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Abstract: 

 

Roads and road networks impact negatively on wildlife in a number of ways. Of major 

importance are vehicle-caused mortality, habitat fragmentation and barriers to animal 

movement. Together, the last two can lead to functional isolation of faunal populations, 

which, in turn, can potentially jeopardise the long-term persistence of wildlife 

populations.  

Wildlife overpasses are used to mitigate threats associated with the roads they span.  

Important conservation objectives are to allow safe passage and to maintain levels of 

dispersal between fragmented habitat areas, thereby allowing gene-flow and sustaining 

population viability of target species. It might be assumed that birds, having the ability 

to fly, can accommodate the effects of fragmentation well, and will benefit little from 

wildlife overpasses. A major objective of my study therefore was to evaluate the 

conservation value of a wildlife overpass in allowing passage of birds between forest 

areas bisected by a major road.  

• Methodology: The study was centred on the wildlife overpass which spans Compton 

Road, a 60m-wide, major four-lane arterial road in suburban Brisbane. The 15m-wide 

vegetated overpass connects two subtropical Eucalyptus forest reserves, which are 

bisected by the major road.  

• Surveys were undertaken to compare bird abundance and species composition on the 

overpass and in nearby forest sites.  

• A programme of sixteen nine-hour count periods on the overpass over a one year 

period was used to establish the diurnal activity pattern, resource use, crossing rates, 

and the direction and time of crossing of species which completed crossings of the 

overpass. Records were grouped into four defined species guilds: generalists, 

honeyeaters, large forest insectivores, and small forest insectivores.  

• Crossing rates and species composition were also determined for birds crossing the 

major road, and two other high-traffic roads, 20m-wide and 90m-wide respectively. 

• A colour-banding programme in forest adjacent to the overpass was conducted to 

categorise individual movements across the overpass and within neighbouring forest. 

Wing morphological data were recorded, as potential indicators of the relative flight 

capacity of species caught. 
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• Survey programmes were replicated on a 50m-wide overpass (at Bonville, Pacific 

Highway, New South Wales) to enable comparison of two overpasses of different 

width. 

♦ Results: Species guilds differed markedly in their use of the Compton Road overpass 

for crossing and in method of crossing. Small forest insectivores and honeyeaters were 

the major guilds which crossed. Large forest insectivores crossed at lower frequency, 

while generalists crossed only infrequently. There were two different methods of 

crossing, either in-foliage or by direct flight at approximately canopy height. 

Honeyeaters, large forest insectivores and silvereye used both methods of crossing. 

Other small forest insectivores crossed only in-foliage.  

♦ Species guilds also differed in their relative ability to cross high-traffic roads of 

different width. Generalists and large forest insectivores crossed at all road sites. 

Honeyeaters were capable of crossing high-traffic roads, but comparatively, across the 

different road widths studied, honeyeaters crossed in significantly greater numbers at 

the narrowest road site. For small forest insectivores, seven of the thirteen overpass-

crossing species were never recorded to cross at any road site. 

♦ Honeyeater and large forest insectivore guilds made extensive use of the Compton 

Road overpass as a foraging resource and as a conduit between forest areas. However, 

the conservation value of the overpass in relation to potential gene-flow was found to lie 

with the small forest insectivore species guild, and particularly with species having 

flight characteristics not well-suited to sustained direct flight. 

♦ Importantly, from a conservation perspective, the edges of the major road were found 

to constitute territorial boundaries for three resident small forest insectivore species. 

♦ Differences among species within this guild may be linked to a range of inter-related 

factors, including flight capacity, habitat use, and evolutionary history. 

♦ Species of particular conservation interest will include: sedentary, territorial species; 

terrestrial species; and forest species and guilds with a high level of habitat specificity, 

including edge-averse and forest understory species.  

♦ Overpass width appeared to influence relative use of the two overpasses studied. The 

narrower Compton Road overpass was widely used as a conduit between adjacent forest 

areas. The central areas were not used as core territory. The wider Bonville overpass 

appeared to be used as territory, or part-territory, by a number of species, with both 

central and outer areas being used throughout the year. These findings are tentative 
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given that only two overpasses were surveyed in the limited time period available for 

the project. Further research is required to confirm these initial findings.  
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Chapter 1 

 

Introduction 

 

1.1 Programme background 

 

Compton Road is a major arterial road in the southern suburbs of Brisbane. Along one 

section of its route, it bisects two important forest reserves, Karawatha Forest and 

Kuraby Bushland. In 2004/2005, this section of the road was upgraded from two to four 

lanes. Before the upgrade, it was recognised that the road would represent a gap 

between the bisected forest edges of ca. 60 metres and that traffic flows could exceed 

3000 vehicles/hour. Concerns about the potential impact of the upgraded road on fauna 

within the reserves, led to incorporation of the Compton Road Fauna Structures Array, 

including the Compton Road overpass, into the overall design of the upgrade. This 

wildlife overpass, the main location of this study, is shown in Figure 1.1 

 

       Figure 1.1: Wildlife overpass spanning Compton Road  

 

In order to assess the effectiveness of the Array, and to assess local populations of 

animals living in adjoining habitat, a wildlife monitoring partnership was established in 

2004 between the Brisbane City Council and Griffith University’s Centre for Innovative 

Conservation Strategies. Details of the Array are given in a comprehensive report by 
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Veage & Jones (2007), which also documented the results of these assessments, 

including pre- and post-construction monthly surveys of bird species and numbers in the 

adjoining forest areas of Karawatha Forest and Kuraby Bushland. Bond & Jones (2008) 

reported the regular use of the underpasses and the overpass by a range of non-avian 

species, and also the effectiveness of the exclusion fencing in reducing road-kill. Details 

of vegetation structure in Karawatha Forest and on the wildlife overpass were given in 

Kordas et al. (1993) and Jones et al. (2011) respectively.  

 

Initial avian studies on the overpass were documented in Jones & Bond (2010) and 

Jones & Pickvance (2013). They compared movements of birds crossing the four-lane 

Compton Road with those using the overpass. These studies established that species 

crossing the road were predominantly urban-tolerant species of larger bodyweight, 

while those using the overpass were mainly smaller forest species. Furthermore, the 

studies concluded that the overpass was actively used as an avian movement corridor. 

These initial results suggested that the apparent barrier effect of the road may be 

mitigated for certain species by the presence of the wildlife overpass. An indication of 

the structural connectivity provided by the overpass between the isolated forest areas on 

either side of the major road can be seen in Figure 1.2.  

 

       

Figure 1.2: Structural connectivity provided by the wildlife overpass between Kuraby 

Bushland and Karawatha Forest 
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1.2 Programme objectives  

 

The objectives of my research programme were to extend these initial findings as 

follows: 

 

Objective 1: to determine whether the presence of a vegetated crossing point over a 

major road barrier influences population dynamics of avian species and species guilds 

in nearby forest areas.  

  

Objective 2: to determine diurnal bird activity on the overpass, the use made of the 

resources available for feeding and the use of the overpass as core breeding territory. 

 

Objective 3: to examine other Australian overpasses with different design and 

vegetation characteristics to assess which variables influence overpass use.  

 

Objective 4: to determine which species complete crossings of the overpass and to 

quantify their individual crossing rates. Any patterns in direction or time of crossings 

should also be determined.  

 

Objective 5: to determine which species cross road barriers of different widths, and 

importantly, which ones do not?  

   

Objective 6: to colour-band individuals of species in the vicinity of the Compton Road 

overpass in order to assess the significance of identified movements in terms of 

territoriality, dispersal and genetic transfer. 

 

The overall aim of the programme is to evaluate the effectiveness and conservation 

value of overpasses in allowing passage of birds between areas of forest bisected by 

major roads and road networks. 
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Chapter 2 

 

Review of literature 

 

Roads and traffic cause continuing and widely permeating effects on natural systems 

(Forman, 2015). These effects can present a range of opportunities and threats to birds 

and to wildlife generally. 

On the positive side, road infrastructure in particular can provide a range of benefits for 

birds (Morelli et al., 2014). These include the provision of nesting sites in electricity 

pylons and fences along or close to roads, especially in intensive farmland (Tryjanowski 

et al., 2013). The road surface itself, and vegetated areas adjacent to roads provide 

hunting and foraging substrate (Morelli, 2013). Roads can benefit metabolic activity 

through contribution to the maintenance of body temperature (Laurance 2015).   

While roads, especially when fenced, generally restrict animal movement, this is not 

necessarily the case for birds. Roads can provide ideal flight conditions, conducive to 

their use as migratory flyways (Yosef, 2009). Furthermore, certain species (e.g. raptors, 

corvids, farmland and woodland species) are known to incorporate roads into defended 

territories (Grzybek et al., 2008). It should be noted however, that these positive effects 

of roads on birds reported in the literature were mainly associated with unpaved roads or 

paved roads with low traffic flows (Morelli et al., 2014). 

 

The negative impacts of roads and road networks on wildlife have been recognised and 

investigated for some considerable time (e.g. Goosem (1997); Forman & Alexander 

(1998); Trombulak & Frissell (2000). These effects extend well beyond the road itself, 

affecting the areas adjacent to the road and their environment. The term ‘road zone 

effect’ has been used to describe this composite effect (e.g. Forman & Deblinger 2000) 

and is defined as that area over which the ecological effects of roads and traffic extend 

into the adjacent landscape (van der Ree et al. 2015). The negative impacts include 

direct effects relating to the road itself (e.g. vehicle-caused mortality, habitat loss and 

fragmentation, barriers to movement) and indirect effects (e.g. traffic noise, artificial 

light and pollution). The indirect effects can extend for some considerable distance from 

the road itself (Boarman & Sazaki (2006); Eigenbrod et al. (2009); Shanley & Pyare 

(2011)). These factors can impact negatively on birds (Kociolek et al. (2011), in spite of 

their ability to fly across roads (Kociolek et al. (2015). Incorporation of appropriate 

mitigation measures (for example fencing and wildlife overpasses) during construction 
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of roads can reduce negative impacts on wildlife (Glista et al. (2009). During the 

construction stage of a road project, early installation of fauna exclusion fences can 

reduce wildlife mortality during construction, while early installation of fauna 

mitigation measures can minimise negative impacts (Weller 2015). The above negative 

impacts are now discussed individually. 

 

2.1 Vehicle-caused mortality  

 

Road-kill can have a major effect on animal populations (e.g. Trombulak & Frissell 

2000; Gibbs & Shriver 2002; Glista et al. 2009) and, on occasion, can be catastrophic to 

the population (Langton, 1989). The potential magnitude of this effect can be 

appreciated from the estimate of vertebrate mortality of 1 million individuals per day on 

roads in the United States (Lalo, 1987). While this study and many estimates in the 

scientific and popular literature attest to scale of the problem, they cannot always claim 

reliability or wide applicability. Many are small scale and cannot monitor at the 

population level and in larger landscape contexts. This research area would benefit from 

the use of modern technology. The use of citizen science and smart-phones linked to 

other new recording technology has been recommended to allow for the collection of 

more complete data, thereby leading to better mitigation (Vercavie & Herremans 2015).  

In addition, a standardised protocol for the counting of dead and/or injured fauna is 

needed for studies in this research area (Collinson et al., 2015). 

 

From the avian perspective, estimates of mortality through vehicle-impact are variable 

but of high magnitude. In the USA, the number of birds killed on roads was estimated to 

be in excess of 80 million per year (Loss et al. 2014; Kociolek et al. 2015). 

The characteristics of the road itself and its environs can contribute to high mortality in 

forest bird species. Paved roads in particular can have large-scale impacts (Laurance 

2015). Vegetation on road verges and on median strips can increase bird/vehicle 

collisions by attracting birds to roads (Jack et al. 2015). In sections of road where 

vegetation was densest or where gap width was narrowest, Orlowski (2008) recorded 

increased bird mortality, especially among urban and hedgerow bird species.      

 

Forest-dependent species can be particularly vulnerable to threats associated with roads 

(Lee & Peres 2009; Pell & Jones 2015). Certain Australian forest-dwelling species 
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avoid major roads, and may establish road edges as territorial boundaries (Pell & Jones 

2015). This has also been noted in tropical rainforest environments (Lee & Peres 2009). 

Kociolek et al. (2011) noted that those species most frequenting vegetation associated 

with roads, and therefore most vulnerable to vehicle-collisions, were tolerant of 

disturbance.  

 

2.2 Habitat loss and fragmentation  

 

Roads and road networks are major causes of habitat loss and fragmentation (Glista et 

al., 2009). This can lead to isolation of faunal populations, which, in turn, can 

potentially jeopardise the long-term persistence of wildlife populations (van der Grift, 

2012).  Roads restrict animal movement and increase the functional isolation of 

populations. They often decrease the genetic diversity of affected populations due to 

reduced population size and genetic drift. Roads, especially fenced highways, also act as 

barriers to movement, migration and gene flow (Holderegger & Di Giulio (2010). 

One of the most severe consequences of habitat loss due to road construction is thought 

to be the creation of isolated pockets of habitat that cannot support viable populations in 

the long term (Fahrig, 2003). The effects of fragmentation are influenced by the 

dispersal ability of the species and the associated migration rates between remaining 

habitat fragments (Frankham et al., 2002). Less vagile species are expected to be more 

subject to such factors and their genetic consequences.  

Benitez-Lopez et al. (2010) assessed the impact of roads and other infrastructure on 

mammal and bird populations using meta-analyses. The main response by mammals 

and birds in the vicinity of infrastructure was either avoidance or a reduced population 

density. Both mammal and bird population densities declined according to their distance 

from infrastructure. Effects extended over distances up to about 1km for bird 

populations, and up to about 5km for mammal populations. Both mammals and birds 

avoided infrastructure in open areas over larger distances than they did in forested areas. 

The analyses however did not find a significant effect of traffic intensity on the mean 

species abundance of birds.  

Bird species with the ability to fly may be expected to accommodate the effects of 

fragmentation well. This probably led to a common perception that birds benefit little 

from mitigation structures. However, this may well not apply to bird species with 
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particular behavioural characteristics (e.g. tropical forest-interior species (Laurance et 

al., 2003), discussed below). 

 

2.3 Barriers to movement  

  

Roads and traffic can present barriers that impede animal movements and restrict access 

to resources such as food, shelter and mates. This can result in reduced reproductive 

success and gene flow which can ultimately reduce population persistence (Strasburg, 

2006). Road barrier effects have been addressed predominantly in non-volant animals 

and frequently in relation to small mammals. Using radiotelemetry and capture-mark-

recapture techniques, Clark et al. (2001) demonstrated that roads inhibited the return of 

rodents across the road when released where captured, but that when animals were 

released on the opposite side to that on which captured, they exhibited a greater 

likelihood of return. Also working with rodents, Fuentes-Montemayor et al. (2009) 

concluded that roads and sharp edges had important effects on biological and social 

behaviour of the populations studied. In desert landscapes around Utah, USA, 

Bissonette & Rosa (2009) concluded that roads act as barriers to movement and as 

sources of mortality for many small mammal species which found favourable 

microhabitats in the surrounding desert areas. 

 Quantification of the factors which influence such barrier effects is important for 

defining the impacts of habitat fragmentation and for the development of appropriate 

mitigation strategies (Chen & Koprowski, 2013). Using long-term demographic and 

telemetry data, they assessed the effects of roads and traffic on space use and 

movements of small mammals. Narrow forest roads with low traffic volume were 

barriers for forest dependant species. They suggested that gap avoidance inhibits road-

crossings. 

While barrier effects may have the greatest effects on vertebrates other than birds 

(Forman & Alexander, 1998), certain forest-dwelling bird species have been found to be 

reluctant to cross gaps >50m wide in forest cover in areas dominated by agriculture 

(Desrochers & Hannon, 1997), by timber harvesting (Awade & Metzger, 2008), and by 

urban infrastructure (St. Clair, 2003; Tremblay & St. Clair, 2009). 

Certain bird species are reluctant to cross dirt roads that are 10–30m wide (Develey & 

Stouffer, 2001). Laurance et al. (2009) reviewed the impacts of roads and linear 

clearings in tropical forests. They concluded that tropical species are especially 
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vulnerable to such infrastructure because they include many ecological specialists that 

avoid even narrow (<30m wide) clearings and forest edges. Much of this work was 

undertaken in the central Brazilian Amazon, in tropical rainforest habitat.  For example, 

Laurance et al. (2004) compared the frequency of local movements of understorey birds 

within intact forest and across 30-40m wide roads over a two-year period. They found 

that the road significantly inhibited total bird movement across roads at five of the six 

sites studied. Movements of frugivorous, edge, and gap species were not inhibited at 

any site, whereas most forest-dependent insectivores had markedly inhibited road-

crossing movements, except at sites with extensive regrowth. Solitary understory 

species were especially vulnerable, rarely crossing even roads overgrown by tall 

regrowth. The authors suggested that even narrow roads with low traffic volumes can 

reduce local movements of many insectivorous birds in Amazonia.  

Also working in Amazonia, Lees & Peres (2009) found that species persistence in 

isolated fragments was strongly linked to gap-crossing ability. The most capable gap-

crossers were medium to large-bodied species in the insectivore, frugivore and 

granivore guilds, matching the most prevalent subset of species in small forest patches. 

They suggested that narrow forest gaps (4–70m) created by roads and powerlines, may 

become territory boundaries, thereby eliminating home-range gap-crossing movements 

for many forest species, but permitting rare dispersal events. Wider gaps (>70m) may 

inhibit gap-crossing behaviour for all but the most vagile of species. 

Conditions and habitats available to forest species in south-eastern Queensland and in 

Australia generally (except for the tropical forests of northern Australia) are clearly 

different from those in Amazonia. Australian avian species also differ in their 

evolutionary background and behavioural characteristics. Therefore, the relevance of 

the above findings under Amazonian rainforest conditions should be examined in 

Australian forest habitats (particularly when bisected by major roads), and with our bird 

species guilds. 

 

 In Australia, studies in suburban Brisbane, Queensland, recorded a total of fourteen 

species crossing a major four-lane road between the adjoining forest edges. These were 

mainly larger generalist species, although three large forest insectivore species and three 

honeyeater species were also detected (Jones & Bond (2010) and Jones & Pickvance 

(2013)). In suburban Perth, Western Australia, eighteen species crossed a six-lane road 

dividing bushland and suburban gardens. Again, these were mainly larger generalists 
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(13 species), although one large forest insectivore, three honeyeater species and one 

small forest insectivore species were also recorded as crossing the major road (Davis & 

Wilcox, 2013). 

There appears to be only one paper (Keller et al., 1996) which reports overpass crossing 

rates for birds. In the Alsace region of France, and in southern Germany, they 

documented the passage of forty two bird species flying across three motorways, either 

over wildlife overpasses or over open stretches of motorway. The overpasses spanned  

60-80m of road and were from 8-30m wide. Crossing rates in spring were 10.9; 10.2 

and 7.1 crossings per hour on the three overpasses. Corresponding figures in autumn 

were 7.2; 7.6 and 5.8 crossings per hour. Figures were based on observation periods of 

15 and 10 hours for each overpass in spring and autumn respectively. Crossings were 

predominantly of woodland species, which crossed in greater numbers than species 

typical of open habitats. They also recorded height classes of flights across the 

overpasses, categorised as low (low vegetation); medium (up to the canopies of shrubs 

on the overpass); high (up to canopies of the adjacent forest); and crossings with stops. 

Proportions in each category varied significantly between spring and autumn. 

My literature search did not identify any Australian research on the ability of bird 

species and guilds to cross road barriers of different width, one of the objectives of my 

research project.  

The role of roads as genetic barriers for several vertebrate taxa may be particularly 

relevant in the presence of exclusion fences (Corlatti et al., 2009). Olsson & Widen 

(2008) reported that exclusion fencing along highways may have a negative effect on 

gene-flow between moose populations. This may not be so in the case of many bird 

species, given their ability to pass over or through such fences. There has been little 

research on the influence of roads on gene flow in urban bird populations. Zhang et al. 

(2013) addressed this issue in a small passerine, tree sparrow (Passer montanus). 

Genetic variation between urban and rural populations was very weak. There were, 

however, significant genetic differences between birds from opposite sides of the same 

highway but not between sites which were not separated by highways. It was suggested 

that research on gene flow in urban bird populations is complex and needs to be 

conducted over several decades.  

Holderegger & Di Giulio (2010) concluded that roads rarely act as complete barriers, as 

shown by genetic studies assessing contemporary migration across roads. However, in 

general, the evidence that road barriers constitute a severe threat to persistence of 
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fragmented populations is overwhelming, and long-distance dispersal events are crucial 

to population spread and to the maintenance of genetic connectivity (Trakhenbrot et al., 

2005). 

 

2.4 Traffic noise, artificial light and pollution 

 

Traffic noise has well-established effects on bird species (Parris, 2015), which can 

reduce population densities near roads (Reijnen & Foppen, 2006). They can also reduce 

breeding success (Kight & Swaddle, 2011; Blickley et al., 2012). In a study of great tits 

nesting close to a busy motorway in the Netherlands (Halfwerk et al., 2011) found 

fewer chicks were fledged at that site than in nearby quieter areas. 

The effects of noise may be associated with the reliance of birds on acoustic 

communication. Noise may mask the frequencies of calls used to attract mates (Pohl et 

al., 2009) and to communicate with flock members (Slabbekoorn & Ripmeester, 2008). 

Working in south-eastern Australia, Parris & Schneider (2008) found that the grey 

shrike-thrush (Colluricincla harmonica) sang at a higher frequency in the presence of 

traffic noise. They argued that traffic noise can hamper the detection of song by 

conspecifics, making it difficult for birds to establish and maintain territories, and 

possibly leading to reduced breeding success in noisy roadside habitats. 

Katti & Warren (2004) concluded that traffic noise may also affect bird populations and 

communities. There are likely to be synergistic effects of noise, habitat loss (Forman & 

Deblinger, 2000), and road-edge effects (Habib et al., 2007).  

 

The potential for vehicle lights to influence birds utilising overpass vegetation or nearby 

areas is apparent, given the effect changes in photoperiod can have on the timing of 

seasonal events in birds, e.g. breeding physiology (Blackwall et al., 2015) and mate 

selection (Dawson et al., 2001). Artificial light can reduce habitat quality and affect 

avian patterns of nestling development, singing, breeding, moulting, and migration (De 

Molenaar et al., 2006). Effective planning for road lighting should attempt to ameliorate 

effects of light on animals in roadside habitats (e.g. Horvath et al. 2009; Gaston et al. 

2013). 

Pocock & Lawrence (2005) measured the extent of road impacts into a temperate 

eucalypt forest ecosystem in south-eastern Australia. Traffic noise and light penetration 

varied according to topography and vegetation cover, but penetration averaged 350m 
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and 380m respectively from the road. Bird surveys identified four species (9%) that 

only occurred within 150m of the road (edge species), and 21 species (58%) that only 

occurred at distances of 150m or more from the road (interior species).  

Pollution results from vehicle emissions and from sediments and agricultural chemicals 

which run-off from roads during maintenance and use (Buckler & Granato, 1999). 

Pollution has a lower effect on birds than do the other road-related effects (Reijnen & 

Foppen, 2006). 

  

2.5 Mitigation structures 

 

Road overpasses are one of many wildlife-crossing structures designed to mitigate the 

threats associated with road barriers. Wildlife overpasses are now widely used in 

Europe, United States, Canada and Australia (Corletti et al., 2009; Beckmann et al., 

2010). In 2013, the first purpose-built wildlife overpass in tropical Asia was completed 

in Singapore. Known as ‘The Eco-Link@BKE’, it links the Pan Island Expressway with 

the northern-most part of Singapore Island (Lee & Chung, 2014). 

The effectiveness of such structures depends on the design and vegetation of the 

overpass, and on the characteristics of the fauna which potentially might use it. The use 

of the structure by wildlife is influenced by several factors including location relative to 

natural wildlife pathways, design, dimensions, and vegetation at entrances (Ng et al., 

2004). In a review of roads and their ecological effects, Forman & Alexander (1998) 

indicated that wildlife overpasses, designed mainly for large mammals, ranged in width 

up to 200m. The minimum width for effectiveness may be 30–50m in the centre and 

50–80m on the ends (Evink et al., 1996). Specifically, structures greater than 60m in 

width are likely to be more effective than overpasses narrower than 50m, especially for 

larger mammals (Evink, 2002). Two Swiss overpasses, 140m and 200m in width 

respectively, emphasise that the goal of overpasses should be that of “landscape 

connectors” that permit all horizontal natural processes to cross roads (Forman & 

Alexander, 1998). Iuell et al. (2003) proposed that a distinction be drawn between 

wildlife overpasses and landscape overpasses. Such a distinction could be based partly 

on the width of the overpasses concerned. Structures that are wide and open tend to 

retain the most functional ecosystems (Ruediger, 2002), and in some cases, birds have 

incorporated such structures into territories (Keller et al., 1996). 
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Theoretically, in circumstances where habitat fragmentation is the major threat 

requiring mitigation, the structures should increase or at least maintain levels of inter-

patch dispersal, and so maintain gene flow and sustain the population viability of target 

species (Kozakiewicz, 1993; Forman & Alexander, 1998). In many cases, where other 

factors, for example road-kill, are the predominant threats requiring mitigation, animal 

use of an overpass in itself will not be sufficient to guarantee survival of a population. 

 

A species-specific minimum number of individuals is required to move between patches 

to ensure adequate gene flow (Whitlock & McCauley, 1999). For example, Olsson et al. 

(2008) suggested that 5-7 moose/year crossing an overpass is sufficient to maintain 

gene flow between sub-populations. Interestingly, van Wieren & Worm (2001), 

working with data from a range of mammals, suggested a close relationship between 

overpass crossing rate and mating season. The determination of the genetic 

consequences of road construction is important in the formulation of conservation 

strategies to maintain genetic diversity, especially in threatened species (O’Grady et al., 

2006).  

Evidence for the effectiveness of overpasses derived from long-term monitoring 

programmes is currently limited for most species (Clevenger & Waltho, 2005; Mata et 

al., 2005). Corlatti et al. (2009) assessed the ability of wildlife overpasses to provide 

connectivity and prevent genetic isolation when populations are fragmented by road 

construction. This review concluded that most studies are observational, reporting 

evidence for passage use, but few data on the number of individual crossings. At that 

point of time, there was no evidence that wildlife overpasses did or did not address 

genetic issues. Ideally, assessment of overpass effectiveness from a genetic point of 

view should define numbers of target species crossing, and should address the minimum 

number of individuals required to ensure gene flow between population patches. The 

spatiotemporal nature of individual movements and the demographic parameters of the 

subpopulations must also be considered. 

In a similar vein, Roedenbeck et al. (2007), in assessing the circumstances under which 

roads affect population persistence, concluded that very few studies evaluate the effects 

of roads at the population level. Fahrig & Rytwinski (2009), however, in a review of the 

empirical literature on the effects of roads and traffic on animal abundance and 

distribution, argued that the evidence for population-level effects of roads and traffic 
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was already strong enough to merit routine consideration of these effects in all road 

construction and maintenance projects. 

 

2.6 Avian wing morphology, flight pattern and flight capabilities  

 

Wing morphology, flight pattern and flight capability vary greatly across avian species 

and may be important in determining which species and species guilds might potentially 

benefit from use of wildlife overpasses. 

 

Wing design influences flight mechanics and, importantly, energy costs involved in 

flight. Mechanical power to fly comprises the rate of work needed to generate weight 

support and thrust, and the work done against frictional drag of the body and wings. 

Wing design is adapted to different speeds and methods of flight. Selection may favour 

a wing shape that minimises the work associated with the flight pattern and speed 

needed for a bird in a particular habitat (Lighthill, 1977; Pennycuick, 1975; Rayner, 

1979; Norberg, 1995; and Lindhe Norberg, 2002). 

In general, different wing morphologies will suit different types of flight and will 

impact on the ecology and behaviour of birds. Using modern high-speed photographic 

techniques, McFarlane (2014) assessed avian wing morphology and the intra- and inter-

specific effects on take-off performance, particularly in the context of the initiation of 

flight, predator evasion and hence survival. Large, broad wings favoured improved take-

off by reducing the power required to generate lift. Short wings and correlated higher 

wing-beat frequencies, were also beneficial to improved take-off. Unexpectedly, larger 

species had lower induced power requirements and, as a result, could devote more 

energy to moving the body’s centre of mass. Wing morphology had an important 

influence on take-off performance, influencing wing-beat kinematics and altering the 

aerodynamic forces generated and the loads acting upon the wings. 

Norberg (1986) indicated that aerial foraging is facilitated by low body mass and low 

wing loading, which permits enhanced manoeuvrability in flight. For energetic reasons, 

aerial foraging species require relatively long wings of high aspect ratio (wingspan² / 

wing area). However, long wings are a hindrance in dense vegetation. For species which 

forage in closely confined areas therefore, selection should favour shorter wings. Short-

winged, slow-flying species must have broad wings in order to produce sufficient lift 

during slow flight. They will have shorter wingspans and lower aspect ratios than aerial-
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hawking species, but their lower aspect ratios are associated with more expensive flight. 

They may have to forage using shorter flights or to resort to intermittent short forays 

from low perches within vegetation.  

Manoeuvrability may be a predominant performance trait in avian species living in 

dense, cluttered habitats, or in birds that use acrobatic aerial mating displays 

(Hedenstrӧm & MØller, 1992). Short, rounder wings may enhance manoeuvrability 

(Kaboli et al., 2007). Manoeuvrability is greatly influenced by wing loading (defined as 

[measured bodyweight x acceleration of gravity] / wing area) because minimum turning 

radius is proportional to these two wing parameters (Norberg, 2002). In many species, 

the above wing parameters have been found to correspond with microhabitat use, 

foraging behaviour, and sexual displays (Hedenstrӧm & MØller, 1992). 

Saville (1957) identified two different avian wing types, described as ‘elliptical’ and 

‘high speed’ wings. The former confer high lift, and greater control and manoeuvrability 

in confined spaces and habitats. The latter reduce drag and increase power by means of 

a tapering wing-tip, a lower camber and a swept-back leading edge. ‘High speed’ wings 

allow efficient sustained flight. 

 

Various wing parameters and composite indices have been used to group bird species 

according to flight characteristics and capabilities. 

Keast (1996) postulated that rainforest taxa would differ in wing morphology from their 

con-generic and counterpart species in open forest/woodland habitats, reflecting 

differences in the position in the wing of the longest primary feather and in the relative 

lengths of the outer primary feathers, P10 and P9, and of the first secondary feather S1. 

 

Busse (1968, 1974 &1986) developed two indices, a wing pointedness index based on 

field measurement of wing feather projection and an index of asymmetry based on field 

measurement of wing length and tail length. Together they formed a useful method of 

correlative topography for the analysis of avian population differentiation, particularly 

for migratory species. In these species, greater flight speeds and energy efficiency are 

usually associated with longer, more pointed, wings (Mӧnkkӧnen, 1995; Lockwood et 

al., 1998). Migratory species, often involved in long-distance flight, generally have 

these wing characteristics, which reduce flight energy costs (Rayner, 1988; Fernández 

& Lank, 2007).  
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The method was widely used over an extended period in the ‘Operation Baltic’ (Busse 

& Kania, 1970; Busse 1983) fieldwork during the period 1961–2003, and for migratory 

species along the Polish coast of the Baltic (Chernetzov 2004; Rosinska 2009). 

 

Wing aspect ratio and wing loading have also been widely used as derived wing indices. 

Wing aspect ratio is defined as wingspan² / wing area. Wing loading is defined as 

[measured bodyweight x acceleration of gravity (g)] / wing area (Norberg, 1986). By 

convention (Pennycuick, 1975), wing area in birds includes the area of the back 

between the wings, in addition to the area of the wings. Wingspan is defined as the 

distance between the tips of the longest primary feathers when the wings are fully 

extended and level with the body in normal flight.  

The total length of the avian wing derives from the underlying wing bones (humerus, 

radius/ulna and manus) and the functional primary feathers (Nudds et al., 2011). These 

authors commented that the angle at the elbow in the stretched-out wing of a bird 

having its wingspan measured (Pennycuick, 1989) is not necessarily functional. The 

wingspan measurement will depend on the technique and consistency of the operator 

extending the wings, and the estimation of the position of full extension in normal 

flight.  

Vanhooydonck et al. (2009) examined wing shape variation in the medium ground finch 

(Geospiza fortis) on Isla Santa Cruz in the Galápagos using an ecomorphological 

approach. They concluded that in dry years and arid locations, wing aspect ratios were 

highest and wings more pointed, consistent with a need for a low cost of transport. 

Contrastingly, in wet years and in cluttered habitats, wing loading was lower and wings 

were more rounded, suggesting enhanced capabilities for manoeuvrability. 

Modern high-speed photographic techniques are now being developed (e.g. McFarlane 

(2014)), and are capable of tracking the continually changing shape and angle of the 

flexible avian wing during the active wing stroke. As such, this more recent technology 

will allow for better interpretation of flight capability and relationship to habitat 

characteristics. The earlier wing parameters and indices have yielded useful data on 

relative flight capability but have inherent problems of consistency and repeatability of 

field measurement, particularly between different operators. They cannot fully assess 

the effects of flexibility of the avian wing during the active wing stroke. 
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2.7 Research needs 

 

In general, research on mitigation structures to-date has concentrated on their use by 

mammals, reptiles and amphibians, while use by birds has received only limited 

attention (Jacobson, 2005). A review of the impacts of roads on wildlife in Australia 

(Taylor & Goldingay, 2010) found that population impacts are poorly described. The 

installation of road-crossing structures worldwide has largely outpaced an 

understanding of associated population benefits. The review identified priorities for 

research in Australia, including the need for studies that examine whether crossing 

structures alleviate the impacts of roads at the population level.  

van der Ree (2012) discussed the requirements of research into road mitigation and 

monitoring projects, and particularly into their effectiveness. He called for programmes 

involving the collection of before and after data, and for the inclusion of control sites. 

Given that the Compton Road overpass has now been in operation since 2005, this 

objective is not feasible for the current study. However, it would be of value to compare 

overpass and nearby forest sites to identify whether any differences in bird population 

structure (e.g. abundance and relative species diversity) currently exist. 

van der Ree (2012) also emphasised that the evaluation of most road mitigation 

programmes should quantify rates of crossing and identify variables (e.g. dimensions of 

the crossing structure, and vegetation structure at entrances to the crossing) that may 

influence the use of the structure.  My literature search revealed little experimental data 

on these issues relating to birds. 
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Chapter 3 

 

Does the presence of a vegetated overpass over a major road influence 

the composition of the avian community in neighbouring forest areas? 

  

3.1 Background 

 

Jones et al. (2011) gave details of the vegetation structure established on the overpass 

and concluded that most of the overpass resembled dense subtropical eucalyptus forest 

typical of the local forest area. It was noted that 30% of the area on the overpass was 

left open and planted with grasses to cater for the needs of the main species of concern, 

wallabies and kangaroos (Bond & Jones, 2008). Currently, vegetation densities (as per 

Specht, 1970) differ between the slope and central areas of the overpass, with the slope 

areas comprising mainly dense forest, and the central areas mainly mid-dense forest.  

The initial avian studies on the overpass, Jones & Bond (2010) and Jones & Pickvance 

(2013), established that avian species which crossed the road were predominantly 

urban-tolerant species of larger bodyweight, while those using the overpass were mainly 

smaller forest species. These conclusions suggest that these two species groups may 

differ in preference, ability or need to cross major roads and/or to utilise the vegetated 

overpass. Alternatively, it is possible that the abundance of larger urban-tolerant species 

in forested areas is relatively greater than that of smaller forest-dwelling species and 

that the reverse is true on the overpass. In either case, any differences may not be 

confined only to these species groups, but may be found in other species groups within 

the overall avian population in the forested areas adjacent to the overpass.  

Given the above factors, the initial objective of my programme was defined as the 

estimation of relative bird abundance and species numbers on the overpass and in 

neighbouring forest sites, and the identification of any differences in species 

composition at these sites. 

 

3.2 Methods 

 

For estimation of abundance in forest conditions, direct counts on line or point transects 

are often the preferred survey method (Bibby et al., 2000; Gregory et al., 2004). These 
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methods are highly adaptable and must be selected and designed according to the 

particular site conditions and dimensions, and the survey objectives. The details of the 

sites and programme chosen to address this objective are now outlined. 

 

3.2.1 Site details: 

  

The overpass (27⁰ 36.947' S; 153⁰ 05.050' E) spans Compton Road, a major arterial 

road approximately 22 km from the Central Business District of Brisbane, Australia 

(Bond & Jones, 2008). The overpass is hour-glass in plan, is 70m long, 15m wide at the 

mid-point, 8m high, and has a base width of 20m. The road is fully enclosed by 1.4m 

high exclusion fencing.  

The overpass connects two subtropical Eucalyptus forest reserves, Karawatha Forest 

Reserve (940ha) and Kuraby Bushland (140ha), which are south and north of Compton 

Road respectively. Both areas comprise dry Eucalyptus forest with heath understory 

(Kordas et al., 1993; Stewart, 1997). Traffic flow on Compton Road in the vicinity of 

the overpass was 2587 ± 252 vehicles per hour (the mean ± SD of six counts, two in 

each of the first three hours after sunrise, the period when bird crossing counts were 

undertaken).  

 

3.2.2 Line-transect count-areas:  

 

Preliminary trials in August/September 2012 established that best bird visibility on the 

overpass was obtained by location of 15m wide count-areas between the two exclusion 

fences which run along the eastern and western edges of the overpass. These fence-lines 

also gave clear definition of the limits of the count-areas. The dimensions of the 

overpass largely dictated the selection of suitable transect type and dimensions. A line-

transect of four equal rectangular count-areas was established, running north – south 

across the length of the overpass. Figure 3.1 gives details of the layout of the line-

transect on the overpass.  

Each of the count-areas was 15m wide and 10m long, with three 15m x 10m buffer 

zones between the count-areas. At each end (north and south) of the line-transect, there 

were further buffer areas, each ca. 5m long.  
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4 count-areas and 
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Karawatha Central

Kuraby Central

Karawatha Slope

  Figure 3.1: Details of line-transect on Compton Road overpass 

 

To give equal-effort comparison with the overpass, an identical line-transect with four 

identical count-areas was established in each of the nearby Karawatha and Kuraby 

forest sites.  

 

 3.2.3 Location of the forest transects:  

 

The overpass is subject to considerable disturbance from traffic noise and light. For 

valid comparison between overpass and forest abundance counts, it is important that 

forest line-transects be established sufficiently close to Compton Road so as to 

experience similar levels of traffic noise and light disturbance to that on the overpass. 

Therefore, the forest line-transects were positioned ca. 100m west of the overpass, and 

within ca. 100m of Compton Road into the forest interior. Figure 3.2, adapted from 

Brisbane City Council, My Neighbourhood (2007), shows the positions of the forest and 

overpass line-transects close to Compton Road. For convenience, details of the positions 
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of road-count sites (discussed below in Chapter 7) are included on this Figure.

Forest transects

Road transects

Figure 3. 2: Location of forest, overpass and road transect sites on Compton Road

 

3.2.4 Design, schedule and procedures of count programme:  

 

The programme was designed to measure relative bird abundance on the overpass and 

on the two forest sites, but also to be able to compare counts on the four individual 

count-areas of the overpass. This would allow assessment of numbers and species using 

the central areas of the overpass in order to gain preliminary knowledge of those which 

might cross the overpass. Similarly, numbers on the well-vegetated outer slope areas of 

the overpass could be compared with those on the less-densely vegetated central areas. 

The count programme was designed so that the overpass count-areas were counted in 

two ways (A and B): 

 

A: from end-to-end (i.e. starting on one slope count-area and proceeding 

 sequentially to the other slope area), and  

B: beginning on one central area, thence to its slope area, thence to the other slope 

 area, and finally to the other central area. 
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In both cases, the starting point of the count was alternated (i.e. Kuraby-side or 

Karawatha-side) on successive count days. This design minimises any bias due to 

possible influence of observer position on bird distribution across the line-transect. 

 

The design also included two separate count-sets at different start times: 

 

1
st
 count: began at ca. 30 min. after sunrise and was completed 45 min. later  

2
nd

 count: began at ca. 80 min. after sunrise and was completed 45 min. later.  

 

The count schedule therefore involved 8 site/time combinations: 

 

Karawatha Forest, with 1
st
 or 2

nd
 count-time 

Kuraby Bushland, with 1
st
 or 2

nd
 count-time 

Overpass A, with 1
st
 or 2

nd
 count-time 

Overpass B, with 1
st
 or 2

nd
 count-time. 

 

On each count-day, one overpass and one forest site were counted, one at 1
st
 count-time, 

followed by the other at 2
nd

 count-time. The count schedule was arranged with 

successive alternation of forest sites, overpass A and overpass B. Counts were 

conducted weekly on days chosen using Bureau of Meteorology forecasts to minimise 

rain and wind. The overall count programme was scheduled to span one year, and to 

include 48 count-days, with each site being counted 24 times, 12 each at 1
st
 and 2

nd
 

count-times. 

 

At all sites, each count-area was surveyed for a period of 10 minutes, with 1 minute 

intervals between counts. Bird species and numbers were recorded. The number of 

separate species recorded in each count was used as an estimate of species richness. To 

be recorded, a bird must be within the foliage of the site vegetation. Birds flying 

through or above the canopy were not recorded. Comparisons are between bird 

species/numbers actually using forest and overpass vegetation. Repeat counting was 

avoided by only recording the highest number of any particular species seen on any 

particular line-transect count, unless another record was of a bird of different sex or of 

an identifiable juvenile. For abundance comparisons between overpass and forest sites, 

individual count-area counts were pooled to give the total count for the line-transect. 
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For comparison between individual count-areas on the overpass, the individual count-

area counts were used. For species richness estimates, species numbers on the 

individual count-areas were pooled to give the count for the line-transect at each site. 

 

3.2.5 Assessment of differences in species composition across sites: 

 

In order to identify any differences in species composition across sites, species were 

grouped as four defined species guilds, based largely on habitat preference, diet and 

bodyweight. The species guilds were: 

 

(a) habitat generalists (hereafter generalists): predominantly large, strong-flying, 

 often urban-tolerant, omnivores 

 (b)  honeyeaters: nectarivorous species, including the friarbirds 

 (c)  large forest insectivores and frugivores (hereafter large forest insectivores): 

 species of forest and woodland, of bodyweight >40g, with diets comprising 

 insects, fruit and various small prey items 

(d)  small forest insectivores and granivores (hereafter small forest insectivores): 

 predominantly forest species, of bodyweight range 7 - 40g, with diets comprised 

 mainly of insects. (For convenience, this group includes two small granivores, 

 double-barred finch (Taeniopygia bichenovii) and red-browed finch (Neochmia 

 temporalis). 

 

The species assigned to each guild are listed in Appendix Table 1.  

 

The numbers of each species recorded in line-transect counts at each site were assigned 

to the appropriate species guild.  These species guild counts were then compared to 

determine whether any differences currently exist in species composition at either forest 

or overpass sites. 

 

3.2.6 Data analysis  

 

All statistical analyses were performed using SPSS Statistics (v.21.0, 2013; and v.22.0, 

2014). For comparison of overpass vs. forest sites, count and species number data were 

examined using Analysis of Variance, with post-hoc LSD tests to examine differences 
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between sites. The overall data-set was grouped into 12 replicates of the eight site/time 

combinations, so that the four sites (Karawatha Forest, Kuraby Forest, and Overpass A 

and B) were compared and site, time and seasonal effects and interactions could be 

assessed. 

The count data for the four individual count-areas comprising the overpass line-transect, 

were not normally distributed (Kolmogorov-Smirnov and Shapiro-Wilk tests). The data-

set was also zero-inflated, with 49% of 192 individual counts being zero. Combining 

Karawatha-side count-areas for comparison with Kuraby-side count-areas reduced the 

level of zero counts to 20.8% of 192 counts, but normality tests still indicated lack of 

normality in the data-set. 

The data for these comparisons was therefore first converted to presence/absence 

format, and then analysed using Chi-squared tests. The data for comparison of numbers 

of the four species guilds on forest and overpass sites was also zero-inflated and not 

normally distributed, and was therefore also analysed using this methodology. 
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3.3 Results 

 

3.3.1 Overpass v. Karawatha Forest v. Kuraby Bushland sites  

  

Mean bird abundance ranged from a low of 2.2 birds/ten-minute survey in Karawatha 

Forest to 3.5 birds/ten-minute survey on the Overpass. Numbers in Kuraby Forest 

averaged 2.6 birds per survey. Mean bird abundance was significantly lower on the 

Karawatha Forest site when compared to the Overpass. Mean bird abundance on the 

Kuraby Forest site did not differ significantly from that on other sites (see Table 3.1).  

Overall, there were significant effects of site on abundance (n = 24; F = 3.22; p = 

0.029). Effects of time and season, and the interactions of site, time and season, were 

not significantly different for abundance (see Appendix 2). 

 

Mean number of species ranged from a low of 1.7 species/ten-minute survey in 

Karawatha Forest to 2.5 birds/ten-minute survey on the Overpass. Numbers in Kuraby 

Forest averaged 2.1 species per survey. Mean number of species was significantly lower 

on the Karawatha Forest site when compared to the Overpass. Mean number of species 

on the Kuraby Forest site did not differ significantly from that on the other sites 

surveyed (see Table 3.1).  

Overall, there were significant effects of site on species number (n = 24; F = 3.29; p = 

0.027). Effects of time and season, and the interactions of site, time and season, were 

not significantly different for species number (see Appendix 3). 

 

Table 3.1: Means (± SD) of abundance and species number on overpass and forest sites 

(n = 24), and results of comparison of means between sites by LSD post-hoc tests  

_______________________________________________________________ 

Site   Overpass A Overpass B Karawatha  Kuraby 

               Forest Bushland 

_______________________________________________________________ 

Abundance  3.50 ± 2.02 3.46 ± 1.74 2.17 ± 0.92 2.63 ± 1.31 

           a           a           b          ab  

       

 

Species number 2.58 ± 1.29 2.46 ± 1.29 1.71 ± 0.62 2.13 ± 1.04 

           a          a          b                  ab 

_______________________________________________________________ 

(Definition of Overpass A and Overpass B given in Methods: 3.2.4); (Significant separation, at the 0.05 

level, indicated by different letters).  
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3.3.2 Comparison of the four individual count-areas on the overpass line-transect  

 

Mean bird abundance on the individual count-areas on the overpass line-transect was 

lowest on Karawatha slope and highest on Kuraby slope. The two central areas of the 

overpass, Karawatha central and Kuraby central had intermediate abundance values 

(Table 3.2). 

 

Table 3.2:  Mean abundance (±SD) on Karawatha slope, Karawatha central, Kuraby 

central and Kuraby slope areas (n = 48) of the overpass line-transect. 

_______________________________________________________________ 

   Karawatha Karawatha   Kuraby Kuraby                                                               

       slope   central   central   slope 

_______________________________________________________________             

Abundance  0.60 ± 0.89 0.69 ± 1.19 0.83 ± 0.99 1.35 ± 1.42          

_______________________________________________________________ 

 

When the data were used to compare bird abundance on the Karawatha-side with that on 

the Kuraby-side count-areas of the overpass, mean abundance on Kuraby-side was 

greater than that on Karawatha-side (see Table 3.3).  

 

Table 3.3: Mean abundance (± SD) on the paired Karawatha-side vs. the paired 

Kuraby-side count-areas (n = 48) of the overpass line-transect. 

_________________________________________________________________ 

   Paired Karawatha-side Paired Kuraby-side                                                               

           count-areas         count-areas 

_________________________________________________________________ 

 Abundance           1.29 ± 1.43         2.19 ± 1.51          

_________________________________________________________________ 

 

The results of Chi-squared analysis of the presence/absence format of the abundance 

data-sets showed significant differences (at the < 0.05 level) in bird presence across the 

four count-areas of the overpass line-transect, while the difference between the paired 

Karawatha-side count-areas vs. the Kuraby-side count-areas was not significant at this 

level (Table 3.4). 
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Table 3.4: Chi-squared analyses of bird presence on individual and paired count-areas 

across the overpass line-transect.  

_________________________________________________________________ 

    Pearson χ2 value df Asymp. sign. (2-sided) 

_________________________________________________________________ 

Individual count-areas   8.397  3  0.038 

 

Paired count-areas   3.521  1  0.061 

________________________________________________________________ 

 

 

3.3.3. Assessment of differences in species composition across sites  

 

Mean abundance of the four species guilds (generalists, honeyeaters, large forest 

insectivores and small forest insectivores) differs between overpass sites and forest sites  

(Table 3.5).  

 

Table 3.5: Mean abundance (± SD) for the four species guilds (generalists, honeyeaters, 

large forest insectivores and small forest insectivores) on overpass and forest sites  

_______________________________________________________________ 

Species guild  Overpass A Overpass B Karawatha  Kuraby 

             Forest Bushland 

_______________________________________________________________ 

Generalists  0.17 ± 0.38 0.13 ± 0.34 0.83 ± 0.82 0.88 ± 0.99 

 

Honeyeaters  1.17 ± 1.20 1.04 ± 1.08 1.04 ± 1.12 0.67 ± 0.87 

 

Large forest           0.25 ± 0.44 0.54 ± 0.98 0.13 ± 0.34 0.38 ± 0.58 

insectivores 

 

Small forest  1.92 ± 1.44 1.75 ± 1.70 0.17 ± 0.38 0.71 ± 1.16  

insectivores 

________________________________________________________________ 
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The results of Chi-squared analysis of the presence/absence format of this species guild 

abundance data are shown in Table 3.6. Full details of the analysis, including data on 

presence within individual sites, are given in Appendix Table 4.  

 

Table 3.6: Chi-squared analyses of the presence of four species guilds (generalists, 

honeyeaters, large forest insectivores and small forest insectivores) on overpass and 

forest sites  

_________________________________________________________________ 

Component   Pearson χ2 value df Asymp. sign. (2-sided) 

_________________________________________________________________ 

Generalists    20.279  3  0.000 

 

Honeyeaters    3.650  3  0.302 

 

Large forest insectivores  3.624  3  0.305 

 

Small forest insectivores  26.243  3  0.000 

________________________________________________________________ 

 

There were highly significant differences (at the < 0.001 level) in presence across the 

four sites for both generalists and small forest insectivores, while for honeyeaters and 

large forest insectivores the differences were not significant. Small forest insectivore 

abundance was higher in overpass counts than in nearby forest sites, while the converse 

was true for generalists. These differences are shown graphically in Figures 3.3 and 3.4.  
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Figures 3.3 and 3.4: Mean abundance of small forest insectivore (SFI) guild, (3.3); and 

generalist guild, (3.4); on the overpass and forest sites. 

 

The large-forest-insectivore and honeyeater guilds were evenly distributed across the 

four sites studied, and in each case, presence across the four sites did not differ 

significantly. Results for these guilds are shown graphically in Figure 3.5 and Figure 

3.6.       

 

 
 

Figures 3.5 and 3.6: Mean abundance of large forest insectivore (LFI) guild (3.5); and 

honeyeater guild (3.6), on the overpass and forest sites. 
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3.4 Discussion 

 

This initial survey aimed to determine relative bird abundance and species numbers on 

the overpass and in neighbouring forest sites, and to identify any differences in species 

composition at these sites. 

 The survey results indicate this was the case for a number of parameters. These can be 

categorised broadly into differences in species composition and differences in 

abundance and species richness.  

 

3.4.1 Species composition 

 

It is clear that the species within the local avian population made differential use of the 

overpass and forest sites studied, and of the resources and opportunities for movement 

provided by the overpass. There were significant differences between the species guilds 

studied in their use of the overpass.   

 

Generalists made relatively little use of the overpass, while they were major users of the 

two forest sites. Small forest insectivores made extensive use of the overpass, and also 

of adjacent forest areas, which are their major breeding and feeding areas. The 

honeyeater and large forest insectivore guilds were more evenly distributed across the 

overpass and forest sites studied. Differences in the relative presence on the four sites 

studied were not significant for either of these two species guilds.   

Individual species and the species guilds examined differ in their resource requirements. 

In turn, the resources themselves will differ in their distribution on and in adjacent 

forest areas. These issues are examined in detail in Chapters 4 and 6. 

 

3.4.2 Bird abundance and species number 

 

Overall, there were significant effects of site on both mean abundance and mean species 

richness of birds. However, while both parameters were higher on the overpass than on 

the nearby forest sites, only in the case of the lower counts on the Karawatha Forest site 

were differences between forest and overpass sites significant. Results for the Kuraby 

Bushland forest site showed no significant differences in comparison with results for the 

overpass or the Karawatha forest site.  
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It is important at this point to examine the results of the analysis of bird abundance 

across the four individual count-areas of the overpass line-transect. Bird abundance 

along this line-transect differed significantly, with numbers on the Kuraby slope count-

area being greater than those on each of the other three count-areas. 

Both overpass slopes are densely vegetated and might be expected to provide habitat of 

similar quality for birds. However, bird abundance on the Karawatha slope count-area 

was no greater than that on the less-densely vegetated central areas of the overpass. It 

may be that this reflects lower bird abundance in Karawatha Forest. Alternatively, it 

may be that preferential use is made of Kuraby slope or forest in its immediate vicinity. 

A further possible indicator of higher bird abundance on the Kuraby-side of the 

overpass is data from the banding programme detailed below in Chapter 8, which 

indicates higher bird capture rates at Kuraby Forest than at Karawatha Forest as follows: 

 

  Kuraby Bushland:  0.017 captures/hr/metre of net  

  Karawatha Forest:  0.008 captures/hr/metre of net.  

 

Interestingly, the higher counts recorded on the Kuraby slope in this study generally 

mirror results presented in Bond & Jones (2008), where number of vertebrate scats 

collected on the northern (Kuraby) slope of the overpass was significantly greater than 

that collected on the southern (Karawatha) slope. Number collected on the central area 

of the overpass was lower than that collected on either slope.  

   

 A possible, though speculative, contributing factor to the apparently greater abundances 

on the Kuraby-side of Compton Road, may be that animals moving south along the 

Bulimba Creek corridor to the north of Compton Road become constrained within a 

triangular network of major road barriers (the Pacific Highway to the east and north, the 

Gateway Motorway to the west and north, and Compton Road, which encloses Kuraby 

on its southern side). This may have the effect of raising abundance on the Kuraby-side 

of Compton Road. This would emphasise the importance of the overpass as a conduit 

for movement between Kuraby Bushland and Karawatha Forest (and vice-versa), 

linking with the Greenbank corridor to the south of Compton Road.   
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Chapter 4 

 

The diurnal activity pattern on the wildlife overpass 

  

4.1 Background 

 

Earlier avian studies on the Compton Road overpass (Jones & Pickvance, 2013) 

concluded that the overpass appeared to facilitate movement across Compton Road by 

local avifauna, although at that time no species appeared to have established residential 

home ranges or territories on the overpass. Further, the use of the overpass as a habitat 

corridor appeared to be confirmed by the relatively higher densities of birds found on 

the overpass when compared to those in neighbouring forest. 

The results of the current study, presented in Chapter 3 above, supported and extended 

these conclusions, with bird abundance on the overpass found to be significantly greater 

than that on the nearby Karawatha forest site. Further, bird numbers on the Kuraby 

slope count-area were found to be greater than those on each of the other three count-

areas. 

Importantly, early in the count programme reported above, it was often noted that 

numbers of birds present on the overpass in the period after counts had been completed, 

were greater than those recorded in counts earlier in the morning. It also became 

apparent that only a limited number of birds recorded on the slope areas of the overpass 

actually completed a crossing of the overpass.  

 

It was decided therefore:  

 to investigate the diurnal activity pattern of use of the overpass 

 to develop a method to clearly identify those species which cross the overpass 

and to determine their crossing rates, and  

 to document the use of overpass resources by different species and species 

guilds while crossing.  

 

The programme developed covered all three objectives and involved an extended nine-

hour count period over the day. It allowed assessment of overall diurnal avian activity 

over this extended period, and unequivocal identification of those individuals which 

completed a crossing during the period. Results relating to the diurnal activity pattern 
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are presented in this chapter. Details of use of resources available on the overpass are 

included within both chapters, since they are directly linked to activity pattern and to 

crossing method. 

 

4.2 Methods 

 

4.2.1 Count programme, count area, count procedures and stipulations  

 

Sixteen nine-hour counts were carried out on the central count area of the overpass over 

the one year period, February 2013 – February 2014. 

The count area is restricted to the central 30m section of the overpass, and does not 

include the remaining areas of the overpass to the north or south of this central section. 

Figure 4.1 shows the layout of the overpass, and the central area used.  

Birds using the overpass as a conduit for total passage between the adjacent forest areas 

must cross this central area to be recorded as having crossed. Birds which used the 

central area but did not cross were also recorded and these records were used for 

calculation of the diurnal activity record. Resource use on the central area was recorded 

at the same time. Birds utilising the slopes areas, and not moving to the central area, 

were not recorded. 

The central area is 30 x 15m² (0.045h). Birds reaching the area were in full view of the 

observer, who was seated in the central area, but off towards the eastern fence-line, 

partly concealed within vegetation. From this position the observer could see the 

direction of entry of any bird onto the overpass (from either the Kuraby or Karawatha 

slopes), and could ascertain whether the bird crossed the central overpass area, and 

whether it completed the crossing and exited off the opposite slope area. Only these 

birds were recorded as having crossed the overpass.  

Counts began at 30 minutes after sunrise and ended nine hours later. Count days were 

selected based on Bureau of Meteorology forecasts. If conditions deteriorated during 

any particular count, (e.g. persistent rain or high winds thought likely to affect normal 

bird movements), the count was abandoned. At approximately two-hour intervals during 

the day, observer position was changed on three occasions, essentially keeping the sun 

behind the observer; first move was to the north-eastern edge of the count area; thence 

to the north-western edge; and finally to the south-westerly edge.  
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Figure 4.1: Layout of the Compton Road overpass, including the central area 

 

All birds seen during this period were recorded. Many birds recorded did not complete 

the crossing. Such records were used in the assessment of diurnal activity. Species, sex 

and maturity (adult or juvenile) if relevant, details of colour bands if present (see 

Chapter 8 below) and time of the record were recorded. 

For any bird deemed to have crossed, direction of crossing and time of crossing were 

also recorded. For direction of crossing, two categories were defined: (a) south to north, 

and (b) north to south. For time of crossing, two categories were defined: (a) early and 

(b) late, denoting the first half of the nine-hour day, and the last half of the nine-hour 

day, respectively.  

Comparisons were then made of directions of crossing, and of times of crossing, to 

assess whether there was any pattern to the crossing of the overpass, or any interaction 

between direction and time in crossing pattern.  
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4.2.2 The diurnal activity record and avoidance of repeat counting  

 

Across an extended count period, repeat counting must be avoided. This was allowed 

for as follows. The total daily record was split into nine separate hourly periods. Within 

any hour, for each species present, only the highest group count of that species was 

used. Other lower counts were eliminated from the record, unless observed sex or 

maturity of an individual allowed an unequivocal decision to be made that it was a 

unique individual. The overall daily record then becomes a comparison of hourly 

activity on the central area of the overpass. This constitutes the diurnal activity record. 

The data cannot be used for assessment of the total number of birds using the overpass 

because individual birds may be involved in more than one hourly record. However, 

records of birds which cross the overpass more than once per day are retained in the 

assessment of crossing rate (the subject of Chapter 6).  

 

4.2.3 Crossing categories 

 

Early in the programme it became apparent that there were two distinctly different 

methods of crossing: viz.: ‘crossing within foliage’ and ‘direct crossing’. The latter 

involved direct flight across the central overpass at or below canopy height, and 

appeared to be largely the province of large forest insectivores, certain honeyeaters and 

silvereye (Zosterops lateralis). ‘Crossing within foliage’ involved movement through 

overpass foliage and usually featured small forest insectivores, although honeyeaters 

and large forest insectivores also regularly crossed via the foliage. These two crossing 

categories were recorded and analysed separately. 

 

4.2.4 Resource use on the overpass 

 

The vegetation on the overpass was documented in Jones et al. (2011). There was a total 

of forty five species of plants present on the overpass four years after construction. The 

plant list included many native species of the Myrtaceae, Mimosaceae, Fabaceae and 

Poaceae families which provide valuable resources to birds using the overpass. The list 

also included non-local species (e.g. weeping bottlebrush (Melaleuca viminalis)) which 

provide useful feeding resource. Records were kept of the use of specific resources on 

the central area of the overpass for feeding. Any indications of breeding activity in this 
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area (e.g. nest-building, nestling-feeding activity) were recorded, to assess use of the 

central overpass area as core breeding habitat. 

The use of available resources on the overpass while crossing was recorded in the 

following categories: 

A: use of trees and shrubs for foraging or when in-flower, as a member of a mixed-

 species flock;  

B: individual use of trees and shrubs for foraging or when in-flower;   

C:  use for staged passage across the overpass within foliage cover, at levels above 

 approx. 2m, while making little use of food resources en-route;   

D: direct flight across the overpass at or below canopy level; 

E: use for staged passage across the overpass within foliage cover, at levels below 

 approx. 2m, while making little use of food resources en-route. 

 

4.2.5 Data analysis 

 

Data for mean hourly activity on the overpass showed large differences in the variances 

associated with each hourly mean. Analysis by ANOVA was therefore not carried out. 

In order to examine possible relationships between resource use on the overpass and the 

pattern of mean hourly activity, an additional set of ‘adjusted variances’ was calculated. 

These were calculated from the hourly activity counts after removal of the ten highest 

counts associated with intermittent large feeding events. 

The variances and ‘adjusted variances” of hourly activity means were compared directly 

with the record of resource use on the central overpass area during the programme, 

Differences between numbers crossing at different times or in different directions were 

examined by Chi-squared analysis. 
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4.3 Results 

 

The diurnal activity counts on the overpass rose from early to late morning, before 

decreasing during the afternoon. Counts for certain hours (e.g. Hours 3, 4, 6 and 9) had 

large standard deviation and variance values associated with large maximum counts. 

Mean hourly activity (± SD), variance, maximum count and derived adjusted variance 

for each particular hour are shown in Table 4.1.  

 

Table 4.1: Mean hourly activity (± SD), variance and maximum count on the central 

area of the overpass over the nine-hour period from 30 minutes after sunrise 

__________________________________________________________________ 

Hour  Mean activity (± SD) Variance   Maximum  Adjusted

        count  variance* 

_______________________________________________________________________________ 

Hr 1        3.54 ± 3.02      9.10  10  5.82 

Hr 2        4.23 ± 2.13      4.53  9  4.53  

Hr 3        5.63 ± 3.18      10.12  14  3.92 

Hr 4        6.38 ± 5.01      25.05  21  6.59 

Hr 5        4.56 ± 3.05      9.33  12  5.78 

Hr 6        5.31 ± 3.67      13.43  13  5.10 

Hr 7        2.44 ± 1.93      3.73  6  3.73 

Hr 8        2.44 ± 2.58      6.66  10  2.78 

Hr 9        3.63 ± 3.90      15.18  16  4.60 

________________________________________________________________ 

(* The adjusted variance was calculated from activity counts after removal of the ten highest  

counts associated with intermittent large feeding events). 

 

A graphical representation of hourly activity pattern is shown in Figure 4.2. 

 

 



48 

 

 

 

Figure 4.2: Hourly activity pattern (number of birds) recorded on the central count area 

of Compton Road overpass 

 

No indications of breeding activity on the central area of the overpass or on the 

Karawatha slope area were recorded during the one-year programme. 

On the lower Kuraby slope area, evidence of territorial defence, in the form of repeated 

warning calls by eastern yellow robin (Eopsaltria australis), was recorded on numerous 

occasions throughout 2013 and 2014. No nest was located on this area. 

 

4.4 Discussion 

 

The results show a diurnal activity pattern on the overpass in which activity rises from 

early to late morning, before decreasing thereafter. 

Examination of data for those hourly groups with larger standard deviation and variance 

values (e.g. Hours 4, 6 and 9), showed that large variance was associated with the 

occurrence, over the year, of a number of large individual counts. These events were 

related to periodic use of overpass resources for feeding (e.g. by mixed-species feeding 

flocks, by groups of particular species targeting a particular flowering plant resource, or 

by groups of foraging insectivores). The occurrence of these resource-use events was 
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intermittent and irregular, but overall, was more prevalent between Hours 3 to 6 

inclusive.  

The adjusted variance figures shown in Table 4.1 were generated when the counts for 

the ten largest intermittent feeding events were arbitrarily removed from the dataset and 

treated as missing plots, and the variance values of mean hourly activity were re-

calculated. The large reductions in the variance figures are consistent with the 

widespread, though intermittent and irregular, use of resources on the overpass by the 

local avian community. 

 

In order to link this discussion with results presented below in Chapter 6 on the use of 

resources on the overpass, details of these intermittent events are summarised here. 

They included five mixed-species feeding flocks comprising silvereye, white-throated 

honeyeater (Melithreptus albogularis), yellow-faced honeyeater (Lichenostomus 

chrysops), scarlet honeyeater (Myzomela sanguinolenta), brown honeyeater (Lichmera 

indistincta), golden whistler (Pachycephala pectoralis) and rufous whistler 

(Pachycephala rufiventris).  

Groups targeting particular flowering resources often remained in the area and revisited 

the target, usually one of the Melaleuca, Leptospermum or Eucalyptus species. They 

included mainly silvereye and the honeyeater species listed above. Group size was 

usually smaller than that of mixed-species flocks. At least six such groups were 

recorded over the survey period, many involving repeat visits to target plants. 

Groups of foraging insectivores also remained in the area and revisited the target 

resource, usually Acacia and Eucalyptus species. They included silvereye, white-

throated honeyeater, yellow-faced honeyeater, golden whistler and a range of other 

small insectivores (including leaden flycatcher (Myiagra rubecula), grey fantail 

(Rhipidura fuliginosa), striated pardalote (Pardalotus striatus) and spotted pardalote 

(Pardalotus punctatus). Individuals of these species probably did not actually leave the 

overpass during the warmer parts of the day, but loafed within the canopies of 

vegetation on the overpass.  

Each of the three groups using overpass resources were occasionally accompanied by 

members of the large forest insectivore guild, particularly grey shrike-thrush 

(Colluricincla harmonica), black-faced cuckoo-shrike (Coracina novaehollandiae) and 

spangled drongo (Dicrurus bracteatus).  
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Notably, the above three groups were rarely accompanied on the central overpass by 

eastern yellow robin or by any of the three Malurus ssp., variegated fairy-wren 

(Malurus lamberti), red-backed fairy-wren (Malurus melanocephalus) and superb fairy-

wren (Malurus cyaneus). Red-backed fairy-wren and variegated fairy-wren were, 

however, frequently recorded on overpass slopes. This is discussed in more detail below 

in Chapter 6. 
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Chapter 5  

 

Studies on Bonville overpass, Pacific Highway, New South Wales. Do 

width and entrance area vegetation of the overpass affect utilisation by 

birds?  

 

5.1 Background  

 

The effectiveness of wildlife overpasses depends on the design and vegetation of the 

overpass, and on the characteristics of the fauna which might use it. The use of the 

structure by wildlife is influenced by several factors including location relative to 

natural wildlife pathways, design, dimensions, and vegetation at entrances (Ng et al., 

2004).  

Evink et al. (1996) suggested that the minimum width for overpass effectiveness may 

be 30–50m in the centre and 50–80m on the ends. Further, structures greater than 60m 

in width may be more useful than overpasses narrower than 50m., especially for larger 

mammals (Evink, 2002).  

In a review of roads and their ecological effects, Forman & Alexander (1998) indicated 

that wildlife overpasses, designed mainly for large mammals, range in width up to 

200m. They emphasised that the goal should be “landscape connectors” that permit all 

horizontal natural processes to cross roads. Structures that are wide and open tend to 

retain the most functional ecosystems (Ruediger, 2002). Iuell et al. (2003) proposed that 

a distinction be drawn between wildlife overpasses and landscape overpasses, reflecting 

different levels of connection (population and landscape respectively). 

There are few, if any, overpasses built with a major focus on avian species. My 

literature search revealed little experimental data on the effect of overpass width or 

vegetation at entrances on the use of overpasses by birds. Keller et al. (1996) 

commented that, in some cases, birds have incorporated wildlife overpasses into 

territories. Grzybek et al. (2008) indicated that certain species (e.g. raptors, corvids, 

farmland and woodland species) incorporate roads into defended territories. 

van der Ree (2012) discussed the requirements of effective research into road mitigation 

and monitoring projects. In this review, he called for programmes that quantify rates of 

crossing and identify variables (e.g. dimensions of the crossing structure, and vegetation 

structure at entrances to the crossing) that are correlated with the use of the structure.   
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5.2 Objectives  

 

This component of my study has two main objectives:      

 (a) comparison of use by birds of two overpasses of similar length but different width, 

to examine whether width affects type of usage as core territory, as food resource and/or 

as a conduit for passage to neighbouring forest habitat, and 

 (b) comparison of the use by birds of the vegetated entrance areas with use of the 

central areas of the overpass.  

 

5.3 Methods  

 

5.3.1 Site details 

 

The Bonville overpass is part of the Bonville Pacific Highway Upgrade, which was 

completed in 2008. The Upgrade includes 17.5k of uninterrupted dual-carriageway 

between Coffs Harbour and Urunga, New South Wales. The overpass spans the four-

lane Pacific Highway at a point ca. 15 km south of Coffs Harbour, and links forested 

areas of the Bongil-Bongil National Park. It is ca. 70m in length, and 50m wide. 

Figure 5.1shows the location of the Bonville overpass in New South Wales in relation to 

that of the Compton Road overpass in Queensland, Australia. The area has a generally 

humid, subtropical climate. 

 

 

Figure 5.1: The relative locations of Bonville and Compton Road overpasses, Australia 
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The overpass is fully vegetated, and includes glider poles and a rope bridge. The 

vegetation is relatively uniform across the whole of the overpass and comprises a dense 

shrub mid-storey and a dense understorey of sedges and grasses. Although no upper-

storey Eucalyptus species were included in the original overpass planting, they have 

begun to establish via self-seeding from the neighbouring Bongil-Bongil Forest. There 

is little clear distinction between the vegetation structure on the central areas of the 

overpass and that on the entrance areas immediately adjacent to the forest. The forest 

sections around the nearby Bongil Creek contain areas of eucalypt plantation 

comprising Flooded Gum (Eucalyptus grandis), Sydney Blue Gum (E. saligna) and 

Blackbutt (E. pilaris), along with areas of wet and dry schlerophyll forest containing 

Melaleuca spp., Swamp Mahogany (E .robusta),Tallowwood (E. microcorys), and 

Scribbly Gum (E. signata). The vegetation of the forest is detailed in surveys of Bongil-

Bongil National Park by Cameron (2011). 

 

5.3.2 Survey details 

 

The Bonville overpass was visited four times between September 2013 and August 

2014, once in each season, with each visit spanning five days. The survey programme at 

the Bonville overpass essentially duplicated that undertaken at the Compton Road 

overpass (described in Sections 3.2.2 and 3.2.4). 

Figure 5.2 shows the details of the line-transect lay-out on the Bonville overpass. 
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Figure 5.2: Details of study area on Bonville overpass 
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Two line-transects were established on the Bonville overpass. One line-transect was on 

the north side, the other on the south side, of a line running centrally across the east–

west length of the overpass. Each line-transect had four count-areas (T1 – T4) of 

identical dimensions to those used on the Compton Road overpass (10m x 15m), each 

separated by 10m x 15m buffer zones. 

 

 GPS reference points were taken for each count-area position, on the central line: 

 

 Count-area   GPS readings 

 

        T1    S 30º 25.011' 

     E 153º 01.518' 

        T2    S 30º 25.008' 

     E 153º 01.505' 

        T3    S 30º 25.007' 

     E 153º 01.494' 

        T4    S 30º 25.005' 

     E 153º 01.477' 

 

Abundance counts of 10 minute duration were conducted on each count-area. Number, 

species, sex and maturity, if relevant, were recorded. Counts were commenced ca. 30 

minutes after sunrise, and two consecutive count-sets were undertaken (‘early’ and 

‘late’), each of ca. 45 minutes duration. Each line-transect was counted twice at each 

time (early and late) and twice ‘forward’ (east-west), and twice ‘backward’ (west-east), 

over a four day period, giving a total of eight separate counts. For each count, the 

individual count-area counts were pooled to give the count for the overall line-transect.

                                                                        

On one day only, an all-day nine-hour count was undertaken, commencing at ca. 30 

minutes after sunrise and concluding nine hours later. To assess the pattern of activity 

throughout the day, counts were totalled in nine one-hour periods. Observation points 

were at four positions equally spaced along the central area of the overpass, along the 

east-west line-transects. 

Repeat counting during any hour was allowed for as described in Sections 3.2.2 and 

3.2.4 for counts on the Compton Road overpass. Birds counted in any one hour can be 
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re-counted in subsequent hours. This extended count therefore indicates the pattern of 

activity between hours across the day, and cannot be used to estimate total numbers of 

birds using the overpass.   

The technique used in the extended nine-hour count was designed for the 15 metre-wide 

Compton Road overpass to identify species actually crossing the central section of the 

overpass, and to obtain an indication of relative crossing-rates between species. On the 

wider Bonville overpass this proved to be not useful in identifying species which 

actually cross the overpass because of the possibility of lateral movement into adjacent 

vegetation on the wider overpass. However, differences in pattern of hourly activity, 

and of the variances associated with the means of hourly activity, can be compared 

between the two overpasses. Any differences identified may reflect differences between 

the two overpasses in type of usage made of the overpass (e g. as core territory, as feed 

resource and/or as a conduit for passage between adjoining forest areas). There are 

considerable differences in overall area of the overpasses: 

 

Compton Road overpass: 15 x 70 metres (0.105 hectares)   

Bonville overpass:  50 x 70 metres (0.35 hectares). 

 

This may influence use as territory or use as a conduit between adjoining forest areas. 

Evidence of use as territory (e. g. breeding activity) or use as a conduit for passage (e. g. 

direct flight through at canopy level) was documented. 

 

5.3.3 Data analysis 

 

All statistical analyses were performed using SPSS Statistics (v.22.0, 2014). 

For each count, the individual count-area counts were pooled to give the count for the 

line-transect. This data was used to calculate means ± SD values for bird abundance at 

Bonville overpass over the four seasons. 

The count data for the individual count-areas comprising the overpass line-transects, 

was found to be not normally distributed (Kolmogorov-Smirnov and Shapiro-Wilk 

tests). After combining outer count-areas (T1 + T4), for comparison with combined 

central count-areas (T2 + T3), normality tests still indicated lack of normality in the 

data-set. The data-sets were therefore first converted to presence/absence format, and 

then analysed using Chi-squared tests.  
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Data for mean hourly activity on Bonville overpass showed large differences in the 

variances associated with each hourly mean. Analysis by ANOVA was therefore not 

carried out. The pattern of hourly activity, and associated variances, were compared 

between Bonville and Compton Road overpasses.  

 

5.4 Results 

 

5.4.1 Species and species composition recorded in the overall survey  

 

Two species guilds, honeyeaters and small forest insectivores, dominated the counts, 

totalling 36.7% (5 species) and 56.6% (14 species) respectively. Large forest 

insectivores represented 6.7% (2 species) of the total count. An additional two large 

forest insectivore species and one small insectivore species were recorded in the nine-

hour all-day counts.  

Table 5.1 shows total numbers of all species recorded on Bonville overpass in transect 

surveys and nine-hour day surveys over the four seasons making up the annual survey 

period. Figures are also given for percentage contributions of each species to the overall 

total of the 32 transect counts. 

Generalist species were not recorded in either of these surveys on the Bonville overpass, 

although six generalist species were noted immediately adjacent to the overpass on the 

neighbouring forest edge (brown cuckoo-dove (Macropygia amboinensis), Pacific baza 

(Aviceda subcristata), grey butcherbird (Cracticus torquatus), pied currawong (Strepera 

granulina) and Torresian crow (Corvus orru).  

Three honeyeater species (eastern spinebill (Acanthorhychus tenuirostris), Lewin’s 

honeyeater (Meliphaga lewinii) and white-cheeked honeyeater (Philidonyris niger), 

were present in all seasons in either transect or all-day counts, while four small forest 

insectivore species (variegated fairy-wren, brown thornbill (Acanthiza pusilla), eastern 

yellow robin and red-browed finch (Neochmia temporalis)) were similarly present year 

round.  
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Table 5.1: Numbers of each species recorded on Bonville overpass in transect surveys 

and nine-hour day surveys over the four seasons making up the annual survey period 

(September 2013 – August 2014). Figures are also given for percentage contributions of 

each species to the overall total of birds recorded in the 32 transect counts. (Total survey 

times: transect surveys = 21.3 hours; nine-hour day surveys = 36 hours). 

______________________________________________________________________________________________ 

Species guild / Species   Spring Summer Autumn Winter Year Year     All-day  

     (number)  (number)  (number) (number) (total)   (%)       count 

_____________________________________________________________________________________ 

 

Honeyeater 

A. tenuirostris (eastern spinebill)  3 2 9 7 21 (14.0%)     34 

M. lewinii (Lewin’s honeyeater)  - 2 9 5 16 (10.7%)     17 

L. chrysops (yellow-faced honeyeater) 1 - - - 1 (0.7%)       4 

M. sanguinolenta (scarlet honeyeater) - - 2 - 2 (1.3%)     11 

P. niger (white-cheeked honeyeater) 6 2 7 - 15 (10.0%)     51 

 

Large forest insectivores 

C. flabelliformis (fan-tailed cuckoo) - - - - - -      2 

P. nigrogularis (eastern whipbird)  2 - - 4 6 (4.0%)      2 

C. harmonica (grey shrike-thrush)  - - 1 3 4 (2.7%)      1 

D. bracteatus (spangled drongo)  - - - - - -      3 

 

Small forest insectivores 

M. lamberti (variegated fairy-wren)  2 3 3 - 8 (5.3%)      9 

G. mouki (brown gerygone)  - - - - - -      7 

A. lineata (striated thornbill)  6 - 1 - 7 (4.7%)      7 

A. pusilla (brown thornbill)  5 2 1 1 9 (6.0%)    22 

P. punctatus (spotted pardalote)  - - - 1 1 (0.7%)      4  

P. pectoralis (golden whistler)  1 1 - 3 5 (3.3%)      3 

P. rufiventris (rufous whistler)  1 - - - 1 (0.7%)      1 

R. rufifrons (rufous fantail)  - 4 - - 4 (2.7%)      3 

R. albiscarpa (grey fantail)  1 4 1 - 6 (4.0%)      7 

M. rubecola (leaden flycatcher)  - 1 - - 1 (0.7%)      0 

M. melanopsis (black-faced monarch) - 3 - - 3 (2.0%)    10 

E. australis (eastern yellow robin)  4 7 2 4 17 (11.3%)    23 

Z. lateralis (silvereye)   - 3 - - 3 (2.0%)      2 

D. hirundinaceum (mistletoebird)  4 - - 7 11 (7.3%)    11 

N. temporalis (red-browed finch)  - 4 4 1 9 (6.0%)    32 

 

___________________________________________________________________________________ 

Total numbers    36 38 40 36 150 (100%)   266 

___________________________________________________________________________________ 
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5.4.2 Bird abundance and species number  

 

Bird abundance and species number for line-transect counts on Bonville overpass did 

not differ over the four seasons. Table 5.2 shows means (± SD) for abundance and 

species number. Full details of the Analyses of Variance are given in Appendix Table 5.  

 

Table 5.2: Means (± SD) of abundance and species number for seasonal line-transect 

counts on Bonville overpass (n = 32). 

 

Season   Spring   Summer  Autumn  Winter 

_______________________________________________________________ 

Abundance  4.50 ± 1.20 4.75 ± 1.49 5.00 ± 1.85 4.50 ± 1.60 

  

 

Species number 3.75 ± 0.89 4.00 ± 1.20 3.75 ± 1.13 3.88 ± 0.99 

  

_______________________________________________________________  

 

There were no significant effects of season on abundance (n = 32; F = 0.190; p = 0.902) 

or species number (n = 32; F = 0.107; p = 0.955).  

 

5.4.3 Comparison of the four individual count-areas on the overpass line-transect  

 

Bird abundance did differ not across the four count-areas of the line-transect, for either 

the individual or paired count-areas. The mean bird abundance (± SD) on the four 

individual count-areas, (T1, T2, T3, and T4), and on the paired count-areas, (T1 + T4) 

and (T2 + T3), of the overpass line-transect, are given in Tables 5.3 and 5.4 

respectively.  

 

Table 5.3:  Mean abundance (± SD) on T1, T2, T3 and T4 count-areas (n = 32) on the 

line-transect  

_____________________________________________________________________ 

          T1        T2        T3        T4                                                               

_____________________________________________________________________              

Abundance (mean ± SD) 1.38 ± 1.01 1.31 ± 0.86 1.06 ± 0.91 0.94 ± 0.92          

_____________________________________________________________________ 
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Table 5.4: Mean abundance (± SD) on the paired count-areas (T1 + T4) and (T2 + T3)  

(n = 32) on the line-transect 

__________________________________________________________ 

Paired count-areas   (T1 + T4)  (T2 + T3)                                                            

__________________________________________________________ 

 Abundance (mean ± SD)  2.31 ± 1.26  2.38 ± 1.19          

__________________________________________________________ 

 

The results of Chi-squared analysis of the presence/absence format of the above data are 

given in Table 5.5. 

 

Table 5.5: Chi-squared analyses of bird presence on individual and paired count-areas 

of the line-transect (n = 128) 

 _________________________________________________________________ 

    Pearson χ2 value df Asymp. sign. (2-sided) 

_________________________________________________________________ 

Individual count-areas   6.910  3  0.075 

 

Paired count-areas   0.350  1  0.554 

________________________________________________________________ 

 

There were no significant differences (at the < 0.05 level) in bird presence across the 

four count-areas of the line-transect, for either the individual or paired count-areas. Full 

details of the analysis are given in Appendix Table 6. 

 

5.4.4. Diurnal activity pattern on Bonville overpass 

 

The pattern of activity on the overpass was generally that of high activity early in the 

day, decreasing to substantially lower levels throughout the day. Maximum activity 

level recorded follows a similar pattern, while variance associated with mean activity 

level shows little consistent pattern.   

Table 5.6 shows mean hourly activity (± SD), variance and maximum count recorded 

for each hour in the four extended nine-hour counts carried out on the overpass, one in 

each season of the annual survey period (September 2013 – August 2014). 
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Table 5.6: Mean hourly activity (± SD), variance and maximum level recorded on the 

central area of Bonville overpass in the nine-hour period from 30 minutes after sunrise 

__________________________________________________ 

Hour  Mean activity  Variance Maximum    

        (± SD)     level 
_____________________________________________________________ 

 

Hr 1  13.50 ± 2.65  7.00  17   

Hr 2  10.25 ± 0.96       0.93  11    

Hr 3  10.50 ± 2.52      6.33  14   

Hr 4   8.50 ± 1.29  1.67  10   

Hr 5   6.50 ± 1.73       3.00  8 

Hr 6   3.75 ± 2.22  4.92  7 

Hr 7   4.50 ± 2.08  4.33  7   

Hr 8   4.25 ± 2.06  4.25  6   

Hr 9   4.75 ± 3.30  10.92  9   

___________________________________________________ 

 

A graphical representation of hourly activity pattern is shown in Figure 5.3. 

The pattern of activity on the overpass is generally that of high activity early in the 

day, decreasing to substantially lower levels throughout the day. Maximum activity 

level recorded follows a similar pattern, while variance associated with mean activity 

level shows little consistent pattern.   

 

 
 

Figure 5.3: Hourly activity pattern on Bonville overpass 
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5.5 Discussion 

 

5.5.1 Bird abundance and species number  

  

In order to assess the influence of overpass width on the use made of wildlife 

overpasses by birds, the abundance and species number estimates for Bonville overpass 

and Compton Road overpass (Table 3.1) are compared in Table 5.7. 

 

Table 5.7: Overall abundance (± SD) and species number (± SD) for Bonville and 

Compton Road overpasses (from 5.4.2 and 3.3.1 respectively). 

___________________________________________________ 

   Abundance    Species    

       number 

__________________________________________________ 

Bonville  4.69 ± 1.49   3.84 ± 0.99 

   

Compton Road 3.48 ± 1.88   2.52 ± 1.29 

____________________________________________________ 

 

While the surveys on both overpasses were carried out using identical methodology (see 

sections 3.2.2 and 5.3.2), it was not possible to equate survey time on each overpass. A 

total of 48 line-transect surveys were carried out over the year on the Compton Road 

overpass, while on the Bonville overpass, 32 line-transect surveys  were carried out, 8 in 

each of the four seasonal visits.  

Time available did not allow detailed survey of vegetation structure or bird population 

composition and densities in Bongil-Bongil State Forest, adjacent to the Bonville 

overpass. General details of forest structure and composition in Bongil-Bongil State 

Forest are included in Section 5.3.1. Details are given for Karawatha Forest and Kuraby 

Bushland adjacent to Compton Road overpass (Section 3.2.1). The distance between the 

two study-sites is approximately 400 kilometres, and avian habitat characteristics in the 

vicinity of the two overpasses differ.  

Given these factors, it is not useful to directly compare these estimates of overall bird 

abundance on the two overpasses. However, it is of interest to compare the relative 

species guild composition recorded in surveys of each overpass. Mean abundance 

figures of the four species guilds (± SD) on each overpass are given in Table 5.8. 
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Table 5.8: Mean abundance (± SD) for the four species guilds (generalist, honeyeater, 

large forest insectivore and small forest insectivore) for Bonville and Compton Road 

overpasses (from Table 5.1 and 3.3.1 respectively). 

_____________________________________________________ 

Species guild   Bonville  Compton Rd.                                                                

    overpass   overpass       

_____________________________________________________ 

Generalists   0.00 ± 0.00  0.15 ± 0.36  

 

Honeyeaters   1.72 ± 1.44  1.11 ± 1.14  

 

Large forest insectivores     0.31 ± 0.54  0.39 ± 0.71  

 

Small forest insectivores 2.66 ± 1.81  1.84 ± 1.57   

_____________________________________________________ 

 

There are a number of similarities between the two overpasses. Generalists were 

recorded very infrequently or not at all on the overpasses. Two species guilds, 

honeyeaters and small forest insectivores, were the major guilds recorded on both 

overpasses, while large forest insectivores were regularly present. The particular species 

of honeyeaters and small forest insectivores recorded differ between the overpasses, as 

would be expected given differences in overpass location and surrounding habitat type.  

The major honeyeaters on Bonville overpass were eastern spinebill, Lewin’s honeyeater 

and white-cheeked honeyeater, while, on Compton Road overpass, yellow-faced and 

white-throated honeyeaters predominated. Eastern yellow robin, mistletoebird and 

brown thornbill were the major small forest insectivores present on Bonville overpass, 

while silvereye, eastern yellow robin and leaden flycatcher were the main species of that 

guild on Compton Road overpass. It is important to note that the abundance data were 

from surveys starting approximately 30 minutes after sunrise and extending over the 

next two hours. They do not necessarily reflect the overall use made of each overpass 

and its resources over the full day. The larger areas of habitat associated with 

overpasses of greater width (and/or length) may result in differences in usage pattern.  

 

5.4.2 Diurnal activity pattern  

 

In order to assess the influence of overpass width on diurnal activity, the activity pattern 

on the Bonville overpass (50m wide; 70m long), is compared graphically with that on 

the Compton Road overpass (15m wide; 70m long) in Figure 5.4.  
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           Bonville overpass      Compton Road overpass 

 

Figure 5.4: Hourly mean activity patterns on Bonville overpass (left hand side) and 

Compton Road overpass (right hand side). Error bars are 95% confidence intervals.                    

 

The mean hourly activity data for these graphs, along with associated variances, are 

shown in Table 5.8. 

 

Table 5.8: Mean hourly activity (± SD) and variance on Compton Road and Bonville 

overpasses over the nine-hour period from 30 minutes after sunrise. 

_____________________________________________________________ 

  Compton Road overpass      Bonville overpass 

Hour  Activity Variance  Activity Variance 

  (Mean ± SD)    (Mean ± SD) 

__________________________________________________________________________ 

Hr 1  3.54 ± 3.02 9.10   13.50 ± 2.65 7.00 

Hr 2  4.23 ± 2.13 4.53   10.25 ± 0.96 0.93 

Hr 3  5.63 ± 3.18 10.12   10.50 ± 2.52 6.33 

Hr 4  6.38 ± 5.01 25.05   8.50 ± 1.29 1.67 

Hr 5  4.56 ± 3.05 9.33   6.50 ± 1.73 3.00  

Hr 6  5.31 ± 3.67 13.43   3.75 ± 2.22 4.92 

Hr 7  2.44 ± 1.93 3.73   4.50 ± 2.08 4.33 

Hr 8  2.44 ± 2.58 6.66   4.25 ± 2.06 4.25 

Hr 9  3.63 ± 3.90 15.18   4.75 ± 3.30 10.92 

_____________________________________________________________ 

  

 

There are differences between the two overpasses in diurnal activity pattern. The results 

for Compton Road overpass show a pattern in which activity rises from Hours 1 and 2 

to higher levels during Hours 3 to 6, before decreasing thereafter. Examination of the 
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individual survey data comprising those hourly groups with larger variance values (e.g. 

Hours 4, 6 and 9), showed that large variance was associated with the occurrence, over 

the year, of a number of large individual counts. These events were related to periodic 

use of overpass resources for feeding (e.g. by mixed-species feeding flocks, by groups 

of particular species targeting a particular flowering plant resource, or by groups of 

foraging insectivores). The occurrence of these resource-use events was intermittent and 

irregular, but was more prevalent between Hours 3 to 6 inclusive.  

 

The results for diurnal activity on Bonville overpass show a different pattern in which 

activity is at its highest over the first three hours, and then falls to lower levels later in 

the day. Variance levels associated with mean hourly activity are generally lower than 

those for Compton Road overpass, particularly for Hours 3 - 6. I did not record the 

passage of any mixed-species feeding flocks using Bonville overpass for passage 

between adjoining forest areas, although it was not easily possible to follow the passage 

of individuals or groups along the full length of the overpass, due to the possibility of 

lateral movement across the 50m-wide overpass.  

Certain species were present in all seasons during either the abundance or all-day counts 

on Bonville overpass. These included three honeyeater species (eastern spinebill, 

Lewin’s honeyeater and white-cheeked honeyeater) and four small insectivore species 

(variegated fairy-wren, brown thornbill, eastern yellow robin and red-browed finch). 

Widespread use was made of resources available on the overpass by these species. 

I did not find avian nests on the densely vegetated overpass. It is not possible therefore 

to confirm use of the Bonville overpass as core breeding territory. However, the two 

thornbill species were seen to forage for insects for extended periods on the overpass 

during the nine-hour count in the spring survey period, when breeding normally occurs 

in these species (Morcombe, 2000).  

Clearly, further research is needed on the Bonville overpass which was surveyed only 

during four weeks of the year, amounting to a total of twenty survey days spread over 

the four seasons.  

 

5.4.3 Influence of overpass vegetation pattern on bird abundance and distribution  

 

There were no significant differences in bird abundance across the four individual 

count-areas, (T1, T2, T3, and T4), or between the paired count-areas, (T1+T4) and 

(T2+T3), of the overpass line-transect on Bonville overpass (Tables 5.3, 5.4 and 5.5). 
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On the Bonville overpass, the vegetation across the whole of the overpass is relatively 

uniform, comprising a dense shrub mid-storey and a dense understorey of sedges and 

grasses. There is little clear distinction between vegetation structure on the central areas 

of the overpass when compared to that on the entrance areas immediately adjacent to the 

forest.  

 

5.4.4 Comparison of avian use of Bonville and Compton Road overpasses 

 

Overall, my findings suggest that the 50m-wide well-vegetated Bonville overpass may 

be used as territory, or incorporated as part of territory. As such, the overpass would 

provide a route for dispersal between the adjoining forest areas. The narrower Compton 

Road overpass serves as a conduit for passage between adjacent forest areas, and as a 

source of periodically available food resources. 

No conclusive evidence was obtained on either overpass of core breeding activity on the 

central section or on the slope areas, although behaviours suggestive of possible 

breeding activity were observed on the Bonville overpass and on the lower slopes of the 

Compton Road overpass.  Both overpasses are immediately above and in close 

proximity to noisy high-traffic roads. It may be that the negative impacts of noise and 

light on avian breeding success outlined in the review of earlier studies on major roads 

(Chapter 3) mediate against core breeding activity on overpasses over such roads. 

Further research is needed into this question. 
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Chapter 6 

 

Methods and rates of crossing of the Compton Road overpass 

 

6.1 Background 

 

It was established in Chapter 3 that species and species guilds within the local avian 

population made differential use of the Compton Road overpass. Generalist species 

made relatively little use of the overpass, in contrast to honeyeaters, large forest 

insectivores and small forest insectivores. Two different methods, direct flight and 

crossing through foliage, were used to cross the overpass.  

In assessing the ability of wildlife overpasses to provide connectivity when populations 

were fragmented by road construction, Corlatti et al. (2009) concluded that most studies 

were observational, reporting only evidence for passage use.   

This is particularly so in the case of bird species. The only study which reports 

quantitative data was conducted in southern Germany and in the Alsace region of 

France. It found that the crossing rates of woodland species were greater than those of 

species typical of open habitats (Keller et al. 1996). 

This chapter presents results for avian crossing rates of the overpass, either in-foliage or 

by direct flight; for month of crossing and resource use by species and species guilds 

while crossing; and for time and direction of crossing. 

  

6.2 Methods:  

 

The methodology for this study on the Compton Road overpass has been detailed above 

in Chapter 4 in sections 4.2.1: Count area, procedure and stipulations; 4.2.3: Crossing 

categories and 4.2.4: Resource use on the overpass. 

 

6.3 Data analysis:  

 

Recorded crossings include two components: (a) records from the 16 monthly all-day 

counts of 9 hours duration, and (b) records from the 48 weekly count periods used to 

measure bird abundance on the overpass (Chapter 3), which included a period of 20 

minutes located on the central area of the overpass. The overall crossing record includes 

both components, therefore comprising 160 hours of observation. 



67 

 

Calculation of rate of crossing, and of direction and time-period of crossing, are based 

only on the records from the 144 hours of data from the 16 monthly all-day counts of 9 

hours duration. The records from the 48 weekly count periods were taken exclusively 

during the first two and a half hour period of the day, and cannot be included in the 

calculation of rates covering the full day period. 

 

6.4 Results 

 

Of the overall total of 409 recorded crossings, 233 were in-foliage, while 176 were by 

direct flight. The crossing rate was 2.41 birds per hour, comprising 1.33 and 1.08 birds 

per hour for in-foliage and direct crosses respectively.  

The overpass crossing record is documented in Table 6.1, together with details of 

resource use by species and months of crossings.  

 

There were marked differences between species guilds in crossing rates of the overpass, 

and in the method used for crossing. Generalists crossed only infrequently (0.03 

crossings per hour). Small forest insectivores crossed most frequently (1.17 crossings 

per hour). Within this guild, the dominant representative was silvereye (0.97 crossings 

per hour). The honeyeater guild was also prominent in the crossing record (0.94 

crossings per hour), of which white-throated honeyeater contributed 0.61 crossings per 

hour. The large forest insectivore guild crossed the overpass frequently, but at a rate 

lower than the honeyeater and small insectivore guilds (0.27 crossings per hour).  

Members of the generalist, honeyeater and large forest insectivore guilds, and silvereye, 

used both direct flight and in-foliage methods of crossing.  
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Table 6.1: Avian crossings of a wildlife overpass, in-foliage or by direct flight, with species resource use and months of crossings 
                  ____________________________________________________________________________________________________________________________________________ 

         In-foliage crossings   Direct crossings 
Species guild / Species              Number   Crossing    Number Crossing  Resource  Months    
        rate/hr.    rate/hr.  use 

____________________________________________________________________________________________________________________________________________   

Generalist 

Alectura lathami (Australian brush-turkey)  -     (2*)   0.00  - -  E  7, 8 

Geopelia humeralis (bar-shouldered dove)  -     (1*)  0.00  - -  C  9 

Platycercus adscitus (pale-headed rosella)  1  0.01  - -  C  9 
Todiramphus sanctus (sacred kingfisher)  1  0.01  - -  C  2 

Dacelo novaeguineae (laughing kookaburra)  -   -  2 0.01  D  8 

Honeyeaters 

Philemon corniculatus (noisy friarbird)  1  0.01  -  -  B  9 

Lichenostomus chrysops (yellow-faced honeyeater) 19   (4*)  0.13  6 0.04  A, B, D  2-9, 11, 12 

Myzomela sanguinolenta (scarlet honeyeater) 9     (2*)  0.06  1 0.01  A, B, D  2, 7-9, 12 
Lichmera indistincta (brown honeyeater)  10  0.07  - -  A, B  2, 3, 5, 9 

Melithreptus albogularis (white-throated honeyeater) 44   (1*)  0.31  45 (3*)  0.30  A, B, D  1-3, 5-7, 9, 10, 12 

Large forest insectivores 

Cacomantis flabelliformis (fan-tailed cuckoo) 1  0.01  - -  B  7 

Coracina novaehollandiae   8     (1*)  0.07  5   (3*) 0.05  B, C, D  2, 4-6, 8-11 

(black-faced cuckoo-shrike) 
Colluricincla harmonica (grey shrike-thrush) 9     (4*)  0.05  7 0.04  B, C, D  2, 4, 7-11 

Dicrurus bracteatus (spangled drongo)  4  0.03  2   (4*) 0.04  B, C, D  2, 4, 5, 9 

Oriolus sagittatus (olive-backed oriole)  1  0.01  - -  C  11 
Sphecotheres vieilloti (Australian figbird)  1     (1*)  0.01  1 0.01  C, D  9, 10 

Small forest insectivores 

Zosterops lateralis (silvereye)   53   (14*)  0.37  86 (11*) 0.60  A, B, D  All months 

Pardalotus punctatus (spotted pardalote)  2  0.01  - -  A, B  6 

Pardalotus striatus (striated pardalote)  2  0.01  - -  A, B  5, 7   
Pachycephala pectoralis (golden whistler)   7     (1*)  0.05  - -  A, B  4, 5, 7   

Pachycephala rufiventris (rufous whistler)  2  0.01  - -  A, B  5, 7   

Chalcites lucidus (shining bronze-cuckoo)  1  0.01  - -  B  8 
Rhipidura albiscarpa (grey fantail)  3     (1*)  0.02  - -   A, B  5, 6 

Myiagra rubicola (leaden flycatcher)  4     (7*)  0.03  - -  B  2-4, 9, 11 

Malurus cyaneus (superb fairy-wren)  1  0.01  - -  E  12 
Malurus melanocephalus (red-backed fairy-wren) 4  0.03  - -  E  2 

Malurus lamberti (variegated fairy-wren)  2  0.01  - -     E  2 

Rhipidura rufifrons (rufous fantail)  1  0.01  - -   E  2 
Eopsaltria australis (eastern yellow robin)  1     (2*)  0.01  - -  E  5, 12 

 

 

Overall Crossings    192   (41*)  1.33  155 (21*) 1.08 

____________________________________________________________________________________________________________________________________________ 

 

(Crossings include records from 9-hour counts and from 20-minute counts on the central overpass. The latter are identified by asterisk (*). Crossing rate figures are calculated 

 from the 9-hour count data divided by 144. Resource use categories are given in 3.2.5 above. Months are 1 – 12 = January – December).   
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6.4.1 Month of crossing and resource use by species and species guilds 

 

Table 6.1 also records all months in which each species crossed the overpass and the use 

made of available resources by that species whilst crossing. Figure 6.1 summarises the 

overall monthly crossings/hour, while Figure 6.2 shows overall numbers across the year for 

the four species guilds and silvereye within the five resource use categories. Silvereye is 

included separately because of its large contribution to the crossing record. 

 

 
 

Figure 6.1: Crossing rates per hour for each month of the year, for in-foliage and direct 

crossings of the overpass 
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Figure 6.2: Use of overpass resources by four species guilds and silvereye while crossing 

(Resource use categories, A – E, are given in section 3.2.5 above. LFI and SFI are large and small 

forest insectivores respectively). 

Monthly crossings/hour showed increases in the May to September period, coinciding with 

increased food resource availability on the overpass at that time of the year.  

There were considerable differences between species guilds in months of crossing (Table 

6.1), with honeyeaters, large forest insectivores and silvereye, crossing in most months of the 

year, while other small forest insectivore species crossed relatively infrequently.  

Use of resources on the overpass while crossing also differed considerably between species 

and species guilds. Resource use intermittently involved mixed-species flocks comprised 

mainly of honeyeaters, but augmented by silvereye and other species of small forest 

insectivores in certain months. All species involved in mixed-species flocks also used 

overpass resources individually. Large forest insectivores used staged movements to cross 

while not foraging, but moved through the higher vegetation strata. This species guild also 

foraged individually during crossings on occasion, but was not observed to be a member of 

mixed-species flocks. This guild, many honeyeaters, and silvereye regularly crossed directly. 

Notably, five smaller forest insectivore species: superb fairy-wren, red-backed fairy-wren, 

variegated fairy-wren, rufous fantail and eastern yellow robin, were never observed to forage 

during the small number of occasions on which they crossed. They crossed by staged 

movements through the lower vegetation strata. These five species however, have been 

frequently observed to forage across the lower slopes of the overpass.  

 

6.4.2 Time and direction of crossing 

 

Total numbers of birds of all species crossing early and late, and S – N or N – S, are shown in 

Figure 6.3. Since silvereye is a major component of the crossing record, Figure 6.4 gives 

silvereye numbers for these criteria for comparative purposes.  

Numbers crossing in-foliage were significantly higher for early vs. late crossings (χ2 = 54.8; 

df = 1; n = 168), while numbers crossing early vs. late by direct flight were not significantly 

different. Numbers crossing in either direction did not differ significantly for either in-foliage 

or direct crossing categories.  

Numbers of silvereye crossing were significantly higher for early vs. late in-foliage crossings 

(χ2 = 10.9; df = 1; n = 33), while numbers crossing early vs. late by direct flight were not 

significantly different. Numbers crossing in either direction did not differ significantly for 
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either in-foliage or direct crossing categories. If silvereye is removed from the total counts for 

in-foliage crossings (Figure 6.4), early in-foliage crossings remain significantly greater than 

late in-foliage crossings (χ2 = 43.9; df = 1; n = 135). 

 

 
 

Figure 6.3: Total number of crossings by all species, shown as ‘early’ or ‘late’, and by 

direction as ‘S – N’ and ‘N – S’. (‘In-foliage’ and ‘direct flight’ crossing categories are 

shown separately. Figures are total crossings in each category during the period February 

2013 – February 2014. Total observation period = 144 hours) 

 

 

 
 

Figure 6.4: Total number of crossings by silvereye, shown as ‘early’ or ‘late’, and by 

direction as ‘S – N’ and ‘N – S’. (‘In-foliage’ and ‘direct flight’ crossing categories are 

shown separately. Figures are total crossings in each category during the period February 

2013 – February 2014. Total observation period = 144 hours) 
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The time and direction of crossing patterns for the four species guilds are shown in Figures 

6.5 and 6.6 respectively. The small forest insectivore guild numbers include the large 

silvereye numbers shown in Table 6.1 above. 

 

 
 

Figure 6.5: The time of crossings of the overpass by four species guilds, expressed as total 

number of in-foliage and direct crossings (Large FI = large forest insectivores; Small FI = 

small forest insectivores). 

 

 

  
 

Figure 6.6: The direction of crossings of the overpass by four species guilds, expressed as 

total number of in-foliage and direct crossings  
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It can be seen that the two species guilds which contributed mainly to the greater number of 

early in-foliage crossings were honeyeaters and small forest insectivores. The latter were 

predominantly silvereyes. 

For each of the four species guilds, numbers crossing were not significantly different for 

either direction of crossing. This is in line with the lack of such an effect of direction on 

numbers crossing shown in Figures 6.3 and 6.4 above.    

 

6.5 Discussion  

 

Remarkably little has been published on the crossing of wildlife overpasses by birds.  The 

only detailed study is that of Keller et al. (1996), an investigation of three wildlife overpasses 

in Germany and France, having widths ranging from 8-30m and spanning 60-80m of road. 

They reported flights over the overpasses of from 5.8 - 10.8 flyovers per hour for a range of 

woodland and open habitat species. My study reports a lower overall crossing rate of 2.41 

birds per hour. Meaningful comparison is difficult, given differences in methodology for 

measuring crossing-rate, in overpass widths, and in species groups studied and differences in 

their densities in each area. The methodology used in the current study, which records 

defined crossings along the length of the overpass, is likely to yield a more conservative 

estimate of crossing-rate.  

 

An important aspect of the data presented in Table 6.1 relates to the marked differences 

between the four defined species guilds. Generalists made little use of the vegetated overpass. 

The other three species guilds each made substantial use of the overpass for crossing between 

forest areas. These three species guilds however, differed in their method of crossing. The 

honeyeater and large forest insectivore guilds crossed regularly by either direct flight or by 

movement within the foliage of overpass vegetation. Contrastingly, the large majority of 

small forest insectivores crossed only by movement through overpass foliage. The 

noteworthy exception to this was silvereye, which crossed readily by either method. The 

remaining twelve species of small forest insectivores crossed only within overpass foliage. 

 

The reason why generalists made little use of the vegetated overpass probably relates to their 

characteristics as habitat generalists. They are predominantly large, strong-flying, often 

urban-tolerant, omnivores. While they are often seen flying above the overpass, the floral and 

insectivorous food resources available on the overpass are not greatly sought after. 



74 

 

Generalists readily fly across major roads (see below Chapter 7), and are usually tolerant of 

roads, often using roads as a foraging/scavenging substrate (e.g. Torresian crow). 

 

There were considerable differences among species guilds in monthly pattern of crossing the 

overpass. Honeyeaters, large forest insectivores, and silvereye, cross in most months of the 

year, while other small forest insectivore species crossed relatively infrequently (Table 6.1). 

Monthly crossings/hour showed increases in the late spring/early summer months (Figure 

6.1), coinciding with increased food resource availability on the overpass at that time of the 

year.  

 

Use of resources on the overpass while crossing also differed considerably between species 

and species guilds (Table 6.1 and Figure 6.2). Resource use intermittently involved mixed-

species feeding flocks comprised mainly of honeyeaters, but augmented by silvereye and 

other species of small forest insectivores in certain months. All species involved in mixed-

species flocks also used overpass resources individually. Large forest insectivores used 

staged movements to cross while not foraging, but moved through the higher vegetation 

strata. This species guild also foraged individually during crossings on occasion, but was not 

observed to be a member of mixed-species flocks. This guild, many honeyeaters, and 

silvereye regularly crossed directly. Notably, five smaller forest insectivore species: superb 

fairy-wren, red-backed fairy-wren, variegated fairy-wren, rufous fantail and eastern yellow 

robin, were not observed to forage on the central overpass during the small number of 

occasions on which they crossed, although they were frequently observed to forage across the 

lower slopes of the overpass. This is discussed further in Chapter 9, in the context of the 

conservation value of wildlife overpasses to birds.  

 

The results shown in Figures 6.3 – 6.6 for time and direction of crossing demonstrate clearly 

the widespread and effective use of the overpass as a conduit for movement between the 

forest patches on either side of the intervening major road. This is particularly the case for 

honeyeaters, large forest insectivores, and silvereye. Apart from silvereye, small forest 

insectivores did not use the overpass for direct flight passage, but crossed only within the 

foliage on the overpass. 

Both in-foliage and direct passage were bi-directional, with substantial movement across 

occurring both early and late. Numbers crossing in-foliage were significantly higher in the 

early half of the survey period than in the late half of the period. The two species guilds 
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which contributed mainly to this were the honeyeaters and the small forest insectivores, 

predominantly silvereyes. There was wide use of resources on the overpass during in-foliage 

passage.  
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Chapter 7 

 

Road crossing studies 

 

7.1 Background 

 

Information presented in Chapters 4 and 6 above highlighted the differences between species 

and between species guilds in method and rate of crossing of the wildlife overpass. In order 

to assess the significance of the overpass from the standpoint of genetic transfer and avian 

conservation, it is necessary to know which of these species and species guilds readily cross 

roads with heavy traffic flows, and importantly, which ones do not. 

 

Jones and Bond (2010) and Jones and Pickvance (2013) recognised that introduction of the 

Compton Road overpass may provide a safe corridor for movement of smaller forest species 

across the road. As part of their study, they surveyed birds crossing Compton Road over the 

period March 2008 to April 2010 and reported that combined totals of eight generalist, three 

large forest insectivore (black-faced cuckoo-shrike, spangled drongo and olive-backed oriole) 

and three honeyeater species (noisy friarbird, yellow-faced honeyeater and white-throated 

honeyeater) crossed the road at sites 100m and 200m east and west of the overpass. 

 

This section of my study was designed to determine the relative ability of the avian species of 

Karawatha Forest to cross Compton Road and to cross two other high-traffic roads of 

different widths, which also run alongside Karawatha Forest. Knowledge of the relative 

reluctance of species to cross roads of particular width will assist interpretation of the results 

on avian use of Compton Road overpass, particularly in the context of genetic transfer and 

local conservation concerns. 

 

7.2 Methods 

 

7.2.1 Site selection and location 

 

Three sites were selected on roads running alongside the northern, western and southern 

edges of Karawatha Forest. Each site was chosen to have similar forested habitat on both 

sides of the road. The avian population sampled was that of Karawatha Forest, the same as 

that sampled in the overpass crossing studies. Road widths were measured as the distance 

between the edges of the canopy of vegetation at either side.  
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Site details were as follows:  

 

Name   Road type and   Traffic flow  Distance between

   number of lanes  (vehicles/hr)    forested edges 

___________________________________________________________________________ 

Gateway   Motorway (4-lane)  3675 ± 655   90m 

                 

Compton Rd.  Arterial (4-lane)  2587 ± 252   60m 

 

Illaweena  Suburban (2-lane)  785 ± 184 (2-lanes)  20m 

___________________________________________________________________________ 

 

Traffic flows are means ± SD of six counts, taken on weekdays, two in each of the first three 

hours after sunrise. This covers the period when bird crossing counts were undertaken.  

 

In order to document road-crossing behaviour of birds in sites close to the overpass, two 

count sites were established on Compton Road:  

(a) close to the overpass (Compton near), with paired count-areas positioned 100m west and 

100m east of the overpass, and (b) further out from the overpass (Compton far), with paired 

count-areas positioned 200m west and 300m east of the overpass. These positions are shown 

on Figure 3.2. The positions were chosen to ensure suitable forest habitat on the opposite 

road edge from Karawatha Forest. At each of the Gateway and Illaweena sites, two 60m-wide 

count-areas were established, to be surveyed alternately, and with a separation of 60m. 

In summary, established count-areas were as follows (with designations and GPS positions as 

indicated):- 

 

Gateway South (Gateway S)    S 27º 37.349' :  E 153º 04.046'             

Gateway North (Gateway N)     S 27º 37.331' :  E 153º 04.089' 

 

Illaweena East (Illaweena E)    S 27º 38.494' :  E 153º 04.011'  

Illaweena West (Illaweena W)   S 27º 38.478' :  E 153º 03.952'                    

 

Compton Road (near-east)    S 27º 36.973' :  E 153º 05.174' 

Compton Road (near-west)    S 27º 36.927' :  E 153º 04.975' 

 

Compton Road (far-east)    S 27º 37.003' :  E 153º 05.370' 

Compton Road (far-west)    S 27º 36.866' :  E 153º 04.872' 
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7.2.2 Count method 

 

To be recorded as having crossed the road, a bird must have clearly either entered or exited 

the 60m count-area within its edge boundaries, and to have clearly completed the road 

crossing. This removes a bias against the wider roads, where complete crossing while 

remaining within the edge boundaries was less likely. The observer stood on one side of the 

road at the centre of the 60m count-area width.  

Identification to individual species level was sometimes not possible between the two 

Pardalotus species, and between brown honeyeater and female scarlet honeyeater.  General 

categories of ‘small forest insectivore’ and ‘honeyeater’ were then used. This allowed 

calculation of overall crossing rates for these species guilds.  

Numbers and species were recorded for each crossing event during a standard 20 minute 

count period. Counts commenced at ca. 30 minutes after sunrise, and extended over an 

approximate 2 – 2.5 hour period, on days of minimal wind or rain. On any count day, paired 

count-areas were counted on two of the four sites. Weather permitting, paired count-areas on 

the remaining two sites were counted on the following day. Counts were scheduled to achieve 

rotation of site count order and start times. Over the period June 2013 – June 2014, a total of 

18 complete counts of the four sites were undertaken, giving a total observation period of 48 

hours, comprising 144 individual transect counts. 

 

7.2.3 Data analysis 

 

All statistical analyses were performed using SPSS Statistics (v. 21.0, 2013; and v. 22.0, 

2014). Of major interest were differences in the ability of different species and species guilds 

to cross roads of different width. For analysis, data were grouped into the four defined 

species guilds. The data were not normally distributed, containing elevated levels of zero 

counts, particularly for large and small forest insectivore guilds. Data were first converted to 

presence/absence format, and then analysed using Chi-squared tests. Total count number data 

were examined using Analysis of Variance, with post-hoc LSD tests to examine differences 

between the four sites.  

 

7.3 Results 

 

A total of 740 birds of 31 species were recorded to fly over the four road sites during the one 

year observation period (Table 7.1). Importantly, seven of the small forest insectivores which 
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were reported to cross the overpass in Table 6.1 above, were not recorded to cross at any of 

the four road sites. Means ± SD, and ANOVA comparison of means, for bird and species 

numbers crossing at the four road sites are summarised in Table 7.2.  

Table 7.1 shows crossing rates (number/hour) of avian species at the four road sites. 

 

Table 7.1: Crossing rates (number/hour) of avian species at four road sites of different width 

(Site A: Gateway, 90m wide; Site B: Illaweena, 20m wide; Site C: Compton (near), 60m 

wide; and Site D: Compton (far), 60m wide. Observation period = 48h). 

_____________________________________________________________________________________ 

Species guild / Species     Site A Site B Site C Site D 

_____________________________________________________________________________ 

Generalists 

Chenonetta jubata (Australian wood duck)   0 0 0 0.04 

Anas superciliosa (Pacific black duck)   0 0 0.04 0.15 

Microcarbo melanoleucos (little pied cormorant)  0 0 0.02 0.02 

Threskiornis molucca (Australian white ibis)   0.02 0.02 0 0.13 

Eolophus roseicapillus (galah)    0.23 0 0.06 0 

Cacatua galerita (sulphur-crested cockatoo)   0.08 0.04 0.13 0.06 

Trichoglossus haematodus (rainbow lorikeet)  1.65 1.50 1.10 0.50 

Trichoglossus chlorolepidotus (scaly-breasted lorikeet) 0 0 0 0.02 

Platycercus adscitus (pale-headed rosella)   0 0 0.04 0 

Dacelo novaeguineae (laughing kookaburra)   0.04 0.06 0 0.04 

Cracticus nigrogularis (pied butcherbird)   0 0 0.15 0.04 

Cracticus tibicen (Australian magpie)   0.13 0 0.42 0.21 

Strepera graculina (pied currawong)   0.04 0 0.04 0.06 

Corvus orru (Torresian crow)     0.48 0.50 0.85 1.50 

Grallina cyanoleuca (magpie-lark)    0.15 0 0 0 

Honeyeaters 

Unidentified honeyeater     0.10 0.50 0.19 0.19 

L. chrysops (yellow-faced honeyeater)   0 0.54 0.02 0.08 

Manorina melanocephala (noisy miner)    0.04 0.04 0 0 

M. sanguinolenta (scarlet honeyeater)   0 0.08 0 0.02 

M. albogularis (white-throated honeyeater)   0 0.06 0 0 

Entomyson cyanotis (blue-faced honeyeater)   0 0.06 0 0.02 

P. corniculatus (noisy friarbird)    0.23 0 0.15 0.13 

Philemon citreogularis (little friarbird)    0 0 0.04 0.04 

Large forest insectivores 

C. novaehollandiae (black-faced cuckoo-shrike)  0.23 0.21 0.08 0.42 

C. harmonica (grey shrike-thrush)    0 0.04 0 0.04 

D. bracteatus (spangled drongo)    0.02 0 0.02 0 

Small forest insectivores 

Unidentified small forest insectivore   0 0.02 0 0.08 

Z. lateralis (silvereye)     0.04 0.06 0.19 0.25 

P. punctatus (spotted pardalote)    0 0.08 0 0 

P. striatus (striated pardalote)    0 0.15 0 0.13 

P. pectoralis (golden whistler)    0 0.08 0 0 

P. rufiventris (rufous whistler)    0 0.04 0 0 

R. albiscarpa (grey fantail)    0 0.13 0 0 

___________________________________________________________________________ 

Total numbers      167 203 170 200 

___________________________________________________________________________ 
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Table 7.2: Means ± SD for numbers of birds and for number of species crossing at four road 

sites (n = 32), with results of ANOVA comparison of means. 

_________________________________________________________________________ 

Data component Gateway Illaweena Compton  Compton ANOVA 

           (near)     (far) 

_________________________________________________________________________  

 

Bird numbers  4.64 ± 3.29 5.64 ± 3.96 4.72 ± 3.15 5.56 ± 3.83 F = 0.817

           p = 0.487 

Species numbers 1.89 ± 1.17 2.75 ± 1.65 2.19 ± 1.45 2.50 ± 1.60 F = 2.305

                    p = 0.080 

_________________________________________________________________________ 

 

Full details of the Analysis of Variance are given in Appendix Table 7 for abundance and 

Appendix Table 8 for species number. Mean number and species number of birds crossing 

did not differ significantly between sites.  

 

There were however, marked differences between numbers of each species guild which 

crossed at the four sites. Comparisons between the four species guilds (expressed as 

percentages of the overall total of birds recorded) are given in Table 7.3.  

 

Table 7.3: Percentages of four species guilds (expressed as percentage of the total of all birds 

recorded) crossing at four road sites.  

________________________________________________________________ 

Site   Generalist Large forest Honeyeater Small forest 

      insectivore   insectivore 

________________________________________________________________ 

Gateway         18.2         1.6          2.4          0.3 

Illaweena         13.8        1.6          8.4          3.6 

Compton (near)         18.5         0.7          2.6          1.2 

Compton (far)            18.0         3.0          3.1          3.0 

_________________________________________________________________ 

 

Generalist was the most numerous species guild to cross all roads, totalling 68.5% of all 

crossings. The other three species guilds were all recorded to cross roads of all widths. Two 

small forest insectivore species were recorded to cross the wider roads. In contrast, at the 

narrowest site, six species of this guild crossed. When this data is transferred to 

presence/absence format, and analysed (Chi-squared test), clear differences are apparent 

between species guilds crossing road sites (Table 7.4). 
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Table 7.4: Chi-squared contingency analysis for independence of differences between 

numbers of four species guilds crossing at four road sites.  

_______________________________________________________________ 

Species guild    χ2   df  N  Asym. sig.  
           (2-sided) 

_______________________________________________________________ 

Generalist  4.000    3  144      0.261 

Honeyeater  10.208    3  144      0.017 

Large forest  3.412    3  144      0.332 

insectivore  

Small forest  16.912    3  144      0.001 

insectivore 

_______________________________________________________________ 

 

Generalist and large forest insectivore guilds show no differences across sites, while 

honeyeater and small forest insectivore guilds show significant and highly significant 

differences respectively. Means (± 95% CI) for the four species guilds at the four road sites 

are shown graphically in Figure 7.1 (generalist); Figure 7.2 (honeyeater); Figure 7.3 (large 

forest insectivore); and Figure 7.4 (small forest insectivore). 

 

  
 

Figure 7.1: Mean generalist count at four road sites of different width (Gateway (90m), Illaweena 

(20m), Compton (near) and Compton (far) (both 60m). Error bars indicate ± 95% confidence intervals). 
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Figure 7.2: Mean honeyeater count at four road sites of different width (Gateway (90m), 

Illaweena (20m), Compton (near) and Compton (far) (both 60m). Error bars indicate ± 95% confidence 

intervals). 

 

 

  
 

Figure 7.3: Mean large forest insectivore count at four road sites of different width (Gateway 

(90m), Illaweena (20m), Compton (near) and Compton (far) (both 60m). Error bars indicate ± 95% confidence 

intervals). 
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Figure 7.4: Mean small forest insectivore count at four road sites of different width (Gateway 

(90m), Illaweena (20m), Compton (near) and Compton (far) (both 60m). Error bars indicate ± 95% confidence 

intervals). 

 

 

7.4 Discussion 

 

 A major objective of the road crossing section of the study was to quantify the extent to 

which the avian population of Karawatha Forest would cross high-traffic roads of different 

width. It was particularly important to know which species and species guilds were reluctant 

or unable to cross these roads.  

 

A superficially surprising finding of this section of the study was that mean number and 

species number of birds crossing the four roads surveyed did not differ significantly between 

sites. Increasing road width, over the range 20 – 90 metres, did not influence these two 

measures.  

Previous studies, in both urban and non-urban environments have, demonstrated that 

increasing road width differentially influences the individual species and species guilds 

which cross (Pell & Jones 2015; Reijnen & Foppen 2006; St.Clair 2003). In the current study, 

generalist species were by far the most numerically dominant guild to cross, contributing 

68.5% of all crossings. Generalists were easily capable of crossing roads of all width 

categories studied. This numerical dominance of generalist species in the counts of numbers 

of birds, and in the species numbers counted, has masked the counts of the other three species 
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guilds recorded. Two of these species guilds, honeyeaters and small forest insectivores, both 

contain species which were reluctant to, or did not, cross roads of larger width in the current 

surveys. These factors have had a major influence on the finding of lack of significance in 

mean numbers of birds, and of species numbers, crossing the four roads of differing width. 

 

Interestingly, all four species guilds were represented in the crossing record at all road sites.  

Members of both the generalist and the large forest insectivore guilds were capable of flying 

across all major roads studied. In the case of the honeyeater guild, comparison of the lists of 

species which crossed the overpass (Table 6.1) and the roads (Table 7.1) shows that all 

overpass-crossing species (with the sole exception of brown honeyeater) crossed at least one 

of the roads studied. A further three honeyeater species, not recorded on the overpass, were 

recorded to cross major roads. At the widest road, the honeyeater species which crossed were 

larger bodyweight species viz: noisy friarbird (bodyweight 100-150g) and noisy miner 

(bodyweight 50-90g). Comparatively, across the different road widths studied, honeyeaters 

crossed in significantly greater numbers at the narrowest road site. 

Similar findings have been reported in other Australian studies on birds crossing roads in the 

urban context. In suburban Perth, Western Australia, eighteen species crossed a six-lane road 

dividing bushland and suburban gardens. These were mainly larger generalists (13 species), 

although one large forest insectivore, three honeyeater species and one small forest 

insectivore species were also recorded as crossing the major road (Davis & Wilcox (2013)). 

In earlier studies on species crossing Compton Road in Brisbane, Queensland, mainly larger 

generalist species were recorded, although three large forest insectivore species and three 

honeyeater species were also detected (Jones & Bond (2010) and Jones & Pickvance (2013)).  

 

From a conservation perspective, major interest centres on which species and species guilds 

are reluctant or unable to cross busy, major roads (Tremblay & St, Clair 2011; Kociolek et al. 

2010). In the current study, two small forest insectivore species were recorded to cross the 

wider roads. In contrast, at the narrowest site, six species of this guild crossed. When this data 

is transferred to presence/absence format, and analysed (Chi-squared test), clear differences 

are apparent between species guilds crossing road sites (Table 7.4). Generalist and large 

forest insectivore guilds show no differences across sites, while honeyeater and small forest 

insectivore guilds show significant and highly significant differences respectively. Similar 

comparison of crossing records for the small forest insectivore guild shows that seven out of 

the thirteen overpass-crossing species were never recorded to cross any of the roads studied. 
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These were the three fairy-wren species, leaden flycatcher, rufous fantail, eastern yellow 

robin and shining bronze-cuckoo. A further four species crossed only at the narrow 20m wide 

road viz: golden whistler, rufous whistler, grey fantail and spotted pardalote. 

 Two members of the small forest insectivore guild, silvereye and striated pardalote, did cross 

the wider roads studied. These two species are both capable of strong, direct flight. Silvereye 

was the only small forest insectivore recorded to use direct flight to cross the overpass. 

Although neither of the pardalote species was observed to use direct flight to cross the 

overpass, numbers of these species recorded in the overpass crossing record were low. It 

appears likely that four small insectivore species, silvereye and the two pardalote species, and 

the migratory shining bronze-cuckoo, would be capable of direct flight across the overpass 

and major roads.    

Conservation implications of the results of this study will be discussed further in Chapter 9, 

following consideration of the results of the colour-banding and recovery programme, which 

are now outlined in Chapter 8.  
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Chapter 8 

 

Colour-banding studies – to enable (a) re-identification of individual birds; 

and (b) measurement of parameters associated with flight capacity 

 

8.1 Background 

 

The overall aim of my study is to evaluate the effectiveness and conservation value of 

wildlife overpasses in allowing passage of birds between areas of forest bisected by major 

roads and road networks. Chapter 6 has outlined the widespread and effective use of the 

overpass as a conduit for movement between the forest patches on either side of the 

intervening major road. Evaluation of the conservation value of the overpass in terms of 

dispersal and gene-flow is more complex.  

Laurance et al. (2004), working in Amazonian rainforest habitat, found that many forest-

dependent insectivores had markedly inhibited road-crossing movements. For many such 

forest species, roads may prevent home-range gap-crossing movements, but may permit rare 

dispersal events (Develey & Stouffer, 2001; Lees & Peres, 2009). The edges of roads may 

well constitute territorial boundaries in these cases. Wide gaps (>70m) may inhibit gap-

crossing behaviour for all but the most vagile of species (Lees & Peres, 2009). 

In Table 6.1, the infrequent overpass crossings of five species of small forest insectivore 

species (superb fairy-wren, red-backed fairy-wren, variegated fairy-wren, rufous fantail and 

eastern yellow robin) showed a pattern of relatively rapid, staged movement through the 

lower vegetation strata, with little attempt to forage en-route. They crossed predominantly 

along the sides of the central overpass, close to the lateral exclusion fence-lines. The 

crossings occurred mainly in the months following the end of the breeding season, which is 

generally during the late winter to early summer months for these species in south-eastern 

Queensland. Without evidence of bird movements at the individual level, it is not possible to 

demonstrate that any such crossings of the overpass are in fact dispersal movements away 

from the natal site. The colour-banding programme aimed to identify and categorise 

individual movements across the overpass and within adjacent forest. This information is 

important for the understanding of the value of wildlife overpasses for small, forest-

dependent insectivores.  
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The colour-banding programme also offered the opportunity to study aspects of the wing 

morphology, flight pattern and flight capabilities of those species and species guilds found 

earlier in my study to be reluctant to fly across major roads and potentially to benefit from 

use of the wildlife overpass. 

Wing design influences flight mechanics and, importantly, energy costs involved in flight.  

Mechanical power to fly comprises rate of work needed to generate weight support and 

thrust, and work done against frictional drag of the body and wings. Wing design is adapted 

to different speeds and methods of flight. Selection may favour a wing shape that minimises 

the work associated with the flight pattern and speed needed for a bird in a particular habitat 

(Lighthill, 1977; Pennycuick, 1975; Rayner, 1979; Norberg, 1995; and Lindhe Norberg, 

2002). 

In general, different wing morphologies will suit different types of flight and will impact on 

the ecology and behaviour of birds. McFarlane (2014) assessed avian wing morphology and 

the intra- and inter-specific effects on take-off performance, particularly in the context of the 

initiation of flight, predator evasion and hence survival. Large, broad wings favoured 

improved take-off by reducing the power required to generate lift. Short wings and correlated 

higher wing-beat frequencies, were also beneficial to improved take-off. Unexpectedly, larger 

species had lower induced power requirements and, as a result, could devote more energy to 

moving the body’s centre of mass. Wing morphology had an important influence on take-off 

performance, influencing wing-beat kinematics and altering the aerodynamic forces 

generated and the loads acting upon the wings. 

Migratory species, often involved in long-distance flight, generally have wing characteristics 

which reduce flight energy costs (Rayner, 1988; Fernández & Lank, 2007). In these species, 

greater flight speeds and energy efficiency are usually associated with longer, more pointed, 

wings (Busse,1968, 1974 &1986; Mӧnkkӧnen, 1995; Lockwood et al., 1998).  

Norberg (1986) indicated that aerial foraging is facilitated by low body mass and low wing 

loading, which permits enhanced manoeuvrability in flight. For energetic reasons, aerial 

foraging species require relatively long wings of high aspect ratio (wingspan² / wing area). 

However, long wings are a hindrance in dense vegetation. For species which forage in closely 

confined areas therefore, selection should favour shorter wings. Short-winged, slow-flying 

species must have broad wings in order to produce sufficient lift during slow flight. They will 

have shorter wingspans and lower aspect ratios than aerial-hawking species, but their lower 
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aspect ratios are associated with more expensive flight. They may have to forage using 

shorter flights or to resort to intermittent short forays from low perches within vegetation.  

Manoeuvrability may be a predominant performance trait in avian species living in dense, 

cluttered habitats, or in birds that use acrobatic aerial mating displays (Hedenstrӧm & MØller, 

1992). Short, rounder wings may enhance manoeuvrability (Kaboli et al., 2007). 

Manoeuvrability is greatly influenced by wing loading (defined as [measured bodyweight x 

acceleration of gravity] / wing area) because minimum turning radius is proportional to these 

two wing parameters (Norberg, 2002). In many species, the above wing parameters have been 

found to correspond with microhabitat use, foraging behaviour, and sexual displays 

(Hedenstrӧm & MØller, 1992). 

 

This section of my study aimed to measure the wing parameters, wing aspect ratio and wing 

loading, of species banded close to the overpass in order to gain an understanding of the 

flight pattern and flight capability of the species which might potentially benefit from use of 

the wildlife overpass. 

 

8.2 Methods 

 

8.2.1 Banding sites 

 

Two banding sites were used, one on either side of the Compton Road overpass, in adjacent 

areas of Karawatha Forest and Kuraby Bushland. Each site was approximately 1.0 km long 

and ran approximately 0.2 km back into the forested area. Each site was entirely within the 

area behind the exclusion fence. Mist-nets were set-up at various suitably vegetated positions 

within these areas, and on the lower slopes of the overpass on occasion. 

 

8.2.2 Project approvals  

 

The project was approved by the Griffith University Animal Ethics Committee (Approval 

Nos: AEC0113; and GU Ref. No: ENV/01/13/AEC) for the period from 7
th

 March 2013 to 

29
th

 February 2016. 

The Scientific Purposes Permit (no. WISP12834913) was approved for the project by the 

Department of Environment and Heritage Protection, Queensland Government, on 13
th

 April 

2013. 



89 

 

The project was approved by the Australian Bird and Bat Banding Scheme (Project No. 15) 

on 23
rd

 May 2013. 

The project was approved by the Brisbane City Council on 22
nd

 April 2013 to operate within 

Karawatha Forest and Kuraby Bushland. 

 

8.2.3 Banding and re-identification procedures 

 

Mist-netting sessions were scheduled at alternate sites at approximately 2 – 4 week intervals, 

given appropriate weather conditions. Twenty seven daily sessions were held in the period 

May 2013 to April 2015. Catch-rate was calculated as number of birds caught divided by 

[total length of net set x number of hours nets were open], and is expressed as birds caught 

per metre hour of net (mh). 

Individuals of forest-dwelling bird species were mist-netted and colour banded as follows: the 

right leg received the standard metal identification number band plus a colour band defining 

their initial banding location; the left leg received two colour bands which uniquely defined 

that individual. For each individual, its species, age/maturity and sex were recorded. 

Individuals were later re-identified by direct binocular observation or by occasional re-

capture in mist-nets. Their new location was recorded to allow conclusions to be drawn on 

which species regularly re-locate to the other side of Compton Road, and which species 

generally remain on a particular side of Compton Road. The latter behaviour would indicate 

that these species may be sedentary, that the edges of the major roads may act as territorial 

boundaries, and that the species may be unable or unwilling to cross the major road. Should 

individuals, which were banded as immature birds, be found to have re-located to the other 

side of Compton Road, this could indicate that they had dispersed via the overpass.                                           

Birds were banded with appropriately sized alloy metal bands supplied by the Australian Bird 

and Bat Banding Scheme (ABBBS). 

All netting, bird handling, and banding procedures conformed to guidelines given in ‘The 

Australian Bird Bander’s Manual’ (ABBBS, 1989).  

 

8.2.4 Morphological measurements 

 

A range of morphological measurements were taken of birds banded to assess the extent to 

which flight-related parameters differ between representatives of the four species guilds 

studied (generalists, honeyeaters, large forest insectivores and small forest insectivores), and 
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between species within the small forest insectivore guild. These comprised bodyweight, 

length of longest primary feather, position in the wing of the longest primary, and lengths of 

the primary 10 (P10), primary 9 (P9), and secondary 1 (S1) feathers. Primary projection and 

semi-span (half-wingspan) (see 8.2.6 below for definition) were also measured.  

All feather measurements were taken to the carpel joint, and were recorded as mm. Primary 

projection was measured as the projection of the primaries beyond the innermost wing 

feathers (secondaries and tertials). This measurement was made with the carpel joint released 

and the wing held in a partially closed position so that extension of primaries beyond 

secondaries/tertials could be clearly seen. 

 

8.2.5 Measurement of wing area and calculation of aspect ratio and wing loading 

 

Wing aspect ratio is defined as wingspan² / wing area. Wing loading is defined as [measured 

bodyweight x acceleration of gravity (g)] / wing area (Norberg, 1986). By convention 

(Pennycuick, 1975), wing area in birds includes the area of the back between the wings, in 

addition to the area of the wings. Wingspan is defined as the distance between the tips of the 

longest primary feathers when the wings are fully extended and level with the body in normal 

flight.  

The total length of the avian wing derives from the underlying wing bones (humerus, 

radius/ulna and manus) and the functional primary feathers (Nudds et al., 2011). These 

authors commented that the angle at the elbow in the stretched-out wing of a bird having its 

wingspan measured (Pennycuick, 1989) is not necessarily functional. The wingspan 

measurement will depend on the technique and consistency of the operator extending the 

wings, and the estimation of the position of full extension in normal flight. 

 

ABBBS (1989) suggested that measurement of full wingspan in the field can be inaccurate 

and stressful for the bird. We elected to use semi-span (Pennycuick, 1972) for estimation of 

wing aspect ratio for the species caught during the banding programme. Semi-span is the 

distance of the tip of one extended wing from the mid-line of the back. This is doubled to 

give wingspan. Semi-span measurements were also used to estimate wing area and its 

derivative, wing loading. We believe, in practice, that measurement of semi-span, as against 

full wingspan, reduces stress on the bird. 
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Given the difficulties in achieving accurate, repeatable measurement of wingspan, we used 

two operators for each measurement. Their roles remained the same throughout the 

programme, aiming for consistency of technique across all measurements. The first operator 

holds the bird immediately adjacent to a rigid cardboard square, marked with a grid of 5mm 

squares, with one wing extended immediately above the cardboard square. The bird is held so 

that the back of the bird is clearly visible. The second operator measures the semi-span and 

then photographs the bird in this position. The bird is then released. The wing area is 

calculated from the number of grid squares covered, and includes the back area between the 

wings. The photograph can also be used to obtain an estimated semi-span measurement. 

Figures 8.1 and 8.2 illustrate the method used.  
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 (a) Silvereye 

 

 
 

 

             (b) Black-faced cuckoo-shrike 

 

 
 

 

(c) Sacred kingfisher 

  

  
 

 

 

 

Figure 8.1: Illustration of measurement technique for estimation of wing area and aspect 

ratio for (a) silvereye, (b) black–faced cuckoo-shrike and (c) sacred kingfisher. 
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(a) Lewin’s honeyeater    (b) Red-browed finch 

 

 

   
 

         

 
 

 

(c) Variegated fairy-wren   (d) Eastern yellow robin 

 

 

   
     
 

  

 

Figure 8.2: Illustration of measurement technique for estimation of wing area and aspect 

ratio for (a) Lewin’s honeyeater, (b) red-browed finch, (c) variegated fairy-wren and (d) 

eastern yellow robin. 
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8.3 Results 

 

8.3.1 Banding effort  

 

Twenty seven daily sessions were conducted in the period May 2013 to April 2015. Catch-

rates, expressed as birds per metre hour of net set, were as follows:  

 

Overall:  Catch rate: 0.013 birds/mh. 

Karawatha-side: Catch rate: 0.008 birds/mh. 

Kuraby-side:  Catch rate: 0.017 birds/mh. 

 

8.3.2 Species caught, number caught, and number of re-traps 

 

A total of 101 birds were caught, comprising 20 species, and including 11 re-traps. Numbers 

caught, and re-traps, are summarised in Table 8.1. 

 

Table 8.1: Species, numbers and numbers of re-traps caught during the banding programme 

(Species are grouped within four species guilds: generalists, honeyeaters, large and small forest insectivores) 

________________________________________________________________________ 

Species/Species guild     Number Re-traps  

____________________________________________________________ 

Generalist     

Dacelo novaeguineae (laughing kookaburra)  2  - 

Todiramphus sanctus (sacred kingfisher)  3  - 

Honeyeaters 

Meliphaga lewinii (Lewin’s honeyeater)   2  - 

Lichenostomus chrysops (yellow-faced honeyeater) 4  - 

Myzomela sanguinolenta (scarlet honeyeater)  2  - 

Lichmera indistincta (brown honeyeater)  1  - 

Large forest insectivores 

Coracina novaehollandiae (black-faced cuckoo-shrike) 2  - 

Colluricincla harmonica (grey shrike-thrush)  3  -   

Small forest insectivores 

Chalcites lucidus (shining bronze-cuckoo)  1  - 

Cormobates leucophaea (white-throated treecreeper) 2  - 

Malurus melanocephalus (red-backed fairy-wren) 11  3   

Malurus lamberti (variegated fairy-wren)  12  1 

Sericornis frontalis (white-browed scrubwren)  4  - 

Pachycephala pectoralis (golden whistler)   13  4 

Pachycephala rufiventris (rufous whistler)  1  - 

Rhipidura rufifrons (rufous fantail)   1  - 

Rhipidura albiscarpa (grey fantail)   1  - 

Eopsaltria australis (eastern yellow robin)  12  3 

Zosterops lateralis (silvereye)    9  - 

Neochmia temporalis (red-browed finch)  4  - 

__________________________________________________________________ 
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8.3.3 Recoveries of banded birds  

 

Recoveries of banded birds, as either re-trapped birds or as re-identifications by binocular 

observation in adjacent forest areas, are summarised in Table 8.2. The table also includes 

details of those species, and their numbers, which have been recovered on the other side of 

the overpass to that on which they were originally banded. Full details of all recoveries are 

given in Appendix Table 9.  

 

Table 8.2: Recoveries of colour-banded birds, by re-trapping or by binocular re-

identification, in Kuraby (KB) and Karawatha (KW) forest areas adjacent to the overpass. 

(Search times: KB: 50.5 hours; KW: 51.0 hours).  

_________________________________________________________________________________________ 

 

       Binocular re-identification    Re-traps Number recovered 

          on other side to that

     KB KW  KB KW on which banded 

_________________________________________________________________________________________ 

 

Honeyeaters 

M. lewinii  (Lewin’s honeyeater)  1 -  - -  - 

        

Large forest insectivores 

C. harmonica (grey shrike-thrush)  1 3  - -  4 

     

Small forest insectivores 

Z. lateralis (silvereye)    2 2  - -  2  

P. pectoralis (golden whistler)   5 3  4 -  3   

M. melanocephalus 

(red-backed fairy-wren)   4 12  1 2  -  

M. lamberti (variegated fairy-wren)  15 1  1 -  -  

S. frontalis  

(white-browed scrubwren)  1 -  - -  - 

E. australis (eastern yellow robin)  12 -  2 1  -  

C. leucophaea            

(white-throated treecreeper)  1 -  - -  - 

R. rufifrons (rufous fantail)   1 -  - -  -   

___________________________________________________________________________ 

 

Binocular recoveries totalled 63, over an overall observation period of 101.5 hours (KB: 

50.5h; KW: 51.0h).  There were eleven re-trap recoveries.  

 

Within these recoveries, the three-species group comprising grey shrike-thrush (bodyweight 

60-80g), golden whistler (bodyweight 20-30g), and silvereye (bodyweight 10-12g) was 
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recovered on the other side of the overpass from that on which they were originally banded, 

on 9 of a total of 20 recoveries (45%). However, for the three-species group comprising red-

backed fairy-wren (bodyweight 6-9g), variegated fairy-wren (bodyweight 8-10g) and eastern 

yellow robin (bodyweight 17-20g), from 51 recoveries, none were recovered on the other side 

of the overpass from that on which they were originally banded. The implications of, and 

possible reasons for, these results are discussed below in Section 8.4. 

 

8.3.4 Morphological parameters 

 

Table 8.3 lists species and mean values (± SD) for bodyweight; length of the longest primary 

feather (commonly referred to as the ‘primary chord’) (PC); length of primary 10 feather 

(P10), length of 
 
primary feather (P9), length of 

 
secondary 1 feather (S1); and primary 

projection (PP). To enable comparison between species, P10, P9, S1 and PP are given as 

percentages of PC, the longest primary feather. For each species, the position(s) in the wing 

of the longest primary feather are taken from this study and from Rogers et al. (1986). It 

should be noted that, while most passerines have ten primary feathers, silvereye has only nine 

primaries (Parsons, 1968; Matter, 2006), and no P10 records are given for silvereye in Table 

8.3. 

Results are discussed in detail in Section 8.4. 

 

8.3.5 Wing aspect ratio and wing loading 

 

Table 8.4 lists species and mean values (± SD) for bodyweight, wing area and wingspan, and 

their derivatives, aspect ratio and wing loading, for twelve species, comprising one generalist, 

two honeyeaters, two large forest insectivores and seven small forest insectivores (red-

browed finch is more accurately described as a granivore, but is included in the small 

insectivore guild for convenience). The results are discussed in detail in Section 8.4. 

For the purposes of discussion, comparative data for aspect ratio and wing loading, taken 

from Norberg (1986) for selected European species, are included in Table 8.4. 
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Table 8.3: Mean (± SD) bodyweight and wing morphological data for species banded in the vicinity of the Compton Road overpass 

(PC = Primary chord (longest primary); P10 = distal primary from body; P9 = next primary; S1 = distal secondary from body; PP = primary projection). 

(Position in wing is given as the number, or numbers, of those primaries that are the longest in the wing for each particular species, and include records from 

this study and from Rogers et al. (1986). 

_________________________________________________________________________________________________________________ 

Species  Bodywt.   PC  Position  P10    (%PC)  P9 (%PC)   S1 (%PC)  PP (%PC) 

  (g)  (mm)  in wing  (mm)   (mm)   (mm)   (mm)  

________________________________________________________________________________________________________________________________________ 

Small forest insectivores: 

 

Red-backed  7.6±0.9  42.5±2.5     6 or 5  26.2±1.8  (61.6%)  36.4±2.1  (85.6%)  36.4±2.9  (85.6%)  5.2±2.2 (12.2%) 

fairy-wren (n = 11)  (n = 13)    (n = 5)   (n = 5)   (n = 5)   (n = 9) 

 

Variegated 8.6±0.8  47.0±1.7     6 or 5  27.3±5.2   (58.1%) 40.3±4.2   (85.7%) 39.0±3.4 (83.0%)  6.4±1.7 (13.6%) 

fairy-wren (n = 12)  (n = 10)    (n = 8)   (n = 8)   (n = 6)   (n = 7)   

 

White-browed  11.8±1.0  53.8±2.2  5 or 6  33.0±4.6 (61.3%)  44.3±1.2   (82.3%) 48.7±2.5   (90.5%) 7.5 ±1.0 (13.9%) 

scrubwren (n = 4)  (n = 4)    (n = 3)   (n = 3)   (n = 3)   (n = 4) 

 

Eastern  18.6±1.5  85.6±4.5  5, 6 or 7  48.5±6.6 (56.7%)  71.3±9.6   (83.3%) 57.6±11.3 (67.3%) 18.2±5.0 (21.3%) 

yellow robin (n = 11)  (n = 14)    (n = 4)   (n = 4)   (n = 5)   (n = 6) 

Silvereye 10.7±0.7  59.0±2.4  7 or 8  -   54.5±0.7 (92.4%)  45.4±2.2   (76.9%) 11.9±1.6 (20.2%) 

  (n = 9)  (n = 9)    -   (n = 2)    (n = 7)   (n = 7)   

 

Golden  22.6±1.3  90.1±3.0  6 or 7  60.0±0.0 (66.6%)  85.0±0.0   (94.3%) -     -  16.7±3.2 (18.5%) 

whistler  (n = 16)  (n = 16)    (n = 1)   (n = 1)      (n = 3)   
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Table 8.3 continued:  

________________________________________________________________________________________________________________________________________ 

Species  Bodywt.(g) PC (mm) Position  P10 (mm) (% P10) P9 (mm)   (% P9)  S1 (mm)  (% S1)  PP (mm) (% PP) 

________________________________________________________________________________________________________________________________________ 

 

Red-browed 9.0±0.0  50.3±1.7  6, 7 or 8   21.0±0.0 (41.7%)  49.0±0.0   (97.4%) 42.0±0.0 (83.5%)   8.7±1.5 (17.3%) 

finch  (n = 4)  (n = 4)    (n = 1)   (n = 1)   (n = 1)   (n = 3)  

 

Honeyeaters: 

 

Lewin’s  29.5±4.9  93.0±9.9   6    49.5±12.0 (53.2%) 78.0±8.5   (83.9%) 76.0±0.0 (81.7%)  17.5±3.5 (18.8%) 

honeyeater (n = 2)  (n = 2)    (n = 2)   (n = 2)   (n = 2)   (n = 2) 

 

Yellow-faced  15.0±1.8  78.3±2.6  6 or 7  22.0±0.0   (28.1%) 41.0±0.0   (52.4%) 64.5±2.12 (82.4%) 15.0±1.41 (19.2%) 

honeyeater (n = 4)  (n = 4)    (n = 2)   (n = 2)   (n = 2)   (n = 2) 

 

Large forest insectivores: 

 

Grey   -  119.7±2.3 5, 6 or 7  75.0±0.0   (62.6%) 111.0±0.0 (92.7%) 101.0±0.0 (84.4%) 20.0±0.0 (16.7%) 

shrike-thrush -  (n = 3)    (n = 1)   (n = 1)   (n = 1)   (n = 1) 

 

Black-faced -  186.5±0.7  7    55.0±0.0 (29.5%)  117.0±0.0 (62.7%) 122.5±3.5 (65.7%) 61.0±1.4 (32.7%) 

cuckoo-shrike   (n = 2)    (n = 1)   (n = 1)   (n = 2)   (n = 2) 

 

Generalists: 

 

Sacred   34.0±1.4  89.5±0.7   9 or 8    34.0±2.0 (38.0%)  87.3±1.15 (97.5%) 66.0±3.6 (73.7%)  20.0±0.0 (22.3%) 

kingfisher (n = 2)  (n = 2)    (n = 3)   (n = 3)   (n =3)   (n = 3) 

_________________________________________________________________________________________________________________________________________ 
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Table 8.4: Mean (± SD) for bodyweight and wing characteristics of species banded in 

the vicinity of the Compton Road overpass.  

(The wingspan figure used for golden whistler, denoted *, was taken from Robertson & 

Woodall (1982). The bodyweight figures denoted † were taken from Rogers et al. (1986). 
____________________________________________________________________________________ 

Species /   Bodyweight Wingspan Wing area  Aspect   Wing  

species guild                 (kg)   (m)     (m²)  ratio  loading 

____________________________________________________________________________________ 

 

Generalists 
 

Sacred    0.0340       0.320  0.01860  5.51  17.97 

kingfisher (n = 3) ±0.0014 ±0.010  ±0.0015 ±0.46  ±1.80 

 

Large forest insectivores 
 

Black-faced  0.112†  0.580  0.05430  6.19  20.22 

cuckoo-shrike (n = 1) ±0.00  ±0.00  ±0.00  ±0.00  ±0.00 
 

Grey shrike-thrush 0.061†  0.374  0.0279  5.01  21.40 

(n = 1)   ±0.00  ±0.00  ±0.00  ±0.00  ±0.00 
 

Honeyeaters 

 

Yellow-faced   0.015       0.234  0.0114  4.80  12.89 

honeyeater (n = 1) ±0.00  ±0.00  ±0.00  ±0.00  ±0.00 

 

Lewin’s   0.0295       0.289  0.01789  4.68  16.11 

honeyeater (n = 2) ±0.0050  ±0.016  ±0.0017 ±0.06  ±1.18 

 

Small forest insectivores 
 

Golden    0.023       0.270*  0.01505  4.84  14.95 

whistler (n = 1)  ±0.00  ±0.00  ±0.00  ±0.00  ±0.00 

 

Silvereye   0.011       0.179  0.00697  4.62  15.58 

(n = 4)   ±0.00  ±0.011  ±0.0005 ±0.24  ±1.29 

 

Eastern yellow   0.018       0.244  0.0130  4.61  13.90 

robin (n = 4)  ±0.001  ±0.016  ±0.0015 ±0.11  ±2.43 

 

Red-browed   0.0088       0.166  0.00628  4.39  14.01 

finch (n = 1)  ±0.00  ±0.00  ±0.00  ±0.00  ±0.00 

 

White-browed   0.0113       0.166  0.00669  4.12  16.88 

scrubwren (n = 2) ±0.0007 ±0.003  ±0.00013 ±0.06  ±0.74 

 

Red-backed   0.0078       0.130  0.00448  3.78  17.49 

fairy-wren (n = 2) ±0.0013 ±0.008  ±0.00050 ±0.07  ±1.05 

 

Variegated   0.0084       0.145  0.00559  3.74  15.09 

fairy-wren (n = 7) ±0.0009 ±0.004  ±0.00028 ±0.14  ±2.40 

 
____________________________________________________________________________________ 
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Table 8.4 continued: Mean (± SD) for bodyweight and wing characteristics for 

selected species taken from Norberg (1986).  

____________________________________________________________________________________ 

Species /   Bodyweight Wingspan Wing area  Aspect   Wing  

species guild                 (kg)   (m)     (m²)  ratio  loading 

____________________________________________________________________________________ 

 

Apus apus (swift) 0.0430  0.410  0.0163  10.3  25.9 

 

Hirundo rustica  0.0190  0.330  0.0146  7.5  12.8 

(swallow) 

 

Fidecula hypoleuca 0.0120  0.230  0.0107  4.9  11.0 

(pied flycatcher) 

 

Passer montanus 0.0109  0.185  0.0074  4.7  14.5 

(tree sparrow) 

 

Regulus regulus  0.0058  0.145  0.0044  4.8  12.9 

(goldcrest) 
___________________________________________________________________________________ 

 

 

8.4 Discussion  

 

8.4.1 Morphological parameters 

 

Saville (1957) identified two different avian wing types, described as ‘elliptical’ and 

‘high speed’ wings. The former confer high lift, and greater control and manoeuvrability 

in confined spaces and habitats. The latter reduce drag and increase power by means of 

a tapering wing-tip, a lower camber and a swept-back leading edge. ‘High speed’ wings 

allow efficient sustained flight. 

Keast (1996) postulated that rainforest taxa would differ in wing morphology from their 

con-generic and counterpart species in open forest/woodland habitats, reflecting 

differences in the position in the wing of the longest primary feather and in the relative 

lengths of the outer primary feathers, P10 and P9, and of the first secondary feather S1. 

Based on measurements of museum skins, he demonstrated that: (a) primary 9 tends to 

be proportionally shorter; (b) secondary 1 is proportionally longer; and (c) the longest 

primary is more proximally placed relative to the body, in the rainforest taxa when 

compared to species in similar taxonomic groups from open forest/woodland habitats. 

Our results (Table 8.3) showed that the two fairy-wren species, and white-browed 

scrubwren, have smaller percentage figures for P9 and primary projection (PP), and 

larger percentage figures for S1, than the majority of other species listed in the table. 
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They also have their longest primary positioned closer to the body than to the wing-tip. 

These three species are found in relatively confined spaces and habitats and therefore 

require greater manoeuvrability in flight and a broader wing shape. Interestingly, 

Lewin’s honeyeater, which is often found in rainforest habitat, also showed relatively 

small percentage figures for P9 and PP, and a relatively large percentage figure for S1.  

In contrast, sacred kingfisher, red-browed finch and golden whistler showed higher 

figures for P9 (%PC) and for primary projection as a percentage of PC. Sacred 

kingfisher and silvereye had relatively smaller percentage figures for S1, and had the 

longest primary positioned closer to the wing-tip.  These features are characteristic of 

wings allowing more efficient, sustained flight. These various differences in wing form 

are clearly apparent in Figures 8.1 and 8.2. 

The recorded figures for eastern yellow robin, when compared to those of the fairy-

wrens and white-browed scrubwren, were similar for P9 (%PC), but showed a smaller 

value for S1 (%PC) and a larger primary projection. This species generally takes its 

prey in short, rapid sallies from a low perch (Morcombe, 2000), which requires fast 

flight, but not necessarily high manoeuvrability. 

Black-faced cuckoo-shrike was the largest species examined, with a primary chord of 

186.5 mm. It has a strong flight pattern. As expected, it showed low values for P9 

(%PC) and S1 (%PC), and had the highest primary projection (%PC). 

Averill (1925) found that the length of the outermost primary feather P10 varied 

inversely with wing length. He hypothesised that P10 should be smaller in species with 

more active flight. Keast (1996) tested the hypothesis that rainforest taxa should have a 

conspicuous, if small, primary 10 feather when compared with their con-generic and 

counterpart species in open forest/woodland habitats. He was unable to confirm the 

hypothesis that P10 is smaller in more actively flying birds. Our results for P10 (%PC) 

did not show a consistent pattern across species studied, and were based on limited 

records. They cannot be used to test the hypothesis proposed by Averill (1925). With 

the exception of silvereye, all species studied had measurable P10 feathers, which were 

generally less developed than adjacent P9 feathers. 

 

8.4.2 Aspect ratio and wing loading 

 

Norberg (1986), working with European species, found that aspect ratio and wing 

loading differed between aerialist species which capture insects on the wing in open 
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areas (e.g. swifts and swallows) and those hunting among or close to vegetation (e.g. 

flycatchers and other small insectivores).  

Vanhooydonck et al. (2009) examined wing shape variation in the medium ground finch 

(Geospiza fortis) on Isla Santa Cruz in the Galápagos using an ecomorphological 

approach. They concluded that in dry years and arid locations, wing aspect ratios were 

highest and wings more pointed, consistent with a need for a low cost of transport. 

Contrastingly, in wet years and in cluttered habitats, wing loading was lower and wings 

were more rounded, suggesting enhanced capabilities for manoeuvrability   

 

Aspect ratio and wing loading results for the species within the forested habitats in my 

study differed between species guilds, and within the small forest insectivore guild. The 

results for these two wing parameters are now discussed separately. 

 

8.4.2.1 Aspect ratio 

 

The results for aspect ratio ranged from 6.19 for black-faced cuckoo-shrike, to 3.74 for 

variegated fairy-wren. Within the small forest insectivore guild, the two fairy-wren 

species had the lowest aspect ratios, while golden whistler had marginally the highest 

aspect ratio. Golden whistler has a relatively strong flight pattern and was shown to 

cross one of the high-traffic roads studied in the road crossing component of my study 

(see Table 7.1). Within the small forest insectivore guild, silvereye was shown to be 

capable of flight across major roads and to fly directly across the overpass (see Table 

6.1). 

The two representatives of the honeyeater guild for which reliable data were obtained, 

yellow-faced honeyeater and Lewin’s honeyeater, have similar aspect ratios to silvereye 

and golden whistler. The representatives of the generalist and large forest insectivore 

guilds, sacred kingfisher, black-faced cuckoo-shrike and grey shrike-thrush, have higher 

aspect ratios. In general, members of the generalist, honeyeater and large forest 

insectivore guilds are capable of direct flight across the major roads studied (Table 7.1). 

 

Comparison with the European data shown in Table 8.4, leads to two interesting 

observations: none of the local Queensland species have aspect ratios which approach 

those found for swift, while none of the European species have aspect ratios as low as 

the local fairy-wren species. These observations are perhaps not surprising given that 
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the habitats and foraging strategies of these species groups differ considerably. Swift 

and swallow are aerialists taking insects on the wing, while fairy-wrens are forest-

dwelling small insectivores gleaning insects from foliage. 

Aspect ratios for the other three lower-bodyweight European species included in Table 

8.4, pied flycatcher, tree sparrow and goldcrest, are largely similar to those of the local 

small forest insectivore species, silvereye, eastern yellow robin and golden whistler, and 

to the two honeyeater species. Goldcrest has a low bodyweight, somewhat lower that of 

the local fairy-wren species, but has a higher aspect ratio and lower wing loading. 

Goldcrest has a more pointed wing shape, with relatively long wing-tips, and a greater 

wingspan, relative to bodyweight. It is a bird of woodland and gardens. It has an active 

flight pattern and undertakes periodic migrations (Jonsson, 1992).  

 

8.4.2.2 Wing loading 

 

Wing loading reflects wing area. Generally, species with a large wing area have a low 

wing loading. A low wing loading facilitates lift in slow flight (Lighthill, 1977).  

The two large forest insectivores, grey shrike-thrush and the large-bodied black-faced 

cuckoo-shrike, had the highest values for wing loading in my study at 21.4 and 20.2 

respectively, while values for the seven small forest insectivores studied ranged from 

14.0 -17.5. In the data from Norberg (1986) in Table 8.4, the large-bodied swift has the 

highest wing loading of 25.9, while pied flycatcher has the lowest wing loading of 11.0.  

A species hawking insects in the air (e.g. pied flycatcher, which forages effectively in 

vegetated areas) would benefit from relatively low mass and large wing area, giving low 

wing loading, and enabling slow, manoeuvrable flight. The pied flycatcher is able to fly 

from perches to catch its prey aerially, but will also glean insects off vegetation. The 

local forest–dependent insectivores have relatively short wings of low aspect ratio, but 

have more expensive flight than longer-winged species. They may therefore have to use 

shorter foraging flights, within forest vegetation. The local eastern yellow robin, for 

example, uses short flights from forest perches to take prey from the forest floor or from 

vegetation (Morcombe, 2000) 

Those species which have a long wingspan, and/or a high aspect ratio (e.g. swift, 

swallow, sacred kingfisher, grey shrike-thrush and black-faced cuckoo-shrike) have a 

low transportation cost. The highest wing loading figures are associated with the highest 

bodyweight species, swift and black-faced cuckoo-shrike. The swift also benefits from 
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very long, pointed wings, which further reduce flight costs. It can forage for long 

periods in the air, making it a very efficient aerial forager.  

An important difference between the European species and the local forest-dwelling 

fairy-wren species and white-browed scrubwren, relates to wing shape and 

morphological parameters. The latter species have relatively shorter and broader wings 

(see Table 8.3 for P9, S1 and PP as percentages of PC). 

The result of selection pressure for a shorter, broader wing within a closely-confined 

forest habitat may have led to the differences in wing area recorded for these species 

when compared to those of species using more open habitats. Both aspect ratio 

(wingspan²/wing area) and wing loading (Mg/wing area) would be expected to differ 

between these two species groups. However, the resultant lower aspect ratios of 

insectivorous species which forage in denser, forested environments are associated with 

increased energy expenditure in flight. The transportation costs of these species are 

higher than those of longer-winged, open-area foraging birds. 

These higher transportation costs mean that these insectivorous species have reduced 

ability for sustained, direct flight, when compared to species from more open habitats. 

As a consequence, they might therefore be expected to be more reluctant to fly directly 

across major roads, and to potentially benefit more from the use of wildlife overpasses. 

 

My banding programme has produced a limited set of aspect ratio and wing loading 

estimates covering twelve species of four species guilds, and based on measurement of 

semi-span and/or conventional wingspan. Clearly, further research is required to expand 

the preliminary dataset gathered and to confirm the initial conclusions reached.  

Such future research should have a broader scope than was possible in my limited study. 

Flight performance in birds is governed by a combination of factors including, not only 

the size and shape of the wings, but also the mechanical power available from the flight 

muscles, the mechanical control of the wings (and hence the wing-beat kinematics), and 

the bodyweight of the bird which needs to be supported (McFarlane, 2014). Contraction 

and relaxation of the wing muscles control the shape and position of the wings during 

the wing beat, which in turn determines flight performance.  

Further, Nudds et al. (2011) commented that the angle at the elbow in the stretched-out 

wing of a bird having its wingspan measured is not necessarily functional and 

representative of the wing-stroke in normal flight. It is likely that the angle of the elbow 
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of the wing varies in flight and during each wing stroke (Nudds et al., 2011; Dial et al., 

1991; and Jenkins et al., 1988).  

Clearly, the measurement of conventional wingspan (and the derived aspect ratios) will 

be subject to the technique and consistency of the operator and the estimation of the 

position of correct extension in normal flight. 

These inherent problems of measuring functional wingspan were not addressed in my 

study programme. The results obtained in the programme for aspect ratio and wing 

loading, although based on consistent application of defined methodology by the same 

operators, are subject to the limitations discussed above. Comparison with results of 

other wingspan measurement programmes should recognise the likelihood of variability 

between operators and techniques employed.  
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Chapter 9 

 

The conservation value of wildlife overpasses for birds 

 

9.1 Background  

 

This final chapter is taken mainly from the paper:  

“Are wildlife overpasses of conservation value for birds? A study in Australian sub-

tropical forest, with wider implications”   

Stuart Pell and Darryl Jones  

1. Biological Conservation, Volume 184, April 2015, pages 300-309. 

doi: 10.1016/j.biocon.2015.02.005 

 

As such, there is inevitably some repetition of material used earlier in this thesis. 

 

A major conservation objective of any wildlife overpass should be to increase, or at 

least maintain, levels of dispersal between fragmented areas of habitat, thereby 

maintaining gene flow and sustaining population viability of target species 

(Kozakiewicz, 1993; Forman & Alexander, 1998). Animal use of an overpass in itself 

may not be sufficient to guarantee survival of a population because a species-specific 

minimum number of individuals is required to cross between patches and successfully 

mate when on the other side to ensure adequate gene flow (Whitlock & McCauley, 

1999). This minimum number is, however, difficult to measure for wild populations in a 

generally applicable way (Holderegger & Di Giulio, 2010), and determination of such 

minima has been little addressed (Corlatti et al., 2009).  

Clear evidence indicates that certain forest-dwelling bird species are reluctant to cross 

gaps >50m in forest cover in landscapes dominated by agriculture, timber harvesting, 

and urban infrastructure (Tremblay & St. Clair, 2009). Tropical species are especially 

vulnerable to the impacts of roads and linear clearings in forests because they include 

many ecological specialists that avoid even narrow (<30m wide) clearings and forest 

edges (Laurance et al., 2009). Working in Central Amazonian rainforest, Laurance et al. 

(2004) found that most forest-dependent insectivores had markedly inhibited road-

crossing movements, except at sites with extensive regrowth. Solitary understory 

species rarely crossed roads, even when they were overgrown by tall regrowth. On the 

other hand, movements of frugivorous, edge, and gap species were not inhibited.  
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Importantly, from a conservation perspective, Lees & Peres (2009), also working in 

Amazonia, found that species persistence in isolated fragments was strongly linked to 

gap-crossing ability. The most capable gap-crossers were medium to large-bodied 

species in the insectivore, frugivore and granivore guilds, matching the most prevalent 

subset of species in small forest patches. The authors suggested that narrow forest gaps 

(4–70m) created by roads and powerlines, may become territory boundaries, thereby 

eliminating home-range gap-crossing movements for many forest species, but 

permitting rare dispersal events. Furthermore, wider gaps (>70m) may inhibit gap-

crossing behaviour for all but the most vagile of species.  

It appears likely, therefore, that certain bird species and species guilds would be 

expected to benefit from the use of wildlife overpasses. Since environmental conditions, 

habitats, evolutionary background and behavioural characteristics of bird species and 

guilds across the world differ considerably, it is important to identify the characteristics 

of those species guilds which are likely to benefit and those which will derive little 

benefit from the use of wildlife overpasses.  

 

9.2 Objectives  

 

This chapter aims to assess the conservation value of the Compton Road overpass to the 

range of avian species using it. It also aims to identify characteristics of those species 

and species guilds which may benefit in terms of potential gene-flow from the use of 

wildlife overpasses. 

 

9.3 Methods  

 

Information presented in Chapters 4 and 6 highlighted the differences between species 

and between species guilds in methods and rates of crossing of the Compton Road 

wildlife overpass. In order to assess the significance of the overpass from the standpoint 

of genetic transfer and avian conservation, it is necessary to know which of these 

species and species guilds readily cross roads with heavy traffic flows, and importantly, 

which ones do not. 

Information on which species are reluctant or unable to cross roads of certain widths, 

taken from Chapter 7, was therefore considered alongside results for the rates of 

crossing the wildlife overpass, particularly in the context of dispersal and gene transfer. 

This allowed the potential conservation value of wildlife overpasses for different bird 
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species and species guilds to be assessed. Finally, characteristics of those species likely 

to benefit from the use of wildlife overpasses were identified.  

The colour-banding programme, detailed in Chapter 8, was designed in part to identify 

and categorise movements across the overpass at the individual level. Without evidence 

of bird movements at the individual level, it is not possible to demonstrate that any 

crossings of the overpass might be dispersal movements away from the natal site. 

Results from Chapter 8 on the location of re-trapped birds or birds re-identified by 

binocular observation were also used to identify those small insectivore species, 

resident in territories on either side of Compton Road, for which the edges of the major 

road were territorial boundaries.  

The wing morphometric measurements and calculated aspect ratio and wing loading 

figures, reported in Chapter 8, were used to identify characteristics of those species and 

species guilds which may benefit from the use of wildlife overpasses. 

 

9.4 Results 

 

From a conservation perspective, in terms of dispersal and genetic transfer, an important 

criterion is the relative ability of species and species guilds to cross high-traffic roads 

and/or to cross the overpass. This comparison must be made by using crossing records 

of roads and overpass over same time period. Here I used crossing records for the two 

hour period from approx. 30 minutes after sunrise (as was used in the road count 

surveys).  

Records for this time period were extracted from the overpass crossing record (Table 

6.1) and compared with the road crossing record (Table 7.1). In both cases, records 

cover the full year, and involved 48 hours of survey time. This comparison is shown in 

Table 9.1. 

The records extracted from the overall overpass crossing record totalled 151 records 

comprising 3 generalist, 38 honeyeater, 28 large forest insectivore, 65 silvereye, and 17 

other small forest insectivore records. Silvereye records are shown separately from other 

small forest insectivores because of the major contribution of silvereye to the overpass 

crossing record. 
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Table 9.1: Crossing rates (crossings/hour) of four species guilds, and silvereye, on the 

overpass and at four road sites of different width (Site A: Gateway, 90m wide; Site B: 

Illaweena, 20m wide; Site C: Compton (near), 60m wide; and Site D: Compton (far), 

60m wide. Mean (Roads) is the mean crossing rate across the four road sites). 

_________________________________________________________________________________________ 

Species guild / Species   Site A Site B Site C Site D Mean Overpass 
         (Roads) 

________________________________________________________________________________ 

 

Generalists    2.8 2.1 2.9 2.8   2.7     0.1 

 

Honeyeaters    0.4 1.3 0.4 0.5   0.7     0.8 

 

Large forest insectivores  0.3 0.3 0.1 0.5   0.3     0.6 

 

Small forest insectivores (- silvereye) 0 0.5 0 0.2   0.2     0.4  

 

Silvereye    0.1 0.1 0.2 0.3   0.2     1.4 

_________________________________________________________________________________ 

 

It is useful to be able to compare these crossing rates with estimates of species 

composition in the adjacent forest areas. Veage & Jones (2007) gave details of 

comprehensive bird surveys carried out in forest on either side of Compton Road at 

Kuraby and Karawatha Forest over the period 2004 - 2007. These surveys recorded a 

total of 92 species (generalists: 37; honeyeaters: 9; large forest insectivores: 16; small 

forest insectivores: 30), many of which were at very low numbers. Aspects of this 

survey data are summarised in Table 9.2.  
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Table 9.2: Major components of the avian population within the Karawatha and Kuraby 

forested areas in the vicinity of the Compton Road wildlife overpass. 

(Figures are given for four species guilds and for four major species within each guild. 

Percentages are calculated from numbers recorded over the survey period (February 

2004 – July 2007), as percentages of the overall survey total of 11,902 records). 

(Adapted from Veage & Jones, 2007).  

____________________________________________________________________________ 

Species guild / Species              Number  Percentage of  
       recorded  overall survey  

         total 
____________________________________________________________________________ 

 

Generalists (figures for overall species guild)  5396  45.3 

Trichoglossus haematodus (rainbow lorikeet)  2311  19.4 

Corvus orru (Torresian crow)     782  6.6 

Cracticus nigrogularis (pied butcherbird)  425  3.6 

Dacelo novaeguineae (laughing kookaburra)  216  1.8 

 

Honeyeaters (overall species guild)   2503  21.0 

Lichenostomus chrysops (yellow-faced honeyeater) 1091  9.2   

Melithreptus albogularis (white-throated honeyeater) 743  6.2   

Philemon corniculatus (noisy friarbird)   243  2.0   

Myzomela sanguinolenta (scarlet honeyeater)  191  1.6  

  

Large forest insectivores (overall species guild) 982  8.3 

Colluricincla harmonica (grey shrike-thrush)  292  2.5 

Coracina novaehollandiae (black-faced cuckoo-shrike) 288  2.4 

Dicrurus bracteatus (spangled drongo)   191  1.6  

Sphecotheres vieilloti (Australian figbird)  18  0.2 

  

Small forest insectivores (overall species guild)  3021  25.4 

Zosterops lateralis (silvereye)    439  3.7  

Rhipidura albiscarpa (grey fantail)   428  3.6   

Malurus melanocephalus (red-backed fairy-wren) 182  1.5 

Pachycephala pectoralis (golden whistler)   173  1.5  

_____________________________________________________________________________ 

 

 (Small forest insectivore species recorded in this survey, but not recorded to cross the overpass, 

included the following species of possible conservation interest to our study: satin flycatcher 

(Myiagra cyanoleuca); rose robin (Petroica rosea); varied sittella (Daphoenositta chrysoptera); 

black-faced monarch (Monarcha frater); spectacled monarch (Symposiarchus trivirgatus); 

white-browed scrubwren (Sericornis frontalis); and golden-headed cisticola (Cisticola exilis)). 
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9.4.1 Comparison of crossing rates on overpass and at four road sites  

 

Generalists crossed the overpass at a very low rate, even though their crossing rates of 

all roads were high. Their percentage composition in the 2004-2007 surveys in adjacent 

forest (Table 9.2) was high.  

Honeyeaters and large forest insectivores crossed roads and overpass frequently. 

Honeyeaters were well-represented in the 2004-2007 surveys, as were the main large 

forest insectivore species (Table 9.2).  

The small forest insectivore guild was also prominent in the 2004-2007 survey of forest 

avifauna (Table 9.2). Silvereye featured strongly in the overall overpass crossing record. 

This species regularly used the overpass as a conduit for passage between adjacent 

forest areas, particularly in this early period of the day. Five other small insectivore 

species crossed the overpass at lower rates. Only two small forest insectivore species 

crossed the wider roads studied: silvereye and striated pardalote. These species are 

capable of strong, direct flight. 

 

The species guilds differed in their methods of crossing the overpass (Table 9.1). The 

honeyeater and large forest insectivore guilds crossed regularly by either direct flight or 

by movement within the foliage of overpass vegetation. Contrastingly, the large 

majority of small forest insectivores crossed only by movement through overpass 

foliage. The noteworthy exception to this was silvereye which crossed readily by either 

method.  

 

 A major objective of the road crossing section of our study was to quantify the extent to 

which the avian population of Karawatha Forest would cross high-traffic roads of 

different width. We were particularly interested to know which species and species 

guilds were reluctant to cross these roads. Members of the generalist, honeyeater and 

large forest insectivore guilds were capable of flying across all major roads studied. At 

the widest road studied, the honeyeater species which crossed were larger bodyweight 

species, noisy friarbird (bodyweight 100-150g) and noisy miner (bodyweight 50-90g). 

Honeyeaters crossed in significantly greater numbers at the narrowest road site. 

Importantly, six small forest insectivores (the three fairy-wren species, rufous fantail, 

eastern yellow robin and leaden flycatcher) were never recorded to cross any of the 

roads studied.  
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9.4.2 Assessment of conservation value of vegetated wildlife overpasses 

 

The generalist, honeyeater, and large forest insectivore guilds studied are all capable of 

flight across major roads. The honeyeater and large forest insectivore guilds also make 

extensive use of the wildlife overpass as a food resource and as a conduit between the 

forest areas bisected by the major road. Although the specific gene-flow requirements of 

these three guilds are not yet established, substantial numbers do cross roads and the 

wildlife overpass. From a conservation perspective, in terms of gene transfer, these 

species guilds are unlikely to benefit from the use of wildlife overpasses. Within the 

small forest insectivore guild, three species (silvereye and the two pardalote species) 

can be categorised in a similar manner. 

 

My results indicate therefore that, for avian species, the conservation value of wildlife 

overpasses in relation to potential gene-flow will lie mainly with forest-dwelling small 

insectivore species, predominantly with forest-dwelling species of lower bodyweight 

and with flight characteristics not well-suited to sustained direct flight. Differences 

between species within this guild are linked to a range of inter-related factors, including 

flight capacity, habitat use, and evolutionary history. These differences will determine 

whether they are likely to benefit from the use of wildlife overpasses. 

 

9.5 Discussion 

 

9.5.1 Flight capacity  

 

The results for wing morphometrics and the derived values, aspect ratio and wing 

loading, which are summarised in Tables 8.3 and 8.4, demonstrate important differences 

in flight patterns and capabilities related to habitat preference and lifestyle. 

 

9.5.1.1 Aspect ratio 

 

In general, species living within confined forest habitats have relatively broader wings 

and lower aspect ratios than species more adapted to life-styles involving sustained 

direct flight, which have relatively greater wing length and aspect ratios, and greater 

wing loading.  These characteristics allow them to attain higher levels of 

manoeuvrability in confined vegetated areas, and may be involved in the differences 
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seen within the small insectivore guild in the relative reluctance to cross roads and/or 

preference to cross via vegetated overpasses.  

The strong-flying, periodically migratory (Morcombe, 2000) silvereye crossed all roads 

studied and crossed the overpass by both crossing methods. The medium-bodyweight 

small insectivores, golden whistler and rufous whistler, crossed the narrow road, and 

crossed the overpass in-foliage, while five lower-bodyweight small insectivores with 

more manoeuvrable flight patterns (the three fairy-wren species, rufous fantail and 

leaden flycatcher) all crossed the overpass in-foliage, but were not recorded to cross at 

any road site.  

The sedentary eastern yellow robin crossed the overpass in-foliage, and was not 

recorded to cross any of the road sites studied. It is capable of strong flight over 

relatively short distances during predatory flights from forest perches. The discussion 

below in 9.5.2 on territory boundaries associated with the edges of major roads 

examines further the reluctance of eastern yellow robin to cross major roads.  

The two fairy-wren species had the lowest aspect ratios of all species listed in Table 8.3, 

while the value for the white-browed scrubwren, a bird of dense understory habitats, 

was slightly higher. The two whistler species, eastern yellow robin and silvereye had 

similar, higher aspect ratio values. Of the three other species guilds for which I obtained 

aspect ratio values (generalist, honeyeater, and large forest insectivores), generalist and 

large forest insectivore guilds had the highest aspect ratio values. Representatives of 

these three guilds were all capable of direct flight over major roads. 

Wing aspect ratio may be a useful part-indicator of relative reluctance to cross roads 

and/or preference to cross via vegetated overpasses. Other factors (e.g. territory 

boundaries associated with the edges of major roads) may well be involved, so further 

research is clearly needed in this area.  

 

9.5.1.2 Wing loading 

 

Generally, species with a large wing area have a low wing loading. A low wing loading 

facilitates lift in slow flight (Lighthill, 1977). For example, species which hunt insects 

in the air, particularly in forested environments, would benefit from relatively low mass, 

long wings and large wing area, giving low wing loading, and enabling slow, 

manoeuvrable flight. The local forest–dependent small insectivores have relatively short 
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wings, but have more expensive flight than longer-winged species due partly to the 

increased work required in order to overcome the frictional drag of body and wings. 

The results for wing loading in my study range from highs of 21.4 and 20.2 for the two 

large forest insectivore species, to lows of 14.0 – 17.5 for the seven small forest 

insectivores studied. There is little discernible pattern in the results for the seven small 

insectivores. 

Wing loading is defined as Mg/S (mass M times acceleration due to gravity g, divided 

by wing area), and therefore measured bodyweight has a major influence on derived 

wing loading value, particularly for low-bodyweight species. Field measurements of 

bodyweight can vary markedly during the day, between sexes, seasons, and between 

different stages of the breeding and other physiological cycles (Rogers et al., 1986), and 

can also reflect resource availability. For the majority of the small insectivore species in 

Table 8.4, the number of individuals measured was low and insufficient to allow for 

effective comparison between the small insectivore species. Further research in this area 

is clearly needed. 

In general, the more expensive transportation costs associated with the shorter, broader 

wing-shape of the small forest insectivores result in reduced ability for sustained, direct 

flight, when compared to species from more open habitats. As a consequence, they 

might therefore be expected to be more reluctant to fly directly across major roads. 

They may also have to use shorter foraging flights, within their forested habitats. The 

local eastern yellow robin, for example, uses short flights from forest perches to take 

prey from the forest floor or from vegetation (Morcombe, 2000). 

Those species which have a long wingspan, and a high aspect ratio (e.g. swift, swallow, 

sacred kingfisher and black-faced cuckoo-shrike) have lower transportation costs. Two 

of the highest wing loading figures in Table 8.4 are associated with the highest 

bodyweight species, swift and black-faced cuckoo-shrike. The swift, in particular, 

benefits from very long, pointed wings, which reduce flight costs. It can spend long 

periods in the air, and is a very efficient aerial forager.  

 

9.5.2 Edges of major high-traffic roads as territory boundaries 

 

In the recoveries reported in Table 8.2, for the group of small forest insectivores (red-

backed fairy-wren (bodyweight 6-9g), variegated fairy-wren (bodyweight 8-10g), and 

eastern yellow robin (bodyweight 17-20g), from 51 recoveries to-date, none have been 
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recovered on the other side of the overpass from that on which they were originally 

banded. In contrast, the group of the larger-bodied grey shrike-thrush (bodyweight 60-

80g) and golden whistler (bodyweight 20-30g), and silvereye (bodyweight 10-12g), 

have been recovered on the other side of the overpass from that on which they were 

banded, in 9 of a total of 20 recoveries (45%). These last-mentioned three species are 

clearly capable of crossing via the overpass or by flying directly across the road.  

 

The two fairy-wren species and eastern yellow robin are known to be resident in the 

area, with territories on either side of the road, adjacent to the overpass. The results in 

Table 8.2 indicate that the edges of Compton Road constitute territorial boundaries for 

red-backed fairy-wren, variegated fairy-wren and eastern yellow robin in territories in 

the Kuraby and Karawatha forest areas alongside Compton Road. During other parts of 

my study programme covering a period of approximately 19 months from August 2012 

to February 2014, I recorded totals of only four eastern yellow robins, four red-browed 

fairy-wrens, two variegated fairy-wrens and one superb fairy-wren on the central areas 

of the overpass. These included two eastern yellow robins recorded on Karawatha 

central overpass count-area during the abundance counts reported in Chapter 3. The 

other records were recorded during the nine-hour day counts reported in Table 6.1.  

In contrast, on numerous occasions throughout the study programme I noted that red-

backed and variegated fairy-wrens foraged regularly across both slopes of the overpass, 

while eastern yellow robin has shown many instances of territorial defence (repeated 

warning calls) from the lower reaches of the Kuraby-side slope of the overpass. 

From a conservation perspective, the fact that the edges of major roads can constitute 

territorial boundaries, highlights the potential importance of suitably positioned and 

vegetated wildlife overpasses in providing pathways for dispersal for small forest 

insectivore species in territories bounded by major arterial roads.  

 

9.5.3 Significance of overpass crossing behaviour 

 

Records of the infrequent overpass crossings of three fairy-wren species, eastern yellow 

robin, and rufous fantail (Table 6.1) showed a pattern of relatively rapid, staged 

movement through the lower vegetation strata, with little attempt to forage en-route. 

They crossed predominantly along the sides of the central overpass, close to the lateral 

exclusion fence-lines. The crossings occurred mainly in the summer months following 
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the end of the breeding season, which is generally during the late winter to early 

summer months for these species in south-eastern Queensland.  

The records for leaden flycatcher showed a somewhat different pattern. They 

consistently foraged in overpass foliage while crossing. On two occasions, family 

groups of three birds (male, female and immature) crossed together, indicating 

successful passage of immature birds. I do not have evidence that leaden flycatcher is 

territorial in the forested areas close to Compton Road overpass, or whether it may 

incorporate the overpass as part-territory. 

 

I have not recorded evidence of the central areas of the overpass being used as core 

breeding territory by any avian species. This central area of the 15m wide overpass is 

immediately over a noisy, high-traffic, arterial road, and as such, may be avoided as a 

potential breeding site (see Katti & Warren (2004), De Molenaar et al. (2006) and 

Reijnen & Foppen (2006). It is important to note, however, that roads and associated 

infrastructure can offer hunting, foraging and nesting opportunities, and that certain 

species (eg. raptors, corvids, farmland and woodland species) are known to incorporate 

them into defended territories (Grzybek et al., 2008; Morelli et al., 2014).  

 

9.4.4 Studies in other conditions 

 

Studies in other conditions, and on other continents, have identified species-specific 

responses to roads and to gaps in forest cover. 

Laurance et al. (2004) found that movements across a 30–40m wide road in Amazonian 

rainforest were markedly inhibited for most forest-dependent insectivore species, but 

not for frugivorous, edge and gap species. Lees & Peres (2009), also working in 

Amazonian rainforest, documented the relative abilities of a wide range of species to 

cross linear gaps in forest cover ranging from 4–70m in width. Species guilds differed 

in their ability to cross such gaps, with medium to large-bodied species in the large 

insectivore, frugivore and granivore guilds the most capable gap-crossers. Further, these 

authors state that, during these extensive studies, they probably witnessed only a small 

number of rare dispersal events. They did however reinforce the conclusions of 

Laurance & Gomes (2005) that narrow forest roads do not present a major barrier to 

rarer dispersal movements.  

Tremblay et al. (2011) examined movements of a non-migratory, omnivorous, urban-

adaptable species, the black-capped chickadee (Poecile atricapillus), and an urban-
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sensitive, insectivorous, migratory species, yellow warbler (Dendroica petechia), 

through a landscape heavily fragmented by a busy transportation network in Calgary, 

western Canada. Using translocation experiments, they demonstrated species-specific 

response thresholds to canopy cover and to gap width in forest cover. The presence of 

gaps in forest cover explained more variation in return time to home territory than did 

the amount of forest cover, for both species. Chickadees exhibited longer return times 

when translocated across linear gaps associated with bridges and roads. In contrast, 

yellow warbler movements appeared to be more constrained by urban development. In 

Germany and France, Keller et al. (1996) documented the passage of a total of forty two 

bird species flying across three motorways, either over wildlife passages or over open 

stretches of the motorway. In spring, woodland species used the vegetated wildlife 

passages significantly more frequently than they flew across open stretches of the 

motorway. Species characteristic of more open habitats did not show any preference.  

 

9.4.5 Conclusions, applicability and management implications 

 

The current findings, in the sub-tropical environment and habitats of south-eastern 

Queensland, are consistent with the above studies. Given this wide spread of 

geographic, environmental, and habitat conditions, it can be expected that the findings 

would have more general applicability.   

It seems inevitable that negative effects of major roads and road networks on avian 

fauna will become increasingly widespread throughout many countries. Because 

conditions and avian species assemblages and their evolutionary backgrounds, will 

differ considerably across these areas, it is important to assess local forest-dwelling 

species in terms of the characteristics documented above which identify those species 

likely to benefit from use of wildlife overpasses.  

The species of particular conservation interest will be predominantly forest-dwelling 

species. They will include: sedentary, territorial species, often insectivores of smaller 

bodyweight; terrestrial species of all bodyweights; and forest species and guilds with a 

high level of habitat specificity, including edge-averse and forest understory species. 

They will often have flight characteristics not well-suited to sustained direct flight, 

perhaps linked to their evolutionary history. Such flight characteristics may involve 

wing morphology appropriate to their densely vegetated habitats, including broader 

wings and lower aspect ratios. 
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The species will not be exclusively of smaller bodyweight. For example, certain 

ecological specialists occupying forest understory habitats (e.g. the whipbirds 

(Psophodes spp.), may be of larger bodyweight and relatively weak flight capability. 

 

There are few, if any, overpasses built specifically for birds, but it is clear that they 

readily utilise multi-purpose overpasses and other overpasses built specifically for non-

avian target species. However, elements of overpass design and vegetation suited to the 

above avian species groups can be incorporated relatively simply into the planning and 

design stages of new overpasses, or added to existing structures.  

This would involve identifying the habitat requirements of the particular species in the 

area likely to benefit from use of the overpass, and providing suitable vegetative cover, 

based on local plant species. These would usually be of the medium-level shrub and 

small tree strata, and of the understory. It is important that both overpass entrance 

slopes and central areas are planted in this way. Linear strips, ca. 3 - 5 m wide, located 

at either side of the overpass, in the vicinity of the lateral exclusion fences, are 

suggested. These dimensions would provide sufficient vegetative cover to allow for 

successful dispersal of the species categories identified above.     

 

The willingness to use wildlife overpasses appears to involve both the incentive and the 

inclination to cross, linked to individual characteristics of species and species guilds. 

Incentives to cross an overpass include the use of resources available on the overpass, 

and the use of the overpass as a conduit for passage between adjacent forest areas and 

their available resources (such passage can of course include rare dispersal events, and 

travel by any species which might have a territory involving forest on either side of the 

overpass). As discussed above, incentives are low for generalists, but are high for most 

honeyeaters and silvereye. 

Inclination to cross is more complex, and involves issues of territoriality. Major 

disincentives to use of wildlife overpasses include edge aversion and the fact that the 

edges of major roads will often constitute territorial boundaries for certain resident 

small forest insectivores.  
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     Chapter 10 

 

   Summary of main research findings 

 

10.1 Bird abundance and species guild composition  

 

Bird abundance on Compton Road overpass was similar to that on the Kuraby forest 

transect, but significantly higher than that on the Karawatha forest transect. Species 

guild composition on the overpass differed from that on the forest transects. Generalist 

abundance was significantly lower on the overpass than in forest transects, while the 

converse was true for small forest insectivores. Abundance levels for honeyeaters, and 

for large forest insectivores, did not differ between overpass and forest transects. 

 

10.2 Diurnal activity pattern 

 

Mean bird activity on the overpass increased from early to late morning, with the 

highest average values occurring during hours 3 to 6. This was associated with periodic 

use of overpass resources for feeding (by mixed-species feeding flocks, by species 

targeting particular flowering plant resources, and by groups of foraging insectivores). 

 

10.3 Rate and method of crossing the overpass 

 

Overall crossing rate was 2.41 birds per hour. There were marked differences between 

species guilds in use of the overpass for crossing and method of crossing. Generalists 

crossed only infrequently. Small forest insectivores and honeyeaters were the major 

guilds which crossed, while large forest insectivores also crossed frequently. 

There were two different methods of crossing, either in-foliage and by direct flight at 

approximately canopy height. Honeyeaters, large forest insectivores and silvereye used 

both methods. Other small forest insectivores crossed in-foliage.  

 

10.4 Use of the overpass as a conduit for movement between forest areas  

 

Results for time and direction of crossings demonstrated widespread and effective use 

of the overpass as a direct conduit for movement between forest areas on either side of 

the intervening major road. 
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10.5 Road crossing studies 

 

There were differences in the rates at which different species guilds crossed the three 

high-traffic roads of different width studied. Generalists and large forest insectivores 

crossed at all road sites. Honeyeaters were also capable of crossing high-traffic roads, 

but comparatively, across the different road widths studied, honeyeaters crossed in 

significantly greater numbers at the narrowest road site. For small forest insectivores, 

seven of the thirteen overpass-crossing species were never recorded to cross at any road 

site, four species only crossed at the narrowest road site, while two species were capable 

of flying across all roads studied. 

 

10.6 Width as a determinant of avian use of overpasses 

 

Comparison of Bonville and Compton Road overpasses demonstrated that overpass 

width may influence avian use.  

The narrower Compton Road overpass was widely used as a conduit between adjacent 

forest areas. The central areas of Compton Road overpass were not used as core 

territory. The wider Bonville overpass appeared to be used overall as territory, or part-

territory, by a number of species, with both central areas and outer areas being used 

throughout the year.  

 

10.7 Edges of major roads bisecting forest areas constitute territory boundaries for 

resident small insectivore species 

 

The edges of Compton Road were shown to be territorial boundaries for three small 

insectivore species (red-backed fairy-wren, variegated fairy-wren and eastern yellow 

robin) resident in Kuraby and Karawatha forest areas at either side of the road. 

 

10.8 Conservation value of Compton Road overpass 

 

While honeyeater and large forest insectivore guilds made extensive use of the wildlife 

overpass as a foraging resource and as a conduit between forest areas, the conservation 

value of the overpass in relation to potential gene-flow lay mainly with the small 

insectivore species guild, predominantly with forest-dwelling species of lower 

bodyweight and with flight characteristics not well-suited to sustained direct flight.  
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10.9 Species of particular conservation interest  

 

Species of particular conservation interest will be predominantly forest-dwelling 

species, and will include: sedentary, territorial species, often insectivores of smaller 

bodyweight; terrestrial species of all bodyweights; and forest species and guilds with a 

high level of habitat specificity, including edge-averse and forest understory species. 

They will often have flight characteristics which are constrained, perhaps by 

evolutionary history and their densely vegetated habitats. Their wing morphology may 

include broader wings and lower aspect ratios. 
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Appendices 

 

Appendix Table 1:   Species assigned to four species guilds  

 
Generalists 
Australian brush-turkey   Alectura lathami       

Australian wood duck   Chenonetta jubata  

Pacific black duck    Anas superciliosa  

Bar-shouldered dove  Geopelia humeralis                                                                                      

Little pied cormorant   Microcarbo melanoleucos  

Australian white ibis   Threskiornis molucca  

Pacific baza   Aviceda subchristata                                                                              

Galah     Eolophus roseicapillus  

Sulphur-crested cockatoo   Cacatua galerita  

Rainbow lorikeet   Trichoglossus haematodus                                                                     

Scaly-breasted lorikeet   Trichoglossus chlorolepidotus  

Pale-headed rosella   Platycercus adscitus  

Laughing kookaburra  Dacelo novaeguineae                                                                               

Sacred kingfisher   Todiramphus sanctus                                                                                    

Pied butcherbird   Cracticus nigrogularis                                                                                   

Australian magpie   Cracticus tibicen                                                                                          

Pied currawong   Strepera graculina                                                                                     

Torresian crow   Corvus orru 

Magpie-lark   Grallina cyanoleuca 

  

Large forest insectivores and frugivores 
Fan-tailed cuckoo   Cacomantis flabelliformis                                                                             

Black-faced cuckoo-shrike  Coracina novaehollandiae                                                                      

Grey shrike-thrush   Colluricincla harmonica                                                                          

Spangled drongo   Dicrurus bracteatus                                                                                   

Olive-backed oriole   Oriolus sagittatus                                                                                      

Australian figbird   Sphecotheres vieilloti 

 

Honeyeaters 
Lewin’s honeyeater   Meliphaga lewinii 

Yellow-faced honeyeater  Lichenostomus chrysops                                                                                                           

Noisy miner    Manorina melanocephala     

Scarlet honeyeater    Myzomela sanguinolenta                                                                                                         

Brown honeyeater    Lichmera indistincta                                                                                    

White-throated honeyeater  Melithreptus albogularis  

Blue-faced honeyeater   Entomyson cyanotis    

Noisy friarbird   Philemon corniculatus                                                                                           

Little friarbird   Philemon citreogularis  

                                                                                

Small forest insectivores and granivores     
White-throated treecreeper   Cormobates leucophaea                                                                            

Superb fairy-wren    Malurus cyaneus                                                                                                

Red-backed fairy-wren   Malurus melanocephalus                                                                         

Variegated fairy-wren     Malurus lamberti 

White-browed scrubwren  Sericornis frontalis 

Spotted pardalote    Pardalotus punctatus                                                                               

Striated pardalote    Pardalotus striatus                                                                                   

Golden whistler    Pachycephala pectoralis                                                                                     

Rufous whistler   Pachycephala rufiventris                                                                          

Rufous fantail    Rhipidura rufifrons                                                                                        

Grey fantail    Rhipidura albiscarpa                                                                                     

Leaden flycatcher    Myiagra rubicola                                                                                      

Eastern yellow robin   Eopsaltria australis                                                                                    

Silvereye    Zosterops lateralis                                                                                     

Double-barred finch   Taeniopygia bichenovii  

Red-browed finch   Neochmia temporalis  
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Appendix Table 2:  Results of ANOVA for bird abundance counts at overpass and 

forest sites 

Tests of Between-Subjects Effects 

Dependent Variable:   abundance   

Source Type III Sum of 

Squares 

Df Mean Square F Sig. 

Corrected Model 119.542a 39 3.065 1.280 .196 

Intercept 700.359 1 700.359 292.505 .000 

site 23.135 3 7.712 3.221 .029 

time 3.964 1 3.964 1.656 .203 

season 8.576 4 2.144 .895 .473 

site * time 1.664 3 .555 .232 .874 

site * season 20.576 12 1.715 .716 .729 

time * season 3.400 4 .850 .355 .839 

site * time * season 47.076 12 3.923 1.638 .107 

Error 134.083 56 2.394 
  

Total 1082.000 96 
   

Corrected Total 253.625 95 
   

a. R Squared = .471 (Adjusted R Squared = .103) 

 

 

Post Hoc Tests (site) 

Multiple Comparisons 

Dependent Variable:   abundance   

LSD   

(I) site (J) site Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

central 

karawatha 1.33* .447 .004 .44 2.23 

kuraby .88 .447 .055 -.02 1.77 

slope .04 .447 .926 -.85 .94 

karawatha 

central -1.33* .447 .004 -2.23 -.44 

kuraby -.46 .447 .309 -1.35 .44 

slope -1.29* .447 .005 -2.19 -.40 

kuraby 

central -.88 .447 .055 -1.77 .02 

karawatha .46 .447 .309 -.44 1.35 

slope -.83 .447 .067 -1.73 .06 

slope 

central -.04 .447 .926 -.94 .85 

karawatha 1.29* .447 .005 .40 2.19 

kuraby .83 .447 .067 -.06 1.73 

The error term is Mean Square(Error) = 2.394. 

*. The mean difference is significant at the .05 level. 
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Appendix Table 3:  Results of ANOVA for bird species number counts at overpass and 

forest sites 

Tests of Between-Subjects Effects 

Dependent Variable:   Species number count   

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

Corrected Model 54.490a 39 1.397 1.633 .046 

Intercept 414.353 1 414.353 484.253 .000 

site 8.444 3 2.815 3.290 .027 

time 2.102 1 2.102 2.457 .123 

season 5.125 4 1.281 1.497 .215 

site * time 1.197 3 .399 .466 .707 

site * season 10.573 12 .881 1.030 .436 

time * season 4.361 4 1.090 1.274 .291 

site * time * season 17.171 12 1.431 1.672 .098 

Error 47.917 56 .856 
  

Total 575.000 96 
   

Corrected Total 102.406 95 
   

a. R Squared = .532 (Adjusted R Squared = .206) 

 

Post Hoc Tests (site) 

Multiple Comparisons 

Dependent Variable:   Species number count   

LSD   

(I) site (J) site Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

central 

karawatha .88* .267 .002 .34 1.41 

kuraby .46 .267 .092 -.08 .99 

slope .13 .267 .642 -.41 .66 

karawatha 

central -.88* .267 .002 -1.41 -.34 

kuraby -.42 .267 .124 -.95 .12 

slope -.75* .267 .007 -1.28 -.22 

kuraby 

central -.46 .267 .092 -.99 .08 

karawatha .42 .267 .124 -.12 .95 

slope -.33 .267 .217 -.87 .20 

slope 

central -.13 .267 .642 -.66 .41 

karawatha .75* .267 .007 .22 1.28 

kuraby .33 .267 .217 -.20 .87 

The error term is Mean Square(Error) = .856. 

*. The mean difference is significant at the .05 level. 
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Appendix Table 4:  Results of Chi-square tests on presence/absence data for four 

species guilds  
 

 

Site * Presence Generalists 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-

sided) 

Pearson Chi-Square 20.279a 3 .000 

Likelihood Ratio 21.383 3 .000 

N of Valid Cases 96 
  

 

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 
8.75. 

 

Site * Presence Honeyeaters 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-

sided) 

Pearson Chi-Square 3.650a 3 .302 

Likelihood Ratio 3.611 3 .307 

N of Valid Cases 96 
  

 

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 

9.25. 
 

Site * Presence Large forest insectivores 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-

sided) 

Pearson Chi-Square 3.624a 3 .305 

Likelihood Ratio 3.928 3 .269 

N of Valid Cases 96 
  

 
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 

6.25. 

 

Site * Presence Small/medium forest insectivores 

Chi-Square Tests 

 
Value df Asymp. Sig. (2-

sided) 

Pearson Chi-Square 26.243a 3 .000 

Likelihood Ratio 28.063 3 .000 

N of Valid Cases 96 
  

 

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 

10.50. 
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Appendix Table 5:  Results of ANOVA for bird abundance counts and species number 

counts over four seasons at Bonville overpass  

 

Tests of Between-Subjects Effects 

Dependent Variable:   Transect count   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1.375
a
 3 .458 .190 .902 

Intercept 703.125 1 703.125 291.667 .000 

Season 1.375 3 .458 .190 .902 

Error 67.500 28 2.411   

Total 772.000 32    

Corrected Total 68.875 31    

a. R Squared = .020 (Adjusted R Squared = -.085) 

 

Tests of Between-Subjects Effects 

Dependent Variable:   Species Number   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .344
a
 3 .115 .107 .955 

Intercept 472.781 1 472.781 443.109 .000 

Season .344 3 .115 .107 .955 

Error 29.875 28 1.067   

Total 503.000 32    

Corrected Total 30.219 31    

a. R Squared = .011 (Adjusted R Squared = -.095) 
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Appendix Table 6:  Chi-squared analyses of bird presence on individual and paired 

count-areas of the line-transect at Bonville overpass 

 

Individual count-areas: Presence / absence figures 

 

Count area * Present Crosstabulation 

Count   

 

Present 

Total Absent Present 

Count area Count area 1 5 27 32 

Count area 2 4 28 32 

Count area 3 8 24 32 

Count area 4 12 20 32 

Total 29 99 128 

 

Individual count-areas: Chi-Square tests 

 

Chi-Square Tests 

 Value df 

Asymp. Sig. (2-

sided) 

Pearson Chi-Square 6.910
a
 3 .075 

Likelihood Ratio 6.803 3 .078 

Linear-by-Linear Association 5.529 1 .019 

N of Valid Cases 128   

a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 7.25. 

 

Paired count-areas: Chi-Square tests 

 

Chi-Square Tests 

 Value df 

Asymp. Sig. (2-

sided) Exact Sig. (2-sided) Exact Sig. (1-sided) 

Pearson Chi-Square .350
a
 1 .554   

Continuity Correction
b
 .000 1 1.000   

Likelihood Ratio .356 1 .551   

Fisher's Exact Test    1.000 .500 

N of Valid Cases 64     

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 1.50. 

b. Computed only for a 2x2 table 
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Appendix Table 7:  Results of ANOVA for bird abundance counts at four road sites 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   Count   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 124.667
a
 7 17.810 1.431 .198 

Intercept 3802.778 1 3802.778 305.560 .000 

Site 30.500 3 10.167 .817 .487 

Time 17.361 1 17.361 1.395 .240 

Site * Time 76.806 3 25.602 2.057 .109 

Error 1692.556 136 12.445   

Total 5620.000 144    

Corrected Total 1817.222 143    

a. R Squared = .069 (Adjusted R Squared = .021) 

 

 

Multiple Comparisons 

Dependent Variable:   Count   

LSD   

(I) Site (J) Site Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Gateway Illaweena -1.00 .832 .231 -2.64 .64 

Compton (near) -.08 .832 .920 -1.73 1.56 

Compton (far) -.92 .832 .272 -2.56 .73 

Illaweena Gateway 1.00 .832 .231 -.64 2.64 

Compton (near) .92 .832 .272 -.73 2.56 

Compton (far) .08 .832 .920 -1.56 1.73 

Compton (near) Gateway .08 .832 .920 -1.56 1.73 

Illaweena -.92 .832 .272 -2.56 .73 

Compton (far) -.83 .832 .318 -2.48 .81 

Compton (far) Gateway .92 .832 .272 -.73 2.56 

Illaweena -.08 .832 .920 -1.73 1.56 

Compton (near) .83 .832 .318 -.81 2.48 

Based on observed means. 

 The error term is Mean Square(Error) = 12.445. 
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Appendix Table 8:  Results of ANOVA for species number counts at four road sites 

 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:   Species number   

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 23.889
a
 7 3.413 1.567 .150 

Intercept 784.000 1 784.000 360.081 .000 

Site 15.056 3 5.019 2.305 .080 

Time .250 1 .250 .115 .735 

Site * Time 8.583 3 2.861 1.314 .272 

Error 296.111 136 2.177   

Total 1104.000 144    

Corrected Total 320.000 143    

a. R Squared = .075 (Adjusted R Squared = .027) 

 

 

Multiple Comparisons 

Dependent Variable:   Species number   

LSD   

(I) Site (J) Site Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Gateway Illaweena -.86
*
 .348 .015 -1.55 -.17 

Compton (near) -.31 .348 .381 -.99 .38 

Compton (far) -.61 .348 .081 -1.30 .08 

Illaweena Gateway .86
*
 .348 .015 .17 1.55 

Compton (near) .56 .348 .113 -.13 1.24 

Compton (far) .25 .348 .473 -.44 .94 

Compton (near) Gateway .31 .348 .381 -.38 .99 

Illaweena -.56 .348 .113 -1.24 .13 

Compton (far) -.31 .348 .381 -.99 .38 

Compton (far) Gateway .61 .348 .081 -.08 1.30 

Illaweena -.25 .348 .473 -.94 .44 

Compton (near) .31 .348 .381 -.38 .99 

Based on observed means. 

 The error term is Mean Square(Error) = 2.177. 

*. The mean difference is significant at the .05 level. 
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Appendix Table 9:  Details of birds colour-banded on either side of the overpass, and  

re-identified, by re-trapping or by binocular re-identification.  

 (KB = Kuraby-side; KW = Karawatha-side) 

 (Key to species: GOWH: golden whistler; RBFW: red-backed fairy-wren; VAFW: variegated 

fairy-wren; EYRO: eastern yellow robin; SILV: silvereye; GSTH: grey shrike-thrush; 

  WTTC: white-throated tree-creeper; YEHE: yellow-faced honeyeater; RUFT: rufous fantail; 

RBFI:  red-browed finch; BRHE: brown honeyeater; RUWH: rufous whistler; WBSW: white-

browed  scrub-wren; GRFT: grey fantail; SCHE: scarlet honeyeater; LEHE: Lewin’s honeyeater; 

SHBC: shining  bronze-cuckoo; SAKF: sacred kingfisher; BFCS: black-faced cuckoo-shrike). 

 _____________________________________________________________________________ 

 Species       Colours  Date       Site  Date      Site    Date       Site 

               banded       banded       recovered   recovered     recovered    recovered 

                  (retrap)    (retrap)       (binocular)  (binocular) 

 _____________________________________________________________________________ 

 

GOWH R/Y: P/m 28.5.13 KB 16.7.13 KB 

   

 

R/Y: P/m 

 

KB 

  

4.6.14 KW 

 

 

R/Y: P/m 

 

KB 

  

29.11.14 KW 

 GOWH  O/W: P/m 28.5.13 KB 22.8.13 KB 

   GOWH  W/R: P/m 28.5.13 KB 31.3.14 KB 

   

 

W/R: P/m 

 

KB 

  

5.9.14 KB 

 GOWH Y/R: P/m 31.3.14 KB 

     GOWH Y/O: P/m 31.3.14 KB 

     GOWH LG/O: P/m 22.5.14 KB 

     GOWH Y/LG: P/m 22.5.14 KB 

     

 

Y/LG: P/m 

 

KB 

  

10.7.14 KB 

 GOWH G/W: P/m 22.5.14 KB 

     

 

G/W: P/m 22.5.14 KB 20.8.14 KB 

   

 

G/W: P/m 

 

KB 

  

1.9.14 KB 

 

 

G/W: P/m 

 

KB 

  

6.10.14 KB 

 GOWH LB/Y: P/m 22.5.14 KB 

     

 

LB/Y: P/m 

 

KB 

  

28.6.14 KB 

 GOWH  G/G: P/m 20.8.14 KB 

     GOWH O/LB: P/m 20.8.14 KB 

     GOWH O/O: P/m 20.8.14 KB 

     

 

O/O: P/m 

 

KB 

  

9.9.14 KW 

 GOWH  LG/LG: P/m 17.9.14 KB 

     

         RBFW  R/Y : P/m 28.5.13 KB 

     RBFW  R/Y : P/m 28.5.13 KB 

  

19.5.15 KB 

 RBFW  O/W: LB/m 25.7.13 KW 

     RBFW  Y/O: LB/m 19.9.13 KW 

     

 

Y/O: LB/m 19.9.13 KW 7.11.13 KW 

   

 

Y/O: LB/m 19.9.13 KW 

  

21.9.13 KW 
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Y/O: LB/m 19.9.13 KW 

  

2.9.14 KW 

 

 

Y/O: LB/m 19.9.13 KW 

  

17.10.14 KW 

 

 

Y/O: LB/m 19.9.13 KW 16.10.14 KW 

   RBFW  O/W: P/m 27.11.13 KB 

     

 

O/W: P/m 27.11.13 KB 6/4/15 KB 

   RBFW W/R: P/m 22.5.14 KB 

     RBFW LG/O: P/m 22.5.14 KB 

     RBFW R/W: P/m 22.5.14 KB 

     RBFW  W/R: LB/m 26.6.14 KW 

     

 

W/R: LB/m 26.6.14 KW 

  

10.10.14 KW 

 

 

W/R: LB/m 26.6.14 KW 

  

16.10.14 KW 

 

 

W/R: LB/m 26.6.14 KW 

  

17.10.14 KW 

 

 

W/R: LB/m 26.6.14 KW 

  

23.10.14 KW 

 

 

W/R: LB/m 26.6.14 KW 

  

26.11.14 KW 

 

 

W/R: LB/m 26.6.14 KW 

  

31.3.15 KW 

 

 

W/R: LB/m 26.6.14 KW 

  

13/4/15 KW 

 RBFW  LG/R: LB/m 17.10.14 KW 

     

 

LG/R: LB/m 17.10.14 KW 

  

17.10.14 KW 

 RBFW  O/LG: LB/m 17.10.14 KW 

     

 

O/LG: LB/m 17.10.14 KW 

  

15.12.14 KW 

 RBFW  Y/O: P/m 12.11.14 KB 

     

 

Y/O: P/m 12.11.14 KB 

  

3.1.15 KB 

 

 

Y/O: P/m 12.11.14 KB 

  

26.1.15 KB 

 

 

Y/O: P/m 12.11.14 KB 

  

19.5.15 KB 

  

VAFW  R/Y : P/m 22.8.13 KB 

     

 

R/Y : P/m 22.8.13 KB 

  

21.11.13 KB 

 VAFW  O/W: LB/m 19.9.13 KW 

     VAFW  W/R: LB/m 26.6.14 KW 

     

 

W/R: LB/m 26.6.14 KW 

  

2.9.14 KW 

 VAFW  O/O: P/m 12.11.14 KB  

     

 

O/O: P/m 12.11.14 KB  

  

18.11.14 KB  

 VAFW  LG/LG: P/m  12.11.14 KB  

     

 

LG/LG: P/m 12.11.14 KB 

  

31.3.15 KB 

 VAFW  W/W : P/m 12.11.14 KB  

     

 

W/W : P/m 12.11.14 KB  

  

13.12.14 KB  

 

 

W/W: P/m 12.11.14 KB 

  

31.3.15 KB 

 

 

W/W: P/m 12.11.14 KB 

  

27.4.15 KB 

 

 

W/W: P/m 12.11.14 KB 

  

19.5.15 KB 

 VAFW  Pu/Pu: P/m 12.11.14 KB  

     VAFW  Y/Y : P/m 12.11.14 KB  

     VAFW  W/R: P/m 12.11.14 KB  

     

 

W/R: P/m 12.11.14 KB  

  

18.11.14 KB 

 

 

W/R: P/m 12.11.14 KB  

  

13.12.14 KB  

 

 

W/R: P/m 12.11.14 KB 

  

27.4.15 KB 

 VAFW  LG/: P/m 12.11.14 KB  

     

 

LG/W: P/m 12.11.14 KB  9/2/15 KB 18.11.14 KB  

 

 

LG/W: P/m 12.11.14 KB 

  

10.2.15 KB 

 VAFW  Y/Pu: P/m 12.11.14 KB  
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Y/Pu: P/m 12.11.14 KB  

  

18.11.14 KB  

 

 

Y/Pu: P/m 12.11.14 KB  

  

26.11.14 KB  

 

 

Y/Pu: P/m 12.11.14 KB  

  

13.12.14 KB  

 VAFW  Pu/Lg: P/m 10.2.15 KB  

     

         EYRO  R/Y: LB/m 18.6.13 KW 

     

 

R/Y: LB/m 18.6.13 KW 25.7.14 KW 

   EYRO  O/W: P/m 22.8.13 KB 

     EYRO  Y/O: P/m 22.8.13 KB 

     

 

Y/O: P/m 22.8.13 KB 

  

4.6.14 KB 

 EYRO  W/R: P/m 22.8.13 KB 

     

 

W/R: P/m 22.8.13 KB 22.5.14 KB 

   

 

W/R: P/m 22.8.13 KB 

  

3.1.15 KB 

 

 

W/R: P/m 22.8.13 KB 

  

10.1.15 KB 

 EYRO  G/O: P/m 24.10.13 KB 

     EYRO  DB/R: P/m 31.3.14 KB 

     

 

DB/R: P/m 31.3.14 KB 

  

10.1.15 KB 

 EYRO   R/Y: P/m 17.9.14 KB  

     

 

R/Y: P/m 17.9.14 KB  17.9.14 KB 

   

 

R/Y: P/m 17.9.14 KB  

  

29.11.14 KB  

 EYRO   W/W: P/m 17.9.14 KB  

     EYRO  O/DB: P/m 17.9.14 KB  

     

 

O/DB: P/m 17.9.14 KB  

  

26.9.14 KB  

 EYRO  DB/LG: P/m 17.9.14 KB  

     

 

DB/LG: P/m 17.9.14 KB  

  

26.11.14 KB  

 EYRO  O/O: P/m 13.11.14 KB  

     

 

O/O: P/m 13.11.14 KB  

  

26.11.14 KB  

 

 

O/O: P/m 13.11.14 KB  

  

29.11.14 KB  

 

 

O/O: P/m 13.11.14 KB  

  

13.12.14 KB  

 

 

O/O: P/m 13.11.14 KB 

  

31.3.14 KB 

 EYRO  LG/LG: P/m 7.4.15 KB  

     EYRO ?/?: P/m 

 

KB 

  

19.4.14 KB 

  

SILV RY: RY/m 24.10.13 KB 

     SILV RY/W: RY/m 20.8.14 KB 

     

 

RY/W: RY/m 20.8.14 KB 

  

1.9.14 KW  

 

 

RY/W: RY/m 20.8.14 KB 

  

2.9.14 KW  

 

 

RY/W: RY/m 20.8.14 KB 

  

13.9.14 KB 

 SILV O/LG: RY/m 16.10.14 KW 

     SILV W/DB: RY/m 13.11.14 KB  

     SILV O/LG: RY/m 13.11.14 KB  

     SILV Pu/W: RY/m 13.11.14 KB  

     SILV R/DB: RY/m 13.11.14 KB  

  

13.4.15 KB 

 SILV W/W: RY/m 9.2.15 KB  

     SILV LG/LG:RY/m 9.2.15 KB  

     

         GSTH Metal only 28.05.13 KB 

     GSTH R/Y: P/m 27.11.13 Central Overpass 

    GSTH R/Y: P/m 27.11.13 Central Overpass 

 

26.1.14 KB 
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GSTH R/Y: P/m 27.11.13 Central Overpass 

 

1.9.14 KW 

 GSTH R/Y: P/m 27.11.13 Central Overpass 

 

2.9.14 KB/KW 

 GSTH LG/LG: P/m 7.4.15 KB 

  

11.5.15 KW 

  

WTTC M only 28.5.13 KB 

     WTTC R/Y: P/m 28.5.13 KB 

  

7.4.15 KB 

 

         YEHE W/W: LB/m 22.8.13 KB 

     YEHE W/W: LB/m 22.8.13 KB 

     YEHE W/W: RY/m 6.4.15 KB 

     YEHE W/W: RY/m 6.4.15 KB 

     

         RUFT R/Y: P/m 31.3.14 KB 

     

 

R/Y: P/m 31.3.14 KB 

  

19.4.14 KB 

 

         RBFI R/Y: LB/m 7.11.13 KW 

     RBFI LG/R: LB/m 26.6.14 KW 

     RBFI O/W: LB/m 26.6.14 KW 

     RBFI R/Y: P/m 9.2.15 KW 

     

         BRHE R/Y: P/m 31.3.14 KB 

     

         RUWH R/Y: P/m 22.5.14 KB 

     

         WBSW R/Y: LB/m 26.6.14 KW 

     WBSW O/W: P/m 17.9.14 KB 

  

27.4.15 KB 

 WBSW W/LG: LB/m 10.10.14 KW 

     WBSW Y/Y: LB/m 10.10.14 KW 

     

         GRFT R/Y: RY/m 26.6.14 KW 

     

         SCHE RY/RY: P/m 2.8.14 KB 

     SCHE RY/RY: P/m 2.8.14 KB 

     

         LEHE W/W: P/m 12.11.14 KB  

     

 

W/W: P/m 12.11.14 KB  

  

18.11.14 KB  

 LEHE R/R: P/m 10.2.15 KB  

     

         SHBC M only 17.9.14 KB  

     

         SAKF P(left): m (rt.) 12.11.14 KB  

     SAKF P(left): m (rt.) 10.2.15 KB  

     SAKF P(left): m (rt.) 7.4.15 KB  

     

         BFCS P(left): m (rt.) 12.11.14 KB  

     BFCS P(left): m (rt.) 12.11.14 KB  

     ________________________________________________________________________________ 
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