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Abstract 

Fragmentation-related increases in levels of predation at birds’ nests, and 

changes to nest predator assemblages, have often been reported in Northern 

Hemisphere temperate forests.  In many cases these changes have been attributed 

to an influx of matrix-associated avian predators from neighbouring agricultural 

or urbanised land. Well-documented increases in the abundance of avian nest 

predators, which are ecologically similar to those causing edge effects elsewhere, 

occur in Australian agricultural and urban habitats, and near edges within remnant 

eucalypt forests.   Therefore, increases in levels of nest predation, similar to those 

occurring elsewhere, may be expected to occur near edges and within small 

remnant patches of Australian eucalypt forests.  The same processes would not be 

expected to occur at the edges of eucalypt forests which border plantations of 

exotic Pinus tree species, because edge-related nest predation has seldom been 

reported in Northern Hemisphere temperate forest mosaics.  Furthermore, avian 

nest predators do not generally increase within Australian Pinus plantations, or 

near edges within remnant forests fragmented by Pinus plantations.   

The primary aim of this thesis was to assess the potential impacts of habitat 

fragmentation on levels of predation at birds’ nests, and predator assemblage 

composition, within subtropical Australian eucalypt forests.  Four separate 

experiments were conducted in south east Queensland’s lowland eucalypt forests.  

A common methodology was employed throughout, consisting of deploying five 

or ten artificial open-cup nests along a transect, each baited with a quail egg, and 

with two imprint-receptive plasticine eggs which allowed assessment of the nest 

predator assemblages.  These nests were exposed for six or seven days, to 
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estimate nest predation levels and assess nest predator assemblages amongst a 

variety of contexts.  In each experiment, treatments consisted of differing 

fragmentation contexts, in which there were replicate sites which were distributed 

across a wide area at the landscape scale.  Throughout these experiments the unit 

of replication was a site containing a single transect, and two nest predation 

measures were used: 1. predation of the quail egg, providing a more conservative 

predation measure involving larger, stronger predators which would be less likely 

to be thwarted by parental defence at a real nest; and 2. predation of any egg, 

which provides a less conservative measure that is likely to include activity by 

even the smallest potential nest predators.   

In an initial experiment, effects of distance to edge and type of adjoining 

land use were tested within large (>400 ha) eucalypt forest remnants.  Shrub-nests 

were deployed at distances of 0-30, 60-90, and 235-265 metres from edges 

adjacent to areas of urban, pasture, and Pinus plantation.  There were eight 

replicate sites of each edge type, scattered widely across a 30 000 km2 study area.  

When predation of the quail egg was used to calculate predation levels, predation 

varied significantly with edge type but not distance to the edge, due to relatively 

low levels of predation within sites bordering Pinus plantations.  When predation 

of any egg was used to calculate predation levels, predation was not significantly 

affected by edge type or distance to the edge.  Predation levels within eight 

independent forest interior transects, distributed throughout the study region and 

located 500-800 m from the nearest edge, were similar to those within transects 0 

m from edges.  Birds were the most important class of predator within all 

combinations of site type and distance to edge, and accounted for 92% of 

predation events for which a predator could be identified.  In most of these cases, 
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damage to imprint-receptive eggs was consistent with large-bodied nest-

depredating species bird species from the family Artamidae (butcherbirds, 

currawongs and Australian magpie).   

In a second experiment, potential effects of edge and type of adjoining land 

use on predation at artificial nests were again assessed within large (>400 ha) 

eucalypt forest remnants, using a different spatial layout of sites over a region of 

about 10 000 km2.  Nine sites were selected in each of three contexts: 

forest/pasture edge, forest/urban edge, and forest interior.  Edge sites were 0-30 m 

from edges, and interiors were located 500-1000 m from the nearest edge.  Within 

each site, nests were placed at each of two heights (ground and shrub), and this 

experimental design was used yearly for three years at interior and urban edge 

sites, and two years at pasture edge sites.  Averaged across the three years, 62% 

more ground-nests, and 54% more shrub-nests, were depredated near edges than 

within forest interiors.  Furthermore, complete depredation of all nests within a 

site was much more common near edges than within forest interiors, particularly 

for shrub-nests.  Predators were identified for 250 of 369 depredated nests, of 

which 80% had been preyed upon by birds, 12% by mammals, and 7% by reptiles.  

It is argued that the increase in predation at edges was primarily caused by large-

bodied avian predators, particularly species within the family Artamidae.   

The general occurrence of edge-related nest predation in subtropical 

eucalypt forests was further supported by a third experiment, which investigated 

potential impacts of internal fragmentation by picnic areas on nest predation.  Bird 

assemblages and nest predation levels at eight transects abutting picnic areas 

(‘picnic area edges’) were compared with two types of matched control transect 
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within forest about 150 m away ( ‘forest interiors’), and, ‘context references’, 

which were similar to the picnic area edges in their proximity to access roads and 

forest external edges.  Within the picnic areas there was an assemblage of 

relatively large-bodied, aggressive birds, including several avian nest predators 

(Torresian crow, grey and pied butcherbirds) as well as the Australian magpie and 

noisy miner, resembling that found in urban areas within the study region.  Bird 

assemblages at picnic area edges, which were dominated by the noisy miner and 

Australian magpie, clearly differed from those of forest interiors, which were 

characterised by a number of smaller-bodied insectivorous species.  Levels of 

predation at artificial nests were several-fold greater adjacent to the picnic areas 

than at forest interiors 150 m from the picnic area edges.  Context reference 

transects were similar to forest interiors when associated with narrow roads, but 

similar to picnic area edges when associated with roads incorporating wide grassy 

verges.  These results showed that picnic areas exert strong localised edge effects 

on forest bird assemblages, and appeared likely to cause reduced reproductive 

success for small-bodied forest bird species if they attempted to nest nearby.   

A fourth experiment investigated whether levels of nest predation and 

predator assemblages varied between interiors of small (10-20 ha) urban remnant 

patches (>50 m from external edges), and extensive tracts (>400 ha) of subtropical 

Australian eucalypt forest (>500 m from external edges).  Artificial nests were 

deployed both on the ground and in shrubs.  Most predation of shrub-nests in both 

remnants and extensive forests was by birds, although there were some 

differences in the assemblages involved.  Ground-nests were far more likely to be 

depredated by mammals or lizards in the remnants than in the extensive forests.  

This may have been caused by mesopredator release, or because small remnants 
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provided more favourable habitat than extensive forests for these predators.  

However, overall nest predation levels did not differ significantly between 

remnants and extensive forests, suggesting that any edge-related predation was of 

insufficient spatial extent to strongly affect the interiors  of remnants in this size 

class.  

Finally, nest predation results from the second and fourth experiments were 

reassessed with respect to landscape composition.  The relationship between nest 

predation levels and the proportional cover of pasture, crop, settlement, and forest, 

within a 5 km radius of each site was investigated.  There was no significant 

association between nest predation levels and surrounding landscape composition 

at that scale, suggesting that the occurrence of more local scale impacts (such as 

edge effects) was not influenced by landscape-scale processes.   

Edge-related nest predation in North American and European forests has 

often been explained with reference to an influx of relatively large-bodied avian 

nest predators from the matrix, where they show increases in abundance and 

diversity compared with unfragmented forests.  Species of predator which have 

often been implicated have included the blue jay and American crow in North 

America, and the magpie, hooded crow, and jay in Europe.  They may proliferate 

within agricultural and urbanised landscapes because of increased foraging 

opportunities, and then may penetrate some distance into remnant forests.  

Fragmentation had been expected to similarly cause increases to nest predation 

levels within Australian eucalypt forests because bird assemblages within 

Australian pasture and urban habitats are often dominated by relatively 

aggressive, medium- to large-bodied native species, including nest predators such 
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as the laughing kookaburra, and species from the families Corvidae and 

Artamidae.  My results supported the general occurrence of such an edge effect of 

increased predation at birds’ nests within eucalypt forests.  However, this effect 

was caused by sedentary avian species which show increased abundances at edges 

within eucalypt forests, rather than by an influx of avian predators from the 

matrix.   
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Chapter 1.  Background and general introduction 

1.1 Forest fragmentation and nest predation 

1.1.1  Effects of habitat fragmentation on biota 

Habitat fragmentation occurs when the natural vegetation of large areas of a 

landscape is altered, leaving patches of the original habitat isolated in a matrix of 

habitats unlike the original (Forman and Godron 1986; Saunders et al. 1991; 

Harrison and Bruna 1999).  Although many habitat types are naturally fragmented 

to some degree, because of patterns of abiotic resource distribution or by 

disturbances such as fire, recent habitat fragmentation is a largely anthropogenic 

process caused primarily by clearing for agriculture, forestry, and urban 

development (Saunders et al. 1991; Andrén 1994).  Habitat loss and 

fragmentation are areas of major concern in species’ conservation.  For example, 

some authors have considered them to be by far the most important factors 

responsible for putting species at risk of extinction worldwide (Hilton-Taylor 

2000), including Australia (Sattler and Creighton 2002).   

When natural habitats are cleared, biota are initially affected by direct 

mortality during clearing, and by reductions in the extent and size of populations 

arising from decreases in the area of available natural habitat (Saunders et al. 

1991).  In many cases, gross loss or degradation of habitat alone can explain 

biological changes that follow habitat fragmentation (Harrison and Bruna 1999; 

Fahrig 2003).  For example, changes to diversity may often be predicted simply 

on the basis of the species-area relationship (Plotkin et al. 2000; He and Legendre 

2002; Schmiegelow and Mönkkönen 2002).  However, in some cases changes 
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exceed those predicted on the basis of habitat loss alone, and many biologists now 

contrast the effects of ‘habitat loss per se’, with those of ‘habitat fragmentation’ 

(Harrison and Bruna 1999; Fahrig 2003).  Effects of habitat fragmentation are 

complex and they interact, the overall result of which is often landscape-scale 

changes in biological assemblages (Andrén 1994).   

Fragmentation impacts, apart from those which arise from the reduction in 

total available habitat area, can be broadly grouped into the three categories of 

‘patch-size’ effects ,‘isolation effects’, and ‘edge effects’ (Saunders et al. 1991).  

Reductions in the size of individual habitat patches can lead to insufficient habitat 

area or habitat heterogeneity to support viable within-patch populations, or even 

single home-ranges, for some animals (Wilcove et al. 1986; Wilcove and 

Robinson 1990), thereby leading to local extinction.  This may further result in 

cascading effects, such as ‘mesopredator release’, which involves increases in the 

abundance of medium-sized predators following the loss of the largest predators 

(Terbough and Winter 1980).  Isolation of populations within remnant habitat 

patches reduces the rates of dispersal and recolonisation processes between habitat 

patches, potentially creating metapopulation structures (Rolstad 1991) or 

disrupting existing metapopulations (Hames et al. 2001).  However, many 

changes in small patches may be due to the influence of surrounding land use on 

the ecology of populations within the patches, through processes which occur 

across the habitat edge; indeed, patches below some threshold size may be 

entirely dominated by edge effects (Laurance and Yensen 1991; Saunders et al. 

1991).   
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‘Edge effects’ consist of direct and secondary changes to ecological 

communities and processes, which are caused by the existence of an edge.  Edges 

occur at the interface, or ecotone, between two distinct habitat types, where 

conditions are altered due to the flow of energy, nutrients and organisms across 

the mutual boundary (Forman & Godron 1986; Saunders et al. 1991; Murcia 

1995).  In terrestrial environments, edge habitats may show altered levels of light, 

temperature, wind speed, and humidity, compared with habitat interiors (Saunders 

et al. 1991).  Changes in habitat structure and environment due to altered 

conditions may then secondarily affect the dynamics of species interactions at the 

edge (Yahner 1988; Murcia 1995; Fagan et al. 1999).   

Early interest in biological changes at edges was spurred by Leopold (1933, 

p132), who noticed that forest edges were beneficial to certain game animals such 

as deer, and stated that “the potential density of game of low mobility requiring 

two or more habitat types is, within ordinary limits, proportional to the sum of the 

type peripheries”.  Furthermore, the diversity of plants and animals at edges can 

be enhanced because species from either habitat may be found at the edge, and for 

much of the 20th century, edges were widely seen as beneficial to wildlife (Harris 

1988).  However, in spite of bringing benefits to certain game animal populations 

and increasing the values of simple measures of biological diversity, edge effects 

may reduce the value of a fragmented habitat to fauna and flora which depend on 

that habitat.  Organisms which require natural habitats to survive are now often 

considered to be deleteriously affected by anthropogenically-created edges in 

human-dominated landscapes (Yahner 1988; Murcia 1995).  Within fragmented 

forests, proximity to edges may affect interactions between species including 
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interspecific competition (Morris 2003; Piper and Catterall 2003), and predation 

rates (Wahungu et al. 1999; Bowers and Dooley 1993; Paton 1994).   

1.1.2  Predation rates on birds’ nests at forest edges 

One of the most productive areas of conservation biology over the last three 

decades has involved assessing the impacts of forest fragmentation on predation at 

birds’ nests.  Interest in nest predation and edges began with the work of Gates 

and Gysel (1978), who reported that predation on the nests of 21 passerine bird 

species within forest habitat was increased near edges with agricultural fields, in 

comparison with forest interiors.  They further related these results to changes 

occurring within forest remnants, proposing that nesting birds were attracted to 

forest edges, due to more dense foliage providing shelter or higher densities of 

invertebrate prey, or because of the nesting species’ requirement for resources 

available in both of the adjacent habitats.  Density-dependent predation was then 

thought to occur, making forest edges into 'ecological traps' for nesting birds, 

because they provided attractive yet unproductive habitat.   

Further North American interest in edge effects on nest predation followed 

the study of Wilcove (1985), who found that rates of predation on quail eggs in 

artificial nests were inversely related to forest patch size.  Wilcove (1985) related 

these results mainly to changes occurring in the matrix, identifying two potential 

causes.  First, he proposed that there could be landscape-scale increases in 

densities of several avian nest predators, associated also with their higher densities 

at edges compared with forest interiors.  These predators included two species in 

the Corvidae (blue jay Cyanocitta cristata and American crow Corvus 

brachyrhynchos), as well as an ecologically-similar species in the Icteridae 
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(common grackle Quiscalus quiscula).  Second, increases in densities of small 

mammals which depredate nests, including the raccoon Procyon lotor and gray 

squirrel Sciurus carolinensis, were expected to have occurred within the smaller 

remnant forest patches due to the extirpation of larger predators such as mountain 

lions, large hawks, and owls.  Wilcove (1985) also endorsed earlier suggestions 

by Robbins (1980) that fragmentation-related increases in nest predation rates 

may have contributed to declines in populations of migratory songbirds 

throughout eastern North America.   

In northern Europe, a parallel body of work was under way showing that a 

number of avian nest predators also increased in abundance within agricultural 

and urban areas in Scandinavia (Andrén et al. 1985; Andrén 1992) , and in some 

cases caused increased rates of nest predation within forest remnants up to several 

hundred metres or more from the edge (Andrén and Angelstam 1988; Moller 

1989).  As was suspected in North America, the main nest predators involved 

were corvids, principally the magpie Pica pica, hooded crow Corvus corone 

cornix, and jay Garrulus glandarius. 

Since then, numerous studies, assessing the success of real or artificial nests 

in relation to forest edges, have been carried out (Paton 1994; Major and Kendal 

1996; Marzluff and Restani 1999; Batáry and Báldi 2004).  Although results have 

varied, some generalities have emerged.  Edge-related increases in nest predation 

levels have most often been reported from forests bordered by agricultural or 

urban land use, and about one half of more recent and sophisticated studies have 

found edge-related increases in those contexts (Marzluff and Restani 1999; Lahti 

2001; Batáry and Báldi 2004).  Edge effects on nest predation rates have seldom 
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been found at edges occurring between seral stages of a forest such as those 

caused by clear-cut logging  (DeGraaf and Angelstam 1993; Bayne and Hobson 

1997), or edges where two types of forest are juxtaposed (Sargent et al. 1998; 

Marzluff and Restani 1999).   

However, the geographical generality of such patterns is poorly understood.  

Most nest predation studies have taken place within temperate European and 

North American coniferous and deciduous forests, or central American rainforests 

(Söderström 1999; Stephens et al. 2003; Batáry and Báldi 2004).  The occurrence 

of edge effects on nest predation has been poorly assessed within other forested 

bioregions, including the extensive eucalypt forests of south eastern Australia, 

where only a handful of studies have taken place (see Table 1.1, p. 19).  Nest 

predator assemblages and predator responses to fragmentation vary 

geographically, so it is important that a case by case approach is taken to 

assessing the geographical extent of edge effects on nest predation (Chalfoun et 

al. 2002), before generalisations are sought.   

Over the years, several explicit non-exclusive mechanisms have been 

suggested to explain why nest predation rates have often been found to be higher 

at forest edges than interiors  (Andrén 1995; Marini et al. 1995; Chalfoun et al. 

2002).  The first, which relates to both prey and predator behaviour, is density-

dependent predation at edges (the ‘ecological trap’).  The others simply relate 

increases in predation near edges to greater predator activity, feeding efficiency, 

diversity, or abundance.   

As described above, the ‘ecological trap’ hypothesis (Gates and Gysel 1978) 

predicts that nesting forest birds are attracted to edges by luxuriant vegetation 
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growth, creating relatively high prey (nest) densities, which is followed by 

density-dependent increases in predation levels.  Increased prey density may make 

edge habitat more attractive to predators, or increase their efficiency at finding 

nests (Martin 1988).  Currently, neither of the fundamental concepts of the 

ecological trap hypothesis (Gates and Gysel 1978; Chasko and Gates 1982), that 

nest density is generally higher near edges and that density-dependent increases in 

nest predation levels ensue, have been convincingly demonstrated.   

‘Predator activity’ hypotheses suggest that increases in nest predation near 

edges are due to altered predator movement or foraging patterns in relation to 

edges.  These are amongst the most commonly-hypothesised processes explaining 

edge-related predation , but have been poorly tested (Chalfoun et al. 2002).  

Forest-living predators may be more active near the edge, which may focus 

predator activity by acting as a travel lane for some species.  For example, Bider 

(1968) found that several mid-sized mammalian predators in southeastern Canada 

used forest habitat within 50 m of the edge far more than either the forest interior 

or adjoining pasture, and suggested that these species might travel along the edge 

habitat in their foraging.  This may occur incidentally as foraging animals reach 

the edge and then move along it for some distance before moving back into the 

forest.  However, several other studies have concluded that mammals do not use 

edge habitats as a travel lanes (Heske 1995; Coelho 1999; Chalfoun et al. 2002), 

and few studies have actually demonstrated that increases in predator activity near 

edges were caused by a behavioural rather than a numerical response (Chalfoun et 

al. 2002).   
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Other authors have used the term ‘travel lane’ in relation to roads or cleared 

easements through forests.  These have been suggested to either locally decrease 

predation (because predators may be deterred near roads by the presence of 

humans; Boag et al. 1984), or to cause local increases in opportunistic predation 

due to their use as travel/forage corridors (Angelstam 1986; Marini et al. 1995; 

Miller et al. 1998).  The use of roads as travel corridors is thought to potentially 

increase predation throughout forest remnants by allowing open-country predators 

from the matrix to penetrate forest interiors (Small and Hunter 1988; Matthews et 

al. 1999).  Proximity to road edges in otherwise unbroken forest has been shown 

to negatively affect nest success in some studies (Burkey 1993; Rich et al. 1994).  

However, Miller and Hobbs (2000) found that while birds were more likely to 

depredate nests near recreational trails, mammalian predators tended to avoid 

these areas, with the net result of decreased predation levels nearer trails.  Their 

results suggest that the impacts of roads on nest predation levels within any 

particular system may depend on the relative importance of different predator 

classes.   

‘Predator efficiency’ hypotheses suggest that some predators find nests 

more or less efficiently near edges (Donovan et al. 1997).  Such changes to nest 

predation have sometimes been related to vegetation structure (Yahner and 

Cypher 1987; Rangen et al. 1999; Flaspohler et al. 2000), and there are two 

reasons why increases in the complexity of vegetation structure near edges might 

result in decreases to nest predation levels (Martin 1993a): the ‘potential-prey-

site’ hypothesis, which suggests that predator efficiency declines as the number of 

potential prey sites increases; and the ‘nest concealment’ hypothesis, which 
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predicts that increased vegetation around nests reduces predator efficiency by 

masking cues.  The importance of nest concealment is likely to be related to the 

composition of the predator assemblage, because visual cues are more important 

to birds than to other types of predator (Flaspohler et al. 2000).  This has been 

supported by Clarke and Nudds’(1991) review, which reported that the probability 

of nest predation was inversely related to nest concealment in 16 of 21 studies 

where predation was mainly by birds, but only nine of 29 studies where mammals 

were the main predators.   

‘Predator diversity’ hypotheses have suggested that nest predator diversity 

may be greater near edges than within forest interiors because predators from 

either adjacent habitat may be present (Odum 1958; Bider 1968; Gates and Gysel 

1978).  For example, Willson et al. (2001) reported that nest predation in 

fragmented South American temperate forests was mainly by rodents in the forest 

interior and birds in neighbouring pastures, with both types of predator occurring 

at edges, causing increases in predation levels.  Even in the absence of changes in 

overall predator abundance, a rich assemblage of nest predators at edges is likely 

to use a range of search strategies, reducing the availability of ‘safe’ nesting sites, 

and also reducing the effectiveness of anti-predation strategies which may have 

evolved for particular predator assemblages in unfragmented forests (Filliater et 

al. 1994; Marini et al. 1995; Dion et al. 2000).  In the absence of negative 

interspecific interactions between predators, increased diversity due to the 

addition of predator species also implies increased overall predator abundance 

near edges. 
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‘Predator abundance’ hypotheses suggest that the abundance of particular 

nest predators is greater at edges.  First, forest-living predators may be more 

abundant near the edge.  For example, in North America, Dijak and Thompson 

(2000) reported that raccoon abundance increased within forests near edges with 

agriculture, and avian nest predators were more abundant near edges with power 

line corridors within New Jersey forests (Rich et al. 1994).  Second, predators that 

are matrix-associated or habitat-generalists may show increased abundance within 

forest near edges (Paton 1994; Andrén 1995; Donovan et al. 1997; Tewksbury et 

al. 2006).  Dietary-generalist predators often increase in abundance and diversity 

in agricultural and urbanised landscapes (Andrén 1992; Chalfoun et al. 2002), and 

a number of studies have attributed increased nest predation levels near forest 

edges to an influx of generalist predators from surrounding agricultural or urban 

areas (Ambuel & Temple 1983; Wilcove 1985; Angelstam 1986; Andrén and 

Angelstam 1988; Andrén 1992).  The predators involved are often members of the 

family Corvidae (Paton 1994; Andrén 1995; Marzluff and Restani 1999).  This 

mechanism has been termed the ‘predator influx’ hypothesis, and has been one of 

the most frequently-cited explanations of increased levels of bird nest predation 

near forest edges (Chalfoun et al. 2002). 

1.1.3  Patch-size effects on nest predation 

An important consequence of edge effects is a reduction in the unaffected 

proportion of remnant habitat patches (Yahner 1988; Laurance and Yensen 1991; 

Saunders et al. 1991).  Increases in nest predation levels near edges imply that, 

below some threshold in patch size which is contingent on the penetration 

distance of the edge effect, nest predation rates will be increased throughout small 
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remnant forest patches.  In fact, a number of studies have reported increased nest 

predation levels within small forest patches within agricultural and urban 

landscapes, compared with extensive tracts of similar forest (Paton 1994; 

Marzluff and Restani 1999).   

However, patch-size effects may also arise from changes occurring within 

remnant patches, rather than their direct interactions with the matrix.  For 

example, several studies have attributed elevation of nest predation levels within 

remnant habitat patches to increases in the abundance of small- to mid-sized 

predators following the extirpation of top predators, a process called 

‘mesopredator release’ (Terbourgh and Winter 1980; Soulé et al. 1988; Sieving 

1992; Hausmann et al. 2005).  North American studies have reported significant 

increases in avian nesting success associated with increased abundance of coyotes 

Canis latrans, which reduces the abundance of red fox Vulpes vulpes (Sovada et 

al. 1995) and raccoons (Rogers and Caro 1998), both of which are predators of 

birds’ nests.  Moreover, coyotes themselves have been ‘released’ in many regions 

by the extirpation of the gray wolf Canis lupus (Pasitschniak-Arts et al. 1998).  

Johnson et al. (1989) pointed out that it is important to consider all potential nest 

predators because the density of some at similar trophic levels may covary 

inversely.  It is also important to note that mesopredator release may occur at 

landscape rather than patch scales (Chalfoun et al. 2002).   

Increased rates of predation at birds’ nests in small fragments may give rise 

to source-sink dynamics (Pulliam 1988).  In that case, although small patches may 

appear to provide useful habitat because bird populations are supported by 
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immigration from more extensive forests, they could actually provide poor quality 

breeding habitat due to high rates of nest predation.   

1.1.4  Landscape-scale effects on nest predation 

More recently, the effect of landscape-scale habitat patterns on nest 

predation has come under scrutiny (Robinson et al. 1995; Donovan et al. 1997; 

Hartley and Hunter 1998).  Landscape-scale considerations have focussed either 

on the nature of the matrix (‘matrix effect’), or on the proportion of remnant 

natural habitat within the landscape (‘landscape effect’).   

The ‘matrix effect’ may affect nest predation within remnant habitat 

patches, because different types of land use can affect predator assemblages in 

different ways (Andrén 1992; Heske et al. 2001).  Edge and patch-size effects on 

nest predation have often been reported for forests fragmented by agricultural or 

urban development, but seldom for those fragmented by logging or silviculture 

(Bayne and Hobson 1997; Fenske-Crawford and Niemi 1997; Keyser 2002).  This 

difference may occur because predators have extra food resources available to 

them within agricultural and urban landscapes (Angelstam 1986; Andren 1992).  

Alternatively, the matrix may be of insufficient spatial or temporal extent to 

strongly affect predator abundance or diversity in clear-cuts resulting from 

unselective logging (Rudnicky and Hunter 1993; Bayne and Hobson 1997), or 

insufficiently different (i.e. of low contrast) to the original habitat in the case of 

selective logging or plantation forestry (Suarez et al. 1997; Lindenmayer et al. 

1999).   

The proportion of remnant natural habitat within the landscape may affect 

the likelihood that edge effects occur.  Two mechanisms may be involved.  First, 
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in landscapes with a high proportion of suitable habitat, effects of habitat 

fragmentation on birds and mammals tend to be restricted simply to the direct 

effects of habitat loss (Andrén 1994; Fahrig 2003).  Edge and patch-size effects 

may only become important once the proportion of suitable habitat is reduced 

below some threshold where remnant habitat becomes increasingly patchy and 

isolated (Andrén 1994).  Several studies have found that the occurrence of edge 

and patch-size effects on predation at real (Robinson et al. 1995; Driscoll and 

Donovan 2004) and artificial (Donovan et al. 1997) nests was contingent on the 

landscape-scale proportion of original habitat remaining.  For example, Driscoll 

and Donovan (2004) reported that nesting success of the wood thrush Hylocichla 

mustelina in North America was lower near edges within highly fragmented but 

not highly forested landscapes.  Thus landscape-scale factors may constrain the 

occurrence of local-scale changes to nest predation (Thompson et al. 2002).    

Second, the amount of original habitat remaining at the landscape scale may 

affect the abundance or diversity of nest predators throughout the entire landscape 

(Huhta et al. 2004), with no threshold effects operating.  Andrén (1992), based on 

modelling by Franklin and Forman (1987), argued that maximum predator 

diversity at landscape level (in a two habitat system) should occur in landscapes 

with a 50:50 ratio of habitats, and this was supported by some data.   

Tewksbury et al. (2006) proposed, tested, and found support for an ‘additive 

predation model’ , which suggested that fragmentation affects remnant-associated 

(‘intrinsic’) predators and matrix-associated (‘generalist’) predators at different 

spatial scales.  Nest predation levels within remnant habitat patches were  

predicted to be the sum of predation by locally-responsive remnant-associated  
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predators and landscape-responsive matrix-associated predators.  If the main 

predators in a given region are remnant-associated, then decreased patch size and 

increased edge should decrease predation, whereas if the main predators in a 

given region are matrix-associated, decreased patch size and increased edge 

should increase predation (Tewksbury et al. 2006).   

1.2  Nest predation and edge effects in Australian forests 

1.2.1 Australian eucalypt forests and their avifauna  

Throughout most of Australia, where average annual rainfall exceeds 200 

mm, sclerophyllous evergreen trees of the closely-related genera Eucalyptus, 

Corymbia and Angophora (‘eucalypts’) dominate the woody vegetation (Groves 

1994).  Extensive eucalypt woodlands (10-30% projective foliage cover sensu 

Specht 1970) and open forests (30-70% projective foliage cover) occur around the 

moister peripheries of the continent, except in the wettest and most fertile areas 

which generally support rainforests (>70% projective foliage cover) (Gill et al. 

1985; Wardell-Johnson et al. 1997).   

Within their broad range, eucalypt forests and woodlands vary in structure 

along both local and regional gradients of moisture and soil fertility, with the 

driest and most infertile sites supporting woodlands of scattered trees over grassy 

or shrubby understoreys, intermediate sites supporting open-forests with greater 

tree densities and heights and shrubby understoreys, and tall open-forests with 

understoreys including rainforest species occurring in the more mesic and fertile 

sites (Groves 1994).  The woodlands and open forests are also commonly referred 

to as dry scleropyhll forests, and the tall open forests as wet sclerophyll forests.  
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Due to variation at highly localised spatial scales (such as between gullies and 

ridgelines), dry sclerophyll forests generally comprise mosaics of woodland and 

open forest, which will be henceforth referred to as ‘eucalypt forest’. 

Broad patterns in the structure and composition of bird assemblages within 

eucalypt forests have been described by Keast (1990) and Recher (1991), from 

which the following generalisations are mainly drawn.  Distributions of about 

one-third of Australian bird species are restricted to, or centred on, eucalypt 

woodlands and forests (Keast 1990).  Many of these are considered ‘forest-

dependent’ since they are seldom recorded within non-forested habitats, and this 

group includes many of the small-bodied insectivores and nectarivores (Loyn 

1987; Catterall et al. 1997a; Catterall et al. 1998).  Nectarivores are relatively 

abundant within eucalypt forests, reflecting a high diversity and abundance of 

nectar-bearing plants (Keast 1990).  Nomadism, or partial or complete seasonal 

latitudinal or altitudinal migration, are common (Kikkawa 1968; Chan 2001; 

Farmer et al. 2004).   

The breeding biology of Australian passerines has been reviewed by (Yom-

Tov 1987) and Russell (2000).  Compared to Northern Hemisphere birds, 

Australian passerines generally have relatively small clutches and a high 

occurrence of re-nesting.  It has been suggested that such life-history traits may be 

adaptive responses to high levels of nest predation (Martin 1995; Martin and 

Clobert 1996).  In eastern and southern eucalypt forests, most breeding occurs in 

spring, but the breeding season extends for about six to eight months (Yom-Tov 

1987), mainly due to the high incidence of double- and triple-brooding (Keast 

1990; Recher 1991).  
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1.2.2 Potential impacts of fragmentation on nest predation in Australian forests  

Many forest-dependent Australian bird species are thought to be in decline 

(Recher 1999; Ford et al. 2001).  Over much of coastal and subcoastal Australia, 

eucalypt forests have been highly fragmented by land clearing, and fragmentation-

related nest predation may be amongst the causes of these declines (Ford et al. 

2001).  Edge-related predation would be particularly important for birds which 

already suffer high predation rates, and there is some evidence that birds of 

eucalypt forests naturally experience relatively high nest predation levels.  On 

average, open-nesting birds in eucalypt forests and woodlands have a success rate 

of about 36%, with 50-60% of nest failures on average due to predation (Ford et 

al. 2001).  

Conversion of eucalypt forest to pasture or urban development has dramatic 

impacts on avifauna, mainly caused by the loss of ‘forest-dependent’ species, 

particularly small-bodied insectivores and nectarivores, and the addition of ‘open-

country’ species.  Bird assemblages within Australian pasture and urban habitats 

are often dominated by relatively aggressive, medium- to large-bodied native 

species, which are habitat generalists that can live and nest within the urban or 

agricultural matrix.  These species include potential nest predators such as the 

laughing kookaburra Dacelo novaeguineae, and members of the families 

Artamidae (butcherbirds Cracticus spp. and currawongs Strepera spp.) and 

Corvidae (crows and ravens: Corvus spp.) (Green and Catterall 1998; Sewell and 

Catterall 1998; Martin and Catterall 2001; Martin et al. 2004, 2006; Parsons et al. 

2006; Platt and Lill 2006).  Several species of corvid have increased greatly in 

abundance within Australian cities over the last few decades (Bell 1980; Stewart 
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1997; Veerman 2002; Woodall 2004), as has occurred in Europe and North 

America (Marzluff et al. 2001), where they are strongly linked to increases in nest 

predation at forest edges (Paton 1994; Andren 1995).  Another large-bodied avian 

predator which thrives in agricultural and urban landscapes is the Australian 

magpie Gymnorhina tibicen (Artamidae), which has been reliably recorded 

depredating artificial nests (Major et al. 1996, Gardner 1998), and has been 

considered a potential nest predator in a number of other Australian studies (e.g. 

Mathews et al. 1999; Boulton and Clarke 2003; Taylor and Ford 1998; Tokue and 

Ford 2006).  However, there is limited evidence that they are frequent predators at 

real nests.   

Conversion of eucalypt forests to exotic Pinus plantations has also occurred 

in some regions.  However, the medium- and large-bodied bird species which 

dominate urban and pasture bird assemblages are generally uncommon within 

these plantations, and eucalypt forest remnants within a Pinus dominated 

landscape do not tend to have increased densities of avian nest predators 

(Lindenmayer et al. 2002; Lindenmayer et al. 2003).   

Some of the avian nest predators reach maximum densities at edges between 

eucalypt forests and pasture or urban development.  For example, Catterall et al. 

(1991) identified the Torresian crow Corvus orru and pied butcherbird Cracticus 

nigrogularis as edge species in an urban forest remnant.  Narrow linear remnants 

and small remnant patches of forest may be entirely impacted by such edge effects 

(Catterall et al. 1991; Piper and Catterall 2003).  Howe (1986) included the grey 

butcherbird Cracticus torquatus and raven species in a list of species common in 

very small remnants within a matrix dominated by pasture.  Major et al. (1999) 
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recorded nine potential avian nest predators in narrow linear remnants compared 

with only two within extensive patches, in a rural matrix.  The pied butcherbird 

and Australian raven Corvus coronoides were found to be relatively common 

within linear remnants in a rural matrix (Lynch and Saunders 1991).   

Internal fragmentation by roads and recreation areas may also lead to nest 

predator influxes within remnant eucalypt forests.  Bird assemblages within forest 

recreation areas in coastal New South Wales were similar to those described 

above for urban areas, and common species included the pied currawong Strepera 

graculina and laughing kookaburra (Densmore and French 2005).   

1.2.3 Previous Australian studies relating nest predation to forest fragmentation 

Table 1.1 lists the 15 Australian studies (excluding publications related to 

the present thesis) which have explicitly tested for impacts of fragmentation on 

nest predation in forests.  Two of these were carried out within tropical rainforest 

abutting pasture, neither of which detected edge-related nest predation.  The other 

thirteen studies were carried out within vegetation types generally dominated by 

eucalypts, eleven of which assessed potential edge effects, and five of which 

assessed potential area effects (three tested both).  Five of these studies tested the 

success of real birds’ nests, and 11 used artificial nests (three used both types of 

nest).  Two artificial nest studies placed nests on the ground, and the remainder 

used nests placed within the shrub layer.  Most used open-cup nests, but one study 

placed artificial nests inside natural tree hollows.   

The type of matrix varied between studies.  There were six studies for which 

the matrix was all or mainly pasture, and two with a mix of grain crops and 

pasture.  Urban development, exotic Pinus plantation and natural shrubland were  
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each subjects of a single study; the Pinus and shrubland studies also assessed the 

impacts of edges between eucalypt forests and roads.  In one study, the matrix was 

a mixture of vineyards, pastures, and residential development.  Finally, one study 

looked only at the impacts of road edges. 

Of the six studies assessing potential edge-related predation within forests abutting 

land uses of pasture or mixed crop and pasture, five were undertaken within the temperate 

south east, and one took place in temperate southwestern Australia.  Three of four artificial 

nest studies detected increased predation near edges.  One artificial nest study, and two 

assessing real nest success, did not detect edge-related predation.  However, the three 

studies not finding edge-related increase in predation were not very powerful tests.  Taylor 

and Ford’s (1998) edges extended 170 m into woodlands, and so may have included 

‘interior’ habitat.  Ford (1999) compared success of nests closer than 100 m from the edge 

with nests further than 100 m from the edge, limiting the chance of discerning a steep 

predation gradient.  Brooker and Brooker (2001) tested edge effects only within a single 

large remnant.  In contrast, the three studies (Gardner 1998; Major et al. 1999; Berry 2002) 

which detected edge-related predation compared predation at artificial nests between the 

discrete categories of edge (all within 40 m of the edge) and interior (all at least 200 m 

from the edge), and so would have been more likely to detect a steep edge effect.  In all 

three cases, birds were the main predators.  Therefore, it appears likely that edge-related 

increases in nest predation, mediated by avian predators, do occur within eucalypt forests 

abutting pasture, but it is not known whether this effect occurs outside of temperate 

southeastern Australia.   

The limited number of studies assessing other matrix types precludes 

generalisation about the likelihood of widespread edge effects in Australian 
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forests.  There was no evidence for edge-related nest predation in eucalypt forests 

abutting suburbs in Sydney (Matthews et al. 1999), Pinus plantation in central 

New South Wales (Lindenmayer et al. 1999), or natural shrubland in South 

Australia (Luck et al. 1999).  Nest predation levels were not affected by roads in 

eucalypt open forest of central New South Wales (Lindenmayer et al. 1999), were 

greater close to edges with roads in South Australian mallee (Luck et al. 1999b), 

but lower close to roads through tropical savanna in northern Australia (Fraser and 

Whitehead 2005).  Finally, yellow-faced honeyeater Lichenostomus chrysops 

nests were more successful in temperate open forest near edges with a matrix 

incorporating vineyards, pastures and residential development in Victoria, but the 

same pattern was not found for artificial nests (Boulton and Clarke 2003).   

Patch-size effects on nest predation have been tested four times within 

patches embedded in a pasture or mixed crop and pasture matrix.  Zanette and 

Jenkins (2000) found that predation at both artificial and real eastern yellow robin 

Eopsaltria australis nests was similar between two 55 ha fragments and two 

larger (500 and 1000 ha) remnants.  Taylor and Ford (1998) reported that nest 

predation levels varied significantly between three remnants ranging in area from 

20 ha to 350 ha, with the highest predation rates in the mid-sized (90 ha) patch.  

Brooker and Brooker (2001) found that predation at blue-breasted fairy-wren 

Malurus pulcherrimus nests increased with increasing remnant size.  Finally, 

Luck (2003) found that levels of predation on both real and artificial rufous 

treecreeper Climacteris rufa nests did not differ significantly between small (4-30 

ha) and large (60-250 ha) woodland remnants.   



 

 23

Drawing general conclusions about edge effects in Australian forests is 

difficult, not only because of the diversity of findings and variety of contexts, but 

also because published studies have used diverse approaches to assessing potential 

edge effects on nest predation (Table 1.1).  Different studies have defined ‘edges’ 

as extending various distances into forests up to 170 m, and ‘interiors’ as being as 

little as 50 m from an edge.  Most work has taken place in temperate regions.  

Ground-nests have been used only twice, both of which studies were unusual in 

the type of eucalypt forest and type of matrix (Luck et al. 1999b; Fraser and 

Whitehead 2005).  Exposure periods have ranged from three days to several 

weeks.  Although a number of studies have used well-replicated experimental 

designs (e.g. Matthews et al. 1999; Lindenmayer et al. 1999; Major et al. 1999; 

Berry 2002; Boulton and Clark 2003; Hausmann et al. 2005), others have had 

very limited or no spatial replication, or have opportunistically tested edge effects 

using data collected primarily to answer different questions.  There has been a 

lack of Australian studies which assess edge-related predation in forests bordering 

non-pasture matrix types, and within non-temperate regions.   

1.3  The use of experiments with artificial nests 

Understanding the impacts of forest fragmentation on birds requires field 

measurement of nesting success, and this has been carried out in several ways.  

Real nesting success of a number of species has been monitored in some studies, 

and real nests have the advantage of providing data on predation during the 

nestling stage as well as during incubation.  However, studies of real nest success 

have several important disadvantages.  First, few researchers have the resources to 

gather sufficient data for the large sample sizes which are required for robust 
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statistical analyses.  Second, standardised treatments are nearly impossible.  Third, 

predators cannot generally be easily identified (Larivière 1999).  Fourth, 

disturbance caused by investigators may affect the fate of nests.  Gotmark (1992) 

reported that 39 of 78 studies that considered investigator disturbance on nest 

predation or overall nest success reported significant investigator impact, mainly 

due to parental desertion.   

Because of these issues, most nest predation studies relating to issues in 

conservation biology have used some form of artificial nest.  Artificial nests allow 

relatively large sample sizes, standardisation across experimental treatments, 

identification of nest predators, for example by the use of imprint-receptive 

dummy eggs (often in conjunction with real eggs) or trip cameras, and 

investigations do not directly interfere with the nests of real birds.  Furthermore, 

artificial nests allow examination of the potential role of predation in patterns of 

avian edge-avoidance, patch-size sensitivity, or localised extinction, all of which 

are cases where the target species’ nests may often no longer exist, because the 

species has either been extirpated or avoids edge habitat.   

There are, however, a number of potential problems with the use of artificial 

nests.  First, artificial nests may provide different cues to predators in terms of 

appearance, odour, egg size, and specific location, making them either more or 

less vulnerable than real nests to predation (Reitsma et al. 1990), and making it 

possible that artificial nests attract some “predators” which would be unlikely to 

prey upon real birds’ nests (Major and Kendall 1996).  Second, the absence of 

incubating adults may either increase or decrease predation in artificial nest 

experiments, because predators may be attracted by the activities of adult birds 
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(Moller 1987; Ratti & Reese 1988), but adult birds may also successfully defend 

the nest against some predators (Loiselle & Hoppes 1983).  Third, nests are often 

baited with chicken, bobwhite, or quail eggs (Major and Kendall 1996), which are 

larger and thicker-shelled than those of most passerine species, potentially causing 

underestimation of predation by smaller animals unable to damage larger eggs 

(Reitsma et al. 1990; Roper 1992; Leimgruber et al. 1994).  This bias has been 

partially overcome in most recent studies by the use of trip cameras or imprint-

receptive eggs, although Maier and DeGraaf (2001) argued that dummy eggs are 

often too easily damaged by very small predators.   

A fourth, and potentially most important, source of bias, is that artificial 

nests may favour some classes of predator.  Diurnal birds use mainly visual cues 

while foraging, and are expected to generally respond well to artificial nests.  

Mammals and reptiles tend to use both visual and olfactory cues, and so may be 

more affected than birds by the lack of natural odours at artificial nests.  It is 

possible that some predators are cued by parental movements around nests, in 

which case their effect would be underestimated.  However, an extensive list of 

birds and mammals, and to a lesser extent reptiles, have depredated artificial nests 

in studies carried out within Australia and elsewhere, and these have usually 

included predators that are either suspected or known to be important predators at 

the nests of real birds.  This suggests that artificial nests are suitable for detection 

of effects mediated by most potential nest predators.   

Unfortunately, however, artificial nests sample predation by only some 

classes of reptile.  Predation by snakes cannot be reliably sampled using artificial 

nests, because they often use movement or thermal and olfactory cues for 
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foraging.  Therefore, fragmentation effects on nest predation which are mediated 

by snakes would not be detected using artificial nest methodologies.  Preliminary 

studies using video-cameras with the nests of neotropical migrant birds have 

suggested that snakes may be major nest predators in North America 

(Weatherhead and Blouin-Demers 2004).  However, these results may have been 

influenced by their use of ground-nests only.  Only two of 22 depredated wood 

thrush shrub-nests that were monitored by video in West Virginia were 

depredated by snakes (Williams and Wood 2002) , and predators at shrub-nests of 

the dusky flycatcher Empidonax oberholseri that were monitored by camera and 

video were all mammalian or avian (Liebezeit and George 2003).  Snakes were 

not recorded at shrub-nests of the blackcap Sylvia atricapilla monitored by video 

in Germany (Schaefer 2004).  In Australia, where almost all forest-living 

passerines use elevated nests (Blakers et al. 1984), snakes are known to depredate 

real birds’ nests in some ecosystems (Major 1991; Zann 1994), but their relative 

importance as nest predators is not known.  Interpretation of artificial nest studies 

of edge effects may be flawed if snake predators showed an edge-response, 

causing overestimation of edge-related predation if they were edge-avoiders, or 

under-estimation if they were attracted to edges.  Unfortunately, little is known 

about the responses of reptiles in Australia, or elsewhere, to habitat fragmentation 

(Mac Nally and Brown 2001), so it is impossible even to speculate about their 

potential impacts on nest predation in fragmented forests.   

In conclusion, the use of artificial nests creates a number of potential biases.  

Nevertheless, there are important advantages to using artificial nests in studies of 

the impacts of forest fragmentation.  Despite the potential problems inherent with 

the use of artificial nests, it reasonable to expect results from artificial nest studies 
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to generally reflect differences in predation rates between sites or habitats (Martin 

1987; Paton 1994; Major and Kendall 1996), particularly if the main predators in 

all contexts are avian (Paton 1994; Roos 2002).   

1.4  Aims and structure of this thesis 

The aim of this thesis is to investigate a range of potential fragmentation-

related changes in nest predation levels and nest predator assemblages within 

Australian eucalypt forests.   

Chapter 2 aims to test two propositions for fragmented eucalypt forests of 

subtropical Australia: (1) that nest predation levels within forests are increased 

near edges abutting areas of altered land use; and (2) that this effect differs among 

edges where the type of adjacent land use is different.  Levels of predation on 

artificial open-cup shrub-nests, and nest predator assemblage composition, are 

compared among distances of 0, 60, and 235 metres from edges, adjacent to areas 

of urban, pasture, and Pinus plantation.   

Chapter 3 further investigates edge-related nest predation within subtropical 

Australian eucalypt forests, again testing the propositions that nest predation 

levels within forests are increased near edges abutting areas of altered land use, 

and that this effect may differ among edges where the type of adjacent land use is 

different.  Artificial open-cup nests were deployed in three trials conducted over 

three years.  Because predation levels and predator assemblages may differ greatly 

between nests placed on the ground or elevated in vegetation, both ground- and 

shrub-nests were used.  Nest predation levels and nest predator assemblage 



 

 28

composition are compared among forest interiors and edges abutting urban and 

pasture land use, between ground- and shrub-nests, and between years.   

In Chapter 4 , potential changes to bird assemblages and nest predation 

associated with picnic areas within subtropical eucalypt forests are assessed.  Two 

aspects of avian ecology are investigated: species composition and nest predation 

pressure.  Bird assemblage structure, and predation at artificial open-cup shrub-

nests are compared between transects abutting the edges of picnic areas and 

matched transects far from the edge, and others located similarly to the picnic area 

edge with respect to all factors other than the picnic areas.  The effects of these 

edges are compared with known effects of external edges, and implications for the 

management of remnant forests are considered.   

In Chapter 5, artificial ground- and shrub-nests are used to compare nest 

predation levels and predator assemblages of small (10-20 ha) remnants of 

eucalypt forest within urban Brisbane, Queensland, with those of nearby extensive 

eucalypt forests.  It was expected that nest predation levels in the small forest 

remnants might be increased owing to relatively high abundances of generalist 

avian predators.  The possibility of mesopredator release within small remnant 

eucalypt forests is also considered.   

Chapter 6 assesses whether results presented in earlier chapters may have 

been influenced by landscape-scale forest cover and landscape composition.  This 

chapter tests for relationships between nest predation levels (using data previously 

reported in Chapters 3 and 5) and land cover (woody vegetation, pasture, crop, 

and human settlements) measured over a 5 km radius from each of 36 sites.   
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Finally, Chapter 7 is a general discussion, aimed at integrating the work and 

theory presented in previous chapters. 
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Chapter 2.  Does adjacent land use affect predation 

at artificial shrub-nests near eucalypt forest edges? 

2.1  Introduction 

The creation of habitat edge by partial clearing of forest for human land use 

may have negative consequences for birds breeding in remaining forest patches 

(e.g. Kroodsma 1984; Wilcove and Robinson 1990; Rolstad 1991).  Although 

results have varied (Lahti 2001), there is consistent evidence from studies within 

the Northern Hemisphere and tropics that both real and artificial avian nests often 

experience greater predation pressure near some kinds of forest edges due to 

incursions of avian predators from adjacent modified habitats (reviewed by Paton 

1994; Andrén 1995; Söderström 1999).   

Edges where Australian eucalypt forests abut cleared land often support 

high densities of several species from the families Artamidae (Australian magpie, 

butcherbirds and currawongs) and Corvidae (crows and ravens) (Loyn 1987; 

Catterall et al. 1991; Catterall et al. 1998; Green and Catterall 1998; Luck et al. 

1999a).  These species are ecologically similar to many of those responsible for 

causing increased predation at edges in Northern Hemisphere forests, and are 

known to prey on birds’ nests (e.g. Blakers et al. 1984; Major et al. 1996; Major 

et al. 1999).  Additionally, eucalypt forest edges support high densities of the 

medium-sized (65 g) noisy miner (Meliphagidae) (Loyn 1987; Catterall et al. 

1997a), which is also known to interfere with and prey on artificial nests (Major et 

al.1996).  Therefore, Australian eucalypt forest edges may be expected to have 

relatively high nest predation levels compared with forest interiors.   
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However, the few published studies assessing edge effects on nest predation 

within eucalypt forests have provided inconsistent results (Gardner 1998; Taylor 

and Ford 1998; Lindenmayer et al. 1999; Luck et al. 1999b; Matthews et al. 

1999), and it is not known whether edge-related increases in nest predation levels 

generally occur within eucalypt forests.  Furthermore, these studies were all 

carried out in temperate southern Australian forests, and edge-related changes in 

nest predation levels have not been tested within subtropical eucalypt forests.   

Because predator assemblages respond in different ways to various types of 

development (Andrén 1995), it is unlikely that forest edges adjacent to different 

types of land use would experience similar types of change.  Edge-related 

increases in nest predation levels have been commonly found within forests that 

abut areas which are predominantly agricultural or urban, but seldom occur within 

landscapes retaining a mosaic of forest ages or types, such as those created by 

clear-cut forestry (Andrén 1995; Hartley and Hunter 1998).  Predator assemblages 

may not respond to the spatial or temporal scale of disturbance within such areas 

in the same way as they do to more extensive and permanent changes caused by 

urban and agricultural development (Bayne and Hobson 1997).  However, the 

influence of differing adjacent modified landscapes on edge effects has not 

previously been tested within Australian eucalypt forests.  

In the present study, I used artificial nests to compare levels of nest 

predation within study plots at different distances from edges where eucalypt 

forests adjoined areas of urban development, pasture and exotic Pinus plantation.  

This study aimed to test two propositions for fragmented eucalypt forests of 

subtropical Australia: (1) that nest predation levels within forests are increased 
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near external edges; and (2) that this effect differs among edges where the type of 

adjacent land use is different.   

2.2  Methods 

2.2.1  Study area and field sites 

The study area covered approximately 30 000 km2 within the south east 

Queensland biogeographical region.  Agricultural and urban development since 

European settlement has reduced the previously continuous forest cover of this 

region to about 50% of land cover.  Approximately 30% of the study area is now 

covered by pastures of native or introduced grasses, which vary from completely 

cleared to areas maintaining a treed overstorey, and are stocked mainly with 

cattle. Plantations of exotic Pinus spp., mainly P. elliottii and P. caribaea, cover 

approximately 5% of the study area.  Urban development, mostly medium to high 

density detached housing, covers about 5%, and the extent of urbanisation is 

rapidly increasing.  The balance of the cleared area is used for cropping. The 

remainder of the area supports a mosaic of sclerophyllous vegetation and 

rainforest, often covering large continuous tracts, but substantially cleared and 

fragmented in the lowlands (<160 m above sea level).  Lowland eucalypt forests 

have been particularly targeted for agricultural and urban development, and have 

been fragmented into a system of scattered and isolated remnant patches, with 

about one quarter of pre-settlement cover remaining within the 20 000 km2 ‘SEQ 

2001’ planning region (Catterall et al. 1997b).   

Study sites were located within 15 relatively large (ranging from 400 to >50 

000 ha) remnant patches of lowland eucalypt open forest/woodland spread 
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throughout the study area.  Eight replicate sites were chosen within each of the 

following categories: urban edge, pasture edge, Pinus edge, and eucalypt forest 

interior. Some patches bordered multiple land use types, allowing selection of 

sites within several edge types within the patch.  Multiple sites located within the 

same forest patch were at least 1 km apart and deemed statistically independent.  

Edges were defined as sharp boundaries occurring where forest abutted a 

substantial developed area (minimum clearing size 25 ha).  Narrow roads and 

tracks were not considered to be edges (similar to Paton 1994).  All edges were 

verified from aerial photographs to be at least 10 years old.  Forest interior sites 

consisted of a single transect located 500 to 800 m from the nearest external edge, 

and were spatially independent of edge sites.   

Within each edge site, three transects 100 m long and 30 m wide were laid 

out running parallel to each other and the edge, with the ‘edge’ sides of the 

transects at distances of 0 m, 60 m and 235 m from the edge (hereafter referred to 

as 0, 60 and 235 m transects).  The three transects within each edge site were 

matched wherever possible for vegetation sub-association, topography, and 

proximity to small linear clearings such as tracks. Forest interior transects were 

similarly matched to the nearest edge site.   

2.2.2  Artificial nest experiments 

Artificial nests were placed once at each site during the period November 

1998 to March 1999, which broadly corresponds with the summer nesting period 

of most birds within the region (Blakers et al. 1984).  Sites within different 

categories were mixed evenly throughout this period.  Nests were decorative 

open-cup grass nests obtained from a homecrafts supplier, and were similar in 
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appearance to the nests of many smaller passerines.  The grass cups were dipped 

in an acrylic sealant to bind and waterproof them, and then aired for at least one 

month to reduce artificial odours.  A loop of wire threaded through the bottom of 

each nest was used to attach it to a branch or fork of a shrub or small tree.  Each 

nest contained one quail (Coturnix spp.) egg, approximately 25 mm in length by 

20 mm in width.  Because quail eggs are larger and thicker-shelled than the eggs 

of most passerines, potentially limiting predation by smaller species of predator 

(Roper 1992, Haskell 1995a), nests were also baited with two model plasticine 

eggs.  These permitted detection of smaller predators (Bayne et al 1997; Keyser et 

al. 1998), and had the added advantage of allowing the predators to be identified 

in many cases.  The model eggs were constructed of cream coloured plasticine to 

resemble the quail eggs in size, but lacked the brown speckling typical of the quail 

eggs.   

At each transect, five artificial nests were put out at approximately even 

intervals along each 100 x 30 m transect.  The position of nests across the width 

of the transect varied depending on the availability of suitable substrates.  Nests 

were placed in shrubs and small trees at a height of 0.5-2.0 m above the ground, 

consistent with ‘shrub-nests’ used in other studies (Söderström 1999), and were 

flagged by a small tape marker 5 m from the nest on a known bearing.  Nests were 

recovered after an exposure period of six days, which was expected on the basis 

of pilot work to result in intermediate predation levels overall, providing data 

suitable for statistical analysis.  Two measures of predation were recognised and 

used in all analyses: 1. predation of the quail egg; and 2. predation of any egg.   
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2.2.3  Statistical analyses 

Analyses were carried out on the arcsine transformed proportion of nests 

depredated within each transect.  The effects of edge type and distance to the edge 

on nest predation levels were assessed for ‘edge’ sites by split-plot Analysis of 

Variance (ANOVA), using the GLM module in the SAS statistical package (SAS 

Institute Inc. 1988), with edge type as a between-subjects factor, and distance as a 

within-subjects factor.  Forest interior transects were compared with the 0 m 

transects from the edge sites by single-factor ANOVA.  Separate analyses were 

conducted for predation of the quail egg and predation of any egg.  For all 

analyses, an alpha level of P≤0.05 was used to determine significance. 

2.2.4  Predator identification 

Where possible, predators were identified from tooth or bill marks left in the 

plasticine eggs, by comparison with taxonomic literature and reference imprints 

made from skulls.  In many cases this allowed identification to the level of species 

or genus, but often it was possible to classify predators only within broader 

categories of bird, mammal or reptile.  Predation was attributed to an unknown 

predator when at least one egg remained in a depredated nest but useful imprints 

were not obtained.  Nests from which all three eggs were missing were classified 

as ‘removed’. 

2.3 Results 

2.3.1  Nest predation levels 

The mean number of nests with predation of the quail egg varied from 0.5 to 

3.4 nests (10-68%) across the ten combinations of edge type and distance to edge 
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(Figure 2.1a).  Predation of the quail egg was significantly affected by edge type 

(Table 2.1), caused by lower predation levels within sites adjacent to Pinus 

plantations than sites adjacent to other land use types.  Quail egg predation levels 

within sites bordering Pinus plantations were about half those of urban, pasture 

and forest interior sites (Figure 2.1a).  Predation of the quail egg was not 

significantly affected by distance to the forest edge, nor was the interaction 

between edge type and distance to edge significant.  The mean number of nests 

Table 2.1.  Results of ANOVA comparisons of nest predation levels between 
different combinations of edge type and distance.  Two-factor ANOVAs were 
performed on the arcsine transformed proportion of nests with predation of the 
quail egg, or predation of any egg, with factors edge type (3 levels) and distance 
to the edge (3 levels). Single factor ANOVAs were performed on arcsine 
transformed proportion of nests with predation of the quail egg, or predation of 
any egg, across four site types. 

Source  df SS MS   F P 

Comparisons of edge distance by type of adjacent land use: 

Predation of the quail egg 
 

edge type 
error 
distance 
type x distance 
error (distance) 

2 
21 
2 
4 
42 

11331 
32468 
430 
2156 
16972 

5666 
1546 
215 
539 
404 
 

3.66 
 
0.53 
1.33 
 

0.043 
 
0.59 
0.27 

Predation of any egg 
 

edge type 
error 
distance 
type x distance 
error (distance) 

2 
21 
2 
4 
42 

5650 
25180 
864 
652 
12573 

2825 
1199 
432 
163 
299 

2.36 
 
1.44 
0.54 
 

0.12 
 
0.25 
0.70 

Comparisons of forest interiors with edges: 

Predation of the quail egg  
 

site type 
error 

3 
28 

5514 
27026 

1838 
965 

1.90 0.15 

Predation of any egg 
 

site type 
error 

3 
28 

1423 
19354 

474 
691 

0.69 0.57 

Edge type: Pinus, urban, pasture. Distance to edge: 0 m, 60 m, 235 m from edge. 
Site type: interior, Pinus edge (0 m), urban edge (0 m), pasture edge (0 m). 
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was not significantly affected by edge type or distance to edge (Table 2.1).  The 

interaction between edge type and distance to edge was also not significant (Table 

2.1).   

During the study 225 of the 400 nests (56%) showed egg loss or damage: 

the level of predation at nests within sites adjacent to urban edges (distances 

combined) was 60% (n=120), compared with 68% at pasture edges (n=120), 40%  

 

b. Predation of any egg

0

20

40

60

80

100

0 60 235 0 60 235 0 60 235 500

P
re

da
tio

n 
le

ve
l (

%
)

removed
unknown
reptile
mammal
bird

a. Predation of the quail egg

0

20

40

60

80

P
re

da
tio

n 
le

ve
l (

%
)

 

                    Urban edge            Pasture edge             Pinus edge            Interior  

Figure 2.1.  Mean percentage (± SE) of nests per transect within eucalypt forests 

at different distances (m) from urban, pasture and Pinus edges, with (a) predation 

of the quail egg, and (b) predation of any egg, and showing proportions of 

depredated nests attributed to each class of predator.
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at Pinus edges (n=120), and 60% at interior sites (n=40).  The quail egg was 

missing or damaged in 166 of the 400 nests (42%).    

2.3.2  Identities of predators 

Of the 123 nests from which plasticine eggs with useful imprints were 

recovered, 92% were depredated by birds, 6% by mammals, and 2% by reptiles.  

Birds were the most important predators at all combinations of edge type and 

distance to edge, causing from 70 to 100% of identified predation across 

treatments (Figure 2.1b).  Predation was attributed to an unknown predator in 31 

cases (14% of depredated nests), and 71 nests (32%) were classified as removed.  

Figure 2.1b shows the relative importance of each class of predator across each 

combination of edge type and distance to edge.  A more detailed tabulation of nest 

fates can be found in Appendix 1.   

Three species of the Artamidae, the grey butcherbird, pied butcherbird and 

pied currawong, were the most common avian predators identified by bill marks 

in this study.  Damage could often be attributed to these three species because of 

the impression left by the ‘hook’ on the end of the upper mandible, but could not 

always be assigned to a particular species.  Most other bill marks left on plasticine 

eggs were consistent with two smaller species, the grey shrike-thrush 

Colluricincla harmonica (Pachycephalidae) and noisy miner (Meliphagidae), 

although predation could not be assigned to these species with certainty.  The 

laughing kookaburra (Halcyonidae), Australian magpie (Artamidae) and Torresian 

crow (Corvidae) were other potential avian nest predators also suspected to be 

responsible for some of the predation events on the basis of local abundance, but 

this is an unreliable indicator of nest predator identity (Major et al. 1999), and 

these birds were not specifically identified from imprints.   
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Non-avian predators caused 8% of identified predation overall.  Mammals 

depredated seven nests across five sites, with three cases of predation by rodents 

that left imprints consistent with Rattus, three by a dog Canis familiaris or fox 

Vulpes vulpes, and one by the common brushtail possum Trichosurus vulpecula.  

A species of lizard which left imprints consistent with the lace monitor Varanus 

varius depredated three nests across three sites.   

2.4  Discussion 

Artificial nest studies have provided an important tool to understanding 

patterns of bird nest predation because they provide sample sizes rarely available 

with real nests, and treatments can be more readily standardised (Major and 

Kendal 1996).  The use of quail eggs, which are relatively large and strong-

shelled compared to many passerine eggs, may restrict predation by some smaller 

species of predator that may be capable of damaging the eggs of small passerines 

(Roper 1992; Haskell 1995a; Major and Kendall 1996).  The use of plasticine 

eggs allows damage by these smaller predators to be identified, however there is 

evidence that plasticine eggs may be damaged by predators too weak to damage 

real eggs (Maier and DeGraaf 2001), and it is not clear whether smaller predators 

are likely to impact occupied nests (Heske et al. 2001).  I chose to counter these 

possible biases by analysing the data at two levels: predation of the quail egg, 

which provides a more conservative predation measure involving larger stronger 

predators which would be less likely to be thwarted by parental defence at a real 

nest; and predation of any egg, which gives a less conservative measure likely to 

include activity by even the smallest potential nest predators.  Although these two 

measures were highly correlated (r2=0.77), they did provide differing results.   
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There are a number of reasons why forest edges may support relatively 

diverse and abundant predator assemblages (summarised by Marini et al. 1995, 

Andrén 1995), including the presence of a combination of predators from both the 

forest and adjacent habitats, incursion into forests of generalist predators which 

reach high densities within adjacent modified habitats, and use of edges as travel 

lanes by predators.  Increased predator diversity may reduce nest success because 

a greater variety of search strategies would lead to more nests being found 

(Filliater et al. 1994; Marini et al. 1995).  Edge-related increases in nest predation 

levels within Northern Hemisphere temperate forests have frequently been 

attributed to increased densities and diversities of avian nest predators within 

developed areas, which then penetrate forests for some distance in from edges 

(Angelstam 1986; Paton 1994; Andrén 1995).   

Predator assemblages strongly dominated by birds have been reported by 

other artificial nest studies carried out within Australian eucalypt forests (Gardner 

1998, Taylor and Ford 1998; Matthews et al. 1999; Major et al. 1999; Zanette and 

Jenkins 2000), and birds were responsible for 92% of identified predation overall 

in the present study.  Furthermore, butcherbirds, which were identified as 

important nest predators, often respond positively to modified landscapes and 

forest edges (Catterall et al. 1991; Catterall et al. 1998; Luck et al. 1999a).  

However, I did not find significant edge-related increases in shrub nest predation 

levels within subtropical eucalypt forests.  This was the case whether predation of 

the quail egg or predation of any egg was used to calculate predation levels, and 

was consistent for forests bordering urban development, pasture or Pinus 

plantation.  These results are at partial variance with the majority of studies from 

the Northern Hemisphere and tropics, which have shown that avian predators 
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often cause significantly higher levels of nest loss near agricultural and urban 

edges, but not edges within forestry production environments (Paton 1994; 

Andrén 1995).   

The magnitude of edge-related increases in nest predation levels reported by 

other studies, and the spatial scale over which these have been found, have varied 

greatly (see Table 2 in Paton 1994; Table 10.1 in Andrén 1995).  Paton (1994) 

reviewed a number of previous studies assessing edge-related variation in nest 

predation levels, and suggested that these increases are generally greatest within 

50 metres of forest edges, and may not extend beyond 200 metres into forests.  

For example, Andrén and Angelstam (1988) found that predation levels within 

forests decreased from 50% to 13% across 100 m from the edge, with a further 

decline to 8% beyond 200 m from the edge.  Predation levels in the present study 

were on average 10% lower for nests in the range of 235 to 265 m from the forest 

edge, compared with nests 0 to 30 m from the edge.   

Other work using artificial nests within Australian eucalypt forests has also 

failed to detect a generally occurring edge effect.  Luck et al. (1999b) recorded 

decreases in predation at ground-nests of up to 66% across 120 m into forests 

from road edges, and Gardner (1998) found edge-related increases in predation 

levels for open cup nests but not disused real semi-closed shrub-nests within two 

large remnants surrounded by pasture.  However, several other studies have 

reported finding no edge effect on shrub nest predation at edges of eucalypt 

forests abutting pasture (Taylor and Ford 1998), Pinus plantation (Lindenmayer et 

al. 1999), and urban development (Matthews et al. 1999).   
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The suite of avian species which mainly preyed on my nests, comprising 

artamids, and possibly the grey shrike-thrush and noisy miner, was very similar to 

those found by other Australian studies which have identified predators at 

artificial open nests (Major et al. 1996, Gardner 1998, Major et al. 1999).  

Mammals appear generally to be uncommon predators of artificial open nests 

within eucalypt forests.  Matthews et al. (1999) attributed ten percent of predation 

at artificial shrub-nests within a system of temperate urban remnants to mammals, 

mainly rodents.  Other Australian studies, which have occurred within agricultural 

landscapes, have attributed no more than three percent of predation to mammals 

(Gardner 1998; Major et al. 1999; Zanette and Jenkins 2000).  Reptiles have not 

previously been reported to prey on artificial nests within Australian forests.  

However, reptiles may be important predators of real birds’ nests (Heske et al. 

2001), and Zanette and Jenkins (2000) found that the chance of predation for nests 

of the eastern yellow robin was correlated with the density of varanid lizards near 

the nests.   

Nest predation levels may be affected by the composition of the predator 

community (Andrén 1995; Hannon and Cotterill 1998).  Because birds forage by 

visual cues, compared with the use mainly of olfactory cues by mammals and 

reptiles, and would therefore be more likely to be deceived by the plasticine eggs, 

most of the nests classified as ‘removed’ were probably depredated by a subset of 

bird species large enough to be capable of carrying eggs away from the nest.  

Although birds were the main predators at all edge types and distances to the 

edge, the relatively low proportions of depredated nests classified as removed 

within Pinus edge and forest interior sites suggest that the avian predator 

assemblages of these habitats may include fewer birds of the larger species than 
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those of urban and pasture edges.  The relatively low levels of quail egg predation 

within Pinus edge sites further supports the idea that larger avian predators were 

less important within those sites than within urban and pasture edges.   

There is a range of possible different and non-exclusive explanations for the 

absence of a significant edge effect in the present study.  These are: (1) the overall 

abundance of nest predators did not differ between forest edges and interiors; (2) 

the major nest predators did not respond to the artificial nests; (3) the study year 

was unusual in some respect, perhaps because alternative food for nest predators 

was superabundant; (4) the study area’s forests were so internally disturbed and 

fragmented that they were all ‘edge’ (Marini et al. 1995; Matthews et al. 1999); 

and (5) the study area has not been sufficiently fragmented at the regional scale 

for edge effects to occur (cf. Andrén 1994).   

I do not have the data to accept or reject many of these possibilities.  It is 

possible that the overall abundance of predators was similar between forest edges 

and interiors.  Predator densities may correspond more strongly with regional 

scale levels of forest cover than local landscape characteristics such as edges 

(Donovan et al. 1995; Robinson et al. 1995; Hartley and Hunter 1998).  

Alternatively, predators which do show an edge or interior preference may 

compensate for each other.  For example, two potential medium-sized avian 

predators, the noisy miner and the grey shrike-thrush, are edge- and interior-

favouring species respectively where they occur together (Loyn 1987; Catterall et 

al. 1991).   

The possibility that important predators did not respond to my nests is 

plausible because nests within different height classes are exposed to different 
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predator assemblages and often vary in success rates (Martin 1993b; Söderström 

1999), and predation levels within a habitat may vary between nest types (Martin 

1987; Gardner 1998).  Because a particular artificial nest design may sample only 

part of the predator assemblage present, predation may be detected with some 

combinations of nest type and height but not others.  The larger avian predators 

expected to potentially cause edge-related predation during the present study are 

not typically shrub-foraging species, and it is possible that my nests 

underestimated their importance as predators of nests at other heights.  However, 

shrub-nests have provided much of the data supporting the Northern Hemisphere 

model (Andrén 1995; Söderström 1999).   

The third possibility, that predation levels were affected by the abundance 

of alternative prey (e.g. Underhill et al. 1993), is valid but not testable with these 

data.  The fourth possibility is plausible because features such as roads and picnic 

grounds that internally fragment habitat patches may concentrate predators by 

acting as travel lanes (Marini et al. 1995; Suarez et al. 1997).  Two Australian 

studies have assessed the influence of road proximity on nest predation levels with 

contrasting results: Luck et al. (1999b) found edge-related increases in predation 

for artificial ground-nests, whereas Lindenmayer et al. (1999) found no effect of 

road proximity on predation at shrub-nests.   

The fifth possibility is derived from Andrén’s (1994) suggestion that 

landscape characteristics such as edges tend to become important relative to the 

total area of remnant habitat at some threshold level of regional habitat loss, likely 

to be in the range of 70 to 90%.  This is supported by Lahti’s (2001) review, 

which suggests that edge effects on nest predation may occur more frequently 
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within landscapes retaining less than 50% prey (breeding bird) habitat than within 

landscapes with higher retention of suitable habitat.  As a whole the study region 

currently has lost about 50% woody vegetation cover, with about 75% cleared 

from the lowlands of the part of the region where most sites were located, and so 

may not yet have reached the threshold clearance level required for edge effects to 

become important.   
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Chapter 3.  Effects of edge type and nest height on 

predation at artificial nests within subtropical 

Australian eucalypt forests 

3.1  Introduction 

A major area of study within avian conservation biology has been the 

identification and explanation of changes in nest predation levels related to forest 

fragmentation, and in particular to the anthropogenic creation of habitat edges 

(reviewed by Paton 1994; Andrén 1995; Marzluff and Restani 1999; Söderström 

1999; Lahti 2001; Batáry and Báldi 2004).  Predation is the major cause of egg 

and nestling mortality in most bird species (Ricklefs 1969), and edge-related 

increases in nest predation rates have been linked to major passerine population 

declines in fragmented North American forests (Wilcove 1985; Bohning-Gaese et 

al. 1993; Donovan et al. 1995). 

The generality of edge-related nest predation has been questioned (Lahti 

2001).  However, about one-half of studies carried out within forests abutting 

agricultural or urbanised landscapes have reported edge-related increases in nest 

predation (Marzluff and Restani 1999; Lahti 2001).  Where this effect has been 

found, increased predator activity near edges has typically been attributed to 

increased predator density and/or diversity within fragmented landscapes (Paton 

1994; Andrén 1995).  The main predators which have been associated with this 

effect are relatively large avian generalists, often species of corvid (Corvidae), 

which respond positively to modified landscapes following clearing and make 

incursions into remnant forest patches. 
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However, the great majority of studies assessing edge-related nest predation 

have been carried out within temperate European and eastern North American 

forests, and it is not well understood whether this edge effect generally occurs 

elsewhere, including Australian eucalypt systems.  Many of the bird species 

dependent on Australian eucalypt woodlands and forests are considered to be in 

decline (Catterall et al. 1998, Recher 1999), and fragmentation-related increases 

in nest predation levels are one of the potential causes ( Ford et al. 2001).  

Corvids, and the larger species of artamid (Artamidae, including species of 

butcherbird and currawong which are in many ways morphologically and 

ecologically similar to corvids), are important nest predators within Australian 

eucalypt forests and woodlands (Gardner 1998; Taylor and Ford 1998; Matthews 

et al. 1999; Major et al. 1994; major et al. 1999; Zanette and Jenkins 2000; Bayly 

and Blumstein 2001; Fulton and Ford 2001; Chapter 2).  Many of these bird 

species increase in abundance near forest edges or become more common in 

human-modified landscapes following clearing of these habitats (Loyn 1987; 

Catterall et al.1991; Barrett et al. 1994; Catterall et al. 1997a; Green and Catterall 

1998).  Therefore, the environmental conditions that would favour increased 

predation at these edges, similar to that reported from other continents, appear to 

occur within fragmented Australian eucalypt forests. 

Previous work using artificial nests to assess edge-related nest predation 

within fragmented Australian eucalypt forests has, however, provided mixed 

results (Gardner 1998; Taylor and Ford 1998; Luck et al. 1999b; Major et al. 

1999; Matthews et al. 1999; Berry 2002; Chapter 2).  Furthermore, very few 

Australian studies have assessed edge-related predation within forests abutting 

land use types other than pasture, and possible interactions between proximity to 
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the edge, type of adjacent land use, and nest height have not previously been 

tested within Australian forests. 

The aims of the present study were to assess how nest predation levels and 

predator assemblage composition varied within subtropical eucalypt forests, over 

three years, in relation to proximity to edge (edge or interior), type of adjoining 

land use (urban or pasture) and nest height (ground or shrub). 

3.2  Methods 

3.2.1  Study area and field sites 

The study was carried out within an area of approximately 25 000 km2 of 

subcoastal plains and hills within subtropical eastern Australia (Figure 3.1).  Prior 

to European settlement this region had an almost continuous cover of woodlands 

and forests.  Over the last 200 years, forest cover across the region has been 

reduced by clearing for agriculture and human settlement to approximately 35% 

of its original extent (Catterall et al. 1997b).  Currently, about 45% of the study 

area is used for native and introduced pastures, about 10% for urban 

developments, and about 5% is cropped.  The urbanised area includes the city of 

Brisbane which has a current population of about 1.7 million.  A further 5% of the 

study region supports plantations of exotic Pinus species (P. elliottii, P. radiata 

and P. caribaea). 

Although large tracts of continuous forest are reserved within the study area, 

these occur mainly at higher elevations.  Lowland forests (<160 m above sea 

level), which have been preferentially cleared for agriculture and settlement, are 

highly fragmented (Catterall et al. 1997b).  Remnant lowland forests within the  
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Figure 3.1.  Map of the study area showing locations of study sites. 
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region mainly comprise mosaics of woodlands and open forests which are 

dominated by various combinations of trees of the genera Eucalyptus, Corymbia, 

Angophora and Lophostemon.  Understorey vegetation may be dominated by 

grasses or shrubs and small trees.  Rainforest occurs patchily in more fertile and 

mesic locations.  Extensive patches of these forests generally exist only within 

local or state government-controlled conservation reserves or mixed-use forests 

managed mainly for timber production. 

Twenty-seven experimental sites were placed within relatively large (400 – 

50 000 ha) patches of lowland eucalypt forest spread throughout southeastern 

Queensland (Figure 3.1).  There were nine sites in each of the following contexts: 

urban edge, pasture edge, and forest interior.  Individual sites were at least 1 km 

apart.  Edge sites each consisted of a single 200 x 30 m transect placed within the 

forest parallel to, and abutting, an abrupt edge with a substantial (>25 ha) cleared 

and developed area.  All edges used were confirmed from aerial photography to 

be at least 10 years old.  Forest interior sites consisted of a similar transect at least 

500 m (range 500 – 1000 m) from any external edge, and were not paired with 

edge sites.  All three types of site were spatially independent from one another 

(Figure 3.1). 

3.2.2  Artificial nest experiment design 

Each nest was a decorative artificial grass open-cup bird nest, obtained from 

a homecrafts supplier.  All nests had been previously weathered by use in a 

similar experiment, after being dipped in an acrylic sealant to bind and waterproof 

them and then aired for at least one month to reduce artificial odours.  Nests were 

attached to vegetation where necessary by a loop of wire.  Each nest contained 
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one quail egg (Coturnix sp.), and two model plasticine eggs approximately 25 mm 

in length and cream in colour.  The plasticine used (Rainbow modelling clay from 

Newbound P/L, Sydney) did not contain sulphur, which may attract potential 

mammalian predators (Mason et al. 1988).  No particular strategy was used to 

reduce human scent on nests and eggs. 

Ten nests were positioned along each 200 m transect at approximately even 

intervals, with ground- and shrub-nests alternating.  The position of each nest 

across the 30 m transect width varied according to availability of suitable 

locations, and nests at edge sites ranged from 2 to 20 m into the forest from the 

edge.  Ground-nests were placed directly onto the forest floor or amongst clumps 

of vegetation, and were attached to a fallen branch to prevent them from being 

moved by predators.  Shrub-nests were attached to tree branches at a height of two 

to four metres above the ground.  Nests were generally well-exposed, and I 

attempted to make ground-nests similarly conspicuous as shrub-nests within each 

site.  A small strip of flagging tape was placed at ground level, 5 m from each nest 

on a known bearing, to assist relocation.  Nests were recovered after an exposure 

period of seven days, which previous work (Chapter 2) had suggested would 

result in an overall predation level of about 50%. 

Artificial nests were placed once at each urban edge, pasture edge, and 

forest interior site during the period November 1999 to March 2000, and again at 

the same sites during November 2000 to March 2001.  A third trial was carried 

out at the urban edge and interior sites, but not pasture edges, during November 

2001 to March 2002.  The period November to March encompasses the latter part 
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of the breeding season of most bird species breeding within southeastern 

Queensland. 

The use of quail eggs in artificial nest experiments has been criticised as 

restricting predation by some smaller species of predator, because they are 

relatively large and strong-shelled compared with the eggs of many smaller 

passerines (Roper 1992; Major and Kendall 1996; Fulton and Ford 2003).  This 

problem can be countered by the use of plasticine eggs, which allow damage by 

smaller predators to be identified.  However, there is evidence that plasticine eggs 

may be damaged by predators that are too small to damage real eggs (Maier and 

DeGraaf 2001), and it is not clear whether smaller predators are likely to impact 

occupied real nests (Heske et al. 2001).  I addressed these possible biases by 

analysing the data at two levels:  1. predation of the quail egg, providing a more 

conservative predation measure involving larger stronger predators which would 

be less likely to be thwarted by parental defence at a real nest; and 2. predation of 

any egg, which provides a less conservative measure likely to include activity by 

even the smallest potential nest predators. 

3.2.3  Statistical analyses 

Separate analyses were conducted for predation of the quail egg and 

predation of any egg, using the arcsine-transformed proportion of nests 

depredated within each combination of site, nest height and year as the dependent 

variable.  The effects of edge context, nest height, and year were assessed by 

repeated-measures Analysis of Variance (ANOVA) (Quinn and Keogh 2002) 

using the GLM procedure within the SAS statistical package (SAS Institute Inc. 

1988), with edge context (urban edge, pasture edge, or forest interior) as the 
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between-subjects factor, and nest height (ground or shrub) and year (1999, 2000, 

or 2001) as within-subject factors.  Because of the unbalanced treatment structure 

(pasture edge sites were used in two of the three years only) Type IV sums of 

squares were used in the ANOVA.  Least-significant-difference (LSD) tests were 

used for pairwise comparisons among the three edge contexts.  Data were checked 

for normality and homogeneity of variance prior to analyses, and residuals 

checked subsequent to analyses, to ensure that the assumptions of ANOVA were 

met.  Assumptions of multisample sphericity were tested using Mauchly's test of 

sphericity. 

I also assessed patterns of very intense predation, which was defined as 

having occurred when all five nests at a particular height were depredated in any 

site/ year.  Chi-square contingency table analyses were carried out to compare the 

number of site/nest height/year combinations with versus without very intense 

predation between edge contexts (data from each nest height pooled: df=2), and 

between nest heights (data from each edge context pooled: df=1).  An alpha level 

of P≤0.05 was used to determine significance in all statistical analyses. 

3.2.4  Predator identification 

Imprints left in plasticine eggs were compared with photographs of animal 

dentition and reference imprints made from skulls.  In many cases this allowed 

identification to the level of species or genus, but often it was possible to classify 

predators only within broader categories of ‘bird’, ‘mammal’ or ‘reptile’.  

Predators of other nests from which both the plasticine eggs were removed, the 

quail egg was damaged or removed but the plasticine eggs were not damaged, or 

only the plasticine eggs were damaged but the imprints were not identifiable, were 
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classified as ‘unknown’.  Chi-square contingency table analyses were used to test 

whether the frequency of nests with egg damage across nest predator classes was 

related to edge context, or nest height.  Separate analyses compared the numbers 

of nests damaged by each class of predator between edge contexts (pooled across 

nest heights and years), and between nest heights (pooled across edge contexts 

and years). 

3.3  Results 

3.3.1  Nest predation levels 

Predation of the quail egg occurred at 271 (38%) of 720 nests overall: 31% 

of 270 nests during the first year of the study, 44% of 270 nests during the second 

year, and 38% of 180 nests in the third year.  Predation of any egg, in which case 

at least one egg of either type was damaged or removed, occurred at 369 (51%) of 

the 720 nests: 48% during the first year, 56% during the second year, and 49% 

during the third year.  Table 3.1 shows mean levels of both nest predation 

measures within each of the 16 possible combinations of edge context, nest height 

and year, and Figure 3.2 shows results pooled across all years.  Factorial analyses 

of variance (Table 3.2) showed that both predation of the quail egg and predation 

of any egg were significantly affected by edge context and nest height.  Neither 

year, nor any of the interactions between edge context, nest height and year, 

significantly affected levels of either predation measure.  The magnitude of the 

difference between interior and edges was, however, about twice as great in the 

first year of the study as in the second and third, due to very low predation levels 

within forest interiors in the first year (Table 3.1). 
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The effect of edge context was statistically significant for predation of both 

the quail egg (P=0.0087) and predation of any egg (P=0.0021) (Table 3.2).  This 

pattern was highly consistent throughout the study: mean levels of both predation 

measures were lower within interior sites than edge sites within each of the six 

possible combinations of nest height and year, and overall (Table3.1, Figure 3.2).  

Pairwise comparisons (LSD tests, α=0.05) of quail egg predation among the three 

edge contexts showed that predation levels were significantly lower within forest 

interior sites (predation level of 25% across nest heights and years pooled) than 

urban edges (47%).  Pasture edges did not differ significantly from the other 

Table 3.1.  Predation (percentage of nests depredated) at artificial nests over a 
seven day exposure period.  Mean (n=9) and standard error, for each combination 
of edge context, nest height, and year, and overall mean. 

  
1999/2000 

mean      SE 
2000/2001 

mean      SE 
2001/2002 

mean      SE 
Overall 
mean 

Predation of the quail egg:        

Ground-  Forest interior 13 7 29 8 24 8 22 
nests Urban edge 29 12 44 12 44 13 39 
 Pasture edge 36 7 42 13 - - 39 
         
Shrub-  Forest interior 11 6 38 8 36 13 28 
nests Urban edge 60 9 56 13 47 12 54 
 Pasture edge 40 12 53 10 - - 47 
         
All  Forest interior 12 5 33 6 30 10 25 
nests Urban edge 44 10 50 12 46 12 47 
 Pasture edge 38 8 48 10 - - 43 

Predation of any egg:        

Ground-  Forest interior 22 8 36 9 33 7 30 
nests Urban edge 36 10 53 12 49 12 46 
 Pasture edge 51 8 53 12 - - 52 
         
Shrub-  Forest interior 31 7 56 8 49 12 45 
nests Urban edge 82 6 71 11 64 10 73 
 Pasture edge 64 12 69 8 - - 67 
         
All  Forest interior 27 6 46 6 41 9 38 
nests Urban edge 59 8 62 9 57 10 59 
 Pasture edge 58 7 61 7 - - 59 
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                  Interior      Urban      Pasture                      Ground      Shrub 
                                      edge          edge 

Figure 3.2.  Comparisons of mean predation levels (± SE, recalculated from 
pooled data) between edge contexts (data pooled across nest heights and years; 
n=36 for pasture edges, n=54 for interiors and urban edges), and between nest 
heights (data pooled across edge contexts and years; n=72) for: a. Predation of the 
quail egg; and b. Predation of any egg, showing also the proportion of nests 
depredated by each class of predator. 

 

 

two treatments, although there was a trend towards higher levels of nest predation 

at pasture edges (43%) than interiors (Figure 3.2).  Predation of any egg was 
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significantly lower (LSD tests, α=0.05) within forest interior sites (38% across 

nest heights and years pooled) than urban edges (59%) or pasture edges (59%). 

Nest height had highly significant effects on both levels of predation of the 

quail egg (P=0.0047) and predation of any egg (P=0.0004) (Table 3.2, Figure 

3.2).  Ground-nests had lower mean predation levels than shrub-nests within 

Table 3.2.  Results of ANOVA comparisons of nest predation levels between 
different combinations of edge context, nest height, and year. Three-factor split-
plot ANOVA were carried out on the arcsine transformed proportion of nests with 
predation of the quail egg and predation of any egg.  The between-plots factor was 
edge context (3 levels), and the within-plots factors were nest height (2 levels) and 
year (3 levels). 

Source   df      SS      MS       F P 

Predation of the quail egg:   

Edge context 2 17313.9 8657.0 5.81 0.0087 
   error (sites:edge context) 24 35755.3 1489.8   
Nest height 1 2385.1 2385.1 9.71 0.0047 
Edge context*nest height 2 1382.9 691.5 2.82 0.0797 
   error (nest height*sites:edge context) 24 5893.0 245.5   
Year 2 2743.7 1371.8 1.46 0.2448 
Edge context*year 3 1234.2 411.4 0.44 0.7276 
   error (year*sites:edge context) 40 37641.1 941.0   
Nest height*year 2 214.6 107.3 0.35 0.7069 
Edge context*nest height*year 3 1286.2 428.7 1.40 0.2574 
   error (nest height*year*sites:edge context) 40 12265.7 306.6   

Predation of any egg:   

Edge context 2 15503.9 7751.9 8.02 0.0021 
   error (sites:edge context) 24 23190.4 966.3   
Nest height 1 8892.9 8892.9 16.88 0.0004 
Edge context*nest height 2 848.8 424.4 0.81 0.4585 
   error (nest height*sites:edge context) 24 12642.0 526.8   
Year 2 1837.9 919.0 1.57 0.2214 
Edge context*year 3 1236.4 412.1 0.70 0.5562 
   error (year*sites:edge context) 40 23470.3 586.8   
Nest height*year 2 473.2 236.6 0.80 0.4581 
Edge context*nest height*year 3 949.8 316.6 1.07 0.3746 
   error (nest height*year*sites:edge context) 40 11887.4 297.2   
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Table 3.3.  Percentage of site/nest height/year combinations in which all five 
nests had at least one egg damaged or removed.a 
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Ground  0   (27) 19 (27) 11 (18) 10 (72) 

Shrub  11 (27) 37 (27) 28 (18) 25 (72) 

Total 6   (54) 28 (54) 19 (36) 17 (144) 

a Number of site/nest height/year combinations in each treatment combination in 
parentheses. 

seven of eight combinations of edge context and year for predation of the quail 

egg, and within all eight combinations of edge context and year for predation of 

any egg (Table 3.1).  Averaged across the eight combinations of edge context and 

year, predation of the quail egg for ground-nests (33% of nests were depredated) 

was about three-quarters that of shrub-nests (43%), and predation of any egg for 

ground-nests (42%) was about two-thirds that of shrub-nests (61%).  There was a 

near-significant interaction (P=0.08) between edge context and nest height for 

predation of the quail egg, and paired t-tests between ground and shrub-nests 

conducted separately for each edge context showed a significant difference only 

for urban edges (P=0.03). 

Very intense predation, which was defined as site/nest height/year 

combinations in which all five nests were depredated, was much more frequent at 

edges than within forest interiors, and for shrub- than ground-nests (Table 3.3).  

Chi-square contingency table comparisons, using the number of site/nest 

height/year combinations with versus without very intense predation, showed 

statistically significant relationships between very intense predation and edge 



 

 59

context (χ2=9.44, df=2, P=0.009), and between very intense predation and nest 

height (χ2=5.86, df=1, P=0.016). 

3.3.2  Identities of predators 

Across the entire study, plasticine eggs with identifiable imprints were 

recovered from 241 of 369 depredated nests.  In a further nine cases predation was 

attributed to birds, although the plasticine eggs were untouched, because the quail 

egg had a neat, round puncture on top.  Of the 250 nests in total for which a 

predator was identified, 80% had been preyed upon by birds, 12% by mammals, 

and 7% by reptiles.  Multiple classes of predators were identified from imprints at  

only three nests, for each of which the initial predator was clear because one 

imprint partly overlaid the other.  Unknown predators depredated the remaining 

120 nests, which in all but two cases had at least one egg removed but others 

untouched. 

The relative distribution of predation across the four predator classes 

(Figure 3.2) differed significantly between edge contexts (χ2=21.2, df=6, 

P=0.007), and between ground and shrub-nests (χ2=32.4, df=3, P<0.0001).  

Predation by mammals was relatively low at urban edges and high at pasture 

edges, and predation by unknown predators was relatively high at urban edges and 

low within forest interiors (Figure 3.2).  Ground-nests were much more likely 

(about 4-fold) than shrub-nests to be preyed upon by mammals or reptiles. 

Damage to plasticine eggs by birds could rarely be attributed to a particular 

species with complete confidence, and it is probable that some nests were 

depredated by several bird species.  Of the predation attributable to birds on the 

basis of imprints, about 30% was certainly carried out by relatively large birds 
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(>90 g body weight) which were generally associated with removal of the quail 

egg (Appendix 2).  Bill imprints were usually consistent with larger species of the 

Artamidae (grey and pied butcherbirds, pied currawong and Australian magpie), 

or the Torresian crow (Corvidae).  Imprints on plasticine eggs suggested that a 

further 10% of predation by birds was possibly due to the grey shrike-thrush 

(Pachycephalidae: 63 g), which usually punctured or rolled the quail egg from the 

nest, and that the noisy miner (Meliphagidae: 63 g) may have been the predator in 

about 25% of cases, about a third of which were associated with damage to, or 

removal of, the quail egg.  However, predation could not be assigned to these two 

species with certainty.  Four nests (2%) were depredated by one or more species 

of parrot (Psittacidae).  The remaining 33% involved bill marks which may have 

been caused by smaller or larger birds.  About two-fifths of these nests were 

probably depredated by larger birds as the quail egg had been removed from the 

nest.   

Toothmarks left by mammals and reptiles were typically more useful than 

avian billmarks in identifying predators to greater levels of taxonomic resolution.  

The majority (61%) of predation by mammals was by rodents, potentially 

including species of Rattus, Melomys, Mus and Pseudomys, which depredated 16 

ground and three shrub-nests.  The quail egg remained undamaged in about half of 

these cases (Appendix 2), suggesting that smaller rodents (Mus, Pseudomys or 

juvenile Rattus) may have been the predators.  Rodents were most important for 

ground-nests at pasture edges, where they occurred at seven of nine sites, and 

depredated 12% of nests placed in that context.  Less common mammalian 

predators were the common brushtail possum (seven nests), a species of 

Antechinus (one nest), and a canid (one nest).  Three nests were depredated by 
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unknown diprotodont marsupials, most likely species of macropod.  At least two 

species of lizard preyed on nests, leaving imprints consistent with the lace 

monitor, and the bearded dragon Pogona barbata and/or eastern water dragon 

Physignathus lesueurii.  Reptiles were relatively uncommon predators generally, 

and depredated no more than 4% of nests placed within any combination of edge 

context and nest height. 

3.4  Discussion 

3.4.1  Causes of higher nest predation levels near edges 

I found increased levels of nest predation at edges of remnant subtropical 

eucalypt forests.  This pattern was consistent across several years, for both 

ground- and shrub-nests, at edges with either pasture or urban land use.  The 

overall magnitude of this edge effect was affected by choice of predation measure.  

Averaged across the entire study, predation of any egg (quail or plasticine) over a 

seven day exposure period was about 50% greater at edges than within forest 

interiors.  When quail egg predation was used, levels were almost twice as high at 

edges than interiors.  The absolute predation rates cannot be extrapolated to real 

nests, as rates of predation at artificial nests may typically exceed rates of real nest 

predation in eucalypt forests (Zanette and Jenkins 2000, Berry and Lill 2003).  

Furthermore, the five nests used on each transect were not spatially independent, 

and overall predation levels may have been increased by density-dependent 

factors (Major and Kendal 1996).  However, because the method is constant 

across all sites, the relative values may still be interpreted.  My results strongly 

suggest that birds nesting within subtropical eucalypt forests near edges with 
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urban areas or pasture are far less likely to be successful, at least during the 

incubation stage, than birds nesting within forest interiors. 

Very intense predation was much more frequent at sites abutting edges than 

within forest interiors, particularly for shrub-nests.  All five shrub-nests were 

depredated in 37% of site/year combinations at urban edges and 28% at pasture 

edges, compared with 11% within forest interiors, suggesting that eucalypt forest 

edges are less likely to provide safe above-ground nesting sites than forest 

interiors.  Edge-related nest predation is more likely to affect avian populations 

when predation is increased to very high levels, as re-nesting within a breeding 

season is also unlikely to be successful within these sites.  Therefore, the 

cumulative success across multiple nesting attempts would remain low.  For 

example, the cumulative probability of at least one success for a bird nesting three 

times within a season when the probability of success for each attempt is 0.5 is 

87.5%, compared with 27% if the chance of success each time is 0.1.  Within-

season re-nesting is not uncommon in Australian ecosystems (Russell 2000). 

The nature of the adjoining matrix did not affect the magnitude of the edge 

effect.  Edges bordering pasture had slightly lower levels of “unknown” predation 

than edges with urbanised areas, but this was offset by higher levels of predation 

by rodents, and there were only relatively small differences between edge types in 

the distribution of predators across the broad classes I used.  It is possible that the 

distribution of predator species may differ at urban and pasture edges, however 

this does not seem to lead to differences in overall predation between these 

habitats. 
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The most important differences between edges and interiors were the greater 

numbers of nests preyed upon by “unknown” predators.  Several lines of 

argument imply that relatively large, strong birds depredated most of the 120 nests 

in this class.  In 118 of these nests at least one of the three eggs was removed, 

including one or both of the plasticine eggs in 87% of cases.  Birds are thought to 

be more likely than other classes of predator to entirely remove eggs from a nest, 

and removal of eggs from nests prior to ingestion may be typical of some corvids 

and artamids (Haskell 1995b; Gardner 1998).  Diurnal birds forage mainly by 

visual cues, whereas mammals and reptiles make more use of olfactory cues 

(Keyser et al.1998; Santisteban et al. 2002), suggesting that birds would be more 

likely to be deceived by plasticine eggs long enough to carry them away from the 

nest (but see Bayne et al. 1997).   Furthermore, in five other cases where 

plasticine eggs were found after removal further than a few metres from the nest, 

they were clearly marked by large birds.  Finally, results of a subsequent study 

deploying identical nests within the same region and habitat, but with the 

plasticine eggs firmly attached, showed similar proportions of non-avian predation 

but higher levels of predation by birds than the current study (Chapter 5).   

I therefore suggest that the higher predation levels that were found at edges 

were caused mainly by species of bird large enough to damage a quail egg, and to 

completely remove eggs from the vicinity of nests.  This process is similar to the  

edge-related nest predation caused by generalist avian predators described from  

Northern Hemisphere forests (Paton 1994; Andrén 1995). 

I do not have data to show how far into forests this edge-related predation 

may extend.  Increased predation levels associated with internal fragmentation by 
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roads extended approximately 80 m into eucalypt mallee (low, dense forest of 

multistemmed trees) (Luck et al. 1999b).  The edge effect I found may have 

typically attenuated at any distance up to, or even beyond, the 500 to 1000 m from 

edges that my interior sites were located.  A review by Paton (1994) suggested 

that edge-related nest predation is most commonly found within 50 m of edges. 

However, the extent of increased nest predation levels within any particular 

system will depend on the extent of incursions or use of the edge by the predatory 

species responsible.  The smallest potential predator in the present study, the noisy 

miner, is a eucalypt forest edge-specialist, which may intensively occupy a zone 

of 20 m in from the forest edge, and show increased densities for up to 200 m 

(Piper and Catterall 2003).  Larger avian predators, with larger home ranges, may 

be expected to range further into forest interiors. 

3.4.2  Effect of nest height 

I found that shrub-nests were substantially more likely to be depredated than 

identical ground-nests, despite higher levels of non-avian predation on the ground.  

Higher predation levels at shrub-nests were caused mainly by birds, which were 

almost twice as likely to depredate shrub- than ground-nests.  Shrub-nests were 

also twice as likely to be depredated by unknown predators, which were believed 

to be mainly larger birds (see above).  Predation rates have not been previously 

compared within Australian forests between carefully-matched ground- and 

shrub-nests.  Studies conducted elsewhere within forest habitats have reported 

equivocal results, finding higher levels of predation on ground-nests (Wilcove 

1985; Reitsma and Whelan 2000; Tittler and Hannon 2000), similar levels 

between ground- and shrub-nests (Bayne et al. 1997; Danielson et al. 1997), or 
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greater predation on shrub-nests (Yahner and Cypher 1987; Santos and Telleria 

1992; DeSanto and Willson 2001). 

Within a particular habitat, differences in predation levels between ground- 

and shrub-nests may occur if differing predator assemblages occur at either 

height, or if important predators differ between heights in their ability to find 

nests.  Although ground-nests were more likely than shrub-nests to be depredated 

by mammals or reptiles during the present study, there was relatively little 

separation between the predator assemblages of ground- and shrub-nests, at least 

within the broader classes of predator I used, and birds dominated predation at 

both nest heights.  It has been suggested that birds are more efficient at finding 

shrub- than ground-nests (Martin 1987, 1993b; Yahner and Cypher 1987), leading 

to relatively high predation at shrub-nests in habitats where the main predators are 

avian.  This suggestion is strongly supported by my results, since birds were 

clearly more efficient at finding shrub-nests than identical, interspersed, ground-

nests. 

3.4.3  Does edge-related nest predation generally occur within eucalypt forests? 

Our results differ from previous work carried out within a larger area of 

southeastern Queensland described in Chapter 2, who found only a non-

significant trend towards an edge effect at urban or pastoral edges, using identical 

nests within a similar design during summer 1998, and using many of the same 

patches and edges as the present study.  In that study, shrub-nests were placed in 

vegetation at a height between one-half and two metres, within the densest part of 

the shrub layer, and may have been less visible, or accessible, to some predators 

than the ground- and shrub-nests of the present study.  Alternatively, it is possible 
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that significant edge-related predation did not generally occur during the 

particular season of the earlier study.  The high level of between-year variation in 

the magnitude of the edge effect found during the present study suggests that 

edge-related predation may occur in some years but not others within southeastern 

Queensland. 

Other studies which have used artificial nests within Australian eucalypt 

forests to assess nest predation at urban and agricultural edges have had mixed 

results.  Matthews et al. (1999) did not detect edge-related predation using open-

cup shrub-nests within forest remnants bordered by urban development within 

temperate Sydney.  Several studies using open-cup shrub-nests have reported 

edge-related predation within forests abutting pasture (Gardner 1998; Major et al. 

1999; Berry 2002), but others have not detected a statistically significant edge 

effect (Taylor and Ford 1998; Chapter 2). 

Because nest predation levels tend to vary greatly between sites and times 

across replicates within habitat treatments (often from 0 to 100%), many nest 

predation studies have statistical power to detect only a large effect size, and edge 

effects of lower magnitude may not be detected.  Furthermore, the limited spatial 

scale and temporal duration of many artificial nest studies may have restricted 

detection of edge-related predation (Stephens et al. 2003).  The present study is 

the first Australian nest predation experiment to use both ground- and shrub-nests, 

at multiple edge types, across a regional-scale study area, and across multiple 

years.  Taking the present results into consideration, there is reasonably strong 

evidence that edge-related nest predation does occur widely within Australian 
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eucalypt forests bordering pasture.  The generality of a similar edge effect in 

forests bordering urban areas is currently less clear. 

Following widespread clearing and fragmentation of forests and woodlands 

throughout Australia, large-scale declines have been documented for many forest 

or woodland-dependant bird species, particularly smaller-bodied insectivorous 

and nectarivorous songbirds (see refs. in Ford et al. 2001 and Major et al. 2001).  

This group includes many birds which use elevated open-cup nests, including 

most species of the families Meliphagidae, Petroicidae, Pachycephalidae and 

Dicruridae.  Declines may be due to a number of factors, including habitat loss 

(Loyn 1987; Catterall et al. 1997a, 1998) and degradation (Ford and Bell 1982), 

and interspecific aggression by the noisy miner (Grey et al. 1998, Piper and 

Catterall 2003).  My results suggest that edge-related nest predation may further 

contribute to reduced abundances of such species within fragmented eucalypt 

forests, and indicate that further fragmentation of extensive remnant patches 

should be avoided. 
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Chapter 4.  Impacts of picnic areas on bird 

assemblages and nest predation activity within 

Australian eucalypt forests 

4.1  Introduction 

The development of day-use recreation areas (“picnic areas”) is a frequent 

part of conservation area management.  However, their effects on wildlife have 

seldom been tested.  In south east Queensland, Australia, picnicking is the most 

common form of outdoor recreation, and a 1997 survey found that 65% of 

residents had picnicked outdoors each an average of seven times during the 

previous year (Queensland Government 1998).  Furthermore, there has been an 

overwhelming preference for picnicking in natural or near-natural areas 

(Queensland Government 1998).  Conservation managers and land use planners 

therefore often feel obliged to establish picnic areas within multiple-use forests 

and conservation reserves.  Picnic areas may be relatively small, and thus assumed 

to have little ecological impact.  There are, however, very few published studies 

which document their direct and indirect effects on wildlife (Cole and Landres 

1995). 

Studies which have compared forest campgrounds, which have many 

similarities to picnic areas, to forest interiors have reported a range of effects of 

campgrounds on birds (Cole and Landres 1995).  Blakesley and Reese (1988) 

found seven bird species positively associated with campgrounds, and another 

seven species associated with non-campground sites (most of which nested on the 

ground or in shrubs or small trees).  Foin et al. (1977) reported both positive and 



 

 69

negative direct and secondary effects on birds and mammals in Yosemite 

campgrounds.  However, these studies did not survey immediately adjacent to the 

campground edges, and the occurrence and extent of any edge effects into the 

forests were not quantitatively studied.  

Beside the direct effects of human presence and recreational activities on 

wildlife distributions (van der Zande et al. 1984), there are two important 

mechanisms by which picnic areas may be expected to impact upon biota and 

ecological processes within adjacent forest.  First, such areas cause increased 

availability of, or access to, certain resources, and provide novel resources for 

some species.  Intentional and unintentional supplementary feeding of wildlife 

may lead to population increases or decreases (Green and Giese 2004).  Within 

Australian eucalypt forests, bird species which commonly benefit from these 

added resources, due to their relatively aggressive and inquisitive natures and 

generalist dietary preferences, include grey and pied butcherbirds, Australian 

magpie and the pied currawong.  These four larger artamid (family Artamidae) 

species are in many ways ecologically similar to corvids, and are well known as 

predators of birds’ eggs, nestlings, and small vertebrates in general (Blakers et al. 

1984; Major et al. 1996; Bayly and Blumstein 2001).  Other potential nest 

predators which may benefit from supplemental food resources within picnic 

areas are the common brushtail possum, native and introduced species of Rattus, 

and Varanid lizards.   

Second, development of picnic areas leads to the creation of edge habitat.  

External edges of eastern Australian eucalypt forests  cause strong edge effects on 

avifauna, including increased abundances within a distinctive suite of larger, more 
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aggressive birds, and the establishment of noisy miner populations (Loyn 1987; 

Catterall et al. 1991).  Noisy miners are sedentary, colonial birds which flourish 

both in cleared, grassy areas which contain scattered eucalypts, and along 

eucalypt forest edges (Loyn 1987; Sewell and Catterall 1998; Piper and Catterall 

2003).  They are intensely interspecifically aggressive, and cause large local 

reductions in the richness and abundance of smaller-bodied birds (Dow 1977; 

Piper and Catterall 2003).  Furthermore, eucalypt forest edges may have increased 

levels of bird nest predation compared with forest interiors (Chapter 3), similar to 

the pattern reported from many parts of Europe and North America (Paton 1994; 

Andrén 1995).  However, the effects of smaller scale edge-creation within these 

forests are not known.  

The creation of all but the smallest, most carefully designed picnic areas is 

therefore likely to result in ecological changes within surrounding forests.  

However, only one previously published Australian study has assessed the 

impacts of picnic areas on avian distributions or ecology.  Densmore and French 

(2005) found that the bird assemblages within recreation areas in coastal New 

South Wales resembled those of nearby urban areas, and compared with nearby 

natural areas showed increased abundances of several important avian nest 

predators including the pied currawong and laughing kookaburra.   

The aims of the present study are to assess the effects on birds of picnic 

areas within subtropical eucalypt forests.  Two aspects of avian ecology are 

investigated: species composition and nest predation pressure.  Assemblage 

structure and predation levels at artificial nests within forest transects at the edges 

of picnic areas are compared with similar measurements from matched transects 
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far from the edge, and others located similarly to the picnic edge with respect to 

all factors other than the picnic areas.  The effects of these edges are compared 

with known effects of external edges, and consider implications for the 

management of remnant forests.   

4.2  Methods 

4.2.1  Study area and field sites 

The study was carried out within large (>500 ha) remnants of subtropical 

eucalypt forest within the Brisbane region  (centred at approximately 27030’ S, 

1530 E), in south east Queensland, Australia.  The study region covers around 

4000 km2, and had a human population of approximately 1.4 million at the time 

of the study (Queensland Government 2005).  This area is topographically varied, 

including coastal plains and subcoastal ranges.  Although other forest types, 

including rainforests and melaleuca forests, occur throughout the region, most of 

the area was originally (pre-1850) covered by eucalypt forests comprising mosaics 

of woodlands (10-30% projective foliage cover) and open forests (30-70%), 

dominated by various combinations of trees of the genera Eucalyptus, Corymbia, 

Angophora and Lophostemon.  Understoreys of these forests include grasses, 

shrubs and small trees, which vary patchily from very open to dense (Catterall and 

Kingston 1993; Young and Dilleward 1999). 

Throughout eastern Australia, numerous picnic areas have been constructed 

within or next to forest reserves, and most larger reserves contain several such 

areas.  The area covered by individual picnic areas ranges in size from hundreds 

of square metres to many hectares.  They typically contain car parking areas, 
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buildings for toilets and interpretive displays, cooking facilities and waste 

receptacles.  Various levels of vegetation have been retained or planted, ranging 

from a traditional pattern of scattered large remnant trees over grassed 

understoreys to more recent designs which incorporate retention or replacement of 

as much of the native vegetation as possible.  In reserves less than a few hundred 

hectares in size, picnic areas are typically situated on or near external edges 

abutting urban or agricultural development.  In larger conservation or multiple-use 

forest reserves, they are often found along internal through-roads, and many may 

be strung out at intervals within more extensive forests.   

Eight replicate locations with picnic areas in five large (>500 ha) patches of 

remnant eucalypt forest were chosen as the basis for the study.  These ranged 

from relatively small areas with the capacity for only three or four picnicking 

groups, to larger areas with parking and facilities for many users (range 0.01 – 3 

ha).  All had cooking facilities and amenity blocks.  Three of the picnic areas had 

largely retained or been replanted with native vegetation, and the other five were 

mainly cleared and incorporated areas of mown grass.  Individual sites within the 

same patch were at least 1 km apart.  Within each site, a 100 x 20 m transect was 

placed within the forest abutting the edge of a picnic area (“picnic area edge”) 

(Fig. 4.1).  A second transect, matched as far as possible for topography and 

vegetation type, was located within the forest 150 m from the picnic edge or any 

other form of development (“forest interior reference”).  This distance was chosen 

as being far enough from the edge to represent an “interior” state for a large 

proportion of ecological attributes (Paton 1994; Murcia 1995; Piper and Catterall 

2003; but see Laurance 2001).  Since picnic areas do not exist in isolation, but 
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Figure 4.1.  Diagram showing a representative arrangement of the three types of 
transect at each site. 

 

occur together with associated infrastructure (particularly access or through-

roads), and may be near edges with other cleared areas, a second type of reference 

transect (‘context reference’) was also used.  Context reference transects were 

again matched to the picnic area edges for topography and vegetation, and 

similarly positioned with respect to all other anthropogenic landscape factors (in 

practice, mainly roads).  Six of the eight were near two-lane roads, one was near a 

grassed power line (electricity supply) easement similar in width to a two-lane 

road, and the eighth was near a wide gravel walking track seldom used by 

vehicles and a disused quarry area with scattered regrowth to 4 m in height.  At 
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each site, the three transects were roughly equidistant (Fig. 4.1).  I expected that if 

the picnic areas were causing changes rather than associated roads and external 

edges, the context reference transects would be more similar to the forest interior 

reference transects than the picnic area edges.   

4.2.2  Bird counts 

Four 20-minute counts were carried out within each transect, during which 

all bird species seen or heard within the transect were recorded and their number 

estimated.  Birds flying more than 10 m above the forest canopy were not 

considered as they were not using habitat within the transect.  Counts were 

conducted between 0730 and 1030 hours on fine mornings.  Each transect was 

surveyed twice during March-April 2004, and twice during July-August 2004.  

For analyses, I used the average number of individuals recorded across the four 

visits.  I also recorded any bird species seen using the picnic areas during the 20-

minute counts at picnic area edge transects.   

4.2.3  Artificial nest experiment 

Artificial nests were deployed simultaneously at the three transects of each 

site once during March or April (autumn) 2004.  Although this is after the 

breeding season for most birds within the region, some individuals of many 

species may be still found breeding at this time in most years (personal 

observation).  Five artificial shrub-nests were placed at approximately even 

intervals along each 100 x 20 m transect for seven days.  The position of the nest 

across the transect varied, but in picnic area edge transects, the nests were never 

less than 5 or more than 15 m from the picnic area itself.   
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Each nest consisted of a grass open-cup bird nest containing one quail egg, 

and two similarly-sized plasticine eggs (approximately 15 x 25 mm) pinned to the 

nest with an inconspicuous wooden skewer to deter their removal.  Nests were 

wedged into a forked branch or attached by a loop of wire to vegetation at 1–2 m 

above the ground, and were generally well-exposed.  Nests had initially been 

waterproofed with an acrylic sealant, and weathered before use in several similar 

experiments (Chapter 2, Chapter 3).  The plasticine used did not include sulphur, 

which may act as an attractant or repellent to some animals (Mason et al. 1988).  

No particular strategy was employed to reduce human scent while handling nests 

and eggs.  Nests were marked for relocation by a small piece of flagging tape 5 m 

away on a known bearing.   

The use of quail eggs in artificial nest experiments has been criticised as 

restricting predation by some smaller species of predator  (Roper 1992; Major and 

Kendall 1996).  Using plasticine eggs allows damage by smaller predators to be 

identified, however there is evidence that plasticine eggs may be marked by 

predators too small to damage real eggs (Bayne and Hobson 1999; Maier and 

DeGraaf 2001), and it is not clear whether smaller predators are likely to impact 

occupied real nests that are defended by parent birds (Heske et al. 2001).  I 

addressed these possible biases by analysing the data at two levels:  1. predation 

of the quail egg (cases where the quail egg was damaged or removed from the 

nest), which quantifies predation by relatively large and strong predators which 

would be less likely to be thwarted by parental defence at a real nest; and 2. 

predation of any egg (which also included cases where the plasticine eggs were 

damaged but the quail egg was not).  The final predation measure in either case 

was the proportion of five nests depredated along each transect over seven days.   
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Using taxonomic literature and reference imprints made from skulls, I was 

able to assign identities to predators in many cases on the basis of imprints left in 

the plasticine eggs (Chapter 3).  The predators of any nests from which all three 

eggs were removed, the quail egg was damaged or removed but the plasticine 

eggs were not damaged, or the plasticine eggs only were damaged or removed but 

the imprints not identifiable, were classified as ‘unknown’.   

4.2.4  Statistical analyses 

Separate split-plot analyses of variance (ANOVA) were carried out, using 

SPSS statistical software (SPSS Inc. 2003), to assess the effect of transect-type 

on: total bird species richness and abundance; the abundance of individual species 

that were recorded at three or more transects; predation of the quail egg and 

predation of any egg.  Transect-type was a fixed within-plots factor with 3 levels 

(picnic area edge, forest interior reference, and context reference).  Plots were 

sites (n=8).  The error term used to test the transect-type effect was the mean sums 

of squares for transects within sites (df=14).  Mauchly’s test was used to test the 

assumption of sphericity, and degrees of freedom were Huynh-Feldt adjusted for 

hypothesis tests when this assumption was not met.  Similar separate ANOVA 

were also carried out on the combined abundances and species richnesses of birds 

smaller than, and larger than, the noisy miner (average 63.3 g).  Group 

membership was based on the average body mass for each species reported by 

Baker et al. (1997; see also Piper and Catterall 2003).  Prior to carrying out 

ANOVA, all of the abundance and richness variables were log-transformed, and 

predation variables arcsin-transformed.   
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For variables for which the main effect (transect-type) was significant, post 

hoc paired comparisons were made using least significant difference tests.  An 

alpha level of P≤0.05 was used to determine significance in all statistical analyses.  

I chose not to use adjusted P values for multiple-comparison tests because the 

comparison between picnic area edge and forest interior transects was of main 

interest. 

Pearson product-moment correlation was used to assess the relationship 

between noisy miner abundance and species richness and total abundance of 

smaller-bodied birds, with P values determined by randomisation (Edgington 

1980).   

I also carried out multivariate analyses using log-transformed species 

abundance data, with the Bray-Curtis difference measure, within the PRIMER 

software package (Clarke and Warwick 2001).  An ordination of transects by 

multidimensional scaling was used to assess patterns of between-transect 

similarity in bird species composition.  The associations between the transect 

ordination coordinates and the abundances of each contributing species was 

assessed by multiple regression using the Pop Tools Excel add-in (Hood  2003), 

and their significance levels were calculated using a randomisation test 

(Edgington 1980).  For each species with a significant (P≤0.05) multiple 

regression result, a biplot vector (Jongman et al. 1995)  was added to the 

ordination plot showing the trend in increasing abundance for that species in the 

ordination space.  Coordinates of its terminal point were defined by Pearson’s 

correlations (Anderson and Willis 2003) between the species abundance and the x 

and y ordination scores.  Differences in composition between the three transect 
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types were tested using Analysis of Similarity (ANOSIM: Clarke and Green 

1988). 

4.3  Results 

4.3.1  Bird assemblages 

Thirteen bird species were recorded using the picnic areas (Table 4.1). The 

most frequently recorded species were the noisy miner, which occurred at seven 

of the eight picnic areas, and the Australian magpie, which occurred at five.  

Parrots (five species) and three species of artamid (butcherbirds, magpies) were 

also prominent within picnic areas.  The grey fantail was the only smaller-bodied 

bird recorded using a picnic area (a single record).   

I recorded 616 individuals and 38 species during the transect counts.  Total 

bird abundance was similar across, and did not differ significantly between, the 

three transect types (Table 4.2, Fig. 4.2).  Total bird species richness also did not 

differ significantly (Fig. 4.2).   

The total abundance of smaller-bodied birds was significantly lower at 

picnic area edges than context reference or forest interior reference transects, 

which did not differ significantly from each other (Table 4.2).  Two smaller-

bodied bird species varied significantly in individual abundance amongst transect 

types (Table 4.1).  The yellow-faced honeyeater was significantly more abundant 

within both forest interior and context reference transects than picnic area edge 

transects.  The grey fantail was significantly more abundant within forest interior 

than picnic area edge transects, with neither of these transect types differing 

significantly from context reference transects.  Two other smaller-bodied species, 
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Table 4.1.  The number of sites in which each bird species was recorded using 
picnic areas, and within the picnic edge, context and interior reference transects.  
P values from ANOVA comparing each species abundance between the three 
transect types are shown for all species recorded at three or more transects. 

Species Common name Size 
group

Picnic 
area1 

Picnic 
area edge

Context 
reference 

Interior 
reference 

ANOVA 

P2 

Aviceda subcristata Pacific baza L 0 0 1 0  
Accipiter fasciatus Brown goshawk L 0 0 0 1  
Haliaster sphenurus Whistling kite L 0 0 2 0  
Vanellus miles Masked lapwing L 1 0 0 0  
Cacatua roseicapilla Galah L 1 1 0 0  
Cacatua galerita Sulphur-crested 

cockatoo 
L 2 2 0 0  

Trichoglossus 
haematodus 

Rainbow lorikeet L 4 4 6 6 0.817 

Trichoglossus 
chlorolepidotus 

Scaly-breasted lorikeet L 3 4 5 3 0.571 

Platycercus adscitus Pale-headed rosella L 1 3 2 4 0.149 
Dacelo novaeguineae Laughing kookaburra L 1 2 2 0 0.279 
Merops ornatus Rainbow bee-eater S 0 1 0 0  
Eurystomus orientalis Fan-tailed cuckoo S 0 1 0 0  
Cormobates 
leucophaeus 

White-throated 
treecreeper 

S 0 0 1 4 0.077 

Malurus lamberti Variegated fairy-wren S 0 0 0 2  
Pardalotus striatus Striated pardalote S 0 2 1 3 0.459 
Gerygone olivacea White-throated 

gerygone 
S 0 0 0 1  

Acanthiza pusilla Brown thornbill S 0 0 0 1  
Sericornis frontalis White-browed 

scrubwren 
S 0 0 1 0  

Philemon 
corniculatus 

Noisy friarbird L 0 0 1 3 0.156 

Manorina 
melanocephala 

Noisy miner - 7 6 6 2 0.007 

Meliphaga lewinii Lewin's honeyeater S 0 0 1 0  
Lichenostomus 
chrysops 

Yellow-faced 
honeyeater 

S 0 0 5 5 0.014 

Melithreptus 
albogularis 

White-throated 
honeyeater 

S 0 2 4 4 0.254 

Myzomela 
sanguinolenta 

Scarlet honeyeater S 0 1 6 7 0.079 

Eopsaltria australis Eastern yellow robin S 0 0 0 1  
Pachycephala 
pectoralis 

Golden whistler S 0 0 1 3 0.178 

Pachycephala 
rufiventris 

Rufous whistler S 0 2 3 4 0.666 

Colluricincla 
harmonica 

Grey shrike-thrush S 0 1 0 1  

Myiagra rubecula Leaden flycatcher S 0 0 1 1  
Rhipidura fuliginosa Grey fantail S 1 2 5 7 0.012 
Dicrurus bracteatus Spangled drongo L 0 0 1 1  
Coracina 
novaehollandiae 

Black-faced cuckoo-
shrike 

L 0 3 5 2 0.396 
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Coracina tenuirostris cicadabird L 0 0 1 0  
Oriolus sagittatus Olive-backed oriole L 0 0 1 0  
Cracticus torquatus Grey butcherbird L 2 1 3 0 0.156 
Cracticus 
nigrogularis 

Pied butcherbird L 1 2 1 1 0.579 

Gymnorhina tibicen Australian magpie L 5 4 0 0 0.008 
Corvus orru Torresian crow L 4 3 4 3 0.970 
Zosterops lateralis Silvereye S 0 0 1 1  

1 Picnic area data were not transect-based. 
2 ANOVA were carried out on log-transformed abundances. 

Table 4.2.  Results of split-plot ANOVA comparisons of variables summarising 
the bird assemblages, and nest predation levels, between Picnic area edge, Forest 
interior reference, and Context reference transects. 

Measure Source df 1     SS   MS   F P 

Total abundance Transect type 2 0.082 0.041 0.768 0.482 
 Error(Transect type) 14 0.747 0.053   
Total species richness Transect type 2 0.153 0.076 2.449 0.122 
 Error(Transect type) 14 0.436 0.031   
Small birds richness Transect type 2 0.935 0.468 6.416 0.011 
 Error(Transect type) 14 1.021 0.073   
Small birds abundance Transect type 2 2.329 1.165 8.781 0.003 
 Error(Transect type) 14 1.857 0.133   
Large birds richness Transect type 2 0.065 0.032 1.317 0.299 
 Error(Transect type) 14 0.338 0.024   
Large birds abundance Transect type 2 0.009 0.004 0.078 0.926 
 Error(Transect type) 14 0.769 0.055   
Noisy miner  Transect type 2 1.257 0.628 7.112 0.007 
abundance Error(Transect type) 14 1.237 0.088   
Predation of the Transect type 2 4272.8 2136.4 5.455 0.018 
quail egg Error(Transect type) 14 5483.4 391.7   
Predation of Transect type 2 7328.3 3664.2 12.971 0.001 
any egg Error(Transect type) 14 3954.8 282.5   

1 In each case, 7 degrees of freedom associated with the sites (plots) are not shown 
here. Total df for complete model was 23. 

 

the scarlet honeyeater and white-throated treecreeper, also showed trends 

(P<0.10) towards higher abundance at forest interior sites.  Across the 24 

transects, there were strong negative correlations between noisy miner abundance 

and the species richness (r=-0.60, P=0.001) and total abundance (r=-0.60, 
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P=0.004) of smaller-bodied birds.  Neither the total abundance nor species 

richness of larger-bodied birds (Table 4.1) differed significantly between the three 

transect types (Table 4.2, Fig. 4.2).  The Australian magpie was found only at 

picnic area edges (Table 4.1), and was the only larger-bodied species which 

individually showed significant differences in abundance among transect types.   

Noisy miner abundance was about six-fold greater at picnic area edges than 

forest interior reference transects, and was intermediate and more variable at 

context reference transects (Fig. 4.2).  The differences between interior reference 

sites and the other transect types were statistically significant.   

Ordination of transects on the basis of bird species abundances revealed 

clear differences between the picnic area edges and forest reference transects (Fig. 

4.3).  Species associated with the ordination space occupied by picnic area edges 

were the noisy miner and Australian magpie.  Forest interior reference transects 

were characterised by the white-throated treecreeper, striated pardalote, golden 

whistler, grey shrike-thrush, grey fantail, white-throated honeyeater and yellow-

faced honeyeater.  The eight context reference transects were split into two 

subgroups by the ordination: three transects grouped with the picnic area edges, 

and five with the forest interior reference transects.  The three context reference 

transects which grouped with picnic area edges all had high noisy miner 

abundances compared with the other five context reference transects, in which 

miner abundance was very low or zero.   
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Figure 4.2.  Mean (± SE) for each transect type of variables relating to bird 
assemblages (untransformed data). Abundance is the number of individuals, and  
richness is the number of species, recorded during four 20 minute surveys.  
Multiple comparisons using paired t-tests were carried out for variables with 
significant ANOVA results (Table 4.2) - means with different letters differed 
significantly. 
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Figure 4.3.  Ordination by multidimensional scaling of transects on the basis of 
bird species composition, and biplot vectors for significantly associated species.   

 

The difference in bird species composition among transect types was 

statistically significant (ANOSIM global R=0.12, P=0.05), and pairwise 

comparisons showed that picnic area edges differed significantly from forest 

interior reference transects (R=0.27, P=0.021), but not context reference transects 

(R=0.13, P=0.078).  The two types of reference transect did not differ 

significantly from each other (R=-0.07, P=0.80).  Since the ANOSIM tests do not 

take into account the “split-plot” aspect of the study design (see 4.2.1), these tests 

may underestimate the extent of differences between transect types. 
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4.3.2  Predation at artificial nests 

There was a statistically significant effect of transect type on nest predation 

levels, regardless of whether predation of the quail egg (P=0.018) or predation of 

any egg (P=0.001) was used as the measure (Table 4.2).  Levels of both predation 

measures at picnic area edges (50% and 70% for predation of the quail egg, and 

predation of any egg, respectively) were several-fold greater than within nearby 

forest interior reference transects (13% and 20%) (Fig. 4.4).  Compared with the 

forest interiors, the context reference transects had only slightly higher levels of 

quail egg predation (23%) and almost identical levels of any egg predation (23%).  

Pairwise comparisons for both measures showed that picnic area edges differed 

from both types of reference transect, but these did not differ significantly from 

each other (Fig. 4.4).   

I could identify the class of predator (bird, mammal or reptile) from imprints 

left on the plasticine eggs for 32 of 45 depredated nests.  At three of the picnic 

area edge transects one nest was depredated by a common brushtail possum.  In 

every other case the predator was clearly a bird.  Imprints on eggs from 

depredated nests were mainly consistent with the bill morphology of the larger 

artamids.  Furthermore, damage to, or removal of, the quail egg occurred in most 

of the depredated nests  (Fig. 4.4) indicating that most of the bird predation was 

by relatively large-bodied birds.  
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Figure 4.4.  Mean (±SE; n=8) for each transect type of variables relating to nest 
predation levels (untransformed data). Means with different letters differed 
significantly. The lower plot shows also the proportion of nests depredated by 
each class of predator (n=28, 8 and 9 depredated nests for picnic area edges, 
interior references, and context reference transects, respectively). 

 

 

The relative proportions of different predator classes varied amongst the 

three transect types (Fig. 4.4).  Unknown predators were responsible for the 

majority of nest depredations at forest interior transects, and these were likely to 

have been relatively small-bodied because they seldom damaged or removed the 

quail egg, and probably non-avian because they did not leave bill marks.  In 

contrast, avian predators clearly dominated predation at both picnic area edge and 

context reference transects.   
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4.4  Discussion 

4.4.1  Changes to bird assemblages associated with picnic area edges 

Within Australian eucalypt forests, picnic areas often attract a variety of 

wildlife which make use of the novel structural and food resources provided.  

These resources may include open space, food, water, and nesting materials.  The 

species which typically take the most advantage of these resources are relatively 

large and strong generalist (i.e. omnivorous) predators.  Examples include monitor 

lizards, common brushtail possums, and some bird species of the Corvidae (crows 

and ravens) and Artamidae (butcherbirds, currawongs and the Australian magpie), 

as well as the interspecifically-aggressive noisy miner (Meliphagidae).  This set of 

species may be expected to influence assemblages of smaller forest-dependent 

birds, both through direct aggressive and predatory interactions, and because they 

are potential predators of birds’ nests.  Therefore, edges where forests abut picnic 

areas may be expected to provide relatively hostile and unproductive habitat for 

many species of a typical eucalypt forest bird assemblage. 

I found that the bird assemblage using the forests abutting picnic areas 

comprised mainly the same species as those which were recorded using the picnic 

areas.  Individual birds, particularly noisy miners and Australian magpies, could 

be seen moving frequently back and forth across the edge to take advantage of the 

resources on either side.  Grey butcherbirds and pied butcherbirds often perched 

in trees at the edge, but made forays into open spaces and grassed areas for 

foraging.  These are all native species, which naturally inhabit eucalypt 

woodlands and open-forests (Blakers et al. 1984), but often show increased 
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abundances within well-vegetated urban areas and at edges where forest abuts 

cleared land (Catterall et al. 1991; Sewell and Catterall 1998; Catterall 2004).   

The bird assemblages of the picnic area edges clearly differed from that of 

the forest interior transects.  Intact subtropical eucalypt forests of the study region 

generally support a diverse range of common bird species, including many that 

are smaller-bodied, which are seldom found outside of extensive forest (Catterall 

et al. 1997a; Catterall et al. 1998), and this was the case for the interior reference 

transects of the present study.  In contrast, bird assemblages of picnic area edges 

were characterised by high densities of noisy miners, and very low richness and 

abundance of smaller-bodied birds.  All seven species strongly associated with 

reference transects in the ordination had lower body weights (range 11.4-63.1 g) 

than the noisy miner (63.3 g).  This pattern is also typical of external eucalypt 

forest edges within eastern Australia that are occupied by the noisy miner (Loyn 

1987; Catterall et al. 2002).  

The “context reference” transects in the present study varied in proximity 

and orientation to roads, and were designed mainly to allow separation of the 

effects of picnic areas from those of associated infrastructure, rather than testing 

the effects of roads per se.  They were used because roads may cause a variety of 

edge effects on bird abundances (Luck et al. 1999a), nest predation levels (Luck 

et al. 1999b) and other ecological processes (reviewed by Trombulak and Frissell 

2000).  Three of the eight context reference transects had bird assemblages similar 

to those of picnic area edges, including relatively high numbers of noisy miners.  

These transects were associated with roads which had relatively wide (4-8 m) 

verges compared with the others, suggesting that effects found at picnic area 
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edges may have been largely due to the creation of a gap in the forest, rather than 

the extra resources provided by the picnic area. 

4.4.2  Changes to nest predation levels 

Many of the bird species of Australian eucalypt forests are considered to be 

in decline, and fragmentation-related increases in nest predation levels are 

amongst the potential causes of these declines (Ford et al. 2001).  Therefore, it is 

important to know in what situations increased nest predation levels might occur.  

I found that levels of predation on artificial nests were several-fold greater 

adjacent to picnic area edges than at matched transects 150 m into the forest.  I 

conclude that most of this difference was due to the actual picnic areas, and not 

associated roads and external edges, because predation levels were only slightly 

higher at context reference transects than interior reference transects.  The 

elevation of nest predation levels and the avian predator assemblage of picnic area 

edges was similar to that found at the external interfaces of subtropical eucalypt 

forest remnants with areas of agricultural or urban development (Chapter 3).  

However, the relative increase in nest predation at picnic area edges (compared 

with forest interiors) was far greater than that found on average at external edges. 

Almost all predation at my nests was by birds, a pattern which may be 

typical of eucalypt forests (Gardner 1998; Taylor and Ford 1998; Major et al. 

1999; Matthews et al. 1999; Berry 2002; Chapter 3).  The high proportion of nests 

from which the quail egg was damaged or removed (50% at the picnic area 

edges), and the bill imprint patterns, suggested that larger-bodied birds were 

responsible for most of the nest predation.  In many cases the Australian magpie 

may have been the predator, as it was positively associated with picnic area edges.  
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Although this is typically a ground-foraging species, both direct observations 

(Major et al. 1996) and photographic evidence (Gardner 1998; Major et al. 1999) 

have previously shown it depredating artificial shrub-nests, and eggshells were 

found in the stomach contents of magpies investigated by Vestjens and Carrick 

(1974), albiet at low frequency.   

Much of the remaining bird predation (i.e. up to 30% of predation at picnic 

area edges) may have been caused by the noisy miner, which was the only 

smaller-bodied bird species consistently recorded within the picnic area edges.  

The noisy miner has previously been observed to prey upon artificial nests (Major 

et al. 1996).  Furthermore, miners show a high level of interspecific territoriality 

(Dow 1977), and are hence unlikely to tolerate the nests of smaller birds within 

their territories.  Over six years of using artificial nests in various contexts within 

subtropical eucalypt forests (Chapter 2; Chapter 3; Chapter 5), I have found that in 

sites where the noisy miner is common, rates of predation on artificial nests are 

almost invariably high.  However, the importance of miners as predators at real 

bird nests is not known.  It could also be argued that, since the small-bodied 

forest-dependent birds were excluded from the picnic area edges by noisy miners, 

increased levels of nest predation would have relatively little impact.  However, 

foraging miners often move outside the area which they strongly defend against 

other bird species (Piper and Catterall 2003).   

4.4.3  Managing the ecological impacts of picnic areas  

The present study has demonstrated that the presence of a picnic area can 

strongly influence the bird assemblage within adjacent forest, and may also 

increase rates of predation on birds’ nests.  Therefore, it is important that the 
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potential impacts of picnic areas are addressed in both their location and design.  

Planners should limit the impacts of picnic areas on surrounding forests by 

avoiding areas used by species of particular conservation concern, or which are of 

generally high value to forest-dependent fauna.  Examples of the latter would 

include riparian zones within subtropical eucalypt forests, which have particularly 

diverse assemblages of most taxa, including forest-dependent birds, when 

compared with upslope areas (Mac Nally et al. 2000b; Soderquist and Mac Nally 

2000; Catterall et al. 2001).  The simplest way to minimise impacts on 

ecologically-sensitive “core” areas would be to locate picnic areas at existing 

external forest edges, which are likely to be impacted by edge effects in any case.  

Ecologically-sensitive design should minimisation the creation of open space.  

However, given the potential ecological impacts of picnic areas, I question 

whether it is good conservation practice to provide them within natural areas of 

high conservation value. 



 

 91

Chapter 5.  Is the conservation value of small 

urban remnants of eucalypt forest limited by 

increased nest predation? 

5.1  Introduction 

Fragmentation of formerly extensive forested areas by land clearing may 

lead to ecological changes within remnant patches of forest.  ‘Patch-size effects’ 

are changes related to the creation of relatively small patches of a formerly 

extensive habitat (Bender et al. 1998).  Some patch-size effects are related to 

patch-size per se (e.g. demographic instability owing to small populations or 

environmental change within small remnants), whereas others may result from 

‘edge effects’ exerted by the surrounding developed matrix (Wilcove et al. 1986).   

A number of studies carried out in Europe and North America have found 

increased levels of predation at birds’ nests within small forest patches within 

agricultural and urban landscapes, when compared with similar extensive forests 

(Paton 1994; Marzluff and Restani 1999).  Two causal mechanisms have been 

suggested.  First, an edge effect of increased nest predation may occur owing to 

increased richness or abundance of nest predators near forest edges, a pattern 

which has been demonstrated in a number of studies within North American and 

north-western European forests (reviewed by Paton 1994; Andrén 1995; Batáry 

and Báldi 2004).  This reduces the ecological values of areas lying outside of a 

relatively undisturbed ‘core’ area within a remnant patch of forest, suggesting that 

at some threshold of diminishing size a remnant can be considered to be all ‘edge’ 

(Laurance and Yensen 1991).  Although the depth of such an edge effect is likely 
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to vary, depending on which predators are involved, edge-related nest predation is 

thought to be strongest within 50 m of edges (Paton 1994).  Second, mesopredator 

release may occur within remnant forest patches Terbourgh and Winter 1980; 

Soulé  et al. 1988; Sieving 1992).  In that scenario, populations of small to mid-

sized predators increase throughout smaller remnants owing to the extirpation of 

top predators.   

Australian eucalypt forests have become highly fragmented by land clearing 

during the two centuries since settlement by Europeans (Graetz et al. 1995), 

resulting in the creation of many small, isolated patches of remnant forest 

embedded in agricultural and urban landscapes.  Edges where eucalypt forest 

abuts cleared land often have increased abundances of large-bodied generalist 

avian predators such as corvids (Corvus spp.) and artamids (Gymnorhina and 

Cracticus spp.) (Loyn 1987; Catterall et al. 1991).  These species are ecologically 

similar to those reported to cause increased levels of predation on nests elsewhere 

(Paton 1994; Andrén 1995), and several studies using artificial nests carried out 

within extensive eucalypt forests have reported increased predation levels caused 

by avian predators near external edges (Gardner 1998; Berry 2002; Piper and 

Catterall 2003).  Therefore, eucalypt forest remnants smaller than some threshold 

size are likely to have high nest predation levels owing to the edge effect of 

increased predator abundance.   

The bird assemblages of remnant patches of eucalypt forest less than ~10 ha 

in extent are generally dominated by a suite of relatively large and aggressive bird 

species, including many also known to be nest predators at forest edges, whereas 

remnants in the range of 10-20 ha often support many of the smaller-bodied bird 
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species typical of the diverse assemblage found in more extensive eucalypt forests 

(Loyn 1987; Barrett et al. 1994; Catterall et al. 1997a; Sewell and Catterall 1998; 

Mac Nally et al. 2000a).  However, if increased nest predation levels were 

occurring throughout remnants in the latter size class, they could actually be 

population “sinks” (Pulliam 1988) for these smaller-bodied species.   

I used artificial nests to compare nest predation levels and predator 

assemblages of small (10-20 ha) urban remnants of eucalypt forest with those of 

nearby extensive eucalypt forests.  Artificial nests have been widely used to assess 

potential changes to nest predation levels after habitat fragmentation (Major and 

Kendal 1996).  Because predation levels and predator assemblages may differ 

greatly between nests placed on the ground or elevated in vegetation (Söderström 

et al. 1998; Söderström 1999), both ground- and shrub-nests were deployed.  

Most small-bodied bird species which nest within eucalypt forests of the study 

region build their nests within the shrub layer or lower canopy.  However, species 

which often nest on or very near the ground include the brown quail (Coturnix 

australia), painted button-quail (Turnix varia), red-backed and variegated fairy-

wrens (Malurus spp.), brown and buff-rumped thornbills (Acanthiza spp.), and 

speckled warbler (Chthonicola sagittata).  I expected that nest predation levels in 

the small forest remnants might be increased owing to relatively high abundances 

of generalist avian predators.  I considered that mesopredator release might also 

be occurring within remnant eucalypt forests.   
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5.2  Methods 

5.2.1  Study area and field sites 

The study was conducted in south-eastern Queensland, Australia, a  

topographically varied region of coastal plains and subcoastal ranges.  Prior to 

European settlement during the mid 1800’s, the region was covered mainly by  

eucalypt woodlands (10-30% canopy projective foliage cover) and open forests 

(30-70%), dominated by the genera Eucalyptus, Corymbia, Angophora and 

Lophostemon.  Much of the original forest of the study region has been cleared 

since European settlement, and currently about 45% of the study area is used for 

native and introduced pastures, about 10% for urban developments, about 5% 

supports plantations of exotic Pinus species, and about 5% is cropped.  Although 

extensive tracts of continuous forest at higher elevations are reserved within the 

study area, lowland forests (<160 m above sea level) have been preferentially 

cleared for agriculture and settlement and are highly fragmented (Catterall et al. 

1997b).  The avifaunas typical of continuous forests, forest remnants, and 

urbanised areas of the region have been described in detail by Sewell and Catterall 

(1998) and Catterall et al. (1998).   

Eighteen study sites were used, each consisting of a straight, or near-

straight, 200 x 30 m transect.  Nine “remnant” sites were placed in 10-20 ha 

remnant patches of lowland eucalypt forest scattered throughout Brisbane city, 

which has a population of approximately 1.7 million people, and covers about 

4,600 km2.  Seven of the remnants were surrounded by urban housing at a density 

of 10-20 dwellings per hectare, one by low density housing (0.3-2 houses/ha), and 

one was bounded by a freeway and open park areas.  The transect was positioned 
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as close as possible to the centre of each remnant, to maximise the distance to 

external edges, which always exceeded 50 m.  Nine “extensive forest” sites were 

located within relatively large (400 – 50 000 ha) patches of lowland eucalypt 

forest spread throughout south-eastern Queensland, and had been used previously 

for a similar experiment which overlapped with the present study in its first year 

(Chapter 3).  Extensive forest sites were at least 500 m (range 500 – 1000 m) from 

any external edge, a distance considered far enough from edges to represent an 

‘interior’ state (Paton 1994;  Murcia 1995; Piper and Catterall 2003, but see 

Laurance 2001).  Individual sites were at least 5 km apart.   

Small remnant forests in urban Brisbane have generally escaped 

development because they are located either on frequently flooded low-lying 

areas, or on the tops of small hills that had poor soils and no agricultural use, and 

of the small remnants used in the present study five were riparian and four were 

upland.  Remnants were roughly rectangular or triangular in shape, and ‘linear’ 

remnants were avoided.  Extensive eucalypt forest reserves of the region tend to 

occur on poorer soils of the subcoastal ranges, and sites in these forests were 

located along or across gullies on mid-slopes of large hills.   

5.2.2  Artificial nest experiment 

The protocol for the artificial nest experiment was nearly identical to that 

used in Chapter 3.  Nests were deployed for a seven day exposure period at each 

site during the period January to March 2001, and again during the period January 

to March 2002.  Ten nests were positioned at approximately even intervals along 

the 200 m transect.  Five ground-nests, placed directly on the ground or among 

ground-layer vegetation, were alternated with five shrub-nests, which were 
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wedged into forked branches or attached to vegetation by a loop of wire.  Shrub-

nests were deployed 2-4 m above ground in the first year, and 1-2 m above ground 

in the second year.  Both of these height ranges are within the same vegetation 

layer, would be affected by the same set of predators, and can not be reached by 

ground-based predators.  Nests were well exposed and not deliberately hidden 

from potential predators, but tended to be obscured from some directions by 

vegetation.  Ground-nests were made similarly conspicuous as shrub-nests within 

each site.  The position of each nest across the 30 m transect width varied 

according to availability of suitable locations.  Each nest was an artificial open-

cup bird nest about 8 cm in diameter and 2 cm deep, made of dried grass, 

containing one quail egg and two similarly-sized (about 15 x 25 mm) eggs 

modelled with non-sulphurous plasticine.  The nests had originally been 

waterproofed with an acrylic sealant, and weathered by previous use in similar 

experiments (Chapter 2; Chapter 3).   

To identify nest predators, imprints on plasticine eggs were compared with 

reference imprints made opportunistically and from skulls, and with taxonomic 

literature.  Nest predators were classified as ‘birds’, ‘mammals’, ‘reptiles’ or 

‘unknown’.  The predators of any nests from which all three eggs were removed, 

the quail egg was damaged or removed but the plasticine eggs were not damaged, 

or the imprints left on plasticine eggs did not have clear origins, were classified as 

‘unknown’.   

Some nest predators may be too small to remove or damage quail eggs, 

which are larger and have thicker shells than eggs of many smaller passerines 

(Roper 1992; Fulton and Ford 2003).  Although this bias is addressed by the use 
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of plasticine eggs, these may be damaged by some smaller predators which would 

not be strong enough to affect real eggs (Maier and DeGraaf 2001) or occupied 

nests (Heske et al. 2001).  Overall nest predation levels were therefore analysed in 

two ways:  1. predation of the quail egg (cases where the quail egg was damaged 

or removed from the nest), a more conservative measure which quantified 

predation by relatively large and strong predators which would be less likely to be 

thwarted by parental defence at a real nest; and 2. predation of any egg , a less 

conservative measure which also included cases where the plasticine eggs were 

damaged but the quail egg was not.  Levels of predation by the various classes of 

predator were also considered separately.  The final predation measure in all cases 

was the proportion of five nests depredated along each transect over seven days.    

5.2.3 Statistical analyses 

Seven separate split-plot analyses of variance (ANOVA) were carried out, 

using SPSS statistical software (SPSS Inc. 2003), to assess the effect of patch-

size, nest height, and year on predation of the quail egg, predation of any egg, 

predation by each of the four broad predator classes separately, and predation by 

non-avian predators combined (i.e. mammals and reptiles).  Patch-size was a fixed 

between-plots factor with two levels (remnant and extensive forest), nest height 

was a fixed within-plots factor with two levels (ground and shrub), and year was a 

random within-plots factor with two levels (2001 and 2002).  Plots were sites.  

The particular effects and interactions are shown in Table 1.  The split plot 

controls for any lack of independence among nests deployed within a particular 

transect caused by using the same sites in two successive years or deploying nests 

at two heights simultaneously, which may occur owing to either local conditions 
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shared by all nests at a transect or local movements of predators among the nests.  

Because the data were proportions, they were arcsine-transformed (Quinn and 

Keough 2002) prior to analyses.  An alpha level of P≤0.05 was used to determine 

significance in all statistical analyses. 

5.3  Results 

During the course of the study, 188 of 360 deployed nests were depredated.  

Across the 45 nests deployed in each of eight possible combinations of patch-size, 

nest height and year, mean levels of predation of the quail egg over seven days 

varied from 24 to 40%, and levels of predation of any egg from 33 to 64%.  None 

of the main effects or their interactions had statistically significant effects on 

overall levels of either predation of the quail egg, or predation of any egg (Table 

1).  There was a trend, however, toward higher levels of ground nest predation 

within remnants than in extensive forests (Figure 5.1).  For ground-nests, the 

difference between means was 19% (Bootstrap 95% Confidence Interval 0-37%) 

for predation of any egg, providing little support for the null hypothesis (μ1= μ2).   

I could identify predators of 142 nests on the basis of imprints left on 

plasticine eggs, and a further 46 nests had been attacked by an unknown predator.  

Levels of predation by birds were very similar between small remnants and 

extensive forests (Figure 5.2a).  Although mammals (Figure 5.2b) and reptiles 

(Figure 5.2c) depredated more nests in small remnants than extensive forests, 

patch-size did not significantly affect levels of predation by either of these 

predator groups individually (Table 5.1).  There was, however, a near-significant 

trend (P=0.09) toward greater levels of predation by mammals in small remnants 
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(Table 5.1, Figure 5.2b), and when data from the two non-avian predator classes 

were pooled patch-size had a statistically significant effect (Table 5.1).   

Nest height was the only factor that had statistically significant effects on 

levels of predation by the individual classes of predator separately (Table 5.1).  

Birds were about twice as likely to depredate shrub-nests than ground-nests 

(Figure 5.2a), whereas mammals (Figure 5.2b) and reptiles (Figure 5.2c) were far 

more likely to depredate ground-nests than shrub-nests.  None of the main effects 

or their interactions had statistically significant effects on levels of predation by 

unknown predators (Table 5.1, Figure 5.2d).  Neither year nor year by nest height 

interactions had statistically-significant effects in analyses of predation levels, 

either overall or by individual predator classes, indicating that the difference 

between years in heights of shrub-nests had no impact. 

Table 5.1.  P values for main effects and their interactions from ANOVA 
comparisons of nest predation levels between extensive forests and small 
remnants. 
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Patch-size 1 0.52 0.23 0.98 0.09 0.21 0.0238  0.82 
error 16        
Nest height 1 0.45 0.17 0.00004 0.0060 0.0026 0.00002  0.28 
Nest height * Patch-
size 1 0.43 0.46 0.16 0.51 0.21 0.11  0.74 
error(Nest height) 16        
Year 1 0.81 0.54 0.58 0.41 0.17 0.82  0.72 
Year * Patch-size 1 0.95 0.69 0.49 0.81 0.49 1.00  0.98 
error(Year) 16        
Year * Nest height 1 0.64 0.70 0.63 0.67 0.17 0.66  0.32 
Year * Nest height * 
Patch-size 1 0.76 0.22 0.79 0.98 0.49 0.84  0.36 
error(Year*Height) 16        
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Across the entire study, birds were the dominant class of predator (Figure 5.2), 

and attacked 68% of the 142 nests for which a predator could be identified.  

Although it is often not possible to attribute imprints left by bills to a particular 

species with complete certainty, imprints in the plasticine eggs suggested that in 

many cases avian predation in the remnants may have been by the noisy miner.  

Larger avian predators, which could be more positively identified from bill-marks, 

were responsible for the balance of nest predation in remnants, and most of the 

avian predation within the extensive forests.  These included grey or pied  
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Figure 5.1.  Mean (± SE; n=9), for each combination of patch-size and nest 
height, of: a. predation of the quail egg; and, b. predation of any egg. Plots show 
untransformed data, pooled across years. 
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Figure 5.2.  Mean (± SE; n=9), for each combination of patch-size and nest 
height, of: a. predation by birds; b.  predation by mammals; c. predation by 
reptiles; and, d. predation by unknown predators. Plots show untransformed data, 
pooled across years. 

 

 



 

 102

butcherbird, laughing kookaburra and Torresian crow.  Other avian potential nest 

predators which occur widely in eucalypt forests, and may have depredated some 

nests, were the grey shrike-thrush  and pied currawong.  When both ground- and 

shrub-nests at a site had been depredated by birds, the plasticine eggs tended to 

indicate that the same species had preyed upon nests at both heights.   

Twenty-two nests in remnants and five in extensive forest were preyed upon 

by mammals.  Eighteen of these had been depredated by rodents, which are likely 

to have mainly been the introduced house mouse Mus musculus and black rat 

Rattus rattus, which are both common throughout Brisbane suburbs and bushland 

(Low 1995).  However, native rats in the genera Rattus and Melomys may also 

have depredated nests.  Rodents were the only mammals which depredated shrub-

nests.  Other mammalian predators in remnants were yellow-footed antechinus 

Antechinus flavipes (3 nests: recorded both years in a single patch only) and 

southern brown bandicoot (4 nests: recorded one year in a single patch).  Two 

nests in extensive forests had been preyed upon by common brushtail possum.   

Fourteen nests in small remnants and five in extensive forests had been 

depredated by reptiles, which was a lizard in every case.  Predation in remnants 

was evenly divided between the lace monitor and dragons, which potentially 

included the eastern water dragon and bearded dragon.  All predation by reptiles 

in extensive forests was by monitors.   

5.4  Discussion 

Numerous studies carried out within fragmented temperate North American 

and European forests, and tropical forests, have reported that nest predation levels 
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increase as patch-size decreases (reviewed by Paton 1994; Andrén 1995; Marzluff 

and Restani 1999; Söderström 1999).  However, this patch-size effect has seldom 

been assessed elsewhere.  Moreover, despite improved understanding of the 

effects of patch-size on avian distributions and species composition within 

fragmented Australian eucalypt forests, little attention has been paid to potential 

effects on ecological processes such as competition and predation.  Working 

within extensive (>400 ha) patches of subtropical Australian eucalypt forest, it 

was found that levels of artificial nest predation were about 20% greater adjacent 

to edges with urbanised areas or pasture than within forest interiors (a 70% 

increase)(Chapter 3).  Edge effects would be expected to impact a greater 

proportion of a small remnant patch than an extensive area of forest (Laurance 

and Yensen 1991), so it might be expected that nest predation levels within 

remnant patches of subtropical eucalypt forest would be increased compared with 

those of more extensive forests.   

However, I did not detect an effect of patch-size on overall nest predation 

levels in the present study: predation levels did not differ significantly between 

10-20 ha remnants and the interiors of extensive eucalypt forests.  There was 

some evidence that levels of predation on ground-nests were higher in remnants 

than extensive forests, particularly when smaller predators were included by the 

use of the less conservative predation measure.  How large fragmentation-related 

increases in nest predation levels would have to be to cause localised population 

declines is not known for Australian birds and forests.  It is likely that such 

increases would have to be relatively large, since Australian birds are in some 

ways well adapted to high nest predation levels by life history strategies such as 

smaller clutches and multiple nesting attempts (Russell 2000).  Such strategies 
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would make increases in nest predation levels more likely to affect avian 

populations only when predation is increased to very high levels (Chapter 3).   

Within the small remnants, nests were deployed at least 50 m from external 

edges, and the absence of a significant effect in the present study suggests that the 

spatial extent of edge effects on nest predation in eucalypt forest are highly 

localised.  The remnants I studied may then have been above the size threshold at 

which edge effects result in patch-size effects.  Alternatively, the magnitude of the 

nest predation edge effect varies from year to year (Chapter 3), and may not have 

been strong enough during the present study to cause a patch-size effect.   

Only one other published study has tested for a patch-size effect on nest 

predation levels within an Australian urban landscape.  Matthews et al. (1999) 

found similar levels of predation at artificial nests within “small” (0-10 ha), 

“medium” (11-100 ha) and “large” (>100 ha) eucalypt forest remnants scattered 

throughout urban Sydney.  Two studies assessing potential patch-size effects on 

nest predation within a pastoral landscape have also failed to detect an effect.  

Taylor and Ford (1998) found that the rate of predation on artificial nests in a 20 

ha remnant was intermediate between those of nearby 90 ha and 240 ha remnants, 

and Zanette and Jenkins (2000) reported that the success of real and artificial nests 

of the eastern yellow robin differed little between two ‘small’ (55 ha) and two 

‘large’ (500 ha and 1000 ha) remnants.   

Although overall predation levels in the present study did not differ 

significantly between remnants and extensive forests, there were differences 

between the predator assemblages of these two contexts, especially at ground 

level.  Ground-nests were much more likely to be depredated by rodents or lizards 
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within remnants than extensive forests, causing a trend toward higher predation 

levels in remnants.  It is not clear why rodents and large lizards would be more 

abundant within 10-20 ha remnants than extensive forests, although this might be 

caused by “mesopredator release”.  Mesopredator release may occur when top 

predators, which limit populations of small to mid-sized predators, are lost from 

remnants.  For example, it has been suggested that the extirpation of the coyote 

from North American habitat remnants has resulted in elevation of nest predation 

by predators such as cats, foxes, and racoons (Rogers and Caro 1998; Crooks and 

Soulé 1999).   

In smaller urban Australian remnants of eucalypt forest, the loss of larger 

carnivores such as the Dingo Canis familiaris dingo or Spotted-tail Quoll 

Dasyurus maculatus maculatus could theoretically result in increased abundances 

of smaller predators, including cats and foxes, rodents and reptiles.  However, 

predicting outcomes of this for nest predation levels is extremely complex 

because of the potential multi-trophic interactions amongst this set of predators.  

If top predators preyed directly upon rats and lizards, loss of the former would 

lead to increased nest predation by the latter.  If foxes or cats were trophic 

intermediaries, then nest predation by lizards and rats would decrease.  It is also 

possible that the dingo would simply be replaced as a top predator in small urban 

remnants by domestic dogs.  The quoll is probably extinct within the study region 

(Low 1995), so can not have affected the results of the present study.   

Levels of both ground- and shrub-nest predation by birds were similar 

between patch sizes.  It is often difficult to attribute imprints on plasticine eggs to 

individual bird species (Fulton and Ford 2003), so I was unable to fully assess 
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differences in the composition of the avian predator assemblages.  However, 

much of the nest predation in remnants left imprints consistent with the bill of the 

noisy miner, a colonial species which reaches high densities at eucalypt forest 

edges and within very small (<10 ha) remnants (Piper and Catterall 2003), and 

was common throughout the remnants used in the present study.  In south-eastern 

Queensland, the potential role of miners as nest predators is supported by almost 

invariably high rates of artificial nest predation found in sites where miners are 

common (Chapter 4).  In contrast, miners were seldom seen or heard at extensive 

forest sites, and imprints left in that habitat were mostly too large to have been 

made by them.   

Despite these differences between predator assemblages of remnants and 

extensive forests, their overall levels of nest predation did not differ significantly.  

If increased nest predation levels were occurring in remnants in this size class, 

these patches could actually be acting as population “sinks” (Pulliam 1988) for 

smaller-bodied bird species.  However, the present results support the contention 

that remnants in this size class make a useful contribution to the conservation of 

eucalypt forest bird assemblages within an urban context. 
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Chapter 6.  Does landscape-scale vegetation cover 

influence nest predation rates? 

6.1  Introduction 

For a long time fragmentation impacts were investigated with little 

reference to the surrounding landscape, although fragmentation is a landscape-

scale process (Fahrig 2003).  More recently, the effect of landscape composition 

on processes such as nest predation has come under scrutiny (Andrén 1995; 

Robinson et al. 1995; Chalfoun et al. 2002).  Landscape composition may affect 

predation levels through both the amount of original habitat remaining, and the 

nature of the surrounding matrix (Donovan et al. 1997; Heske et al. 2001).   

Predation levels may change as forest is lost from the surrounding landscape 

and predators which benefit from the new non-forested habitat proliferate.  The 

occurrence of edge or patch-size effects on nest predation may be contingent on 

the proportion of original habitat remaining at landscape scale (Robinson et al. 

1995).  For example, Driscoll and Donovan (2004) reported that wood thrush 

nesting success was lower near edges within highly fragmented but not highly 

forested landscapes.  Alternatively, landscape cover may influence nest predation 

throughout remnant patches of natural habitat.  In eastern and midwestern North 

America, several studies have found that rates of bird nest predation may be 

significantly greater throughout remnant forests in landscapes highly fragmented 

by agriculture, compared with landscapes which were little fragmented (Robinson 

et al. 1995; Donovan et al. 1997).  Indirect evidence for landscape-scale effects on 

nest predation has come from comparing the proportion of studies reporting a 
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fragmentation effect between those carried out in highly fragmented landscapes 

and those from highly forested landscapes (Andrén 1995; Hartley and Hunter 

1997, Marzluff and Restani 1999; Lahti 2001).  In each case, the conclusion has 

been that edge-related nest predation is usually found in heavily deforested 

landscapes, but seldom reported from highly forested landscapes.   

The composition of the matrix also affects conditions within forest 

remnants, because nest predator assemblages vary between differing types of land 

use (Chalfoun et al. 2002).  Reduced avian nesting success associated with edges 

and small patches has most often been reported for forests fragmented by 

agriculture or urbanisation (Marzluff and Restani 1999; Lahti 2001; Rodewald 

and Yahner 2001).  However, nest predator assemblages may respond differently 

to agricultural or urban development (Danielson et al. 1997), and may increase 

more within row crops than grazed pastures (Heske et al. 2001).   

The work described in previous chapters was not specifically designed to 

test for landscape-scale changes to nest predation levels, apart from the more 

localised effects of differing land use within the matrix.  However, it is also 

relevant to investigate the association between landscape-level cover surrounding 

study sites and nest predation patterns.  The aim of the present chapter is to assess 

whether results presented in earlier chapters may have been influenced by 

landscape-scale forest cover and landscape composition.  Relationships between 

nest predation levels reported in Chapters 3 and 5 are compared with woody 

vegetation cover and landscape composition measured within a 5 km radius from 

each of 36 sites.   
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6.2  Methods 

Analyses were carried out using the sites described in Chapters 3 and 5.  

There were nine sites in each of the following classes: urban edge, pasture edge, 

forest interior, and 10-20 ha remnant, at which predation at artificial nests was 

measured in each of three, two, four and two years, respectively.  The first three 

classes of site were within extensive (>400 ha), lowland (<160 m a.s.l.) remnant 

subtropical eucalypt forests scattered throughout south east Queensland.  Edge 

sites were a 200 x 30 m transect placed within the forest parallel to, and abutting, 

an abrupt edge with a substantial (>25 ha) cleared and developed area.  Forest 

interior sites were a similar transect at least 500 m (range 500 – 1000 m) from any 

external edge, and were not specifically paired with edge sites although they often 

occurred within the same forest patches.  Nine “small remnant” sites also 

consisted of a 200 x 30 m transect, placed in the centre of 10-20 ha remnant 

patches of lowland eucalypt forest scattered throughout Brisbane city.   

Nest predation levels were measured experimentally during yearly trials 

across four years (1999-2002).   At each site, in each year that it was used, ten 

artificial nests containing one quail egg and two plasticine eggs had been 

deployed for seven days along the transect.  Two nest predation measures, ranging 

from 0 to 5, were calculated for each nest height (ground or shrub) at each site in 

each year: 1. predation of the quail egg, the number of nests from which the quail 

egg was damaged or removed; and 2. predation of any egg , a measure which also 

included cases where the plasticine eggs were damaged but the quail egg was not.  

For the analyses carried out in this chapter, for each site these two measures were 

averaged across the yearly trials for each nest height separately, and for nest 
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heights combined, giving a total of 6 different predation measures.  These were: 

predation of the quail egg at ground-nests, at shrub-nests, and at both nest heights 

combined; and, predation of any egg at ground-nests, at shrub-nests, and at both 

nest heights combined.   

Land cover was calculated within an area of 5 km radius around each site 

(about 78 km2) using a 1:250 000 land use map based on satellite imagery (State 

of Queensland 1999).  A grid of 101 points (small open circles) was constructed 

within a circle, and printed at appropriate scales to use with 1:250 000 satellite 

imagery such that the circle covered a radius of 5 km.  This was copied onto clear 

plastic, and then placed over the map such that the central point was over a site.  

The number of other points which were over each cover type was then recorded.  

Landcover types were pasture, crop, settlement, and forest.  Crops included sugar 

cane, vegetables, and grains.  Forest was mostly remnant eucalypt forest and 

woodland, occasionally incorporating patchy rainforest, but included a proportion 

of exotic Pinus plantation at some sites.  Points under which the land cover type 

was indistinct or  water were recorded as unclassified.   

Correlation coefficients were used to assess the association between land 

cover statistics and nest predation levels.  Because areas encompassing 5 km radii 

overlapped for some sites, sites were not all spatially independent, so the 

statistical significance of correlations was tested using randomisation techniques 

(Edgington 1980), with an alpha level of P≤0.05 used to determine significance.   



 

 111

6.3  Results 

The landscapes surrounding the study sites were highly heterogeneous 

(Figure 1).  Sites in all four categories tended to have some areas of forest, 

pasture, and urban development within 5 km.  For all site types, the proportion of 

the surrounding area covered by crops was negligible.  On average, forest interiors 

and pasture edges occurred within landscapes of similar composition, which 

tended to be dominated by forest (Figure 6.1).  Sites at urban edges also occurred 

in forest-dominated landscapes, but tended to have more settlement and less 

pasture nearby.  Small urban remnants occurred in highly urbanised landscapes, 

with less forest and relatively little pasture nearby.   

Across the 36 sites, surrounding forest cover within 5 km ranged from 9% 

to 84%, and had no obvious relationship with any of the nest predation measures 

(Figures 6.1 and 6.2).  No statistically significant correlations (P exceeded 0.10 in 

all cases) were found between any of the nest predation measures and forest 

cover, or the proportions of pasture, crop, or settlement, within a 5 km radius 

(Table 6.1).   
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Figure 6.1. Mean (±SE, n=9) percentage land cover within each cover class for 
each site type.  

 

 

 

 

Table 6.1.  Correlations between the proportion of surrounding landcover in each 

class and nest predation levels, based on 36 sites in four contexts (see Methods). P 

values for correlations exceeded 0.10 in all cases. 
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Crop 0.26 0.24 0.28 0.10 0.23 0.19 
Settlement -0.06 0.12 0.04 0.17 -0.02 0.09 
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Ground nests - predation of the quail egg
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Shrub nests - predation of the quail egg
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Figure 6.2. Predation of the quail egg versus forest cover. Plots show results for 
ground-nests, shrub-nests, and heights pooled. Data were pooled across years (see 
methods). 
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Ground nests - predation of any egg
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Shrub nests - predation of any egg
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Figure 6.3. Predation of any egg versus forest cover. Plots show results for 
ground-nests, shrub-nests, and heights pooled. Data were pooled across years (see 
methods). 
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6.4  Discussion 

Landscape composition at the scale of a 5 km radius was not related to nest 

predation patterns.  However, it is not known at what spatial scale these processes 

might become more or less important.  The 5 km scale was chosen for assessing 

landscape characteristics because it was considered large enough to characterise 

sites at the landscape level without overlapping excessively amongst sites, and 

because it had the stronger relationship with nest predation levels than cover 

within 10 and 25 km radii in a meta-analysis by Hartley & Hunter (1998).  Hartley 

and Hunter (1998) assessed North American studies using artificial nests, and 

found that 44% of variation in nest predation levels could be explained by the 

degree of forest cover within a 5 km radius, compared with 30% at 10 km and 25 

km scales.   

It is possible that landscape cover was important at other spatial scales in 

south east Queensland, but there is no reason to expect that.  The importance of 

landscape forest cover may be greater to avian nesting success in North America,  

where brood parasitism and nest depredation by the brown cowbird corresponds 

more strongly with landscape metrics than does nest predation (Robinson et al. 

1995; Hartley and Hunter 1998).  Important nest predators during the present 

studies included birds in the family Artamidae, as well as the common brushtail 

possum, rodents, and varanid and agamid lizards.  With the exception of Rattus 

rattus, none of these are exotic species, and since all of them occur already in 

unfragmented eucalypt landscapes (Blakers et al. 1984; Smith and Hume 1984; 

Strahan 2002; Cogger 1992), they can probably respond to changes in local 

habitat configuration without requiring landscape-level change.   
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Results from Chapter 3 suggest that pasture and urban development exert 

similar effects on nest predation levels and predator assemblages within adjoining 

eucalypt forests.  This similarity is probably because the same set of avian nest 

predator species benefit from clearing both for pasture and urban development.  

Relatively high densities of corvids, butcherbirds, and the laughing kookaburras 

often occur within both these land use types, and within remnant forests along 

edges (e.g. Loyn 1987; Catterall et al. 1991; Barrett et al. 1994; Catterall et al. 

1998; Catterall 2004).  Both types of altered habitat are structurally more open 

and have more bare ground than forests, and may provide increased foraging 

opportunities for these birds compared with forest interiors (Catterall et al. 1991).   

The similarity between nest predation levels and nest predator assemblages 

at edges of Australian forests abutting agricultural or urban land use may differ 

from patterns found in the Northern Hemisphere.  Two North American studies 

which have also directly compared nest predation between forests bordering 

pasture or urbanised areas found variation between their nest predator 

assemblages.  Wilcove (1985) reported higher predation within forest patches in 

an urban landscape than those within an agricultural landscape, suggesting that 

this may have been due to several important avian and mammalian nest predators 

occurring at greater densities within urban than agricultural habitats.  Danielson et 

al. (1997) reported the opposite result, and found that bears were important 

predators of artificial nests in Massachusetts forests within an agricultural matrix 

but not an urban matrix, whereas raccoons showed the opposite pattern  

(Danielson et al. 1997).   
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It is clear that the occurrence and type of local or landscape-scale effects on 

nest predation varies greatly between geographic regions and landscape 

configurations (Heske et al. 2001).  Ultimately this is because predator 

assemblages, and their responses to habitat loss and creation, fragmentation and 

disturbance, vary greatly amongst different landscape contexts and among 

different classes of predator (Chalfoun et al. 2002).  Models based on matrix 

effects on remnant forests assume that increases in  predation levels are associated 

with predators which flourish in the matrix (e.g. Angelstam 1986; Andrén 1992; 

Robinson et al. 1995).  However, if most predation is by forest animals, 

increasing forest loss and fragmentation may lead to ‘predator relaxation’ and 

decreases in predation levels in remnant forests (Tewksbury et al. 2006), or 

alternatively they may lead to increased predation in remnant forests through 

mesopredator release (Crooks and Soule 1999).  It is also possible that some 

landscapes have not yet been cleared for long enough for matrix-associated 

predators to increase in abundance within the landscape.  In such systems, 

apparent decreases in nest predation caused by declines in forest-dependent 

species may in time be overwhelmed by increased nest predation by predators 

from the matrix.  It is likely that, rather than expecting some general effect, 

potential fragmentation-related changes to nest predation within forests will need 

to be individually assessed for different regions and forest types.   
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Chapter 7.  Synthesis of results and general 

discussion 

7.1  Summary of the findings of this thesis 

This thesis reports the results of a series of artificial nest experiments 

carried out to assess potential fragmentation effects on bird nest predation within 

subtropical Australian eucalypt forests.  I expected to find an edge-related 

increase in nest predation in eucalypt forests of south east Queensland if these 

forests had been fragmented by pasture or urban development.  There was an 

expectation that this increased predation would be caused by an influx of 

relatively large-bodied avian predators from the matrix.  This was expected 

because: 1. edge-related nest predation, mediated by an influx of generalist avian 

predators from neighbouring agricultural or urban land use, has often been 

reported in Northern Hemisphere temperate forests; and, 2. well-documented 

increases in the abundance of avian nest predators, which are ecologically similar 

to those causing edge effects elsewhere, occur in Australian agricultural and urban 

habitats, and near edges within remnant forests.  The same processes were not 

expected to occur at the edges of eucalypt forests bordering exotic Pinus 

plantations because: 1. edge-related nest predation has seldom been reported in 

Northern Hemisphere temperate forest mosaics; and, 2. large-bodied avian nest 

predators do not generally increase in abundance within Australian exotic Pinus 

plantations, or near edges within remnant forests fragmented by these plantations.   

Four separate experiments were conducted in south east Queensland’s 

lowland (<160 m above sea level) eucalypt forests.  A common methodology was 
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employed throughout, consisting of deploying five artificial open-cup nests along 

a transect, each baited with a quail egg and two imprint-receptive plasticine eggs.  

These nests were exposed for six or seven days, to estimate nest predation levels 

and assess nest predator assemblages amongst a variety of contexts.  Throughout 

these experiments the unit of replication was a site containing a single transect, 

and two nest predation measures were used: 1. predation of the quail egg, 

providing a more conservative predation measure involving larger, stronger 

predators which would be less likely to be thwarted by parental defence at a real 

nest; and 2. predation of any egg, which provides a less conservative measure that 

is likely to include activity by even the smallest potential nest predators.  In each 

experiment, treatments consisted of differing fragmentation contexts, in which 

there were replicate sites which were distributed across a wide area at the 

landscape scale.  Results were mainly analysed using various Analysis of 

Variance models.   

In sequence, the chapters of this thesis moved from the more localised scale 

of forest edge effects and impacts of neighbouring land use (Chapters 2, 3 and 4), 

through considering potential effects at the forest patch scale (Chapter 5), to 

landscape scale considerations of surrounding land use (Chapter 6).  Table 7.1 

summarises the main findings from each chapter.   

An initial experiment (Chapter 2) failed to detect a statistically significant edge 

effect on predation of artificial shrub-nests within eucalypt forests abutting urban 

development, pastures, or Pinus plantations.  Effects of distance to edge and type 

of adjoining land use were tested within large (>400 ha) forest remnants.  Shrub-

nests were deployed at distances of 0-30, 60-90, and 235-265 metres from  
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Table 7.1.  Summary of the focus and main findings of the separate studies 
reported in this thesis. 
Chapter Focus Main findings 

2 Comparison of predation at shrub-
nests between edges (0-30m & 60-
90m) and interiors (250-280m & 
>500m), for edges with three types of 
land use (urban, pasture, Pinus 
plantation). A single trial was 
conducted at each site. 

• Predation was slightly greater at edges 
than interiors, but the difference was not 
statistically-significant. 
• Predation was lower generally in 
landscapes fragmented by Pinus. 
• The main predators in all contexts were 
large-bodied birds. 

3 Comparison of predation at ground- 
and shrub-nests between edges (0-
30m) and interiors (>500m) for edges 
with two types of land use (urban & 
pasture). Three trials were conducted 
at each site over three years at 
interiors and urban edges, and two 
trials were conducted over two years 
at pasture edges.  

• Predation was similarly greater at edges 
with both urbanised areas and pastures than 
interiors, for both nest heights. 
• Predation on shrub-nests was greater than 
ground-nests.  
• Predation did not vary significantly 
between years. 
• The main predators in all contexts were 
birds, although mammals and reptiles were 
more likely to depredate ground-nests.  
• Edge related predation was attributed to 
large birds. 

4 Comparison of bird assemblages,  
and predation at shrub-nests, between 
edges (0-20m) and interiors (150m) 
for edges with picnic areas. Context 
reference sites were also used to 
control for the effects of access roads 
and nearby external edges. A single 
trial was conducted at each site. 

• Bird assemblages near edges were 
dominated by the noisy miner and Australian 
magpie, compared with typical rich eucalypt 
forest bird assemblages at interiors. 
• Predation was much greater at edges than 
interiors. 
• Edge related predation was attributed to 
large birds. 
• The main predators in all contexts were 
birds. 

5 Comparison of predation at ground- 
and shrub-nests between interiors of 
small (10-20ha) urban remnants and 
extensive (>400ha) forests. Two trials 
were conducted at each site over two 
years. 

• Predation was similar between small 
patches and extensive forests. 
• Predation was similar between ground- 
and shrub-nests. 
• Predation did not vary significantly 
between years. 
• The main predators in all contexts were 
birds, although mammals and reptiles were 
more likely to depredate ground-nests. 
• It was not clear whether mesopredator 
release was occurring. 

6 Assessment of potential impacts of 
surrounding landscape composition 
on results from Chapters 3 and 5. 

• No relationships were found between nest 
predation levels and woody vegetation cover 
or landscape composition, measured over a 5 
km radius from each of 36 sites. 
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edges adjacent to areas of urban, pasture, and Pinus plantation.  There were eight 

replicate sites of each edge type, scattered widely across a 30 000 km2 study area.  

When predation of the quail egg was used to calculate predation levels, predation 

varied significantly with edge type but not distance to the edge, due to relatively 

low levels within sites bordering Pinus plantations.  When predation of any egg 

was used to calculate predation levels, predation was not significantly affected by 

edge type or distance to the edge.  Predation levels within eight independent forest 

interior transects, distributed throughout the study region and located 500-800 m 

from the nearest edge, were similar to those within transects 0 m from edges.  

Birds were the most important class of predator within all combinations of site 

type and distance to edge, and accounted for 92% of identified predation overall.  

Although statistically-significant increases in predation were not found, predation 

near edges was generally about 10% greater than within forest interiors, and large-

bodied birds were the main predators, suggesting that edge-related predation may 

have been occurring.  The short duration of the study may have minimised the 

chances of detecting an edge effect, since multi-year studies elsewhere have been 

far more likely to detect edge-related predation than single-year studies (Stephens 

et al. 2003).   

Therefore, a new experiment was designed with artificial nest trials in each 

of three years.  In Chapter 3, potential effects of edge and type of adjoining land 

use on predation at artificial nests were assessed again, using a different spatial 

layout of sites.  It was logistically unfeasible to cover as large a study region as 

was used in the initial experiment, so a new set of sites was chosen over a region 

of about 10 000 km2.  Nine sites were selected in each of three contexts: 

forest/pasture edge, forest/urban edge, and forest interior.  Edge sites were 0-30 m 
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from edges, and interiors were located 500-1000 m from the nearest edge.  Within 

each site, nests were placed at each of two heights (ground and shrub), and this 

experimental design was used yearly for three years at interior and urban edge 

sites, and two years at pasture edge sites.  Effects of type of adjoining land use, 

nest height and year were tested.  Predators were identified for 250 of 369 

depredated nests, of which 80% had been preyed upon by birds, 12% by 

mammals, and 7% by reptiles.  Averaged across the three years, predation levels 

over a seven day exposure period were about half again as great near edges than 

within interiors, and this impacted on the success of both ground- and shrub-nests.  

Furthermore, complete depredation of all nests within a site was much more 

common near edges than within forest interiors, particularly for shrub-nests.  It 

was argued that the increase in predation at edges was primarily caused by large-

bodied birds, particularly species from the family Artamidae.  These results 

suggested that edge-related nest predation may occur within remnant subtropical 

eucalypt forests, due to greater levels of predation by generalist avian predators 

near edges than within forest interiors.  This was the first reported use of artificial 

ground-nests at eucalypt forest edges, and the first evidence from outside 

temperate regions that edge effects on nest predation occur within Australian 

eucalypt forests.   

The general occurrence of edge-related nest predation in subtropical 

eucalypt forests was further supported by work described in Chapter 4, where the 

impacts of picnic areas on nest predation activity within adjacent eucalypt forests 

in the Brisbane region were assessed.  Bird assemblages were also formally 

assessed because bird assemblages within and near picnic areas in Australian 

forests were previously undescribed.  Within the picnic areas there was an 
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assemblage of relatively large, aggressive birds, including several generalist 

predators (Torresian crow, grey and pied butcherbirds, Australian magpie) as well 

as the noisy miner, resembling that found within urban areas in the study region.  

Eight transects abutting picnic areas (“picnic area edges”) were compared with 

two types of matched control transect within forest about 150 m away: “forest 

interiors”, which were also distant from any other edge;  and, “context 

references”, which were similar to the picnic area edges in their proximity to the 

access roads and forest external edges.  Multivariate analyses showed that bird 

assemblages at picnic area edges, which were dominated by the noisy miner and 

Australian magpie, clearly differed from those of forest interiors, which were 

characterised by a number of smaller-bodied insectivorous species.  Levels of 

artificial nest predation were several-fold greater adjacent to the picnic areas than 

at forest interiors 150 m from the picnic area edges.  Context reference transects 

were similar to forest interiors when associated with narrow roads, but similar to 

picnic area edges when associated with roads incorporating wide grassy verges.  

This study showed that picnic areas exert strong localised edge effects on forest 

bird assemblages, and appeared likely to cause reduced reproductive success for 

small-bodied forest bird species which attempted to nest nearby.   

The occurrence of an edge effect in forests suggests that at some threshold 

of diminishing size, contingent on the penetration depth of the edge effect, smaller 

remnant patches will be completely affected, resulting in a patch size effect 

(Laurance and Yensen 1991).   Furthermore, changes within patches may occur 

for other reasons, such as mesopredator release following extirpation of top 

predators from smaller remnants (Terbourgh and Winter 1980; Soulé et al. 1988).  

In Chapter 6, artificial nests were deployed both on the ground and in shrubs 
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within interiors of small (10-20 ha) urban remnant patches, and in extensive tracts 

(>400 ha) of subtropical Australian eucalypt forest.  Remnants in that size class 

were chosen because they are just above the minimum patch size that often 

contains many of the fragmentation-sensitive smaller-bodied bird species typical 

of more extensive forests (Loyn 1987; Barrett et al. 1994; Catterall et al. 1997a; 

Sewell and Catterall 1996; Mac Nally et al. 2000a).  Most predation of shrub-

nests in both remnants and extensive forests was by birds, although there appeared 

to be some differences in the assemblages involved.   Ground-nests were far more 

likely to be depredated by mammals or lizards in the remnants than in the 

extensive forests.  This may have been caused by mesopredator release, or 

because small remnants provided more favourable habitat than extensive forests 

for these predator classes.  However, despite the differences between their 

predator assemblages, overall nest predation levels did not differ significantly 

between remnants and extensive forests, suggesting that any edge-related 

predation was of insufficient spatial extent to strongly affect the interiors (>50 m 

from external edges) of remnants in this size class.  Although eucalypt forest 

remnants of 10-20 ha often support bird assemblages typical of extensive forest 

tracts, they may act as population sinks for these species if nest predation levels 

are excessive.  My results support the contention, however, that remnants in this 

size class are useful to the conservation of forest bird assemblages.   

Finally, in Chapter 6 the nest predation results presented in Chapters 3 and 5 

were reassessed with respect to landscape composition.  Nest predation levels 

were compared with the proportions of  pasture, crop, settlement, and forest, 

within a 5 km radius of each site.  There was no significant association between 

nest predation levels and surrounding landscape composition at that scale.  These 
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results suggested that the occurrence of more local scale impacts (such as edge 

effects) within fragmented Australian eucalypt forests is not influenced by 

landscape-scale processes.   

7.2  Patterns in nest predation within fragmented 

eucalypt forests 

7.2.1  Nest predator assemblages in eucalypt forests 

Pre-fragmentation nest predator assemblages within extensive eucalypt 

forests are diverse, comprising a wide range of birds, mammals and reptiles  (Ford 

and Recher 1991; Ford 1999).  However, across six summers I found that 

medium- to large-bodied avian predators were consistently responsible for the 

bulk of artificial nest predation, for both ground- and shrub-nests, within 

extensive tracts of subtropical eucalypt forest.  Furthermore, the proportion of nest 

predation attributed to each of the broad predator classes differed little between 

forest interiors and edges (Table 7.2).   

This result concurs with other Australian studies which have used artificial 

nests to assess nest predator assemblages within extensive eucalypt forests, and 

have also found that the main nest predators were avian, both within forest 

interiors and near edges.  When avian predators have been identified using 

cameras in three artificial nest studies in temperate south east Australia (Gardner 

1998; Major et al. 1999; Berry 2002), they have included many of the larger-

bodied Artamid and Corvid species, including grey butcherbird, pied butcherbird, 

Australian magpie, pied currawong, grey currawong, little raven, and Australian  
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Table 7.2.  Percentage of depredated nests preyed upon by each class of predator 
at interior and edge sites during the studies described in Chapters 2, 3 and 5. 

 Forest Interiors Forest Edges3 
Nest height and 
years 

ground 
1999-2002 

n=611 

shrub 
1998 
n=872 

shrub 
1999-2002 

n=862 

ground 
1999-2001 

n=109 

shrub 
1998 
n=55 

shrub 
1999-2001 

n=152 

Mammals 21 1 1 14 2 3 
Reptiles 11 1 0 7 0 3 
Birds 49 46 70 48 51 53 
All eggs removed 11 30 24 12 33 20 
Unknown 7 22 5 19 15 20 

1. combined data from nests within forests 235m and >500m from the edge. 
2. all nests within forests >500m from the edge. 
3. all nests within forests 0-30m from the edge. 

 

raven, as well as the mid-sized (c. 65 g) passerine, the grey shrike-thrush.  None 

of the three cited camera studies recorded any non-avian predators.   

The domination of eucalypt forest nest predator assemblages by birds that 

has been suggested by studies using camera-monitored artificial nests has been 

further supported by studies using imprint-receptive eggs.  Eight such studies 

assessing fragmentation effects on nest predation levels (Table 1.1), and several 

other studies using artificial nests in eucalypt forests (Major et al. 1994; Major et 

al. 1996; Berry 2002; Berry and Lill 2003; Boulton and Clarke 2002; Fulton and 

Ford 2003), have reported that the bulk of nest predation for which the class of 

predator could be identified was by birds.  Furthermore, in most of these studies 

predation was attributed to the same set of species identified by camera nests 

(listed above).  Many of these species respond positively to the conversion of 

forests to pasture, crops or urban areas (Green and Catterall 1998; Sewell and 

Catterall 1998; Martin and Catterall 2001; Martin et al. 2004; Martin et al. 2006; 

Parsons et al. 2006), and several of them also occur at increased densities within 
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forests near edges with cleared areas (Catterall et al. 1991; Luck et al. 1999a).  

Therefore, there is strong and consistent evidence from many parts of Australia 

that eucalypt forest edges, and small remnant patches, are likely to be predisposed 

to increased nest predation levels because of increased abundances of large-

bodied avian nest predators, especially artamids and corvids.   

A diverse range of non-avian predators depredated artificial nests in the 

present studies, including rodents, possums, canids and Antechinus.  However, 

these were relatively unimportant in terms of the proportion of overall predation,  

and they contributed little to edge-related increases in predation.  When artificial 

nests have been depredated by mammals in other Australian studies, the predators 

have mainly been rodents, possums or Antechinus (Table 1.1).  Rodents have 

tended to dominate mammalian predation of artificial nests in Australia, and are 

usually assumed to be introduced or native species of Rattus.  However, rodents 

are difficult to identify to genus or species levels based on imprinted eggs, and 

other native rodent genera may also be nest predators.  The common brushtail 

possum has been recorded depredating artificial nests across Australia.  The 

importance of common brushtail possums as nest predators may be 

underestimated by artificial nest studies, however, since they are important 

predators at real birds’ nests in New Zealand, where they have been introduced 

and are implicated in declines of many small bird species (Craig et al. 2002).  

Antechinus stuartii, A. agilis and A. flavipes have all been identified as nest 

predators, but have generally preyed upon only a few nests in each study (Major 

et al. 1994; Matthews et al. 1999; Berry 2002; Luck 2003; Chapters 3 and 5).  

Antechinus were, however, important nest predators in the study of Luck et al. 

(2003), in which A. flavipes and common brushtail possum were the main 
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predators of nests placed in natural tree hollows.  In that case, the high proportion 

of predation by mammals may have been because cavity-nests would be less 

easily found by visually-searching avian predators, particularly with the absence 

of parental activity.   

Reptiles which depredated nests in the present studies were all lizards, 

including goannas (Varanidae), dragons (Agamidae), and skinks (Scincidae).  

They caused only a small proportion of predation overall within forest interiors, 

and depredated only one or two nests deployed at any particular site, suggesting 

that they are generally not important nest predators within subtropical eucalypt 

forests.  Although goannas and dragons can climb, reptiles mainly depredated 

ground-nests (Table 7.2).  Goannas and skinks also depredated artificial ground-

nests in Australian tropical savanna (Fraser and Whitehead 2005), but have rarely 

been previously reported as predators of artificial nests elsewhere in Australia.  

Snakes may or may not be important predators of real nests, and snake predation 

is not well sampled by artificial nests (discussed in Chapter 1.3.2).  The relative 

importance of snakes as nest predators within Australian systems remains poorly 

understood, and requires further research.   

The apparent importance of avian nest predators may have been influenced 

by the use of shrub-nests in most Australian artificial nest studies (Table 1.1).  

The choice of shrub-nests within nest predation experiments appears to have 

favoured the detection of predation by birds in overseas (mainly North American) 

studies (Martin 1993b; Bayne and Hobson 1997).  However, Chapters 3 and 5 of 

this thesis have provided the results of the first Australian comparisons of 

predation between carefully matched ground- and shrub-nests, and showed that 
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birds dominated predation of nests in both strata within extensive eucalypt forests 

(Chapters 3 and 5).  Combined with the general tendency of avian predators 

toward greater predation on shrub- than ground-nests (Martin 1987, 1993b; 

Söderström et al. 1998), the dominance of avian predators in the present study has 

led to levels of shrub-nest predation being consistently greater than ground-nest 

predation.  This is an interesting result, since it may otherwise have been expected 

that shrub-nests could only be accessed by a subset of predators, whereas ground-

nests could be reached by all, leading to greater predation on ground-nests.   

The similarity I found between predator assemblages of artificial ground- 

and shrub-nests in subtropical eucalypt forests contrasts with the findings reported 

from other regions and ecosystems, where predator assemblages of ground- and 

shrub-nests have shown much greater separation.  For example, Hausmann et al. 

(2005), using very similar methods to those used in the present study, found that 

artificial ground-nests within Australian tropical rainforests were depredated 

mainly by the Giant White-tailed Rat Uromys caudimaculatus, whereas shrub-

nests were depredated mainly by the Spotted Catbird Ailuroedus melanotis.  

Similarly, rodents were the main predators at nests of a species of ground-nesting 

bird in remnant Czech woodlands, but birds dominated predation at the shrub-

nests of several other species (Weidinger 2002).  Corvids were responsible for 

almost all depredation of artificial shrub-nests in European grasslands, whereas 

ground-nests were depredated mainly by mammals (Söderström et al. 1998), and 

in California coastal sage scrub snakes were the main predators of two ground-

nesting bird species, whereas birds were the main predators of two shrub-nesting 

species (Patten and Bolger 2003).   
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The assumption that birds are generally the major class of nest predator in 

Australian eucalypt forests has recently begun to appear explicitly in 

ornithological literature.  For example, Lambert and Kleindorfer (2006) state that 

“the predominant native predators of nesting birds in Australia are other birds”.  

However, inferences regarding the dominant role of birds as nest predators within 

eucalypt forests have been drawn largely from speculative lists of potential 

predators, and from the results of studies using artificial nests, which may be 

biased towards certain classes of predator, including birds.  Further research is 

required to confirm that birds are the major class of predators at nests in eucalypt 

forests, and what particular species are important, both near edges and within 

forest interiors.  There is a need for the filming of active birds’ nests, which is 

relatively expensive and time-consuming.  However, such work cannot be avoided 

if a more complete understanding of avian nesting ecology in Australia is to be 

developed, or if the generality of the findings of work with artificial nests is to be 

tested.   

7.2.2  How does the adjacent matrix affect nest predation within eucalypt forests? 

The results of the present study strongly support the occurrence of edge-

related increases in predation at birds’ nests within subtropical eucalypt forests 

bordering pasture or urban development, but not Pinus plantation.  These results 

are consistent with patterns found in temperate forests of the Northern 

Hemisphere, where avian predators often cause edge-related predation in forests 

bordering agricultural and urban areas, but seldom within forest mosaics (Andrén  

1995; Marzluff and Restani 1999).   
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Averaged across two trials, I found that 67% of shrub-nests were depredated 

near edges with pasture, compared with 43% within forest interiors; a 56% 

increase (Chapter 3).  This result was not dissimilar to other Australian studies 

comparing artificial nest success between forest interiors and edges with pasture.  

Berry reported reported that 55% of her artificial shrub-nests were depredated 

within 15 m of edges, compared with 34% within interiors (a 62% increase).  An 

82% increase was reported by Major et al. (1999), who found that 62% of 

artificial shrub-nests 5-40 m from the edge within linear eucalypt woodland 

remnants, compared with 34% within extensive remnant interiors.   

Increased nest predation levels near edges with pasture were due to greater 

predation by birds, and this affected nests placed both on the ground and within 

the shrub layer (Chapter 3).  Increased predation levels may have been due to 

increased avian predator diversity or increased predator abundance, or a 

combination of both.  These alternatives cannot be distinguished using the 

methods deployed in Australian studies to date, because birds cannot be 

consistently identified to species-level on the basis of imprinted model eggs 

(Fulton and Ford 2003).  There is evidence that the diversity of avian nest 

predators sometimes increases near eucalypt forest edges.  Major et al. (1999) 

recorded nine species of avian predator in linear remnants, which were effectively 

all ‘edge’ habitat, only two of which were recorded also in large remnants.  This 

may not always be the case though, since the number of avian nest predators that 

were recorded by Catterall et al. (1991) near edges of a large subtropical eucalypt 

forest remnant was the same as within forest interiors (although all but the grey 

shrike-thrush were more abundant near edges).   
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Other Australian studies reporting a similar effect of increases in nest 

predation within eucalypt forests near edges with pasture have also attributed 

edge-related nest predation to large birds (Gardner 1998; Major et al. 1999; Berry 

2001).  However, the particular species causing an edge effect in subtropical 

eucalypt forests may not be the same as within temperate Australia.  The grey 

shrike thrush was the most important avian predator near edges in two temperate-

zone studies (Major et al. 1999; Berry 2002), whereas it is an edge avoider in 

south east Queensland where the aggressive noisy miner dominates edge 

avifaunas (Catterall et al. 1991; Piper and Catterall 2003).  It is thus likely that the 

grey shrike thrush is a contributor to edge-related predation within temperate 

eucalypt forests, but in subtropical eucalypt forests it may partly compensate 

within forest interiors for edge-related predation by artamids.   

In the present study, the edge effect within forests abutting urban 

development was similar in magnitude to that near edges with pasture, and edge-

related predation was again attributed to large-bodied avian predators (Chapter 3).  

The similarity between edges abutting urban and pasture land use may have been 

because the same set of potential predators on artificial nests, icluding pied and 

grey butcherbirds, and possibly the Australian magpie and noisy miner, proliferate 

at edges with both of these land use types (Green and Catterall 1998; Sewell and 

Catterall 1998; Martin and Catterall 2001; Martin et al. 2004; Martin et al. 2006; 

Parsons et al. 2006; Platt and Lill 2006).  In general, far fewer studies have 

assessed impacts of urban- than agricultural development on nest predation within 

neighbouring forests (Marzluff and Restani 1999), and the only other published 

Australian study assessing nest predation in forests abutting urban development is 
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that of Matthews et al. (1999), who did not detect edge or patch-size effects on 

predation of artificial nests within Sydney’s remnant bushland.   

I did not expect to find edge-related predation in eucalypt forests bordering 

Pinus plantations.  Tree plantations differ fundamentally from pasture and urban 

edges because they remain clear only temporarily, and then develop a forest 

structure.  Birds that are typically open-country and edge species are therefore 

unlikely to show persistent increases in abundance or diversity within or adjacent 

to a matrix of Pinus woodland or forest (Marzluff and Restani 1999).  This is 

supported by the observation that large-bodied Artamid and Corvid species and 

other avian carnivores were generally less common in southeastern Australian 

Pinus plantations than within interspersed eucalypt forest remnants (Lindenmayer 

et al. 2002, 2003; Tubelis et al. 2004).  Neither the present study (Chapter 2) or 

the artificial nest experiment of Lindenmayer et al. (1999), which is the only other 

Australian test of edge-related predation in native forests bordering Pinus 

plantations, found evidence that Pinus plantations exert edge effects on nest 

predation within adjoining remnant eucalypt forests.   

The impacts of internal fragmentation of forests by recreation areas have 

received little attention within Australia, or elsewhere, in spite of their potential 

effects within even the largest conservation reserves.  Bird assemblages have been 

found to differ between campground and non-campground sites within North 

American forests, where some species were associated with campgrounds whereas 

others were associated with non-campground sites (Blakesly and Reese 1998; 

Foin et al. 1977).  Bird species which benefit from campgrounds in North 

America include several species of nest predator (Marzluff 1997).   
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I found that picnic areas in subtropical eucalypt forests supported a bird 

assemblage similar to that found within urban areas in the same region, including 

high densities of avian nest predators, and that these species dominated the bird 

assemblage near the forest edge.  There were large increases in nest predation 

levels at forest edges adjacent to picnic grounds, and there was also evidence that 

roads with open grassy verges had similar impacts on surrounding forests 

(Chapter 4).  Densmore and French (2005) found that the bird assemblages of 

recreation areas in coastal New South Wales also resembled those of nearby urban 

areas, and compared with natural areas showed increased abundances of several 

important avian nest predators, including the pied currawong and laughing 

kookaburra.  The clear implication of these two studies is that conservation 

managers should avoid developing picnic areas within forest reserves, and 

possibly consider relocating existing facilities to external edges.   

7.2.3  Is predator influx occurring at eucalypt forest edges? 

Edge-related nest predation in North American and European forests has 

often been explained with reference to an influx of relatively large-bodied avian 

nest predators from the matrix, where they show increases in abundance and 

diversity compared with unfragmented forests (Andrén 1995; Chalfoun et al. 

2002).  Species of predator which have often been implicated have included the 

blue jay and American crow in North America, and the magpie, hooded crow, and 

jay in Europe (Marzluff and Restani 1999).  They may proliferate within 

agricultural and urbanised landscapes because of increased foraging opportunities, 

sometimes forming large flocks of pre-breeding individuals, and then may 

penetrate some distance into remnant forests (Andrén 1992; Marzluff et al. 2001).   
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Does predator influx from the matrix also explain edge-related predation in 

eucalypt forests?  Superficially, my results are concordant with this, as increased 

predation at edges appeared to have been caused by avian predators which are 

also common within pasture and urban areas.  However, all of the suspected 

predatory species occur naturally throughout eucalypt forests (Blakers et al. 

1984), albeit sometimes at lower densities than within cleared land.   

In that case, edge effects may be due to localised responses of predators 

already living within the forest, rather than an influx of predators from the matrix.  

Berry (2001) suggested that edge-related predation in her study was caused by 

forest-living birds.  Nest predators recorded by Gardner (1998) were also birds 

which occur within forests but were more abundant near edges.  Forest-associated 

species were the main predators at both forest edges and interiors in the study of 

Major et al. (1999).  Therefore edge-related nest predation in Australian eucalypt 

forests appears to be due to localised population increases in forest-dwelling 

species which are habitat generalists, rather than influxes of ‘new’ species from 

the matrix.   

The proliferation of the same set of avian predators near eucalypt forest 

edges abutting both pasture and urban development suggests that the build-up of 

predators occurs due to combinations of resources available locally at the edge 

itself, rather than the particular resources provided within the extensive matrix.  

For example, avian nest predators such as butcherbirds may increase at edges 

because the edges provide a suitable combination of resources for ‘perch and 

pounce ‘ species (i.e. tall trees and open ground) (Catterall et al. 1991).  The very 

high predation level found adjacent to picnic areas (Chapter 4) further supports 
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the concept that edge effects on nest predation in eucalypt forests may be a highly 

localised response to the creation of ‘edge habitat’.  Furthermore, the changes to 

bird assemblages and nest predation levels adjacent to even the smallest picnic 

areas showed that large-scale clearing is not required to dramatically alter 

assemblages and processes within the neighbouring eucalypt forest habitat.   

Because many of the large avian predator species show increases in density 

both within the matrix, and locally at edges, it is possible that some predator 

influx from the matrix also contributes to the observed edge-related predation.  

However, most avian species considered to be important potential nest predators 

in eucalypt forests, such as the grey and pied butcherbirds, laughing kookaburra, 

and grey shrike-thrush, are sedentary, territorial species (Blakers et al. 1984; 

Higgins et al. 2000; Higgins and Peter 2002; Higgins et al. 2006).  Breeding 

adults of the other potentially important avian species of nest predator in eucalypt 

forests, Strepera and Corvus spp., are also sedentary during the nesting season 

while tending to their own nests.  Therefore, it is likely that preference for forest 

edge habitat is more important than temporary incursions from the matrix.  
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Appendices 
Appendix 1.  The number of nests with each combination of types of damage to  
to the quail egg and types of damage to the plasticine eggs for the data presented 
in Chapter 2. A total of 400 shrub-nests, each containing one quail egg and two 
plasticine eggs, were exposed for six days: 40 in each combination of edge type 
(urban, pasture, Pinus) and distance from the edge (0m, 60m, 235m), and 40 
within forest interiors (>500m from edges). See Chapter 2 for further details. 
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Appendix 2.  The number of nests with each combination of types of damage to  
to the quail egg and types of damage to the plasticine eggs for the data presented 
in Chapter 3. A total of 360 ground-nests and 360 shrub-nests, each containing 
one quail egg and two plasticine eggs, were exposed for seven days: 135 in each 
combination of nest height over three years at urban edges and forest interiors, 
and 90 at each height over two years at pasture edges. In a few instances where 
damage by more than one class of predator had occurred, the initial predator was 
clear because one imprint partly overlaid the other. See Chapter 3 for further 
details. 
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