 

at a localised patch level, endangering local wildlife and reducing local habitat (Garden 

et al. 2010), while at a landscape scale they increase habitat fragmentation and facilitate 

widespread ecological degradation (Andrews et al. 2008).  

 

Seeking solutions 

 

Roads have been aptly labelled the sleeping giants of ecology (Forman and Alexander 

1998), with their conspicuous presence in the landscape almost completely overlooked 

until recently. Over the last few decades, the field of road ecology has expanded and 

matured dramatically, aiming to provide a solution–oriented framework for addressing 

the environmental effects of roads (Balkenhol and Waits 2009) and the interaction of 

organisms and their environment linked to linear infrastructure (Forman et al. 2003). 

Mitigation strategies aim to address the primary concerns associated with roads, in 

particular the direct impacts of roads on wildlife, but also the widespread isolation and 

fragmentation typically associated with roaded landscapes (Beckman et al. 2010). 

Common mitigation measures such as exclusion fencing (Clevenger et al. 2001), warning 

signage and reduced speed limits in wildlife–rich areas (Hobday and Minstrell 2008) 

accompany the construction of fauna passages, which are emerging as a vital component 

in addressing road effects (Corlatti et al. 2009; Beckman et al. 2010). These structures 

allow fauna to traverse a road safely, maintain natural movement patterns and reduce the 

level of roadkill (Forman et al. 2003; Bissonette and Adair 2008; Glista et al. 2009), with 

the general aim of overcoming barrier effects and habitat fragmentation. Although the 

amount of road ecology research is increasing significantly, information is still lacking 

on the extent to which roads impact the landscape, as well as how diverse flora and fauna 

adapt to roaded landscapes (Forman et al. 2003; Beckman et al. 2010).  
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1.2 Roads and wildlife 

The effects of roads are generally recognised as being detrimental to most wildlife. Fahrig 

and Rytwinski (2009) reviewed 79 studies addressing road impacts on 131 species and 

found that 114 (87%) showed negative effects, 22 (17%) showed positive effects and 56 

(43%) showed no effect. Those species that benefit from the presence of roads in a 

landscape are most commonly generalist in nature and can take advantage of the benefits 

provided by roads, such as an easy means of dispersal (Trombulak and Frissell 2000; 

Coffin 2007; Laurance et al. 2009; Morelli et al. 2014). Conversely, species that require 

specialised habitat or resources tend to be most affected with increased road density 

(Forman et al. 2003) and decreased resources (Fahrig 2003). Numerous studies have 

observed that a diverse range of vertebrates are negatively correlated with road density 

(Trombulak and Frissell 2000; Coffin 2007; Berthinussen and Altringham 2012), 

demonstrating that, although the impact of roads can be varied, on the whole the effects 

of roads on most species are detrimental. 

The impact of roads on wildlife can be direct or indirect (Trombulak and Frissell 2000; 

Bissonette 2002; Balkenhol and Waits 2009). Direct effects such as road related death or 

loss of immediate habitat with road construction impact local populations (Garden et al. 

2010), whereas indirect impacts such as habitat fragmentation and population isolation 

have far wider consequences (Forman and Alexander 1998; Spellerberg 1998; Trombulak 

and Frissell 2000; Forman et al. 2003; Jochimsen et al. 2004). At a landscape level, roads 

facilitate habitat degradation and cause widespread fragmentation, creating barriers to 

wildlife dispersal (Forman et al. 2003). Fragmentation in particular, limits the ability of 

animals to access critical resources, reduces population sizes (Taylor and Goldingay 

2009), restricts genetic diversity and alters population dynamics (Bellis et al. 2007). This 

increases the susceptibility of populations to decline and localised extinction (Forman et 

al. 2003; Bond and Jones 2008; Clevenger and Sawaya 2010). Habitat fragmentation 

caused by roads is thought to be more extreme and permanent when compared to other 

agents of fragmentation (Clevenger and Sawaya 2010). 



Page | 25 

Urbanisation, habitat loss and fragmentation 

Urbanisation has recently become the most significant cause of both habitat loss and 

fragmentation globally and is considered among the most influential factors in species 

extinction and decline (Fahrig 1997), impacting virtually all taxonomic groups (Fischer 

and Lindenmayer 2007). Urbanisation removes or fragments native ecosystems and 

replaces them with a matrix of development, homogeneous ecosystems and patchy natural 

landscape (Garden et al. 2010). Habitat loss refers to the loss of suitable habitat for a 

given species, resulting in that location becoming unsuitable for the species to persist 

(Lindenmayer and Fischer 2007), while habitat fragmentation occurs when large areas of 

habitat become bisected or isolated, resulting in smaller, more vulnerable patches of 

habitat (Kautz et al. 2010). Habitat loss is considered to be one of the primary causes of 

biodiversity decline worldwide (Hilty et al. 2006), and is a leading cause of 

fragmentation, potentially the most devastating of all road effects (Forman et al. 2003).  

Road ecology research has convincingly attributed increasing rates of habitat loss and 

fragmentation directly to roads and associated urbanisation (Andrews 1990; Forman et 

al. 2003; Holderegger and DiGiulio 2010). Vos and Chardon (1998), for example, showed 

that habitat choice by moor frogs (Rana arvalis) in the Netherlands depended on road 

density, with areas adjacent to motorways having reduced moor frog occupancy by 44%. 

Similarly, koala (Phascolarctos cinereus) populations in south east Queensland, 

Australia, exhibited a sensitivity to habitat fragmentation, with koala numbers observed 

to increase with forest size and decrease with road densities (McAlpine et al. 2006). Many 

of the impacts associated with habitat fragmentation are as a direct result of barriers 

reducing faunal movement.  

Barrier effects 

Spatial continuity across natural landscapes is vital for population viability and 

persistence (Andrews et al. 2008). Roads successfully fragment landscapes when they are 

effective barriers to animal movement (Forman et al. 2003; Shepard et al. 2008a). This 

can occur through individual mortality with failed crossing attempts, or changes in 

behaviour associated with road avoidance (Forman et al. 2003; Coffin 2007; van der Ree 

et al. 2015a). Barrier effects are widely discussed in road ecology literature (eg. Bennett 



Page | 26 

1991; Forman et al. 2003; Coffin 2007; Eigenbrod et al. 2009; van der Ree et al. 2015a) 

although, the extent to which they affect local fauna populations will be determined by 

physical and behavioural characteristics of species and the characteristics of roads (Coffin 

2007). The restriction of animal movement can have profound ecological consequences 

that include, but are not limited to, individual fitness, population structure and persistence 

and species diversity (Bissonette and Adair 2008). Many animals have shown a tendency 

to be restricted by road barrier effects, from birds (Jones and Pickvance 2013; Pell and 

Jones 2015), mammals (Dyer et al. 2002; Waller and Servheen 2005; McGregor et al. 

2008; Yokochi et al. 2015), herpetofauna (Shine et al. 2004; Marsh et al. 2005) and bats 

(Kerth and Melber 2009; Abbott et al. 2012). 

Genetic isolation is the ultimate consequence of barrier effects, arising when immigration 

is partially or fully restricted, which typically increases vulnerability to localised decline 

or extinction (Coffin 2007; Corlatti et al. 2009). Investigations of the genetic 

consequences of road barrier effects (Gerlach and Musolf 2000; Johansson et al. 2005; 

Shepard et al. 2008a) often found detectable genetic differences, such as variation in allele 

frequencies, in populations that encounter road barriers (Gerlach and Musolf 2000; 

Johansson et al. 2005). Road avoidance behaviour contributes substantially to barrier 

effects and has been noted in a range of species (Jochimsen et al. 2004). For example, 

blue–tongue lizards (Tiliqua scincoides) have been observed actively avoiding crossing 

roads (Koenig et al. 2001) while genetic drift increases with avoidance behaviour in 

endangered eastern massasauga rattlesnakes (Sistrurus catenatus), eastern box turtles 

(Terrapene carolina carolina) and ornate box turtles (Terrapene ornata) (Shepard et al. 

2008a). Burnett (1992) found that many small mammal species were reluctant to cross 

roads in tropical Queensland rainforests, which was attributed to behavioural avoidance 

and Yokochi et al. (2015) observed that western ringtail possums (Pseudocheirus 

occidentalis) never successfully cross a major road during the study. This was attributed 

to the physical barrier of the road posing direct risk to possums attempting to cross. 

Roadkill 

Roadkill is the most noticeable of all road impacts and is recognised as a major source of 

fauna mortality worldwide (Goosem et al. 2001; Taylor and Goldingay 2004; Bellis et al. 

2007; Bond and Jones 2008; Hayes and Goldingay 2009; Berthinussen and Altringham 
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2012). Wildlife loss from roadkill can cause population decline and localised extinction, 

particularly in areas where small or isolated populations fail to compensate for the impact 

of mortality from roads (Andrews 1990). In the United States of America, it has been 

estimated that up to 1 million fauna fatalities occur due to vehicle collisions every day 

(Lalo 1987), while a review by Glista et al. (2009) documented 10,515 road mortalities 

over 1,488 km of road in Indiana alone. Of these, 9,950 (95%) individuals were 

amphibians and reptiles, 360 (3%) were mammals and 205 (2%) were birds. Roadkill is 

very common in Australia, with approximately one bird killed every 13 km and one 

mammal killed every 30 km (see Andrews 1990). Larger Australian mammals such as 

wallabies are particularly at risk of population level impacts from roadkill deaths, with 

studies showing populations of swamp wallabies (Wallabia bicolor) (Ramp et al. 2006) 

and tamar wallabies (Macropus eugenii) (Chambers and Benici 2010) are at risk of 

decline and extinction in isolated populations, where the effects are magnified. 

Herpetofauna fatalities are also common on Australian roads, potentially surpassing 

roadkill numbers of any other taxa. Conservative estimates by Ehmann and Cogger 

(1985) suggested approximately 5.5 million herpetofauna deaths annually. More recently, 

Goldingay and Taylor (2006) concluded that populations of Wallum sedge frog (Litoria 

olongburensis) and Wallum froglet (Crinia tinnula) are likely to be significantly impacted 

by road deaths in north–eastern New South Wales. Their study estimated roadkill deaths 

of over 40,000 frogs during a single summer period along a 4 km stretch of road. Studies 

such as this highlight the frequency and potential impact roadkill can have on populations 

where roads bisect natural habitat. 

Behavioural and physiological vulnerability 

The extent to which roads and associated disturbances impact wildlife populations is 

highly variable, influenced by the behavioural and physiological sensitivities of any given 

species (Forman et al. 2003). Some species exhibit changes in breeding, courtship and 

foraging behaviours when presented with road interference, which often occurs with 

species that use aural cues as part of mate choice activities (Forman and Alexander 1998; 

Andrews et al. 2008). Variation in, or stress in producing and receiving, vocalisations has 

been noted in birds attempting to overcome urban noise (Slabbekoorn and Peet 2003), a 

phenomenon also observed in amphibians (Bee and Swanson 2007; Parris et al. 2009). 

Similarly, individual coyotes (Canis latrans) in Canada that are able to shift to more 
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nocturnal activity cycles, and therefore reduce activity time overlap with people, which 

actively reduces the likelihood of roadkill fatality (Murray and St. Clair 2015). 

Conversely, many animals are unable to adapt, while others, due to evolutionary and 

behavioural differences, are highly vulnerable to the effects of roads. 

Evolutionary and behavioural differences including life history traits, physiological and 

ecological requirements or restrictions are considered determining factors to the 

susceptibility of taxa to roads (Fahrig 1997; Forman et al. 2003). Consequences of road 

mortality are far more prevalent in species with low adult mortality or delayed 

reproduction (Jochimsen et al. 2004; Shepard et al. 2008b). For example, many turtle 

(Steen and Gibbs 2004) and bat species (Fahrig and Rytwinski 2009; Altringham 2011; 

Medinas et al. 2013) are long–lived and have low reproductive rates which magnifies the 

potential impact of road–related fatalities. Actively exhibiting natural behaviours around 

roads can also be lethal, for example, among many insectivorous bird species individuals 

may pursue insects attracted to the surfaces along roads (see Andrews 1990). Similarly, 

carnivores such as the European polecat (Mustela putorius) (Barrientos and Bolonio 

2008) and carpet pythons (Morelia spilota) (Freeman and Bruce 2006) are potentially 

more vulnerable to road fatalities when their primary dietary sources are abundant on road 

verges.  

Dispersal ability also affects species’ vulnerability to roads; slow moving animals, for 

example, are more likely to be killed during road construction and by traffic (Trombulak 

and Frissell 2000), while species with high dispersal capabilities are thought to be more 

vulnerable to roadkill, but potentially cope better with habitat loss (Forman et al. 2003). 

Roads can offer opportunities for dispersal among animals that are behaviourally or 

physiologically able to adapt quickly to change and are generalist in habitat requirements 

(Forman et al. 2003). A review by Fahrig and Rytwinski (2009) demonstrated that some 

species, such as cane toads (Rhinella marina) that utilise roads for dispersal are able to 

invade or colonise disturbed habitats. As an introduced and highly invasive species in 

Australia, the cane toad has utilised road networks to facilitate invasion of much of 

northern and eastern Australia (Seabrook and Dettmann 1996; Brown et al. 2006), 

expanding at a rate of approximately 50 km per year (Phillips et al. 2006). Such studies 

demonstrate that although roads can be of benefit to some fauna, usually the associated 

outcome is not of benefit to native fauna populations. 
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1.3 Effective application of fauna passages 

The expansion of transport systems worldwide has stimulated the development of 

mitigation strategies aiming to reduce biodiversity loss and enhance the viability of 

species persistence (Clevenger and Sawaya 2010). Approaches such as the preservation 

of landscape corridors, protection of habitat remnants and the retention or construction of 

natural bushland are becoming commonplace in planning for future urban construction 

(van der Ree et al. 2015a). Mitigation strategies such as the construction of fauna 

movement passages are also gaining increasing recognition as potential tools to reconnect 

already fragmented urban landscapes (Jones and Bond 2010). When integrated into road 

construction designs (See Harris et al. 2010), these passages can avoid further landscape 

fragmentation (Clevenger and Waltho 2003). The potential for fauna passages to mitigate 

or reduce barrier effects, increase habitat connectivity and avoid roadkill is becoming 

increasingly evident throughout the world (eg. Clevenger and Waltho 2005, Bissonette 

and Adair 2008; Bond and Jones 2008; Glista et al. 2009).   

The earliest purpose–built fauna passages were constructed in Europe and North America 

in the mid–1960s (Forman et al. 2003). Since then, fauna passages have been widely used 

to mitigate the negative impacts imparted on fauna by roads, particularly in Europe and 

North America (Glista et al. 2009). The introduction of fauna passages has only been 

recent in Australia (Goosem et al. 2001; Bond and Jones 2008; Hayes and Goldingay 

2009), with a comparatively small number of studies conducted on their application and 

success (Taylor and Goldingay 2003; Bond and Jones 2008; Taylor and Goldingay 2009). 

Since the early 2000s, a number of vegetated overpasses (see Bond and Jones 2008), 

arboreal overpasses (see Goosem et al. 2006; Taylor and Goldingay 2010; Weston et al. 

2011) and various kinds of underpasses (see Goosem et al. 2001; Abson and Lawrence 

2003; Bond and Jones 2008) have been implemented in Australia. 

Overpasses 

Fauna overpasses (synonyms: ecoduct, landbridge, green bridge) are the most 

conspicuous and complex fauna passages. Overpasses were traditionally designed to 

facilitate the movements of larger mammals but more recently have been viewed as being 

of benefit to a much larger array of species (Glista et al. 2009; Hayes and Goldingay 
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2009). Vegetated overpasses are the pinnacle of fauna passage construction, consisting of 

planted vegetation that attempts to mimic the surrounding habitat, thereby providing 

continuous cover from one side of the road to the other. Many vegetated overpasses also 

include sections of open structure as preferred by many larger ungulates (Jones and Bond 

2010; Glista et al. 2009; Clevenger and Ford 2010). Recent interest in the capacity for 

these overpasses to be used by smaller species that were not initially considered in the 

design (non–target species) has found many taxa are utilising these structures (Jacobson 

2005; Tremblay et al. 2009). This has been noted to occur more frequently when the 

vegetation on the overpass closely resembles that of the natural landscape (Jones and 

Bond 2010), facilitating a continuation of the natural landscape. In addition to the typical 

fauna overpass, structures such as various arboreal mammal overpasses (see Goosem et 

al. 2006) and glider poles (See Taylor and Goldingay 2003) have also been implemented 

to facilitate the safe crossing for wildlife.  

There has been considerable development in the design and construction of fauna 

overpasses in the last 10 years. This is most clearly evident in Europe where the relatively 

simple traditional and narrow designs have been superseded by sweeping concrete 

structures, sometimes of considerable widths, that provide extensive crossing areas for 

wildlife. The examples shown below (Figure 1.1) are both typical grassed open 

overpasses without significant planted vegetation. This is because both are located in 

pastoral lands and are intended primarily for use by deer.  
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Figure 1.1. Modern fauna overpasses in Europe; M7 in southern Hungary (above) and 

A66 motorway in north–west Spain (below) (Photographs taken from Jones 2010). 

In contrast, all of the Australian fauna overpasses have been planted with a wide variety 

of local plants specifically to resemble the neighbouring forests (see Jones et al. 2011). 

This is typical of the Compton Road overpass near Brisbane, Queensland, and many other 

Australian overpasses, such as the one at Bonville in northern New South Wales (Figure 

1.2).  
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Figure 1.2. Australian overpasses; Compton Road overpass in Brisbane, Queensland 

(above) (photograph: M. McGregor) and Bonville overpass, New South Wales (below) 

(Photograph: D. Jones). 

The design requirements of Australian overpasses are largely dictated by the requirement 

for substantial soil depth to support the vegetation that will grow (Department of Main 

Roads 2000). This difference in design is directly related to the target species and 

naturally occurring vegetation of the local area, for example the typical open surfaces that 

characterise European overpasses are ideal for the movement of deer and large carnivore 

populations (Clevenger and Waltho 2005). In Australia, the focus is much broader and 

although larger mammals (primarily macropods) are of primary interest, fauna overpasses 

can also benefit a diverse array of species if they are appropriately vegetated (McGregor 

et al. 2015).  
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Underpasses 

Fauna underpasses, although less conspicuous than overpasses, have been successful in 

facilitating the movement of certain fauna populations (Abson and Lawrence 2003; Mata 

et al. 2004; Bond and Jones 2008). Underpasses are often cheaper and easier to install, 

and as a result are the more common form of fauna passage. The successful establishment 

of underpasses has received far more research attention than overpasses (Corlatti et al. 

2009), demonstrating their use by a variety of taxa, including large mammals (Clevenger 

and Waltho 2000), small mammals and herpetofauna (Abson and Lawrence 2003; Taylor 

and Goldingay 2003).  

Although underpasses may be considerably less diverse in structure and function 

compared with overpasses, the variation in size and fitout is considerable.  One example 

of this is the fauna underpass which accompanies a fauna overpass at Bonville, New South 

Wales. The Bonville underpass is one of a number of under–road passages that reconnects 

habitat across the Pacific Highway, fit with logs and shelving (furniture) to facilitate the 

movement of species such as koalas (Figure 1.3) 

Figure 1.3. One of Australia’s newest underpasses, fit out with wildlife furniture, 

underneath the Pacific Highway, Bonville New South Wales (photograph: M. 

McGregor).  
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An important feature of underpasses compared to overpasses is that many are able to 

facilitate the movement of aquatic or semi–aquatic species (Figure 1.4). Some aqueducts 

or flood mitigation structures may also inadvertently become wet culverts for the safe 

passage of amphibians (Yanes et al. 1995); however, the disadvantage of fully wet 

passages is that most non–aquatic species are unlikely to use them. This has led to some 

underpass designs, such as the underpass at Compton Road, to include split levels, to 

accommodate aquatic species when the underpass is wet, while still allowing a dry 

passage for other species. 

Figure 1.4. Wet culverts accompany the Bonville underpasses to facilitate movement 

underneath the Pacific Highway, New South Wales (photograph: M. McGregor). 

1.4  Potential and target wildlife 

The success of any given fauna passage will depend on a number of variables such as the 

structure and function of the passage, and the requirements of potential and target fauna 

communities. It is critical that the diversity and ecological requirements of the 

surrounding fauna communities be considered prior to implementation (Jochimsen et al. 

2004) as well as the species specific suitability of different passage designs. In global 

reviews of fauna passage success, mammals are by far the most researched, followed by 

reptiles, birds and then amphibians (Taylor and Goldingay 2010). Bats have received 

almost no attention, with only a handful of papers investigating the use of fauna passages 

by bats (Bach and Muller–Steiss 2005; Abbott et al. 2012). 
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Mammals 

 

Mammals are usually the largest taxa and the most clearly associated with risk of collision 

with vehicles on roads (Taylor and Goldingay 2010). As a result, they have been the 

primary focus of fauna passage research to date (Jochimsen et al. 2004; Taylor and 

Goldingay 2010). The use of fauna passages by mammals is largely dependent on specific 

requirements for any given species, as features such as size are highly variable between 

mammal species (Forman et al. 2003). Overpass success in France and Switzerland has 

been demonstrated for larger mammals including European roe deer (Capreolus 

capreolus), wild boar (Sus scrofa), Eurasian badgers (Meles meles) and red foxes (Vulpes 

vulpes), which all use overpasses frequently (see Corlatti et al. 2009). Similarly, 

Bissonette and Adair (2008) reported increased landscape permeability for large 

mammals, and a substantial decrease in roadkill incidents, from an overpass in North 

America. In Australia, small mammals have been found to readily use underpasses, 

overpasses and rope bridges. Bond and Jones (2008), for example, determined use of a 

fauna passage in south east Queensland through the use of scat abundance to determine 

crossing by mammalian species. This study reported scat appearance as early as three 

weeks after construction, with three macropod species and European hares (Lepus 

europaeus) detected early in the study. Similarly, Goosem et al. (2006) and Taylor and 

Goldingay (2012) determined that rope bridges and glider poles (respectively) were 

effective at reconnecting fragmented habitat in Queensland, for several arboreal mammal 

species.  

 

Studies focussing on the use of underpasses by mammals are far more numerous than 

those for overpasses (Corlatti et al. 2009). Underpass use by mammals largely depends 

on the requirements and individual preferences of each species. Elk (Clevenger and 

Waltho 2005) and various species of deer (Reed et al. 1975) for example, are influenced 

by the length of underpasses, while grizzly bears (Ursus arctos horribilis) and other 

carnivores are affected by proximity to townships (Clevenger and Waltho 2005). In 

Australia, Bond and Jones (2008) used a sand tracking technique to detect 16 taxa utilising 

underpasses, and found that mammals comprised 59.7% of all track data. Species using 

these underpasses included Rattus species, common dunnarts (Sminthopsis murina), 

bandicoots and house mouse (Mus musculus). Harris et al. (2010) also observed very 

successful underpass use by southern brown bandicoots (Isoodon obesulus fusciventer) 
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in Perth, Western Australia, with 278 complete crossings between two underpasses, 

beginning immediately after construction. In the Australian Alps, underpasses (aptly 

named the ‘tunnel of love’) have been used to successfully reconnect isolated groups of 

mountain pygmy possums (Burramys parvus), an endangered arboreal mammal, to 

encourage successful breeding (Mansergh and Scotts 1989). The tunnel was used 

immediately after construction and increased female survival from 57% to 96% by 

allowing the dispersal of males after breeding and allowing sufficient food for females 

(Mansergh and Scotts 1989). Further study by van der Ree et al. (2009) confirmed that 

the underpass continues to facilitate the movement of mountain pygmy possums with 

commendable success. 

 

Herpetofauna 

 

Reptiles and amphibians (herpetofauna) are thought to be especially vulnerable to the 

effects of roads (Bennett 1991; Woltz et al. 2008; Eigenbrod et al. 2009). Herpetofauna 

exhibit many characteristics that increase road vulnerability as they are typically slow–

moving, ground–dwelling and often disperse or migrate long distances (Carr and Fahrig 

2001). Herpetofauna are also especially at risk of road effects due to thermoregulatory 

requirements that attract them to warm road surfaces (Forman et al. 2003; Mccardle and 

Fontenot 2016). Due to these requirements, these taxa are prone to road fatality (Andrews 

and Gibbons 2005; Clark et al. 2010), while some studies have reported herpetofauna to 

be the taxa most frequently killed by traffic (Puky 2003; Glista et al. 2009). Road presence 

and the reduction of landscape permeability also have implications for reptile 

reproductive behaviour, significantly modifying movement and breeding ability. Shine et 

al. (2004), for example, observed that common garter snakes (Thamnophis sirtalis 

parietalis) actively avoid crossing narrow gravel roads and were less able to follow 

substrate deposited pheromone trails left by females if the trails crossed a road. Effects 

such as these have been shown to drastically modify the genetic diversity of populations 

divided by roads (Steen and Gibbs 2004; Clark et al. 2010) and have been strongly 

implicated in the decline of several species (see Corlatti et al. 2009).  

 

Historically, fauna passages have been designed specifically for large mammals (Forman 

et al. 2003) while very few passages have been designed specifically to accommodate 

herpetofauna. Nonetheless, herpetofauna have been observed utilising underpasses and 



Page | 37 

 

overpasses (Abson and Lawrence 2003; Bond and Jones 2008; Mata et al. 2008), as well 

as opportunistically using existing wet culverts and drainage tunnels (Yanes et al. 1995). 

More recently, large numbers of purpose–designed amphibian tunnels have been 

constructed particularly in Europe (Puky 2003). These are among the most successful 

examples of fauna passage use worldwide, significantly reducing roadkill rates of 

amphibians and demonstrating positive outcomes by reconnecting local populations 

(Langton 1989; Puky 2003). The most celebrated example of a herpetofauna–specific 

passage is the famous Groene Woud in the Netherlands, which was designed specifically 

for local amphibian populations (van der Grift et al. 2009a). A vital component of the 

success of this specialised fauna overpass was the establishment of a string of ponds and 

waterways across the length of the overpass, resulting in the colonisation of six amphibian 

species (van der Grift et al. 2009a). In Australia, studies have demonstrated the use of 

fauna underpasses by amphibians, from Queensland (Bond and Jones 2008) to Victoria 

(Abson and Lawrence 2003). Abson and Lawrence (2003) observed 6 of the 7 captured 

species around the Slaty Creek underpass were crossing freely, while 5 of the 8 reptile 

species inhabiting the area were utilising the underpass. Herpetofauna are rarely the 

intended target of fauna passage implementation and more information is required to 

understand how successful fauna passages are in reconnecting herpetofauna species in 

fragmented landscapes, both globally, and in Australia.  

 

Bats  

 

Very little research has been conducted on the impact of roads on bat movement 

worldwide compared with other taxa (Abbott et al. 2012; Berthinussen and Altringham 

2012). This may be attributable to the assumption that flying vertebrates are less affected 

by habitat fragmentation (eg. Gilbert 1989; Kociolek et al. 2011). It is becoming 

increasingly evident that this is not the case, and increased longevity and low fecundity 

rates of many bat species makes them especially susceptible to the effects of roads and 

urbanisation (Fahrig and Rytwinski 2009; Altringham 2011; Medinas et al. 2013). Several 

studies suggest that roads act as a barrier to bat populations (Kerth and Melber 2009; 

Bennett and Zurcher 2012; Berthinussen and Altringham 2012), specifically by restricting 

dispersal for roosting and foraging (Abbott et al. 2012). Other studies recorded variation 

in bat behaviour along roads with some species displaying road avoidance behaviour 

(Zurcher et al. 2010; Bennet and Zurcher 2013). Road effects on bats are often species 
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specific, with morphological characteristics of some bats dictating the species’ ability to 

overcome habitat fragmentation (Rydell 1992; Kerth and Melber 2009). The vulnerability 

of bats to roads is also dictated by species variation, with slow–flying, gleaning bats often 

reluctant to cross roads, a behaviour not observed in high–flying species (Kerth and 

Melber 2009). Bats are also greatly affected by light and noise pollution compared with 

many other taxa, which can impact foraging activity (Berthinussen and Altringham 2012). 

Increased artificial light can dramatically reduce foraging activity and delay commuting 

behaviour in lesser horseshoe bats (Rhinolophus hipposideros) (Stone et al. 2009) while 

passive listening species, such as the greater mouse–eared bats (Myotis myotis), are 

negatively impacted by road noise at foraging sites (Schaub et al. 2008).  

 

Studies specifically investigating fauna passage use by bats are almost non–existent. 

Kerth and Melber (2009) determined that motorways in Germany pose restrictions on 

habitat accessibility for two threatened forest dwelling bat species, barbastelle bats 

(Barbastella barbastellus) and Bechstein’s bats (Myotis bechsteinii). The study 

demonstrated that western barbastelle bats crossed the motorway freely, though 

sometimes utilising the local underpass, while all three Bechstein’s bats observed 

crossing the road would only use the underpass. In a study more specifically addressing 

the utility of fauna passages by bats, Abbott et al. (2012) determined that bat species in 

Ireland respond to fauna passages differently: five species of bat were observed using 

underpasses to traverse the roadway, while some traversed the high risk area underneath 

an overpass. This study agreed with Bach et al. (2004) that overpasses supported less bat 

activity than underpasses. Bach et al. (2004) suggested that overpasses may be too open, 

lacking structure, shelter or guiding vegetation. To date, no Australian studies have been 

published on the effects of fauna passages on bat species, even though Australia has 

among the most diverse bat assemblages in the world (Churchill 2009).  

 

Prey–trap hypothesis 

 

The suggestion that fauna passages may facilitate predation, by increasing the ability for 

predators to ambush prey using the passages, is a concern frequently raised in the 

literature and the general community (Little et al. 2002; Bond and Jones 2008; Ford and 

Clevenger 2010; Mata et al. 2015). In a comprehensive literature review of this topic, 

Little (2003) points out that Australia’s apex predators have not evolved in conjunction 
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with the native fauna, unlike Europe and North America. In Australia, introduced species 

such as dogs (Canis lupus familiaris), red foxes and domestic cats (Felis catus) may take 

advantage of fauna passages to prey on native species. Introduced predators have been 

shown to utilise roads for foraging and movement (Bennett 1991; Little 2003), while 

foxes, cats (Taylor and Goldingay 2003) and dogs (Bond and Jones 2008) have all been 

observed using wildlife tunnels for movement in Australia. Bond and Jones (2008) 

reported that introduced species accounted for 5.4% of the total identifiable species 

crossings at Compton Road, Queensland, while Harris et al. (2010) observed that 

underpass use by foxes correlated with a decline in underpass use by southern brown 

bandicoots near Perth, Western Australia.  However, Ford and Clevenger (2010) observed 

that predator/prey interactions at fauna passages in Banff National Park, Canada, did not 

support a prey–trap hypothesis. Regardless, this should remain a management 

consideration when assessing the effects fauna passages may have if they are utilised by 

predatory species, particularly in Australia. 

1.5 Knowledge gaps 

The importance of road networks connectivity to an expanding modern world means it is 

impractical to expect that the impact of roads can be removed entirely (Garden et al. 

2010).  Therefore it is vital to explore, understand and establish effective mitigation 

strategies that can be incorporated into transport systems to ease these ecological impacts. 

Fauna passages have been praised as an effective means to address these environmental 

concerns; however, the construction and implementation of passages worldwide is 

currently outpacing the research that demonstrates their success (Taylor and Goldingay 

2010). Most research to date has only reported observational evidence for crossing use, 

with few studies addressing the differences in crossing numbers before and after 

construction, and fewer still address the effectiveness of crossings for population gene 

flow (Corlatti et al. 2009). In Australia, although our understanding of the potential 

success of fauna passages is gaining pace, there is still a long way to go in both the 

implementation and dedicated research of fauna passages. 
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Quantifying effectiveness 

 

Despite increasing numbers of fauna passages being constructed worldwide (primarily in 

Europe and North America), systematic ecological information on the effectiveness of 

fauna passages is limited (Bond and Jones 2008). Critical differences have been identified 

between the successful use of fauna passages by individuals and the actual effectiveness 

of fauna passages, based on criteria such as population connectivity or gene flow (Forman 

et al. 2003; Bellis et al. 2007; van der Ree et al. 2007; van der Grift and van der Ree 

2015). Studies that have critically evaluated the current understanding of effective fauna 

passage application have questioned whether current research demonstrates effective use 

of fauna passages on an ongoing basis–i.e. to establish connectivity and overcome the 

barrier effect, or whether much of the research merely identifies some fauna passages 

have been successfully used by some individuals. Many studies have indeed demonstrated 

that passages are used by many fauna species; however, the overall mitigation of 

fragmentation and edge effects depends strongly on the long–term effectiveness of fauna 

passages.  

 

Forman et al. (2003) suggests that road ecology research has determined six criteria as a 

means to evaluate the effectiveness of fauna passages, in relation to the goals of road 

mortality reduction and barrier effects. The criteria include: (1) reduction of fauna fatality 

rates post mitigation efforts; (2) maintenance of habitat connectivity; (3) persistence of 

gene flow among populations; (4) confirmation that biological requirements are met; (5) 

allowance for dispersal and recolonisation; (6) maintenance of metapopulation processes 

and ecosystem function. Studies cannot realistically be expected to encompass and assess 

all of these criteria; however, they are a firm basis upon which to construct monitoring 

programs of fauna passages for the best possible outcomes. Studies which aim to address 

the effective application of fauna passages should encompass one or more of these criteria 

in order to be successful. 

 

Study duration 

 

Recent reviews have resoundingly agreed that study longevity is vital in assessing the 

effectiveness of any fauna passage (Clevenger and Waltho 2005; Bond and Jones 2008; 

Shepard et al. 2008a). Fauna passage use has been shown to change over time, as the 
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animals adapt to passage implementation and begin to utilise the structures as a part of 

their natural habitat (Clevenger and Waltho 2005; Bond and Jones 2008). The lack of 

detailed information demonstrating effective fauna passage use is a consequence of the 

longevity of many studies to date, as short–term studies are usually insufficient for 

determining measureable effectiveness (Forman et al. 2003). In addition, few mitigation 

programs have addressed temporal change or implemented monitoring programs that 

sufficiently address change pre and post construction (Clevenger and Waltho 2005; 

Corlatti et al. 2009). Consequently, studies do not address the settling period required for 

many species to adjust to new structures, which can potentially take several years 

(Clevenger and Waltho 2003; Forman et al. 2003). This can depend on species preference, 

vegetation establishment or the physical presence of passages within the landscape. To 

effectively monitor the successful establishment of fauna passages, long–term monitoring 

of fauna passages must be implemented, extending well beyond the construction stage, 

with literature recommending monitoring periods of at least four years (Clevenger and 

Waltho 2003) 

 

Long–term studies conducted in Australia are largely absent (Garden et al. 2006) which 

presents a problem with accessing applicable research for addressing road–based 

fragmentation within this country. Australia’s unique flora and fauna communities, along 

with unusual landscape, climate and position within the Southern Hemisphere, prevent 

much ecological research gathered from Northern Hemisphere from being directly 

applicable. Unfortunately, the majority of studies that address the effectiveness of fauna 

passages have been conducted in the Northern Hemisphere, with relatively little research 

conducted in Australia (Taylor and Goldingay 2003; Hayes and Goldingay 2009; Taylor 

and Goldingay 2010). 

 

A community approach 

 

Studies that implement long–term monitoring, as well as studies that take a multi–taxa 

approach, are lacking (Clevenger and Waltho 2005). Most studies have tended to focus 

on single species when determining fauna passage success; this is particularly true in 

Australian studies (Taylor and Goldingay 2010). Clevenger and Waltho (2005) described 

fauna passages as selectively permeable, suggesting that single species monitoring 

programs have the potential to fail in recognising barrier effects impacting non–target 
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species. Considering the interrelated nature of ecosystems, taking a single species 

approach means the potential to overlook requirements for other species, or ecosystem 

functions, is magnified (Forman et al. 2003). Clevenger and Waltho (2003) demonstrated 

that taxa can respond differently to fauna passages, highlighting a definite requirement 

for multiple–species approaches in addressing successful crossing implementation. 

Similarly, Garden et al. (2010) highlighted the requirement for considering environmental 

variables operating at multiple spatial scales, to ensure the importance of any single 

variable is not overlooked or over emphasised. Research that encompasses multiple taxa, 

multiple spatial scales, or potentially both, will be key in providing the most 

comprehensive and accurate understanding of fauna passage success, facilitating the most 

effective conservation outcomes. 

1.6 Thesis aims 

The expansion of the urbanised world has seen an increase in awareness of the devastating 

effects of roads, as well as an increase in mitigation strategies aiming to reduce 

biodiversity loss and enhance the viability of species persistence. Fauna passages, in their 

many forms, are gaining increasing recognition as features of the urban landscape, as they 

hold great potential for overcoming barrier effects, increasing habitat connectivity and 

reducing roadkill. However, reliable, systematic research into the effectiveness of fauna 

passages is lacking and there is an uneven research focus on some taxa, while others have 

been largely ignored. Ongoing monitoring programs that assess the effective 

implementation of fauna passages are required to understand their full benefit to a myriad 

of species.  

The purpose of this thesis is to address a number of the current knowledge gaps 

throughout fauna passage research, particularly in regard to Australian fauna. The general 

aim of this thesis is to determine whether the Compton Road fauna passages (overpass 

and underpasses) effectively facilitate increased habitat connectivity for diverse non–

target species and whether they have done so over the last 10 years. More specifically, 

this thesis aims to determine the individual use of the fauna overpass, in particular by taxa 

that have not been the primary focus of fauna passage research in the past: small 

mammals, bats and herpetofauna. Furthering the research already completed on small 

mammals will aim to determine how small mammal use of the fauna passages has 
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changed over the previous decade, while new and ongoing study of herpetofauna in the 

area will examine not only whether these species utilise the overpass for travel, but also 

whether they have colonised the constructed habitat. The bat component of this research 

is unique within Australia, and one of very few attempts to quantify the use of a vegetated 

fauna overpass by bats globally. The specific aim of this component of the research was 

to provide some evidence of whether microbat communities utilise the overpass, and if 

so, to what extent. 

1.7 Thesis content 

This thesis contains eight chapters. Chapter two outlines the study site and methodology 

employed to achieve the study aims and objectives. This chapter describes the Compton 

Road fauna array and details the features particularly relating to the vegetated fauna 

overpass and the fauna underpasses that comprise the site. Justification of the choice of 

study site and the methodology rationale validate the basis for this research.  

Chapter three is a method–focussed chapter that evaluates tattoo pens as a low–cost 

method for in–field permanent marking; a method that was used to permanently mark 

northern brown bandicoots (Isoodon macrourus) and common brushtail possums 

(Trichosurus vulpecula) during this study, with resounding success. The analysis 

compares capture rates of both target species when a non–invasive marker pen method 

was used to mark animals, compared with capture rates when tattooing was used. 

Chapter four investigates whether the Compton Road overpass enhances habitat 

connectivity for herpetofauna that live in the surrounding forest. In addition, it 

investigates whether these herpetofauna use the overpass as an extension of natural 

habitat. This was achieved by pitfall sampling at seven sites between June 2005 and 

February 2010, starting approximately six months after overpass construction. 

Chapter five combines data from McGregor et al. 2015 (Chapter four) with new results 

to synthesise a long–term pattern of effective crossing implementation for herpetofauna 

by analysing community change on the overpass since the initial research period. This 

was achieved using the same pitfall method as the original research paper, at 10 sample 
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sites between 2013 and 2015. This chapter also discusses a novel approach to utilising 

herpetofauna as indicators of fauna passage acclimation. 

 

Chapter six investigates whether the Compton Road overpass increases road permeability 

for microbat species that live in the surrounding forest.  This was achieved using bat call 

detectors to determine activity hotspots and species richness around Compton Road and 

on the overpass. 

 

Chapter seven combines data from two other studies based at Compton Road to synthesise 

a long–term pattern of effective crossing implementation for mammals. This chapter also 

discusses difficulties in obtaining the support for, and the implementation of, long–term 

monitoring of fauna passages. 

 

Chapter eight discusses the outcomes, short falls and future of this research as a whole, 

as well as how this research has contributed to road ecology and the progression of new 

knowledge and innovative ideas. It also discusses the potential future pathway of road 

ecology research and how long–term, holistic goals will be achieved. 
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Study site and methodology 

2.1 Study site 

Compton Road is located in the suburbs of southern Brisbane, approximately 20 km from the 

Brisbane central business district. Compton Road extends from Beaudesert Road in Calamvale 

(27° 61 10.57” S, 153° 05 12.67” E) to Logan Road in Slacks Creek (27° 61 44.07” S, 153° 12 

08.73” E) and is classed as a major urban arterial, consisting of two dual lanes and a speed limit 

of 70 km/hr. Traffic volume on Compton Road is currently estimated at approximately 10,000 

cars per day (Brisbane City Council 2014). This is approximately double the traffic recorded 

at the time of the fauna crossing construction (2005), when traffic was estimated at just over 

5000 vehicles per day (Veage and Jones 2007). Compton Road bisects two of the region’s most 

significant urban bushland remnants: Karawatha Forest Reserve to the south and Kuraby 

Bushland to the north (Jones et al. 2010) (Figure 2.1). Both of these reserves have been formally 

declared to be of bioregional and state biodiversity significance (Mack 2005), providing 

relatively undisturbed habitat for a wide range of native flora and fauna (Veage and Jones 

2007).  
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Figure 2.1. Karawatha Forest and Kuraby Bushland are located on the southern edge of 

Brisbane, bordering the City of Logan. Compton Road bisects the two reserves, which are 

connected by fauna passages. 
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Karawatha and Kuraby reserves 

Karawatha Forest (940ha) is one of Brisbane’s most well–known recreational nature reserves. 

Existing as a wildlife refuge within the surrounding suburban matrix, Karawatha was made a 

Brisbane City conservation reserve in 1975 (Brisbane City Council 2015). Karawatha is open 

to the public for minimum impact recreational activities (cycling, walking) whereas Kuraby 

Bushland exists purely for conservation purposes. Kuraby Bushland (140ha) was zoned for 

future residential development in 1977 (Gasteen 1997), but is now owned and protected by the 

state wildlife land acquisition program (Brisbane City Council 2015). Brisbane City Council is 

financially and municipally responsible for both reserves, providing ongoing maintenance and 

invasive species control. The Karawatha Protection Society is a local community group that 

works alongside the Council, promoting Karawatha as an environmentally conscious 

recreational and educational facility. 

Species diversity is a prominent attribute of both reserves, as they are considered biodiversity 

hotspots within the Greater Brisbane Area (Brisbane City Council 2015). The vegetation in 

Karawatha and Kuraby is primarily classified as dry eucalypt forest and woodland, dominated 

by canopy species such as Bailey’s stringybark (Eucalyptus baileyana) and needlebark 

stringybark (Eucalyptus planchoniana), which are accompanied by native heath understories 

(Gasteen 1997). This vegetation structure consists of approximately 324 native plant species 

(Veage and Jones 2007; Jones et al. 2011), including a number of significant, rare or restricted 

species (Gasteen 1997). Fauna assemblages in the reserves comprise over 200 known species 

(Brisbane City Council 2015). These fauna communities include at least 16 significant or in 

decline species including the powerful owl (Ninox strenua), glossy black 

cockatoo (Calyptorhynchus lathami), tusked frog (Adelotus brevis) Green–thighed frog 

(Litoria brevipalmata), squirrel glider (Petaurus norfolcensis), greater glider (Petauroides 

volans) and grey–headed flying fox (Pteropus poliocephalus). The reserves also include some 

of the last remaining wet heathlands and Melaleuca wetlands in Brisbane, which are home to 

the highest frog diversity in Brisbane (Brisbane City Council 2015).  

The location of Karawatha and Kuraby within the broader Brisbane landscape is one of the 

most important ecological attributes of the reserves. Both reserves are components of the 

Flinders–Karawatha Corridor, the largest remaining continuous stretch of open eucalypt forest 

in south east Queensland (Brisbane City Council 2015). The Corridor is a significant feature 
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of the region’s landscape, extending from Karawatha Forest to Flinders peak on to the south 

side of Ipswich and encompasses Bulimba Creek, Oxley Creek and a number of reserves and 

conservation estates (Figure 2.2).  

Figure 2.2. Approximate inclusion zone of the Flinders–Karawatha wildlife corridor and 

within south east Queensland, including Karawatha and Kuraby reserves. 

Fire is one of the greatest threats facing the reserves; arson attacks are common and are known 

to severely affect the ability of wildlife and landscapes to recover (Karawatha Protection 

Society 2015). Hollow–dependent wildlife is of particular concern, with many species of 
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gliders, birds, bats and possums recognised as in decline due to frequent intense fires 

(Karawatha Protection Society 2015). Increasing invasive species also pose a significant threat 

to the sensitive biodiversity within the reserves, with foxes, cats, dogs and goats present 

throughout the reserve (McGregor, unpublished data).  

 

2.2 Compton Road fauna array 

 

The widening of Compton Road from two to four lanes, commencing in 2004 and completed 

in 2005, threatened to further bisect Karawatha and Kuraby. The road expansion would 

decrease the restricted permeability between the reserves, as well as increase collisions between 

wildlife (mainly wallabies) and vehicles (Veage and Jones 2007). To mitigate these impacts, 

the road design included the Compton Road fauna array, comprised of two fauna underpasses, 

three rope ladders, a line of glider poles and, most significantly, a fauna overpass (27° 36’ 

53.11” S, 153° 05’ 03.12” E) (Figure 2.3). The Compton Road fauna array was, and continues 

to be, the most complex fauna crossing assembly in Australia. The array design aimed to 

provide a crossing with the potential to suit a range of species (Veage and Jones 2007), but was 

specifically designed for mammals, particularly wallabies, gliders and possums.  
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Figure 2.3. Compton Road fauna overpass from above (photograph: Google Earth) (above) 

and as seen from the East (below) (2015) (photograph: M. McGregor). 

Roadside exclusion fencing (2.48 m high) extends the full length of the overpass, continuing 

along the entire edge of the forest at each side (Bond and Jones 2008; Jones et al. 2010). The 

fencing includes a 50 cm base of thick rubber matting, which is buried at ground level; 

however, drainage holes and fencing requirements mean the fence does not exclude very small 

animals from entering the road. Metal sheeting is attached 1.38 m above the ground, along the 

length of the fencing to prevent animals climbing the fence; while timber ‘escape poles’ are 

positioned on the roadside of the fence to allow re–entry to the forest. 
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Overpass 

The overpass is the prominent feature of the Compton Road fauna array; it is hourglass shaped, 

70 m long, 15 m wide at the midpoint and 20 m wide at each end. To increase landscape 

connectivity, the overpass was planned to be a continuation of the remnant natural habitat, 

rather than acting only as a crossing point. In order to replicate the remnant vegetation type on 

the overpass, the surface was planted with native tree and shrub species of mainly local 

providence. One sterile, non–local species of Paspalum was used to ensure soil stability (Jones 

et al. 2011). The overpass was planted at a rate of 70 shrubs and six trees per 100 m2, with 30% 

of the area remaining open to facilitate the movement of macropods, while still providing 

habitat and cover (Jones et al. 2010). The vegetation on the overpass was planted in early 2005 

and surveys undertaken in 2009 found that 95% of the trees and shrubs had survived, levels of 

weed infestation were low and vegetation structure was similar to that of neighbouring forests 

(Jones et al. 2011). Vegetation structure surveys completed in 2015 confirmed that the 

vegetation on the overpass is still native, with the same structure and dominant native species 

that occurred in 2005. Compared to the surrounding forest, the forest density on the overpass 

is reduced, partly due to the natural loss of some canopy trees during severe storms. 

Underpasses 

Accompanying the overpass are two purpose–designed fauna underpasses, which were 

constructed to facilitate the movement of small to medium sized animals under Compton Road 

(Veage and Jones 2007; Bond and Jones 2008). Each underpass is 48 m long with dimensions 

of 2.4 m x 2.5 m and is comprised of a split–level interior (Figure 2.4). Each underpass also 

includes two raised wooden ledges and various shelving designed to allow movement of 

animals that will not travel on the cement bottom of the underpass, such as koalas (Veage and 

Jones 2007). Since the severe floods in 2011, one underpass has been damaged and remains 

unrepaired. This restricts the ability of fauna to access and utilise the passage as well as making 

it dangerous for ongoing monitoring. Due to this, only one underpass was monitored for the 

duration of this study. 



Page | 52 

Figure 2.4. Western (functional) underpass at Compton Road. A split level design with wooden 

wildlife furniture facilitates the movement of arboreal mammals and various sized taxa 

(photograph: M. McGregor). 

2.3 Site justification 

The Compton Road fauna array is an ideal monitoring location for understanding the benefits 

of fauna passages to a range of non–target urban wildlife communities. The suitability of the 

site stems from a number of vital aspects that are largely unique to this particular site. The 

complexity of the array, combined with careful planning and inclusion of appropriate natural 

structure and vegetation, increases the potential for a wide variety of species to take advantage 

of the overpass in particular. 

The Compton Road fauna array received initial research attention in the early years of 

establishment (eg. Veage and Jones 2007; Bond and Jones 2008); however, more recent work 

has focused only on birds (Bond and Jones 2008; Jones and Pickvance 2013; Pell and Jones 

2015), gliders (Taylor and Goldingay 2009) and vegetation (Jones et al. 2011). Veage and Jones 

(2007) compiled data on the initial surveys of mammal (including arboreal) and bird 

populations, as well as previously unpublished herpetofauna data. This was used to determine 

species composition of the area immediately around the overpass, as well as monitoring the 

newly established passages. Veage and Jones (2007) determined that a number of mammal, 
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herpetofauna and bird species were utilising the underpasses, while some species were utilising 

the overpass. Bond and Jones (2008) observed several small to medium sized mammal species 

utilising the array, including bandicoots, wallabies and rats. Herpetofauna were also shown to 

utilise the overpass in the earlier years of establishment (McGregor et al. 2015); however, 

extensive monitoring had not occurred across multiple communities or in recent years. The 

lack of information on the success of fauna passages is partly due to few monitoring programs 

taking a community based approach involving multiple species (Forman et al. 2003; Clevenger 

and Waltho 2005); an issue that perpetuates the failure to recognise selective permeability and 

barrier effects that may impact non–target species. 

 

The Compton Road fauna array is also ideal for demonstrating the successful establishment of 

fauna passages over time, an aspect of fauna passage research that is currently lacking 

(Clevenger and Waltho 2005). Studies have identified that, while some species may be quick 

to utilise fauna passages (Clevenger and Waltho 2003; Bond and Jones 2008), it may take many 

years for the fauna passages to become a continuation of the natural landscape as determined 

by residing fauna communities. This has been identified as a vital aspect of assessing the 

success of fauna passages (Clevenger and Waltho 2003; Forman et al. 2003; Clevenger and 

Waltho 2005). Hardy et al. (2003) stated that several years of habituation, with equally long 

monitoring periods, may be required to assess the actual success of the structures. This is 

supported by Goosem et al. (2006) who suggested that a lack of evidence of terrestrial species 

utilising fauna passages may stem from insufficient time for habituation. A major benefit of 

focusing on the Compton Road fauna array is access to data from previous studies (Veage and 

Jones 2007; Bond and Jones 2008; McGregor et al. 2015), allowing the current research scope 

to extend from 2005 to 2015 inclusive. This provides an opportunity to assess the effectiveness 

of the passages across a decade of establishment for mammals and herpetofauna. 

 

Restrictions in replication 

 

Road ecology is an emerging science compared with most other disciplines, particularly when 

focussing on the implementation of fauna passages. One of the consequences of this is the 

restriction of available study sites and the subsequent inability for most study designs to 

accommodate multiple sites for replication; depending instead on replication at a single passage 

location (see van der Ree et al. 2015c). Currently, Australia has five substantial fauna 

overpasses, spread throughout Queensland, New South Wales and Victoria. Each overpass is 
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situated in a unique landscape with unique local features, while each overpass is vastly different 

from the next. The distance between overpass sites is also substantial, for example from 

Compton Road overpass to the neighbouring overpass at Bonville is a five hour drive. This 

restricts access to more than one site at a time, as well as providing the basis for highly varied 

vegetation and fauna. The physical structure of overpasses is also vastly different throughout 

Australia and is therefore not directly comparable. For example, the Compton Road overpass 

is 15 m wide, while Bonville is 60 m wide. Compton Road is also far smaller in size than the 

Pacific Highway, with lower speed limits and a fraction of the traffic. Underpasses present 

similar differences in size and fitout, although they are far more numerous and similar than 

overpasses.  

 

The diversity of fauna passages in Australia highlights the importance of variables that may 

influence animal use, which must be considered when analysing crossing frequencies (Soanes 

et al 2015). The variation between the limited fauna passages in Australia, including species, 

local climate, structure and function, would make direct comparisons particularly difficult. 

Further to this, the importance of the current study lies in how the overpass compares with the 

neighbouring forest as a success on its own, without being compared with the success at other 

crossing sites. Comparisons with other sites can, at this stage, be achieved through a 

comprehensive assessment of current literature, while a more holistic approach using multiple 

sites may be a reality in future. The usefulness of understanding the effective application of a 

single fauna passage site allows the application of the subsequent outcomes to other study 

areas, as long as this is done cautiously. Regardless, the information gathered on any single 

study site encompassing a variety of passage types, particularly over a long period of time, is 

critical to the further development and application of effective fauna passages.  

 

2.4 Study design and methodology 

 

The study design was established primarily as an attempt to understand and assess the 

effectiveness of the passages at a multi–taxa community level. Subsequently, the 

methodologies utilised for surveying diverse animal assemblages needed to be varied and 

numerous (Abson and Lawrence 2003; Veage and Jones 2007; van der Grift and van der Ree 

2015). This is an identified requirement for studies pertaining to diverse fauna communities, 

as well as being recommended for decreasing the potential for bias (van der Grift and van der 

Ree et al. 2015). The study design also had to allow direct comparison between the fauna found 
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on the overpass and the surrounding forests, which provides a basis for control/impact 

evaluation (van der Grift and van der Ree 2015). Finally, the study design had to match or 

resemble the layout and/or methodology used in Veage and Jones (2007), Bond and Jones 

(2008) and McGregor et al. (2015). This allowed the inclusion of historic data to determine 

temporal trends and identify the effectiveness of the fauna passages over the longest possible 

time.  

 

Sample sites 

 

Ten sample sites were chosen for the current study (Figure 2.5), based on the sites from 

McGregor et al. (2015). The sites were selected to allow direct comparison between ongoing 

herpetofauna sampling and the data collected from 2005–2010, while rectifying the original 

unbalanced sample design (see McGregor et al. 2015). Originally, there were seven sites: two 

located in Kuraby (sites 5 and 6), four located in Karawatha (sites 1, 2, 3 and 4) and one on the 

overpass (site 7). The unbalanced sample design inherent with keeping this layout was a 

limitation of the original research, so three new sites were added for the current research. Site 

8 was added on the overpass to increase the sample effort from a single site, while sites 9 and 

10 were included in Kuraby to equal the sample effort in Karawatha. The original site 3 was 

moved to the current location (site 3a) as the site retained large amounts of water after storms 

and was therefore deemed unsafe to continue trapping wildlife (see Chapters 4 and 5). 
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Figure 2.5. Location of the seven original sample sites (McGregor et al. 2015) in black, with 

the addition of three new sites (8, 9 and 10) and one replacement site (3a to replace 3) in red, 

within Karawatha forest, Kuraby reserve and on the overpass. Map edited from McGregor et 

al. (2015). 

Sampling methodology 

Each of the 10 study sites comprised a single pitfall/drift fence array and 10 mammal traps 

aligned on the perimeter of the study site, identifying the study area of approximately 50 m x 

20 m (Figure 2.6). Site parameters were altered for the overpass sites to fit within the 15 m 

width. 
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Figure 2.6. A single–live trap array of 3 pitfall traps (circles) and two funnels (90̊ triangles) 

and two mammal trap lines of eight Elliott traps (rectangles), two cage traps (squares) and two 

hair funnels (equilateral triangles) comprised each site.  

Mammal and herpetofauna sampling took place once every three to four months to coincide 

with seasonal change. Each period comprised one four night and five day trap effort between 

December 2012 and June 2015. Animals were released at optimum times (dawn and evening) 

to ensure the safety of all captured individuals. A capture–release methodology was used with 

all trapping types, with animals marked temporarily for recapture identification within weeks. 

Infra–red cameras were also used at each sample site, as well as in the underpass, to collect 

non–invasive data on species presence. The methods chosen were approved by the Griffith 

Animal Ethics Committee (ethics permits: ENV/22/12; ENV/18/13; ENV 08/14 AEC) and 

were assessed for suitability using standard operating procedures (NHMRC 2013; Petit and 

Waudby 2012). 

Small mammal sampling 

Small mammal sampling was undertaken using baited Elliott traps, cage traps and hair funnels 

in two lines at each site (Figure 2.7) (Chapter 7). Baited Elliott traps yield captures of smaller 

mammals such as bush rats (Rattus fuscipes), invasive black rats (Rattus rattus), house mice 

(Mus musculus), as well as potential captures of antechinus, dunnarts and planigales, while 

cage traps capture medium sized mammals such as bandicoots (Isoodon macrourus, Perameles 

nasuta) (De Bondi et al. 2010).  Hair funnels can detect varying sized mammals (eg. Mills et 

al. 2002). The use of Elliott and cage traps are established and well known methods of trapping 
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small mammals in Australia (Catling et al. 1997; Woinarski et al. 2001) and have been used 

previously to determine species composition around the Compton Road fauna array (Veage 

and Jones 2007).  

Figure 2.7. Three kinds of baited traps were used to detect mammal species; Elliott traps 

(above), cage traps (below, left) and hair funnels (below, right) (photographs: M. McGregor). 

Herpetofauna sampling 

Herpetofauna sampling occurred using single–live trap arrays at each site, including pitfall 

buckets and herpetofauna funnels (Figure 2.8) (Chapter 4 and 5). These sampling techniques 

are well established forms of sampling herpetofauna (Greenberg et al. 1994; Crosswhite et al. 

1999; Jenkins et al. 2003), which have been previously used to sample herpetofauna at the 

Compton Road fauna array (McGregor et al. 2015). Pitfall trapping was used to maintain 

continuity with the methods employed by McGregor et al. (2015) to allow direct data 

collaboration for assessment of change over time, while funnels were added to increase trap 

likelihood for larger reptiles (Crosswhite et al. 1999).  
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Figure 2.8. Pitfall traps (above) and funnel traps (below, left) were placed along a drift fence 

to create a single–live trap array at each site (below, right) (photographs: M. McGregor). 

Bat monitoring 

Bat monitoring occurred between December 2014 and July 2015 inclusive (excluding 

February) (Chapter 6). This time period covered summer, autumn and winter, which accounted 

for seasonal variation. Bat monitoring was completed using Echometer Touch bat call recorders 

(Wildlife Acoustics) instead of the more traditional ANABAT detectors because they are 

cheaper and provide a clearer, more modern call image. In addition, harp traps were used during 

the December 2014, January 2015 and March 2015 call recordings, but were not continued due 

to minimal captures (Figure 2.9). Bat call recorders and harp traps have previously been 
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effective in combination (O’Farrell and Gannon 1999; Duffy et al. 2000) and are recommended 

as paired methods. 

Figure 2.9. Echometer Touch connected to an iPad 4 (above) produces live vocalisation 

images (below) to allow identification of bat species (photographs: M. McGregor). 

Camera surveillance 

Camera traps were deployed at all sample sites, including the underpass to collect presence 

data on larger animals that would not be otherwise captured (Figure 2.10). This is a commonly 

used method for non–invasive wildlife surveillance (Ford et al. 2009) and has previously been 

used for monitoring the effectiveness of fauna passages (Kleist et al. 2007; Ford et al. 2009). 
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Camera surveillance has been used previously at the Compton Road fauna array (Veage and 

Jones 2007; Bond and Jones 2008) with varied results. Cameras can also provide directional 

evidence and complete crossing data for the underpass, which trapping cannot achieve.  

Figure 2.10. Surveillance camera set up in the underpass to monitor the lower level of the split 

level interior (photographs: M. McGregor). 
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3.1 Introduction 

 

Permanently marking individuals is an important aspect of population research (Murray and 

Fuller 2000; Lindner and Fuelling 2002; Petit et al. 2012).Common parameters, such as 

fecundity, population size, or movement patterns, can only be accurately determined through 

permanently marking individuals for long–term identification (Twigg 1975). However, 

features of some species, such as body size, or the necessity to ensure unrestricted movements, 

may constrain or prevent the application of some permanent marking procedures (Gibbons and 

Andrews 2004). Loss of subcutaneous tags (Hallett et al. 1991; Heard et al. 2008), behavioural 

alteration (Leclercq and Rozenfeld 2001; Moorhouse and MacDonald 2005), and an increase 

in conspicuousness (Silvy et al. 2005) create further problems associated with permanently 

marking wild animals. Numerous approaches have been developed to address these issues 

(Twigg 1975; Silvy et al. 2005; Petit et al. 2012); however, application and financial constraints 

(Murray and Fuller 2000) remain substantial challenges to permanent marking methods. 

 

Ethical guidelines for marking animals have typically emphasized strict welfare objectives 

(e.g., Cook 1943; Manville 1949; Lindner and Fuelling 2002; Petit et al. 2012), mandating that 

the least invasive procedures be employed that allow study objectives to be met. Minimally 

invasive marking techniques, such as banding, have been used on a variety of species including 

bats, birds, and mammals (Murray and Fuller 2000), but are sometimes considered ineffective, 

unsuitable, or disruptive to mammal behaviour (Manville 1949; Murray and Fuller 2000; 

Walker et al. 2012). Toe–clipping is one example of amore invasive method (Powell and Proulx 

2003; Fisher and Blomberg 2009), which has been shown to impede numerous behaviours in 

amphibian and reptile species (Murray and Fuller 2000).Toe–clipping is also known to 

decrease capture rates and survival of some mammals (Powell and Proulx 2003), although this 

is not always the case (Fisher and Blomberg 2009). More sophisticated methods, such as 

passive integrated transponder (PIT) tagging (Vernes and Pope 2009), have been successfully 

used with a variety of animals (Gibbons and Andrews 2004); however, electronic tagging can 

be expensive and sometimes inappropriate (Petit et al. 2012). 

 

Tattooing is one of the least invasive ways of permanently marking many species, particularly 

mammals (Silvy et al. 2005). However, there are limited published observations on the effects 

of tattooing on wild populations (Boye and Sondermann 1992; Lindner and Fuelling 2002). 

Typically, tattoos are applied to lightly pigmented, hairless areas such as the ear pinnae (Silvy 
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et al. 2005). Traditional ink–tattoo methods are most common (e.g., Lindner and Fuelling 

2002), although other methods have been used to tattoo reptiles and very small animals (e.g., 

Petit et al. 2012). The pliers method (Klimisch 1986), developed for laboratory use, remains 

the most common tattooing technique used in wildlife research (e.g., Bieber 1998; Lindner and 

Fuelling 2002; Fuelling and Halle 2004). Since this method was first used in the field (Boye 

and Sondermann 1992), it has been shown to increase delays in recapture and decrease capture 

success (Lindner and Fuelling 2002).  

Tattoo pliers are used widely for marking show rabbits (Leporidae), but an alternative has 

recently appeared in the form of the battery–operated tattoo pen. Tattoo pens potentially reduce 

the invasiveness of tattooing and are simpler to use, more compact, and cheaper than tattoo 

pliers. Here, we investigate whether a battery–operated tattoo pen, originally designed for 

domestic rabbits, is an effective, minimally invasive, and low–cost alternative to other forms 

of tattooing and marking. Of particular interest was whether this method had any discernible 

negative effects on recapture rates when compared with a non–invasive marking method. 

3.2 Methods 

We undertook ear–tattooing as part of an assessment of the effectiveness of fauna passages at 

Compton Road, Brisbane, Queensland, Australia (27° 36’ 53.11” S, 153° 05’ 03.12” E); see 

Bond and Jones 2008). An important component of this study included an evaluation of the 

movement patterns of key species in relation to their use of a fauna overpass. We selected the 

northern brown bandicoot (Isoodon macrourus) and common brushtail possum (Trichosurus 

vulpecula) as suitable species for the mark–recapture study because of their abundance and 

capacity to move readily.  

We completed 10 trap efforts between January 2013 and May 2015.Wemarked bandicoots and 

possums temporarily in the first five trap efforts in 2013, then permanently in the second five 

trap efforts from 2014 to2015.Wedeployed 2 baited cage traps at each site for four consecutive 

nights during each trap effort. This occurred at 10 sample sites located within 1 km of the 

overpass. The second trapping effort of 2013 was cancelled because of dangerous weather 

conditions; therefore, the temporary marking period in 2013 consisted of four rather than five 

occasions. During the first year, we used a water–resistant marker pen to identify within–week 

recaptures. We decided on a permanent marking method in the second year to improve long–
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term results, but avoided ear–tagging, on advice that tags could be ripped out (B. Taylor, 

Southern Cross University, personal communication), or PIT tagging, which can damage 

bandicoot skin (S. Burnett, University of the Sunshine Coast, personal communication).We 

chose tattooing as a permanent, minimally invasive method that would be quick; minimize 

pain, stress, and injury; reduce handling time; and would not impede movement (Silvy et al. 

2005). Ear–tattooing has been used previously to mark northern brown bandicoots rather than 

ear tags (Goosem and Marsh 1997; Thums et al. 2003; Vernes and Pope 2009) and to mark 

possums in conjunction with ear tags (e.g., Crawley 1973; Corner and Norton 2003). However, 

these studies used tattoo pliers or did not state which method they used. 

We selected the “Rabbi–tatt” rabbit tattoo pen (Bass Equipment Company, Monnett, MO, 

USA; http://www.bassequipment.com; Figure 3.1) to apply identification numbers to 

individual bandicoots and possums (Griffith University Animal Ethics Committee approvals: 

ENV/22/12; ENV/18/13). The Rabbi–tatt package (2 needles, ink, and case) costs 

approximately US$50. Replacement ink costs US$3.25 and additional needles cost US$3.60, 

with each ink refill potentially lasting long enough to successfully tattoo ~50 individuals, and 

each needle lasting for approximately 10 individuals. Each tattoo (10mm x 15mm) comprised 

an identification letter and number, positioned on the inner ear pinna to avoid disrupting 

integument patterns (Silvy et al. 2005). We weighed individuals where possible and visually 

assessed them to ensure no deterioration in health. 
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Figure 3.1. Rabbi–tatt tattoo–pen dimensions and physical appearance (top right, bottom) and 

3–needle tip for ink application (top left; Bass Equipment Company, Monnett, MO, USA; 

http://www.bassequipment.com) tested on bandicoots (Isoodon macrourus) and possums 

(Trichosurus vulpecula) captured during January 2014–May 2015 near Brisbane, Queensland, 

Australia (photos: M. McGregor). 

 

For each tattoo application, we carefully restrained the animal in a cloth bag with eyes covered 

to reduce stress and movement. Prior to and following tattooing, we cleaned the needle 

thoroughly in 100%isopropyl alcohol. We cleaned the ear of the animal with medical wipes 

(70% isopropyl alcohol) before and after tattooing. To “load” the pen with ink, the end is dipped 

into a small ink well while operating. The ink is held in the tip until the needle contacts the 

skin. The tattoo application protocol we used followed that recommended for domestic rabbits, 

as provided by the distributor of the Rabbi–tatt pen. The handling and tattooing procedure took 

approximately 5 min, while each tattoo was completed in 30–60 seconds. We then released 

animals at the site of capture. During this first period (temporary marking period), we marked 

all animals using a water–resistant marker pen; this mark only lasted for a few days.  

 

Data analysis method 

 

Considering that both marking periods were executed in the same study area, the two marking 

periods may have included the same animals and, therefore, would not be independent. We 
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used a Wilcoxon signed–rank analysis to compare whether a significant difference in recapture 

rates had occurred between the periods when tattooing was not used and tattooing was used. 

This used a calculated proportion of recaptured animals per sample week and compared them 

at a significance level of 0.05. Recapture data for the temporary marking period only comprised 

a proportion of individuals recaptured during the same session. During the tattooing period, we 

repeated the trapping effort, but tattooed the animals. We also analysed recapture data for this 

period as within session recaptures, which allows direct comparison, even though tattoos were 

permanent. 

 

3.3 Results 

 

Comparison of marking methods 

 

Total captures (including potential recaptures) numbered 24 possums and 31 bandicoots during 

the 4 included temporary marking sessions, compared with total captures of 45 possums and 

47 bandicoots during the 5 tattooing sessions. Within–week recapture rates did not vary 

substantially between marking methods (Figure 3.2). Mean within–week recapture rates for 

possums during the temporary marking sessions were 16.48%±10.03% (SE) compared with 

26.67% (±8.5%) for the tattooing sessions. Mean bandicoot recapture rates were 21.61% 

(±8.25%) for the temporary marking sessions and 37.33% (±6.29%) for the tattooing sessions. 

Wilcoxon signed–rank analysis determined that neither possum nor bandicoot recapture rates 

were significantly different between methods (possums: Z = –0.535, P = 0.593; bandicoots: Z 

= –1.069, P = 0.285). 
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Figure 3.2. Comparison of within–week recapture rates obtained by using marker pen and 

tattooing on possums (Trichosurus vulpecula) and bandicoots (Isoodon macrourus) captured 

during January 2014–May 2015 near Brisbane, Queensland, Australia. 

 

Tattoo effectiveness  

 

We captured and tattooed 16 unique possums and 12 unique bandicoots during 2014–2015.We 

recaptured 8 possums and 8 bandicoots at least once during the tattoo period. The eight 

recaptured possums comprised 86.7% of the 45 total captures, whereas the eight recaptured 

bandicoots comprised 89.4% of the 47 total captures. Tattoos on recaptures throughout this 

period appeared legible on both species (Figure 3.3). 

 

 

Figure 3.3. Tattoo visibility upon recapture of possums (Trichosurus vulpecula) and 

bandicoots (Isoodon macrourus) captured during January 2014–May 2015 near Brisbane, 

Queensland, Australia: bandicoot A7 (left) and possum U8 (right) nine months after application 

(photos: C. McGregor). 
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Body mass recorded for bandicoots and possums generally increased or remained stable 

throughout 2014–2015, with seven of nine recaptured bandicoots gaining mass, one of nine 

losing mass (100 g), and the remaining individual failing to be recaptured outside of a week–

long effort (Table 3.1). A female possum (A11) was the only individual to show a substantial 

decrease in mass (~600 g), with the loss occurring during the fourth capture period (Table 3.1). 

Evaluation of tattooed ear locations confirmed no infections and a general condition assessment 

did not suggest any other deleterious effects. 

Table 3.1. Body mass measurements (g) recorded for recaptured bandicoots (Isoodon 

macrourus) and possums (Trichosurus vulpecula) during tattooing period (January 2014–May 

2015 near Brisbane, Queensland, Australia), including initial capture. Identification denotes 

tattooed number and sex of each individual. “*” indicates no recorded data upon recapture; “—

” indicates individual not recaptured during sample effort. 

Jan–14 May–14 Sep–14 Jan–15 May–15 

I. macrourus

A0 (f) * 1200 1400 1400 1300 

A1 (m) 1600 – 2400 – – 

A5 (m) 1200 1300 * – – 

A6 (m) – – 1400 – 2300

A7 (m) 1500 1650 1900 – – 

U2 (m) 800 1000 1400 – – 

A12 (m) – 2300 – – – 

A25 (f) – – 1100 1000 – 

A30 (m) – – – 1600 1800 

T. vulpecula

A11 (f) – 2100 2000 2000 1500 

A13 (m) – * * 2300 2200 

A20 (m juv.) – – * – – 

U13 (f) – 1700 * 1800 – 

U14 (f) – * * 1800 – 

U15 (f) – – 2500 – – 

U16 (f) – 2400 2300 – – 
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U8 (m) 1900 2600 2800 2800 – 

3.4 Discussion 

The tattoo pen enabled permanent and unambiguous tattooing of study animals, and appeared 

to reduce the negative effects sometimes associated with similar approaches, such as tattoo 

pliers. Within–week capture rates were not different between the temporary marking period 

and the tattooing period. Weighing and visual condition assessments of recaptured animals 

suggested no deterioration in body condition. In the single case where a possum lost mass 

following tattooing, the loss in mass after multiple recaptures suggests that the body mass loss 

was not related to the procedure.  

The repeated high recapture rate of individuals of both species strongly suggested “trap–happy” 

behaviour (Nichols et al. 1984), although recapture rates were similar to other studies 

(bandicoots: Pardon et al. [2003]; possums: Isaac et al. [2008]). If individuals exhibiting trap–

happiness behaviour were caught throughout both marking periods, this may explain positive 

recapture rates over time and low recapture rates toward the beginning of the research period. 

Although trap happiness is often typical in many population studies (Nichols et al. 1984), this 

behaviour in our study further suggests that tattooing did not negatively impact capture rates. 

This is particularly important for species such as bandicoots, which are notoriously difficult to 

mark, even using methods that avoid inserting tags or cutting skin (Murphy and Serena 1993; 

Scott et al. 1999). The method of tattooing demonstrated here is immediately applicable to 

similar taxa that may be adversely impacted or easily discouraged from returning after invasive 

marking procedures. 

Similar studies that used varying methods of tattooing discussed some negative impacts 

associated with the method. Lindner and Fuelling (2002), who used tattoo pliers on grey–sided 

voles (Myodes rufocanus), noted behavioural cues that suggested the process was painful, as 

well as noticeably reducing recapture success and increasing recapture delays. They also 

recorded a legibility rate of 90% of recaptured animals, whereas Petit et al. (2012) identified 

difficulties associated with applying codes on small animals using an ink injecting method. In 

contrast, we observed very little flinching, aggression, or struggling by any of the animals as a 

direct result of the tattooing process, as well as no apparent negative effects on recapture rates 
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of possums or bandicoots. None of our applied identification marks were questionable or 

illegible. 

 

There were minor difficulties inherent with using the tattoo method (e.g., the challenge of 

finding a stable ink well). The tattoo needle also became blunt relatively quickly, particularly 

with use on tough bandicoot skin; however, this is a typical limitation of any needle (see 

McClung 1995). Smaller, hairier ears increased the difficulty of the tattoo process, although a 

legible tattoo was always applied. Ear size was the only restriction on the number of 

identification marks, unlike the shortcomings of toe–clipping (see Twitty 1966) or tattoo pliers 

(Lindner and Fuelling 2002), where a restriction of the number of marks is problematic. The 

simplicity, lack of assembly, and ease of cleaning are enormous benefits of the tattoo pen 

method, as are the reliability and low price.  

 

The tattoo pen is low cost, of a compact design, user–friendly, and reliable, making it a simple 

and inexpensive way to identify animals permanently. This procedure is likely to be most useful 

for marking various species of mid–weight range animals but may also be used for smaller and 

larger mammals. This method could prove useful for other researchers who require an 

alternative method that is both ethical and effective, for the long–term study of animals in the 

field. 
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4.1 Introduction 

 

The ecological impact of roads and of the traffic they carry is now widely acknowledged 

(Forman and Alexander 1998; Beckman et al. 2010; van der Ree et al. 2015a). Most 

conspicuously, animals attempting to cross roads are at risk of being killed or injured by 

collisions with vehicles (Coffin 2007; Glista et al. 2009). Roads can also disrupt or prevent 

daily and seasonal movements and, where the roadway acts as a significant barrier, may isolate 

populations, potentially increasing the chances of local extinction (Benítez–López et al. 2010; 

van der Ree et al. 2015a). Attempts to mitigate these effects have included the erection of 

exclusion fencing to prevent animals from accessing the road surface, and the construction of 

various forms of structures designed to facilitate the safe movement of animals across the road 

(Mata et al. 2008; Corlatti et al. 2009; Glista et al. 2009). The most widely implemented 

purpose–built fauna passages are underpasses and overpasses, installed specifically to facilitate 

animal movement, as opposed to drainage culverts or similar structures which are sometimes 

used opportunistically (Yanes et al. 1995). These purpose–built structures are now found 

throughout the world (Corlatti et al. 2009; Beckman et al. 2010). The primary aim of such 

structures is to overcome the barrier effect associated with roads, thereby improving the 

permeability of the road network; although their effectiveness varies greatly between taxa 

(Bissonette and Adair 2008; Glista et al. 2009; van der Ree et al. 2015a).   

 

Reptiles and amphibians (herpetofauna) are especially vulnerable to the effects of roads (Woltz 

et al. 2008; Eigenbrod et al. 2009; Hamer et al. 2013; Andrews et al. 2015). Being typically 

slow moving and ground dwelling, these taxa are particularly prone to being killed while 

attempting to cross roads (Goldingay and Taylor 2006; Roe and Georges 2007; Clark et al. 

2010). Additionally, herpetofauna are uniquely at risk of road effects due to thermoregulatory 

requirements that attract them to warm road surfaces (Forman et al. 2003; Andrews et al. 2015). 

These impacts have been shown to significantly alter the genetic diversity of populations 

separated by roads (Steen and Gibbs 2004; Clark et al. 2010) and has been strongly implicated 

in the sudden decline of several species (Beaudry et al. 2008; Corlatti et al. 2009). 

 

Although some fauna crossing structures have been designed specifically for certain taxa (e.g. 

Ball and Goldingay 2008; van der Ree et al. 2009), most are installed for larger mammal 

species, especially deer and carnivores (Forman et al. 2003). Nonetheless, many species of 

herpetofauna have been detected using both underpasses and overpasses (Bond and Jones 2008; 
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Mata et al. 2008) and have taken advantage of existing drainage culverts and water flow 

infrastructure (Yanes et al. 1995). Among the most abundant and successful crossing structures 

are specialised amphibian tunnels especially common in Europe which, when used in 

conjunction with guide fencing, have significantly reduced road kill rates and enhanced 

adjacent populations (Woltz et al. 2008).  

Herpetofauna use of fauna overpasses is less well studied (Beckman et al. 2010), with the 

important exception of the famous Groene Woud in the Netherlands (50m wide, 65m long, and 

spanning a major motorway), which was designed specifically to provide habitat and 

connectivity for local amphibian populations (van der Grift et al. 2009b). An important 

component of the Groene Woud was the provision of a series of ponds and waterways across 

the length of the overpass. The maintenance of such necessary environmental conditions 

requires specialised pumping and ongoing management (Schellekens et al. 2005), yet resulted 

in the establishment of six amphibian species (van der Grift et al. 2009b). 

Fauna overpasses are the largest and most effective crossing structures, as they able to benefit 

the greatest diversity of species (Glista et al. 2009; Hayes and Goldingay 2009). Traditionally, 

many of these structures were designed primarily to facilitate the movements of larger 

mammals. Planted vegetation is typically open in structure, providing maximum visibility 

preferred by the main target species (Beckman et al. 2010). However, research on the capacity 

for fauna overpasses to enhance the movements of other taxa has indicated that a wide range 

of animals also use these structures to cross roads (Jacobson 2005; Tremblay et al. 2009), 

including the important discovery that many species of smaller forest dwelling passerines 

routinely use overpasses where the structure of the plantings resembles that of the surrounding 

habitat (Jones and Bond 2010; Jones and Pickvance 2013; Pell and Jones 2015). Information 

about herpetofauna use of vegetated overpasses remains, however, extremely limited. 

Despite the dramatic increase of purpose designed fauna crossing structures in Australia over 

the last decade (Jones et al. 2010), only five fauna overpasses have been constructed to date. 

Although all are fully vegetated, only two have been monitored (Hayes and Goldingay 2009). 

The most intensively studied of the Australian fauna overpasses is that at Compton Road 

(Figure 4.1), located on the outskirts of Brisbane in subtropical Queensland (Veage and Jones 

2007; Bond and Jones 2008). Ongoing research since the construction of the overpass in 2005 

has reported on a comprehensive suite of taxa regularly using the structure including terrestrial 
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and arboreal mammals, invertebrates and birds (Veage and Jones 2007; Bond and Jones 2008; 

Taylor and Goldingay 2010; Jones and Pickvance 2013; Pell and Jones 2015).  

Figure 4.1. Compton Road overpass, southern Brisbane, Queensland, Australia (Photograph: 

Amy Bond). 

Given that the primary objective of most fauna crossing structures is to enhance wildlife 

movements through increasing the landscape permeability of roads (Garcia–Gonzalez et al. 

2012), much of the focus of the associated monitoring tends to be on verifying the passage of 

animals across roads and on the long–term implications of such movements, including but not 

limited to gene flow and population persistence (Eigenbrod et al. 2009). Apart from the notable 

Dutch example mentioned above, very little attention has been paid to fauna overpasses acting 

as habitat in their own right as opposed to a means of enabling movement. However, these 

often substantial structures, if appropriately designed and maintained, may also represent 

suitable habitat for occupation as well as potential corridors for gene flow and connectivity, a 

fundamental goal of restoration ecology (Forman et al. 2003). This is especially relevant for 

herpetofauna, which tend to be smaller in size and with relatively small regular home ranges 

(Ross et al. 2000). 



Page | 76 

The general aim of the present study was to investigate the extent to which colonisation of the 

Compton Road fauna overpass by reptile and amphibian species living in adjacent forest 

occurred. More specifically, we were interested in assessing the rate of colonisation and 

suitability of the vegetated overpass as habitat, by comparing species diversity on the overpass 

with species diversity in the surrounding forest.  

4.2 Methods 

Compton Road is located in southern Brisbane, the largest city (approximately 2.24 million 

people [ABS.gov.au]) in Queensland, Australia.  This major urban arterial road consists of two 

dual lanes and has a speed limit of 70km/hr. During this study period, traffic volume on 

Compton Road was estimated at just over 5000 vehicles per day (Veage and Jones 2007). The 

road bisects two of the region’s most significant urban bushland remnants, Karawatha Forest 

Reserve (940ha) to the south of the road and Kuraby Bushland (140ha) to the north (Jones et 

al. 2010). Both of these forests have been formally declared to be of bioregional and state 

biodiversity significance (Mack 2005), providing relatively undisturbed habitat for a wide 

range of native flora and fauna, including numerous rare and significant species (Veage and 

Jones 2007). In 2004–2005, the widening of Compton Road from two to four lanes threatened 

to further bisect the remnant forests, as well as increase the already frequent collisions between 

wildlife (mainly wallabies) and vehicles (Veage and Jones 2007). To mitigate these impacts, 

the road design was negotiated to include the Compton Road fauna array (CRFA), which 

included two fauna underpasses, three rope ladders, a line of glider poles and, most 

significantly, a fauna overpass (27° 36’ 53.11” S, 153° 05’ 03.12” E) (Figure 4.2). This 

structure is hourglass shaped, 70 m long, 15 m wide at the midpoint and 20 m wide at each end. 

Roadside exclusion fencing (2.48 m high) extends the full length of the overpass, continuing 

along the entire edge of the forest at each side (Bond and Jones 2008; Jones et al. 2010). The 

fencing includes a 50 cm base of thick rubber matting with mesh of the fence extended 

horizontally and buried at ground level; however, due to the presence of drainage holes and 

fencing requirements, this structure does not entirely exclude small animals such as reptiles 

and frogs. 

The vegetation in Karawatha Forest and Kuraby Bushland is primarily composed of dry 

eucalypt forest and woodland, accompanied by native heath understories (Veage and Jones 

2007; Bond and Jones 2008; Jones et al. 2010). In order to replicate this vegetation type on the 
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overpass, the mulched surface of the structure was planted with native tree and shrub species 

of mainly local providence (Jones et al. 2010). One non local species of grass (Paspalum sp.) 

was used extensively to ensure soil stability (R. Coutts, pers. comm.). The overpass was planted 

at a rate of 70 shrubs and six trees per 100 m2, with about 30% of the area remaining largely 

open to facilitate the movement of larger mammals (kangaroos and wallabies) while providing 

habitat and cover on the overpass (Jones et al. 2010). The vegetation present on the overpass 

was planted in early 2005 and surveys undertaken in 2009 found that 95% of the trees and 

shrubs had survived, levels of weed infestation were low and vegetation structure was similar 

to that of neighbouring forests (Jones et al. 2011). 

Herpetofauna surveys were conducted at seven sampling sites between June 2005 and February 

2010: four in Karawatha Forest (site 1–4), two at Kuraby Bushland (site 5–6), and one on the 

overpass (site 7) (Figure 4.2). All six of the forest sampling sites were located within one 

kilometre of the overpass. The seventh sampling site, located in the centre of the overpass, was 

implemented in February 2006, approximately six months after the completion of construction. 

Sites were chosen to sample a representative range of the typical forest habitat occurring near 

the overpass, which comprised eucalypt woodland, moist gullies and disturbed open areas. The 

recreated habitat on the overpass was designed to provide habitat continuity between the forests 

on either side of the road (Jones et al. 2010). 
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Figure 4.2. Location of study sites (1–7) within Kuraby Bushland (north), Karawatha Forest 

(south) and on the Compton Road overpass, southern Brisbane. 

 

Data collection  

 

Herpetofauna data were obtained using two survey techniques: pitfall trapping and 

observational hand searches. Each trapping session was undertaken over three days and two 

nights, every two months for six years. Each sampling site consisted of a 15 m length of 40cm 

high mesh drift fence, positioned to run through the centre of three 20 L bucket pitfall traps 

and extend 2 m beyond the outside buckets. During each session, pitfalls were checked both 
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morning and afternoon and captured herpetofauna identified to species level by S.K. Wilson. 

All animals were released at the point of capture. To minimise disturbance of the site, pitfall 

buckets were left in place with a close fitting lid attached between trapping sessions.  Animals 

were not marked, so recaptures could not be determined. All animal capture and handling 

procedures were approved by the Griffith University Animal Ethics Committee 

(AES/04/05/AEC). 

 

Observational and hand search surveys were undertaken by S.K. Wilson at all sampling sites 

for 15 minutes during each trapping session. These surveys included searching along a transect 

running parallel and within 10 m of the trapping line. All large natural structures such as fallen 

logs and tree trunks were examined though this was not applicable on the overpass. 

 

Prior to analyses both species data and capture data were transformed using a log10 

transformation. Following this, normality (Shapiro–Wilk’s) and homogeneity of variance was 

confirmed. Mean capture rates between the seven sampling sites were compared using analysis 

of variance (ANOVA) through SPSS (IBM 2010). ANOVAs were performed on means of total 

annual captures at each sampling site including invasive cane toad (Rhinella marina) captures, 

and separately with R. marina excluded. 

 

Analysis of similarity (ANOSIM) of captured species was based on a resemblance matrix 

calculated using Bray Curtis similarity (Faith et al. 1991) (PRIMER 6 2005). ANOSIM was 

used to determine statistical levels of species similarity between the three a priori groups: 

Karawatha forest, Kuraby Bushland and the overpass. All analyses were conducted on a 

complete data set (with R. marina) and again with R. marina removed. ANOSIM generates an 

R statistic between 0 and 1 that numerically indicates the level of separation between groups, 

with 1 being distinctly separate (Clarke and Gorley 2001). Following this, the contribution of 

species to within–group similarity and between–group dissimilarity with regard to the a priori 

groups was examined using single factor SIMPER analysis.  SIMPER analysis (Clarke and 

Gorley 2001) was performed using Bray–Curtis similarity as a measure of resemblance. The 

diversity of species between the three sampling areas was compared using the Shannon–Weiner 

Index (Krebs 1999). Nonmetric multidimensional scaling (MDS) analysis using a Bray–Curtis 

similarity matrix was conducted on species capture data to visually represent species capture 

similarity at all sampling sites. All analyses used a significance value of 0.05. 
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To assess the addition of new species to the research areas over time, species accumulation 

curves (Krebs 1999) for Karawatha forest, Kuraby Bushland and the overpass were constructed 

using the cumulative total number of species detected each year. These data were fitted with a 

quadratic function using SPSS (IBM 2010). 

4.3 Results 

Capture rates 

A total of 343 individuals belonging to 18 species (four amphibian, 14 reptilian) were captured 

in the pitfall traps during the study period. Observation and hand search data contributed 

another 11 species, bringing the total species count to 29 (five amphibians, 24 reptiles) (Table 

1). Site 6 (Kuraby) produced the highest number of individual captures (66), closely followed 

by the overpass (site 7), which yielded 57 individual captures. Cane toads (R. marina) were the 

most frequently captured species across all sampling sites (87 captures; 25.3%), ranging from 

two to 30 captures (sites 2 and 7 respectively). When R. marina were removed from the data 

set, site 6 retained the highest capture rate of 43, while captures on the overpass (site 7) were 

reduced to 27. Nevertheless, despite the large number of R. marina captured on the overpass, 

the total number of captures of native species for the overpass was higher than for all sampling 

sites except site 6 (Table 4.1). 

Table 4.1. Species of herpetofauna detected using pitfall trapping and observational surveys in 

Karawatha Forest (sites 1–4), Kuraby Bushland (sites 5–6) and on the overpass (site 7). 

(□=pitfall, ●=observed). Grey indicates invasive species.

Species Karawatha Kuraby Overpass 

Reptiles 

Calyptotis scutirostrum □ ● ● 

Carlia vivax ● □ □ 

Cryptoblepharus pulcher □ □ □ 

Ctenotus robustus □ ● □ 

Ctenotus taeniolatus ● ● 

Demansia psammophis ● ● 



Page | 81 

Diplodactylus vittatus ● ● 

Diporiphora australis □ □ □ 

Eulamprus martini ● ● 

Eulamprus quoyii ● 

Eulamprus tenuis □ 

Gehyra dubia ● ● ● 

Hemiaspis signata ● 

Lampropholis amicula □ □ □ 

Lampropholis delicata □ □ ● 

Lialis burtonis □ □ □ 

Lygisaurus foliorum ● □ □ 

Oedura robusta ● ● 

Morethia taeniopleura ● ● ● 

Physignathus lesueurii ● ● 

Pogona barbata □ □ □ 

Tiliqua scincoides ● □

Varanus varius ● ● 

Hemidactylus frenatus ● 

Amphibians 

Limnodynastes peronii □ □ 

Limnodynastes terrareginae □ 

Platyplectrum ornatum □ ● □ 

Pseudophryne raveni □ □ □ 

Rhinella marina □ □ □ 

Total Species 22 27 19 

Mean capture rates (Table 4.2) were significantly different between sampling sites (df=6, 34; 

f=4.885; p=0.001). Tukey’s HSD post–hoc analysis identified significant differences in capture 

rates between site 3 (in Karawatha) and sites 5 and 6 (in Kuraby) and site 7 (overpass). When 

R. marina were removed from the data set, however, differences in capture rate of native
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species between the seven sampling sites were not significant (df=6, 34; f=1.964; p=0.099). 

The mean number of captures per session for the overpass (site 7) was 3.0 compared to those 

for the Karawatha sites, which ranged from 0.59 (site 3) to 1.09 (site 1) and those for the Kuraby 

sampling sites with mean capture rates of 2.0 (site 5) and 3.0 (site 6) per trap effort.  

Table 4.2. Species, total and mean captures per session for herpetofauna caught in pitfall traps 

in Karawatha Forest (sites 1–4), Kuraby Bushland (sites 5–6) and on the overpass (site 7). Grey 

indicates invasive species.  

Species Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Reptiles 

Calyptotis scutirostrum 0 0 0 0 1 0 0 

Carlia vivax 4 0 2 3 0 5 3 

Cryptoblepharus pulcher 6 1 0 1 0 1 1 

Ctenotus robustus 0 0 0 0 0 0 2 

Diplodactylus vittatus 5 0 0 5 3 1 0 

Diporiphora australis 0 0 3 0 3 11 1 

Eulamprus tenuis 0 1 0 0 0 0 0 

Lampropholis amicula 2 8 4 1 0 1 1 

Lampropholis delicata 0 2 1 0 2 2 0 

Lialis burtonis 0 3 0 0 2 2 1 

Lygisaurus foliorum 2 0 0 2 0 0 1 

Pogona barbata 1 0 0 1 0 1 1 

Tiliqua scincoides 1 0 0 0 0 0 0 

Amphibians 

Platyplectrum ornatum 0 0 0 0 0 6 5 

Pseudophryne raveni 0 2 0 0 5 3 1 

Limnodynastes peronii 0 0 0 0 2 10 10 

Limnodynastes 

terraereginae 

0 2 0 0 0 0 0 

Rhinella marina 3 2 3 5 26 23 30 
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Total captures 

Species richness 

Mean captures per session 

24 

8 

1.09 

21 

8 

0.95 

13 

5 

0.59 

18 

7 

0.82 

44 

8 

2.0 

66 

12 

3.0 

57 

12 

3.0 

Species similarity between research areas 

Ten of the 29 species observed were found only in the two forest areas, while 62% (18 of 29) 

of species were detected in both forest areas and on the overpass. The two forest areas, 

Karawatha and Kuraby, shared 21 species, with the highest Sørensen Index of 0.86. In contrast, 

a comparison of the number of species shared between the overpass and Karawatha, and the 

overpass and Kuraby, yielded Sørensen Index of 0.74 and 0.78 respectively. Comparing the 

number of species found on overpass sites with those found on all forest sites yielded a 

Sørensen Index of 0.77, with one species (Hemidactylus frenatus) detected only on the 

overpass.  

Comparison of Shannon–Weiner indices identified minor differences in captured species 

diversity between the three sampling areas (Karawatha: 1.77; Kuraby: 1.73 and the overpass: 

1.67). The MDS (multidimensional scaling analysis) treatment grouped the two Kuraby 

sampling sites (5–6) with sampling site 7 (the overpass site), while the four Karawatha 

sampling sites (1–4) were distinctly separate (Figure 4.3a). Removal of R. marina captures 

from the data set resulted in a scattering of the groups, although the distinction between the 

Karawatha sites and the rest was still evident (Figure 4.3b).  
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Figure 4.3. MDS analysis of species detected between study sites, categorised into a priori 

groups (Karawatha sites 1–4, Kuraby sites 5–6 and overpass site 7) with R. marina (a) included 

and (b) removed from the data set. 

ANOSIM analysis showed significant similarity between the species caught in the pitfalls 

within Kuraby compared with those on the overpass (R=0.000) but not between Karawatha and 

the overpass (R=0.083) or Karawatha and Kuraby (R=0.196) with R. marina removed. 

SIMPER analysis demonstrated high dissimilarity between all three groups when R. marina 
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were removed. Dissimilarity was lowest between Kuraby and the overpass (average 

dissimilarity: 50.82), while dissimilarity between Karawatha and Kuraby (average 

dissimilarity: 76.18), and between Karawatha and the overpass (average dissimilarity: 77.06) 

was much higher.  

Rate of species accumulation on the overpass 

Species accumulation curves (Figure 4.4) for Karawatha and Kuraby indicated that both 

approached an asymptote after about six years of surveys (18–20 trapping surveys) though with 

slightly different maxima (projected total species for Karawatha was 14.0 and for Karawatha 

was 13.2). In contrast, the overpass appeared to have been steadily colonised by new species 

throughout the six years, with little indication of an easing of the rate of species accumulation. 

The relationship between the number of new species and time on the overpass was remarkably 

linear (R2 = 0.963) indicating the addition of approximately 2.2 species per year. The equivalent 

R2 values for Karawatha and Kuraby were 0.762 and 0.807 respectively. 
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Figure 4.4. Species accumulation curves for six years (2005–2010, indicated by dashed lines) 

for the three research areas: Kuraby bushland, Karawatha Forest and the Compton Road 

overpass. 

4.4 Discussion 

Karawatha Forest and Kuraby Bushland in southern Brisbane support a rich diversity of 

herpetofauna (Veage and Jones 2007). The presence of a four–lane road between them 

represents a major barrier to any potential movement or gene flow between the two reserves 

(Veage and Jones 2007; Andrews et al. 2008). Although intended primarily for larger mammal 

species, the construction of the Compton Road fauna overpass provided a potential means of 

connectivity between populations of herpetofauna species living on either side of the road. A 

total of 29 (24 reptile and five amphibian) species were identified within one kilometre of the 

overpass between 2005 and 2010. This represents 25% of all herpetofauna species known to 

occur within the Greater Brisbane region (Ryan 1995). Of these, 19 were pitfall trapped in the 

forest research areas and a further 11 were detected by observation or hand searches. It is 

important to note however, that the spatial arrangement of the sampling sites was associated 
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with a previous survey with a more general objective of determining herpetofauna species 

richness in the surrounding forest (S. Wilson unpubl. data). This layout resulted in a somewhat 

unbalanced sampling design (four sampling sites in Karawatha, two in Kuraby and one on the 

overpass) in response to the varied habitat sizes. This is likely to have contributed to the 

variation in our data obtained for the three areas of study.  

 

The aim of this study was to ascertain the extent to which local herpetofauna communities had 

been able to colonise the reconstructed habitat of the overpass. A central aspect associated with 

interpreting the results is clarifying what is meant by ‘colonisation’, which in this case, includes 

three interconnected concepts. First, colonisation may refer to the detection of species that have 

successfully moved onto the overpass, providing a measure of species diversity. Second, 

colonisation may describe the increasing species diversity on the overpass, measured as species 

accumulation, which increases over time. Finally, permanent colonisation relates to the 

prolonged persistence of species that have come to occupy the structure as an extension of 

natural forest habitat. This latter aspect is addressed by assessing the long–term presence of 

species found on the overpass during the study, coupled with a likely assessment of permanent 

colonisation based on home range and life–history understanding. 

 

The success of the overpass was convincingly confirmed with 19 species captured or detected 

on the overpass. That is, over 60% of species known to occur in the surrounding forest were 

detected on the overpass. Capture rates and species diversity of herpetofauna detected on the 

overpass were not statistically different to those from the Karawatha and Kuraby sites. 

Moreover, the overpass site was amongst the highest of all sites for both capture rates and 

species richness. This result is important as it demonstrates that a diverse range herpetofauna 

species have come to occupy the overpass, which can be regarded as clear evidence of the value 

of the overpass. We also note that it is unlikely that the overpass supports a comparatively 

higher diversity than either forest, as the diversity and capture rates obtained here may be due 

to the concentrating effect of the narrow overpass. However, this does not discredit the positive 

species diversity result of the overpass, instead demonstrating that the overpass is performing 

the desired function. 

 

Possibly the most striking result from this study was the consistent rate of new species detected 

on the overpass throughout the sampling period. This is likely due, not only to the species 

captures increasing as sampling continued, but also to the development of the habitat on the 
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overpass enabling new species to utilise the passage over time. It is difficult to distinguish 

between these two components of the species accumulation data; however, both are 

resoundingly positive in regards to the study aims. The differing form of the species 

accumulation curves for the three areas (see Fig. 4) may also reflect different ecological 

processes, as well as the unequal trapping efforts within each of the research areas. However, 

the clear linearity of the overpass site suggests that the artificial space provided by the overpass 

was of value to individuals seeking new locations.  

Our results also demonstrate that the fauna overpass is being utilised and potentially traversed 

by a taxonomically and ecologically diverse group of herpetofauna. Open foragers such as the 

common blue–tongue lizard (Tiliqua scincoides) and eastern bearded dragon (Pogona barbata) 

were recorded using the overpass. Similarly, more secretive species such as the Tommy 

roundhead dragon (Diporiphora australis), Burton’s snake lizard (Lialis burtonis) and a 

number of small litter dwelling skink species including the litter skink (Lygisaurus foliorum), 

rainbow skink (Lampropholis delicata) and friendly skink (Lampropholis amicula) were also 

recorded on the overpass. In addition, elegant snake–eyed skinks (Cryptoblepharus pulcher), 

a species associated with fallen timber (Wilson and Swan 2013), were also detected. The single 

species found only on the overpass was the Asian house gecko (Hemidactylus frenatus), which 

was detected on the small structures erected to house monitoring cameras, suggesting that 

disturbance effects were present at the overpass.  

The diversity of species observed or trapped on the overpass was comprised of both generalist 

species and forest specialists. Small skinks such as L. delicata, C. pulcher and barred–sided 

skink (Eulamprus tenuis), and larger lizards such as robust skinks (Ctenotus robustus), P. 

barbata and T. scincoides, which are known to be generalist species (Wilson 2005; Wilson and 

Swan 2013), were observed using the overpass.  These species are open foragers and would 

utilise the overpass easily, even without the structural complexity that the overpass lacked in 

the earliest years of establishment. The most promising indication however, was the detection 

of species such as the copper–backed brood frog (Pseudophryne raveni), lively skink (Carlia 

vivax), D. australis, L. amicula and L. burtonis. These species are known to be forest specialists 

(Wilson 2005; Wilson and Swan 2013); their presence provides a positive indication of the 

effectiveness of the overpass as an extension of the natural forest. In fact, only one recorded 

forest specialist, D. vittatus, was not recorded on the overpass, suggesting that specialist species 

were utilising the overpass even during these early years of establishment. Breeding on the 
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overpass has also been confirmed for both a reptile (D. australis; S. Wilson, unpubl. data) and 

a frog (P raveni; B. Taylor, pers. comm.). These observations indicate that reptiles and 

amphibians have not only moved onto the overpass, but have become resident and, in some 

cases, were able to reproduce. This strongly suggests that the local herpetofauna have utilised 

the habitat of the structure as an extension of the naturally occurring forest within the 

surrounding reserves, a fundamental objective of successful road permeability (Bissonette and 

Adair 2008).  

 

The appearance and subsequent reliable detection of a particular species on the overpass during 

pitfall trapping may be used to further determine any likelihood of permanent colonisation. Of 

the species observed on the overpass, R. marina and, to a lesser extent, ornate burrowing frog 

(Platyplectrum ornatum) were the only two species caught reliably on the overpass. Both 

species were present at the beginning of trapping and continued to be present throughout 

sampling, although P. ornatum were patchy in presence. The remaining 8 species (excluding 

P. raveni and D. australis on breeding evidence) only occurred irregularly throughout the 

trapping period which suggests these species had not permanently colonised the overpass and 

instead may use it for dispersal or movement. However, the eventual colonisation by striped 

marsh frog (Limnodynastes peronii) is a future possibility, as 10 successful captures were made 

from February to September 2008.  Coupled with this data, we can estimate the likelihood of 

permanent colonisation by species reliably captured on the overpass with respect to their home 

range or dispersal capabilities. Using this approach, it is likely that, considering the dispersal 

capabilities (Phillips et al. 2006; Kearney et al. 2008) and large capture number of R. marina, 

the species has both colonised the overpass and is using it for dispersal.  P. ornatum are known 

to aestivate (Mo 2015) which may explain the patchy occurrence. The aestivative nature of this 

species suggests that it may also have colonised the overpass. The remaining species differ 

significantly in morphology and dispersal capabilities but considering their patchy presence it 

is unlikely they have permanently colonised the overpass. The exception to this may be the 

small–bodied skinks C. pulcher, C. vivax, L. foliforum, and L amicula. Historical research has 

determined a relationship between body size and home range exists in lizard species (Christian 

and Waldschmidt 1984) while more recent research has determined that home ranges may 

change with foraging type (Verwaijen and Van Damme 2008). Due to their very small size it 

is unlikely that these species are using the overpass to travel long distances; however, capture 

rates on the overpass from this study cannot confirm colonisation.  
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As has been noted elsewhere (Corlatti et al. 2009; Jones et al. 2010), the majority of fauna 

overpasses throughout the world have been provided to facilitate the safe passage of larger 

species of mammal. As such, most tend to be open in structure, providing unimpeded views 

known to be preferred by species such as deer and larger mammalian predators (Beckman et 

al. 2010). In these cases it is typical for the vegetation planted on the structure to be confined 

to rows of low trees and shrubs along the sides of the overpass, with a continuous sward of low 

growing grasses as a floor. Non mammalian taxa do traverse overpasses vegetated in this 

manner (e.g., Mata et al. 2008; Corlatti et al. 2009). However, few, especially smaller, species 

appear to find such habitats suitable for colonisation; this generally occurs only where 

overpasses have been designed specifically with diverse taxa in mind (van der Grift et al. 

2009b). It is highly likely that the diverse and carefully planned vegetation plantings and habitat 

structures included in the Compton Road overpass was a major component of its success in 

attracting such a rich herpetofauna from the local forest environment. The landscape 

consultants involved were explicitly instructed to provide habitat continuity across the overpass 

and deliberately selected a wide variety of local species for planting (Jones et al. 2010). Within 

five years of establishment, these plantings closely resembled the adjacent forest in 

composition and a typical early succession subtropical eucalypt forest (Jones et al. 2010). Also 

likely to have been preferred by the reptiles was the deliberate use of a thick layer of coarse 

mulch instead of continuous grass on the surface of the overpass. In addition, Brisbane City 

Council added a number of large logs and tree trunks as both habitat features and physical 

impediments to motorcycle riders. These are all features likely to have been influential in 

facilitating colonisation by herpetofauna, even though they were not considered in the original 

overpass plans. The colonisation of the overpass by amphibians, including breeding in one 

species, is noteworthy and could be an outcome of the effort taken to provide similar vegetation 

structure on the overpass to that of the surrounding forest. 

 

While a fundamental aim of providing wildlife crossing structures is to enhance the capacity 

of animals to move through the landscape despite the presence of roads, this may also have 

unintended consequences, including increasing the likelihood of predation on passing prey, and 

assisting the dispersion of invasive species (Little et al. 2002). While both red foxes (Vulpes 

vulpes) and cats (Felis cattus) were detected using the structures in modest numbers during 

earlier studies (Bond and Jones 2008), this study provided no evidence on whether either 

species is preying on animals moving over the overpass. The present study does, however, 

indicate that, as cane toads (R. marina) were the most reliably captured species on the overpass 
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(Table 1), they are capable of colonising the structure, and presumably of dispersing across it. 

R. marina were found in all forest sites, often in company with several native frogs. The local

impact of this invasive species has not been studied within the Karawatha and Kuraby forests. 

This study described the successful colonisation of a vegetated fauna overpass by herpetofauna 

and attributing this achievement to the habitat features of the structure. This is, however, only 

a partial success from the perspective of the fundamental objective of overcoming the barrier 

effect of a road (see Forman et al. 2003; van der Ree et al. 2015a). The next stage of 

investigation is to assess the extent to which populations of any taxa, ostensibly isolated by the 

presence of the road, have been reconnected by the construction of a fauna overpass. While 

this may be logistically easier with larger, more mobile species of mammal or birds, verifying 

physical movement and more importantly, gene flow across the barrier, will require more 

sophisticated approaches for most herpetofauna. The addition of funnel traps alongside the 

pitfall methods employed in this study will also be of benefit to increasing the capture of diverse 

species for future sampling. Continuation of this research is being conducted, with a rectified 

study design. This important change will ensure robust results that will confirm the observed 

outcomes from this study. 
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5.1 Introduction 

Urbanisation and the associated increase in transport infrastructure pose significant threats to 

the remnant greenspace that exists within urban environments (Forman et al. 2003; van der Ree 

et al. 2015a). This is particularly important for isolated patches of bushland (Ewers and Didham 

2006), where the ongoing stressors associated with the presence of roads and vehicles are often 

magnified (Forman et al. 2003). Due to their susceptibility to road mortality and habitat 

fragmentation, reptiles and amphibians are now recognised as taxa particularly at risk from the 

impacts of roads (Rytwinski and Fahrig 2015). These risks are likely to be further pronounced 

for herpetofauna living in isolated patches of habitat within the urban environment (Dawson 

and Hostetler 2008). Various evolutionary and behavioural traits exhibited by many 

herpetofauna, including high longevity, low fecundity, seasonal migratory movements or the 

necessity to utilise a variety of habitats (Andrews et al. 2015; Rytwinski and Fahrig 2015) 

increase their susceptibility to road–induced, population–level deterioration (Jochimsen et al. 

2004; Shepard et al. 2008b). Other characteristics pertaining to reptiles and amphibians are also 

key determinants of this susceptibility, including thermoregulatory requirements that often lure 

some taxa to bask on warm road surfaces (Forman et al. 2003; Mccardle and Fontenot 2016). 

Roads and traffic are known to have played a key role in the decline of many herpetofauna 

species, although the cryptic nature of these animals makes studying such effects difficult to 

detect and quantify (Andrews et al. 2015). 

The increase in awareness of the detrimental effects of roads has encouraged the development 

of novel mitigation strategies aimed at maintaining landscape connectivity and increasing the 

permeability of transport infrastructure, especially in urban areas (Glista et al. 2009; Clevenger 

and Sawaya 2010). Large mammals such as ungulates and carnivores are typically the target 

of mitigation strategies such as fauna passages (overpasses and underpasses), which are now 

frequently included in new and up–graded road designs to decrease habitat fragmentation and 

reduce wildlife–vehicle collisions (Corlatti et al. 2009; Beckman et al. 2010). Although a large 

number of small underpasses for amphibian migrations exist throughout the world, very few 

large–scale fauna overpasses have been constructed specifically to aid herpetofauna, with the 

Groene Woud overpass in the Netherlands being one notable exception (van der Grift et al. 

2009a). Some studies have inadvertently demonstrated that fauna passages are used by an array 

of herpetofauna (eg. Bond and Jones 2008); therefore, the importance of determining the use 

of fauna crossing structures by the entire suite of local species, most of which will be non–
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target species, is essential for evaluating the overall effectiveness of these passages. Including 

herpetofauna in these evaluations may prove to be particularly important as indicator taxa in 

assessing the value of fauna passages to overall local vertebrate communities. For example, 

specific thermoregulatory requirements of herpetofauna facilitate substantial sensitivity to 

environmental change such as temperature (Shine 2005) and disturbance (Smith and Rissler 

2010), as well as the requirement for often well–established, complex habitats with an 

availability of resources (Shine 2005). The potential for reptiles to indicate the broader 

effective implementation of fauna passages may assist in the future development of broadly 

applicable passage designs. 

 

Utilising the presence of herpetofauna communities in this way will require long–term 

monitoring regimes, which are vital to adequately assess the effectiveness of any fauna 

passages (Clevenger and Waltho 2005; Bond and Jones 2008; Shepard et al. 2008a). This is 

because of the highly varied and often substantial acclimation periods required before many 

species will adjust to new structures (Forman et al. 2003), as well providing an accurate picture 

of community change over time. Acclimation of species to fauna passages may require 

extended periods, in some cases years or even up to a decade, depending on the species 

involved, the establishment vegetation cover, and the amount of disruption occurring during 

construction (Clevenger and Waltho 2003; Forman et al. 2003). To effectively monitor the 

establishment of fauna passages, and assess their long–term effectiveness, monitoring 

programs should ideally encompass pre– and post–construction periods but must extend well 

beyond the construction stage (Clevenger and Waltho 2005; Corlatti et al. 2009).  

 

Located in southern Brisbane, Queensland, the Compton Road fauna array, constructed in 2005 

remains Australia’s most complex suite of fauna passages, consisting of a vegetated overpass 

and two purpose–designed underpasses, as well as arboreal mammal poles and rope ladders 

(Veage and Jones 2007). Herpetofauna monitoring of the overpass started soon after 

construction (2006), following surveys in the surrounding forests from a year prior to 

construction. These studies spanned the period of 2005–2010. The present study combines data 

from this early period (presented in McGregor et al. 2015) with more recent monitoring data 

from 2013–2015. The aim is to utilise these data, spanning approximately a decade, to 

determine whether longer–term monitoring can be employed in evaluating the effectiveness of 

the fauna overpass. This will contribute to the suite of studies on the varied taxa using the 

overpass (mammals: Veage and Jones 2007; Bond and Jones 2008; Taylor and Goldingay 
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2012; birds: Jones and Bond 2010; Pell and Jones 2015), as well as suggest current use of the 

underpass by herpetofauna. In addition, we propose an innovative perspective on utilising 

herpetofauna communities as indicator species in assessing acclimation of a vegetated 

overpass. 

 

5.2 Methods 

 

Study area 

 

Compton Road is a two–lane duel–carriageway road that links Brisbane to the neighbouring 

city of Logan, to the south. The speed limit is 70 km/hr with a traffic volume of 10,000 cars 

per day (Brisbane City Council 2014), doubling from 5,000 cars daily since 2005 (Veage and 

Jones 2007). Compton Road separates Karawatha Forest Reserve (940 ha) from Kuraby 

Bushland (140 ha), two remnant bushland reserves which are recognised as being of 

bioregional and state biodiversity significance (Mack 2005). Classified as dry forest eucalypt 

with native heath understoreys (Gasteen 1997), the reserves support 324 native plant species 

(Jones et al. 2011) and over 200 fauna species (Brisbane City Council 2015). The reserves also 

encompass some of the last remaining wet heathland and melaleuca wetlands in the region, 

which support the highest frog diversity in Brisbane (Brisbane City Council 2015). 

 

The widening of Compton road in 2004–2005 threatened to further reduce the connectivity 

between the reserves, as well as potentially increasing road kill and related incidents (Veage 

and Jones 2007). To mitigate these impacts, local interest groups and stakeholders negotiated 

the inclusion of the Compton Road fauna array into the road project, which was to include two 

fauna underpasses, three rope ladders, a line of glider poles and a fauna overpass (27° 36’ 

53.11” S, 153° 05’ 03.12” E) (Figure 5.1). Importantly, roadside exclusion fencing (2.48m 

high) was erected across the full length of the overpass, and along the entire road edges, to 

funnel animals towards the array.  The fencing includes a 50 cm base of thick rubber matting, 

buried below ground level, which aims to prevent small animals, such as reptiles, from going 

through or burrowing under the fence 
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Figure 5.1. Compton Road fauna overpass (above) and the western underpass (below, left). 

Compton Road overpass vegetation after 10 years of establishment (2015) (below, right) 

(photographs: M. McGregor). 

 

The fauna overpass is hourglass shaped, 70m long, 15m wide at the midpoint and 20m wide at 

each end. The planting regime of the overpass replicates the surrounding forest in structure and 

species composition, specifically to allow the movement of larger mammals (macropods) while 

maintaining structural complexity for smaller animals (Jones et al. 2011). Two fauna 

underpasses accompany the fauna overpass, with the aim of facilitating the movement of 

wildlife underneath Compton Road (Veage and Jones 2007; Bond and Jones 2008). Each 

underpass is split–level, 48 m long and 2.4 m x 2.5 m girth, fitted with raised wooden ledges 

(Veage and Jones 2007) (Figure 5.1). Severe flood damage that occurred in 2011 affected one 

underpass, which currently remains unrepaired. This damage has restricted access and reduced 

monitoring to a single underpass (western underpass). 
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Survey methods 

Herpetofauna were trapped and released in two phases, the first between June 2005 and 

February 2010 (McGregor et al. 2015) and the second January 2013–June 2015 using three 

different methods between two studies (Table 5.1). The initial research period employed live–

trap arrays comprised of three pitfall buckets at seven sites located throughout the reserves (see 

McGregor et al. 2015). The second research period used six of the seven original sites (site 

three was relocated for animal safety reasons), while three additional sites were added to 

balance the study design (Figure 6.2). Herpetofauna funnels (two at each site) were also added 

to the pitfall arrays for the second research period to increase capture rates of animals less likely 

to be caught in pitfall buckets (snakes and geckos). Camera monitoring at each site and in the 

underpass was used to record larger species (Ltl. Acorn 5210A). Captured herpetofauna were 

not marked, so recaptures have not been identified for any period. All animals were released at 

the location of capture immediately after identification. The study was conducted with the 

approval of the Griffith University animal ethics committee (AES/04/05/AEC; 

ENV/22/12/AEC). 

Table 5.1. Overview of methods used during the data collection period (2005–2015) and how 

methods were applied to identify variation between the initial research period and the second 

research period. 

Research period Duration Method Effort Location 

Initial period 

(McGregor et al. 

2015).  

2005 (June 2006 for 

overpass)–February 

2010 

Pitfall array (three 

20L pitfall buckets 

positioned along one 

15 m mesh drift 

fence) 

Three days, two 

nights, every 

two months. 

Sites 1–7 (including 

site 3). 

June 2005–

February 2010 

Observational hand 

searching along one 

10m transect, parallel 

to the pitfall array. 

All natural structures 

were observed 

15 minutes 

during each trap 

session 

Sites 1–7 (including 

site 3). 

Second period January 2013–June 

2015 

Pitfall array (three 

20L pitfall buckets, 

two funnel traps 

positioned along one 

Four days, four 

nights, once a 

season (every 

Sites 1, 2, 3a, 4–10 

(did not include site 

3).  
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15 m mesh drift 

fence) 

three to four 

months). 

August 2013–June 

2015 

One camera at each 

site, four cameras in 

underpass.  

Coinciding with 

trap sessions, 

one to five 

weeks at a time. 

Sites 1, 2, 3a, 4–10 

(did not include site 

3). Underpass. 

Figure 5.2. Location of Karawatha and Kuraby south of Brisbane City (left) and the location 

of sites monitored from 2005–2010 (original sites) and 2013–2015 (all sites) (right). Site 3a 

replaced site 3 for the second monitoring period. 

Vegetation surveys were conducted during 2015 at the 10 sites surveyed from 2013–2015. 

Surveys were conducted in Karawatha, Kuraby and on the overpass, which allowed comparison 
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of vegetation structure between the overpass and the forest. The three most dominant species 

for the canopy layer, mid layer and ground layer were recorded along with leaf litter depth at 

20 points. Ten randomly placed 1 x 1 m quadrats were used to estimate percent cover for bare 

ground, vegetation cover, rock cover and woody debris cover. Between September 2014 and 

September 2015, ground temperature recordings were obtained using ibutton temperature 

readers (Maxim Integrated) at sites 1, 2, 3a, 4–10 to enable a comparison of the ground 

temperature on the overpass, as an artificial forest, with the natural forest. Each ibutton 

recorded temperature just below the leaf litter layer (<10 mm depth) every half an hour, 

providing mean daily temperature trends for each site. 

Data analysis 

Species accumulation curves were used to quantify changes in species capture rates between 

the two research periods. This technique aimed to determine two parameters: first, species 

accumulation over the entire ten year period; and second, whether changes in methods 

influenced the detection of species. Chi–Squared analysis was conducted on total species 

richness, including all monitoring methods, to determine observed compared with expected 

species richness between the overpass and the forests. 

Vegetation structure and temperature data were analysed to compare aspects of the overpass 

habitat with the habitat of surrounding forests. Vegetation composition was analysed using an 

analysis of similarity (ANOSIM) (PRIMER 7, PRIMER–E Ltd.), to determine any discernible 

difference between species composition. Ground temperature data was collected half hourly to 

show temperature trends across a 24 hour period, which was analysed between sites to produce 

descriptive statistics using SPSS (IBM 2010). Microsoft Excel was used to produce graphs for 

ground cover comparison and invasive species presence. 

5.3 Results 

Overpass establishment 

Vegetation on the overpass assessed in 2015 was found to reflect the initial planting regime 

(see Jones et al. 2011), with a lower overall similarity to the forest. Black wattle (Acacia 

concurrens) and forest red gum (Eucalyptus tereticornis) comprised the majority of the canopy 
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layer (70% and 27.5% respectively), while the mid layer was dominated by weeping 

bottlebrush (Melaleuca viminalis) and prickly–leaved paperbark (Melaleuca nodosa) (60% and 

25% respectively). Species composition dissimilarity was highest between Karawatha and the 

overpass (R=0.75, P=0.067), followed by Kuraby and the overpass (R=0.571, P=0.067), while 

Karawatha and Kuraby were similar (R=0.031, P=0.371). However, no dissimilarity was 

statistically significant. Ground cover varied minimally by site, although site 8 on the overpass 

had the highest mean percentage of bare ground (27%) and the lowest cover of vegetation 

(12%) (Figure 5.3).  

 

 

Figure 5.3. Mean ground cover composition at each site (sites 1–4 in Karawatha, sites 5, 6, 9, 

10 in Kuraby and sites 7, 8 on the overpass), as surveyed by 10 randomly placed quadrats. 

 

Daily temperature trends were similar across all sites over a 24 hour period, with a mean 

difference of less than 1°C between 4pm and 9am. Temperature difference was higher during 

the day, between 9am and 4pm, with a maximum average of 1.9°C between all sites. Overall, 

mean temperatures varied by 1.67°C, with site 4 (Karawatha) recording the highest mean 

temperature, while minimum recorded temperatures also varied little, with a range of 2.02°C. 

Maximum temperatures varied far more widely, with site 6 (Kuraby) recording the highest 

maximum temperature (52.50°C) and site 2 (Karawatha) recording the lowest maximum 

temperature (39.60°C). Variability within sites was similar, with site 2 recording the lowest 

standard deviation (±4.70°C) and site 8 (overpass) recording the highest (±6.74°C) with the 

range in standard deviation of ±2.04°C.  
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Herpetofauna presence 

 

Thirty–one herpetofauna species were detected during the entire research period (2005–2015), 

two of which were invasive (Table 5.2). Twenty–three species (four amphibians) (74.19%) 

were observed to occur on the overpass (20 captured), including both invasive species (cane 

toad Rhinella marina, Asian house gecko Hemidactylus frenatus). A total of 26 species were 

recorded in both Karawatha and Kuraby, with 18 species captured at each site. The underpass 

was not monitored during the first research period, although four species (one amphibian; cane 

toad) (12.9%) were detected using the underpass during the second period. Skinks detected 

using the overpass were a combination of small native skinks (Lampropholis or similar), with 

identifiable individuals of Ctenotus and Eulamprus species.  

 

Early use of the overpass was dominated by cane toads, with one Tommy roundhead dragon 

(Diporiphora australis) and one ornate burrowing frog (Platyplectrum ornatum) being the only 

native species detected in the first 12 months.  Asian house geckos were also observed on the 

overpass during the early stages of construction, living in small metal boxes installed to house 

camera batteries. Pearson’s Chi–Square analysis determined no significant difference between 

the observed and expected species richness of captures per trap effort between Karawatha, 

Kuraby and the overpass (X2 = 14.743; df=18; p=0.680).  



Page | 102 

Table 5.2. Combined capture data for herpetofauna species found in Karawatha, Kuraby and using the overpass and underpass from 2005–2010 

(McGregor et al. 2015) and current surveys (2013–2015). *Invasive species, ^camera captures, observational data included (Obs.) #Skink spp. not included in 

richness calculation. 

2005–2010 2013–2015 

Scientific name Common name Karawatha Kuraby Overpass Karawatha Kuraby Overpass Underpass 

Reptiles 

Agamidae 

Diporiphora australis Tommy roundhead dragon 3 14 1 0 1 0 0 

Intellegama lesuerii Eastern water dragon Obs. Obs. 0 0 0 0 44^ 

Pogona barbata Eastern bearded dragon 2 1 1 2 0 1 0 

Elapidae 

Demansia psammophis Yellow–faced whip snake 0 Obs. Obs. 1 0 1 0 

Hemiaspis signata Marsh snake 0 Obs. 0 0 0 0 0 

Pseudonaja textilis Eastern brown snake 0 0 0 0 0 1 0 

Geckonidae 

Diplodactylus vittatus Eastern stone gecko 10 4 0 1 2 0 0 

Gehydra dubia Dubious gecko Obs. Obs. Obs. 0 0 1 0 

*Hemidactylus frenatus Asian house gecko 0 0 Obs. 0 0 0 0 

Oedura robusta Robust velvet gecko Obs. Obs. 0 0 0 1 0 

Pygopodidae 

Lialis burtonis Burton’s legless lizard 3 4 1 2 5 14 0 

Pythonidae 

Moreila spilota Carpet python 0 0 0 Obs. 0 0 0 

Scincidae 

Calyptotis scutirostrum Scute–snouted calyptotis Obs. 1 Obs. 9 7 3 0 
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Carlia vivax Lively rainbow skink 7 3 3 0 2 2 0 

Cryptoblepharus pulcher Elegant snake–eyed skink 8 1 1 2 2 0 0 

Ctenotus robustus Robust skink Obs. 2 2 0 7 4 0 

Ctenotus taeniolatus Copper–tailed skink Obs. Obs. 0 0 1 6 0 

Eulamprus spp. Eulamprus species 1 Obs. 0 0 0 Obs. 1^ 

Lampropholis amicula Friendly sunskink 15 1 1 1 2 0 0 

Lampropholis delicata Garden skink 3 4 Obs. 30 44 15 0 

Lygisaurus foliorum Iridescent litter skink 5 Obs. 1 1 0 0 0 

Morethia taeniopleura Fire–tailed skink Obs. Obs. Obs. 0 0 0 0 

#Skink spp. Skink – – – 1 0 2 17^ 

Tiliqua scincoides Eastern blue–tongue lizard 1 Obs. 0 4 2 0 0 

Varanidae 

Varanus varius Lace monitor 0 Obs. Obs. 6^ 1 8^ 10^ 

Amphibians 

Bufonidae 

*Rhinella marina Cane toad 13 49 30 10 18 13 23^ 

Myobatrachidae 

Limnodynastes peronii Striped marsh frog 0 12 10 7 3 4 0 

Limnodynastes terrareginae Northern banjo frog 2 0 0 0 0 0 0 

Platyplectrum ornatum Ornate burrowing frog Obs. 6 5 0 0 0 0 

Pseudophryne major Large toadlet 0 0 0 0 1 0 0 

Pseudophryne raveni Copper–backed brood frog 2 8 1 12 21 17 0 

Total abundance 75 110 57 89 119 94 95 

Total richness captured 14 14 12 15 16 16 4 

Total species richness 22 25 19 16 16 17 4 
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Herpetofauna species accumulation increased steadily between 2005 and 2015. Polynomial 

regression showed that species accumulation continued to increase throughout the research 

period, with R2 values being very similar between the first research period (Karawatha = 

0.9132, Kuraby = 0.8663, Overpass = 0.9143) and the second research period (Karawatha = 

0.8795, Kuraby = 0.9146, Overpass = 0.9167) (Figure 5.4). The overpass regression maintained 

an increase until the end of trapping, eventually surpassing the species richness in the forests. 

 

 

Figure 5.4. Species accumulation regression analysis of herpetofauna captured at each sample 

effort, during the initial research period (2005–2010) (above) continuing through the second 

research period (2013–2015) (below) with additional new species caught. 
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5.4 Discussion 

The Compton Road fauna array has been intensively studied since its construction, including 

monitoring of small to medium sized terrestrial mammals (Veage and Jones 2007; Bond and 

Jones 2008), arboreal mammals (Taylor and Goldingay 2012), birds (Jones and Bond 2010; 

Pell and Jones 2015) and vegetation establishment (Jones et al. 2011). The current research 

expands on the herpetofauna sampling presented in McGregor et al. (2015), which described 

the initial research period. During this first period, 12 species were captured on the overpass, 

with a further seven observed (McGregor et al. 2015). Although there was some variation in 

the monitoring methods, the species accumulation trend in the forest sites did not increase 

substantially over the second period (2013–2015), while the trend exhibited by the overpass 

data suggests that new species continued moving onto the structure. In turn, this suggests that 

the increase of species observed on the overpass was not due simply to a change in method 

used, as this change was not consistent across all sites. The higher species richness detected on 

the overpass compared with the forest could be due to the funnelling effect of fauna fencing; 

nonetheless, this demonstrates use of the overpass by a continuing suite of species, even ten 

years after its establishment. The lack of difference in species richness between the forest sites 

and the overpass also clearly demonstrates a level of effectiveness of the overpass (van der 

Grift and van der Ree 2015). Conversely, the effectiveness of the underpass was seemingly 

restricted for herpetofauna, with only three species being unequivocally identified using this 

structure. Some skinks were present in the entry way on sunny days, but not inside the 

underpass.  

The inclusion of ground temperature and vegetation composition data in this study provides 

information on how the reconstructed habitat compares to the natural forest at an environmental 

level. The lack of variability between the ground temperatures of the artificial forest on the 

overpass, compared with the forest sites on either side, demonstrates that this important 

parameter of the physical environment of the overpass, and one of direct significance to 

herpetofauna, was essentially the same as the natural forest. The similarity in temperature 

between the overpass and the surrounding forests was surprising, considering roads emit a high 

quantity of radiant heat compared with vegetated substrates (Andrews et al. 2015). Similarly, 

the vegetation composition of the overpass continues to resemble the surrounding forest; 

however the similarity to the forest seen in initial surveys (Jones et al. 2011) appears to have 

reduced over time. One key objective of providing vegetation on a fauna passage is to attempt 
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to replicate the natural habitat within which local animals live (Smith et al. 2015). In this case, 

the vegetation establishment and the ground structure of the overpass were so similar to the 

forest, that several key measureable biotic and abiotic variables were similar to those in nearby 

natural forest habitat. The overpass appears to have become so similar to the adjacent natural 

environments that many of the local herpetofauna community now utilise the structure as an 

area of suitable habitat, with apparently negligible influence of the busy road beneath. This is 

a potentially important and somewhat unexpected result.  Conversely, the underpass does not 

reflect a similar process and it appears highly unlikely that the underpass will ever reach the 

same level of use as the overpass, at least for herpetofauna.  

 

The capture of a number of new species during the second period contributes to the initial 

conclusion that species continued to colonise the overpass (establishing permanent or semi–

permanent populations) as an extension of natural habitat (McGregor et al. 2015). Initially, the 

only species captured often enough to suggest colonisation were cane toads and ornate 

burrowing frogs, with evidence of breeding documented for Tommy roundhead dragons and 

copper–backed brood frogs (Pseudophryne raveni) (McGregor et al. 2015). The second 

research period showed that far more species had colonised the overpass habitat, continuing up 

to 10 years after construction. Common detections of scute–snouted calyptotis (Calyptotis 

scutirostrum), robust skinks (Ctenotus robustus), striped marsh frogs (Limnodynastes peronii), 

Burton’s legless lizards (Lialis burtonis), copper–tailed skinks (Ctenotus taeniolatus), garden 

skinks (Lampropholis delicata) and copper–backed brood frogs suggests that these species had 

colonised the overpass since 2010, more than five years post construction. However, the early 

detection of burrowing frogs and common captures of Tommy roundhead dragons did not 

continue into the later surveys, suggesting ephemeral colonisation of some species. Frequent 

sightings of lace monitors suggest that the overpass has become a common travelling route for 

this highly mobile species, while one–off captures of an eastern brown snake (Pseudonaja 

textilis) and a yellow–faced whip snake (Demansia psammophis) may indicate that other 

mobile species are also using the overpass to move between the reserves. Despite the 

comparatively short time frame of monitoring, results suggest that the underpass is not nearly 

as effective as the overpass. Common sightings of lace monitors, cane toads and water dragons 

may indicate that some larger species use the underpass for movement, although very little else 

was observed using the underpass. This may be due to the use of cameras only, restricting the 

detection of smaller species, however there is a clear difference in usage between the passages. 
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Herpetofauna are often used as environmental indicators due to their sensitivity to abiotic 

stressors as well as to habitat loss and landscape fragmentation (Welsh and Ollivier 1998; 

Wilson and McCraine 2003; Smith and Rissler 2010). Richness and abundance of reptiles, in 

particular, have been used as indicators of post–mining habitat restoration in Australia (eg. 

Twigg and Fox 1991; Thompson and Thompson 2005; Thompson et al. 2008), which in 

principle, is an ecologically similar process to the establishment of a vegetated overpass. 

Research on mine landscape restoration suggests that reptiles are slower to colonise 

rehabilitated areas than mammals (Twigg and Fox 1991; Taylor and Fox 2001). Similarly, 

Thompson and Thompson (2005) found that colonisation of disturbed habitat by diverse reptile 

assemblages required a considerable amount of time, likely due to the requirement for specific 

microhabitat and niche availability. It is clear from the results of the current study that 

herpetofauna communities utilising the overpass were also continuing to change even a decade 

after construction. Furthermore, the high species richness present on the overpass is likely to 

have become established over a longer period than an equally high richness of mammals; the 

target taxa for the structure itself. This result indicates the suitability of this constructed habitat 

at a microhabitat level, as species with strict habitat requirements would only be present once 

the lower levels of ecosystem function are established (Thompson et al. 2008).  On this basis, 

it is likely that in the case of the Compton Road overpass, the herpetofauna communities 

currently indicate effective acclimation, and by proxy, might also be used to indicate 

habituation for mammals, and perhaps other taxa such as birds, although this would require 

further testing. 

Current understanding of the effectiveness of fauna passages for herpetofauna is restricted to 

far fewer studies than those on other taxa (Taylor and Goldingay 2010). Of the existing studies, 

most recognise that new approaches are required to determine the optimal location for fauna 

passages, using methods such as predictive hotspot modelling (Andrews et al. 2015).  While it 

is clear why some habitat features can determine excessively dangerous road placement or 

indicate the best position for a fauna passage (Rytwinski and Fahrig 2015), the Compton Road 

fauna array appears to be a definite case of ‘build it and they will come’. The resounding 

success and overall effectiveness of this overpass in particular is likely due to proper planning 

and execution of constructing the habitat as accurately as possible (Jones et al. 2015). The 

overall planning and construction of the overpass has resulted in constructed habitat that 

mimics the microhabitat features found in natural remnant forest, resulting in species rich 

communities of herpetofauna being able to colonise the habitat. Indicator species are 
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recognised as one of the basic tools for the assessment of conservation management 

(Lindenmayer et al. 2000), and employing herpetofauna in this way may well be a 

fundamentally reliable means with which to determine the effectiveness of fauna passages. 

This requires, however, sufficient monitoring time capable of detecting community 

composition change (in this case, up to a decade). Future planning and implementation of fauna 

passages should consider utilising the characteristics and habitat requirements of more sensitive 

species, such as herpetofauna, to assess the effective acclimation of constructed habitat. This 

will encourage continued refinement of the successful construction of wholly effective fauna 

passages.  
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6.1 Introduction 

The effects of urbanisation on highly mobile flying vertebrates, such as bats, have been 

consistently underestimated (Threlfall et al. 2013), in part from the assumption that they are 

less influenced by habitat fragmentation than are non–volent species (Gilbert 1989). Increasing 

evidence suggests, however, that urbanisation and the subsequent decrease in habitat 

connectivity, reduction of remnant habitat and increased anthropogenic disturbance reduces 

species richness, abundance and activity in many bat species (Russo and Ancillotto 2014). 

Roads, in particular, have been shown to directly influence bat mortality (Medinas et al. 2013), 

by posing significant barriers to movement (Abbott et al. 2012; Bennett and Zurcher 2013) and 

restricting dispersal for roosting and foraging (Abbott et al. 2012). Bat density and diversity 

have also been shown to decrease with proximity to major roads (Berthinussen and Altringham 

2012) while the presence of vehicles themselves have been shown to restrict foraging and 

commuting behaviours (Kerth and Melber 2009; Zurcher et al. 2010; Bennett et al. 2013). 

Direct effects such as vehicle strikes (Gaisler et al. 2009; Lesinski et al. 2011), street lighting 

and traffic noise (Longcore and Rich 2004; Stone et al. 2009; Bennett and Zurcher 2013) are 

also known to seriously impact urban bat communities by altering foraging, commuting, 

roosting and activity times (Stone et al. 2015). For example, increased artificial light has been 

shown to dramatically reduce foraging activity and delay commuting behaviour in lesser 

horseshoe bats (Rhinolophus hipposideros) (Stone et al. 2009), while road noise greatly impairs 

the passive listening abilities of greater mouse–eared bats (Myotis myotis) (Schaub et al. 2008). 

Fauna overpasses are gaining recognition as a key mitigation strategy for increasing or 

restoring landscape connectivity and permeability affected by roads (van der Ree et al. 2015a). 

Overpasses have traditionally been constructed for medium to large mammals (Forman et al. 

2003; Glista et al. 2009; Clevenger and Ford 2010); however, the presence of vegetation has 

been found to enhance utility by non–target taxa by establishing a continuation of the natural 

landscape (Bond and Jones 2008; Pell and Jones 2015). Fully vegetated overpasses, particularly 

those which closely resemble the surrounding natural habitat, have been shown to encourage 

diverse overpass use by non–target species (McGregor et al. 2015) including small mammals 

(Bond and Jones 2008), herpetofauna (Abson and Lawrence 2003; Bond and Jones 2008; Mata 

et al. 2008), and birds (Pell and Jones 2015) and potentially bats (Bach and Muller–Steiss 2005; 

Abbott et al. 2015). Although some studies have observed the use of underpasses by bats 

(Abson and Lawrence 2003; Bach et al. 2004; Abbott et al. 2012; Berthinussen and Altringham 
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2012), overpasses have only recently been suggested as a mitigation tool for potentially 

improving road permeability for bats (Bach and Muller–Steiss 2005; Berthinussen and 

Altringham 2012; Abbott et al. 2015). The current understanding of overpass use by bats is 

extremely limited (Altringham and Kerth 2015), with only one apparent publication 

specifically addressing vegetated overpass use by bats worldwide (Bach and Muller–Steiss 

2005). A relatively small number of similar studies have documented bat interactions with 

over–road structures (eg. foot bridges) or unvegetated overpasses (Abbott et al. 2012; 

Berthinussen and Altringham 2012). These studies noted that features such as strategic 

location, connectivity of tree lines and mature vegetation encouraged bat use of vegetated 

overpasses, whereas road flyovers or footbridges, did not facilitate effective road crossings for 

bats (Abbott et al. 2015; Altringham and Kerth 2015).  

Roadside vegetation directly affects bat behaviour (Bennett and Zurcher 2010). For example, 

vegetation along road verges may facilitate commuting, while gaps in vegetation such as tree 

canopies can prevent the establishment of bat commuting routes (Bennett and Zurcher 2013). 

Vegetation near roads can also provide protection as well as foraging habitat (Verboom and 

Huitema 1997) and increased insect prey (Avila–Flores and Fenton 2005). Considering the 

importance of vegetation to the movement (Russo and Ancillotto 2014) and behaviour (Bennett 

and Zurcher 2013) of many bat species, it is likely that a key determinant of overpass use by 

bats is the presence and structure of appropriate vegetation. The Compton Road fauna overpass, 

a component of a diverse array of fauna crossing structures in south Brisbane, Queensland, 

Australia, has been shown to successfully provide road permeability for a range of target and 

non–target taxa (Bond and Jones 2008; Taylor and Goldingay 2012; McGregor et al. 2015; Pell 

and Jones 2015). The success of this overpass to non–target species in particular has been 

attributed to the established vegetation that integrates the overpass into the surrounding forest 

(McGregor et al. 2015), facilitating habitat continuity across Compton Road. The aim of the 

present study was to determine whether the Compton road overpass, as a fully vegetated fauna 

crossing facilitates road permeability for microbat communities. It is expected that the road 

will negatively influence bat activity and species richness, except where the overpass is present 

and provides substantial canopy cover. It is also expected that bat richness and activity will 

increase with distance from the road.   
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6.2 Study site 

Compton Road is a major urban arterial consisting of two duel lanes, located in southern 

Brisbane, Queensland, Australia. The speed limit of Compton Road is 70 km/h and current 

traffic volume is estimated at approximately 10,000 cars daily (Brisbane City Council data 

2014). The road bisects Karawatha Forest Reserve (940 ha) and Kuraby Bushland (140 ha), 

two of Brisbane’s most significant urban bushland remnants. Both reserves provide natural 

bushland habitat for a range of native flora and fauna, including numerous significant or 

threatened species (Mack 2005; Veage and Jones 2007). During 2004–2005, the widening of 

Compton Road from two to four lanes threatened to permanently isolate the remnant forests, 

as well as increase collisions between wildlife and vehicles (Veage and Jones 2007). To 

mitigate these impacts, the road upgrade incorporated the Compton Road fauna array 

(27°36′53.11′′S, 153°05′03.12′′E) which included a vegetated overpass (Figure 6.1). The 

overpass is hourglass shaped, 70 m long, 15 m wide at the midpoint and 20 m wide at the ends. 

Roadside exclusion fencing (2.5 m high) extends the full length of the overpass and along the 

length of each forest at the roadside (Bond and Jones 2008; Jones et al. 2010). 

Figure 6.1. Compton Road fauna overpass in 2015 (Photo: M. McGregor). 

The natural vegetation of Karawatha and Kuraby is classified as dry eucalypt woodland with 

native heath understories (Veage and Jones 2007; Jones et al. 2010). The vegetation structure 

and composition on the overpass is similar to the surrounding forests and was planted at a rate 

of 70 shrubs and six trees per 100 m2, with space to facilitate the movement of macropods 
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(Jones et al. 2010). Surveys undertaken in 2009 confirmed that 95% of the planted trees and 

shrubs had survived (Jones et al. 2011). 

 

6.3 Methods 

 

Methodological challenges arise both with the study species, being highly mobile and often 

cryptic, as well as the limitation of a single study site. Bat detection was the only feasible way 

to monitor during this time, and as such is restricted in analysis and application, primarily due 

to the lack of ability to identify individuals. Regardless, species richness results, combined with 

being able to recognise levels of activity by counting call frequencies recorded provided a 

sound basis for determining patterns of activity around Compton Road and the overpass. This 

study is limited to a single study site, and therefore relies on replication of transects within the 

area to determine patterns of activity and species richness due the overpass and Compton Road. 

Therefore, comparisons will be made between the forest areas and the overpass, as well as 

between the transects at the roadside compared with the other end of the transects, within the 

forest. Replication for monitoring the overpass only exists within the single overpass span, 

using two monitoring points for comparison with the forest. 

 

Bat detection and capture  

 

Bat presence and activity were recorded over two consecutive nights each month for seven 

months between December 2014 and July 2015 (February excluded due to weather). Echometer 

Touch devices (30 m range, Wildlife Acoustics) and an iPad 4 (Apple Technologies) were used 

to monitor eight walking transects and two stationary points, beginning approximately one hour 

after sunset. Transect layout was mirrored on each side of the road while stationary points were 

located on the overpass apex, approximately 30 m apart. In each forest, two ‘road transects’ 

(RT) (defined as transects beginning at the side of Compton Road) were located to the west, 

one to the east of the overpass. Additionally, two overpass transects (OT) (defined as transects 

beginning level with the road side, but located on the overpass) ran parallel, down the middle 

of the overpass (Figure 6.2). Each walking transect extended 75 m into the forest at least 75 m 

from neighbouring transects, with each one monitored for 20 minutes 
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Figure 6.2. Layout of Eight 75 m walking transects and two stationary points, used to record 

bat call activity throughout Karawatha Forest and Kuraby Bushland. Green identifies forest 

areas. 

Road transects started from the unvegetated roadside fence line, extending into the forest, while 

the overpass transects began in the constructed habitat on the overpass and continued into the 

forest. The important distinction between road and overpass transects was the lack of 

vegetation at the roadside, meaning while the overpass transects remained within habitat for 

the length of the transect, the road transects did not. This difference allowed for two important 

comparisons. Firstly, comparing the overpass and road transects at the roadside would allow 

detection of variation in bat activity at the roadside where the overpass reduces roadside 

disturbance and provides habitat. Secondly, monitoring from the roadside into the forest would 

determine whether there is variation in bat activity on the roadside compared with in the forest.  

To allow each walking transect to take 20 minutes, six stops were made along the length of the 

transect of approximately three minutes each. These stops delineated six segments of each 

transect, beginning from the roadside and extending into the forest which were used for data 

analysis comparisons. Monitoring did not occur under the overpass for safety reasons. Ethical 

clearance was approved by the Griffith University Animal Ethics Committee (ENV 08/14 

AEC). 
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Data analysis 

 

Call analysis was completed using Kaleidoscope V3.1 and SongScope V4.1.3 (Wildlife 

Acoustics). Identification was based on local call libraries (south east Queensland and northern 

New South Wales; from Pennay et al. 2004; Churchill 2009). Each microbat species can emit 

a range of vocalisations, altering these calls when feeding, drinking or flying. Search phase 

calls consist of a series of regular sound pulses, repeated as bats navigate the landscape or 

search for food (Pennay et al. 2004), which were used in this study for species identification. 

Buzz calls are a series of, often erratic pulses, emitted during feeding or drinking and were used 

to identify active hunting behaviour if occurring within a clearly identifiable call.  

 

A complete call was identified by the presence of multiple calls with clearly identifiable 

maximum and characteristic frequencies. Other pulse characteristics such as initial sweep 

shape, body shape and terminal sweep shape (e.g. presence of tail) were used to distinguish 

between similar species (Pennay et al. 2004). Search phase calls were only included in data 

analysis when the species had been reliably determined. Recordings were identified to species 

level by M.M. and K.M. independently. Calls that could not be identified with a high degree 

of certainty were analysed by a third party for verification. All remaining unidentified calls 

were removed from the data set. Calls from species that could not be reliably distinguished 

from each other, for example Scotoropens sp., were grouped together as species groups 

(Hourigan et al. 2010). 

 

A number of analyses were used to determine three trends: microbat activity and richness 

variability between the three study areas (Karawatha, Kuraby and the overpass), whether 

microbat activity and richness varied between the roadside and the forest, and finally, whether 

microbat activity and richness was altered at the roadside by the presence of the overpass. 

Kruskal–Wallis analysis (SPSS statistics, IBM 2010) was used to determine statistical 

significance in bat activity and species richness between the three study areas (Karawatha, 

Kuraby and the overpass). Linear regression analysis was used to determine whether a linear 

relationship existed between call activity and proximity to the road by comparing points on 

road and overpass transects at increasing lengths away from the roadside. Recordings taken 

level with the roadside were compared between the road and overpass transects to determine 

the influence of the overpass vegetation on call activity at the roadside. This was achieved 

using Kruskal–Wallis analysis. SIMPER analysis (PRIMER 7, PRIMER–E Ltd.) was used to 
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determine the similarity of species activity with distance from the roadside. SIMPER was also 

used to compare overpass transects to the other transects to determine the impact of vegetation 

on species similarity at the roadside. QGIS 2.10.1 geoprocessing software was used to produce 

heat maps of call activity patterns using Google Earth base layers (Google Earth 7.1.5, 2015) 

based on Kernel Density Estimation. Heat map values used call activity numbers and are shown 

at a radius of 15 m to accurately represent the potential range of the EMT devices. 

 

6.4 Results 

 

Nine bat species were reliably identified within the study area from 1550 clear echolocation 

calls. Clear calls that were not reliably distinguishable between species were grouped (Group 

1 and Group 2). All nine species and both species groups were recorded in Karawatha, Kuraby 

and on the overpass. Call activity in the two forests were similar, with 393 recorded calls in 

Karawatha (�̅� = 31.75 ± 29.13 SD) and 414 in Kuraby (�̅� = 33.5 ± 30.30). Call activity recorded 

on the overpass (apex points) was almost double (743 calls; �̅� = 60.92 ± 94.79) that of the 

surrounding forest (Table 6.1).  

 

Table 6.1. Bat species identified from the recorded echolocation calls, including total calls 

recorded for Karawatha, Kuraby and the overpass. 

Taxonomic identification Karawatha Forest 

Kuraby 

Bushland Overpass 

Vespertilionidae    

Chalinolobus gouldii 55 85 337 

ǂGroup 1 (Chalinolobus 

nigrogriseus, Scotoropens greyii 

or Scotoropens species (Parnaby)) 145 151 84 

Miniopterus australis 45 13 103 

Miniopterus orianae oceanensis 4 33 113 

†Group 2 (Nyctophilus sp. or 

Myotis macropus) 4 17 18 

Scotoropens orion 2 1 3 

Vespadelus pumilus 13 6 15 

Molossidae    
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Austronomus australis 10 13 7 

Mormopterus beccarii 25 25 21 

Mormopterus ridei 65 50 28 

Emballonuridae    

Saccolaimus flaviventris 13 8 2 

Species richness total 11 11 11 

Activity total 393 414 743 

ǂNyctophilus gouldi, N. bifax, Nyctophilus geoffroyi calls are indistinguishable using bat 

detectors (Reinhold et al. 2001) and are easily confused with Myotis macropus (pers. comm. 

B. Thompson). †Similarly, calls from Scotoropens greyii and Scotoropens sp. are 

indistinguishable from each other (Reinhold et al. 2001; Churchill 2009), as are the majority 

of calls from Chalinolobus nigrogriseus lacking the characteristic frequency. Therefore, these 

calls were grouped. 

 

Species richness and similarity 

 

Species richness on the overpass was significantly higher than both Karawatha (X2 = 30.564, 

df = 1, p = 0.000) and Kuraby (X2 = 23.177, df = 1, p = 0.000) while richness in Karawatha and 

Kuraby were similar (X2 = 1.959, df = 1, p = 0.162). Overpass calls were dominated by 

Chalinolobus gouldii (28.08 ± 29.99 SD), Miniopterus orianae oceanensis (12.56 ± 11.81) and 

Miniopterus australis (7.36 ± 10.80 SD) which occurred consistently throughout recording. 

 

Mean within group species similarity was lowest at the roadside (17.42) and increased in the 

forest (min 39.66, max 57.61). Dissimilarity was higher between the roadside and the forest (�̅� 

= 66.21) compared with dissimilarity within the forest (�̅� = 59.376). Species contribution to 

dissimilarity between the roadside and the forest was dominated by three species, which were 

present in all comparisons: Group 1 (mean contribution 30.45%), Mormopterus beccarii (mean 

contribution 25.27%) and C. gouldii (mean contribution 13.19%). Calls from M. beccarii 

(34.6%), Group 1 (25.64%) and C. gouldii (16.67%) comprised the majority of roadside call 

activity. 

 

Mean dissimilarity was high between the overpass transects (level with the roadside) and the 

roadside recordings at all other transects (RT1 = 93.22, RT3 = 77.55, RT4 = 65.85). C. gouldii 
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and Mormopterus ridei contributed to dissimilarity in all cases (mean contributions 31.06%, 

24.79% respectively) due to high calls of both species on the overpass transects. 

 

Call activity 

 

Overpass call activity was significantly higher than both Karawatha (X2 = 36.189, df = 1, p = 

0.000) and Kuraby (X2 = 36.353, df = 1, p = 0.000) while call activity in Karawatha and Kuraby 

were similar (X2 = 0.062, df = 1, p = 0.804). Call activity was not significantly correlated with 

distance from the road (excluding overpass transects) (R2 = 0.001; F = 0.277; p = 0.599) (Figure 

6.3). However, the overpass transects were significantly different to two out of three road 

transects (RT1: (X2 = 4.672, df = 1, p = 0.031); RT3: (X2 = 9.190, df = 1, p = 0.002)) when call 

activity was compared at the roadside. RT4 was not statistically different to the overpass 

transects at the roadside (X2 = 2.366, df = 1, p = 0.124). 

 

 

Figure 6.3. Call activity concentrations along the transects increase from blue to red with 

intensity (creek and marshland areas outlined in green). Overpass call totals are noted 

separately due to extremely high call activity. 
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Call activity was divided into three feeding behaviour categories: open foragers (Austronomus 

australis, M. beccarii, M. ridei, Saccolaimus flaviventris), edge foragers (C. gouldii, Group 1, 

M. australis, M. orianae oceanensis, S. orion, Vespadelus pumilus) and gleaning foragers

(Group 2), to determine whether call activity patterns were due to variation in species 

behaviour. All three behaviour categories were strongly concentrated on the overpass. Open 

foragers showed higher activity at the roadside, the creek lines, as well as on the overpass 

(Figure 6.4). Edge foragers appeared to be spread evenly throughout most transects, while also 

showing high concentrations on the overpass (Figure 6.5). Gleaning species were rarely 

recorded within the transects but appeared to be concentrated on the Karawatha side of the 

overpass and on one Kuraby transect (Figure 6.6). 

Figure 6.4. Concentrations of call activity by open foraging bat species along transects increase 

from blue to red with intensity (creek and marshland areas outlined in green). 
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Figure 6.5. Concentrations of call activity by edge foraging bat species along transects increase 

from blue to red with intensity (creek and marshland areas outlined in green). 

 

Figure 6.6. Concentrations of call activity by gleaning bat species along transects increase 

from blue to red with intensity (creek and marshland areas outlined in green). 
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Calls pertaining to specific behaviours varied between the three areas, with the highest 

percentage of buzz calls (indicating active hunting) being found on the overpass at 4.57%, 

compared with Karawatha (3.31%) and Kuraby (2.95%). Search phases (indicating no active 

interactions) were the least common call recorded on the overpass, with 11.69%, compared 

with Karawatha (40%) and Kuraby (20.64%). 

6.5 Discussion 

South east Queensland supports high microbat diversity, with at least 24 known species 

(Churchill 1998), 18 of which occur around Brisbane (Churchill 2009; Hourigan et al. 2010). 

Previous studies conducted in Karawatha Forest detected at least nine species (Hourigan 2011), 

all of which were detected in the present study, although total species richness detected may 

be as high as 14. Foraging behaviours were used to determine patterns of activity throughout 

the study area, detecting differences between microbats unlikely to be affected by the road 

presence and those that are more likely to be susceptible. These groups form the basis for 

determining how foraging behaviours influence activity patterns and although some bats, such 

as Mormopterus sp., can alter feeding behaviours as required, these groups represent the 

primary feeding behaviour typically displayed by each species. 

The presence of microbats on the overpass was substantial, with a high level of activity and 

richness present throughout the sampling period, suggesting that diverse microbat communities 

are using the Compton Road overpass. All nine species and two species groups were recorded 

on the overpass, which also had the highest consistent activity, species richness and number of 

feeding buzz calls. Contrary to initial predictions, call activity did not differ significantly with 

proximity to the roadside, although patterns of activity between bats with different feeding 

behaviours were visible. Call activity along the roadside varied from activity observed in the 

forest, with most roadside activity dominated by open foragers (M. beccarii, C. gouldii and 

Group 1). Similarly, call activity varied significantly at the open roadside compared with the 

adjacent overpass habitat, suggesting that the vegetation established on the structure disguises 

the presence of the road. Landscape variation contributed substantially to activity patterns 

observed during the study, a recognised phenomenon of bat behaviour (Bennett and Zurcher 

2013). Call activity was correlated with creek presence, as well as intensifying in open areas 

such as powerline clearings. Vegetation is also likely to have dictated some results; for 
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example, the roadside end of RT4 in Karawatha had a large Eucalypt that projected canopy 

cover up to the side of the road, creating additional vegetation cover suitable for microbat prey. 

Current literature recognises that roads act as barriers to bat populations (Kerth and Melber 

2009; Bennett and Zurcher 2012; Berthinussen and Altringham 2012) by restricting dispersal 

(Abbott et al. 2012) or forcing changes in behaviour, such as road avoidance (Zurcher et al. 

2010; Bennet and Zurcher 2013); however the degree to which this occurs is debated. 

Berthinussen and Altringham (2011) observed that roads act as considerable, if not complete, 

barriers to microbat species, while Abbott et al. (2012) suggested that roads of similar 

construction to Compton Road are not absolute barriers to bat movement. How severely bat 

communities are affected by road barriers often depends on their morphology (Rydell 1992; 

Kerth and Melber 2009). Therefore, observing activity patterns between bats with different 

foraging behaviours may assist in determining whether, and how, Compton Road affects bat 

communities living in the surrounding forest. The high levels of bat activity on the overpass 

compared with the habitat-void roadside suggests that there is a negative effect due to the road 

and the associated clearing, as well as suggesting that the overpass does provide a level of 

remediation to immediate roadside presence. However, the limited call activity from gleaning 

species throughout the forest such as long–eared Nyctophilus, which are recognised as sensitive 

forest specialists (Lumsden et al. 2002; Threlfall et al. 2013), compared with far higher call 

activity from edge feeding free–tailed and sheath–tailed bats, suggests that the road effect zone 

may extend into the forest, beyond the length of the 75 m transects. This outcome is consistent 

with many studies suggesting typical road effect zones can be from 100 m – 1000 m from the 

road (Reijnen et al. 1995; Andrews et al. 2008; Eigenbrod et al. 2009; Eigenbrod et al. 2009). 

The broad spread and high call activity from edge foraging species may also suggest that edge 

effects extend well into the forest, while the dominant presence of Molossidae species, as open-

space foragers (Jung et al. 2014), along the roadside indicates substantial influence of the 

lacking habitat. These patterns suggest that Compton Road may be affecting more sensitive bat 

species, and is likely to present a complete barrier if this is the case. The substantial presence 

of Nyctophilus/Myotis sp. activity on the overpass provides evidence of increased habitat 

permeability, and most likely a reduction in the immediate presence of the roadside, for these 

species. It is unlikely that Compton Road impacts open and edge foraging species to the same 

intensity, although it does not prevent them from being at risk of barrier effects, traffic injury 

or other road related impacts (Kerth and Melber 2009). 
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Bats are known to alter their behaviour in response to the structure and availability of 

vegetation (Bennett and Zurcher 2013) with suitable vegetation facilitating higher bat diversity 

(Abbott et al. 2012; Abbott et al. 2015). The presence of increased bat activity on the overpass, 

as represented by all species surveyed, suggests that the overpass is providing quality habitat 

for diverse bat communities. This is likely due to the presence of appropriate, established 

vegetation. The strongest evidence of this is the concentration of gleaning species activity on 

the overpass apex, suggesting appropriately complex and suitable habitat for forest specialists, 

regardless of the location over the road. It seems as though the vegetation on the overpass is 

sufficiently able to reduce negative aspects of the road which are known to affect bats, for 

example artificial light (Stone et al. 2009) and traffic noise (Schaub et al. 2008), two elements 

of the road that are noticeably reduced on the apex, although they have not been measured. 

Additionally, the presence of open and edge foragers suggests a planting regime which does 

not exclude these species, a known consequence of dense vegetation (Medinas et al. 2013). The 

planting regime employed on the overpass aimed to replicate the local open woodland forest, 

which has evidently encouraged overpass use by the diverse range of species living in the 

forest. To fully understand the benefit of the overpass to bats, ascertaining crossing data by 

tagging and tracking individual bats would be of great benefit. This would specifically 

determine whether individuals are using the overpass as a crossing route. 

 

A variety of management practices have been suggested to reduce road impacts on bat species 

and potentially prevent further fragmentation. Bennett and Zurcher (2013) recommend 

management practices that involve interlinking tree canopies across roads, as well as restoring 

and enhancing vegetation along roadsides. One goal of habitat restoration is to enhance 

landscape permeability, which is also a primary goal of overpass construction (Forman et al. 

2003). Although vegetated overpasses have not been traditionally built or considered for bat 

communities, the overlap between what an overpass achieves, and what benefits bat 

communities, appears to be substantial. Some studies have concluded that over– road crossing 

features are more restrictive to bat species than are under–road crossings (Bach et al. 2004), 

with underpasses suggested as a potential solution to reducing road impacts on some bat species 

(Abson and Lawrence 2003; Kerth and Melber 2009; Boonman 2011; Abbott et al. 2012). The 

ecological value of the underpasses at Compton Road has not been determined; however, call 

activity and species richness on the overpass suggests that it is a substantial asset to the 

facilitation of habitat continuity across Compton Road. 
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Current research has highlighted the necessity of remnant forests within urbanised 

environments for the long–term persistence of microbats (Avila–Flores and Fenton 2005; 

Oprea et al. 2009; Threlfall et al. 2013). The increasing reduction and isolation of patches of 

remnant forest in urban areas worldwide continues to jeopardise local biodiversity, particularly 

for species sensitive to habitat fragmentation. Retention of tree cover and linear vegetation in 

these areas are critical to the sustainable protection and long–term persistence of urban forests 

for bat communities (Threlfall et al. 2013). Additionally, the presence of overpasses and similar 

infrastructure that enhances and reintroduces habitat connectivity needs to be appreciated in 

areas that are already highly fragmented. The Compton Road fauna overpass has shown to be 

successful in facilitating road permeability for a wide variety of taxa (Bond and Jones 2008; 

McGregor et al. 2015; Pell and Jones 2015), now including microbats, with the potential for 

maintaining habitat connectivity and enabling crossing between Karawatha and Kuraby. 

Without establishing whether bats are crossing the road without the aid of the overpass, it is 

difficult to quantify ‘effectiveness’ (as defined in Forman et al. 2003; van der Ree et al. 2007; 

van der Grift and van der Ree 2015). However, this study shows that the overpass itself is being 

used by a diverse range of microbat species for foraging, feeding and locomotion. This study 

is the first clear indication that a vegetated fauna overpass can facilitate activity and provide 

road permeability for a variety of diverse microbats in Australia, and one of very few 

worldwide. It is, therefore, significant in demonstrating the potentially important role of fauna 

passages in facilitating the long–term persistence of microbat communities in urban 

landscapes. 
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7.1 Introduction 

 

Urbanisation is now considered to be among the most prominent causes of species decline and 

extinction worldwide (Fahrig 1997), facilitating habitat loss and fragmentation (Forman et al. 

2003) that impacts virtually all taxonomic groups (Fischer and Lindenmayer 2007). Roads are 

a substantial contributor to these impacts (Forman and Deblinger 2000; Forman et al. 2003), 

which can extend far beyond the physical road corridor and present serious stressors for the 

surrounding landscape (Beckman et al. 2010; Berthinussen and Altringham 2012; van der Ree 

et al. 2015a). Increasing recognition of the significance of these impacts has led to the 

development of various mitigation strategies aimed at reducing biodiversity loss and enhancing 

the ability of species to persist in urban landscapes (Clevenger and Sawaya 2010). Preservation 

of natural bushland is increasing, as minimising, mitigating and offsetting environmental 

damage become common objectives of urban planning (van der Ree et al. 2015a). Alongside 

this, fauna passages are emerging as important tools for addressing the habitat fragmentation 

associated with transport infrastructure (Corlatti et al. 2009; Beckman et al. 2010). Fauna 

passages typically accompany other mitigation measures such as exclusion fencing (Clevenger 

et al. 2001), wildlife warning signs and reduced speed limits in wildlife–rich areas (Hobday 

and Minstrell 2008), all of which aim to reduce vehicle strikes (Forman et al. 2003; Bissonette 

and Adair 2008; Glista et al. 2009), maintain natural movement patterns or overcome barrier 

effects (Clevenger et al. 2003; Clevenger and Sawaya 2010). The role of fauna passages in 

facilitating safe animal movement is becoming increasingly appreciated (van der Grift and van 

der Ree 2015); however, the construction of new passages is currently outpacing research 

demonstrating their success (Taylor and Goldingay 2010). 

 

The overall performance of a fauna passages will depend on a number of variables such as 

structure and intended function (Smith et al. 2015) as well as the ecological requirements of 

the target and potential fauna communities (Jochimsen et al. 2004). This is the basis for 

determining effectiveness, as outlined prominently in the literature (see Forman et al. 2003; 

Clevenger and Waltho 2005; van der Grift et al. 2015). Systematic ecological information 

demonstrating effectiveness is, however, currently very limited (van der Grift et al. 2015). The 

lack of detailed, long–term information is often a consequence of the duration of monitoring, 

as most studies are of insufficient length for determining measureable effectiveness (Forman 

et al. 2003). This is often caused by monitoring being overlooked during the planning stages 

(van der Ree et al. 2015b), which subsequently leads to poor quality monitoring regimes that 
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are of little help in determining or assessing suitable conservation outcomes (Lindenmayer et 

al. 2011).  

Road ecology, in particular, often relies on support and funding from road, transport or 

government authorities who frequently display a lack of post–construction commitment to both 

monitoring and maintaining wildlife mitigation measures (van der Grift and van der Ree 2015). 

This potentially undermines the success of fauna passage construction by increasing the 

likelihood of issues such as lack of structural maintenance, or the proliferation of invasive 

species, which require attention to ensure maximum passage functionality (Clevenger and 

Waltho 2005). This lack of commitment also reduces the likelihood of long–term monitoring, 

which is vital to adequately assess the effectiveness of conservation management practices 

(Bond and Jones 2008; Shepard et al. 2008a) and effectively inform management and 

conservation policy (Lindenmayer et al. 2011). Furthermore, common budgetary and time 

constraints present serious limitations to recognising the often lengthy response times 

associated with many management interventions (Lindenmayer et al. 2011). This ‘slow 

feedback loop’ is observable in the acclimation period of many fauna passages after 

construction, where immediate monitoring is unlikely to provide accurate insight into the 

eventual effectiveness of the passage (Clevenger and Waltho 2003; Forman et al. 2003). 

The Compton Road fauna array in Brisbane, Queensland, Australia, consists of an unusually 

diverse suite of passage types within a relatively compact location (1.3 km). This array includes 

rope ladders, fauna underpasses, a fully–vegetated fauna overpass and a series of glider poles 

(Veage and Jones 2007). These structures have been monitored through numerous short–term 

studies since their construction in 2005 (Veage and Jones 2007; Bond and Jones 2008; Taylor 

and Goldingay 2012; McGregor et al. 2015; Pell and Jones 2015). Due to various constraints, 

however, there have been no continuous monitoring studies over the decade since construction. 

In an attempt to address this situation, the present study combines data from two early (2004–

2008) studies (Veage and Jones 2007; Bond and Jones 2008) with recent (2013–2015) 

monitoring to potentially discern long–term usage patterns by mammals.  The aim of this study 

was to quantify the potential long–term effectiveness of the Compton Road fauna array for 

mammals by scrutinising data spanning the last decade (2004–2015). This study also aims to 

address the complications and limitations arising from using a combination of sampling 

regimes, and will discuss the difficulties of combining multiple monitoring regimes to establish 

long–term data sets. 
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7.2 Methods 

Study area 

Compton Road is a major urban arterial in southern Brisbane, consisting of two dual–lane 

carriageways and a speed limit of 70 km/hr. Traffic volume on Compton Road has doubled in 

the last decade, from 5,000 cars per day in 2005 (Veage and Jones 2007) to 10,000 cars in 2014 

(Brisbane City Council 2014). Compton Road separates Karawatha Forest Reserve (940 ha) 

from Kuraby Bushland (140 ha), two of Brisbane’s most significant bushland remnants (Jones 

et al. 2010) (Figure 7.1). Karawatha and Kuraby have been formally recognised as being of 

bioregional and state biodiversity significance (Mack 2005), supporting a wide range of native 

flora and fauna (Veage and Jones 2007). The reserves contain 324 native plant species (Jones 

et al. 2011) and are classified as dry eucalypt forest, accompanied by native heath understories 

(Gasteen 1997). The reserves are home to over 200 known fauna species (Brisbane City 

Council 2015), including at least 16 significant or in decline species (Veage and Jones 2007).  
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Figure 7.1. Compton Road (southern Brisbane, Queensland, Australia), bisects Karawatha 

Forest and Kuraby Bushland. □ identifies the approximate location of the Compton Road fauna 

array. 

Plans to duplicate Compton Road in 2004–2005 threatened to exacerbate the already restricted 

permeability between the reserves and increase the likelihood of roadkill incidents (Veage and 

Jones 2007). To mitigate these impacts, the road design incorporated the Compton Road fauna 
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array (27° 36’ 53.11” S, 153° 05’ 03.12” E) (Figure 7.1). Roadside exclusion fencing (2.48 m 

high) extends along the full length of the overpass and the entire road edge of both forests 

(Bond and Jones 2008; Jones et al. 2010). The fencing includes a 50 cm base of thick rubber 

matting, buried below ground level, which prevents most animals from burrowing under the 

fence, and metal sheeting 1.38 m above the ground, which prevents animals climbing the fence. 

Timber escape poles are positioned on the roadside to allow re–entry from the road.  

The fauna overpass is hourglass shaped, 70 m long, 15 m wide at the midpoint and 20 m wide 

at each end. In order to replicate the surrounding forest and provide continuous habitat across 

the road, the overpass was planted with species sourced from local forests (Jones et al. 2011) 

with an open structure which allows the movement of larger mammals (kangaroos and 

wallabies, the main target species) as well as providing shelter for smaller species (Jones et al. 

2010). Vegetation surveys undertaken in 2009 found that 95% of the planted trees and shrubs 

had survived, weed infestation was low and vegetation structure was similar to that of 

neighbouring forests (Jones et al. 2011). Accompanying the overpass are two fauna 

underpasses, to allow wildlife movement beneath Compton Road (Veage and Jones 2007; Bond 

and Jones 2008). The split–level underpasses are 48 m long and 2.4 m x 2.5 m girth, fitted with 

raised wooden ledges designed to encourage use by animals less likely travel on the cement 

bottom (Veage and Jones 2007) (Figure 7.2). Severe flooding in 2011 damaged one underpass, 

limiting comparisons to a single underpass. 
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Figure 7.2. The Compton Road fauna overpass in 2015 (above) is accompanied by two fauna 

underpasses with a split–level design and wooden wildlife furniture (below).  

 

Survey methods 

 

Observational and trapping surveys targeting small mammals were undertaken during two 

periods, over four nights for each trap effort. Mammals were monitored from July 2004 to April 

2008 and January 2013 to June 2015 using five different methods between three studies (Table 

7.1). Sampling sites varied between the studies, however sites were consistently located within 

1 km of the overpass. Live trapping using cage traps and Elliott traps, were used in conjunction 

with camera monitoring in the surrounding forest from 2004 to 2007, while scat abundance 

surveys and sand tracking were used on the overpass and in the underpass from 2005 to 2007. 

Live trapping occurred from 2013 to 2015, used in conjunction with an increase in camera 
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monitoring. Scat abundance and sand tracking did not occur after 2007 but were replaced with 

increased cameras. Monitoring did not occur from April 2008 to January 2013. Monitoring for 

the presence of mammals on the overpass and underpass were undertaken during all monitoring 

periods after 2004 (2005–2015), while monitoring in the forest and in the underpass did not 

occur during Bond and Jones (2008) (see Table 7.1). Captured mammals were weighed, 

recorded and released at site of capture, but were not marked for the purposes of this study. All 

the monitoring methods were conducted in accordance with accepted field protocol performed 

with the approval of the Griffith University animal ethics committee between 2005 and 2015 

(ENV/01/07/AEC; ENV/05/08/AEC; ENV/12/09/AEC; ENV/22/12/AEC; ENV/01/13/AEC). 

Further information and detailed sampling methods can be found in each published study 

(Veage and Jones 2007, Bond and Jones 2008). 

 

Data analysis 

 

Data analysis was restricted to trend analysis due to the variation in methodologies across the 

two research periods. Linear regression was used to determine species accumulation on the 

overpass during the entire research period, while invasive species numbers are presented 

graphically. Species accumulation based on each method was used to determine the success of 

each method over time, while allowing an understanding of species accumulation without the 

significant bias of changes in methodology. Species accumulation on the overpass was based 

on trap efforts (each time a four night session was completed), while species accumulation 

based on methodology used years of deployment to compare the success of each period over 

time. Abundance rates could not be presented or analysed due to the variation in methodology 

and sampling efforts between the two study times; however species richness presents a fair and 

equitable way of comparing change over time without confounding results with varying levels 

of effort. 
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Table 7.1. List of methods and time frames for each study that contributed to monitoring and data collection from 2004–2015. Process and methods 

listed describe the typical monitoring method and provide specific information on how the monitoring method was executed and the location at 

which the monitoring occurred. F = forest (Karawatha and Kuraby), O = overpass, U = underpass. *location was not sampled for the entire time.  

  

Study Method Process Duration Location 

Mammals     

Veage and Jones 2007 

(July 2004–Sept 2007) 

Live trapping 12 times using baited Elliott and cage traps: 

trapping grid (36 200 m transects) 

July 2004–June 2007 F 

 Camera monitoring Infrared (Ltl Acorn) cameras on overpass 

and underpasses at ground level, high 

sensitivity. 

2006–2007. O, U 

Bond and Jones 2008 

(Aug 2005–June 2007; April 

2008) 

Scat abundance Scat collection for animal identification on 

the overpass only 

Weekly 10–15 minutes, August 2005–February 

2006. Additional two weeks in June 2007. 

O 

 Sand plots Sand strips (1 m wide) at each end of the 

underpass and on shelving. 

Twice weekly (August 2005–February 2006) 

for 26 weeks. Monthly between June 2006–

June 2007. 

U 

 Live trapping Twenty baited Elliot and cage traps at four 

sites in each forest and on the overpass. 

Once for four nights during April 2008 O, U 

Current monitoring 

(Jan 2013–June 2015) 

Live trapping Eight baited Elliott traps and two baited 

cage traps at 10 sampling sites 

Four nights each season, January 2013–June 

2015. 

F, O 

 Hair samples Two baited hair funnels at 10 sampling sites Four nights each season, January 2013–June 

2015. 

F, O 

 Camera monitoring Baited infrared (Ltl Acorn) camera at each 

site during trapping at ground level, high 

sensitivity. 

At least four nights (up to two weeks in forest, 

up to five weeks in underpass) each season, 

August 2013–June 2015. 

F, O, U 
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7.3 Results 

 

Mammals detected 

 

Twenty mammal species were detected throughout the study (2004–2015), seven of which 

were invasive (Table 2). Fourteen (70%) of the 20 species identified were recorded using the 

overpass, including five invasive species. European hares (Lepus europaeus) were the initial 

colonising species, observed using the overpass even during the construction stage, and were 

found in abundance during the first year along with eastern grey kangaroos (Macropus 

giganteus). Two species of wallaby (Macropus rufogriseus, Wallabia bicolor) and common 

brushtail possums (Trichosurus vulpecula) were frequently detected on the overpass during the 

study, as were invasive house mice (Mus musculus) and black rats (Rattus rattus). Nine of the 

20 species (45%) were recorded using the underpass, only four of which were native (Table 

7.2). Northern brown bandicoots (Isoodon macrourus) and common brushtail possums quickly 

utilised the underpass and were reliably detected throughout the study. Invasive species of red 

fox (Vulpes vulpes) and black rats were also regularly detected using the underpass.  
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Table 7.2. Combined presence data for mammal species detected in Karawatha, Kuraby and using the overpass and underpass from 2004–2008 

(Veage and Jones 2007; Bond and Jones 2008) and 2013–2015. ● identifies presence, – not recorded. *Identifies invasive species. Sand track and camera method 

used in the underpass sometimes only gave an indication of family. Potential (less likely) species presences are marked in grey. 

2004–2008 2013–2015 

Scientific name Common name Karawatha Kuraby Overpass Underpass Karawatha Kuraby Overpass Underpass 

Bovidae 

*Capra sp. Goat – – – – – ● – – 

Canidae 

*Canis lupis familiaris Domestic dog – – – ● ● ● – – 

*Vulpes vulpes Red fox – – ● ● ● ● ● ● 

Dasyuridae 

Antechinus flavipes Yellow–footed antechinus ● – – – – – – – 

Macropus giganteus Eastern grey kangaroo – – ● – – – – – 

Planigale maculata Common planigale – – – – ● – – – 

Sminthopsis murina Common dunnart ● ● ● – – – – – 

Wallaby sp. Wallaby – – ● ● ● ● ● ● 

Muridae 

*Mus musculus House mouse ● ● ● ● ● ● ● ● 

Rattus fuscipes Bush rat ● – – ● – – – ●

Rattus lutreolus Swamp rat ● ● – ● – – – – 

*Rattus rattus Black rat ● ● – ● ● ● ● ● 

Felidae 

*Felis cattus Domestic cat – – – ● – – ● ● 

Leporidae 

* Lepus europaeus European hare – – ● ● – – – – 
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Peramelidae          

Isoodon macrourus Northern brown bandicoot – – – ● ● ● ● ● 

Petauridae          

Petaurus norfolcensis Squirrel glider – – – – ● – ● – 

Phalangeridae          

Trichosurus vulpecula Common brushtail possum – – – ● ● ● ● ● 

Phascolarctidae          

Phascolarctos cinereus Koala – – – – ● ● – – 

Pseudocheiridae          

Pseudocheirus peregrinus Common ringtail possum – – – – – – ● – 

Tachyglossidae          

Tachyglossus aculeatus Short–beaked echidna – – ● ● ● ● ● ● 
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Species accumulation on the overpass somewhat reflected changes in methodology, 

particularly on the ninth effort, which occurred in 2008, when trapping on the overpass 

was added for the first time. However, the species accumulation continues to strengthen, 

with new species being captured throughout 2013–2015 (monitoring efforts 10–23), 

where the same methods were used continuously (Figure 7.3). Polynomial regression 

analysis shows a strong increase in species accumulation throughout the entire 2005–

2015 period (R2=0.9452). Conversely, the sole use of sand track methods in the underpass 

during the initial research period restricted any substantial comparisons between species 

richness in the first period and the second period as many tracks could not be identified 

to species level.  

 

 

Figure 7.3. Species accumulation on the overpass using scat analysis, camera trap and 

capture data from 2005–2015.   

 

Invasive mammals were detected using the overpass and underpass throughout the study, 

with initial sampling on the overpass detecting European hare and red fox scats from 

August 2004. Black rats and house mice were initially detected through trapping in April 

2008, while domestic cats and increasing numbers of black rats and red foxes were 

detected on camera, using both the overpass and the underpass throughout the study 

duration. Invasive species presence accounted for between 33% (2008) and 71% (2015) 

of mammal species detected on the overpass, and between 25% (2005) and 75% (2014) 

of mammals detected in the underpass (Figure 7.4). 
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Figure 7.4. Percentage of species richness represented by invasive species for each year 

of sampling (overpass/underpass were not monitored in 2004). 

 

Observed species richness varied considerably with methodology. Capture–release 

methodology detected the highest number of unique (not observed using any other 

method), identifiable, species (5), while the use of cameras detected the highest number 

of overall, identifiable, species (11), with two unique species (Table 7.3). Camera and 

track methods generally detected medium (example: echidna, cats) to large species 

(example: foxes, wallabies) while capture–release detected much smaller animals 

(example: antechinus, common dunnart) and allowed accurate identification. Camera, 

scat and track methods could not always reliably distinguish between species, particularly 

for smaller animals. 

 

Table 7.3. Species presence list and methodology used to confirm presence in Karawatha, 

Kuraby or using the fauna passages. Effectiveness of methods used to record species 

richness presented as a measure of total, identifiable, species observed and the number of 

unique species detected using that method. Unique species marked in orange. *Pitfall trapped 

during the study time.  
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Domestic goat (Capra sp.) × 

Domestic cat (Felis catus) × × 

Northern brown bandicoot 

(Isoodon macrourus) × × × 

× 

European hare (Lepus 

europaeus) 

× × 

Eastern grey kangaroo 

(Macropus giganteus) 

× 

House mouse (Mus musculus) × × × 

Squirrel glider (Petaurus 

norfolcensis) 

× 

× 

Koala (Phascolarctos cinereus) × 

Common planigale (Planigale 

maculata) ×* 

Common ringtail possum 

(Pseudocheirus peregrinus) × 

Bush rat (Rattus fuscipes) × 

Swamp rat (Rattus lutreolus) × 

Black rat (Rattus rattus) × × × 

Common dunnart (Sminthopsis 

murina) 

× 

Short–beaked echidna 

(Tachyglossus aculeatus) × × × 

Common brushtail possum 

(Trichosurus vulpecula) × × × 

Red fox (Vulpes vulpes) × × 

Wallaby sp. × × × 

Total species 11 10 4 5 2 6 

Unique species 2 5 0 1 1 0 

Separating detection methods to produce a species accumulation clarifies the ability of 

any single method to detect new species. This also removes some of the bias resulting 

from changes in methodology (Figure 7.5). Capture–release methodology, which was 

deployed throughout both research periods, was associated with the greatest increase in 

species over time, increasing up to five years post–commencement. Camera monitoring 

also continued to show an increase in species detected over time, not appearing to reach 

asymptote after four years of deployment.  
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Figure 7.5. Species accumulation of detected species using each method over the period 

of deployment using all sites combined. 

 

7.4 Discussion 

 

Collating the data obtained during the separate monitoring periods presents an 

opportunity for determining the long–term use of these fauna passages by mammals. The 

composition of species observed on the overpass has changed over the decade, with early–

stage records predominantly comprised of invasive species such as European hares and 

rodents. Native species richness increased thereafter, particularly on the overpass, and 

continued to diversify throughout the eight years post–construction. This suggests that 

the overpass required some time for local populations to habituate to its presence and has 

probably not reached maximum species richness. Although data limitations prevent the 

rigorous comparison of species in the underpass, it is clear that some species are 

frequently using the underpass to cross the road, particularly highly mobile animals such 

as northern brown bandicoots and common brushtail possums. Trapping in the underpass 

may increase the observed species richness, as both cameras and sand track analysis have 

limited capacity to identify all species, particularly smaller ones.  

 

Bias due to the variety of methods employed to obtain the data was a challenge for reliably 

discerning any long–term trends in use of the structures. Nonetheless, this study has 

obtained a clear picture of the overall performance of the structures. Species accumulation 

associated with the method employed, rather than site, can provide insights into how a 
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method affected observed species richness, as well as providing some understanding of 

how accurately the method reflected species richness in the area. In this case, capture–

release was the most successful method; it was used throughout the study period and 

identified the highest number of unique species. Data from capture–release trapping, 

which encompasses the forest as well as the passages, appears to have reached asymptote 

around the final years of monitoring (2014–2015), suggesting that this approach reliably 

portrayed the species richness in the area. Considering this, it is possible to speculate that 

local species (antechinus, bush rats and swamp rats, for example), not yet found on the 

overpass may be found there in future. The strongly positive species accumulation curve 

for overpass richness suggests that additional species are yet to be found but are likely to 

be limited to those species already captured in the forest. However, the inclusion of 

common planigales (Planigale maculata), captured during pitfall trapping of reptiles 

alongside the current study, suggests that there are still species in the area that have not 

been detected by trapping.  

 

Similarly, camera monitoring was also valuable, detecting the highest number of overall 

species in a very short time. There was no asymptote evident in the accumulation of 

species observed using camera monitoring, suggesting that more species are likely to be 

recorded with continued camera use. This method contributed substantially to the overall 

species accumulation on the overpass, which altered the progress of the species 

accumulation over time. However, the increase in species between 2013 and 2015 

continues to rise and is directly comparable, as the same methods were used continuously. 

The overlap between species captured on camera and species trapped using capture–

release methods was restricted to four species, suggesting that further monitoring should 

continue to employ both methods.  

 

The discovery of significant numbers of invasive mammals utilising the passages was an 

important outcome of this study, particularly as many had a strong presence at both fauna 

passages. The presence of red foxes and domestic cats is of particular concern, as was the 

relatively low detection rates of small native mammals (antechinus, dunnarts, bush rats, 

swamp rats) during the second research period, which suggested that native mammals are 

declining in the area. The difficulties in effectively managing invasive species in urban 

reserves are numerous; for example the continuous flow of foxes from surrounding 

suburbia into the reserves through the unfenced boundaries of Karawatha Forest (D. 
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Franks pers. comm., Brisbane City Council 2015). Complications further arise with the 

fauna passages providing a conduit for highly mobile invasive species. This is a particular 

concern with underpasses, which may act as a funnel, allowing easy ambush of prey 

species, while the possibility of native prey species altering their use of the passage due 

to the presence of predators is also a concern (Mata et al. 2015). The literature often 

discusses the implications of fauna passages being used by invasive species, and several 

important studies have explored the prey–trap hypothesis (Little et al. 2002; Ford and 

Clevenger 2010; Mata et al. 2015). While some recent studies have suggested passage 

use by foxes may affect use by native species, others have shown no effects. Harris et al. 

(2010) observed a dramatic reduction of southern brown bandicoot (Isoodon obesulus 

fusciventer) numbers with the presence of foxes in underpasses near Perth, Western 

Australia. This study demonstrated that fox numbers were significantly correlated with a 

decrease in bandicoot crossings, which ceased completely in one underpass following use 

by foxes. Conversely, Chambers and Bencini (2015) found no relationship between the 

frequency or proportion of use by bandicoots (I. obesulus fusciventer) and use by 

introduced predators (cats and foxes), which overlapped the study area of Harris et al. 

(2010). Similarly, Taylor and Goldingay (2014) did not detect a clear association between 

the presence of foxes and use of an underpass by bandicoots (I. macrourus and Perameles 

nasuta) over a seven year study in northern New South Wales. The results from Compton 

Road suggest a reduction in the presence of small native mammals, as well as an increase 

in predator numbers over the study duration, which may be related. Further investigation 

into how invasive predators are affecting small mammal populations within the reserves, 

as well as whether fauna passage use by native mammal populations is being affected by 

invasive species, are important aspects of future research at Compton Road.   

Understanding the long–term use of fauna passages is a critical step to designing and 

constructing effective structures, as well as improving monitoring programs in the future. 

However, the logistics of long–term monitoring make the ongoing collection of rigorous 

data difficult at best, as demonstrated in the current study. A significant challenge for 

undertaking long–term research is limitations presented by short–term funding 

(Lindenmayer and Likens 2009). While this is self–evident, the basis for this issue is not 

necessarily funding per se, particularly when government and road agencies are 

concerned; the problem is commitment to on–going research projects. Road management 

agencies and government departments may have significant budgets that could 
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sufficiently fund ongoing, long–term ecological monitoring; (Clevenger and Waltho 

2003; Forman et al. 2003); however, ongoing commitment to studies longer than five 

years appears to be a daunting prospect for many funding bodies. This issue also stems 

from the perception of ecological research and ongoing monitoring being an optional or 

hindering aspect of road management and construction (van der Ree et al. 2015c). 

Sustained, ongoing commitments to long–term monitoring projects are not currently a 

reality, and are unlikely to become common in the near future. Furthermore, short–term, 

intensive monitoring appears to be ineffective for fauna passage research, as the 

acclimation period for many diverse species has been estimated to exceed years in length 

(Clevenger and Waltho 2003; Forman et al. 2003). Considering this, a paradigm shift is 

required for how we visualise, plan and implement the most effective monitoring regimes 

for a process which includes a substantial acclimation period. Approaching fauna passage 

study with a view to structuring limited monitoring in a way most appropriate to the 

requirements of the structure is something that needs serious consideration. Based on the 

current understanding of passage acclimation, the best use of monitoring may be in bursts 

of intensive, short–term monitoring, spread over prolonged periods. This has the potential 

to provide snapshot information on how species use fauna passages over time, without 

immediately exhausting high amounts of commitment or funding.  

 

It is becoming clear from ongoing fauna passage research that determining the 

effectiveness of crossing structures must often mean assimilating high variability in the 

species, structure, function and time scale of each individual passage. Long–term 

monitoring is essential for discerning trends of effectiveness but this will also be 

challenging to fund and implement with little variability. The present study demonstrates 

that the ongoing use of the Compton Road fauna passage by an array of mammal species 

is certainly still changing, more than a decade after construction. From the current 

evidence, it also appears as though neither of the fauna passages can be classified as 

entirely effective from this study. The substantially high number of invasive species using 

both passages is of serious concern to the ongoing success of the passages, while many 

of the small native mammals found in the surrounding forest were not observed using the 

overpass or underpass. Ongoing monitoring and the implementation of increased invasive 

species control should enhance a positive outlook for the Compton Road fauna array, but 

currently, effective use by small to medium–sized mammals is certainly restricted. 

Furthermore, this study appreciates the importance of detailed and defined methods of 
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long–term monitoring, as well as the importance of long–term planning, even without the 

expectation of long–term funding. Considering the extreme difficulty of establishing 

committed funding from bodies involved in the road mitigation process, the perception 

of what constitutes effective monitoring, as well as long–term monitoring, may need to 

be re–established in the context of fauna passage use. This may also involve establishing 

minimum mandatory guidelines for monitoring fauna passages, with an emphasis on the 

importance of minimum long–term monitoring in areas of increased conservation value. 

Further research into how restricted monitoring can best be implemented for the greatest 

benefit to ecologists and road management bodies is urgently required, especially if we 

are expecting to provide essential, relevant information aimed at effectively reducing 

wildlife harm caused by roads.   

7.5 Acknowledgements 

We would like to thank Brisbane City Council for facilitating our access to Karawatha 

Forest and Kuraby Bushland, as well as Lee–Anne Veage and Amy Blacker who collected 

the first research period data. Thanks also to Rob Appleby for helpful comments on an 

early draft of this manuscript, as well as several anonymous reviewers who greatly 

improved the quality of the manuscript. Animal ethics protocol was facilitated by the 

Griffith Animal Ethics Committee (ENV/01/07/AEC; ENV/05/08/AEC; 

ENV/12/09/AEC; ENV/22/12/AEC; ENV/01/13/AEC) for whom we thank for their 

contribution. 



Page | 145 

To Compton Road and beyond: Towards a connective future. 

8.1 Contemplating Compton Road 

The studies described in this thesis provide the most comprehensive assessment of the 

Compton Road fauna array to date, and are among the most comprehensive studies on 

any fauna passages in Australia. The Compton Road fauna array is now the most 

intensively researched in Australia and, with effectively more than a decade of attention, 

is one of the key road ecology sites internationally. The most significant feature of the 

current research has been the focus on a diverse suite of non–target taxa that have 

typically been under–represented in previous studies. In addition, this research has 

provided important insight into how fauna use of these passages has changed over 

extended periods of time. Non–target species are becoming more recognised in the road 

ecology literature (van der Ree et al. 2015a) as the ecological benefits of providing 

increased habitat connectivity to a diverse range of taxa is appreciated. This is of critical 

importance to under–represented species, particularly those that do not attract a lot of 

conservation attention such as snakes or bats, to ensure their persistence in an increasingly 

urbanised world (Jones et al. 2015).  

This study, with the assistance of previous studies conducted in the same location (Veage 

and Jones 2007; Bond and Jones 2008; McGregor et al. 2015), also provides one of the 

longest running investigations into how these passages change over time. The processes 

of establishment and acclimation, defined as the lag between the construction of the 

structures and the eventual use by local animals, are widely acknowledged and discussed 

as an important aspect of the effectiveness of fauna passages (e.g. Forman et al. 2003; 

Clevenger and Waltho 2005). These considerations, however, require long–term data 

which are currently severely limited. With fauna passage construction becoming a 

common mitigation measure worldwide (Smith et al. 2015), the potential, and indeed 

necessity, of long–term studies such as the present study will be a critical aspect of 
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furthering our overall understanding of fauna passage success. Substantial amounts of 

money are increasingly being invested by governments and road agencies to develop and 

implement effective road mitigation measures (van der Ree et al. 2007) and long–term 

studies that encompass a diverse range of species are imperative to the design and 

construction of wholly effective solutions. It is, therefore, important to analyse, assess 

and improve on current studies, as well as to consider future pathways towards a more 

connective future in urban landscapes. 

 

Fauna passage evaluation 

 

The importance of having a substantial amount of information on how diverse taxa utilise 

fauna passages over time has allowed a holistic evaluation of how the Compton Road 

overpass and underpass have performed over an extended period. Based on the 

information gathered on how herpetofauna, bats and mammals use the overpass, it is clear 

that the overpass has been remarkably successful. Over 74% of herpetofauna species, 

70% of mammal species and 100% of bat species identified during the study were 

observed using the overpass to some extent, meaning that over 81% of the total of 90 

species detected during the study used the overpass (Chapters 4, 5, 6 and 7). In the case 

of the bats and herpetofauna, specialist species which typically reside in natural forest 

areas were found using, and in some cases colonising, the overpass. This suggests that 

the establishment of the planted vegetation community on the structure now functions as 

habitat in its own right. The vegetation on the overpass has evidently allowed the 

establishment of microhabitats, resembling those of the surrounding natural temperature 

regimes, which, in itself is a remarkable achievement.  

 

The established plant community also appears to provide many of the resources required 

for foraging and general activity which is a testament to the planning and execution of 

the vegetating process (see Jones et al. 2011). As the vegetation on the overpass has 

developed, its structure has changed and will continue to change, perhaps not always for 

the better. It is important to recognise that this passage is unlikely to function ecologically 

as a natural forest due to the limited size of the structure and its unusual design. Moreover, 

the substantially urbanised landscape surrounding the reserves within which the passages 

are located will increasingly exert pressures on the area. Ongoing management assistance 

will always be required to maintain a healthy ecosystem on the overpass, and within 
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Karawatha and Kuraby. For example, some larger trees have fallen on the overpass as a 

result of severe storms, which also removed much of the ground cover from the apex of 

the overpass. These changes need to be addressed over time to maintain the function of 

the overpass at a peak level.  

Although less data were collected in the underpass during these studies, and none was 

collected on bat use in the underpass, the data suggests that the overall success of the 

underpass was lower than that of the overpass. Compared with the overpass, only 13% of 

herpetofauna species and 45% of mammals were observed using the underpass. 

Herpetofauna richness was particularly low, with only four species recorded utilising the 

underpass. There are many potential reasons for this disparity, some of which are 

functional differences between the structures, and others present methodological 

limitations. The restrictions of the methods used to monitor the underpass are key 

contributors to the lack of species detected, for example the difficulties of identifying 

some taxa, particularly small animals, from photographic images and foot tracks, both of 

which are particularly unreliable for small herpetofauna. In addition, many of the other 

methods used to detect species on the overpass could not be applied in an underpass, for 

example, trapping in the underpass may have detected more species, although it is 

difficult to ensure humane trapping in a cold, dark area which has the potential to flood. 

Furthermore, the key functional difference between the structures; a lack of habitat 

elements in the underpass, while the overpass mimics the local habitat, means that the 

underpass functions almost solely as a movement conduit rather than providing habitat 

opportunities for smaller animals. This will influence the amount of time species spend 

traversing, or occupying, each structure, while influencing the rate or detection, 

particularly regarding small animals. Regardless of this, it is likely that the overpass has 

become a far more holistically useful structure, particularly for smaller animals, for which 

it provides liveable habitat. 

Due to the inherent differences between the structures, the underpasses at Compton Road 

are unlikely to function as successfully as the overpass, and, considering the multitude of 

cryptic and often shy species, this may present a possible scenario for other Australian 

passages. Disparity between the effective function of overpasses and underpasses 

becomes of significant importance in regards to budgetary restrictions and negotiations 

with road management agencies and similar funding bodies. The Compton Road overpass 
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cost approximately $1.3 m and took over a year to complete, requiring far more planning 

and careful execution compared with the excavation of the underpasses, which were 

comparatively cheap (see Shuster 2005). The confliction here arises as road agencies 

assess value–based outcomes to determine reasonable processes and decisions (Roberts 

and Sjölund 2015), often selecting value for money to the detriment of environmental 

values. Negotiations may debate the inclusion of multiple underpasses in compensation 

for one or two overpasses, for example, with the argument that value for money is based 

on the number of passages able to be constructed for the best possible budget. In the case 

of the Compton Road fauna array, it appears that the ecological benefits of the overpass 

are higher than that of the underpass; however, negotiating the benefits of a high–cost 

structure is difficult in the world of limited budgets and political decision–making. 

Although an overpass will almost always preferable, it becomes clear when negotiating 

with road agencies that they are far less likely to be supported. If this will likely be the 

case for future mitigation projects, then the next logical step would be to question whether 

an underpass could be retrofitted, redesigned or overhauled to function more like habitat, 

as the vegetated overpass does. Of course, the two structures are substantially different, 

but if the underpasses could be modified to include significant under–road habitat rather 

than a typical concrete box culvert, this would be a significant breakthrough for the 

usefulness of these passages, particularly for small, non–target and cryptic species. 

Invasive species 

The significant presence of invasive species within the reserves, and particularly around 

the fauna passages, is a serious concern that needs to be addressed to secure the future 

success of the Compton Road array.  The increasing detection of foxes, as well as 

domestic cats, particularly towards the latter parts of the study suggests that these invasive 

predators are taking advantage of the fauna passages, which now facilitate their free 

access to both reserves. This concern is magnified by the lack of native small mammal 

detection during the latter half of mammal surveys (2013–2015, Chapter 7) which 

suggests that invasive predators may be affecting native mammal populations. There are 

a number of concerns relating directly to the exploitation of fauna passages by invasive 

predators, which have been discussed at length within the literature (Little 2003; Ford and 

Clevenger 2010; Harris et al. 2010; Mata et al. 2015). Mata et al. (2015) suggests three 

potential scenarios resulting from shared use of fauna passages by predator and prey 
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species: 1) the prey exclusion/avoidance scenario, 2) the prey–trap scenario and 3) the 

null effect scenario, the latter suggesting that no negative effects occur as a result of 

predators utilising fauna passages.  

 

The possibility that native prey species may be less likely to utilise passages previously 

used by predators (the prey exclusion/avoidance scenario) can detrimentally affect the 

success of fauna passages for native target animals. An example of this is seen in Harris 

et al. (2010), which documents a dramatic reduction of southern brown bandicoot 

(Isoodon obesulus) numbers with the increasing presence of foxes in underpasses near 

Perth, Western Australia, although Chambers and Bencini (2015) did not find the same 

associations in a follow up study. Currently, bandicoots continue to use the underpass at 

Compton Road, alongside regular use by foxes and cats, as do other native species such 

as short–beaked echidnas and common brushtail possums. However, an increase in 

predator presence, particularly in the underpass, may potentially undermine the ongoing 

effectiveness of the passages in the future. Similarly, the prey–trap scenario (Little 2003; 

Mata et al. 2015), the most well–recognised concern relating to invasive predators using 

fauna passages, proposes that underpasses in particular may act as funnels and increase 

the ease by which prey species may be ambushed (Mata et al. 2015). The literature often 

discusses the implications of fauna passages being used by invasive species, and several 

important studies have explored the prey–trap hypothesis (Little et al. 2002; Ford and 

Clevenger 2010; Mata et al. 2015); however, the theory remains largely untested, and 

there is more speculation than evidence available (see Little et al. 2002; Little 2003). 

Given this, the Compton Road fauna array may present a location at which to monitor 

and test predator–prey interactions for evidence pertaining to the prey–trap hypothesis. 

This may be an avenue of interest for further research. 

 

The negative implications of fauna passage use by predators, and the ultimate predator–

prey interactions associated with fauna passages, may be determined by the degree of co–

evolution between them (Mata et al. 2015). In this case, the relatively recent introduction 

of foxes and cats into Australia increases the potential for a detrimental outcome for 

native prey species and their use of the Compton Road passages. The maximum effective 

outcome of the Compton Road passages will, in part, be determined by how invasive 

predators use them, and the ongoing management of invasive predators to ensure 

persistent native populations. The difficulties in managing invasive species in remnant 
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bushland within urban landscapes, particularly those restricted in size, is an ongoing and 

arduous task, particularly with highly mobile predators such as foxes. Managing invasive 

predators in Karawatha and Kuraby is likely to have become increasingly complicated 

with the inclusion of the fauna passages, which provide a conduit through both reserves. 

Ongoing, effective and thorough invasive species control and, ideally, eradication, will 

be key in ensuring the ongoing success of the Compton Road fauna array. 

Crossing placement and success 

The success of the Compton Road passages, the overpass in particular, is likely a result 

of the planning and execution that occurred during the early stages of the road up–grade 

(see Jones 2007). As previously mentioned, the establishment of local native vegetation 

that reflected the natural bushland community of the nearby landscape almost certainly 

contributed to the overall success of the overpass (discussed in Jones et al. 2011). 

However, numerous studies address the importance of roadkill hotspot modelling and 

movement analysis in determining the optimal location of passages (Ramp et al. 2005; 

Andrews et al. 2015; Lester 2015), which did not occur when the Compton Road fauna 

array was designed. The siting of the structures was largely dictated by terrain and 

engineering constraints (M. O’Hare, pers. comm. Brisbane City Council 2005) and it 

appears that the outstanding success of the overpass occurred, in part, by chance. 

Although the vegetation community and structural diversity of the overpass was 

theoretically planned to provide a route for the movement of a wide range of species 

(Jones et al. 2011), it was not anticipated that the overpass would achieve such high 

success in providing habitat for diverse herpetofauna species. What is more surprising 

however, is the apparent benefit of the overpass to diverse species of bats as well as birds 

(Pell and Jones 2015), for which no prior monitoring was undertaken.  It must be 

considered, however, that the narrow frontage between Karawatha and Kuraby provides 

little option for surrounding fauna communities to cross Compton Road, making the 

structure placement comparatively immaterial compared with larger reserves, for which 

hotspot modelling is a critical aspect of planning and execution.  

The construction of fauna passages is clearly restricted by what is deemed to be possible, 

safe and cost–effective by road agencies and engineers who plan, design and undertake 

the construction. These constraints will always be an issue for fauna passage placement; 
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however, the Compton Road fauna passage is an example of ‘build it and they will come’. 

This demonstrates that although there is a substantial scientific basis for pre–construction 

research and monitoring when passage construction occurs, any passage placement is 

better than none. This cannot, however, overrule the absolute importance for assessment 

and modelling of natural wildlife movement and hotspots. The planning and development 

of these projects typically include negotiation phases where compromises are necessary. 

However, it is important for all concerned parties to negotiate a clear outcome that 

includes a well–planned design, which incorporates the habitat requirements of diverse 

taxa, regardless of placement within the landscape. 

The future of Compton Road 

Over a decade on from its construction, the most complex fauna array in Australia 

continues to draw national and international attention, and is now recognised as a 

resounding success. It is clear from the current study that the research perspective on the 

passages at Compton Road have evolved considerably since its beginning in 2005, and 

the questions being posed are now entirely different. The basis of understanding how 

effective these passages are when they are constructed usually begins by determining use 

by target animals, and then may broaden, focusing on non–target species, as well as 

assessing long–term change. However, based on the amount of research conducted, 

attention can now turn to the structure’s role in achieving landscape connectivity, 

restoring genetic flow among populations and understanding the function of the overpass 

as established natural habitat. Ongoing research on the Compton Road fauna array must 

begin to establish a detailed picture of how fauna passages continue to function over time. 

For example, it is now clear that the habitat on the overpass supports a rich herpetofauna 

community but it is unclear as to how successfully this habitat can function long–term. 

Further research into genetic flow, as well as survival and fecundity rates of populations 

living on the overpass could provide insight into exactly how effective the overpass is at 

sustaining populations as though it were forest habitat, allowing evaluation and 

improvement on the most effective way to establish fully functioning overpass habitat.  

Understanding and quantifying the function of the passages themselves, and their 

interaction with the roadway, also pose important questions for future consideration. It 

currently appears that the overpass is beginning to function as though the road is no longer 
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there, which in itself is a remarkable outcome; however, this remains to be quantified. 

Understanding to what extent the overpass ameliorates the presence of the road and its 

traffic, and how this may influence or reduce the road effect zone, are ongoing questions 

that require further research. To quantify whether it is possible to have removed the 

influences of the road, and indeed how this is measured, continue to be fundamental 

questions. Furthermore, this stimulates discussion around whether the road effect zone 

can actually be removed through the application of fauna passages, or indeed whether 

roads may be constructed in future to have limited ecological impacts. Compton Road 

has become an internationally recognised example of successful fauna passage 

application, although the understanding of ecosystem function at a local and landscape 

level around the overpass, and potentially the underpass, is still limited. Considering that 

Compton Road now has long–term, multi–taxa monitoring and research that includes and 

extends beyond this study is invaluable, and will have important long–term implications 

for the progression and perception of road ecology and successful mitigation measures in 

Australia. 

 

8.2 The future of road ecology research 

 

The importance of roads to a functioning society means they will forever be permanent 

elements of the urban landscape (Garden et al. 2010; van der Ree et al. 2015a). Current 

models predict an increase in road construction (Dulac 2013; Laurance et al. 2014), which 

will facilitate an increase in vehicle usage as commuting time and distance travelled 

increase (van der Ree et al. 2015a). This global trend means it is increasingly more critical 

to realise the conservation value of, and increasing pressure on, remnant habitat in urban 

landscapes. The reality of increasing urbanisation is that well–managed, preserved 

remnant habitat is likely to become refuge for many taxa that would not persist without it 

(Threlfall et al. 2013). The most effective approach to counteracting and managing 

increasing road presence on a global scale is to avoid, minimise, mitigate and offset the 

impacts from road construction (van der Ree et al. 2015a), while focussing on improving 

novel, unique and broadly effective mitigation strategies into the future. The progression 

and quality of fauna passage research are critical components to this, which has rapidly 

evolved and matured significantly since the pioneering structures were first developed 

(van der Grift et al. 2013). Fauna passage research has developed into a multifaceted 

process which aims to address complex questions of population viability, distribution, 
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abundance and dispersal at a landscape level (van der Ree et al. 2011).  To achieve these 

goals, there are some clear avenues down which road ecology must proceed in order to 

improve the reliability and rigor of studies, which will allow road management agencies 

to make informed decisions (Rytwinski et al. 2015). 

 

Long–term studies 

 

Long–term studies are, and will continue to be, a vital component for improving our 

understanding of how fauna passages change over time. Currently, long–term studies are 

scarce, but are rapidly increasing in frequency (van der Ree et al. 2007). The current study 

has provided evidence of the ongoing change that will be an inevitable feature of any 

artificial passage, while most current literature only hypothesises the acclimation and 

evolution of fauna passages long–term. Current literature has identified the importance 

of studies that encompass before, after, control, impact (BACI) assessments of fauna 

passage implementation (Fahrig and Rytwinski 2009); the lack of which restricts studies 

from sufficiently assessing how well fauna passages maintain or improve landscape 

fragmentation (van der Ree et al. 2015c). The importance of this research lies in providing 

change–based evidence to the governing bodies or road and transport authorities that 

often provide the funding for the establishment of fauna passages. Currently, these 

funding bodies base their mitigation decisions, as well as ongoing monitoring contracts, 

on post–establishment research (Rytwinski et al. 2015), which severely limits the 

production of sound, evidence–based research upon which to argue for further or ongoing 

mitigation. To be able to provide this evidence will ensure that the research conducted 

produces results reflective of the effectiveness of fauna passages as mitigation measures, 

to encourage increased implementation in the future.  

 

Genetic research 

 

Considering the ultimate aim of fauna passages to restore or maintain landscape 

connectivity, it is unsurprising that the future of road ecology and the assessment of 

effective fauna passages will need to encompass a strong component of genetic research. 

The ability for genetic monitoring to assess the extent to which dispersal leads to genetic 

flow (Sunnucks and Balkenhol 2015) allows the quantification of population processes 

such as demographic and dispersal history and the influence of anthropogenic impacts 
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(Simmons et al. 2010). The application of genetic approaches to assessing the 

effectiveness of fauna passages will be particularly helpful when combined with current 

and future field based monitoring and modelling (Sunnucks and Balkenhol 2015). This 

will increase the overall accuracy and success in addressing difficult and currently 

unanswered questions concerning the impacts of roads on wildlife. Investigating and 

utilising novel methods and multiple approaches in unison will ensure the broad 

application of effective monitoring methods and a more rigorous data acquisition process 

to ensure successful passage application.  

 

Indicator species 

 

The potential for utilising indicator species as a tool to assess effective fauna passage 

implementation is an important idea that may contribute to the development of fauna 

passage evaluation. Currently, much of the road ecology literature grapples with the 

concept of determining effective fauna passage implementation (Forman et al. 2003; 

Clevenger and Waltho 2005; Rytwinski et al. 2015), and, while genetic approaches and 

rigorous study designs will be key in addressing this, new approaches will be required to 

serve as alternatives or co–contributors. Drawing similarities between anthropogenic 

disturbances such as mine restoration and the construction and acclimation of vegetated 

fauna passages is a simple comparison which allows a new perspective on the disturbance 

created by implementing fauna passages. Throughout this process, indicator species 

which are previously established and tested, such as herpetofauna (Welsh and Ollivier 

1998; Wilson and McCraine 2003; Smith and Rissler 2010), can facilitate a new insight 

into the ecological processes which occur after construction. Considering that one key 

objective of fauna passage construction is replicating the natural habitat as closely as 

possible (Smith et al. 2015), sensitive species that require specific microhabitat 

characteristics may be able to determine the overall success of a vegetated passage for far 

more diverse taxa. Utilising indicator species in this way may provide a simple alternative 

to assessing fauna passage effectiveness, particularly compared with genetic based 

research which can become expensive and complex.  
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Experimental design 

As road ecology matures as a field, and fauna passage research increases, consideration 

of experimental study design becomes an important aspect of an evolving science. Well–

designed studies provide the best insights into how diverse species are utilising fauna 

passages (eg. Clevenger and Waltho 2000; Grilo et al. 2008). They are also crucial in 

discerning less obvious factors such as how interactions among species may affect 

crossing rates, or how landscape features may alter the performance or design of fauna 

passages (Ford and Clevenger 2010). As the Compton Road fauna array research has 

identified, the questions that remain unanswered have evolved with our understanding of 

fauna passage success, and have developed into far more complex questions. These 

include questions on how the effective implementation of mitigation strategies may 

facilitate or improve population viability, which are recognised as being answerable with 

an experimental approach (Rytwinski et al. 2015). Recent studies have identified the 

requirement for a clarified research agenda for road ecology (e.g., Roedenbeck et al. 2007; 

van der Grift et al. 2013), which prompts testable questions regarding population 

persistence, population viability, mitigation success and circumstantial road effects. This 

will be achieved through the recommendation of a defined methodological framework for 

increasing inferential strength of monitoring regimes (Rytwinski et al. 2015).  

The current lack of statistical replication in many studies, which confounds the restriction 

of current research being directly applicable, is due to limited sites of fauna passage 

implementation; a substantial limitation in this study. The lack of replication within this 

study, which only investigated the Compton Road array has restricted the discussion of 

conclusions in a broader context, as well as restricting the ability to be certain that 

observable trends and outcomes are directly applicable elsewhere. Although the current 

study design provided a comparison between the passages and the forest through multiple 

sites, the strength of the result would improve if multiple passages were assessed. As 

fauna passage construction becomes more commonplace, adequate replication will 

become easier, and a more achievable, crucial aspect of fauna passage research. This will 

further allow studies to adequately address environmental variability as well as 

population and community variability (van der Ree 2007). Encouraging a systematic 

process by which to monitor fauna passage implementation and use will ensure sufficient 
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and reliable information upon which road management agencies can make informed 

decisions (Rytwinski et al. 2015).  

8.3 Bridging the gap from science to solution 

Communication is key 

The differing values, priorities and perspectives that exist between road ecologists, as 

scientific researchers, and road management agencies, often results in miscommunication 

or a lack of scientific knowledge being transferred to practical, implemented outcomes. 

Furthermore, the consistent lack of long–term monitoring of implemented fauna passages 

severely restricts the current understanding of what will achieve the best long–term 

outcomes. Rytwinski et al. (2015) discusses seven questions that road planning agencies 

commonly raise concerning fauna passages and the associated mitigation measures which 

accompany them. Most of these questions revolve around cost–effective implementation, 

as well as ensuring the fauna passages actually achieve what is intended. According to 

Rytwinski et al. (2015), the difficulty in answering these questions is the automatic 

process of adopting current best–practice protocols to implement fauna passages, while 

long–term monitoring does not occur, ultimately because the mitigation measure is seen 

to solve a problem, not generate new information. This second point is particularly 

relevant, as it identifies one of the crucial perspective differences between ecologists and 

road agencies. Currently, increasing notice and effort needs to be applied to the 

communication and cooperation between consulting ecologists and road agencies from 

the beginning. Outlining clear values, timelines, budgets, goals and outcomes is essential 

to establishing effective partnerships and ensuring a steady and effective implementation 

process. Further to this, however, is the necessity of road ecologists to reiterate the 

ongoing importance of supporting long–term monitoring, as well as ensuring mutual 

recognition is established on how valuable new and ongoing information can be. Long–

term monitoring of road mitigation strategies will determine success, change and areas of 

improvement to ensure best–practice process continues to evolve.  

Ongoing ecological advice is critical to the success of fauna mitigation strategies, with a 

direct link recognised between how early researchers become involved in new road or 

mitigation projects, and the ease of experiment implementation, as well as knowledge 
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gained throughout the project (Roberts and Sjölund 2015). Ecological advice should be 

sought at all stages of a mitigation project, the value of which varies between project 

stages. Initially, ecological input will be most beneficial in identifying appropriate sites 

and optimal structure designs for a successful outcome. This will also provide an 

opportunity to establish a BACI based study design, while throughout the project, 

ecological advice will assist in the planning and establishment process, being finally 

followed by ongoing monitoring. The constant presence of ecological research is 

important to this process as the requirements, difficulties and characteristics of any given 

project will vary substantially, both with the location of the road or the mitigation 

solution, as well as ecologically. It is entirely possible that situations will arise at multiple 

stages of construction where decisions will have to be made that may have significant 

ecological consequences. Having ecological input from an early stage will ensure that 

information can be continuously collected through ongoing experimentation and 

monitoring, allowing the best solution to unexpected hurdles, while developing stronger 

outcomes with broader applications (Rytwinski et al. 2015).  

 

Avoiding the first cut 

 

Understanding that not all roads, and indeed all road placements, are equal, is a 

fundamental step to avoiding catastrophic outcomes for wildlife and remnant habitat. 

Furthermore, it is disingenuous to suggest that road mitigation measures such as fauna 

passages are the ultimate solution to sustaining wildlife, where their inclusion allows road 

placement in any given location (Jaeger 2015). Environmental Impact Assessments, as 

well as ecological monitoring must be utilised and adhered to when new road projects are 

developed, or existing roads are enlarged. It is currently impossible to implement an 

ecologically neutral road and it must be recognised that mitigation such as fencing, fauna 

passages and signage can only alleviate some of the effects of roads (Jaeger 2015; van 

der Ree et al. 2015a). Therefore, the ultimate planning process must consider a ‘no road’ 

option, particularly when potential road placement will intersect with remnant, intact 

habitat or bisects previously un–roaded landscapes (Selva et al. 2011). Establishing 

ecological values within the planning process, as key goals of long–term road 

construction, is something that requires ongoing ecological input as well as persistence. 

Ultimately, it is this persistence which will safeguard landscapes uninhibited by roads, as 

well as protecting remnant habitat within the urban landscape. 
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What is huge, conspicuous, and avoided by ecologists? 

 

Roads have been aptly labelled the sleeping giants of ecology (Forman and Alexander 

1998), with their conspicuous presence in the landscape almost completely overlooked 

until recently. The development of road ecology as an applied, multifaceted science which 

aims to reconnect fragmented landscapes and address the detrimental ecological effects 

of roads, is now one of the key tools towards safeguarding the natural remnant habitat 

that continues to exist within the urban landscape, as well as the species that rely on it.  

The significant and wide–ranging influence of roads, quantified as the road effect zone, 

affects landscapes disproportionate to the surface of roads themselves, detrimentally 

affecting all taxa to some extent. The increasingly global understanding of roads and how 

they impact varying taxa is rapidly expanding; however, current research is unfairly 

distributed across taxa, with many cryptic or less recognisable species going unnoticed. 

As road ecology grows, so to do the studies which comprise this important aspect of 

applied ecology, with long–term studies becoming more evident. Focus is broadening 

from flagship species to a more holistic approach, quantifying the real impacts of road 

infrastructure, and how impacts on some taxa may have flow on effects over time. 

 

While the quantification of road effects continues, novel mitigation strategies such as 

fauna overpasses, underpasses and a variety of other structures are becoming more 

common methods for addressing landscape fragmentation and increasing permeability 

between remnant urban habitats. Inquiries have expanded, and objectives shifted, since 

the first fauna passages were established. Since the preliminary days of determining 

crossing use by any individuals, road ecology has progressed to investigating more 

holistic questions concerning landscape permeability, crossing effectiveness and multi–

taxa approaches to quantify overall success. Alongside these developments, other studies 

push boundaries in the theoretical understanding of how mitigation strategies perform 

over time, and how this may be measured. It is now recognised that the effectiveness of 

fauna passages is largely dependent on the detail and effort committed when a project is 

being constructed (Weller 2015). This aspect has developed novel ideas of how best to 

construct and establish fauna passages that provide the most cost–effective application as 

well as the most successful ecological outcomes. 
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The Compton Road fauna array is unique in its design, construction, complexity and the 

amount of attention it has received since construction in 2005. The array of fauna passages 

have provided connectivity between some of Brisbane’s most valued remnant bushland, 

and continues to maintain communities of diverse and often rare taxa. This study has 

provided a substantial amount of insight into how effective this unique fauna array is, and 

how it positively impacts local communities of mammals, herpetofauna and bats. 

Alongside other studies such as Taylor and Goldingay (2012) (arboreal mammals) and 

Pell and Jones (2015) (birds), the combined understanding of just how effective the 

overpass, in particular, is for a diverse suite of species is remarkable. The present study 

has progressed not only the current understanding of the effectiveness of the Compton 

Road fauna array, but has also addressed current questions associated with fauna passage 

use, particularly over time. Ecological questions regarding the passages are markedly 

different to those questions raised over ten years ago, with the habitat value of the 

vegetated overpass, the potential for increased success of the underpasses and the 

potential pressure of invasive species use becoming forefront in the future discussions 

concerning Compton Road. The importance of understanding long–term effectiveness of 

the overpass in particular, but also the underpass, to a wide variety of taxa will 

considerably assist in the successful implementation of new and improved fauna 

passages, not just around Brisbane but the whole of Australia. The more a combined 

understanding is generated on a variety of passages from throughout the country, and 

indeed globally, promises the continuing improvement of effective mitigation measures 

into the future.  

 

Defining effective fauna passages as the extent to which the goals of mitigation are 

reached (van der Grift et al. 2015) is central to developing holistic monitoring regimes 

which encompass measurable change, not only between taxa, but also between passages 

themselves. The importance of recognising the interaction between species, as well as 

between the structure and the requirements of diverse taxa, will ensure that effective 

passages are put in place to facilitate use by the largest number of species.  Furthermore, 

a more substantial understanding from an ecological perspective will encourage sound 

scientific basis with which to establish new best–practice regimes and assist in 

establishing successful communication between researchers and road agencies. In looking 

to the future, road ecology must strengthen its partnership with those agencies charged 

with constructing and implementing road mitigation measures. Road ecology must also 
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continue to push boundaries and facilitate riskier research with high levels of 

collaboration and experimentation (Houlahan 1998). Continuing to investigate new and 

novel approaches, particularly involving experimental designs, will be a necessary way 

forward towards the success of road mitigation (Rytwinski et al. 2015). However, this 

must be partnered with the provision of knowledge in a clear and understandable way to 

road management agencies, which in turn must acknowledge and accept the assistance of 

road ecology researchers. Only then will fauna passage research provide a sound basis 

upon which novel, effective and practical solutions may be applied to make a substantial 

impact on the detrimental effects of roads to urban wildlife and the habitat they require. 
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‘Why remain asleep at the wheel? A complete ecology of landscapes will only solidify 

when we wake up to the road system, the giant now embracing us. Without road ecology 

a wise meshing of nature and people will never occur. Therefore I vote for road ecology, 

as science and application frontier of the next decade’.  

– R.T.T. Forman, 1998.
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