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Abstract 

__________________________________ 
 
The urbanised environment provides ecologists with unique situations in which to 

undertake ecological study. It has been said that urbanisation is like a natural 

experiment; we often have populations of animals that have gone from living in 

natural or semi-natural environments to living in a highly modified anthropogenic 

environment. These situations provide ideal settings to study the ecological and 

behavioural differences that may develop in populations located in different habitats.   

 

Urbanisation typically results in a minority of species dominating the fauna, and this 

thesis aimed to examine one such species, the Australian magpie. Despite the magpie 

being a common and well-liked suburban bird, the majority of previous research on 

this species has been undertaken within rural or exurban locations. This thesis aimed 

to examine what actually happens to the species when it lives in the suburban 

environment. In particular I focused on specific behavioural and ecological features, 

to see if there were any particular adaptations the suburban magpies showed and also 

if the suburban habitats provide certain resources favourable to the magpies and what 

ecological effects these may have. 

 

Comparisons of the territory structure and resources of rural and suburban magpies 

showed that although many features of the territory are similar between rural and 

suburban locations, notably the choice of native nest trees, magpie territories within 

suburban areas were smaller and contained more anthropogenic features. The 

reduced territory size may possibly be related to a greater abundance of key food 

resources also evident within suburban areas.  

 

____________________________________________________________________ 

Cover image: John Gould (1804-81) The birds of Australia 1840-48. Artists: J. 
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Furthermore, suburban magpies are more successful in their foraging attempts, again 

possibly reflecting a more abundant food supply in suburbia and also the simplified 

nature of suburban foraging areas might facilitate more successful foraging. The 

increased foraging success is likely to explain the greater provisioning rate to 

nestling suburban magpies.  

 

Suburban magpies also utilised human provided foods. I quantified the extent of 

wildlife feeding within many of the suburban study sites of this thesis (through the 

use of questionnaire surveys). In each of the locations it was evident that at least one 

person (usually more) was providing a regular supply of food to wildlife and magpies 

appeared to be the main recipients of this food. Previous ecological studies suggest 

the provision of extra food to avian populations is likely to affect the breeding 

ecology, and this was so for magpies. The suburban populations initiated breeding 

significantly earlier than rural magpies. To test the influence of food, supplementary 

food was provided to rural magpies, not currently receiving any additional human 

provided foods. The fed rural magpies initiated breeding before control rural magpies 

(i.e. not receiving any additional food) but suburban magpies still initiated breeding 

before all other groups. This suggests additional factors present within suburbia, such 

as warmer temperatures, may also control the timing of breeding in magpies. 

 

Magpies in rural and suburban locations lived within different vertebrate 

communities. Within suburban magpie territories a greater number of intrusions were 

made by domestic animals, notably dogs (Canis lupus) and cats (Felis domesticus). 

The frequency of raptors entering the territorial areas occupied by magpies appears 

to suggest such events are more common in rural areas. The number of humans 

entering magpie territories was obviously greater in the more populated suburban 

areas and the majority of magpies responded neutrally to humans. However a group 

of magpies that previously exhibited extreme aggression towards humans were found 

to have a greater frequency of aggressive interactions with potential predatory 

intruders, which were primarily humans. Subsequent examination of the level of 

corticosterone from this aggressive group of magpies found that a high level of 

aggressive interactions with potential predators and humans is reflected in higher 
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level of corticosterone, which may have implications for further behavioural and 

even physiological changes. 

 

An ability to habituate to human in urbanised areas is a key attribute of successful 

synanthropic species. Comparisons of magpies disturbance distances at different 

points along the urban gradient (the gradient that runs from the urbaised city to 

natural wildlands) found suburban magpies only responded to humans when they had 

approached to a close distance (often less than one metre) and many simply walked 

away to avoid the approaching human. Rural and exurban magpies responded to 

humans at greater distances than suburban magpies. The distance at which they 

responded to the human was usually 100 meters plus, and these magpies always flew 

away. A continuation of this investigation over a temporal scale again found the 

large difference in response to humans, with suburban magpies exhibiting a 

decreased response towards humans. However, a certain proportion of responses 

from suburban magpies were also aggressive. The examination of disturbance 

distance over the breeding season found that in suburban magpies the responses of 

most disturbance distance variables remained similar between breeding stages. Rural 

magpies, however, exhibited variation in their responses towards humans depending 

on the stage of breeding. It is suggested that the response of rural magpies may be a 

typical fear response towards an unusual potential threat  
 
The studies presented in this thesis show that magpies have the behavioural capacity 

to take advantage of resources in suburban landscapes that are not available or are in 

lessor supply in rural landscapes, it is these abilities that facilitate the magpies 

synanthropy. 
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Chapter 1: Introduction 

 

1.1 URBANISATION 
 

Throughout the world over the past century there has been a rapid expansion of cities 

and towns as a direct result of ever-increasing human populations. With transportation 

infrastructure and development subsidies comes further urban/suburban development. 

Today throughout much of the world we are seeing the urbanisation of previously rural 

areas or wildlands. It is estimated that by the year 2025 there will be about 200 

megacities worldwide, each with 4 to 20 million people (UN, 2002). In addition, there 

has been a worldwide trend of populations moving from largely rural to urban areas. For 

example, in the United States, it is estimated that 78% of the population now resides 

within a metropolitan area (Adams, 1994), a trend mirrored in other developed countries 

such as Australia, where approximately 88% of the 19 million Australians live in the 

five largest cities (ABS, 2002).  

 

The process of urbanisation follows similar patterns worldwide (Blair, 2001), 

particularly in areas colonised by Europeans. The streetscapes, city plan and parklands 

are remarkably similar even when the colonised land is vastly different from that of the 

settler’s ‘homeland’ (Sewell and Catterall, 1998). The suburban habitat, in particular, is 

typically made up of residential housing, light industry, parks and green spaces. Forest 

remnants are typically small and supplemented with non-native tree species. 

 

Within the geographical region of southeast Queensland, Australia (the area in which 

this study was undertaken), prior to European settlement (1823) there was almost 

continuous forest cover. Yet in a period of less than 200 years approximately 65-70 % of 

forest cover has been cleared (Catterall and Kingston, 1993). This figure is, however, 

less than that of some more southern regions of Australia but considerably greater than 

areas in northern Queensland. The southeast Queensland region is now the fastest 

growing area in Australia, with a 3.5% growth per annum (ABS, 2002). In 1986 the 

population of southeast Queensland was estimated to be 1.5 million people and is 
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predicted to reach 2.5 million people by 2011 (ABS, 2002). Much of the growth in the 

region is the distinctively ‘urban sprawl’ characterised by lower density housing and 

extensive transport networks (Marzluff, 2001). 

 
 

1.2 URBAN AVIFAUNA 
 

The process of urbanisation has two main effects on the avifauna. First, native species 

are greatly reduced in number, most not surviving in the face of urbanisation (Marzluff, 

2001), Second, a few species dominate (Rogalska et al., 1988; Catterall et al., 1991; 

Sewell and Catterall, 1998). Throughout the world several species dominate the urban 

avifauna (Blair, 2001), notably house sparrows (Passer domesticus), European starlings 

(Sturnus vulgaris) and Rock doves (Columbia livia) (often termed feral pigeon). These 

three species are considered to be the most successful avian species throughout the 

world (Marzluff, 2001). In addition to increases in non-native species, areas of 

urbanisation often show an increase in native species that utilise buildings as nest sites, 

nest predators (including corvids), and nest parasites (Marzluff, 2001; Chace et al., 

2003). The birds shown to decline in areas of urbanisation are typically species that 

require forested habitat (usually absent in urbanised areas), cavity nesters, and species 

that nest on the ground; all such reductions are largely due to an unsuitable habitat in 

urbanised areas (Rogalska et al., 1988; Catterall et al., 1991; Marzluff, 2001). 

Furthermore, certain predatory species such as raptors are often present in lower 

numbers within urbanised areas, although this pattern is less consistent (Marzluff, 2001). 
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1.2.1. Australian urban avifauna 

 

Within Australia the composition of the avifauna in urbanised areas follows similar 

patterns to those described above, with the impact on the native species being largely 

severe (Mason, 1985; Sewell and Catterall, 1998). Several studies have documented 

these compositions and show that for urban development within Australia, certain 

species typically are more successful. Green (1984) found exotic (introduced) species to 

be most numerous in suburban areas, which was positively correlated with an increase in 

exotic vegetation. Catterall et al. (1991) examined habitat use in various locations 

around the city of Brisbane and found that certain species were always associated with 

certain types of urban development. Species such as the welcome swallow (Hirundo 

neoxena) and spotted turtledove (Streptopelia chinensis) were seen as typical suburban 

species whereas species such as grey fantails (Rhipidura fuliginosa) and the rufous 

whistler (Pachycephala rufiventris) were primarily forest species and not present in 

suburban habitats (Catterall et al., 1991). 

  

Many of the introduced species within Australia were intentionally introduced by the 

early European settlers to recreate aspects of the settler’s native countries and also to 

provide sporting opportunities (Jones, 1986). Introductions were more successful in the 

southern regions of Australia where the climate is similar to the native bird’s original 

location (Low, 1999). More recently, the common myna (Acridotheres tristis), a species 

introduced throughout the world to reduce insect populations, has undergone a rapid 

population increase in several areas of Australia, ranging from the arid inland to the 

tropical north (Jones and Wieneke, 2000). The myna is the cause of much concern as it 

has been shown to reduce avian biodiversity by out-competing native cavity nesters 

(Cassey, 2001). 

 

The successful Australian native avifauna appear to be dominated by large and 

aggressive species, which is at variance to many Northern Hemisphere urban 
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communities, that are often represented by larger numbers of small tit/chickadee species 

(Parid spp.) (e.g., DeGraaf, 1991). Within Australia, corvids such as the Torresian crow 

(Corvus orru) (Jones and Everding, 1994), artamids (a sister group of true corvids) such 

as the Australian magpie (Gymnorhina tibicen) and butcherbirds, the Australian white 

ibis (Threskiornis molucca) a bird regularly found in high numbers in city parks (Jones 

et al., 2000) and the noisy miner (Manorina melanocephala), are all abundant in urban 

and suburban environments. Despite a tendency for urban avifauna to be composed of 

generalist species (in terms of diet and habitat), more specialised species have also 

invaded the suburbs; the Australian brush-turkey (Alectura lathami) for example, is 

regularly found constructing incubation mounds within the gardens of suburban 

Brisbane (Jones and Everding, 1991). 

 

Many of Australia’s successful natives are also of concern to wildlife managers. For 

example, the noisy miner has been shown to be a major factor in the decline of avian 

bio-diversity due to its aggressive nature (Catterall et al., 1991). Paradoxically noisy 

minors have also been implicated in the decline of introduced house sparrow 

populations throughout much of urbanised Australia (Woodall, 1996). Many of the 

successful suburban/urban native species also present significant wildlife-human 

conflict issues. The noise associated with crow roosts (Jones and Everding, 1993), the 

aggressive behaviour of magpies towards humans (Jones, 2002) and the destructive 

mound building activities of brush-turkeys (Jones et al., 1993) are typical examples. 

 

 

1.3 THE STUDY OF URBAN AVIFAUNA 

 

The impact of urban development on the native avifauna is largely negative. The 

remaining avian populations within urbanised areas do, however, provide ecologists 

with some unique situations in which to undertake research. It is only recently that the 

urbanised ecosystem has been seen as a fruitful and valid area to undertake ecological 
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research. In particular, studies of how birds live and behave in these relatively new 

urbanised areas is considered important with respect to gaining a greater understanding 

of what actually happens, ecologically and behaviourally, to a species when it lives in an 

urbanised area. Countries where urbanisation has taken place over a relatively short 

period of time are particularly interesting (Green, 1984), as they provide ideal 

opportunities to study how animals may adapt to new environments. Erz (1966) 

described the process of how birds adapt and reshape their population parameters in 

newly urbanised habitats as an “ecological experiment”. This was written with respect to 

the urbanisation of South African cities, an area that has undergone rapid urbanisation 

since European settlement, unlike countries in Europe where urbanisation has been at a 

more gradual pace over many centuries, albeit far greater in the 20th century.  

 

The research undertaken within urban areas has a greater proportion of studies 

documenting changes in community structure and densities and examples of studies 

specifically focusing on the processes and effects of urbanisation on specific urban or 

suburban populations, although still fairly numerous, are outnumbered by the former. 

The geographical scope of urban avian ecology studies appears to be primarily focused 

on the temperate Northern Hemisphere locations of Europe and North America and as 

such information on the ecology of urban avifauna in tropical and sub-tropical locations 

particularly within the Southern Hemisphere is less available (Marzluff et al., 2001), 

with notable exceptions (e.g., Jones, 1981, 1986, Catterall et al., 1991). Nonetheless, of 

the studies that have been reported, there appear to be several reoccurring themes and 

patterns, irrespective of location (see Marzluff, 2001 for review). In general, the 

majority of urban species utilise particular components of the anthropogenic 

environment, with such a relationship often being termed synanthropy (Tomialojc, 1970; 

Johnston, 2001). The term literally means ‘with humans’ and is likened to symbiosis 

(Johnston, 2001). In a review of synanthropic species, mainly in North America, 

Johnston (2001) noted that the degree of synanthropy varies considerably in birds, with 

species such as the house sparrow being classed as a full synanthrope, where most of the 
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species population is dependent on some anthropogenic feature, for example food or 

nest sites. The majority of synanthropic species, however, are termed casual 

synanthropes, in that they exploit anthropogenic features but are not truly dependent on 

humans. An additional category, tangential synanthrope, refers to species that 

occasionally exploit humans.  

 

Certain features are commonly associated with synanthropy, such as an ability to utilise 

the anthropogenic environment for breeding and the utilisation of human provided food 

sources. Corvids and various gull species are typical examples for this type of 

synanthropy (Johnston, 2001). Such an ability to utilise anthropogenic features is said to 

benefit the urban species in terms of increased survival and often reproductive output. 

For example, a recent comprehensive review of the effects of urbanisation on 

demographic parameters (reproduction, survival and density), largely from North 

America (Marzluff, 2001) found that for most urban species, reproduction and survival 

increases. Nonetheless, for species that do respond positively to the urban habitat, 

improved food resources within urbanised areas are suggested to be a key reason for 

such results. Improved food resources may be in the form of an increase in naturally 

occurring foods. For example, anthropogenic practices within urbanised areas, such as 

the watering of lawns and other grassed areas may provide favourable conditions for 

many invertebrate species whose abundance and distributions are determined by 

moisture levels (e.g., Heppner, 1965; Edwards and Bohlen, 1996). The structural nature 

of urbanised habitats may also aid in the success of foraging for many species. For 

example, the simple structure of suburban lawns has been suggested as a positive feature 

that may increase foraging success, particularly for ground-feeding species (Falk, 1976).  

 

Climatic conditions within urban areas may also influence food availability. Urban areas 

are often marginally warmer than surrounding rural or exurban areas (Marzluff, 2001; 

Kalnay and Cai, 2003), and this may favour an increase in abundance and less seasonal 

availability of certain prey species. Despite food resources within urbanised areas being 
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implicated as a main factor for the success of many urban bird species, Bolger (2001) 

acknowledged that such abundances and their subsequent ecological effects on bird 

populations have not been examined in any detail within the scientific literature. For 

example, several raptor species from North America, including the urban Mississippi 

kite (Ictinia mississippiensis) (Parker, 1996), merlins (Falco columbarius) (Sodhi et al., 

1992), eastern screech-owl (Otus asio) (Gehlbach, 1989) and the Coopers hawk 

(Accipiter cooperii) (Boal and Mann, 1999) all start breeding earlier.  In many cases 

they also produced more offspring than their rural counterparts. The difference may 

have resulted from less seasonal food supply. 

 

In addition to a potential increase in natural food resources, supplementary food has also 

been highlighted as key resource utilised by avian species living in urbanised areas (e.g., 

Ezr, 1966; Marzluff, 2001). Indeed, the availability of human-associated food waste has 

been suggested as a main cause for the synanthropy of many avian species (Johnston, 

2001). The term supplementary food is largely used to describe the provision of food by 

humans, either directly in the case of people providing food for wildlife or 

unintentionally in the form of waste foods being disposed of by humans. Despite the 

apparently important influence of food abundance, the ecological impacts to the species 

consuming such food in urbanised areas are less clear. However, experimental studies 

that have provided supplementary foods to avian species to measure a variety of 

breeding ecology variables consistently show positive effects such as an advancement in 

breeding dates and to a lesser extent an increase in clutch size (for review see Boutin, 

1990). Furthermore, field studies comparing breeding ecology variables between urban 

and rural populations of certain species have noted a similar advancement of breeding 

dates. For example, the Florida scrub-jay (Aphelocoma corulesens) was found to initiate 

breeding earlier in urbanised areas than in natural areas and urban jay’s access to 

supplementary food was thought to be the likely reason for this result (Bowman and 

Woolfenden, 2001). However, as with the potential increase in natural food items in 

urbanised areas, explicit tests aimed at examining the effect of un-natural foods are less 

8 



Chapter 1: Introduction 

 

common within the literature, notable exceptions being Bowman and Woolfenden 

(2002) and Pierotti and Annett (2001). Furthermore, there may also be negative effects 

of consuming supplementary foods. Within Australia, for example, the practice of 

wildlife feeding is currently being discouraged by wildlife agencies (see e.g., Howard 

and Jones, 2003; Rollinson et al., 2003), who state a variety of negative reasons such as 

transmission of disease, dependency on the food source and also proliferation of the 

populations utilising supplementary food. However, at present there is little published 

work specifically examining the ecological effects of avian species consuming 

supplementary foods (see Green and Higginbottom, 2000 for review). 

 

Clearly it is likely that the urbanised environment provides certain features and 

resources that benefit the urban avifauna, although the exact ecological processes remain 

unclear in many cases. However, it has also been suggested that certain traits or 

behavioural flexibility/adaptation is needed to enable some species to exploit these novel 

habitats (e.g., Sol et al., 2002). One key trait suggested as being essential for successful 

adaptation to the urbanised environment is an ability to habituate to the presence of 

humans within suburban and urban settings (Burger and Gochfeld, 1991). Urban-

dwelling species unable to habituate are likely to suffer reduced feeding, resting and 

breeding opportunities (Cooke, 1980). Furthermore, an ability to habituate to the 

presence of humans often enhances the exploitation of potentially valuable food 

resources (Cooke, 1980). Despite this being a fundamental requirement for successful 

survival in urbanised areas, studies explicitly examining changes in avian responses to 

humans along the urban gradient are uncommon. One of few exceptions was a small-

scale study by Cooke (1980) who compared the responses of several bird species to 

humans in rural and suburban locations in the United Kingdom. Aside from 

documenting a key feature required for successful urban adaptation, such comparisons if 

undertaken on a wider temporal scale may also highlight temporal variations in the 

response of birds towards humans in urban settings. For example, it is possible that at 

different reproductive states (e.g., during the breeding season) the perceived threat from 
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the presence of a human changes. From a wildlife management point of view, temporal 

variation in habituation responses of avian species is also speculated as a reason for 

certain species becoming aggressive towards humans, particularly during the breeding 

season in urban areas. For example, Boal and Mann (1999) reported the Coopers hawk 

as “losing its wariness of humans”, which may have resulted in an increase of aggressive 

attacks on humans by these birds. A similar phenomenon is seen in the Mississippi kite 

(Parker 1986, 1996). Here the birds appear to target smaller human individuals such as 

children and again their habituation is stated as a likely cause for their aggressive 

behaviour. In strikingly similar circumstances, the Australian magpie has been shown to 

attack humans and only during the breeding season (Jones, 2002). Again the birds seem 

to target specific individuals or certain groups of humans (Warne and Jones, 2002). 

Cilento (1995) and Cilento and Jones (1997) proposed habituation towards humans as a 

possible factor in the occurrence of this phenomena. 

 

Obviously humans are not the only species urban birds will be exposed to and many 

studies indicate that the composition of fauna within urbanised areas is distinct to that of 

more natural areas (Rogalska et al., 1988; Catterall et al., 1991; Sewell and Catterall, 

1998). Such differences may be represented in changes in the frequency of exposure to 

certain predator groups such as raptors which may be in lower abundance in urbanised 

areas. Conversely domestic animals such as cats (Felis domesticus) and dogs (Canis 

lupus), may be more frequent in urbanised areas, although feral populations, especially 

cats, prevalent in many rural locations worldwide (Warner, 1985). These situations of 

having variation across urban gradients and species representing a range of predatory 

threats provide ideal opportunities to examine how certain species may respond 

differently to other species at various points along the urban gradient.  As with responses 

to humans this may be an important feature of successful synanthropy. 
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1.4 AIMS OF THE THESIS 
 
The aim of this thesis is to focus on the specific aspects of avian urban ecology. More 

specifically, by comparing populations of a certain synanthropic species in suburban 

areas with populations in rural areas this thesis will examine key features of urbanised 

habitats, from which synanthropic species may benefit. Furthermore, through the 

examination of certain key behaviours, it is envisaged that traits and behavioural 

flexibilities that potentially facilitate synanthropic species survival in an urbanised 

environment may be highlighted. Additionally, due to the location of the studies, a 

secondary aim of the thesis is to provide further information on the ecology of suburban 

avifauna in a sub-tropical location within a Southern Hemisphere country, a location that 

at present is noted as being underrepresented in the urban avian ecology literature 

(Marzluff et al., 2001). It is also envisaged that this thesis will highlight the urbanised 

habitat as a useful environment in which to undertake ecological and behavioural 

studies. In the past ‘true’ ecological studies have typically required the research to be 

undertaken in natural or near natural habitats, and as such the ecology of our nearest and 

most accessible habitats is often neglected and not fully understood (Collins et al., 

2000). Urbanised areas provide an opportunity to study the effect of processes 

associated with urbanisation, which in turn may have wider implications for the 

management and future conservation efforts within these areas. 

 

1.4.1. Specific aims 

 

Resources in suburbia: behavioural and ecological effects 

 

As mentioned previously a key requirement for the success of avian species in an 

urbanised environment is an ability to acquire the resources that enable survival and 
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reproduction (Marzluff, 2001). Studies in this thesis will initially examine the habitats of 

one synanthropic species and quantify certain key components such as nest location, and 

also the physical composition within the area occupied by the study species, in particular 

the presence of anthropogenic features. More specifically I aim to answer the following 

question: 

 

• How do the territories of the study species differ in areas of different landcover.  Is 

composition of landcover within each of the territories similar in terms of the 

physical composition within each territory and size of the territory? 

 

A series of habitat/territory variables will be compared to rural equivalents, and in doing 

so it is envisaged that certain features of the urbanised habitat that are utilised by the 

study species may be highlighted. 

 

Food resources are also speculated to differ at different points along the urban gradient, 

however this has received little attention within the literature (Bolger, 2001), and as 

such studies in this thesis aim to address specific questions relating to food resources, 

notably the following: 

 

• How do the natural food resources potentially available to the study species  

compare between locations? 

 

• What is the extent of supplementary feeding in populations of the study species 

located in suburban areas, also does the study species utilise such additional 

resources? 

 

Improved food resources are not necessarily simply based on an increase in abundance 

of certain food types; the structure and composition of a particular habitat may also 

facilitate advantages relating to improved foraging success (e.g., Falk, 1976), which may 
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also benefit the species during periods of resource demands (e.g., during the breeding 

season).  

To examine this idea further I aim to address the following: 

 

• Is the potentially different habitat of suburban and rural areas reflected in the 

foraging success and prey choice from populations of the study species? 

.Furthermore if improved success is evident does this also equate to a greater 

frequency in the provisioning of nestlings during the breeding season? 

 

Certain urban populations of birds have shown variations in many life history variables, 

most notably breeding ecology, when compared to populations located in more natural 

areas. An improved food resource has been speculated as a likely reason for these 

results. Through comparisons of the breeding ecology of suburban and rural populations 

of the study species I aim to address the following question: 

 

• Do breeding ecology variables differ between populations of the study species?  

 

Furthermore, the link between a greater availability of food (especially supplementary 

foods) in urbanised areas and alterations in breeding ecology has previously been made, 

but specific tests that verify the role of food within these areas are uncommon. Therefore 

I aim to specifically test the role food plays in the breeding ecology of the study species. 

More specifically addressing the following question: 

 

• What effect does providing supplementary food have on the breeding ecology of the  

study species from populations that have not previously received such foods? 

 

By comparing the results of the food supplementation to measures of breeding ecology 

variables from populations located in areas that have been highlighted as previously 

receiving supplementary foods from humans (typically in suburban and urban areas), 
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further information on the role food plays in the breeding ecology should be evident. 

Additionally the sub-tropical location of this study should also provide useful 

comparisons to the pervious studies examining the role of food which have all primarily 

being undertaken in temperate locations (Boutin, 1990).  
 

Behavioural responses and flexibility towards urbanisation 

 

Suitable resources within urbanised areas are likely to be one of several components that 

facilitate avian species to successfully survive in urbanised areas. Behavioural flexibility 

and adaptations, for example, are also likely to be essential for many urban species. In 

view of this I aim to explore a key behavioural response that is potentially significant to 

successful urban living, that of responses towards humans. I will test the response of the 

study species to humans within their habitat, addressing the following key question: 

 

• How do populations of the study species located at different points of the urban 

gradient respond to humans? 

 

From the limited studies that have made similar comparison at various point of the urban 

gradient, it is speculated that populations in the most urbanised areas will respond 

neutrally or in a more habituated manner when exposed to humans. However, what is 

less clear is how this response may vary temporally. It may not be advantageous to 

remain permanently habituated towards humans. The following question aims to address 

this: 

 

• How does the response towards humans vary over time and in particular  

reproductive state? 

 

In addition to interactions with humans I also aim to examine both the types and 

frequencies of other predatory and non-predatory species that the study species may 

interact with or are exposed to, again comparing between rural and suburban. 
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• Does the frequency and type of inter and intraspecific intruders entering the habitat  

of the study species differ between rural and suburban areas. Furthermore does the  

response to specific intruders differ with location?  

 

 

1.5 SELECTION OF THE STUDY SPECIES 
 

In order to address the main aims of the study there were several options for study 

species. In determining which suburban species to focus on I developed certain criteria 

that I deemed necessary to address the overall aims of the study. The following were the 

main criteria I proposed for a suitable study species: 

 

• Conspicuous, and therefore easily recognisable, which would aid observational 

studies. 

• Easily trappable, to enable marking with identifying bands, essential for repeated 

observations. 

• Fairly sedentary and not wide-ranging, again to ease repeated observations.  

• A species that appears to exhibit a certain degree of synanthropy.  

• For possible comparison, previous research on the species ecology and behaviour 

within natural areas would be advantageous. 

 

The Australian magpie was ultimately deemed the most suitable study species as it 

appeared to fit all the criteria. The magpie has previously been noted as a common and 

apparently successful suburban species (Catterall et al., 1991). It is frequently  observed 

during avifauna studies (e.g., Jones, 1981) which is likely to be in part a result of its 

conspicuous colouration and behaviour, both traits that would facilitate behavioural 

observations of a species. In addition, the permanently territorial nature of species 
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means that individuals are likely to be present within the general area of their territory 

during repeated observations, again necessary especially for any study that requires 

repeated observations of the same individual or group. Additionally, the literature 

contains a range of studies examining many aspects of the magpie’s life history, 

ecology, behaviour and genetics, primarily undertaken in rural or natural settings (see 

Jones, 2002). Nonetheless, many aspects of their urban ecology is at present unknown, 

although certain anecdotal evidence and speculative ideas suggest that magpies may 

benefit from suburban living, more specifically from the assumed increased abundance 

of natural and supplementary foods within suburban areas. Furthermore, it is speculated 

that this potential food abundance may allow magpie to be more successful than their 

rural counterparts and may account for the occurrence of multiple clutches during the 

breeding season (D. Jones pers. comm.), an event considered rare in more natural areas 

(J. Hughes pers. comm.). There is also the suggestion that certain behavioural traits may 

have developed within urbanised populations (D. Jones pers. comm.). For example, 

early accounts of magpies note that they are a very shy species (e.g., Rowley, 1974) 

(referring to it in its natural habitat), contrasts with the perceived behaviour of urbanised 

magpies, which in certain cases are even overtly aggressive towards humans (Jones, 

2002). At present most of these ideas relating to the urban ecology of magpies are 

speculative and untested.   

 

 

1.6 STRUCTURE OF THE THESIS 
 

The chapters contained in this thesis are largely written in the style of journal 

manuscripts, although uniform formatting has been adopted throughout. Because of the 

presentation style there will be some repetition of information, in particular in some 

sections of the introduction and certain aspects of the methodology. As each chapter is 

presented as a stand-alone paper, this is unavoidable. The only sections that are omitted 

in each chapter are the abstracts and the acknowledgements, the latter being presented in 
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the first section of the thesis and the former presented as a summarised version at the 

beginning of the thesis. Most chapters will or have been submitted for publication; 

Chapter 4 is the only chapter that will not be submitted for publication in its present 

form. The length of this chapter would be unsuitable for most journals; therefore it will 

be separated into two manuscripts. Where the research or aspects of the research within 

a specific chapter has led to a manuscript being published or submitted for publication, 

the details of the manuscript are given as a footnote at the start of each chapter. 

Furthermore all such citations are also presented together in Appendix 1.0 . 

 

1. 7 CONTENTS OF THE THESIS 

 

The thesis follows a logical order relating to the progression of the research questions as 

they developed. After the introductory and general methods chapters there are two 

distinct sections. Chapters 3-7 are focused on the habitat of the magpie, and how the 

resources in particular affect the breeding ecology and foraging ecology of magpies. 

Chapters 8-10 examine the interactions of magpies and other species, in particular 

interactions with humans. The contents of each of these research chapters are now 

provided in brief. 

 

Chapter 3 aims to quantify certain characteristics and resources present in suburban and 

rural magpie territories. In particular this chapter examines how the territories of rural 

and suburban magpies are composed, for example what is the total size of the territory 

and how much of the territory is occupied by anthropogenic structures? An assessment 

of the potential natural food resources available to magpies is also made in this chapter 

and again compared between the rural and suburban habitat. 

 

Chapter 4 hypothesises that a potentially different habitat may be reflected in the 

foraging ecology and nest provisioning behaviours of magpies. Focal behavioural 

observations were undertaken and focused on the foraging success, foraging methods 
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and prey choice of magpies. The frequency of food provisioning and food provided to 

nestlings is also recorded.   

Chapter 5 aims to provide an indication of the extent of supplementary feeding within 

suburbia. The extent of wildlife feeding is quantified using questionnaire surveys 

provided to residents in areas surrounding many of the focal suburban magpie territories 

used throughout the studies in this thesis.  

 

Chapter 6 assesses the possible differences in breeding ecology variables that may exist 

between rural and suburban magpies. In this chapter key breeding events, such as the 

initiation of nest building and the laying of the clutch, were recorded, also the survival 

and number of offspring was recorded over two breeding seasons. 

 

Chapter 7 In this chapter I provided supplementary food to populations of rural 

magpies to examine the effect it has on the timing of breeding. The timing of nest and 

clutch initiations was made and also the overall reproductive success of the 

supplementary fed magpies. The results of the supplementary fed rural magpies were 

compared to the timing, success and productivity of rural magpie not receiving any 

supplementary food and also populations of magpies located in suburbia. 

 

The focus of the thesis now turns to the inter- and intra-specific interactions of magpies, 

and in particular how this may differ between rural and suburban areas. Chapter 8 

examines the range of species magpies are exposed to, in terms of territorial intrusions 

and also responses of the magpies to these intruders into both rural and suburban 

habitats. An additional component to this chapter is to examine the effect inter- and 

intra-specific aggressive interactions have on the endocrinology of magpies. It was 

hypothesised that magpies with more frequent aggressive interactions or possibly a high 

level of territorial intrusions may have elevated levels of corticosterone.  
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Chapter 9 further examines the human dimension of territorial intrusions noted in 

Chapter 8. In this chapter I used the disturbance distance and associated variables as a 

metric to measure responses of the magpie towards a human territorial intruder. 

Disturbance distance measurements were made in magpie populations at three points 

along the urban gradient (suburban, rural and exurban). Chapter 10 aimed to add a 

temporal context to the responses to humans investigation described in the previous 

chapter. Magpie’s responses were again examined at different points along the urban 

gradient, this time suburban and rural; also the behavioural observations were repeated 

throughout the breeding season and also during a non-breeding period.  

 

The final chapter of the thesis, Chapter 11, summarises the results of the previous 

research chapters and highlights the key findings of each section, and aims to show how 

the results fit into the overall context and aims of the thesis. Chapter 11 also considers 

how some of the results presented can have broader implications outside of the main 

context of the thesis, and may be applicable to other species and situations and also 

suggests further research questions that have arisen from the results of the studies.  
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2.1 THE AUSTRALIAN MAGPIE GYMNORHINA TIBCEN 
 

The Australian magpie is a member of the Australo-Papuan passerine family 

Artamidae, which also includes butcherbirds (Cracticus), currawongs (Strepera) and 

woodswallows (Artamus). It is native to Australia and New Guinea and was 

successfully introduced into New Zealand and several other South Pacific islands 

during the 18th Century (Long, 1981),  largely as an unsuccessful biological pest 

control. The Australian magpie has been likened to the blue jay (Cyanocitta cristata), 

which is a somewhat ecologically similar species. It is generally agreed that the 

Australian magpie fills a niche similar to that occupied by crows, jays, and jackdaws 

in other parts of the world (Brown and Veltman, 1987). Although Australian magpies 

look similar to European magpies (Pica pica) in coloration, are the size of a crow, 

and have the behaviours of many other corvid species (Brown and Veltman, 1987), 

they are an unrelated species. This seems to be a case of convergent evolution, in 

which similar demands by the environment have evoked similar phenotypic 

(behavioural) responses in unrelated organisms (Mayr, 1970).  

 

Within Australia, the magpie is found throughout the entire continent (Fig. 2.1) with 

the exception of the very arid treeless deserts and densely forested areas (Blakers et 

al., 1984). It is acknowledged that several races or sub-species of magpie exist (e.g., 

Schodde and Mason, 1999; Toon et al., in press). The most prominent feature that 

separates the races is variation in back colour, notably the white-backed and black-

backed forms (Fig. 2.2). Furthermore, in parts of Western Australia males are white-

backed and females black-backed. Variations in body size and bill length are also 

evident. Many of the races hybridise and several complex hybrid zones exist with 

intermediates between the races being present in these locations (Fig 2.1; Schodde 

and Mason, 1999). The race found within the location of the current study 

(southeastern Queensland) is Gymnorhina tibcen tibicen, which is a large black-

backed form (Schodde and Mason, 1999), whose range covers southeast Queensland, 

coastal New South Wales and the adjacent Great Dividing Range (Fig. 2.1).  
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G. Eastern WB, G. t. tyrannica
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Unknown plumage
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Figure 2.1 Map showing the distribution of Australian magpie races throughout 

mainland Australia and Tasmania. The white areas indicate locations where magpies 

do not occur (derived from Toon et al., in press). 
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Figure 2.2 Black-backed race of Australian magpie Gymnorhina tibcen tibicen, 

(left), and white-backed race of Australian magpie Gymnorhina tibcen telonocua 

(right) (Source: http://home.mira.net/~areadman/magpie.htm). 

 

 

Magpies also exhibit several different social organisations from non-territorial 

flocking to pair and group defended territoriality (Veltman, 1989). The territorial 

group size of magpies ranges from between 2-20 birds, with the largest groups 

occurring in the southern half of the Australian continent. A certain degree of 

cooperation between the members of the larger magpie groups has also been shown 

(Hughes et al., 1996). Alternatively, black-backed magpies within the southeast 

Queensland region are typically a male and female breeding pair with occasionally 

juveniles from previous years breeding season (Hughes and Mather, 1991), although 

group sizes in excess of two adults do occur occasionally in these populations of 

magpies (Hughes and Mather, 1991). Juvenile magpies within the southeast 

Queensland region (typified by their grey colouration; Fig. 2.3) usually disperse just 

prior to the next cohort of nestlings and go on to form non-breeding flocks of 

juvenile and sub-adult birds (Hughes and Mather, 1991).  
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Figure 2.3 Juvenile black-backed magpie, recently fledged (bottom; source: M. 

Richards) and at approximately 6 months old (top; source: D. Rollinson). 

 

Male and female black-backed magpies are similar in size (approximately 25cm 

high) and weight ranges from 250-400 grams (see Table 2.1 for further 

morphological measurements). Magpies exhibit sexual dimorphism with regard to 

colouration, with female magpies having grey napes and males having white napes. 
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The magpie is a relatively long-lived species usually living in excess of 10 years 

(Robinson, 1956). However, the oldest known magpie was a West Australian 

individual that was resighted over 18 years after it was originally banded (Recher, 

2003). 

 

 

Table 2.1 Mean (± SE) weight and measurements for selected morphological 

features of southeast Queensland black-backed magpies. The data is a combination 

of biometric measurements taken during this study and also data collected during a 

translocation program administered by Queensland Parks and Wildlife Service. 

 

 Male 

n = 59 

Female 

n = 36 

 

Weight (g) 

 

297 ± 3.63 

 

282 ± 6.80 

Culmen length (cm) 5.72 ± 0.87 4.77 ± 0.10 

Beak width (cm) 2.20 ± 0.03 2.21 ± 0.04 

Tarsus length (cm) 6.65 ± 0.08 6.41 ± 0.16 

  

 

 

Habitat and territory 

  

The magpie’s natural habitat (all races) is open savannah eucalypt woodland 

(Carrick, 1972). Magpies are also commonly associated with areas of human 

development (Rowley, 1974; Catterall et al., 1991), and appear to belong to one of 

only a few native Australasian species that have benefited from urbanisation and 

pastoral development (Jones, 2002). The creation of pastures, sports field and lawns 

and parks may have provided this species with ideal foraging and nesting areas. In 

fact, a study conducted by Wood (1996) indicated that magpies have a preference for 

suburban areas, with the species being more abundant in suburban areas of the city of 

Wollongong than in an adjacent semi-natural public reserve. 
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Magpies are permanently territorial and the territory is defended against other 

magpies and potential brood predators such as raptors, corvids and introduced 

mammalian predators, notably cats and foxes (Carrick, 1972). All adult birds, and 

occasionally resident sub-adults, participate in territory defence. Requirements for a 

territory appear to be suitable tall nest trees, typically eucalypt trees (Eucalyptus 

spp.), and extensive foraging areas (Carrick, 1972). 

 

Breeding ecology 

 

The female magpie is responsible for choosing a suitable nest site. She then 

constructs the nest, usually in the fork or outer branch of a tree. She then solicits 

copulations and incubates the eggs (Carrick, 1972). Clutch sizes range from one to 

six eggs (mean 3.5 eggs) and incubation is approximately 20 days. During the 

incubation period the male magpie continues his territorial defence role and also 

provides food to the incubating female. Incubation by males is considered a rare 

event (Robinson, 1956). During the nestling period both male and female magpies 

provide food for the nestlings. 

 

Nestlings fledge after approximately four to five weeks in the nest; however after 

fledging they are still unable to fly and typically remain within the nest tree, near the 

nest, or move to the ground and take refuge in vegetation (Robinson, 1956; pers. 

obs.). After approximately three weeks the fledglings begin their initial foraging 

attempts, but are still reliant on their parents for food. The juvenile magpies remain 

within the parental territory often up until the following breeding season. During this 

time siblings engage in considerable ‘play’ behaviour (Pellis, 1981), for example 

engaging in mock conflicts. After leaving the natal territory juvenile magpies 

disperse, often significant distances (often in excess of 100km) (Baker et al., 2001), 

and typically form non-breeding flocks consisting of sub-adults and non-territorial 

magpies (Veltman, 1989). 
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2.1.1. A brief history of Australian magpie research 

 

Much of the behavioural and descriptive information relating to the magpie ecology 

is derived from the early pioneering work of Robinson (1956), who studied the 

western race of magpie, then classed as a separate species. His extensive studies 

detailed many aspects of the magpie life history and behaviour within rural and 

exurban areas. In particular his studies describe in detail the breeding cycle of the 

magpie. Interestingly it was also during these studies that magpies were documented 

to be increasing in density in areas previously forested and subsequently cleared for 

pasture.  

 

Intensive (but largely unpublished) studies relating to populations of magpies within 

the Canberra region during 1950-60 furthered the knowledge relating to the 

territoriality of magpies and in particular highlighted the types of social groups 

magpies form, notably breeding groups and non-breeding flocks (Carrick, 1963; 

1972). Extensive examinations of the food consumed by these Canberra magpie 

populations were also made at this time, largely through the examination of stomach 

contents (Vestjens and Carrick, 1974), and noted the wide variety of food resources 

magpies are able to exploit. 

 

More recently several studies, focusing on introduced populations in New Zealand 

(Veltman, 1989; Veltman and Hickson, 1989), further examined the social groups of 

magpies, comparing behavioural and ecological aspects of territorial and non-

territorial groups. A detailed ethogram of the magpie from New Zealand was 

produced which was compared to the behavioural traits of corvids. This study 

highlighted certain similarities that exist between these two avian groups (Brown and 

Veltman, 1987). The social structure of magpies has also been studied from an 

endocrinological perspective, with examinations of certain hormones being made 

within groups of magpies from Western Australia and comparing between different 

breeding status and age of the magpie (Schmidt et al., 1991). The study found 

specific age related hormonal secretions, in particular higher levels of luteinizing 

hormones in adult magpies when compared to non-breeding sub-adults. 
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The size of territory in relation to habitat quality and groups sizes has also been 

examined in populations throughout Australia (Hughes et al., 1983; Hughes and 

Mather, 1991), and it is evident that the areas of foraging medium, notably short 

grass (which may enhance food availability), are important in determining the overall 

territory size. Interestingly, the larger groups of magpies did not have larger 

territories. The various races of magpies have been the subject of much research and 

in particular the hybrid zones that exist in the areas where two races converge (e.g., 

Hughes, 1982; Hughes et al., 2001; Toon et al., in press). Similarly, examination of 

how these different races may differ behaviourally has also been undertaken (Hughes 

et al., 1996). In particular, this work noted the occurrence of helping behaviour from 

non-breeding members of certain magpie groups. 

 

The complex song of the magpie was examined by Brown et al. (1988) and Brown 

and Farabaugh (1991a; 1991b) who compared song structure between populations of 

magpies located in Australia and those in New Zealand and found distinct 

differences between the two geographical locations. More recently the song of 

magpies was also examined in a neurological context comparing the vocal centres of 

male and female magpie brains (e.g., Deng et al., 2001) and found certain specific 

differences between the sexes. 

 

One common element to most of magpie research to date is that most studies have 

taken place in rural farmland or exurban (semi-natural areas) locations. Despite 

magpies being a bird commonly associated with urban and suburban areas (Jones, 

2002), very little is known about their urban ecology. Notable exceptions are studies 

that have focused on interaction between magpies and humans. These studies aimed 

to find out why a small percentage of magpies develop extremely aggressive 

behaviour directed toward humans (Cilento, 1995; Cilento and Jones, 1999) which 

appears to occur only during the breeding season and predominantly in areas where 

magpies have frequent contact with humans. It was noted that many magpies 

showing aggression towards humans were often very target specific (Warne and 

Jones, 2003), sometimes only targeting certain individuals (e.g., one specific child; 

Fig. 2.4) or certain groups of individuals (e.g., postal workers or cyclists; Fig. 2.4). It 
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is now generally accepted that this human directed aggression is a form of nest 

defence, although many questions remain unanswered, especially relating to the 

specificity of attacks and why only some, predominantly male magpies attack 

humans, whilst others are totally benign. 

 

The magpie/human conflict is considered a serious problem throughout Australia 

(Jones, 2002), injuries frequently occur during such attacks (e.g., Horsburgh et al., 

1992). Attacks can range from distant swoops and dive bombs to frontal attacks 

where actual contact is made. Considerable effort is made each year by wildlife 

agencies to deal with the problem and often results in the relocation of the aggressive 

magpie (Jones and Nealson, 2003). 

 

 
 

Figure 2.4 Frequent recipients of human directed aggression from magpies, a 

young cyclist (left, Source: Courier Mail) and a postal worker (right, Source: M. 

Richards).  
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2.2 STUDY SITES 
 

The studies presented in this thesis were primarily undertaken in rural and suburban 

locations. The majority of the studies detailed in this thesis were undertaken in the 

greater Brisbane region of southeast Queensland, Australia (Fig. 2.5).  

 

I selected study sites primarily from two points along the urban gradient, suburban 

and rural, although exurban sites were included in the study described in Chapter 9. 

Each study site consisted of an individual magpie territory. Certain logistical features 

had to be addressed when choosing study sites; accessibility for example was a key 

criterion. I only used territories where access to the majority of the territory, 

especially the nest location, was possible (either by gaining permission from 

landholders or because the territory was on public land). Locations such as schools, 

although readily occupied by magpies, were deemed unsuitable study sites because 

of the limited access to the sites and also because of security concerns expressed by 

the schools. To avoid the problem of pseudo replication sites were spaced at a 

distance that ensured the dispersal and movements of birds could not affect the 

behaviour of another study group. This involved preliminary observations of the 

movements and dispersals of potential study birds.  

 

It is acknowledged that terms such as rural and suburban may be cursory in that they 

do not fully describe how these habitats may differ in levels of urbanisation. This 

problem has been highlighted as a consistent issue with much work undertaken in 

urban areas (Marzluff et al., 2001). Inadequate descriptions or quantifications of 

areas along the urban gradient greatly reduce the ability to make comparisons 

between studies from other geographical locations. To address this issue a certain 

level of quantification was deemed necessary for the study sites used in this thesis.  

A useful measure of urbanisation is housing density, therefore, using aerial 

photographs I estimated the number of buildings in a 1km2 area from ten rural and 

ten suburban sites (these sites where to be used in the studies of this thesis). 

Obviously these estimations do not give any indication of building type within these 

areas, therefore further information on percentages of certain building types in rural 
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and suburban landscapes are presented in Table 2.3 (Brisbane City council, 2004) 

Building type was separated into townhouse, typified as semidetached housing on 

small <400m2 blocks, often in an enclosed housing complex; apartments blocks were 

high density buildings consisting of several apartments; detached housing was 

classed as individual houses on larger (>400m2) house blocks. 

 

 The rural sites were located primarily in the Mount Cotton region 40km south east 

of Brisbane CBD, with additional sites located in similar rural areas of Belmont and 

Greenbank (Table 2.2). All rural sites were low-intensity farmland interspersed with 

remnant native forest (Fig. 2.6), the density of buildings in rural landscapes ranged 

from 10-28 buildings per km2 (Fig. 2.6). The rural sites were a combination of 

privately owned farmland and a research farm owned by the University of 

Queensland. The remnant forest present within the rural study sites was largely dry 

eucalypt forest with occasional areas of moist eucalypt forest and vegetation typical 

of the sub-tropical rainforests of the region (Catterall and Kingston, 1993). Although 

the study sites cannot be seen as truly natural areas (most were used for cattle grazing 

or horse agistment) I did ensure for the purpose of this comparative study that certain 

anthropogenic factors commonly seen in suburban areas were absent from the rural 

sites. For example, none of the sites were situated directly next to homesteads or 

roads, the birds did not receive any additional supplementary food, and the 

vegetation within the magpie territories did not receive additional water, fertilizer or 

pesticides that may impact on resources available to magpies. 

 

Suburban sites were located in suburbs south of Brisbane CBD (Table 2.2) and were 

typical of suburban areas in the region (Fig. 2.7). All sites contained medium density 

house blocks and some parkland, which consisted of mown grass, interspersed with 

both native and introduced tree and shrub species.  In these suburban sites building 

density ranged from 302-567 buildings per km2 and the majority of buildings were 

detached dwellings with lower proportions of townhouses and apartment blocks (see 

Table 2.3 ) All of the suburban sites contained a few mature, remnant eucalypt tree 

specimens with little or no natural understorey.  None of the suburban sites contained 

industrial areas. 
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Figure 2.5 Location of study sites within the Australian continent and within 
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Figure 2.6 Aerial view of a typical rural study site comprised of remnant forest 

cover and farmland. (Source: Department of Natural Resources spatially corrected 

aerial photographs of greater Brisbane). 
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Figure 2.7 Aerial view of a typical suburban study site comprising of parkland 

and residential homes. (Source: Department of Natural Resources spatially corrected 

aerial photographs of greater Brisbane). 

 

 

Exurban sites mentioned in Chapter 9 were located in the St George area, 400 km 

west of Brisbane (Table 2.2) and were typically grazing lands or national parks. 

Much of the vegetation within these areas was unmodified and consisted of shrub 

and grassland interspersed with extensive areas of open eucalypt and brigalow 

(Acacia harpophylla) forest. All magpies in the exurban areas were at least 5 km 

from the nearest homestead. 

 

 
 
 

39



Chapter 2: General Methods 

 

Table 2.2 The grid references and number of sites for locations used in the 

studies undertaken during these studies. 

 
 

Site locations Grid reference 

(Lat S, Long E) 

Number of sites 

Suburban locations   

Nathan -27 33, 153 03 2 

Annerley -27 30, 153 02 4 

Runcorn -27 35, 153 04 3 

Sunnybank Hills -27 35, 153 04 2 

Holland Park -27 31, 153 03 2 

Tarragindi -27 31, 153 02 3 

Fairfield -27 30, 153 01 1 

Mount Gravatt -27 33, 153 04 4 

Carindale -27 30, 153 06 5 

Rural locations   

Greenbank -27 40, 152 58 2 

Belmont -27 30, 153 08 3 

Mount Cotton -27 37, 153 13 21 

Exurban locations   

St George -28 05, 148 40 23 

 

 

It must be noted that the greater number of suburban locations shown in Table 2.2 

does not indicate a wider geographical area than the rural locations. Rather it reflects 

the fact that suburban areas are subdivided into distinct named suburbs, whereas in 

rural areas such subdivision of named areas is not as great and instead larger areas 

are included under one location name. 
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Table 2.3 The percentage of housing types in rural, suburban and exurban 

landscapes used in this study. 

 
 
 

Site locations  Percentage 

dwelling type 

 

 Town house Detached house Apartment blocks 

Suburban locations    

Nathan 10.5 67.3 22.2 

Annerley 1.8 45.44 29.4 

Runcorn 25 71.9 3.1 

Sunnybank Hills 12 84 4 

Holland Park 5.6 84.4 10 

Tarragindi 5.1 90.9 4 

Fairfield 10 70.9 19.1 

Mount Gravatt 6.5 89.5 3.5 

Carindale 20 70 10 

Rural locations    

Greenbank 0 100 0 

Belmont 0 100 0 

Mount Cotton 0 99 1.0 

Exurban locations    

St George 0 100 0 
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2.2.1. Climatic conditions 

 

The sites within the suburban and rural locations used for the majority of the studies 

within this thesis had similar coastal sub-tropical climates. Summers are typically hot 

and humid with mean maximum temperatures of around 28oC, and relative humidity 

around 70%. Short-term temperature extremes within the high 30’s are not 

uncommon. Winters in all suburban and rural locations are mild and historical 

instances of frost are rare. The temperatures during winter range from a mean low of 

around 10 oC and typically rise during the day to the low 20 oC region. The rainfall in 

the region follows a seasonal pattern, with 70% of the annual rain falling during the 

spring/summer months (October-March), with reduced rainfall being recorded 

between July–October (Australian Bureau of Meteorology, 2003). 

 

To describe further the climatic conditions of the study sites used within this thesis, 

more specific climatic data was obtained from the Australian Bureau of 

Meteorology, covering a two-year period of this study. The data relates specifically 

to locations in the southern suburbs of Brisbane (suburban sites) and the Mount 

Cotton region (rural sites). Climatic data relating to the additional study locations 

used in this study (Table 2.2) were not available, as climatic recording did not take 

place at those localities. From the data relating to a two-year period of this study it is 

apparent that there are subtle differences (Figs. 2.8 and 2.9), particularly with regard 

to rainfall distribution and the mean minimum temperatures. For example, 

consistently lower monthly mean temperatures were recorded for rural locations than 

for corresponding suburban areas. 
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Figure 2.8 Monthly rainfall (mm) for rural and suburban study areas during 2000 

and 2001. 
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Figure 2.9 Mean monthly maximum and minimum temperatures (oC) for rural 

and suburban study locations during 2000 and 2001. 
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2.3 DEFINITION OF TERMS: THE URBAN GRADIENT 
 

In a recent comprehensive review of urban avian research (Marzluff et al., 2001), the 

need to define and standardise terms relating to urban ecology was made. The main 

point of contention appears to relate to defining the points along the urban gradient. 

For example, Marzluff et al. (2001) noted a wide variety of terms cited in the 

literature to describe different points along the urban gradient often with different 

regional and cultural meanings. Therefore within this thesis I have largely adopted 

the terminology suggested by Marzluff et al. (2001) with regard to describing points 

along the urban gradient. However, it must be noted that even within the seemingly 

distinct categories of urbanisation there is still a certain degree of variation (Marzluff 

et al., 2001). 

 

The urban gradient starts with the most urbanised landscape (urban) and is generally 

used to refer to city centres. In general all the land is occupied by buildings, typically 

buildings used for business and commercial activities. Paradoxically the most 

anthropogenically modified urban areas, such as central business districts (CBD), 

may have relatively low human residential densities. It must be noted that sites 

within this thesis did not include this most urbanised point of the urban gradient 

because magpies do not tend to inhabit such areas, this is possibly due to lack of 

suitable nest and foraging sites within CBD areas (Jones, 2002). The main area of 

human dwellings are in the suburban point of the urban gradient and are typically 

medium density housing, although in the geographical region of this study 

population density increased closer to the city, with an increase in high density 

dwellings such as apartment blocks. Suburban areas in general contain green space, 

such as sports fields, parks, ornamental gardens and also private gardens. Within 

suburban Brisbane, where this study was undertaken, typical house blocks (the area 

occupied by the house and includes any yard or garden) range from 400m2 to 

1000m2.  

 

After the suburban landscape of the urban gradient defining the type of urbanisation 

becomes more difficult. Rural landscapes are defined as sparsely populated areas 
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with large areas of unsettled land, much of which is agricultural or modified land. 

The next landscape type along the gradient is exurban, which is similar to rural with 

the low density settlements. However the areas surrounding these settlements are 

largely natural unmodified habitats. The final landscape type along the urban 

gradient is termed wildlands, which are essentially unmodified unsettled lands. 

 

The majority of the studies contained in this thesis took place in suburban and rural 

areas. However, in categorising the rural sites the difficulty in defining such areas 

became apparent. For example, the rural sites in this study contained a mixture of 

agricultural land and natural unmodified remnant vegetation. However, because 

agricultural areas made up the greatest proportion of land use I termed these areas 

rural. Similarly, in Chapter 9, I include an additional point along the urban gradient. 

These sites were within predominately natural areas, although areas of agricultural 

and modified land were also present. Again, I took the highest proportion of land use 

type and ascribed the sites to the exurban category. 

 

 

2.4 SAMPLING TECHNIQUES 
 

Detailed sampling procedures are contained within the methods sections of each 

research chapter; however, several methodological and sampling techniques are 

applicable throughout the study.  

 

Many of the sites selected in suburban and rural areas were used for more than one 

study. Where the effect of one study may have affected the outcome of another, 

however, the same sites were not used concurrently. Instead, separate sites were 

chosen. Similarly because some of the rural sites were located outside the main rural 

area of Mount Cotton, I chose not to use these sites in studies where factors due to 

location may have affected the outcome. For example, during the study examining 

the timing of breeding it was thought that the additional rural sites may have had 

different climatic conditions and as such could have affected the outcome of the 
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study. Furthermore, to ensure that all study sites were independent of one another, 

adjoining magpie territories were not used in the same study. 

 

In several of the studies I recorded behaviours over a temporal period, largely 

throughout the magpie-breeding season. For all such studies the various stages were 

termed: incubation stage (IS); small nestling stage (SN); medium nestling stage 

(MN); large nestling stage (LN); fledgling stage (F) and a final stage during February 

(NB), a non-breeding period.  

 

2.4.1. Colour banding 

 

I colour banded magpies to facilitate repeated observations. To capture the magpies I 

used a variation of a trapping technique originally designed to capture European 

corvids (Corvus spp.) (Bossema and Benus, 1985). A live caged decoy magpie was 

placed within the magpie’s territory; a larger cage with a small opening was then 

placed over the decoy magpie (Fig. 2.10). Because of the territorial nature of the 

magpie the resident birds quickly enter the trap trying to expel the intruding magpie. 

Capture simply involved running towards the cage to block the entrance (see Jones, 

2002).  

 

On rare occasions when the decoy magpie did not elicit a response from the resident 

magpies (usually during non-breeding periods), traps baited with food were used as 

an alternative. Once caught, the magpies (both male and female) were banded with a 

unique combination of coloured plastic bands and a single numbered metal-band 

(Fig. 2.11). During the first field season (2000) I also banded juvenile magpies from 

the current breeding season in order to examine dispersal into the surrounding area. 

This was not however continued in the following years, largely due to the time 

involved in the capture. Repeated attempts were often required to capture the 

juvenile magpies, as they do not enter the traps as readily as adult magpies. 

Furthermore, it was thought that repeated disturbance due to capture attempts might 

have negatively affected some of the behavioural observations I was undertaking. 
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Figure 2.10 Magpie trapping method, using a live caged decoy to attract the 

resident magpies (top; Source: D. Rollinson), which then enter the walk-in trap 

(bottom; Source M. Richards). 
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Figure 2.11 Once caught the magpies were banded using a numbered metal band 

and combinations of coloured bands. (Source: D. Rollinson) 

 

 

2.4.2. Non-intrusive behavioural observations 

 

A significant proportion of data collected for the various studies was obtained 

through non-intrusive behavioural observations. It has previously been noted that 

observer effects (i.e., the researcher unwittingly altering the behaviour of the subject 

species being studied) must be considered during any observations of natural 

behaviour, especially birds (Knight and Temple, 1986). To eliminate any possible 

observer effect during the current study, observations of disturbance distances were 

made during a non-breeding period prior to the commencement of the first field 
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season in 2000. These estimations of disturbance distance were then used to 

determine the distance from which the birds could be observed. To further reduce 

any potential observer effect, the observer was concealed whilst recording the data. 

This was either in the form of a vehicle, building or tree. To facilitate observations at 

distance, particularly relevant to rural magpies, observations were made with a zoom 

spotting scope (Nikon Zoom 45x56 mm to 20x25 mm). All data obtained from 

behavioural observations were recorded on to pre-printed data sheets specific to each 

study. 

 

2.4.3. Experimental and intrusive studies    

 

In addition to the non-intrusive data collected, experimental or manipulative 

procedures were undertaken, the main technique being the supplementary feeding 

experiment (further detailed methods given in Chapter 7). Rural populations received 

supplementary food in a study examining the impact of food on timing of breeding. 

The ten rural sites used in this study were excluded from the behavioural 

observations of foraging success and nest feeding (Chapter 4), as the experimental 

procedure may have affected such behaviours. 

 

Intrusive studies relating to the disturbance distance of magpies were also 

undertaken. Here the observer made repeated visits to each magpie territory to 

determine the distance at which the magpie responded to the human presence. A 

concern often raised with such repeated observations are again related to observer 

effect, where the response of the subject is lessened with repeated exposure to the 

stimuli (human) because of habituation (Knight and Temple, 1986). The interval 

between sampling in the disturbance distance study (approximately two weeks) has 

previously been shown to be sufficient to reduce any habituation effect that may 

develop due to repeated exposure (Knight and Temple, 1986). Further details of the 

possible effect of habituation are discussed in the relevant chapters. 
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Chapter 3: Suburban and rural magpie territories 

 

3.1 INTRODUCTION 
 

Within Australia, the Australian magpie (Gymnorhina tibicen) appears to be one of 

only a few species that can successfully utilise the urbanised environment (Robinson, 

1956; Rowley, 1974; Catterall et al., 1991; Jones, 2002). However, published 

accounts of urban/suburban habitats are rare. In fact reliable information on most 

aspects of the urban ecology of the species is limited, exceptions being Cilento and 

Jones (1999), Jones (2002) and Jones and Nealson (2003) who focused mainly on 

their aggressive interactions with humans. Consequently very little is known about 

how magpies interact with or benefit from resources along the urban gradient 

Observation of typical suburban areas would suggest that large areas of vegetation, 

be it grass or tree cover, typical of rural habitats (Catterall and Kingston, 1993), may 

not be as abundant in urbanised areas, the land instead being interspersed with 

houses, roads and other structures. Furthermore, anthropogenic practices such as the 

mowing and watering of grassed areas, which is commonplace in urbanised areas, 

may possibly influence potential food resources available to magpies, which in turn 

may have ecologically significance to populations living in these areas. 

 

From the previous studies undertaken in rural, exurban and wildland areas (e.g., 

Robinson, 1956; Carrick, 1972; Hughes et al., 1983; Hughes et al., 1996), it appears 

that the magpie’s natural habitat is open or lightly wooded savannah type habitats 

(Rowley, 1974). Magpie territories require several large eucalypt (Eucalyptus spp.) 

trees for nesting and roosting, and extensive areas of grass for foraging (Robinson, 

1956); the rural habitat within much of Australia provides many such areas (Catterall 

and Kingston, 1993). The size of a magpie territory has been shown to be directly 

related to the proportion of short grass within the territory; with short grass being 

considered a valuable resource because of the invertebrate fauna it provides (Hughes 

et al., 1983). Large territories were shown to have large areas of forest cover and 

long grass within territory boundaries and, as a result, a lower proportion of short 

grass; alternatively, smaller territories had larger proportions of short-grassed areas. 

What is less clear is if areas of short grass and associated food resources that 

determine territory size in rural and exurban magpies also apply to populations in 
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urbanised areas. Similarly it is unknown if suburban magpies utilise the same types 

of nest sites as their rural counterparts or do they, as with many other synanthropic 

species (Johnston, 2001) nest on human-made structures in urban landscapes utilise 

aspects of the suburban habitat for nest sites, for example nesting in non-native trees 

or in some cases artificial structures  

 

The current study was undertaken within the wider context of examining 

mechanisms that facilitate synanthropy in the Australian magpie. The overall aim is 

to compare the territories of Australian magpies at suburban and rural points of the 

urban gradient. In doing so it is envisaged that certain dissimilarities between rural 

and suburban territories, as well as features of each respective habitat that are utilised 

by magpies, may be highlighted. More specifically, this study aims to test the 

following hypotheses: (1) Suburban territories will be smaller because these 

landscapes have more short grass (2) Suburban territories will provide different food 

resources than rural territories (3) Suburban magpies will utilise anthropogenic nest 

sites. 

 
 
3.2 METHODS 
 

3.2.1. Comparison of rural and suburban magpie territories 

 

The study was conducted in the greater Brisbane region of southeast Queensland, 

Australia between 2000 and 2002. Study sites were established in both rural and 

suburban locations throughout the region (see chapter 2 for further descriptions of 

study sites). Suburban sites were randomly selected in southern Brisbane and were 

typical of suburban areas in the region (see Chapter 2 for further description of 

suburban locations). Rural sites were randomly selected from locations within the Mt 

Cotton area; 40km southeast of Brisbane Central Business District (see Chapter 2 for 

further description of rural locations). The rural sites were primarily low-intensity 

grazing farmland. 
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Territory size and composition 

 

Territory boundaries were mapped for 14 suburban and 12 rural magpie territories. 

Territory size was measured using a method originally described by Odum and 

Kuenzler (1955), which consists of plotting on to maps (spot maps) points where a 

resident bird was observed in territorial disputes. For magpies, this involved 

observing and noting the location of territorial disputes between the study magpies 

and neighbouring magpies. A live caged decoy magpie was also used to verify 

uncertain boundaries. Such methods are generally accepted as a good indicator of 

territory boundaries for this species (Robinson, 1956; Hughes et al., 1983; Farabaugh 

et al., 1992). The maps of territory boundaries were constructed during the 2000-

2002 period, whilst undertaking additional behavioural and ecological studies of the 

magpies. The territory maps were initiated in October 2000 and finalised in October 

2002, all observations being concluded during the same period to avoid any potential 

differences in territory size due to different breeding states. Each mapped territory 

consisted of a minimum of 50 territorial dispute observations. 

 

The information from the spot maps was then transferred on to spatially corrected 

digitized aerial photographs (Fig. 3.1) and imported into the geographical 

information system (GIS) program, MapInfo. From this I was able to obtain a total 

territory area in m2. Having determined the boundary of each territory, I then 

measured several variables within each territory for comparison between suburban 

and rural areas. Again using the digitized aerial photographs (imported into MapInfo) 

I measured the total area of tree cover, buildings and roads/paths within each 

territory.  
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Figure 3.1 Example of the aerial photographs used to measure territory variables. 

(Source: Department of Natural Resources spatially corrected aerial photographs of 

greater Brisbane). 

 

 

Where territories had several areas of trees, roads or buildings, each area was 

measured separately and then summed to give the total area. The areas of trees and 

housing were also verified in the field to ensure that the information on the aerial 

photographs was still correct and the areas had not been cleared or developed. Any 

areas where there had been significant alteration since the photographs were taken 

were excluded from the study. 

 

Ground truthing was necessary to distinguish between short grass or long grass in the 

grassed areas of the territory. Grass was considered short if it was approximately 

10cm long or less. Short blade-length grass typically results from either mowing or 

58



Chapter 3: Suburban and rural magpie territories 

 

grazing (Eiserere, 1980; pers. obs.). Grass was classified as long (included shrub type 

vegetation) if it had clearly not been cut or grazed and was over 10cm long. It must 

be noted, however, that the majority of   long-grassed areas were far in excess of the 

10cm length and were typically 30cm or more. Therefore it was felt that any 

problems in classification because of intermediate lengthen grass were negligible; in 

the majority of cases grass was clearly either short or long. All estimations of grass 

compositions were made during October 2002; reducing the effect of possible 

seasonal variation. Proportions of each grass size class were used to estimate the area 

of short and long grass using the area of total grass cover previously recorded from 

the aerial photographs.  

 

Nest site variables 

 

Nest site variables were recorded for the 14 suburban and 12 rural territories 

previously used in the size and composition analysis. An additional 12 suburban and 

6 rural territories were included in this section of the study; only nest site variables 

were collected from these additional sites. I classified nest trees as either native 

(native to the geographical area), non-native (introduced from overseas), or 

regionally introduced (native to Australasia but not the local region). Any use of 

artificial structures for nest sites were also noted.  The total tree height of the nesting 

tree and height at which the nest was placed in the tree were also measured using a 

hypsometer.  

 

In addition to the nest site variable data collected from the above sites, I also utilised 

data collected by Griffith University’s Suburban Wildlife Research group (SWRG) 

and Queensland Parks and Wildlife Service (QPWS). The data were collected during 

the management of aggressive magpies (see Jones, 2002) which recorded, amongst 

other things, the nest tree type. All such recordings related to suburban magpies 

located throughout southeast Queensland; fifty-five of these records were used for 

the current study. Comparisons were made between nest tree selection of suburban 

magpies from the QPWS and SWRG data and the original 26 suburban sites from the 
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current study (total of 81 sites), giving a large sample of magpie nest location for 

suburban southeast Queensland.  

 

3.2.2. Spatial and temporal food availability  

 

To gain a measure of potential invertebrate availability for magpies within their 

territories, and how this may differ between suburban and rural territories, I 

undertook invertebrate sampling in 10 suburban and 10 rural magpie territories (these 

20 territories were also used for the territory size and composition analysis). The 

invertebrate sampling was repeated three times: October 2000; June 2001; and 

October 2001. The methods of assessment of potential food available to magpies 

were similar to that of Veltman and Hickson (1989) who assessed potential food 

resources within populations of New Zealand magpies, largely in the context of 

potential differences in food availability between territorial and non-territorial groups 

of Australian magpies. 

  

It must be noted that this invertebrate sampling was not aimed at providing a 

complete assessment of biodiversity and abundance of all possible invertebrates 

within each site, but more an indication of potential food resources available to 

magpies. For example, sampling only took place in microhabitats that have 

previously been shown to be areas where magpies forage (Robinson, 1956; Brown 

and Veltman, 1987), primarily the uppermost layer beneath grassed substrate (turf 

sampling), on top of the substrate (pitfall sampling) and within the vegetation 

(sweep-net sampling). 

 

The taxonomic identification used in the invertebrate sampling was limited to higher 

level taxa; for the purpose of this study, it was deemed unnecessary to identify all 

invertebrates to species level (H. Procter pers. comm.), and instead the taxonomic 

identification was to order and family level. Previous assessments of potential food 

availability within magpie territories also followed a similar approach (Vestjens and 

Carrick, 1974; Veltman and Hickson, 1989). Furthermore, there is evidence to 

suggest that such higher level taxonomic identification has useful applications, 
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particularly when a general overview and abundance of invertebrates are required for 

a particular area (Oliver and Beattie, 1993). 

 

Turf sampling 

 

To assess the availability of large subterranean food items, previously noted as 

important food resources for magpies (earthworms and beetle larvae) (Vestjens and 

Carrick, 1974), five, 20cm × 20cm × 10cm deep, turf samples were randomly 

collected from the foraging areas of the 20 sites (foraging area was defined as open 

grassed areas). Following collection each sample was hand sorted and any worms or 

beetle larvae counted. To reduce the effect of short-term changes in abundance due 

to climatic conditions, I ensured that turf samples were not collected directly after 

heavy rain or during temperatures in excess of 30oC. However, during the winter and 

spring periods (when the collections were made) rainfall is typically low and 

temperature are usually below 30oC (see Chapter 2 for additional climatic data). 

 

Pitfall sampling 

 

To assess invertebrate numbers that were potentially available to magpies on the 

surface of the substrate, five pitfall traps (5cm diameter × 10cm deep) were randomly 

placed within the foraging areas (foraging area was defined as open grassed areas) of 

the 20 sites (Fig. 3.2). Each trap contained 5cm of a 20/80 mixture of glycerol (2%) 

and ethanol (70%), which acted as a killing agent and preservative. To exclude rain 

from the traps, rain covers were suspended over each trap; these also prevented 

livestock or other animals disturbing the traps, while allowing invertebrates to enter 

the trap. To reduce the potential effect of short-term extreme weather conditions over 

the sampling period, trapping was staggered over a period of two weeks. Each trap 

was set for 72hrs, after which the samples were collected. 
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Figure 3.2         Cross-section of the pitfall trap design used during the study. 

 

Sweep-net sampling 

 

A collection of flying and vegetation dwelling invertebrates was carried out using 

sweep-net sampling. For each of the three sampling periods two sweep-net samples 

(between sample intervals of one week) of fifty sweeps were made within each of the 

20 territories, whilst walking randomly around the magpie territory at an even pace. 

Any invertebrates collected were killed using ethyl acetate and then stored in 70% 

alcohol for subsequent identification. 

 

3.2.3. Data analysis 

 

Exploratory data analysis was undertaken prior to final analyses and any data that 

deviated from normality were logarithmically transformed log10 (x +1). Any data that 

were not normalised by transformation were tested with an appropriate non-

parametric test. Mean and standard errors as untransformed data are reported. P-

values ≤0.05 were considered significant (Zar, 1999) and all non significant results 

are presented as > 0.05, however where probability is close to being significant the 

possible trend is discussed within the text.  
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Territory and nest site variables 

 
The total size of the territory and sizes and proportions of grassed areas (total, short 

and long); areas of building, areas of road/paths and area of trees were compared 

between suburban and rural territories using non-parametric Mann-Whitney U-tests. 

The proportion of nests built in native trees, regionally introduced trees and non-

native trees were analysed using Chi2 contingency tables. The height of the nest tree, 

height of nest and number of additional suitable nest trees were compared between 

suburban and rural locations again using Mann-Whitney U-tests. I tested for 

correlation of, territory size and proportion of short grass using Spearman’s rank 

correlation coefficient. 

 

Spatial and temporal food availability 

 

Two-factor repeated measures (repeated for the three sample periods) ANOVA tests 

using a general linear model design were used for the invertebrate data collected 

from the turf, pitfall and sweep-net sampling. Certain specific invertebrates or 

combined non-taxonomic group of invertebrates (e.g., flying or non-flying 

invertebrates) for each of the sampling methods was analysed to see if there were 

significant differences between the numbers of each invertebrate type and the 

location (suburban or rural), and also sample period. A t-test using the least squares 

means difference (LSD) was used to test for differences between the means when an 

effect was identified as significant in the ANOVA tests (Zar, 1999). Because data 

containing a high proportion of zeros tend to invalidate statistical assumptions such 

as homogeneity of variance and normality, certain invertebrates were categorised 

into non-taxonomic groups (e.g., size) prior to analysis. Obviously this reduces the 

information relating to certain individual invertebrate types, but it was felt that this 

would facilitate the statistical analysis. 

 

To determine if there were any differences in invertebrate order diversity between 

locations, Shannon-Wiener diversity indices (H') were calculated for each sample 

site within the two locations (Fowler and Cohen, 1992). Mann-Whitney U-tests were 
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then used to compare median H' values of pitfall samples in rural and suburban 

locations, and median H' values of the sweep-net samples in rural and suburban 

locations. 

 

 

3.3 RESULTS 
 

3.3.1. Territory size and composition 

 

Table 3.1 shows that the mean territory size was significantly smaller in suburban 

areas than in rural areas. Suburban territories ranged from 15029 m2 to 34109 m2 in 

size whereas rural territory size was more variable ranging from 24000 m2 to 78000 

m2 in size. Furthermore, the composition within the territories also differed. The area 

covered by roads and paths was significantly greater in suburban areas both in actual 

size and also proportion of territory occupied by such structures. The area of territory 

occupied by trees was far greater in the rural areas (Table 3.1) and occupied a 12660 

± 1542 m2 area. In contrast the area occupied by trees in suburban areas was lower 

(2199 ± 214 m2). 

 

When the areas of grass were categorised into short and long grass, the actual area of 

short grass (in m2) within rural and suburban areas did not differ significantly, with 

both areas having similar amount of short grass per territory, although in rural areas 

this was not as evenly distributed as in suburban areas and was also spread over a 

greater distance (pers. obs.). 

 

To explore the relationship between proportion of short grass and territory size 

further, a Spearman’s rank correlation coefficient was calculated using the variables 

proportion of short grass and total territory size. The results showed a negative 

correlation between the two variables (r = -0.720, P <0.01; Fig. 3.3).  
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Table 3.1 Comparison of territory composition variables between suburban and 

rural magpie territories.  Figures are means ±SE. The P-values are from Mann-

Whitney U-tests (two–tailed) comparing the median values of each variable. P < 0.05 

was considered significant (shown in bold). 

 

 

 

 Suburban Rural       P 

 

Territory composition areas (m2) 

(Number of territories measured)                  (N= 14)         (N=12) 

Total territory area   22041 ± 1673 46350 ± 5086 <0.001

Area of grass  14970 ± 1403 33298 ± 4092 <0.001

Area of short grass  13360 ± 1063 15103 ± 1518   0.494

Area of trees  2199 ± 214 12660 ± 1542 <0.001

Area of paths/roads  2167 ± 403 118 ± 36 <0.001

Area of buildings 

 

2703 ± 418 17.6 ± 6.1  <0.001
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Figure 3.3 Correlation between the proportion of short grass per territory (%) and 

total territory size (m2). n = 26 

 
 
 

Nest tree variables 

 

The heights of nest placement and total height of the nest tree did not differ 

significantly between rural and suburban sites (Table 3.2). Additionally, nests of both 

rural and suburban magpies were usually placed a least 2m below the top of the tree, 

nesting at the crown of the tree being uncommon in any location. The number of 

additional suitable nest trees within 100m radius of the current nest tree did show a 

greater mean number of suitable nest trees in rural areas, even though suitable nest 

trees in suburban areas were still numerous. 
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Table 3.2 Comparisons of heights of nest placement, height of nest tree and 

number of additional nest trees with 100m radius of the nest tree between suburban 

and rural nest sites. Figures are means ± SE. The P-values are from Mann-Whitney 

U tests (two–tailed) comparing the median values of each variable. P <0.05 was 

considered significant (shown in bold). 

 

 

Nest tree variables Suburban 

(n=26) 

Rural 

(n=18) 

P 

Nest height (m) 9.36 ± 0.64 10.94 ± 0.50 0.061

Nest tree height (m) 12.21 ± 0.67 13.44 ± 0.56 0.157

Number of additional nest trees  7.27 ± 1.05 15.38 ± 1.83   <0.001

 

 

 

The type of tree selected for nest placement highlighted differences between 

locations (Table 3.3), with suburban magpies nesting in each of native (mainly 

eucalypt trees, Eucalyptus spp.), regionally introduced and introduced tree 

categories, whereas rural magpies nested solely in native trees. Suburban magpies 

did, however, nest more frequently in native tree (χ2 = 9.670, df = 2, P= <0.05), 

nesting in native trees for 66% of their nesting attempts.  

 

 

Table 3.3 Proportions of nesting attempts within native, non-native and 

regionally introduced trees. Percentages within each location shown in parenthesis.  

 

Tree type Suburban (n=26) Rural (n=18) 

Native 17 (66)         18 (100) 

Non native  3 (11) 0 

Regionally introduced 6 (23) 0 
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Further examination of nest tree choice was undertaken utilising data collected by the 

Griffith University Suburban Wildlife Research Group (SWRG) and Queensland 

Parks and Wildlife Service (QPWS). This data showed similar nest tree choices 

within suburban areas throughout southeast Queensland, with magpies again building 

nests mainly in native trees (χ 2 = 44.764, df = 2, P <0.001), and to a lesser extent 

regionally introduced trees and non-native trees (Table 3.4). Interestingly the QPWS 

data included records of magpies nesting in palm trees, one regionally introduced 

species (Bangalow palm Archontophoenix cunninghamiana) and one non-native 

species (Cocos palm Cocos plumosa). The structure and complexity of such trees is 

greatly dissimilar to that of a typical eucalypt tree usually chosen for nesting. All the 

cases nesting in palm trees occurred in suburban areas of the Gold Coast, a heavily 

urbanised area 70km south of Brisbane CBD.  

 

 

 

Table 3.4 Proportions of nesting attempts within native, non-native and 

regionally introduced trees form various locations throughout southeast Queensland. 

Percentages are in parentheses.  

 

Tree type QPWS Suburban (n=55) 

Native 41 (74.6) 

Non native  2 (3.6) 

Regionally introduced 12 (21.8) 

 
(Data source: SWRG and QPWS magpie management program) 
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3.3.2. Spatial and temporal food availability 

 

Turf samples 

 

There were significantly fewer invertebrates (worms and beetle larvae combined) in 

the turf samples collected from rural areas with suburban sites contributing 80% of 

the total number of turf invertebrates found throughout the study. The results of the 

two-factor ANOVA tests highlighted these differences (Table 3.6), with significant 

results being found between rural and suburban samples for each of the total turf 

invertebrates, total earthworms and total beetle larvae (Table 3.5). In all cases there 

was more of the respective invertebrate type found in suburban turf samples than in 

rural turf samples (LSD, P <0.05 in all cases). Furthermore, there were also 

significant differences between the total items and sample period and beetle larvae 

and sample period, indicating possible temporal variation in turf invertebrate 

number, irrespective of location. There were less invertebrates (worms and larvae 

combined) during the first sample period (October 2000; Fig. 3.4) than during the 

June 2001 and October 2001 sample period (LSD, P <0.05 in all cases). The beetle 

larvae results were similar with October 2000 recording the lowest mean number of 

beetle larvae per sample site (Fig. 3.5). No interactions between location and sample 

period were evident.  

 

Table 3.5 A comparison of the mean (± SE) numbers of invertebrates from the 

turf samples in suburban and rural territories (sampling periods combined). 

 

Invertebrate group Suburban Rural 

 

Total turf invertebrates 

 

1.26 ± 0.16 

 

0.33 ± 0.10* 

Worms 0.57 ± 0.12 0.03 ± 0.01* 

Beetle larvae 0.76 ± 0.10 0.30 ± 0.10* 

 

* Significant difference between suburban and rural (LSD, P <0.05 in all cases) 

69



Chapter 3: Suburban and rural magpie territories 

 

Table 3.6 Summary of the results of the two-factor ANOVA tests for effect of 

location and sample period upon the number of total turf invertebrates, number of 

earthworms, and number of beetle larvae. Significant results in bold. 

 

Variable df   F P 

 

Total turf invertebrates 

   

Location 1 15.89 <0.001 

Sample period 2 3.89 0.026 

Sample period × location 

 

2 1.05 0.350 

Number of earthworms  

Location 1 10.97 0.002 

Sample period 2 1.67 0.198 

Sample period × location 

 

2 2.61 0.082 

Number of beetle larvae 

Location 1 10.89

 

0.002 

Sample period 2 5.72 0.006 

Sample period × location 2 0.56 0.946 

 

 

 
 
 

 

 

 

 

 

70



Chapter 3: Suburban and rural magpie territories 

 

Sampling period

3.002.001.00

M
ea

n 
tu

rf 
in

ve
rte

br
at

es

2.0

1.5

1.0

.5

0.0

 
 

Figure 3.4 The mean number (± SE) of turf invertebrates (worm and beetle 

larvae combined) found during the Oct 00 (1), June 01 (2) and Oct 01 (3) sampling 

periods (data for suburban and rural locations pooled). 

Sampling period

3.002.001.00

M
ea

n 
be

et
le

 la
rv

ae

2.0

1.5

1.0

.5

0.0

 
Figure 3.5 The mean number (± SE) of beetle larvae found during the Oct 00 (1), 

June 01 (2) and Oct 01 (3) sampling periods (data for suburban and rural locations 

pooled). 

71



Chapter 3: Suburban and rural magpie territories 

 

Sweep-net samples 

 

The sweep-net sampling collected 363 invertebrates (Appendix 3) from three sample 

periods, 72% of which were from rural sites. Various flies (Diptera) were the most 

numerous sweep-net invertebrates collected, representing 49% of the total collection.  

It was initially planned to examine possible mean differences in numbers of each 

group of invertebrate, to see if differences between location and between sample 

periods were evident. However, the small number of invertebrates collected for some 

groups would have made results inconclusive. Therefore the invertebrates found 

were grouped into two non-taxonomic categories; flying invertebrates and non-flying 

invertebrates. The resulting two-factor ANOVA tests found significant differences in 

the means of total invertebrates (all types combined), flying and non-flying 

invertebrates, when compared between locations (Table 3.7). In all cases the greatest 

means were from rural samples (LSD, P <0.05 in all cases; Table 3.8). 

 

The two-factor ANOVA tests (Table 3.8) also showed significant interactions 

between location and sample period for total sweep-net invertebrates (Fig. 3.6) and 

flying invertebrates (Fig. 3.7). In suburban locations, the lowest mean value for total 

sweep-net invertebrates was found during the first sample period (October 2000) and 

was significantly lower than the subsequent sample periods. Conversely within rural 

locations the first and second sample periods recorded similar means while the third 

sample period differed, showing a significantly greater mean number of invertebrates 

than the previous two sample periods (LSD, P <0.05 in all cases). The mean numbers 

of flying invertebrates followed a similar pattern except that there were equally low 

mean numbers of flying invertebrates found during the first and third sample periods 

in suburban locations with the second sample period (June 2001) again having the 

greatest mean flying invertebrates (LSD, P <0.05 in all cases). 
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Table 3.7 Summary of the results of the two-factor ANOVA tests for effect of 

location and sample period upon the number of total sweepnet invertebrates, flying 

invertebrates and non-flying vegetation invertebrates from sweep-net samples. 

Significant results shown in bold. 

 

 

Variable df    F P 

Total invertebrates in sweep-net samples    

Location 1 27.244 <0.001 

Sample period 2 0.741 0.481 

Location × sample period 2 3.612 0.034 

Flying invertebrates   

Location 1 15.919 <0.001 

Sample period 2 1.571 0.217 

Location × sample period 

 

2 3.863 0.027 

Non-flying vegetation invertebrates   

Location 1 36.623 <0.001 

Sample period 2 2.123 0.130 

Location × sample period 

 

2 2.663 0.790 
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Table 3.8 A comparison of the mean (± SE) numbers of invertebrates caught 

sweep-net sampling in suburban and rural locations (sampling periods combined). 

 

Invertebrate group Suburban Rural 

 

Total sweep-net invertebrates 

 

3.13 ± 0.61 

 

8.57 ± 0.62* 

Flying invertebrates 2.67 ± 0.60 5.96 ± 0.61* 

Non-flying vegetation invertebrates 0.53 ± 0.19 3.33 ± 0.44* 

 

* Significant difference between suburban and rural (LSD, <0.05 in all cases) 
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Figure 3.6 Mean (± SE) number of total sweep-net invertebrates collected during 

Oct 2000 (1), June 2001 (2) and Oct 2001 (3) sampling periods in rural and suburban 

locations.  
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Figure 3.7 Mean number (± SE) of flying invertebrates, collected during Oct 

2000 (1), June 2001 (2) and Oct 2001 (3) sampling periods in rural and suburban 

locations.  

 

 

Pitfall samples 

 

A total of 3681 invertebrates were collected from the pitfall sampling over three 

sample periods from 10 rural and 10 suburban sites (Appendix 4). Ants were the 

predominant fauna, comprising 79% of the total invertebrates collected. Springtails 

were the second most abundant invertebrate group representing 16.4% of the total 

collection.  

 

As with the sweep-net samples, it was initially planned to examine possible mean 

differences in numbers of each group of invertebrate, using two-factor ANOVAs 

(using location and sample period as factors), but again the small number of 

invertebrates collected for some groups would have again made conclusions 

tentative. Therefore, ANOVA were undertaken on the total invertebrates (all 
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invertebrates combined), and on taxa represented by significant numbers (ants, 

springtails, spiders). Additionally, invertebrates were separated on a size basis, with a 

small invertebrate group (<10mm) consisting of ants, springtails, ticks, thrips and 

slaters, and a large invertebrate group (>10mm) consisting of the remaining 

invertebrates (see Appendix 4). 

 

There were several differences between the mean invertebrate numbers in suburban 

and rural locations (Tables 3.9, 3.10 and 3.11). Total invertebrates, ants and spring 

tails, were significantly more abundant in rural areas (Tables 3.9, 3.10 and 3.11). 

Similarly, when invertebrate abundance was analysed on a size basis, the small size 

class was also more abundant in rural areas (Tables 3.9, 3.10 and 3.11). Total 

invertebrate abundance was greatest during the first two sample periods (both 

locations combined; Table 3.12; October 2000 and June 2001) while the third sample 

period had significantly less (LSD, P <0.05). For the large invertebrate grouping, the 

greatest abundance was during the second sample period (June 2001), with sample 

period 1 and 3 have significantly lower abundances (LSD, P <0.05). The same trend 

was also evident in the springtail data with the greatest abundance being in the 

second sample period (LSD, P <0.05). 

 

Significant interactions between location and sample period were also evident (Table 

3.10 and 3.11). Total invertebrates, ants and small invertebrates all showed 

interaction between the two factors (Figs. 3.8 and 3.9). All three interactions 

followed similar trends, with the greatest mean abundance in rural areas being found 

during the first sample period (October 2000), and these were significantly different 

to sample periods 2 and 3 (LSD, P <0.05 in all cases). Within suburban areas, sample 

periods 1 and 3 were significantly lower than 2. Rural mean abundance was greater 

than suburban for all sample periods (LSD, P <0.05 in all cases) except for sample 

period 2 where rural and suburban samples were approximately equal (LSD, P > 

0.05). It must be noted that ants represented the majority of invertebrate within both 

small invertebrates and total invertebrates; therefore the three significant interactions 

found are largely determined by ant fauna abundance (see Appendix 4).  
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Table 3.9 Summary of the results of the two-factor ANOVA tests for effect of 

location and sample period upon the number of ants, springtails and spiders from the 

pitfall samples. Significant results shown in bold. 

 

Variable df F P 

 

Ants 

  

Location 1 10.754 0.002 

Sample period 2 2.835 0.067 

Location × sample period 2 4.895 0.011 

Springtails   

Location 1 10.546 0.002 

Sample period 2 5.853 0.005 

Location × sample period 

 

2 3.094 0.053 

Spiders   

Location 1 0.148 0.702 

Sample period 2 1.139 0.328 

Location × sample period 

 

2 1.641 0.203 
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Table 3.10 Summary of the results of the two-factor ANOVA tests for effect of 

location and sample period upon the number of total invertebrates, small 

invertebrates (<10mm) and large invertebrates (>10mm) from the pitfall samples. 

Significant results shown in bold. 

 

Variable df F  P 

 

Total invertebrates in pitfall samples 

   

Location 1 15.684 <0.001 

Sample period 2 3.384 0.041 

Location × sample period 

 

2 6.854 0.002 

Small invertebrates ψ   

Location 1 16.859 <0.001 

Sample period 2 3.064 0.055 

Location × sample period 

 

2 6.381 0.003 

Large invertebrates φ   

Location 1 1.102 0.299 

Sample period 2 4.974 0.010 

Location × sample period 

 

2 2.862 0.066 

 
ψ Small invertebrate group consists of ants, springtails, ticks, thrips and slaters 

φ Large invertebrate group consists of flies, soft bugs, true bugs,  

  centipedes, earwigs, butterflies, psocids, bees/wasps, pseudoscorpions,  

  lacewings, crickets, cockroaches, beetles and miscellaneous larvae. 
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Table 3.11 A comparison of the mean (± SE) numbers of invertebrates caught 

from pitfall sampling in suburban and rural locations (sampling periods combined). 

 

Invertebrate group Suburban Rural

 

Total pitfall invertebrates 41.96 ± 6.78 79.96 ± 6.20*

Small invertebrates 38.70 ± 6.80 77.53 ± 7.34*

Large invertebrates 3.16 ± 0.54         2.30 ± 0.67 

Ants 32.10 ± 6.72 63.50 ± 8.32*

Springtails 6.56  ± 1.53 13.60  ± 1.10*

Spiders 1.13 ± 0.36         0.93 ± 0.24 

 

* Significant difference between suburban and rural locations (LSD, <0.05 in all cases) 

 

 

 

Table 3.12 The mean (± SE) numbers of total, large and springtail invertebrates 

from pitfall sampling during the three sample periods (locations combined). 

 
 

Invertebrate group Sample period 

1 

Sample period 

2 

Sample period 

3 

 

Total pitfall invertebrates 72.15 ± 8.31

 

67.20 ± 7.23 43.55 ± 8.10

Large invertebrates 2.30 ± 0.71 4.50 ± 0.81 1.40 ± 0.67

Springtails 7.05 ± 1.87 15.30 ± 2.01 7.90 ± 2.10
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Figures 3.8 Mean (± SE) number of total pitfall invertebrates (top) and ants 

(bottom), collected during three sample periods in rural and suburban locations. 

(Sample period 1 = October 2000, 2= June 2001, 3= October 2001). 
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Figures 3.9 Mean number (± SE) of small invertebrates, collected during the three 

sample periods in rural and suburban locations. (Sample period 1 = October 2000,  

2= June 2001, 3= October 2001). 

 

 

Invertebrate diversity 

 

The median diversity indices of orders represented in suburban pitfall samples did 

not differ significantly from the rural samples (Table 3.13). However, comparisons 

between diversity indices of the sweep-net samples were significant (Table 3.13); 

indicating rural sweep-net samples (classified to order) are more diverse than 

suburban samples. 
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Table 3.13 Median (min-max) Shannon-Weaver Diversity Index values (H') for 

invertebrate orders found in pitfall samples and sweep-net samples in suburban and 

rural locations. Significant differences (in bold) with Mann Whitney U-test, 2-tailed. 

 

 

Sampling 

technique 

Suburban 

median H' 

Min 

max 

   Rural 

median H'

Min 

max 

P 

 

Pitfall samples 

 

0.58 

 

0.18 

1.30 

0.633 

 

0.11 

1.30 

0.560

    

Sweep-net 

samples 

0.56 0 

1.04 

1.34 0.56 

2.21 

<0.001

      

 

 

 

3.4 DISCUSSION 
 

3.4.1. Territory sizes and composition 

 
When comparisons of the rural and suburban territories from this current study were 

made, significant differences were evident, most notably the total territory size, with 

suburban territories being significantly smaller than rural magpie territories. The 

reasons for such results are likely to be explained by the amount of optimal foraging 

area (short grass) present within each of the territories. It has previously been 

suggested that the amount of short grass per territory can be used as an index of 

quality for magpie territories (Hughes et al., 1983), and that the size of magpie 

territories is negatively correlated to the proportion of short grass present within the 

territory. For example, larger territories (predominantly rural territories in the present 

study) will have a lower proportion of short grass per territory and alternately small 

territories (predominantly suburban territories in the present study) will have a 
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greater proportion of short grass per territory. The resulting outcome is that territories 

will have similar areas of short grass per territory and possibly similar resource 

potential, however it is speculated that additional factors not tested during this study 

may also determine habitat size and quality, for example additional resources such as 

supplementary foods are likely to be more freely available in suburban areas 

(Chapter 5), furthermore territory size may also be determined by the effort required 

to defend a certain area. 

 

The composition of the areas not covered by short grass within suburban and rural 

territories could typify the land-use of the two habitat types. The composition of non-

short grassed areas in suburban magpie territories, for example, contained a higher 

proportion and area of anthropogenic structures such as buildings, roads and paths, 

and a smaller proportion of tree cover. Alternatively, rural territories only had a small 

proportion of buildings (unoccupied farm buildings) and roads (mainly unsealed 

access roads). The area not covered by short grass consists of large areas of trees and 

areas of long grass/shrubs.  

 

The clearing within many agricultural areas of Australia typically reduces the density 

of original forest cover to provide open areas of pasture, whilst leaving small patches 

of trees largely to provide shade for livestock (Catterall and Kingston, 1993). The 

rural areas of the current study were influenced by similar land use practices. 

However, many of the magpie territories also included large, more intact areas of 

forest within their boundaries, typically in reserves bordering private properties and 

consisting of remnant forest or regrowth forests (Catterall and Kingston, 1993). As 

expected, the area occupied by trees within suburbia was significantly smaller. 

Nevertheless, while trees were still abundant within suburban areas, there was an 

obvious lack of dense intact forest. Whilst Brisbane does have significant intact 

remnant patches of forest within the suburban environs (Catterall et al., 1991; 

Catterall and Kingston, 1993), none were within the study sites of the current study. 
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Nest site selection 

 

Many urban/suburban species that successfully reproduce in urbanised areas utilise 

artificial structures or non-native trees for nest sites. Urban populations of the North 

American blue jay (Cyanocitta cristate) for example utilise a wide variety of tree 

types and buildings as nest sites (Tarvin and Smith, 1995). Similarly house crow 

(Corvus splendens) populations in south east Asia utilise a variety of tree types and 

non-natural structures in the absence of their natural nest sites (Nordin and Yusof, 

1980). In the current study, suburban populations of magpies nested predominantly 

in native trees, as did the magpies in rural areas. The fact that rural magpies nested 

solely in native trees, mainly eucalypt species, is not surprising given that native 

trees are the predominant tree type within these areas (Catterall and Kingston, 1993). 

Suburban areas, however, including the suburban territories in this study, contain a 

considerable diversity of tree types (Green, 1984; pers. obs.). Nonetheless, suburban 

magpies utilised native species more often than introduced tree species and no 

artificial structures were used. This suggests that native trees, of suitable height, in 

the current study were not a limiting resource. In fact, several additional native trees 

of suitable height were always present within the suburban territory.  

 

Interestingly, the only cases of nesting in what could be considered sub-optimal nest 

trees were three cases of magpies nesting in palm trees (all from the Gold Coast). 

Much of the coastal Gold Coast region is largely reclaimed land that was formerly 

mangrove habitat and as such there was little eucalypt forest cover. As a result, there 

were few large remnant trees to be retained during urban development. Furthermore, 

much of the area has only recently been developed (<30 years; Sewell and Catterall, 

1997) and any native trees planted during development may not have gained 

sufficient size to provide suitable nest trees. What this observation shows is that 

magpies do have the behavioural flexibility to utilise different nests sites in the 

possible absence of their preferred nest tree type. An assessment of reproductive 

success within these sub-optimal nest sites could provide information on potential 

disadvantages or advantages from choosing these types of nest sites. 
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Magpie nests have also traditionally been associated with tall trees (Robinson, 1956; 

Carrick, 1972), and suburban magpies are no exception. Suburban magpies chose 

similarly tall trees as birds in rural areas and always nested a few meters below the 

crown of the tree, presumably to provide shelter from climatic extremes and avian 

nest predators. The suburban areas in the current study are older established suburbs 

(approx 60 years old) and the street-scaping practises employed tended to leave 

several large, typically remnant eucalypt trees within the parks and surrounding 

public areas (Sewell and Catterall, 1997). Furthermore, additional trees, planted 

when the suburbs were developed, may now have reached significant heights. This 

means that suitable nest locations were probably not a limiting resource in the 

suburban areas of the study and possibly all suburban areas in Brisbane of similar 

age and urban landscape planning design.  

 

3.4.2. Spatial and temporal food availability 

 

The results of the invertebrate sampling show significant differences in the potential 

food resources available to magpies in suburban and rural locations. However, the 

differences were not uniform for the three sampling procedures, with invertebrates 

from suburban sites being more abundant than rural sites for some sampling 

procedures and less so for others.  

 

The data from the sweep-net sampling clearly indicated that both abundance and 

diversity of flying and vegetation-dwelling invertebrates to be greater within rural 

sites. Such results can be explained by the composition of the grassed areas within 

the sites, which were found to contain large amounts of long grass, which in turn will 

provide suitable habitat for flying and vegetation dwelling invertebrates. In contrast, 

suburban-grassed areas were largely composed of short grass, which is a direct result 

of anthropogenic practices such as mowing of grass (see Robins and Birkenholtz, 

2003). The obvious effect of this is represented in the lower abundance and diversity 

of flying and vegetation dwelling invertebrates (Falk, 1976). But what implications 

does this have for the magpie? Lower abundance of such invertebrates in suburban 
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areas should only be significant as potential food resources of the magpie if they 

regularly utilise such resources.  

 

The current study found various flies (Diptera) to be the most common representative 

order from the sweepnet sampling. Previous examinations of magpie stomach 

contents (Vestjens and Carrick, 1974), however, have found dipterans to be only a 

small part (3.6%) of the magpie’s diet. Furthermore, behavioural observations 

(Robinson, 1956, O’Leary and Jones, 2002; Chapter 4) of the foraging techniques 

used by magpies indicate methods used to capture prey items that either fly or inhabit 

higher vegetation are used infrequently by magpies. For example, the foraging 

method of ‘hawking’, described by Robinson (1956) as the pursuit of flying 

invertebrate prey on the wing, or short flycatcher-like out flights by Brown and 

Veltman (1987), is said to be an uncommon foraging method and that magpies are 

less than ‘inept’ at this form of foraging (Robinson, 1956). Similarly, glean foraging 

(picking invertebrates from long vegetation), is also used significantly less than other 

foraging methods (O’Leary and Jones, 2002; Chapter 4). Therefore, the significance 

of prey items that fly or are present within long vegetation type habitats, in terms of 

potential food resources, may be less important in magpie’s diet.  

 

The foraging methods utilised by magpies most frequently are related to foraging 

below the surface of the substrate (probing) or on the surface of the substrate 

(pecking) with a lower frequency of foraging attempts within more complex 

vegetation (gleaning) (O’Leary and Jones, 2002; Chapter 4),. The turf samples 

collected in this study contained significantly more worm and beetle larvae in 

suburban sites. However, it must be noted that because of the small numbers of 

worms and larvae collected the results may be indicative only of the relative 

abundance of such food items in the two locations.  

 

The significance of more abundant food resources (such as beetle larvae and worms) 

is important, as it has previously been noted that such items, beetle larva in particular 

are a preferred food of magpies (Vestjens and Carrick, 1974; Floyd and Woodland, 

1981) and that during the nestling stages such foods are fed to nestling magpies in 
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preference of all other foods. To gain the equivalent energy value of a scarab beetle 

larva (typically up to 7cm in length; Zborowski and Storey, 1996) from smaller prey 

items, would presumably necessitate considerably more foraging effort. The 

distribution of soil organisms especially worms within the soil column, is related to 

the moisture content of the soil (Edwards and Bohlen, 1996; Paoletti, 1999), with 

moist, humid conditions being favored. When the soil is dry worms will burrow 

deeper into the soil to seek moisture. The implication of this to the potential food 

resources for magpies is that during dry conditions, earthworms and beetle larvae 

will be beyond the reach of the probing beak of the magpie (O’Leary and Jones, 

2002) which typically extends about 5-6cm (Jones, 2002; Chapter 2). Suburban areas 

may provide suitably moist conditions for organisms such as earthworms because 

watering of lawns and grassed areas in suburbia is widespread (Robins and 

Birkenholtz, 2003) and artificially increases moisture content during periods that 

should naturally be dry. This in turn may allow the soil invertebrates to be within the 

depth of our turf samples, and therefore within the depth of a foraging magpies beak.  

 

Despite suburban areas providing potentially more suitable conditions for soil 

organisms, their abundance was still low in suburban areas (but greater than rural). 

Previous examinations of magpie prey location methods (Floyd and Woodland, 

1981) also noted a low abundance of these prey items and found that magpies have 

developed more specialist detection techniques to locate them. Floyd and Woodland 

(1981) found that instead of the random probing and pecking that is often utilised by 

ground-feeding passerines, the magpie uses a combination of auditory and visual 

cues to locate prey, in particular scarab beetle larvae.  

 

The pitfall sampling found similar abundances of larger prey items in rural and 

suburban areas. However, there is a suggestion that the structurally simple suburban 

foraging areas, with regularly cut short grass may actually facilitate more successful 

foraging, whereas the more complex habitats typical of rural pastoral areas may 

require more time and energy to capture similar prey items (Falk, 1976; Eiserer, 

1980; Chapter 4). Indeed, the process of mowing lawns has been shown to result in 

an increased foraging efficiency and effort from American robins (Turdus 
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migratorius) (Eiserer, 1980), with mowing leading prey to be temporarily vulnerable 

to birds. 

 

The pitfall samples also showed a greater abundance of small invertebrates within 

the rural areas. However, apart from ants, which have previously been suggested as 

are a likely food source of magpies (Vestjens and Carrick, 1974), it is unclear if 

many of the other small invertebrates found are actually components of magpies diet. 

Therefore the significance of higher numbers of springtails, for example is at present 

unknown.  Previous assessments of magpie stomach contents (Vestjens and Carrick, 

1974) and faecal samples (Veltman and Hickson, 1989) did not record small items 

such as springtails. This could be due to their small size (1-3mm; Zborowski and 

Storey, 1996) and therefore difficulty in identification, or alternatively they simply 

did not form part of magpie diets, again because of their small size.  

 

The ant fauna within the pitfall samples was significant, particularly within rural 

sites, and despite their relatively small size they should be considered important in 

relation to potential food resources for the magpie. Early work by Vestjens and 

Carrick (1974), who examined the stomachs contents of 1319 magpies, showed that 

ants made up a considerable proportion of consumed food. Similarly, in a New 

Zealand study of food resources available to magpies, ants were the most abundant 

food item found within faecal samples from magpies, despite ants only comprising of 

0.2% of total pitfall invertebrate collection (cf. 79% in the current study). What is not 

clear from both of these studies is wether the ants were consumed as an intentionally 

food source; it is possible ants may have been consumed by mistake due to their 

presence on other consumed food items (J. Hughes pers. comm.). However, more 

recently, O’Leary and Jones (2002) undertook a study of magpie foraging behaviour 

during a drought period and noted a large proportion of food items caught were of a 

size that made identification via a spotting scope at distance difficult and were 

therefore classed as ‘small miscellaneous’. It was suggested, however, that these 

items were probably ants (R. O’Leary pers. comm.), and the fact such items were a 

large component of magpie diets during a period of possible resource shortage, 
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indicates that ants may be an important food resource during times when other, more 

substantial food resources are limited.   

 

The current study also found some evidence for temporal variations in the abundance 

of certain invertebrates. For example, certain invertebrates and groups of 

invertebrates (total turf invertebrate, large pitfall invertebrates and springtails) were 

more abundant in the June 2001 samples than both October samples. Within the 

geographical region of the study, June is the start of the southern winter and follows 

a period of fairly high rainfall during the summer and autumn months. Therefore 

moisture content of the habitat should be fairly high because of summer rains. This 

may account for the distribution of invertebrates that favour such conditions, in 

particular turf invertebrates. October on the other hand is spring time in the Southern 

Hemisphere and within the study area is at the end of a dry period which receives 

minimal rainfall from June until November (Australian Bureau of Meteorology, 

2003).  

 

Temporal patterns that differed between the two locations were also evident in the 

study. Suburban flying invertebrates, for example, followed the similar pattern of 

abundance described above, being greatest in June and lowest in the October 

samples. As mentioned previously, the presence of long grass is important in 

providing microhabitats for many of the flying and vegetation invertebrates. It is 

possible the lawn management within suburban areas may influence flying 

invertebrate distributions. The periods of lower flying invertebrate abundance in 

suburban areas (October) is also a period when regular mowing of parks and lawns 

occurs (pers. obs.) after the lower growth winter months. The impact of mowing 

could reduce potential habitat for such invertebrates and therefore lower numbers 

were collected during these periods. In contrast rural flying invertebrate abundance, 

showed a distinct increase during the final sample period in October 2001. The 

reasons for such differences are unclear, although it is possible that certain climatic 

or other environmental factors, not accounted for within the current study, may have 

influenced the results. The period up to the first sample period was a very dry period 
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(see O’Leary and Jones, 2002; Chapter 2) and may account for differences in flying 

invertebrate abundance between the same period the following year. 

 

The abundance of small invertebrates, dominated by ants, followed a similar pattern 

to that of flying invertebrates, with suburban abundances being lower in the two 

October samples and highest in June. Rural abundance of small invertebrates (mainly 

ants), showed almost the inverse pattern. These patterns, relating specifically to ants, 

may be explained by differing ant taxa in suburban and rural areas. It was beyond the 

scope of the current study to identify all ant species, but previous studies of ant 

abundance and diversity have shown a positive correlation between increasing 

habitat complexity/plant diversity and ant abundance and diversity (Culver, 1974; 

Room, 1975). Within the context of the current study, there would be an expectation 

of an increase in habitat diversity from suburban to rural habitats and this may be 

reflected in the abundance of ants found here and also the species diversity. The 

temporal ant distributions found in the current study may be reflective of the resource 

needs and patterns of abundance for the representative species. Obviously a more 

detailed examination of species composition would be necessary to confirm these 

suggestions and at present must remain speculative. Ant activity is also noted to be 

strongly affected by climatic conditions, in particular temperature (Andersen, 1983), 

and it may be advantageous to undertake a longer-term study (which may reduce any 

effects of short term climatic conditions) if more detailed temporal patterns of ant 

distribution and abundances are required. 

 

3.4.3. Conclusions 

 

Current urban landscape planning within the suburban areas used in this study 

appears favourable to the ecological requirements of the magpie and may account for 

its apparent success within urbanised environments (e.g., Wood, 1996; Jones, 2002). 

The abundance of suitable nesting trees and foraging medium, in the form of 

parkland and similar grassed areas, all benefit the species. However, despite 

suburban magpie territories containing several features similar to equivalent rural 
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habitats, the resources and composition of suburban territories exhibit clear 

differences, most notably territory size.  

 

It is acknowledged that there may be limitations to certain aspects the study, in 

particular the temporal distributions of potential food resources. It is felt, however, 

that there was fairly strong evidence to suggest that the composition of magpie 

territories and anthropogenic activities within the territory may have some influence 

on the distributions of potential food resources available to magpies. For example, 

anthropogenic practises such as the maintenance of short lawns within suburban 

areas are likely to affect the abundance of flying and vegetation inhabiting 

invertebrates. Similarly, the input of additional water in suburban areas will 

undoubtedly influence on the abundance or availability of invertebrates that favour 

more moist condition. Conversely it is also likely the resources available in each of 

the territories may be a factor in determining variables such as the territory size, in 

that territory size may be determined by an area that provides all the resources 

required to survive and reproduce (Seastedt and Maclean, 1979). It must be noted 

that additional factors not considered in this study, such as the effort required 

defending a territory against conspecifics and predators, may also influence variables 

such as territory size. 

 

Extrapolation of these results to all suburban and rural areas should be done with 

caution, largely because environmental conditions, land use and anthropogenic 

practises may differ. For example, climatic conditions in certain areas may affect 

invertebrate abundances and also some rural areas may receive additional water, 

particularly in areas used for growing crops. Furthermore, rural areas with more 

intensive grazing pressure than the low intensity sites used here may provide 

potentially larger areas of optimal foraging habitat. Nonetheless it is likely that 

similar results could be expected in areas of similar land use and climatic conditions 

to those used in this study. 
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Chapter 4: Foraging and nestling provisioning 

 

4.1 INTRODUCTION 
 
It has been suggested that well-watered and maintained lawns, typical of suburban 

development throughout the western world (e.g., Robbins and Birkenholtz, 2003), 

provide ideal foraging opportunities for ground-feeding avian species. Early work by 

Falk (1976) quantified invertebrate abundance within suburban lawns and found 

them to be more productive (in terms of invertebrate availability) than rural pastoral 

areas. Furthermore, it has been suggested that the simple structural nature of lawns, 

in terms of the short blade length and monoculture, furthers aids in the foraging 

success of birds foraging in these mediums (Eiserer, 1980). 

 

Within Australia the Australian magpie is a permanently territorial, ground-feeding 

passerine, and the importance of short-grassed areas within magpie territories has 

been shown in both rural and suburban populations of the species (Hughes et al., 

1983; Chapter 3). In fact, total territory size has been shown to be positively 

correlated with the proportion of short grass within the territory (Hughes et al., 1983; 

Chapter 3). However, there is also evidence to suggest differing food availability and 

habitat composition between rural and suburban magpie territories. For example, in 

Chapter 3 I reported that the differing composition of rural habitats in terms of 

vegetation types and the more fragmented areas of short grass may be reflected in the 

invertebrate fauna found in the respective areas. The rural areas had a greater amount 

of taller vegetation types, and as such organisms inhabiting those microhabitats were 

more abundant. Within suburban areas, in contrast, it was suggested that the trend for 

a greater abundance of soil dwelling organisms, notably worms and beetle larvae, 

may be a consequence of anthropogenic practices such as irrigation, which produce 

favourable conditions for these types of organisms (Heppner, 1965; Edwards and 

Bohlen, 1996). 

 

The current situation of magpies inhabiting rural and suburban areas, both with 

potentially different habitat composition and potentially different resource 

availability, provides an ideal opportunity to compare the foraging ecology of 

magpies in areas of differing land use. The current study was undertaken within the 
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wider context of examining the ecology and behaviour of a synanthropic species, the 

Australian magpies, in an attempt to quantify features of the urbanised habitat and 

behavioural traits of the magpie that have led it to maintain or exceed fitness 

observed in less urbanised landscapes (Jones, 2002). More specifically, the study 

presented in this chapter aimed to examine the possibility that the habitat 

composition and potential differences in food availability were reflected in the 

foraging ecology of the species. It was predicted (Hughes et al., 1983; Chapter 3) 

that the structurally less complex foraging habitat of suburban areas provides benefits 

to magpies in the form of a greater foraging success (termed as successful prey 

captures). In addition, the study aims to asses whether the methods used during 

foraging varied with landscape classification or habitat type (Bruun and  Smith, 

2003).  Furthermore, information on the resources utilised by magpies, through 

observations of prey captured by magpies, especially in their use of human-provided 

foods, was sought.  I also aim to see how possible changing resource demands (i.e. 

feeding young magpies) may also affect foraging variables (success rate; foraging 

methods and prey choice), particularly during the progression of the breeding season.  

 

Finally, I speculated that if one habitat type or landscape class differed in terms of 

foraging success and prey selection, this might be reflected in the provisioning of 

nestlings during the breeding season. Magpies in areas that enable more successful 

foraging and therefore obtain a greater amount of food items - may provide food to 

nestlings at a greater rate than magpies that are less productive in their foraging 

attempts. 

 

 

4.2 METHODS 

 

4.2.1. Study areas 

 

The study was conducted from June 2001 until February 2002 (the magpie breeding 

season) in the greater Brisbane region of southeast Queensland, Australia. Study sites 

were established in both rural and suburban locations throughout the region (see 
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Chapter 2 for further geographical descriptions). Each study site consisted of an 

individual magpie territory, containing a breeding pair. To enable visual recognition 

of individual magpies throughout the study, all magpies were banded with a unique 

colour combination (see Chapter 2 for further details). 

 

Fifteen suburban sites were located in southern Brisbane and were typical of 

suburban areas in the region (see chapter 2 for further quantification). All sites 

contained medium density house blocks and some parkland, which consisted of 

mown grass, interspersed with both native and introduced tree and plant species. All 

of the sites contained several mature, remnant eucalypt tree specimens with little or 

no natural understorey.  None of the suburban sites contained high-rise buildings or 

industrial areas.  

 

Fifteen rural sites were within the Mt Cotton area; 40km southeast of Brisbane’s 

Central Business District (see Chapter 2 for further quantification). The rural sites 

were comprised of low-intensity farmland interspersed with remnant native 

bushland. The remnant bushland present within the study sites was largely dry 

eucalypt forest with occasional areas of moist eucalypt forest and vegetation typical 

of the subtropical/temperate rainforests of the region (Catterall and Kingston, 1993).  

 

4.2.2. Foraging ecology study 

 

During the 2001/2002 magpie-breeding season foraging observations of 60 (30 male 

and 30 female magpies located in 30 separate breeding territories (15 rural and 15 

suburban) were recorded. Foraging success was measured by recording the number 

of foraging attempts and number of swallows made by the focal bird over a five-

minute observation period. A swallow indicates a successful prey capture and is 

easily visible and considered a reliable measure of prey capture (Veltman and 

Hickman, 1989) in this species. In addition magpies often stored the food in their 

beaks, especially when feeding nestlings; this was also counted as a successful prey 

attempt.   
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For each foraging attempt the foraging method used was noted (Table 4.1); this was 

recorded as either peck, probe or glean. How the magpies located their prey was 

noted as either visually or auditory (Table 4.1; Floyd and Woodland, 1981). The 

substrate where each foraging attempt took place was also noted (Table 4.1). For 

each prey capture the type of prey caught was recorded. Exact invertebrate 

identification proved difficult at distance, even with a spotting scope, therefore the 

prey type data was recorded in certain broad categories (Table 4.1). It is 

acknowledged that such broad categories provide less information than actual 

identification of each prey capture, but it does provide information on the sources of 

the prey. For example, grubs indicate foraging within the substrate whereas winged 

prey indicates foraging above ground.  

 

Finally, the number of successful prey captures eaten by the magpie and how many 

were retained for nestling feeding was recorded. The focal observations were 

repeated during the incubation, small nestling, medium nestling, large nestling and 

fledgling stage of the breeding season. Additional observations were also made at a 

non-breeding period of the year (February 2002) (giving a total of six repeated 

observations per bird).  All observations were undertaken during the morning (0700-

1000h). 

 

4.2.3. Nestling provisioning study 

 

The feeding of nestlings by the parent magpies was also recorded during the 2001 

magpie-breeding season. During a 30-minute observation period the total number of 

nest visits by each parent bird, the total number of food items delivered by each 

parent and the type of prey delivered to the nestlings was recorded. The same 

categories for prey type as used in the foraging success section were used for this 

section (Table 4.1). Finally, the total duration over the 30-minute observation period 

that each parent bird spent at the nest was recorded (this included food handling and 

brooding). Observations were repeated during the small nestling, medium nestling 

and large nestling stage of the breeding season in both the suburban and rural study 
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sites (giving a total of three repeated observations per nest). All observations were 

undertaken during the morning (0700-1000h). 

 

 

Table 4.1 Descriptions of the foraging methods, prey location method, foraging 

mediums and prey capture types recorded during the study in both suburban and rural 

magpie’s territories. 

 

  

Category       Description 

 

Foraging method 

 

Peck Pecking the substrate surface 

Probe Penetrating the substrate surface with the beak 

Glean 

 

Attempting to pick food items from vegetation 

Prey location  

Visual The directing of one or both eyes at the foraging medium 

Auditory 

 

A head cocking action used to detect prey by sound 

Foraging medium  

Short grass Grass below 5cm 

Long grass/other Grass above 5cm, understory and leaf litter. 

  

Prey capture type  

Worm The capture of earthworms or similar organisms 

Grubs Includes any beetle or soil dwelling larvae 

Winged All winged insects, including locusts 

Supplementary All types of non-natural foods 

Miscellaneous Items too small to classify or items not fitting any of the 

above categories 
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4.2.4. Statistical analysis 

 

Exploratory data analysis was performed prior to final analyses and any data that 

lacked normality was logarithmically transformed log10 (x +1). The foraging success 

rate data (proportional) was arcsine transformed prior to analysis. Means and 

standard errors are reported as untransformed data and P-values ≤0.05 were 

considered significant (Zar, 1999) and all non significant results are presented as      

> 0.05, however where probability is close to being significant the possible trend is 

discussed within the text.  

 

I used logistic regression to analyse observations with two possible outcomes and 

multinomial logistic regression was used for the data when responses where greater 

than two outcomes. Initially the models were used to examine the relationship 

between the predictor variables and the outcome of the response variables; these 

results are presented in the form of a maximum likelihood Analysis of Deviance. The 

subsequent odds ratios calculated from the specific response tests highlighted any 

significant effects within the model. For each significant effect, the exp (log odds 

ratio) enabled a measure of how many more times likely or unlikely a response will 

be. 

 

Foraging ecology 

 
I tested for an effect of landscape, sex and nestling stage using three-factor repeated 

measure ANOVA tests. Theses variables included the number of foraging attempts, 

the number of successful attempts, i.e. a food item caught, and the foraging success 

rate (attempts/successful attempts). The factors used in each of the ANOVAs were 

location (rural or suburban) sex (male or female) and nestling stage (stages one to 

six). A t-test using the least-squares difference (LSD) was used to test for differences 

between the means when an effect was identified as significant in the ANOVA. 

 

I tested for an effect of location, sex and breeding stage on foraging method (either 

peck, probe and glean) using backward stepwise multinomial regression.  
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I tested for an effect of location, sex and breeding stage on the outcome of foraging 

(in terms of what types of food were collected) using multinomial logistic regression 

The response variables were termed as worms, grubs, winged insects or 

miscellaneous food items. The predictor variable location, sex and breeding stage 

were each added to the regression model to examine for any significant effect and 

interactions between the food type and the predictor variables. The food collected 

during foraging also included supplementary food. However, because rural magpies 

collected no supplementary food this response term could not be used in the model, 

and is alternatively presented as descriptive data. Repeated measures logistic 

regression was used for the data relating to the substrate where foraging took place in 

(Breslow and Clayton, 1993). The response variable was binary and recorded as 

either short-grass or long-grass/other. The predictor variables were location, sex and 

breeding stage. 

 

I tested for an effect of location, sex and breeding stage on foraging location method 

using repeated measures logistic regression model (Breslow and Clayton, 1993). The 

binary response variable in the model was either ‘locate food by sound’ or ‘locate 

food by vision’. The predictor variables location, sex and breeding stage were each 

added to the regression model. Repeated measures logistic regression was also used 

for the data relating to what happens to the food items collected (Breslow and 

Clayton, 1993). The response variable was again binary and recorded as either ‘kept 

food item’ or ‘ate food item’. The predictor variables were location, sex and breeding 

stage. The results of this logistic regression model allowed the production of 

predicted probability response profiles, which indicate the probability of the 

particular response occurring. Where the model highlighted significant responses to 

the variables response profiles are presented (for each individual magpies used in the 

study). 
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Nest provisioning  

 
I tested for an effect of location and breeding stage on the number of feeding visits 

per nest and per nestling, the number of food items delivered per nest and per 

nestling and the duration at the nest per nest and per nestling using repeated 

measures ANOVA tests. The factors used in the ANOVA model for the per nest 

analysis were location (rural or suburban), and nestling stage (small nestling stages to 

large nestling stage), which was the repeated measure factor. For the per nestling 

analysis the factors were location, breeding stage and also sex. As with the above 

foraging data, LSD post hoc tests were used.  

 

I tested for an effect of location on the type of food provided to the nestling during 

nest visits using multinomial logistic regression. The predictor variable used in the 

model was location (rural or suburban) and the response variable was food type 

(worms, grubs, winged insects, miscellaneous food items). The model design used 

the grub food category as the baseline response and therefore all other food 

categories were compared against grubs in the model. The provision of 

supplementary food to nestling magpies was not included into the regression model, 

because supplementary food was found to only be provided in suburban locations. 

Multinomial regression models cannot include variables that are, for example, only 

present in one location. Therefore, descriptive statistics are presented for the 

provision of supplementary foods. 

 

 

4.3 RESULTS 
 

4.3.1. Foraging ecology 

 

 Foraging observations of magpies located in 30 breeding territories (15 rural and 15 

suburban) were recorded during five minute observation periods repeated over six 

breeding stages. The results of the ANOVA tests examining the mean foraging rates 

and success rates found several significant results (Table 4.2). The number of 

foraging attempts was found to be greatest in suburban magpies (Fig. 4.1; LSD, P 
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<0.05). Furthermore, this variable showed a significant result in relation to the 

breeding stage factor, with large nestling stage recording the highest mean number of 

foraging attempts (Fig. 4.1; LSD, P <0.05). This was for both locations combined as 

no interactions between location and breeding stage was found. There was also no 

effect relating to the sex of the magpie.  

 

The results of the ANOVA test (Table 4.2) relating to the number of successful 

attempts, that is the number of foraging attempts that resulted in the capture of a food 

item, was again different between locations, with suburban magpies catching more 

food items per observation period than rural magpies (Fig. 4.2; LSD, P <0.05). 

Furthermore, the large nestling stage of breeding had the highest mean number of 

food items captured (Fig. 4.2) (from combined location data). No effect relating to 

the sex of the magpie was evident. 

 

 

Table 4.2 A summary of the significant results from three-factor ANOVA tests, 

for the variables foraging attempts, successful foraging attempts and success rate. 

 

Variable df F P 

 

Number of foraging attempts 

   

Location 1 63.016 0.001 

Breeding stage 5 2.912 0.014 

Number of successful foraging 

attempts 

  

Location 1 66.010 0.001 

Breeding stage 5 2.366 0.039 

Success rate    

Location 1 4.750 0.033 

 

 105



Chapter 4: Foraging and nestling provisioning 

 

 
 
 

RuralSuburban

M
ea

n 
fo

ra
gi

ng
 a

tte
m

pt
s

10.5

10.0

9.5

9.0

8.5

8.0

7.5

7.0

6.5
6.0

 

NBFLNMNSNIS

M
ea

n 
fo

ra
gi

ng
 a

tte
m

pt
s

11.0

10.5

10.0

9.5

9.0

8.5

8.0

7.5

7.0

 
 

Figure 4.1 The mean (± SE) number of foraging attempts per 5 min obbservation 

in rural and suburban locations (top) and during the six breeding stages (bottom), 

incubation (IS), small nestling (SN), medium nestling (MN), large nestling (LN), 

fledgling stage (F) and a non-breeding stage (NB).  
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Figure 4.2 The mean (± SE) number of successful foraging attempts per 5 min 

observations in rural and suburban locations (top) and during the six breeding stages 

(bottom), incubation (IS), small nestling (SN), medium nestling (MN), large nestling 

(LN), fledgling stage (F) and a non-breeding stage (NB).  

 

 107



Chapter 4: Foraging and nestling provisioning 

 

For each focal foraging observation, a measure of foraging success was calculated 

(number of foraging attempts/ number of food items caught). As with the previous 

variables, the mean values for suburban magpies were significantly greater than that 

of the rural magpies (Fig. 4.3; LSD, P <0.05). The foraging success variable recorded 

no significant effect or interactions relating to breeding stage or sex of the magpie. 
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Figure 4.3 The mean (± SE) foraging success rate for rural and suburban 

magpies. 
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Foraging methods 

 

The methods used by magpies to forage were first examined descriptively by plotting 

the response probabilities for each foraging method response against the predictor 

variables (location, sex and breeding stage). From this data certain patterns are 

evident. The glean foraging method for example, was clearly used more in rural areas 

(Fig. 4.4). There also appeared to be a variation in the use of this method over the 

breeding stages and between sex for rural magpies. The peck foraging method 

appeared to be used frequently by both rural and suburban magpies (Fig. 4.5); 

however the probability of suburban magpies using this method was greater than 

rural. The patterns of probability for the probe foraging method was less clear, with 

variation in the probabilities over the breeding stages and between sexes (Fig. 4.5). 
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Figure 4.4 Probability responses (proportion of all events) for the use of the 

glean foraging method, in rural and suburban, male and female magpies throughout 

the incubation (IS), small nestling (SN), medium nestling (MN), large nestling (LN), 

fledgling stage (F) and  non-breeding stage (NB).  
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Figure 4.5 Probability responses (proportion of all events) for the use of the peck 

and probe foraging method in rural and suburban, male and female magpies 

throughout the incubation (IS), small nestling (SN), medium nestling (MN), large 

nestling (LN), fledgling stage (F) and a non-breeding stage (NB).  
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To further analyse the foraging methods used by magpies the data was incorporated 

into a multinomial regression model. This analysis found significant two-factor 

results between location and sex, location and breeding stage and sex and breeding 

stage (Table 4.3). 

 

 

Table 4.3 Summary of maximum-likelihood analysis of deviance, for data 

relating to the foraging methods used by magpies. Analysis was undertaken using 

sex, location and breeding stage as predictor variables. Significant results shown in 

bold. 

 

Source df              Chi-square P 

Loc × sex 2 12.182 0.002 

Loc × stage 10 22.922 0.011 

Sex × stage 10 21.752 0.016 

    

 

 

The subsequent specific response tests calculated from the regression model 

highlighted further, more specific, significant results. The results shown in Table 4.4 

can be interpreted to show how much more likely one type of a response is than 

another. The location × sex interaction can be interpreted to show that the foraging 

method peck was 3.38 times more likely to be used than the glean method in 

suburban male magpies as compared to rural male magpies. Similarly, the probe 

foraging method was 1.61 times more likely to be used than the glean foraging 

method in suburban male magpies as compared to rural male magpies.  

 

The location × breeding stage interactions can be interpreted as showing that for 

breeding stage IS vs. SN, the probe foraging method was 1.58 times more likely than 

glean in suburban magpies at breeding stage SN than at IS. Also, comparing breeding 

stage IS to LN, the results suggest foraging by pecking to have been 2.56 more 

unlikely than using the glean foraging method in rural magpies. Similarly comparing 
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breeding stage IS to NB, foraging by probing was 1.81 times less likely than glean in 

rural magpies. The results of the model also highlighted one sex × phase interaction. 

When comparing breeding stage IS to SN, foraging by probing was 1.63 times less 

likely than gleaning for female magpies. 

 

 

Table 4.4 A summary of the significant exp (log odds ratios) from the 

multinomial regression model, where foraging method was the response variable and 

location, sex and breeding stage were the predictor variables. The results relate to 

analysis with baseline predictor variables as suburban for location, male for sex, 

incubation stage (IS) for breeding stage and glean for foraging method response.  

 

 

Parameter exp (log odds ratio)  Chi Square P 

 

Location × sex 

   

Glean/peck 3.38 9.99 0.001 

Glean/probe 1.61 6.45 0.011 

Location × breeding stage    

Glean/ probe (IS vs. SN) 1.58 4.36 0.036 

Glean/ peck (IS vs. LN) 

Glean/ probe (IS vs. NB) 

0.39 

0.55 

3.61 

8.78 

0.057 

0.003 

 

Sex × breeding stage 

   

Glean/ probe (IS vs. SN) 0.61 5.56 0.0184
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Foraging medium 

 

The logistic regression model used for the foraging medium data found a significant 

result for the predictor variable location (χ2 = 671.32, df = 1, P <0.001), with no 

effect being evident for breeding stage or sex of the magpie. The descriptive data 

relating to the response probabilities are shown in Table 4.5 and clearly show that 

within suburban areas short grass was the main foraging medium. In rural areas 

magpies used short grassed and long grass/other mediums approximately equally. 

The specific response test resulting from the logistic regression model further 

supports this trend (exp log odds ratio = 31.5, χ2 = 671.32, P <0.001). The model 

predicts that foraging in short grass mediums was 31.5 times more likely than in 

long/other mediums in suburban areas as compared to rural areas. 

 

 

 

Table 4.5 The percentages of foraging attempts that took place in short grass 

and long grass/other foraging mediums. The actual numbers of events are recorded in 

the parenthesis. 

 

Foraging 

medium 

     Suburban Rural 

 

Short grass 

 

96.03 (1715)

 

43.24 (563) 

Long grass/other     3.97 (71) 56.76 (739) 

Total   100 (1786)   100 (1302) 
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Prey location method 

 

The method by which magpies locate their food was examined and preliminary 

descriptive interpretation showed that the percentages of foraging attempts using 

either visual or auditory prey location methods were approximately similar for rural 

and suburban magpies. Visual prey location was shown to be the primary location 

method (Table 4.6). 

 

 

Table 4.6 The percentages of foraging attempts that used visual and auditory 

location methods. The actual numbers of events are shown in the parenthesis. 

 

Method of prey 

location 

Suburban Rural 

 

Visual 

 

80.5 (1446) 

 

77 (994) 

Auditory         19.5 (351) 23 (296) 

Total 100 (1797) 100 (1290) 

 

 

The prey location method was further examined using a logistic regression model to 

see if certain prey location methods were more likely in certain locations, breeding 

stages and sexes of the magpie.  The results of model found no significant results for 

any of the predictor variables and their interactions (P >0.05 in all cases). 

 

Food items collected 

 

The types of food items magpies collected during the foraging observations are 

shown in Table 4.7 and indicate that between locations the types of food items 

collected may differ. For example, rural magpies never collected supplementary 

food, whereas in suburban areas supplementary food made up 9.4% of all food items 

collected. Furthermore, both worms and grubs made up a greater proportion of all 
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food items caught in suburban areas when compared to rural. The greatest proportion 

of food type collected in both rural and suburban areas was food classified as 

miscellaneous (misc) and consisted primarily of natural food items too small to 

classify during the observations. 

 

 

Table 4.7 The percentages and total number of all food items collected (shown 

in parenthesis) by magpies in rural and suburban locations (breeding stage and sexes 

combined).  

 

Type of food Suburban Rural 

Worm 11 (94) 2.2 (13) 

Grub 24.4 (207) 9.8 (56) 

Winged 6.2 (52) 25.3 (144) 

Supplementary 9.4 (80) 0 (0) 

Misc 49 (417) 62.5 (355) 

Total 100 (850) 100 (568) 

 

 

The data relating to food type collected during foraging was further analysed using 

multinomial regression. The regression model consisted of the response variable of 

food type collected, with categories of response being all the natural food types 

(worm, grub, winged and misc). Supplementary food was not included in the 

regression model, because it was only collected in suburban locations and the 

multinomial regression model cannot include variables that are, for example, only 

present in one location. The predictor variables within the model were location, 

breeding stage and sex. 

 

The analysis of the types of natural food collected found that there was a significant 

difference in the probability of certain food types being collected in rural and 

suburban locations (χ2 = 135.94, df = 3, P <0.001). From the regression model 

specific response tests were calculated to highlight conditions that are causing the 
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significant results in the model. The exp (log odds ratio) relating to location (Table 

4.8) shows that collecting grubs was 2.4 times more likely than misc food types in 

suburban as compared to rural locations. Similarly the collection of grubs was 8.3 

times more likely that winged food items in suburban as compared to rural locations. 

Grubs were also 33.3 times more likely to be collected than worms in suburban as 

compared to rural locations. 

 

 

Table 4.8 A summary of the exp (log odds ratios) from the multinomial 

regression model, where type of food collected was the response variable. The results 

relate to analysis where the model baseline predictor variable of location was the 

term suburban. All comparisons are made against the baseline response variable term 

of grub.  

 

Parameter exp (log odds ratio)  

 

 Chi     

 Square

            P 

Grub/misc 0.41 5.000 0.025 

Grub/winged  0.12 31.361 0.001 

Grub/worm  0.03 68.672 0.001 

 

 

Outcome of successful foraging attempts 

 

During each foraging observation it was noted how many food items were consumed 

by each focal magpie and how many were retained (primarily to be fed to nestlings 

and not cached; see Rollinson, 2002). Repeated measures logistic regression an 

interaction between sex and breeding stage (χ2 = 270.76, df = 5, P <0.001). The 

logistic regression model subsequently allowed predicted probability profiles to be 

determined for each magpie used in the study (Fig. 4.6).  
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Figure 4.6 The predicted probability profiles of food consumption for each 

individual magpie used during the study. The probability relates to how likely the 

magpies will eat the food collected during foraging. The numbered profiles are 

individual magpies with 1-15 being male suburban magpies, 16-30 female suburban 

magpies, 31-45 male rural magpies and 46-60 female rural magpies. Probabilities for 

each of the six breeding stages are presented (no.’s 1-6). 
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The predicted probability profiles show how likely a magpie will eat the food it 

collected as opposed to retaining food to feed to nestling/juvenile magpies. The 

profiles for each magpie all show a similar general trend with food more likely to be 

consumed during the incubation and non-breeding stages of the study. Furthermore 

during nestling stages SN-F (indicated as 2-5 on Fig. 4.6) there appeared to be a 

decrease in the probability of food being kept (therefore more is retained), reaching a 

low at LN (indicated as 4 on Fig. 4.6) and then either increasing or remaining at a 

similar probability until F stage (indicated as 5 on Fig. 4.6). The sex and breeding 

stage interaction appears to be related to the final stage measured during the study. 

Female magpies in both rural and suburban locations at stage NB (indicated as 6 on 

Fig. 4.6) were more likely to eat the food they collect during foraging, whereas male 

magpies again in both rural and suburban locations show a slightly lower probability 

of eating the food they collect, indicating some food is still retained. 

 

4.3.2. Nestling provisioning 

 

The feeding of nestlings by parent magpies was recorded during the 2001 magpie-

breeding season, during 30-minute observation periods, repeated over 3 breeding 

stages. The effect of location and breeding stage upon the mean number of nest 

visits, mean number of food items delivered and mean time spent at the nest was 

examined. In this analysis the number of nestlings in the nest was not included in the 

analysis; also the values were pooled male and female data. For the number of nest 

visits (Table 4.9), the suburban magpies made more visits to the nest than the rural 

magpies (Fig. 4.7; LSD, P <0.05); this visitation rate remained constant throughout 

the breeding stages measured, for both locations. The number of food items delivered 

to suburban magpie nestlings was also greater than rural nestling magpies and (Fig. 

4.9; LSD, P <0.05), again, this remained constant throughout the breeding stages 

measured (Table 4.9). The duration parent magpies spent at the nest was also 

significantly greater for suburban magpies (Fig. 4.9; LSD, P <0.05). This again 

remained constant for both locations over the three breeding stages measured. 
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Table 4.9 A summary of the significant results from the 2-factor ANOVA tests, 

for the variables number of nests visits per nest, number of food items delivered per 

nest and the duration at the nest. The factors in the ANOVA were location and 

nesting phase (repeated). Sexes were pooled for this analysis. 

 

Variable df F P 

Number of visits per nest    

Location 1 32.323 <0.001 

Number of food items delivered    

Location 1 35.301 <0.001 

Duration at nest    

Location 1 51.212 <0.001 

 

 

 

               Suburban                 Rural

M
ea

n 
ne

st
 v

is
its

 p
er

 n
es

t

5.0

4.0

3.0

2.0

1.0

0.0

 

Figure 4.7 Mean number of nest visits (± SE) over a 30-min observation period, 

by magpies located in rural and suburban areas.  
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Figure 4.8 Mean total number of food items brought to the nest (± SE) over one 

30-min observation period per nest, by magpies located in rural and suburban areas 

(top) and the duration of the observation period that parent magpies were present at 

the nest (bottom), again in rural and suburban locations.  
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Having highlighted initial differences in nestling provisioning behaviours, more 

detailed analysis was carried out. This time the three variables measured took into 

account the number of nestlings within each nest. Therefore, the variables were now 

number of visits, number of food item and duration per nestling, not per nest. 

Furthermore sex of the provisioner was also included into the ANOVA model (Table 

4.10). 

 

Table 4.10 A summary of the significant results from 3-factor ANOVA tests, for 

the variables number of nest visits per nestling, number of food items delivered per 

nestling and the duration at the nest per nestling. The factors in the ANOVA model 

were location, sex and nesting phase (repeated measure). 

 

Variable df    F P 

 

Number of visits per nestling 

  

Location × Sex 1 4.08 0.048 

Number of food items delivered 

per nestling 

  

Location 1 36.90 <0.001 

Sex 1 20.67 <0.001 

Duration at nest per nestling   

Location × Sex 1 12.36 0.009 

 

 

The number of visits per nestling was significantly different between location 

(suburban magpies visiting more than rural magpies, LSD, P <0.05), sex (male 

visiting less than females, LSD, P <0.05), and also an interaction between sex and 

location (Table 4.10). The interaction indicated that it is only suburban male magpies 

that visit less then the females (LSD, P <0.05), rural male magpies visited the nest 

approximately the same number of times as females during the observation period 

(Fig. 4.9).  
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Figure 4.9 The mean (± SE) number of provisioning visits per nestling. The data 

represents male and female magpies located in rural and suburban areas.  

 

 

The number of food items delivered per nestling followed a similar trend with both 

location and sex factors reporting a significant result (Fig. 4.10; Table 4.10). The 

suburban magpies provided the most food items, and female magpies provided more 

food items than males (Fig. 4.10; LSD, P <0.05). However, no interaction between 

sex and location was evident in this analysis.  
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Figure 4.10 Mean number of food items delivered per nestling (± SE) over the 30-

min observation period, by magpies located in rural and suburban areas (top) and 

from male and female magpies (bottom) (locations combined). 
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The duration of time spent at the nest per nestling during the 30-min observation 

period was greatest in suburban magpies (LSD, P <0.05). Furthermore, sex and an 

interaction between sex and location were evident from the results of the three-factor 

ANOVA test (Table 4.10, Fig. 4.11). Male magpies within suburban areas spent less 

time actually at the nest than female suburban magpies (LSD, P <0.05). Within rural 

areas the duration at the nest was approximately equal between male and female 

magpies. The effect of the breeding stage factor appears to be non-significant and for 

all variables measured the results showed no variation due to breeding stage (P >0.05 

in all cases). 
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Figure 4.11 Mean duration at nest per nestling (± SE) over the 30-min observation 

period, by male and female magpies located in rural and suburban areas. 
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 Food provided to nestlings 

 

Analysis of the types of natural food provided to the nestlings found that there was a 

significant difference in the probability of certain food types being provided in rural 

and suburban locations (Maximum-Likelihood test, χ2 = 58.94, df = 3, P= 0.001) 

(Fig. 4.12 ).  
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Figure 4.12 Descriptive probabilities (proportion of all events) of food items 

(grub, misc, winged and worm) being fed to nestling magpies in rural and suburban 

areas. 

 

 

The significant results of the regression model showed that grubs are 11.6 times 

more likely to be delivered to nestlings than winged food items in suburban locations 

as compared to rural locations. Similarly the provision of grubs to nestlings are 19.6 

times more likely than worms in suburban areas as compared to rural areas. The 
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comparisons of grubs and misc food items found that these items are fed at 

approximately the same proportions. 

 

 

Table 4.11 A summary of the exp (log odds ratios) from the multinomial 

regression model, where type of nest food provided was the response variable and 

location was the predictor variable. The results relate to analysis where the model 

baseline predictor variable was suburban. All comparisons are made against the 

baseline response variable term of grub. Significant results are shown in bold.  

 

 

Parameter exp (log odds ratio)  

 

        Chi  

Square 

         P 

Grub/misc 0.434 2.750 0.097

Grub/winged  0.086 29.942 <0.001

Grub/worm  0.051 39.730 <0.001

 

 

 

The provision of supplementary food to nestling magpies was not included into the 

above regression model because artificial food was only provided in suburban 

locations. However, Table 4.12 presents the percentages of all food items delivered 

during all observations, and indicates the clear absence of supplementary food being 

provided in rural areas. Furthermore, within suburban areas the provision of 

supplementary food constitutes a small component of the overall diet of nestling 

magpies.  
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Table 4.12 The percentages and total number of all food items delivered (shown 

in parenthesis) to nestling magpies in rural and suburban locations.  

 

 

Type of food Suburban Rural 

Worm 30.7 (67) 5.9 (7) 

Grub 24.7 (54) 10.9 (13) 

Winged 10.6 (23) 39.5 (47) 

Supplementary 11.3 (31) 0 (0) 

Misc 19.7 (43) 43.7 (52) 

Total 100 (218) 100 (119) 

 

 

4.4 DISCUSSION  
 

A key to the survival of many urban/suburban species is an ability to successfully 

utilise the urbanised environment (Marzluff, 2001). This is often shown in foraging 

adaptations and exploitation of food resources such as waste food and food provided 

by humans (Marzluff, 2001). It is also speculated that the suburban environment 

itself may aid in the success of many urbanised species by providing an abundance of 

suitable natural food resources that are less abundant in non-urban areas (Falk, 1976; 

Adams, 1994).  

 

4.4.1. Foraging ecology 

 

 Foraging success and prey choice 

 

It was predicted that the differing habitats of suburban and rural magpies will have 

an influence on the foraging success, and the results of the study highlighted several 

such differences. Compared to rural magpies, suburban magpies had a greater 

number of foraging attempts which led them to catch more food items. Previous 

studies of foraging magpies indicate that they are not random foragers (Floyd and 
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Woodland, 1981); instead they primarily make foraging attempts when they receive 

some kind of stimulus to indicate the presence of a prey item. Therefore, it could be 

inferred that the suburban magpies in this study, who made more foraging attempts, 

are doing so not because of indiscriminate random attempts, but rather because they 

are receiving some kind of stimulus to indicate the presence of a prey item. 

Conversely the lower number of foraging attempts made by rural magpies may be 

due to the fact prey items are scarcer or more difficult to find in these habitats. 

Similar findings have also been shown in other avian species. For example, the 

foraging effort (number of foraging attempts) and subsequent prey captures in 

European starlings (Sturnus vulgaris) were strongly correlated with the abundance of 

invertebrates within the soil (Olsson et al., 2002).  

 

The success rate of rural magpies in terms of how many foraging attempts resulted in 

a prey capture was also lower than suburban magpies; it is likely that the habitat of 

rural magpies is responsible for this result. The typical foraging habitat of rural 

magpies in this study consisted of pasture with areas of grazed grass and extensive 

areas of longer grass (Chapter 3), whereas in suburban areas the foraging areas are 

more uniform and predominantly short mown grass (Chapter 3). The results relating 

to where suburban and rural magpies actually forage strongly indicates that most of 

the foraging in suburbia occurs on short-grassed foraging areas. Whereas in rural 

areas only about half of the foraging attempts occurred on short grass, the other half 

of foraging attempts occurring in a variety of more structurally complex mediums, 

such as long grass and understory. The more complex foraging mediums of rural 

areas may result in prey items being more difficult to capture, especially within 

longer grassed vegetation, a suggestion supported by previous studies. Falk (1976) 

for example, found that the more complex nature of rural pasture reduced the 

foraging success of ground feeding passerines, while the European starling has also 

been shown to have a greater foraging success in areas of short mown or grazed grass 

(Olsson, et al., 2002).  

 

The results of the present study also found a temporal variation in the number of 

foraging attempts and subsequent numbers of successful prey captures: at the large 
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nestling stage there seemed to be an increase in the foraging effort, a finding 

consistent for both rural and suburban magpies alike. It is probable that increased 

food requirements for the growing nestlings may be the cause of this result, which is 

reflected in an increased foraging effort. Furthermore, the results relating to the 

proportions of food items kept by foraging magpies showed an increase in items 

saved (presumable for nestling provisioning) with progression of the breeding stages 

reaching a maximum around the large nestling stage. O’Leary (2002) also found an 

increase in foraging efforts with progression of breeding stages in suburban magpies, 

and attributed this to greater food requirements with increasing age and size of the 

nestlings. However, in the current study the provisioning rate of nestling magpies 

during the same breeding stage does not show the same pattern (described further in 

section 4.4.2.).  

  

The food items magpies collected during foraging attempts also reflects the differing 

habitats. In particular, suburban magpies acquired more soil invertebrates such as 

beetle grubs and to a lesser extent earthworms. Alternatively rural magpies collected 

more winged invertebrates which are typically associated with more complex 

vegetation types such as un-mown/un-grazed grass habitat (Chapter 3). These results 

also reflect invertebrate sampling undertaken within the same locations; Chapter 3 

found slightly more soil invertebrates in suburban areas and more winged and 

vegetation dwelling invertebrates in rural areas. It is difficult to say, without specific 

energy values for the food types, which group of magpies are gaining more resources 

(in terms of energy) from their foraging effort. However, prey items such as beetle 

grubs have been suggested as a preferred food source of magpies (Floyd and 

Woodland, 1981), particularly during the nesting period (Alley, 1979). Furthermore, 

experimental trials offering captive magpies various food items found beetle grubs 

were chosen in preference to all other food types (Vestjens and Carrick, 1974). In 

light of this previous research and the fact that suburban magpies actually collected 

more prey items, one could make the assumption that a potentially richer suburban 

habitat is reflected in the foraging behaviour of magpies. Such a connection has been 

made by some authors and concludes that foraging behaviour could be a useful 

indicator of habitat quality (Whitehead et al., 1995; Olsson and Holmgren, 1999).  
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What is less clear is how this affects the overall fitness of individuals, however 

improved or more successful foraging may facilitate factors such as earlier nesting 

(see chapters 6 and 7). 

 

Suburban habitats also offer a food resource not available to the rural magpies 

included in this study: human-provided supplementary food (Chapter 5). 

Approximately ten percent of food collected by suburban magpies was supplemental. 

The source of this food is likely to be a combination of intentional food provided by 

wildlife feeders (Chapter 5) and unintentional food in the form of waste. Such food 

resources are suggested as a main reason for the success of many avian species in 

areas of urbanisation (Marzluff, 2001) and it would appear that magpies do utilise 

this resource to a certain extent. The effect of consuming significant amounts of 

supplementary food is largely unknown; there are often concerns however, 

suggesting that dependency on the food source may result (Cannon, 1984; Green and 

Higginbottom, 2000; Orams, 2002). During this study it was found that 

supplementary food was a small component of magpies overall diet. However, it 

must be noted that these foraging observations only reflect a short time period and it 

is possible that magpies consumed greater amounts of supplementary foods during 

specific periods when observations were not being made. 

 

Foraging methods 

 

It has been suggested that magpies forage in typical suburban habitats (short mown 

grassed areas) using specific methods to capture prey items on the substrate surface 

(peck) or beneath the substrate (probe), and any other foraging methods are only 

used rarely (O’Leary and Jones, 2002). The results of this study support this 

prediction for suburban magpies. Rural magpies still used the peck and probe 

methods for foraging, but also used the glean method considerably more often than 

suburban magpies (see Figs. 4.4 and 4.5). The glean method is primarily used for 

foraging within long grass, shrubby habitats and involves the picking of food items 

from tall grasses and vegetation (Robinson, 1956). It must be noted that the three 

categories of foraging method used in this study represent the main methods used by 
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magpies; additional methods such as fly catching (also referred to as hawking), 

described by Robinson (1956) as the pursuit of flying invertebrate prey on the wing, 

were observed very rarely and only in rural magpie populations (pers. obs.). 

 

The results of foraging methods used highlights the fact magpies can utilise different 

foraging mediums through the use of associated foraging methods. The way magpies 

locate the food items, either through vision or by sound appear to be the same for 

magpies in both habitats. The use of auditory techniques to locate prey has been 

shown to be used by magpies when locating soil invertebrates (Floyd and Woodland, 

1981). Therefore, it was speculated that if one of the habitats was more abundant in 

these items, it may be reflected in the increased use of this foraging location method.  

This was not the case in the current study however. 

 

4.4.2. Nest provisioning 

 

Suburban magpies fed their nestlings more often than rural magpies during the 

observation periods of this study. This was evident in the analysis per nestling and 

also per nest. Lower feeding rates in rural areas support the foraging results, in that 

the lower foraging success rate of rural magpies presumably is reflected in a greater 

effort, and possibly the greater amount of time to collect food to be delivered to the 

nestlings. Again, this points to the possibility that the rural areas may not be as 

productive in terms of suitable food and also the more complex habitat requires a 

greater amount of effort to collect food. This also appears to be reflected in the time 

magpies spent at the nest. Suburban magpies, although delivering more food to their 

nestlings and making more visits, still spent longer at the nest site than rural magpies. 

Rural magpies after delivering food typically performed nest cleaning duties and then 

resumed foraging (pers. obs.). Suburban magpies, on the other hand, spent a much 

greater period of time at the nest or close to the nest. This was especially so for 

female suburban magpies; male suburban magpie appeared to spend less time 

attending the nest and also visited the nest less frequently (but was still greater than 

rural magpies). Reasons for this are unclear. If male magpies were less efficient at 

foraging they may resume foraging immediately or shortly after delivering food, but 
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from the foraging observations this does not appear to be the case. It is likely that the 

result indicates a division of duties in suburban magpies, with females attending and 

remaining at the nest, whereas male suburban magpies engage in additional duties 

such as maintenance of territorial boundaries and nest defence (pers. obs). This result 

is particularly interesting as it indicates that although magpies in both locations 

exhibit bi-parental care there is a division of labour within suburban populations. 

Reasons for this result are unclear but in other species, notably the unrelated black-

billed magpie (Pica pica), variations in nest provisioning behaviour has been shown 

to be different between certain populations of the species (Buitron, 1988) largely due 

to differing habitats and the variability in the food resources they  provide. 

 

The actual food delivered to nestling magpies differed between rural and suburban 

locations. Although the food type categories recorded in this study were fairly 

general the results do show how the different environments may be providing 

different food resources. As with the food collected during foraging, the food 

delivered by suburban magpies consisted of greater proportions of turf invertebrates 

such as beetle larvae and earthworms. Similarly in rural areas, more winged prey 

types were delivered, again reflecting the types of food collected during foraging, 

and also those found during invertebrate sampling of similar habitats (Chapter 3). It 

must be noted that certain inaccuracies are likely in the actual number of items 

delivered during each delivery, as it was difficult to determine the exact number of 

certain food items. For example, many magpies delivered numerous small food items 

(classed as misc) to their nestlings; obviously at distance it is difficult to make a truly 

accurate count of these types of deliveries.  

 

The provision of supplementary food to nestlings was evident during the study. 

Supplementary food was not available to the rural magpies, and in general the 

provision of supplementary food is likely to be reduced in most rural areas, with the 

exception of magpies that live in the vicinity of farmhouses and other rural 

dwellings. Within suburban areas, it is already clear that during this study, magpies 

collected a small but significant component of their food from supplementary food 

sources. A similar amount was also fed to the nestlings, but in general the majority of 
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food provided to nestlings was natural. Previous studies have also indicated that 

magpies can be selective in what they provide their nestlings and that natural foods 

are preferred (Alley, 1979). Furthermore, a recent study examining the use of 

supplementary foods by magpies also indicated that supplementary food was not a 

major component of food provided to nestling magpies (O’Leary, 2002). 

Nevertheless, many of the foods provided by wildlife feeders to avian species, 

including magpies (Rollinson et al., 2003; Chapter 5), were high in protein and fat 

(e.g., minced beef) (Stanley and Siepen, 1996), and as such the effect on growth and 

overall weights of nestlings may be significant, although at present this remains 

speculative. 

 

Overall, suburban nestlings were provisioned at a greater frequency than rural 

nestlings and also their food consisted of more preferred items such as beetle grubs 

and earthworms (Alley, 1979). The effect of this on the growth rate and fledgling 

weight was not measured during this study. However, examination of the breeding 

ecology of magpies (Chapter 6) found that the nestling period (period from hatching 

to fledging) was approximately equal for rural and suburban magpies and also for 

magpies experimentally provided with supplementary food (Chapter 7).Nonetheless, 

suburban magpies appear to be benefiting from the suburban environment in terms of 

a greater foraging success, which may account for the increased frequency of 

nestling provisioning during the nestling period. There is also some evidence to 

suggest that the foods collected in suburban areas are different, with soil dwelling 

invertebrates and artificial foods being more common foods collected and fed to 

nestlings in suburban areas.  
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5.1 INTRODUCTION 

 

Opinions on the practice of wildlife feeding are widely divergent, with some parties 

actively promoting the practise while others denounce it for many reasons including 

the harm done to the species being fed. The subject is frequently debated and has 

lead to considerable discussion among relevant parties such as private householders 

and wildlife agencies (see Hunter, 2001; Jones and Howard, 2001; Nattrass, 2001; 

Low, 2002). There is some evidence suggesting that certain wildlife feeding practises 

may result in a variety of negative outcomes for the species in question. For example, 

malnourishment caused by eating inappropriate foods (Cannon, 1979; Skira and 

Smith, 1991), disease spread by unhygienic food stations (Brittingham and Temple, 

1988) or dependence on the food resource (Cannon, 1984), are among the most 

common impacts cited by opponents of the practise (see Green and Higginbottom, 

2001 for review). Despite such evidence it appears to be a common and widespread 

activity particularly within suburban areas throughout the world (Cowie and Hinsley, 

1987; Brittingham and Temple, 1988; Cowie and Hinsley, 1988,). During the 1980s, 

for example, it was estimated that US $200 million was spent annually in the United 

States of America on commercial bird seed to feed wild birds, and many millions 

more on associated equipment such as nest boxes and bird feeders (Deis, 1982).  

 

Among other reasons, proponents of wildlife feeding argue that feeding wildlife may 

enable certain species to survive in areas degraded by human development (Howard 

and Jones, in press). In some situations, supplementary feeding of wildlife has been 

used to aid the recovery of threatened species (Wilbur et al., 1974) and enhance 

survival of populations. Many agencies and authorities in Northern Hemisphere 

countries actively promote the practise of wildlife feeding as a significant 

conservation activity (e.g., see Cannon, 2000). In the United Kingdom, organisations 

such as the British Trust for Ornithology advise suburban residents on how to 

provide supplementary food and water during periods when natural food resources 

may be limited, most obviously during the northern winter (Cannon, 2000). Such 

feeding has been shown to improve the survival rate and health of wintering birds 

(Kallander, 1981; Grubb and Cimprich, 1990) and supplementary food is known to
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be important in the diets of many suburban birds (Fitzpatrick, 1995). A positive 

feature suggested for wildlife feeding, which does not directly benefit the species 

receiving the food, is related to the attitudes associated or developed as a result of 

their involvement in this practice. For example, wildlife feeders may then take a 

greater interest in wider environmental issues of greater conservation significance 

(Cannon, 1999).  

 

In Australia, while there are few policies explicitly addressing the feeding of wildlife 

in urban settings, the practice is currently discouraged by wildlife agencies (e.g., 

Platt, 1999). Cannon (1999), in a review of urban wildlife conservation, remarked, 

"Generally, the more conservation-minded and knowledgeable individuals in 

Australia do not feed wildlife in their garden”. Despite this, and the implicit 

opposition of many agencies to wildlife feeding, it appears to be a common practise 

(Thomas, 2000; McLees, 2001). However, statistics on the actual numbers of people 

feeding wildlife is rare. The only figures available for Australian cities are those of 

Thomas (2000), who determined that 38% of a random sample of 200 households in 

Brisbane used food to attract wildlife to their house yard, and McLees (2001) who 

reported a higher feeding rate of 57% in a study carried out in the metropolitan 

Melbourne area. The aim of this study is to provide quantitative data on the extent 

and types of practises being carried out by suburban wildlife feeders in metropolitan 

Brisbane, which will have significance for all the suburban avifauna utilising these 

resources. In doing so, it is hoped the prevalence of potentially harmful practises may 

be highlighted, and as such will provide a basis for comparative studies in other 

locations and assist in the formulation of guidelines for those involved in feeding 

wildlife (see Howard and Jones, 2003). However, relating more specifically to the 

broader study of the behaviour and ecology of Australian magpie (Gymnorhina 

tibicen) in urbanised areas, it is hoped the study will provide information on human 

provided food resources that are potentially available to magpies, the significance of 

which will be investigated in subsequent chapters. 

 

5.2 METHODS 
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Twenty sites were selected from throughout southern Brisbane. These sites were 

suburban areas of about 1km2 in area; each containing house blocks and some 

parkland; no sites contained high-rise buildings or industrial areas. At each of the 

sites, questionnaire surveys (appendix 2) were hand delivered to a total of 20 houses, 

randomly chosen within each suburban area, giving a total of 400 surveys.  

 

The main section of the questionnaire aimed to collect quantitative data relating to 

the extent of wildlife feeding and on the practises used during feeding. I was 

specifically interested in collecting information relating to what species were being 

fed, whether people targeted certain species for feeding, what food was provided, 

how much was provided, how often, and at what times of year. 

 

The remainder of the survey consisted of three open-ended questions, aimed at 

providing an opportunity for people to express their opinions about the practise of 

wildlife feeding. The three questions were: “Do you agree with wildlife feeding”; 

“Do you think there are benefits from feeding wildlife and if so what?” and “Has the 

abundance of wildlife changed in your area over the years?” It was hoped that this 

section would highlight any areas of confusion or lack of knowledge that may exist 

with respect to the practises of wildlife feeding. 

 

 

5.3 RESULTS 
 

From the 400 surveys delivered, 134 residents replied, giving a 34% response rate. 

From returned surveys, I initially separated those who feed wildlife from those who 

do not. Of the 134 returned surveys, 37% (50 respondents) were engaged in feeding 

wildlife of some kind. 

 

 

 
 
5.3.1. Which species are being fed? 
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Respondents who indicated that they fed wildlife were asked to list the species that 

fed from the food they provided. A total of 22 species was mentioned, although the 

number visiting a specific feeding station varied greatly (mean number of species 

visiting feeders was 3.3 ± 1.8 SD per respondent). Table 5.1 shows that certain 

species or groups of species are represented more than others. The Australian 

magpie, closely followed by butcherbirds (grey and pied butcherbirds are combined, 

as respondents did not reliably distinguish between them), was by far the most 

commonly fed birds. When combined with the laughing kookaburra and Torresian 

crow, these carnivorous/omnivorous species were fed by 66% of respondents. 

Psittaciform species such as lorikeets, cockatoos, galahs and rosellas were also 

commonly fed, being mentioned by 40% of respondents. Columbiform species 

(crested pigeon, spotted turtledove and rock dove) also comprised a major group, 

mentioned by 26% of respondents. Interestingly, the list of species being fed 

included only three introduced species (spotted turtledove, rock dove and house 

sparrow) and also three species that are commonly perceived as pest or nuisance 

species, the Torresian crow, the noisy miner and the Australian white ibis. 

 

Although Table 5.1 contains primarily avian species, the blue-tongued lizard and 

especially the common brush-tail possum were also mentioned. It would appear that 

respondents who fed these two species did so with particular foods to attract these 

species. Certain birds were also targeted: over a quarter (27 %) of respondents stated 

that they intentionally provided food to attract specific species (Table 5.1) and in 

many cases actively discouraged other species that tried to consume the food 

provided. Australian magpies and common brush-tail possums were the most 

frequently mentioned for specific feeding followed by kookaburras; all other species 

mentioned as being specifically fed were mentioned by a single respondent.  

 

 

 

 

Table 5.1 Species mentioned as being fed by respondents from Brisbane.  
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Percentages of respondents feeding, non-specific, where feeders fed several species, 

and also specific where feeding targeted certain individual species. I = introduced 

species. (n = 50) 

 

Species fed 

Non specific 

feeders 

(%) 

Specific 

feeders 

(%) 

AVIAN   

Australian magpie (Gymnorhina tibicen)  54 25 

Grey and pied butcherbirds (Cracticus sp.)  42 8.3 

Rainbow and scaly breasted lorikeets (Trichoglossus sp.) 24 8.3 

Spotted turtle-dove (Streptopelia chinensis) I 18 0 

Pale-headed rosella (Platycercus venustus) 18 0 

Laughing kookaburra (Dacelo novaeguineae) 16 16.6 

Torresian crows (Corvus orru) 12 0 

Noisy miner (Manorina melanocephala) 8 0 

Rock dove (Columba livia) I 6 0 

Australian magpie-lark (Grallina cyanoleuca) 6 0 

Duck unspecified species 6 8.3 

House sparrow (Passer domesticus) I 4 0 

Sulphur-crested cockatoo (Cacatua galerita) 4 0 

Galah (Cacatua roseicapilla) 4 0 

Blue-faced honeyeater (Entomyzon cyanotis) 2 0 

Spangled drongo (Dicrurus bracteatus) 2 0 

Grey shrike-thrush (Colluricincla harmonica) 2 0 

Australian white ibis (Threskiornis molucca) 2 0 

Willie wagtail (Rhipidura leucophrys) 2 0 

Crested pigeon (Ocyphaps lophotes) 2 0 

NON-AVIAN   

Common brush-tail possum (Trichosurus vulpecula) 0 25 

Blue-tongued lizard (Tiliqua scincoides) 0 8.3 
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5.3.2. What food is being provided? 
 

Three food types (Table 5.2) dominated food provision. Bread was the most 

commonly provided food, with 58% of respondents providing this food type. Meat-

based foods were well represented in the data, with mince being provided by 32% of 

wildlife feeders (n = 50). 

 

 

Table 5.2 Types of food provided and the percentage of respondents providing.  

 

Food type % of respondents feeding 

Bread 58 

Mince 32 

Seed 22 

Cheese 22 

Commercial feed mix 20 

Food scraps 19 

Fruit/vegetables 10 

Steak 8 

Dog/cat food 6 

Honey and water 4 

Sausage 4 

Live food 2 

Native flowers 2 

Biscuits 2 

Ham 2 

Miscellaneous meat 2 

 

 

Seed was also a common food. I separated seeds into two types, commercial seed 

mix, specifically produced to feed birds, and other seeds, such as husked sunflower 

seeds and peanuts, that are not sold specifically for consumption by birds
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When these two categories are combined, seeds were provided by 42% of wildlife 

feeders. I also asked the respondents to estimate the amount of food they were 

providing at each feed. Although I provided standard units of measurement to be 

used, the respondents used a variety of measurements. It was felt the resulting data 

could not be used to reliably indicate amounts of food being provided. 

 

5.3.3. Frequency and seasonality of feeding 

 

To gain further insight into the extent of feeding, I asked each wildlife feeder how 

often food was provided and if they provided more food at certain times of the year 

in favour of others. Sixty-eight percent of respondents stated that they provided food 

for wildlife between once daily and once weekly, with the remainder indicating that 

feeding was practiced only occasionally (Fig. 5.1). 
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Figure 5.1 Frequency of wildlife feeding reported by respondents from Brisbane. 
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Most respondents fed wildlife throughout the whole year and only a small minority 

fed only at certain periods of the year (Fig. 5.2). Interestingly, of the people who 

chose to feed at specific times of the year, none chose to feed during winter, the 

commonly perceived lean period (for natural food), also the respondents did not give 

any reasoning for choosing the feeding periods they did. 
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Figure 5.2 Seasonality of wildlife feeding reported by respondents from 

Brisbane. 

 

 

5.3.4. Respondents perceptions of wildlife feeding 

 

In the final section of the questionnaire, I posed three open-ended questions aimed at 

obtaining some indication of personal attitudes towards wildlife feeding with respect 

to support for the practice, whether wildlife benefit from feeding, and perceptions of 

wildlife abundances in the respondents’ local area. 

145  



Chapter 5: Wildlife feeding in suburbia 

 

Support for wildlife feeding 

 

Respondents to the questionnaire were asked, “Do you agree with the practice of 

wildlife feeding?” Ninety-four percent (Table 5.3) of the 39 wildlife feeding 

respondents who answered this question said that they thought wildlife feeding was 

acceptable (Table 5.3), but of these, 71% (n = 27) said it was only acceptable if 

correct practises were adhered to.  

 

 

Table 5.3 Respondents responses to the question “Do you agree with the 

practise of wildlife feeding”? 

 

Responses Feeders (n=38) Non feeders (n=77) 

Yes 23% (9) 3.9% (3) 

Yes, but only with correct procedure 71% (27) 20.7% (16) 

No 5.1% (2) 72% (56) 

Don’t know 2.5% (1) 2.5% (2) 

 

 

I then examined the information provided by the wildlife feeders who said correct 

practises must be adhered to, to see if they were actually carrying out any 

inappropriate practices themselves. I classified inappropriate practices as either (1) 

providing inappropriate food for the species in question (e.g., bread,) or (2) providing 

food too frequently (e.g., daily) (Kraschnefski, 1999; Orams, 2002). Of the 27 

wildlife feeders who said that feeding was only acceptable when correct practices 

were adhered to, 18 were themselves carrying out a practise that had the potential to 

harm the species being fed. Non-feeding respondents’ opinions differed greatly from 

those of the feeders, with 72% (Table 5.3) stating that feeding was not an acceptable 

practise. The majority of the remaining non-feeding respondents said they thought 

feeding was acceptable only if appropriate procedures were followed. In addition 

many of the non-feeding respondents described in some detail their concerns about 

the practise. These included a concern for fed species becoming dependent on the 
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food source, nuisance species proliferating at the expense of other species, and the 

species being fed changing their natural behaviours. 

 

Perceived benefits of wildlife feeding 

 

Respondents were asked: “Do you think there are benefits from feeding wildlife and, 

if so, what?” There were very different views with regard to perceived benefits from 

wildlife feeding (Table 5.4).   

 

 

Table 5.4 Respondents responses to the question “Do you think there are 

benefits from feeding wildlife”? 

 

Responses Feeders  (n= 36) Non-feeders (n=75) 

Yes 66% (24) 12% (9) 

No 16.6% (6) 66% (50) 

Don’t know 16.6%(6) 21% (16) 

 

 

The majority of non-feeders either answered ‘no’ or ‘don’t know’ to the above 

question whereas most respondents engaged in feeding stated that feeding benefited 

the wildlife. The main benefit given by respondents was associated with a perceived 

lack of natural food resulting from suburban/urban development. Twenty seven 

percent of feeding respondents also indicated that feeding lessened aggressive 

responses from certain species, notably the Australian magpie. Although the 

respondents who said that wildlife did not benefit from feeding were not asked to 

justify their answers, many provided comments, the most common being “feeding 

was an unnatural practice” and that it “upset the balance of nature.” 
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Perceived changes to abundance of wildlife 

 

The question “Has the abundance of wildlife changed in your area over the years?” 

was included to gain some insight into whether respondents perceived that there had 

been a proliferation of certain species or demise of others in their locality. This is not 

meant as a true measure of species population change in the localities studied but 

more as an insight into the respondent’s casual observations on possible population 

changes.  

 

Both feeders and non-feeders (54%) felt there has been a change in abundances of 

local wildlife, with the majority citing increases in certain species. Torresian crows 

and Australian magpies were most frequently thought to have increased over time. 

Other examples of increasing species included the Australian white ibis, various 

Psittaciform species (most respondents were not specific about the species), 

butcherbirds and noisy miners. The respondents’ responses about species in decline 

were less clear, with the majority of respondents simply indicating that they thought, 

for example, that small birds had declined over the years. However, two introduced 

species, the house sparrow and the European starling (Sturnus vulgaris) were 

mentioned as possibly in decline. 

 

 

5.4 DISSCUSION 

 

This study determined that 37% of survey respondents fed wildlife. This figure is 

similar (cf. 38%) to the earlier independent study for Brisbane (Thomas, 2000) and is 

less than the figure of 57% recently obtained for suburban Melbourne (see McLees, 

2001). Overseas wildlife feeding studies (largely from North America and the UK) 

have recorded figures of 52% (Cowie and Hinsley, 1988), 34% (Brittingham and 

Temple, 1988) and 40% (Cowie and Hinsley, 1987) for householders living in 

suburban areas who feed wildlife. However, it must be emphasised that as each of 

these studies used different methods, such comparisons are of relatively little 

quantitative value. More importantly, these studies confirm that wildlife feeding in 
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suburban areas is a common practice throughout the western world. It must also be 

noted that a certain bias could be evident from our study, and possibly other similar 

studies, resulting from non-respondents. Wildlife feeders may be more likely to 

respond to the survey due to their interest in the subject, whereas non-feeders who 

may have no particular interest in the subject (except those with strong views against 

it) may simply not return the survey.  This may result in a situation where the 

majority of the wildlife feeders respond to the survey and only a small portion of 

non-feeders respond to the survey. The resulting effect on the data may be to lower 

the percentage of wildlife feeders obtained. Alternatively many wildlife feeders may 

not respond to the survey due to the wildlife agencies’ discouragement of the practice 

and may fear repercussions from informing an academic institution of their 

participation in this discouraged practise (evidenced by comments received from 

wildlife feeding respondents); this could then result in the wildlife feeding 

percentage being higher than the 37% recorded here. Although it is impossible to 

know exactly the motivations for non-respondents, it is plausible that both of the 

above situations may be happening. It is felt the figure of 37% represents a good 

estimate of the percentage of wildlife feeders in suburban Brisbane.  

 

Avian species were shown to be the main recipients of wildlife feeding in suburban 

areas. The species mentioned (Table 5.1) were typical suburban birds found in 

developed suburbs in southeast Queensland (Catterall et al., 1991). The most 

common non-avian species mentioned, the blue-tongued lizard (Koenig et al., 2001) 

and the common brush-tail possum (McKay and Winter, 1989), are also well known 

suburban species in Brisbane. Certain species appear to be more frequent recipients 

of human provided food than others. Magpies and butcherbirds were the most 

commonly fed birds mentioned during this study. Many feeders said they targeted 

such species and, in some cases, actively excluded all other species from the food 

provided. Despite some of the magpies’ less endearing habits (Jones, 2002), it 

appears that the magpies’ bold nature and ability to habituate to the presence of 

humans (Chapters 9 and 10) makes them frequent recipients of human-provided 

food. Survey respondents expressed great satisfaction in being able to feed a ‘wild’ 

bird at such close quarters and provided foods specifically to target these species. 
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Aesthetic appeal and general abundance in the suburban environment (Catterall et 

al., 1991) are probably the main reasons for the large numbers of Psittaciform 

species, particularly rainbow lorikeets and pale-headed rosellas, being well 

represented in the study. These species are not as generalist in their food 

requirements as magpies and butcherbirds, but were able to exploit a variety of food 

sources provided by the feeders. Many respondents indicated they provided food 

they thought would attract these species (seeds, etc). Columbiforms (both native and 

introduced species) were also frequent recipients of food at feeders; however, none 

of the respondents indicated that they aimed specifically to attract these species. 

Rather the frequency of pigeons and doves being mentioned is almost certainly a 

result of the large quantities of seed-based foods being provided (see below) for 

Psittaciform species. 

 

Interestingly the bird groups coming to suburban feeding stations in this study 

contrast markedly with those mentioned in Northern Hemisphere studies. 

Carnivorous/omnivorous species (such as magpies, butcherbirds, crows and 

kookaburras) dominate in Australia, while in the Northern Hemisphere, the species 

feeders attract are smaller omnivorous/granivorous species, such as tits, finches and 

buntings (see e.g., Dies, 1982; Cannon, 2000).  

 

5.4.1. Areas of concern 

 

Types of food being provided  

 

The study showed that many birds are fed inappropriate foods. Alarmingly, bread 

was by far the most commonly provided food for wildlife (58% of respondents). 

Bread has been associated with digestive and gut problems in birds. Carbohydrates 

are relatively scarce in carnivorous and insectivorous birds’ natural diets and the 

consumption of high carbohydrate foods such as bread can lead to lactic acidosis, 

which is the build up of acid derived from fermenting food that has built up in the 

animal’s gut (Kraschnefski, 1999). 
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Meat products also featured heavily in the menu of provided foods, and were offered 

to specifically attract the carnivorous species. Meat can be appropriate for magpies 

and butcherbirds; however, the types of meat varied in quality and suitability. Of 

concern are meat products with high fat content, such as low-grade mince and 

processed meats such as hams and sausage. If used as a primary food, the animal’s 

diet would be deficient in calcium that ultimately can lead to the softening of bones 

and beaks (Stanley and Siepen, 1996). 

 

Seed was offered regularly, although few of the birds targeted include seed as a 

major part of their natural diet. Many of the seed types provided to the birds, such as 

sunflower and sorghum seeds, are high in protein and oil, excessive amounts of 

which could lead to health problems (Dengate, 1997). In addition, many commercial 

seed products contain artificial preservatives and pesticides and are held together 

with wood glue (Platt, 1999); although non-toxic, this material does not form a part 

of the birds’ natural diet. A secondary problem is the potential for waste seed to 

germinate and introduce exotic plant species to the surrounding environment. 

 

A small proportion of our respondents attracted lorikeets with honey and water. A 

basic mix of honey and water, if used in preference to other natural foods, does not 

provide all the requirements essential to health (Cannon, 1979). Nectar-feeding birds 

receive a variety of complex sugar compounds from native flowers that are absent 

from simpler human-provided equivalents. As a result it has been suggested rainbow 

lorikeets can develop stunted feathers making them unable to fly (Stanley and 

Siepen, 1996), however the prevalence of this condition within suburban populations 

is not well documented. Certain commercial preparations are available as a substitute 

to a basic honey and water mix and would be a better alternative. 

 

Hygiene practises associated with wildlife feeding 

 
A major concern of wildlife feeding is that of hygiene at feed stations. It has been 

shown that poor hygiene practices have contributed to the transmission of diseases 

such as psittacosis and psittacine beak and feather disease (Pass and Perry, 1984; 

Brittingham and Temple, 1988) and are thought to perpetuate through contact at feed 
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stations (Low, 2002). A recent die off of rainbow lorikeets within Queensland (N. 

Young pers. comm.) was attributed to a bacterial infection transmitted by lorikeets 

visiting backyard feeders. Problems occur when food is allowed to mix with faeces 

left by visiting birds, and the disease was thought to have spread by transmission 

from the birds’ feet (N. Young pers. comm.). During this study I did not receive any 

information relating specifically to hygiene. However, a study by Howard and Jones 

(2003) also within suburban Brisbane, showed unhygienic practices such as feeding 

on an unclean platform and feeding waste seed from aviaries to wild birds was 

prevalent. 

 

Frequency of feeding 

 

Many of the problems associated with feeding would be minimised if the feeding 

events were infrequent. The data, however, show this not to be the case. Thirty-eight 

percent of wildlife feeders undertake the practise daily, and for 90% of respondents, 

it continues throughout the year. Noteworthy, of the 38% of feeders feeding daily, all 

were shown to be feeding bread, a food recognised as inappropriate and potentially 

harmful to avian species (Kraschnefski, 1999). In other countries where wildlife 

feeding takes place certain periods are favoured for wildlife feeding. In the Northern 

Hemisphere, winter is predominantly the period when most wildlife feeders provide 

food, primarily in order to ensure winter survival and health during periods when 

food is not so plentiful (Grubb and Cimprich, 1990). The lack of seasonality of 

feeding in our wildlife feeders may represent different motivations with respect to 

the reasons people feed wildlife. 

 

Population changes 

 

 A concern often raised when the implications of wildlife feeding are being 

considered is that of the proliferation of certain, typically larger and aggressive 

species at the expense of smaller, less aggressive species. From the data, there 

appears to be some evidence to support this. Australian magpies, butcherbirds, 

kookaburras and noisy miners, all species noted for their aggressive behaviour 
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towards other species, featured on the list of common recipients of human provided 

foods. The feeding of these species may increase the density of such birds and 

subsequently could lead to lower numbers of smaller birds within these suburban 

areas. However, without further study it cannot be assumed to be as a result of 

wildlife feeding. A species occasionally mentioned as visiting feeding stations in 

Brisbane was the Torresian crow. When respondents were asked to comment on 

perceived wildlife changes within their areas, this was the most commonly 

mentioned species that appeared to have increased in this area. Crows may be 

utilising unintentional food sources such as waste food, and food provided for other 

animals, such as pets and magpies. Detailed studies are needed to confirm the 

increase in crow numbers and the reason for this increase. Nonetheless, these 

perceptions are consistent with evidence of a worldwide trend for increases in Corvid 

species especially in urbanised areas (Marzluff et al., 2001). A similar situation may 

be occurring with the Australian white ibis, not regularly a recipient of intentional 

feeding (in house yards), but described by our survey respondents as being a species 

that appears to be increasing in numbers (Low, 2002). 

 

When respondents were asked to comment on possible decreases in bird populations 

many stated that they thought small birds had declined, although they were not 

specific about which species. The introduced house sparrow however was, 

mentioned as a species thought to be on the decline. This observation is supported by 

Woodall (1996), who documented a decline in this species and attributed this to the 

increase in noisy miner populations throughout suburban Brisbane. In Townsville, a 

similar situation was documented by Jones and Wieneke (2000), this time the decline 

being attributed to an increase in the introduced common myna (Acridotheres tristis).  

 

5.4.2. Conclusions and recommendations 

 

Because of the high rates of feeding evidenced by this study, its almost year round 

occurrence (daily in some cases), and the high incidence of inappropriate foods such 

as bread being provided, there is cause for legitimate concern. As it is likely that 

similar practises are occurring throughout the cities of Australia, the implications are 
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national in scope (e.g., Mclees, 2001). This study indicates that wildlife feeders, and 

a small percent of non-feeders, felt that feeding was acceptable provided suitable 

practises were adhered to. Despite this apparent view, many wildlife feeders were 

engaged in practises likely to harm the animals being fed. This suggests that there is 

a lack of readily available information about the best practises for wildlife feeding. 

Furthermore, the public is often exposed to confusing and conflicting opinions 

concerning the acceptability of wildlife feeding. For example, in many national parks 

wildlife agencies have erected extensive signage clearly describing wildlife feeding 

as being inappropriate, while nearby private establishments (such as resorts, lodges 

and kiosks) actively encourage the feeding of wildlife and even sell the food. 

Moreover, there is a similar polarity of views within literature available to the public. 

Numerous publications promoting the establishment of ‘habitat gardens’ describe 

foods that can be used for wildlife feeding, views again at variance with wildlife 

agency materials explaining the dangers of doing so (e.g., Hutchison, 1999; Platt, 

1999). 

 

One may argue that the impact of feeding on bird populations is minimal compared 

to that caused by suburban development itself. Moreover, the positive impacts of 

feeding may outweigh the negatives; many people gain a lot of pleasure from the 

practice and may develop a greater understanding of the environment as a result 

(Howard and Jones, 2003). Many of the people contacted during this survey said that 

as a result of the close contact they have gained with the animals they feed, they have 

been motivated to learn more about wildlife and wildlife related issues. However, 

when the feeding practises have the potential to impact entire populations rather than 

individuals, as may occur with the spread of disease, one must consider if the 

positives really do outweigh the negatives.  

 

It may also be argued that the species included in this study are all widespread and 

tolerant of human disturbance and therefore the conservation implications from 

possible negative effects of wildlife feeding may not at first be clear. Cannon (1999) 

made an important distinction between urban habitats in countries such as the United 

Kingdom and Australia: In developed European countries, native habitat has been so 
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severely degraded for many hundreds, possibly thousands of years that the suburban 

garden is now considered an important habitat and often supports endangered 

species. For example, the song thrush (Turdus philomelos), a bird of medium 

conservation concern in the United Kingdom, has been shown to have 71% of its 

territories within suburban gardens (Cannon, 1999). Within Australia, most suburban 

habitats are vastly different from native forest habitats and do not favour endangered 

or specialist species (Catterall et al., 1991). However, given the alarming rate of 

deforestation within Australia and the gradual transition from European style gardens 

to more native gardens, it is possible that in the future suburban habitats may become 

a more valued habitat and the negative effects of wildlife feeding more significant. 

  

Wildlife feeding in some form is likely to continue in suburban Australia. If so, 

rather than an unpoliceable and potentially controversial wildlife agency campaign to 

ban it (Howard and Jones, 2003), I suggest that well researched guidelines, outlining 

acceptable practices and explaining the hazards, be developed and promulgated. 

Wildlife feeders should also be made aware of alternative methods of attracting 

wildlife to their gardens, in the form of native gardening.  

 

Finally relating to one of the initial aims of the study, it is evident that Australian 

magpies are frequent recipients of human provided foods, in fact each of the sites 

used in this study contained at least one wildlife feeder who fed what could be 

considered a significant amount of food to magpies and similar species. Previous 

experimental studies have shown that the addition of food particularly prior to the 

breeding season can influence the breeding ecology of the birds receiving such food 

(see Boutin, 1990 for review). It is possible that the current situation within suburban 

Brisbane maybe akin to an unintentional supplementary feeding experiment. Further 

investigations into the breeding ecology of suburban Australian magpies and how it 

may be influenced by factors such as human provided food resources are presented in 

Chapters 6 and 7. 
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6.1 INTRODUCTION 

 

During the past century there has been a rapid expansion of cities and towns 

throughout the world as a direct result of ever-increasing human populations. This 

has been accompanied by a worldwide trend of human populations moving from 

largely rural environments to urban areas (Adams, 1994). The impact of urbanisation 

on the native avifauna has largely been catastrophic. Studies focusing on the impact 

of urban development have shown that the majority of species do not adapt well to 

these new and highly modified environments (e.g., Catterall et al., 1991; Marzluff, 

2001). Typically, a small number of introduced species come to dominate the urban 

avifauna while the diversity of native species is significantly reduced (e.g., Emlen, 

1974; Jokimaki et al., 1996; Morneau et al., 1999). In Australia, for example, Green 

(1984) found exotic (introduced) birds to be most numerous in suburban areas of 

Melbourne, with a positive correlation with increased exotic vegetation evident. 

Nonetheless, it is also typical for a small number of native species to thrive in 

urban/suburban areas (Marzluff, 2001). In the Northern Hemisphere such species 

include corvids, tits, chickadees, thrushes and swallows (Jokimaki, et al., 1996; 

Johnston, 2001). The species that do prosper in the urban/suburban environment are 

largely generalist in terms of habitat and food requirements (Catterall et al., 1991).  

 

Within Australia, species ecologically similar to those mentioned above, such as the 

Torresian crow (Corvus orru) (Jones and Everding, in press), the Australian magpie 

Gymnorhina tibicen (Jones, 2002), and the noisy miner (Manorina melanocephala) 

(Catterall et al., 1991) have all become abundant in urban and suburban 

environments. However, despite numerous studies documenting urban bird 

community structure from a variety of geographical locations, studies focusing on 

the actual effects that urban and suburban habitats may have on the life histories of 

urban species are more limited and appear to be predominantly from temperate 

Northern Hemisphere regions (Marzluff, 2001). In cases where urban populations of 

birds have been compared with non-urban, differences in breeding ecology often 

become apparent (Gehlbach, 1996; Bowman and Woolfenden 2001). For example, 

early work by Perrins (1970) on the timing of breeding in birds in the United 
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Kingdom, noted that many avian species breed earlier in suburban gardens than they 

do in adjacent woodland. Similarly, studies of urban and rural populations in two 

North American raptor species, the Coopers hawk (Accipiter cooperii) (Boal and 

Mann, 1999) and the Mississippi kite (Ictinia mississippiensis) (Parker, 1996), noted 

that urban populations of both species showed a significant advancement in the 

timing of breeding when compared to rural populations of the species. In addition, 

North American suburban populations of the boat-tailed grackle (Quiscalus major) 

were shown to breed at times outside their traditional breeding season (Selander and 

Nicholson, 1962).  

 

It has been suggested that anthropogenic factors such as an improved, less seasonal 

food resource (Boal and Mann, 1999), access to water (Hahn et al., 1997) and 

marginally higher temperatures than the surrounding natural or rural areas (Marzluff, 

2001; Kalnay and Cai, 2003), may have influenced these differences in breeding 

parameters. A key feature of successful urban avian species, and those living in other 

changing environments, is an ability to be reproductively flexible, responding to 

favourable breeding conditions such as an improved food supply for example (Hahn 

et al., 1997). Within Australia, anthropogenic practises occurring in urban and 

suburban areas, such as the regular watering of lawns and parks throughout the year 

and the widespread provision of food for wildlife (e.g., Rollinson et al., 2003; 

Chapter 5), will provide the urban and suburban avifauna with resources that would 

otherwise be unavailable.  

 

The Australian magpie, a medium-sized ground-feeding passerine found throughout 

most of the Australian continent (with the exception of the very arid central western 

areas and the densely forested areas (Blakers et al., 1984), is commonly associated 

with suburban habitats (Rowley, 1974; Jones, 2002). Being one of only a small 

number of native species that appears to prosper within the suburban environment 

(Green, 1984); the magpie is thought to benefit from various anthropogenic 

conditions and practises occurring in urban and suburban areas (Jones, 2002). For 

example, it is likely that the abundance of both lawns and human-provided foods has 

benefited the species (Jones, 2002; Chapter 3). At present, however, no studies have 

 161



Chapter 6: Variation in breeding parameters 

 

 

investigated these suggestions. Indeed, despite the magpie being a common and 

conspicuous bird in suburban areas (Catterall et al., 1991), the majority of research 

on this well studied species has been undertaken in rural or exurban environments 

(e.g., Robinson, 1956; Carrick, 1972; Hughes et al., 1983; Hughes and Mather, 

1991). Exceptions such as Cilento and Jones (1999) and Jones and Nealson (2003) 

focused mainly on their aggressive interactions with humans.  

 

In this study I examine the possibility that Australian magpies respond to the 

suburban environment in ways similar to that previously described in temperate 

Northern Hemisphere species (e.g., Selander and Nicholson, 1962; Parker, 1996; 

Boal and Mann, 1999). Through a comparison of nesting phenology, success and 

productivity of magpies living in suburban and rural areas, this study aims to show 

whether suburban magpies have advanced breeding dates and a greater reproductive 

output than magpies located in rural areas.  

 

 

6.2 METHODS 
 

6.2.1. Study sites 

 

The study was conducted during the magpie breeding seasons (June to December) of 

2000 and 2001, in the greater Brisbane region of southeast Queensland, Australia. 

Study sites were established in both rural and suburban locations throughout the 

region. Each study site consisted of an individual magpie territory, containing a 

breeding pair of adult magpies. To enable visual recognition of the magpies 

throughout the study, all magpies were marked with a unique colour combination of 

bands (see Chapter 2 for details of the trapping and banding procedure). Each site 

selected for this study was separated by a distance that would allow the sites to be 

considered statistically independent (see Chapter 2 for more details). 

 

Suburban sites were located in southern Brisbane (SB, hereafter) and were typical of 

suburban areas in the region. All sites contained medium density house blocks and 
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some parkland, which consisted of mown grass, interspersed with both native and 

introduced tree and plant species. All of the sites contained a few mature, remnant 

eucalypt tree specimens (Eucalyptus spp.) with little or no natural understorey.  None 

of the SB sites contained high-rise buildings or industrial areas. 25 suburban sites 

were used during 2000 and 2001.  

 

Rural sites (RSEQ, hereafter) were selected within rural locations in the Mt Cotton 

area, 40km southeast of Brisbane’s Central Business District. The rural sites 

comprised of low-intensity farmland interspersed with remnant native forest. The 

remnant bushland present within the study sites was largely dry eucalypt forest with 

occasional areas of moist eucalypt forest and vegetation typical of the 

subtropical/temperate rainforests of the region (Catterall and Kingston, 1993) 

Although the RSEQ sites cannot be regarded as truly natural areas (most were used 

for cattle grazing or horse agistment), for the purpose of this comparative study I 

ensured that certain anthropogenic factors were absent from the sites. For example, 

none of the RSEQ sites were situated near homesteads or roads, the birds did not 

receive any supplementary food, and the pasture within the magpie territories did not 

receive additional water, fertiliser or pesticides. To ensure that all study sites were 

independent of one another, adjoining magpie territories were not used in this study. 

12 rural sites were used during 2000 and 15 during 2001. 

 

SB and RSEQ areas both had similar coastal sub-tropical climates, although the 

climatic data (Figs. 6.1 and 6.2) obtained from the Australian Bureau of Meteorology 

(Australian bureau of meteorology, 2002) for the two years of the study does indicate 

subtle differences particularly with regard to rainfall distribution and the mean 

minimum temperatures. Consistently lower monthly mean temperatures were 

recorded for RSEQ than for corresponding SB areas. 
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6.2.2. Nesting Phenology 

 

In order to assess the timing of breeding events within SB and RSEQ areas, I 

conducted checks for breeding events in each territory at intervals of no more than 3 

days (mean 2.3 days) throughout the entire magpie-breeding season during the two 

consecutive years. Nest building date was given as the date on which the female 

magpie was first observed engaged in nest building activity. Clutch initiation date 

was determined using the first date that the female was observed incubating, hatch 

date as the day when adult magpies were first seen feeding the hatchlings, and 

fledging date when the juvenile magpies first left the nest. Where an entire nest had 

obviously failed, I estimated the date and breeding stage this appeared to have 

occurred (e.g., incubation, small nestling, and large nestling). If a breeding pair re-

nested after an initial failure, the dates of all the new breeding events were recorded 

in the same manner as previously; similarly if a second nesting attempt followed a 

successful first clutch the dates of the second clutch were recorded. The data relating 

to the dates of each specific event during the breeding season also allowed me to 

measure the duration of both the incubation period and the nestling period (the period 

from hatching until fledging). I also recorded the substrate in which the nest was 

placed as, native tree, non-native tree or artificial structure. 

 

6.2.3. Reproductive and survival rate 

 

I recorded the number of juvenile magpies per breeding pair at the time of fledging 

and again in February, the latter being a date described by Carrick (1972) as a 

measure of ultimate annual productivity and success of a specific breeding pair of 

magpies. I did not attempt to measure clutch size largely due to the inaccessibility of 

most magpie nests (often greater than 12m above the ground, D. Jones unpubl. data), 

and also because interference with magpie nests with items such as telescopic 

mirrors, or simply close observations, can result in future aggressive responses from 

the birds towards the observer (Cilento and Jones, 1999; Jones, 2002; pers. obs.). For 

all breeding pairs I recorded the proportions of nesting attempts that had at least one 
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young at hatching, fledging and finally in February, against total failures of a nesting 

attempt to produce any young at the same stages. 

 

6.2.4. Data analysis 

 

Mann-Whitney U-tests were used to test for significant differences in the medians of 

RSEQ and SB nesting data. Chi-square tests (with Yates correction where necessary) 

were used to determine if there was a nest tree preference of nesting magpies in SB 

and RSEQ areas. G-tests (with Williams’ correction where necessary) were used to 

determine if the proportions of nesting attempts of RSEQ and SB magpies, rearing at 

least one juvenile was significantly different. Means and standard deviations are 

reported for nest start dates, clutch initiation dates, hatch date, fledge date and 

number of surviving young (various stages). P-values ≤0.05 were considered 

significant (Zar, 1999) and all non significant results are presented as > 0.05, 

however where probability is close to being significant the possible trend is 

discussed within the text.  

 

 

6.3 RESULTS 
 

6.3.1. Nesting phenology 

 

During the 2000 breeding season I recorded the timing of breeding in 25 pairs of 

magpies in SB, and 12 in RSEQ. SB magpies initiated nest building significantly 

earlier than RSEQ magpies (approximately 13 days) (Table 6.1), and subsequent 

clutch initiation date was also significantly different between the two groups (Table 

6.1) with the SB magpies initiating egg laying approximately 15.4 days before RSEQ 

magpies. The following season (2001) again showed differences in the timing of 

breeding between SB and RSEQ magpies, with nest building and clutch initiation in 

SB magpies being advanced even further (approximately 17.4 and 18 days 

respectively) than in the previous year. 
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Nest initiation dates differed between years in both SB and RSEQ magpies (Mann 

Whitney U-test, U = 75, P <0.001; Mann-Whitney U-test, U = 23, P = 0.003, 

respectively). In SB magpies there was a mean 12.8-day difference between 2000 

and 2001, with the 2001 data showing earlier nest building than in the previous year. 

Similarly, in the RSEQ magpies, nest building was earlier in 2001 (a mean of 8.3 

days) than in 2000. However, despite both SB and RSEQ magpies starting nest 

building earlier in 2001, the median date of clutch initiation did not differ 

significantly between years (Mann-Whitney U-tests, P >0.05) with both groups 

laying their first clutch at approximately the same time in 2001 as they did in 2000. 

 

 

Table 6.1 Comparison of nest building and clutch initiation dates between SB 

and RSEQ magpies (1 = 1st June). Figures are means ± 1SD with sample sizes in 

parentheses. 

 

  SB RSEQ P* 

Nest building date 2000 57.6 ± 7.9 (25) 70.5 ± 11.6 (12) < 0.001 

 2001 44.8 ± 12 (25) 62.2 ± 14 (15) < 0.001 

     

Clutch initiation date 2000 67.2 ± 9.8 (24) 82.6 ± 11.5 (12) < 0.001 

 2001 66. 2 ± 10 (22) 84.3 ± 15 (15) < 0.001 

 
*P-values are from Mann-Whitney U-test, 2 tailed. 
 

 

Only native tree species, mainly eucalypt, were present within the territories of 

RSEQ magpies (pers. obs.) and consequently all nests were in these native trees. In 

SB territories, however, all territories contained a mixture of native, regionally 

introduced (e.g., Norfolk pine Araucaria heterophylla) and introduced tree species 

(pers. obs.). A significant majority of SB magpies chose native tree species 

(Eucalyptus spp.) in which to construct their nests, with the remainder being built in 

Norfolk pines (4 nests), African tulip (Spathodea campanulata) (1 nest) and cocos 
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palm (Cocos spp.) (1 nest) (χ2
1 = 24.8, P <0.001). There were no instances of 

magpies utilising artificial structures such as buildings, poles or pylons for nest sites.    

The duration of incubation did not differ significantly between years in either 

population, and so the data from 2000 and 2001 were pooled (Mann-Whitney U-

tests, P >0.05) (Table 6.2). Comparisons of pooled SB incubation data and pooled 

RSEQ incubation data showed no significant difference between treatments (Mann-

Whitney U-tests, P >0.05).  

 

Between years analysis found significant differences in nestling period for SB 

magpies (Mann-Whitney U-tests, U = 87; P = 0.02), so 2000 and 2001 data was not 

pooled. No significant differences in nestling period were evident between SB and 

RSEQ magpies during 2000 (Table 6.2). However, the 2001 data did show a 

significant difference, with SB magpies having a shorter mean nestling period than 

RSEQ magpies (Table 6.2). 

 

 

Table 6.2 Comparisons of nestling and incubation periods of SB and RSEQ 

magpies. Figures are means ± SD with sample sizes in parentheses. 

 

 Year SB (n) RSEQ (n)   P* 

 

Nestling 

period (days) 

 

2000 

 

38.2 ± 3.0 (19) 

 

37.3 ± 2.5 (6) 

 

> 0.05 

 2001 34.5 ± 4.0 (21) 37.8 ± 4.6 (10) 0.01 

     

Incubation 

period (days) 

2000 and 2001 

combined 

22.5 ±  2.7(46) 23 ± 1.9 (20) > 0.05 

     

 
*P-values are from Mann-Whitney U-test, 2 tailed 
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6.3.2. Reproductive and survival rate 

 

At fledging there was no significant difference between the number of SB and RSEQ 

young fledged (both years), and a similar result was found for the number of young 

reaching the February count, with SB magpies producing only slightly (but not 

significantly) more young per pair than RSEQ during the 2001 breeding season 

(Table 6.3). During both years of the study, for both SB and RSEQ fewer young 

were recorded at the February count than at fledging, with SB magpies showing a 

greater trend to mortality between the two stages than RSEQ magpies. I could not 

fully evaluate the causes of mortality between fledging and the February count as in 

most instances there was no indication why the juvenile magpies were absent; they 

were simply not present during at least three successive counts. In three cases, 

however, I did find dead juvenile magpies, all in SB areas. One appeared to have 

been killed by a predatory animal, most likely a domestic cat (Felis domesticus), and 

the other two were found dead on a road, and assumed to have been killed by a 

vehicle (see Table 6.4 for the number and timing of juvenile losses). 

 

 

Table 6.3 Mean number of young magpies surviving until fledging and a 

February count, in SB and RSEQ populations during 2000 and 2001 breeding 

seasons. Figures are means ± 1SD with sample sizes in parentheses. 

 

  SB RSEQ P* 

Young per pair at fledging  2000 1.2 ± 0.8 (25) 1.0 ± 0.8 (12) > 0.05 

 2001 1.6 ± 1.2 (25) 1.3 ± 1 (15) > 0.05 

     

Young per pair at February 

count  

2000 0.7 ± 0.8 (25) 0.7 ± 0.6 (12) > 0.05 

 2001 1.0 ± 0.7 (25) 0.8 ± 0.8 (15) > 0.05 

 
*P-values are from Mann-Whitney U-test, 2 tailed 
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During 2000 the proportions of nesting attempts successful until hatching and 

fledging are similar in SB and RSEQ magpies (Table 6.4) (G-Test adj, P >0.05). The 

differences occurred at the February count (2000 data); SB magpies had only a 40% 

success rate compared to that of 58% in RSEQ (G adj = 6.854, df = 1, P <0.01). The 

following year showed a similar pattern for hatching and fledging (G-Test adj,            

P >0.05), but the February count data was non-significantly different in 2001 (G-Test 

adj, P >0.05). Both SB and RSEQ magpies had a greater overall success (February 

count) in 2001 than in 2000 (Table 6.4). The February data showed a 28% increase in 

success for SB magpies and a 15% increase in success for RSEQ magpies, compared 

to the previous year. 

 

 

Table 6.4 Breeding success of Australian magpies in SB and RSEQ populations 

during 2000 and 2001 breeding seasons. Proportions of nesting attempts with at least 

one young at hatching stage, fledgling stage and at a final February count. 

Percentages (in parentheses) are for number of nests.

 

Year Number of 

breeding pairs 

Number 

of nests 

Hatching 

(%) 

Fledging 

(%) 

Survive 

until Feb 

(%) 

2000      

SB 25 30 21 (70) 19 (63) 12 (40) 

RSEQ 12 12 8 (67) 7 (58) 7 (58) 

      

2001      

SB 25 29 25 (86) 21 (72) 20 (68) 

RSEQ 15 15 12 (80) 11 (73) 11 (73) 
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Although the data for success and mean number of juveniles produced appears to be 

similar, albeit slightly different between years, the reproductive effort to achieve the 

outputs was not the same in SB and RSEQ magpies. During both years of the study 

some of the SB magpies produced a second clutch (20 % in 2000 and 16 % in 2001). 

The majority of these were replacements for a failed first attempt, although in one 

case two successful clutches were raised. The instances of re-nesting occurred after 

failures early in the breeding cycle (5 cases during incubation and 3 during small 

nestling phase). In RSEQ magpies, when a first attempt failed they did not lay a 

second clutch throughout the two years of the study. 

 

 

6.4 DISSCUSION 
 

6.4.1. Nesting phenology 

 

The results of the current study show clearly that the SB magpies initiated breeding 

significantly earlier than the RSEQ magpies during both years of the study. To 

explain this we must consider the factors that may influence the timing of breeding, 

and how these factors may differ between SB and RSEQ habitats. It is generally 

accepted that birds time their reproduction to ensure optimal survival of their young, 

and that initiation of breeding is controlled by cues such as photoperiod, temperature 

and food availability (Lack, 1954; Perrins, 1970). Photoperiod is unlikely to be 

responsible for the variation in breeding parameters shown here, as the SB and 

RSEQ sites were in the same geographical area and therefore day length was equal 

for both areas. Robinson (1956) also dismissed photoperiod as a mechanism that may 

control the onset of breeding for the western race of the Australian magpie, in favour 

of rainfall and associated effects on vegetation growth and subsequent invertebrate 

productivity. In the current study it is more likely that the factors controlling the 

timing of breeding were related to food and temperature, and that anthropogenic 

activities common to suburban areas were possible causes of the differences in these 

two factors when compared to the rural areas.  
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Food availability has been shown to be an important supplementary breeding cue for 

many species, and species strongly sensitive to such cues advance their breeding 

when abundant food becomes available (see Hahn et al., 1997 for review). Within 

suburban areas activities such as watering and fertilising of grassed areas, areas that 

would naturally be dry and low in food resources during dry conditions may instead 

be lush and abundant in invertebrate food, readily available to birds, especially 

ground feeding passerines (Falk, 1976; Chapters 3 and 4). Furthermore, human 

activities such as wildlife feeding, a common practice in suburban areas worldwide 

(Cowie and Hinsley, 1987; Brittingham and Temple, 1988; Cowie and Hinsley, 

1988) including Australia (McLees, 2001; Howard and Jones, 2003; Rollinson et al., 

2003; Chapter 5), are likely to improve food availability significantly in suburban 

areas. In North America, Orians (1960) showed that tricoloured blackbirds (Agelaius 

tricolour) frequently re-nested during a traditionally non-breeding period as a result 

of human inputs of water and its subsequent effect on food resources. Selander and 

Nicholson (1962) also showed similar out-of-season breeding in urban populations of 

the boat-tailed grackle, this time as a result of abundant food provided by humans. A 

recent wildlife feeding survey (Rollinson et al., 2003; Chapter 5) undertaken within 

the same SB study sites, showed that the magpies used in the current study were 

common recipients of human provided food. 

 

In addition to the influence of food, decreased winter temperatures, most evident in 

this study region from May to July, have been shown to have an inhibitory effect on 

gonad activity, sexual activity and food availability and thus control the timing of 

breeding in birds (e.g., Jones, 1986; Svensson and Nilsson, 1995; Hahn et al., 1997). 

Jones (1986) noted that the European magpie (Pica pica) delayed breeding as a result 

of low temperatures; the effect on the gonadal development delayed egg laying 

because testicular hormones are required for male courtship and nest building 

behaviours. 

 

Although the climate of the region in which this study was undertaken is sub-

tropical, the effect of temperature in such regions should not be overlooked as a 

possible factor influencing the timing of breeding in birds (Erz, 1966). With regard to 
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possible differences between SB and RSEQ areas, the meteorological data (Figure 

6.1) for the two areas does show slightly lower minimum temperatures in RSEQ. 

Suburban areas similar to SB areas in this study, are often shown to have slightly 

higher temperatures than surrounding rural or exurban areas (Erz, 1966; Marzluff, 

2001; Kalnay and Cai, 2003), largely due to suburban environments being more 

enclosed and ‘insulating’, whereas the more open nature of the rural areas may result 

in lower mean temperatures. The inhibitory effects of temperature on reproduction 

may have been relaxed at an earlier date in SB areas than in RSEQ areas, and 

therefore may contribute to my results. 

 

In addition to the spatial differences in timing of breeding, the data also showed 

temporal differences in the initiation of nest building. In both SB and RSEQ 

magpies, nest building was earlier in 2001 than in 2000 (but still significantly 

different between the two groups). Lloyd (1999) showed that birds within an area of 

similar climate in South Africa were induced to breed after certain climatic events 

(e.g., rain), often in advance of their usual traditional breeding periods. In the review 

by Hahn et al. (1997) it was found that many bird species, particularly those from 

tropical areas or areas with unpredictable conditions, were able to quickly respond to 

short-term supplementary cues, such as suitable climatic conditions or an improved 

food supply. For magpies, temporal variations in the factors possibly controlling the 

timing of breeding, such as rainfall, temperature and food, may contribute to my 

results.  

 

The incubation period of both SB and RSEQ magpies appears to be more fixed than 

the other breeding ecology variables measured, and in both years of the study there 

was no significant difference in the duration of incubation. This data is also similar to 

incubation periods noted for the same species in other geographical areas with 

different climatic conditions (Robinson, 1956), suggesting that the incubation period 

is not influenced significantly by external factors as appears to be the case for the 

other parameters mentioned. The nestling period did differ during 2001 with SB 

magpies fledging in significantly less time than RSEQ magpies (approximately 3 

days). This result again points to the possibility that a factor such as an improved 
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food supply in SB areas may have resulted in earlier fledging. However, this result 

was evident for only 2001; the unusually harsh drought conditions (described in 

detail below) of the 2000 season might have diminished any advantage SB habitats 

provided (see next page for discussion). It must be noted that this significant result 

should be treated with caution and may in fact be an artefact of the sampling interval 

used in the study (mean 2.3 days). 

 

6.4.2. Reproductive success 

 

Advancement in the timing of breeding in birds can often be associated with an 

overall increase in productivity or success (Davies and Lundberg, 1985). This was, 

however, not the case in the present study: the mean number of juvenile magpies 

produced per SB pair of magpies (Table 6.3) did not differ significantly from RSEQ 

magpies. The times of the breeding season when entire nest/fledgling losses occurred 

(Table 6.4) showed that for SB birds, this was most likely to occur between the 

fledging stage and the final February count, whereas losses for RSEQ magpies 

during the same period were not as pronounced. The period from fledging until 

February is associated with juvenile magpies increasingly gaining independence 

from their parents whilst still remaining in the family group often until, and 

occasionally beyond, the next breeding season (Carrick, 1972). The typical habitat of 

SB magpies presents a variety of dangers such as road traffic and predators, such as 

domestic cats. Although I only detected two road fatalities of juvenile magpies (more 

may have occurred but were simply not found), previous studies have indicated this 

as a major cause of mortality in juvenile magpies located in areas of heavy road 

traffic, and that this mortality is negatively correlated with age (Burger and 

Gochfeld, 1992). Furthermore, Jokimaki and Huhta (2000) found that avian species 

present in open and manicured parks and gardens are more vulnerable to predation 

than birds in rural or more natural habitats, which have areas of natural understory 

present within their territories, enabling birds to seek refuge from potential dangers. 

A similar decline in breeding success within more urbanised habitats has also been 

shown for the American crow (Corvus americanus) (Marzluff et al., 2001). 
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Also evident from the data was the difference in the number of failures, at various 

stages, between the two years of our study. Both SB and RSEQ magpies were more 

successful in terms of the proportion of nesting attempts raising at least one juvenile 

during 2001 than during 2000. As mentioned previously, the 2000 season suffered an 

extended drought period (O’Leary and Jones, 2002), conditions likely to be a 

contributing factor for this lower success rate in both areas of the study (Figs. 6.1 and 

6.2). Initially it was thought that the more favourable food resources of the suburban 

environment associated with anthropogenic sources (both indirect and direct sources; 

Chapters 4 and 5) would have compensated somewhat for harsh climatic conditions. 

However restrictions on the use of water for watering of parks and private lawns 

(Brisbane City Council pers. comm.), probably resulted in the main prey items, 

particularly scarab beetle larvae and earthworms, moving deeper down in the soil 

column and therefore out of reach of foraging magpies (Floyd and Woodland, 1983). 

A study conducted during the same drought period (O’Leary and Jones, 2002) 

confirmed that magpies, in areas similar to the SB areas used in this study, foraged 

for less optimal food sources, indicative of a shortage of natural food. Furthermore, 

the use of food provided by wildlife feeders became a greater component of 

nestling’s diet. Nonetheless it is possible, as shown in other studies (Cowie and 

Hinsley, 1987), that this supplementary food may not have been of sufficient 

nutritional quality to provide the necessary nutritional requirements required for 

development, and ultimately the nestlings may not survive. In fact, Alley (1979) 

showed there is often a certain degree of selectivity in the food items given to young 

magpies, with large natural food items being favoured. 

 

In conclusion, it is evident from this study that certain elements of the suburban 

environment may influence the breeding ecology of suburban magpies in ways 

similar to the temperate Northern Hemisphere studies described previously (Selander 

and Nicholson, 1962; Parker, 1996; Boal and Mann, 1999). The availability of food 

is likely to be a key factor influencing the timing of breeding. However, food 

availability alone is unlikely to be the only factor influencing the timing of breeding. 

The lower winter temperatures may delay the onset of breeding and the dates I found 

in SB magpies may be the earliest times possible for this species to initiate breeding, 
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at least in southeast Queensland. The current suburban landscape within suburban 

Brisbane is favourable to the magpie. The large amount of mown grassland, a 

potentially rich food source and preferred large eucalypt nest trees provide an ideal 

habitat (Chapter 3), and in some cases a preferred habitat (Wood, 1996) for the 

magpie. However, despite suburban areas providing positive components for this 

opportunistic species, the current study indicates that any potential gains this may 

have in terms of reproductive output can be lost due to negative aspects of the 

suburban habitat (possibly traffic and predation), which may result in high mortality 

of juvenile magpies, particularly fledged magpies. From the study it appears that 

magpies within the suburban sites studied here fared no better than their rural 

counterparts, and indeed, had to work harder (producing more clutches per female) 

for a similar or slightly lower reproductive output. Nonetheless, it is the magpie’s 

ability to respond reproductively to environmental changes within the suburban 

environment (such as improved food resources) that has allowed it to survive in such 

areas. Its ability to respond to environmental breeding cues and to initiate breeding 

earlier (thereby providing the potential for a second clutch should the first fail), may 

be a key component of the magpie’s success within the suburban habitat.  
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Chapter 7: The influence of supplementary food 

 

7.1 INTRODUCTION 

 

Several studies that have compared avian populations in urban and non-urban 

habitats have noted a variation in breeding ecology parameters within urban 

populations when compared to the non-urban populations (e.g., Parker, 1996; Boal 

and Mann, 1999; Chapter 6). Variation in breeding cues that initiate breeding, such 

as food supply and temperature has been suggested as influencing such observations 

(Hahn, 1997; Chapter 6). For example, it has long been known that cities and urban 

areas are often marginally warmer than surrounding rural or exurban areas (Kalnay 

and Cai, 2003), and as a result, the inhibitory effect cold temperature has on breeding 

initiation may be relaxed earlier in cities than in the rural areas (e.g., Marzluff, 2001). 

Similarly food supply, an important breeding cue for many bird species (Lack, 1954; 

Perrins, 1970) has been implicated as a key factor explaining differences in the 

breeding ecology of urban and rural populations. Urban boat-tailed grackles 

(Quiscalus major) (Selander and Nicholson, 1962), for example, have been shown to 

breed outside of their normal breeding season, probably because of food provided by 

humans. Similarly, urban populations of the Mississippi kite (Ictinia 

mississippiensis) initiate breeding significantly earlier than populations in rural areas; 

again an improved food supply within urban areas has been suggested as the main 

explanation (Parker, 1996). 

 

Several anthropogenic practices have been shown to improve the food supply within 

urban habitats, the most direct source being wildlife feeding, where food is provided 

specifically for birds. The practice of wildlife feeding in suburban areas appears to be 

common throughout the developed world (Cowie and Hinsley, 1988; Brittingham 

and Temple, 1988; Cowie and Hinsley, 1987; Howard and Jones 2002; Rollinson et 

al., 2003; Chapter 5), although information on the specific effects to the species 

feeding from these food sources is limited. More indirect anthropogenic activities 

such as fertilising and watering of parks and gardens have also been shown to 

provide an improved food supply for urban birds. Falk (1976), for example, found 

urban foraging areas to be far more abundant in invertebrates than rural pastoral 

areas as a result of such practices. Similarly the addition of water during a naturally 
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dry time of the year, and its subsequent effect on food resources, was implicated as a 

likely reason for tricoloured blackbirds (Agelaius tricolour) having an extended 

breeding season in North America (Orians, 1960). 

 

Within Australia suburban populations of the Australian magpie (Gymnorhina 

tibicen) have been shown to initiate breeding significantly earlier than magpies 

located in rural areas (Rollinson and Jones, in press; Chapter 6). Food was suggested 

as a likely key factor to explain these results. The areas of suburban Brisbane where 

advancement in breeding dates was noted, have also previously been shown to 

receive a sustained and fairly high level of human provided food (Thomas, 2000; 

Howard and Jones, 2003; Rollinson et al., 2003; Chapter 5) with magpies being the 

main recipient of such food. It was thought this human-provided food might be a 

contributing factor to the dissimilarities in breeding parameters shown previously. 

However, despite an improved food supply within suburban areas being suggested as 

a key reason for alteration of breeding parameters in the Australian magpies, such 

factors remain speculative and untested.  

 

The aim of the current study was to explore the role food plays in the timing of 

breeding in the Australian magpie. In particular, the prediction that a greater 

availability of food (from anthropogenic sources) within the territories of suburban 

magpies is associated with the advancement of breeding dates is tested. Suburban 

magpies utilise two main sources of food: natural items (Vestjens and Carrick, 1974; 

Chapter 4), primarily ground-dwelling invertebrates, and anthropogenic foods 

(O’Leary and Jones, 2001; Jones, 2002; Chapter 4). Quantification of the differences 

in the natural food resources of suburban versus rural magpie territories formed the 

basis of a separate study (Chapter 3), and showed several differences between the 

two locations, in particular a trend for more soil dwelling organisms such as 

earthworms and beetle larvae in suburban areas. Quantification of human provided 

foods is far more difficult (Rollinson et al., 2003; Chapter 5), however within the 

current study area it would appear to be a common practice and magpies are often 

specifically targeted to receive food (Rollinson et al., 2003; Chapter 5). To 

investigate the influence of anthropogenic food sources I attempted to recreate the 
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situation that may be occurring in suburbia by providing supplementary food to 

magpies from non-urban populations, in areas previously shown to initiate breeding 

later than the suburban magpie populations (Chapter 6).  

 

This study should provide information on how the anthropogenic practice of wildlife 

feeding influences reproductive timing and productivity in a synanthropic species. 

The ecological effects of wildlife feeding have been highlighted by several workers 

(see Green and Higginbottom, 2001 for review) as an area lacking in information. It 

is currently speculated that the provision of food to certain avian species has led to 

breeding ecology changes and an increased reproductive success and ultimate 

proliferation of the species. 

 

In addition to the specific aims, the study will also provide wider ecological 

information relating to the influence food has on breeding initiation and productivity 

within a Southern Hemisphere, subtropical region. Such locations were highlighted 

in a detailed review of supplementary feeding experiments (Boutin, 1990) as areas 

lacking in research. The majority of previous work examining the effect that food has 

on the timing of breeding have been carried out in temperate Northern Hemisphere 

locations (36 out 40 studies to date; Boutin, 1990), and as such the significance of 

food within the current geographical location is not fully understood. 

 

 

7.2 METHODS 
 

7.2.1. Study species  

 

The Australian magpie is a member of the Austral-Papuan passerine family 

Artamidae. It is native to Australia and New Guinea and has also been successfully 

introduced to New Zealand and several other South Pacific islands largely as an 

unsuccessful biological pest control (Lever, 1987).  The Australian magpie should 

not be confused with the black-billed magpie (Pica pica) of Europe or North 

America, with which this species is only distantly related. 
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The species typically inhabits open eucalypt woodland and is found throughout the 

entire Australian continent with the exception of the very arid and densely forested 

areas (Blakers et al., 1984). Magpies are also commonly associated with suburban 

habitats (Rowley, 1974; Catterall et al., 1991; Jones, 2002). Indeed, Wood (1996) 

found that magpies have a preference for suburban areas, with the species being 

more abundant in suburban areas of Wollongong than in an adjacent semi-natural 

public reserve. Magpies within the current study area (southeast Queensland) are of 

the Gymnorhina tibicen tibicen taxon (Schodde and Mason, 1999), the nominal 

black-backed group, which form permanent breeding pairs and defend a territory 

year-round, occasionally with juveniles from the previous breeding season present 

(Hughes et al., 1983; Hughes and Mather, 1991). The breeding season is typically 

July to October (Carrick, 1972).  

 

Previous research on the magpie has focused mainly on territory structure (Hughes et 

al., 1983; Hughes and Mather, 1991) and colour morphs exhibited by the various 

magpie races (Kallioinen, 1995) and aspects of its territory and social structure 

(Robinson, 1956; Carrick, 1972; Veltman, 1989). The majority of these studies were 

undertaken in non-urban areas of low human concentrations. Research into magpies 

present in human-dominated areas is more limited and focuses mainly on their 

aggressive interaction with humans (Mcllroy, 1968; Jones et al., 1980; Cilento and 

Jones, 1999; Jones, 2002; Jones and Nealson, 2003).  

 

7.2.2. Study areas  

 

I conducted the experiment in the greater Brisbane region of southeast Queensland, 

Australia, during 2001. Breeding data was collected from three groups of magpies 

(fed rural, unfed rural and suburban). I selected 10 magpie pairs (fed, hereafter), 

which were to receive supplementary food, and 15 control pairs (unfed, hereafter) 

that would not to receive any supplementary food. All 25 pairs were located in non-

urban, rural areas, approximately 40km south east of the city of Brisbane. The rural 

sites were comprised of low-intensity farmland interspersed with remnant native 

vegetation. This remnant vegetation was largely dry eucalypt forest with occasional 
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areas of moist eucalypt forest and vegetation typical of the sub-tropical rainforests of 

the region (Catterall and Kingston, 1993). The magpies do not, however, frequently 

utilise these remnants, preferring the green pasture for foraging (Wood, 1996; Jones, 

2002). Although the study sites were obviously not truly natural areas, they did 

resemble the ideal non-urban habitats used by the species throughout its range 

(Jones, 2002). For the purpose of this study certain anthropogenic factors were 

required to be absent from the sites: none were situated adjacent to homesteads or 

roads; no birds received additional supplementary food (other than that provided to 

the fed pairs); no additional water was provided; and fertilisers and pesticides were 

not used within the magpie territories during the study.  

 

The third group of magpies used for this study were located in suburban areas. 

Twenty-five such suburban magpie pairs (suburban hereafter), located in suburban 

parks in the south Brisbane area, and were observed during the duration of the 

experiment. No experimental supplementary food was provided to these suburban 

magpie populations, any additional food received being from individual wildlife 

feeders (see Chapter 5 for descriptions and quantifications of wildlife feeding 

practices within the suburban study areas). This third group of magpies was included 

in the study to allow comparisons against fed rural and non fed rural magpies to be 

made.   

 

The rural and suburban locations used in this study both had similar coastal sub-

tropical climates, although the climatic data (Figs. 7.1 and 7.2) obtained from the 

Australian Bureau of Meteorology for the year of the study does indicate subtle 

differences particularly with regard to the mean minimum temperatures. Consistently 

lower monthly mean minimum temperatures were recorded for rural areas. 
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Figure 7.1 Mean monthly minimum temperatures (0c) for suburban and rural area 

during 2001. 
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7.2.3. Colour banding 

 

Prior to the commencement of the experiment all magpies used in this study were 

banded to ensure that the same birds were observed throughout the experiment; this 

included fed, unfed and suburban magpies (see Jones, 2002; Chapter 2 for further 

details). Once caught the magpies (both male and female) were banded with a unique 

combination of coloured plastic bands and a single numbered metal-band. 

 

7.2.4. Feeding schedule 

 

The supplementary food consisted of 50g of minced kangaroo meat mixed with 50g 

of cereal. Calcium and insectivore supplements were added to the supplementary 

food to minimise the likelihood of negative effects from consuming the food 

(Dengate, 1997; Queensland Parks and Wildlife Service pers. comm.). The amount 

of supplementary food provided was based upon daily food intake estimations for 

similar sized birds (Lasiewski and Dawson, 1967). At each of the experimental sites 

the food was placed on either a purpose-built feeding platform or a pre-existing 

structure such as a fence pole; no feeding platforms were placed in the unfed rural 

sites. All sites were receiving supplementary food daily from 15 April 2001 (which is 

approximately 2 months prior to the usual onset of breeding) until 1 December 2001. 

The food was provided in one delivery and at approximately the same time (0900-

1100h) each day. Upon completion of the experiment the supply of food was 

gradually reduced over a period of one month (1-31 Dec) to allow the experimental 

magpies to revert back to their previously un-supplemented feeding patterns.  

 

7.2.5. Assessment of breeding parameters 

 

In order to assess the timing of breeding events within control and experimental 

magpies I conducted daily observations of breeding behaviours throughout the entire 

2001 magpie-breeding season (May to December). Nest building date was given as 

the date the female magpie in the territorial pair was first observed to be engaged in a 

nest building activity. Clutch initiation date was determined using the first date the 
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female was observed incubating. Hatch date, the day when adult magpies were first 

seen feeding the nestlings, and fledging date, the day young magpies first left the 

nest, were also recorded to enable determination of the incubation and nestling 

periods for each pair of magpies involved. Where an entire nest had obviously failed 

I estimated the date and stage of breeding (e.g., incubation, small nestlings, etc.). If a 

breeding pair re-nested after an initial failure, the dates of all the new breeding events 

were recorded in the same manner as before. Similarly, if a second nesting attempt 

followed a successful first clutch the dates of the second clutch were recorded.  

 

Food use observations 

 

In addition to recording details relating to the breeding parameters, observations 

were also made relating to the use of supplementary food by the fed magpies. These 

observations were made largely to ensure the food was not being consumed by other 

species, as this obviously could have affected the outcome of the study. Food use 

was visually estimated twice weekly for the duration of the experiment. The 

percentage of food used was scored in 10% increments from 0 to 100%. Food use 

included actual consumption by the experimental magpie pairs, caching of the food 

and feeding of the food to nestlings. 

 

7.2.6. Statistical analysis 

 

One-factor general linear model (GLM) ANOVA tests were used to compare the 

mean nest start dates, clutch initiation dates, duration of incubation and nestling 

period. Least square differences (LSD) tests were applied a posteriori to highlight 

any means that were significantly different. Data were transformed (logarithmically) 

when they did not meet the normality criteria. Transformation did not normalise data 

on the number of young, therefore non-parametric statistical comparisons were used. 

Linear regression, using arcsine transformed food use percentages, was undertaken to 

examine the possible relationship between food use and progression of the 

experiment. G-tests were used to examine possible differences in the reproductive 

success (nest having at least one surviving young) between fed, unfed and suburban 
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magpies. I report mean and standard error for nest start dates, clutch initiation dates 

and number of surviving young (various stages).  P-values ≤0.05 were considered 

significant (Zar, 1999) and all non significant results are presented as > 0.05, 

however where probability is close to being significant the possible trend is 

discussed within the text.  

 
 

7.3 RESULTS 
 

7.3.1. Food use 

 

Several of the experimental sites initially suffered food loss, mainly due to food theft 

by butcherbirds (Cracticus spp.), Torresian crows (Corvus orru) and occasionally 

laughing kookaburras (Dacelo novaeguineae). This was largely due to the fact the 

magpies, which normally do not tolerate such competitors, did not use the 

supplementary food immediately. Within approximately two_three weeks of the food 

being made available, however, nest pairs were reliably present at the time food was 

made available. The results of the linear regression showed a strong relationship 

between increasing food use and progression of the experiment (F = 132.40,              

r 2 = 0.21, P <0.001) After the initial period of lower food use, there was a sharp 

increase in the proportion of food used with close to 100% of the food being 

consumed after about 20 days. Casual observations of how the food was used by the 

magpies showed food was either; A) consumed by the parent birds at the site of the 

food placement, B) removed and consumed, C) removed and cached or D) removed 

and fed to nestling magpies. 

 

7.3.2. Nest building and clutch initiation date 

 

The results of the nest building dates revealed a succession in the initiation of nest 

building between the three groups (Table 7.1). Suburban magpies started nest 

building first with the fed magpies following a mean of 7.7 days later, and unfed 

magpies 9.7 days after the fed magpies (and 17.4 days after the suburban pairs). The 
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ANOVA tests revealed a significant difference between the means of suburban 

magpies and unfed magpies (LSD, P <0.001), but not between the fed magpies and 

the unfed magpies. 

 

 

Table 7.1 Means, standard errors and GLM ANOVA results for nest start dates 

(1 corresponds to 1st June, therefore the numbers in this graph are days since 1st 

June), clutch start dates incubation period and nestling period. Sample sizes (as 

number of breeding pairs) in parentheses. GLM ANOVA was carried out on log-

transformed data. Significant results are shown in bold. 

 

 Suburban Unfed Fed F df P 

Nest building date 44.8 ± 2.4  

(25) 

62.2 ± 3.6  

(15) 

52.5 ± 3.5 

(10) 

7.23 2 0.020 

Clutch initiation 

date 

66. 2 ± 2.1 

(25) 

84.3 ± 3.8  

(15) 

72.1 ± 3.1  

(10) 

11.12 2 0.001 

       

Incubation period 

(days) 

22.5 ± 0.5  

(25) 

23 ± 0.5  

(15) 

21.5 ± 0.5 

(10) 

2.65 2 0.084 

Nestling period  

(days) 

34.5 ± 0.8  

(21) 

37.8 ± 1.4  

(10) 

34.8 ± 0.9 

(8) 

1.10 2 0.344 

       

 

 

 

The clutch initiation dates followed a similar trend as that of the nest building dates 

(Table 7.1) with a significant difference between suburban and unfed magpies (LSD, 

P <0.001) and also between the fed magpies and unfed magpies (LSD, P = 0.019). 

Suburban magpies were the first to lay their clutches followed by the fed magpies a 

mean 5.9 days later. Again the unfed magpies laid the latest out of the three groups, a 

mean 12.2 days after the fed magpies and a mean 18 days after the suburban magpie. 
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7.3.3. Incubation and nestling periods  

 

There were no significant differences with regard to the duration of incubation in any 

of the three groups (Table 7.1), but the data did show a slight trend for fed magpies 

to have shorter nestling periods (approx. 1.5 days). Similarly the duration of nestling 

period, from hatching until fledging, did not prove to be significantly different 

between the suburban, fed or unfed magpies (Table 7.1). 

 

7.3.4. Frequency of second clutches  

 

The occurrence of second clutches, where an initial first clutch had failed, occurred 

only in suburban and fed magpies; there were no instances of second clutches in the 

unfed magpies. Twelve percent of suburban magpies produced a second clutch and 

10% of fed magpies produced a second clutch. The only occurrence of a genuine 

second clutch (a clutch following a successful first clutch) was within the suburban 

magpie group.  

 

7.3.5. Success and productivity   

 

The number of surviving juvenile magpies was determined at two stages, at fledging 

and in late February (Table 7.2). At fledging there was no significant difference 

between the numbers of young fledged among the three magpie groups (Kruskal 

Wallis test, P >0.05). A similar result was found for the number of young reaching 

the February count, with suburban magpies producing only slightly (but not 

significantly) more young per pair than the other two groups (Kruskal Wallis test,    

P >0.05). Success of the three magpie groups were also compared in terms of 

proportions of nesting attempts reaching certain stages during the breeding season 

(success was taken as having at least one juvenile magpie survive to a particular 

stage). The proportions of nesting attempts successful until the hatching count are 

similar for all three groups (Table 7.3) (G-Test, P >0.05), as was the fledgling and 

February counts data (G-Test, P >0.05 in all cases). Suburban magpies showed the 
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greatest trend for losses during the three measured stages, although this was again 

non-significant. 

 

Table 7.2 Mean number of juvenile magpies surviving until fledging and a 

February count, in suburban, unfed and fed magpie populations during the 2001 

breeding season. Figures are means ± SE with sample sizes in parentheses. P-values 

are from Kruskal Wallis test. 

 

 

 Suburban  Unfed  Fed  P 

     

Mean Young per pair 

at fledging (n) 

1.6 ± 0.25 

(25) 

1.3 ± 0.27 

(15) 

1.6 ± 0.25 

(10) 

>0.05 

     

Mean Young per pair 

at Feb count (n) 

1.0 ± 0.14 

(25) 

0.8 ± 0.22 

(15) 

0.9 ± 0.23 

(10) 

>0.05 

     

 

 

Table 7.3 Breeding success of suburban, unfed and fed Australian magpies 

during the 2001 breeding season. Proportions of nesting attempts with at least one 

young at hatching stage, fledgling stage and at a final February count. Percentages 

(in parentheses) are for number of nests.
 

 

 Number of 

breeding 

pairs 

Number of 

nests 

Hatching    

(%) 

Fledging 

(%) 

Survive 

until Feb 

(%) 

Suburban 25 29 25 (86) 21 (72) 20 (68) 

Unfed 15 15 12 (80) 11 (73) 11 (73) 

Fed 10 11 9 (90) 9 (90) 8 (80) 
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7.4 DISSCUSION 
 

It was originally hypothesised that an improved food supply within suburban areas 

(particularly from wildlife feeders) was likely to be a key factor explaining 

previously documented differences in timing of breeding between rural and suburban 

populations of magpies (Chapter 6). By recreating one aspect of this improved food 

supply within rural areas (hypothetically having lower food resources), I aimed to 

examine the effect food has on the timing of breeding in magpies. The data showed 

that the supplementary food provided to magpies within rural areas, previously 

shown to initiate breeding at a later date than suburban magpies, caused a significant 

difference in the timing of breeding, with the clutch initiation dates of supplementary 

fed rural magpies being advanced by approximately 12 days of those not receiving 

food.  

 

The advancement of breeding noted between rural magpies receiving supplementary 

food and rural magpies not receiving food was not of the same magnitude as that 

between rural magpie not receiving food and suburban magpies. This suggested that 

the addition of the supplementary food does advance breeding to a certain degree but 

not to the same magnitude as shown between suburban and rural (unfed) populations. 

The results shown here may be a result of suburban areas providing not only human 

provided foods in abundance (Rollinson et al., 2003; Chapter 5), but also certain 

specific naturally occurring food items that may be in a greater abundance and/or 

more easily captured due to suburban landscaping and anthropogenic practices such 

as irrigation (Falk, 1976; Chapters 3 and 4). Although it is widely accepted that food 

is a primary cue for the onset of breeding (Lack, 1954; Perrins, 1970), there is some 

evidence to suggest that specific food types may allow breeding to be advanced 

further (Ewald and Rohwer, 1982). Although the supplementary food provided 

adequate general food requirements for rural magpies, it was possibly deficient in 

some attribute essential for an advancement of breeding greater than the one found 

here (Kallander and Karlsson, 1993).  
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In addition to food, other cues are often cited as factors controlling the timing of 

breeding in birds. In an earlier study (Chapter 6) it was suggested that temperature 

was a possible additional breeding cue, other than food, that might account for 

suburban magpies breeding earlier than ones located in rural areas. Within Northern 

Hemisphere temperate areas temperature is strongly linked to the onset of breeding 

and its inhibitory effects can often prevent the onset of breeding regardless of food 

supply. For example, Svensson and Nilsson (1995) indicated temperature as an 

additional cue to breeding and suggested that above a certain critical limit other cues, 

such as temperature, are used by birds and are unrelated to food supply. Despite the 

climate of the current study being sub-tropical, there was still a distinct period of 

lower temperatures prior to the onset of breeding in magpies. The climatic data for 

the suburban and rural sites used in this study (Fig. 7.1) did show lower minimum 

temperatures within the rural areas. It is possible that lower temperature does have an 

inhibitory effect on the onset of breeding and the slightly higher temperatures 

recorded within suburban areas may account for the results obtained. 

 

The quality and quantity of the food provided during supplementary feeding 

experiments is often questioned as a reason for breeding not being advanced to the 

degree that was predicted (Arcese and Smith, 1988). However, this was unlikely in 

the present study: the food provided was a suggested formula recommended for the 

species in question (Queensland Parks and Wildlife Service pers. comm.) and the 

quantity was based on calculations of daily food intakes of similar sized birds 

(Lasiewski and Dawson, 1967). Furthermore, the occurrence of food caching 

behaviour, noted during this study, is a behaviour rarely seen in this species (see 

Rollinson, 2002; appendix 1 for detailed descriptions of the behaviour), and caching 

has previously been associated with abundant food supplies (Robinson, 1956). Loss 

of food to other species is also unlikely, as magpies were the main recipients of the 

food, with the proportion of food use being close to 100% during the majority of the 

experiment. 

 

It has been suggested (Davies and Lundberg, 1985) that advancement of breeding 

can in some cases, provide reproductive advantages to the breeding birds allowing, 
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either the replacing of failed first breeding attempts or the raising of a second clutch 

after a successful first clutch. This study provides some evidence to support this 

claim. Certain suburban and supplementary fed magpies that initiated breeding 

before rural unfed magpies had second clutches. The majority of second clutches 

were replacements for a failed first attempt, although one suburban pair did produce 

a true second clutch (raising two successful broods during one breeding season), an 

event considered rare for this species in more natural areas (Robinson, 1956; J. 

Hughes pers. comm.). At present it is unknown for certain if the instances of second 

clutches are a result of the initial advancement of breeding or an abundant food 

supply being maintained throughout the breeding season. Repeating the experiment, 

but stopping the supplementary feeding once breeding has been initiated, may 

provide answers to this question.  

 

An abundant food supply may also reduce the time taken to fledge, and thus 

providing further opportunities to rear second broods. In the present study nestling 

magpies where shown to receive supplementary food as part of their diet (pers. obs.), 

however, they did not fledge any earlier than either rural unfed magpies or suburban 

magpies. This suggests that supplementary food has negligible effects on growth rate 

and ultimate fledging time and that the supplementary food may only constitute a 

small part of their diet, with natural foods being preferred (Alley, 1979; Larkins, 

1980; Chapter 4).  

 

Despite showing that suburban magpies and rural fed magpies advanced their 

breeding dates, thereby having the opportunity to raise second clutches, I did not find 

an increase in the overall productivity from these groups of magpies. There was a 

slight trend for suburban and rural fed magpies to produce more juveniles, but the 

mean number of juvenile magpies produced did not differ significantly between any 

of the magpie groups, indicating that food supplementation had little effect on the 

overall success of magpies. Similar results were also shown in rural populations of 

magpies in New Zealand (Veltman, 1988) (where magpies are an introduced 

species). These New Zealand groups of magpies were being supplied with 

supplementary food to test the effect on the timing of juvenile dispersal, not timing 
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of breeding, as in this study. However, it was noted during this previous study that 

there was no apparent increase in overall productivity from magpies receiving 

supplementary food. The suburban magpies in the current study had to work 

considerably harder to reach a similar reproductive output of the rural (fed and 

unfed) magpies. It is possible that mortality factors present within suburban areas 

(Burger and Gochfeld, 1992; Jokimaki and Huhta, 2000) could result in a greater 

number of nestling and fledgling losses. 

 

The widespread provision of food for wildlife has been of concern for some time, 

particularly in Australia (Stanley and Siepen, 1996; Green and Higginbottom, 2000), 

and it is thought that certain species utilising these additional resources may have 

altered breeding patterns and may proliferate, often at the demise of more sensitive 

species (Deis, 1982). The data presented here suggests that the provision of food 

does cause advancement in the breeding dates of the Australian magpie. However, 

because the advancement between fed and unfed birds was not as great as between 

suburban and unfed, it strongly indicates additional factors present within suburbia, 

such as higher temperatures or a greater availability of specific natural foods, may 

also be responsible for the regulation of breeding in this species, and as such 

warrants further investigation. Furthermore, the advancement in breeding I found 

resulted from high quality food being provided to the rural fed magpies. The quality 

of food provided by wildlife feeders in suburbia has been shown to be of varying 

quality and sometimes low quality (Howard and Jones, 2003; Rollinson et al., 2003; 

Chapter 5), therefore reducing the significance that human-provided food may have 

on reproductive timing. Although the results cannot indicate if magpie populations as 

a whole are proliferating as a result of supplementary feeding they do show that 

supplementary food may be one of many features present within suburbia that enable 

magpies to survive in such environments.  

 

Finally it was envisaged the current study could provide broader ecological 

information relating to the controlling mechanisms for avian breeding in a sub-

tropical Southern Hemisphere region. The results do show that the initiation of 

breeding in Australian magpies may be controlled by factors similar to those 

 197



Chapter 7: The influence of supplementary food 

 

previously documented in temperate Northern Hemisphere locations, such as 

temperature and food (e.g., Selander and Nicholson, 1962; Parker, 1996; Boal and 

Mann, 1999). It is acknowledged, however, that this study was undertaken over a 

single breeding season and continuation over a greater temporal scale and focusing 

specifically on natural populations may highlight further breeding cues, such as 

rainfall, which has also previously been implicated as a possible regulatory factor 

within similar areas (Lloyd, 1999). 
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Chapter 8: Territorial intrusions and responses of magpies 

 

8.1 INTRODUCTION 
 

Populations of avian species present in urbanised areas often encounter a different 

array and frequency of potential predatory and non-predatory species to those located 

in less urbanised areas (Green, 1984; Marzluff and Ewing, 2001). Often, urbanised 

areas are associated with a reduction in certain predatory species (Marzluff and 

Ewing, 2001). For example, many raptor species are often absent (Marzluff, 2001; 

Sergio et al., 2003), although a minority have shown particular adaptations to urban 

living (e.g., Parker, 1996). The reduced populations of natural predators within 

urban/suburban areas often coincides with an increase in introduced predators such 

as domestic dogs (Canis lupus), domestic cats (Felis domesticus) and rats (Ratus 

spp.) (Marzluff and Ewing, 2001), many of which prey upon birds (Jokimaki and 

Huhta, 2000). 

 

One species more abundant within areas of urbanisation are humans, and as a result 

urban avian populations are more frequently exposed to human activity than 

populations located  in less populated areas along the urban gradient. The success of 

many urban species is often attributed to an ability to habituate to the presence of 

humans (Burger and Gochfeld, 1991; Fernández-Juricic et al., (2001). This response 

may facilitate their relative success in urban environments by allowing access to nest 

sites and food resources otherwise unavailable to more sensitive species (Cooke, 

1980; Burger and Gochfeld, 1991; Chapters 9 and 10). However, the relationship 

between urban wildlife and humans is not always harmonious, and the wildlife 

management literature is replete with examples of urban wildlife-human conflicts, 

many involving avian species (e.g., Parker, 1986; Jones and Everding, 1991; Jones 

and Thomas, 1998; Jones and Thomas, 1999). Within Australia, the Australian 

magpie is one such species that is known to exhibit extreme aggressive behaviours 

towards humans entering their territory during the breeding season. These 

interactions between humans and the magpie are considered by some authors to be 

the most serious suburban wildlife-human conflict in Australia (Jones, 2002).  
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The aggressive behaviour of magpies toward humans is mainly confined to urbanised 

areas or more specifically areas of high human contact, and is restricted primarily to 

male magpies (Cilento and Jones, 1999). Only a small proportion of magpies display 

this behaviour, with the majority of suburban magpies being relatively indifferent 

towards humans entering their territories (Cilento and Jones, 1999).  

 

This interaction with humans is the most obvious and stark example of interspecific 

aggression in magpies. However, it is possible that magpies may also show 

variability in the way they interact with other interspecific and intraspecific territory 

intruders, and this may also possibly be dependent on the level of exposure they have 

with these species. Furthermore, the level of interactions with territorial intruders is 

likely to have endocrinological implications, notably the response of the stress axis to 

the stressful situation caused by a territorial intrusion and resulting aggressive 

interaction. Therefore it is hypothesised that a higher frequency of intrusion and/or 

aggressive interactions may lead to changes in male magpies corticosterone levels. 

This in turn may have implications for the physiology and behaviour of the 

individual(s) concerned. For example, elevated stress hormones have been shown to 

reduce reproductive behaviours and even cause abandonment of territories in species 

such as the song sparrow (Melospiza melodia) (Wingfield and Silverin, 1986).  
 

The current study was undertaken within the wider context of examining the ecology 

and behaviour of a synanthropic species, the Australian magpies, in an attempt to 

quantify features of the urbanised habitat and behavioural traits of the magpie that 

have led to it becoming a successful suburban species (Jones, 2002). More 

specifically, I aim to provide further details of how inter and intra-specific territorial 

intrusions and responses may differ between magpie populations located at suburban 

and rural points along an urban gradient. First, the frequency and type of intruders 

entering magpie territories were compared between rural and suburban areas. 

Second, I examined the responses of the resident magpies to territorial intrusions, to 

see if magpies located in either rural or suburban areas respond to specific intruder 

types differently. This was undertaken over one breeding season, which controlled 

for the examination of seasonal variations in both intruder types and responses to 
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intruders. Finally, the study aimed to investigate the hormonal response of magpies 

located in rural and suburban areas to territorial intrusions. In particular, magpies 

identified as being extremely aggressive toward humans were incorporated into the 

study. Specifically, I sought to investigate whether the frequency of intrusion and 

frequency of aggressive responses to these intrusions by the resident male magpie 

was reflected in the circulating level of corticosterone. 

 

 

8.2 METHODS 
 

The study was conducted in suburban and rural areas of southeast Queensland, 

Australia during 2001. Suburban study sites (n=16) were established at locations 

within suburban areas of the southern Brisbane region. Rural sites (n=16) were 

located in a variety of rural locations approximately 40km southeast of Brisbane 

CBD (see Chapter 2 for further location details). In addition to the suburban and rural 

groups of magpies used, a third group was also included for the endocrinology 

section of the study. This third group consisted of male magpies that had been 

identified as being potentially dangerous and aggressive to humans (refereed to as 

AH magpies hereafter) and as such were being translocated (Jones and Nealson, 

2003) by the state wildlife agency, Queensland Parks and Wildlife Service (QPWS 

hereafter). All AH magpies used in this study were located in suburban areas and 

were all from within the greater Brisbane region of southeast Queensland. 

 

Focal behavioural observations were made for rural and suburban magpies during 

three stages of the breeding cycle: one during the incubation stage (IS); one during 

the medium nestling stage (MN); and one during the large nestling stage (LN). In 

total 48 focal observations from 16 suburban sites and 48 focal observations from 16 

rural sites were made. For the AH magpies, behavioural observations were collected 

for 12 male magpies during the large nestling period only. Each observation period 

was 30 minutes, and during each period I recorded every territorial intrusion that 

went within 100 m radius of the magpie’s nesting tree. Where groups of intruders 

entered the areas at the same time, I recorded the response of the magpies to the 
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group, not individuals. For each intrusion event I recorded the response from the 

resident male magpie as either aggressive or non-aggressive. The reason for focusing 

on male magpies only is largely due to the fact that the subsequent hormonal analysis 

was only possible for the male magpies (due to the excessive time involved in 

trapping female magpies), and therefore to ensure continuity within all sections of 

study, results for males only are presented. 

 

Following the collection of the intruder data, the types of intruders and responses by 

the focal male magpies were divided into the following two groups for analysis: 

potential threat species, which included real predators (of either adults or nest 

contents), con-specifics and humans; and non-threat species. For each focal sample 

an aggression rate was calculated, this was determined by dividing the number of 

intrusions by the number of aggressive responses from the male magpie during each 

30-minute observation period. Aggression rates were calculated for all intruder 

categories combined, potential threat and non-threat intruder categories. To enable a 

more detailed examination of specific types of intruders entering each location, the 

intruder data was divided into several additional categories: potential predator; non-

predators; con-specifics and humans.  

 

8.2.1. Hormonal analysis 

 

In addition to the behavioural observations of intruder responses from male magpies, 

examination of corticosterone (stress hormone) levels were undertaken for 10 

suburban, 14 rural and 12 AH magpies during the large nestling stage of breeding. 

The blood collection took place immediately after the previously described 

behavioural observations from the large nestling stage of the study. The magpies 

used in the blood sampling were trapped using a walk-in cage containing a live caged 

decoy magpie (for further descriptions of the trapping method used for magpies see 

Jones, 2002; Chapter 2). As mentioned above it, was only possible to reliably capture 

male magpies during the blood collections. Female magpies were both reluctant to 

enter the trap and often took a considerable amount of time to enter; therefore it was 

felt that such extended trapping times might have affected the resulting 
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corticosterone levels. I aimed to keep handling time to approximately two minutes 

(mean handling time 2.05 ± 0.43 mins), to ensure that corticosterone levels were the 

background levels and not elevated as a result of capture stress. Also the magpie was 

observed beforehand to ensure it was not engaged in any aggressive behaviour 

immediately before trapping, which could elevate the corticosterone level. 

 

After the magpie was captured, the alar vein in the wing was punctured using a 

heparinized syringe and blood was collected in heparinized microhematocrit 

capillary tubes. Whilst in the field the blood samples were stored on ice for 

approximately 2 hrs, after which they were centrifuged and the plasma harvested and 

stored at -20°C. The plasma samples were then transported frozen to the University 

of Wollongong for radioimmunoassay analysis and followed methods previously 

described by Wingfield et al. (1992). The resulting corticosterone values were 

adjusted for variation in sample volume and extraction efficiency (% recovery).  All 

samples were assayed in duplicate. Intraassay variation was <6%. 

 

8.2.2. Statistical analysis 

 

Exploratory data analysis was performed prior to final analyses and any data that 

lacked normality was logarithmically transformed log10 (x+1). Similarly the 

aggression rate data (proportional) was arcsine transformed prior to analysis.  P-

values ≤0.05 were considered significant (Zar, 1999) and all non significant results 

are presented as > 0.05, however where probability is close to being significant the 

possible trend is discussed within the text.  

 

Behavioural data  

 
Two-factor repeated measures ANOVA’s were used for the behavioural data, with 

nesting stage, location and their interactions as factors. Separate ANOVA tests were 

performed for the total intrusions, total aggressive interactions and aggression rate 

(all intruder categories combined). In addition, the intruder data was further 

separated into potential threat species and the non-threat intruder data, and again 
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two-factor repeated measures ANOVA’s were used for the variables intrusion rate, 

aggressive interactions and aggression rate.  

 

It must be noted that ANOVA’s were not conducted on the aggression rates for 

potential threat intrusions. Because there were several instances where the focal 

observations recorded no potential threat intrusions (therefore no aggression rate 

could be calculated), the data was in most cases highly unbalanced and subsequent 

analysis was not possible. The AH magpie intruder data, recorded from the large 

nestling stage only, was not incorporated into any of this analysis. 

 

It was initially planned to perform ANOVA tests on more specific intruder categories 

than those described above, however the low intrusion rates and responses for some 

categories would have made any conclusions tentative, therefore, Chi2 contingency 

tables were used to examine any significant association between locations and 

proportions of specific intruder types entering the territories of rural and suburban 

magpies. The data used for the Chi2 tests consisted of pooled between nesting stage 

data. Chi2 tests were also used to examine the response of magpies to different types 

of intruder, in the form of proportions of intrusions that resulted in aggressive 

responses. The category predator was further sub-divided into specific types of 

predators and again analysed with Chi2 contingency tables to examine possible 

differences in frequency of intrusion by certain predators in the rural and suburban 

areas.  

 

Hormone data 

 
The levels of corticosterone present in rural, suburban and AH magpie blood samples 

was analysed using a one-factor ANOVA (magpie group as the factor). In addition to 

the hormone analysis a measure of the intruder rate and response from resident 

magpies prior to the blood sampling was also determined. For each focal magpie that 

had a corresponding corticosterone sample, the number of intrusions, aggressive 

interactions and subsequent aggression rate was determined for all intruder 

categories combined, potential threat and non-threat categories. One-factor 

ANOVA’s were used to examine these data; behavioural data from the AH magpies 
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was also included in these analyses. While the behavioural data for rural and 

suburban magpies was a component of the previously described data set for the 

intruder data over the three breeding stages, only the focal magpies from the large 

breeding stage and those with a corticosterone sample were used in this analysis.  

 

To further explore the possible relationship between corticosterone level and the 

behavioural data immediately prior to the blood sample, Spearman’s rank correlation 

coefficients were used. Corticosterone was analysed against the intrusion rate; 

aggressive interactions and aggressive rate for all intruder categories combined, 

potential threat, non-threat and human only intruders. Means and standard errors are 

reported as untransformed data and P-values ≤0.05 were considered significant (Zar, 

1999). 

 

 

8.3 RESULTS 
 

The mean number of intrusions into the territories of rural and suburban magpies did 

not differ significantly between the two locations or between breeding stages when 

all intrusion categories combined were analysed (LSD, P >0.05; Table 8.1). 

Similarly, no differences were shown between locations or breeding stages for the 

non-threat intrusions. The results for potential threat intrusions did, however, show a 

significant difference in the intrusion rates, with suburban territories having the 

greatest number of intrusions (Fig. 8.1). Also there was a significant result between 

breeding stage, with incubation stage (both locations combined) recording more 

potential threat intrusions than the large nestling stage (LSD, P <0.05 in all cases). It 

must be noted that human intrusions made up a significant proportion of the potential 

threat data (73.6%), therefore the significant result shown here is likely to be 

reflective of the level of human intrusion in suburban magpie territories. 

 

Additional analysis of the frequency of specific intruder types entering the two 

locations (all stages combined) highlighted certain differences with respect to 

location (Table 8.2; χ2 = 210.82, df = 3, P = 0.001). Most notable of these was the 

 210



Chapter 8: Territorial intrusions and responses of magpies 

 

greater proportion of intrusions within suburban areas from humans, which 

complements the findings of the previous ANOVA tests. Within rural areas the 

results suggest that both predatory and non-predatory intrusions were more frequent 

(Table 8.2). The frequency of intrusions from con-specifics was also shown to be 

greatest in suburban areas. 

 

 

 

Table 8.1 Summary of the results of the two-factor ANOVA tests for effect of 

location (suburban, rural) and breeding stage (incubation, small/medium/large 

nestling, fledgling and non-breeding) upon number of intruders (all intruder 

categories combined, potential threats and non-threat intruders). Significant results 

shown in bold. 

 

 

Variable df F P 

    

All intruder categories combined    

Location  1 1.709 0.194 

Breeding stage 2 0.026 0.975 

Breeding × location 2 1.340 0.267 

Potential threat intruders    

Location  1 56.688 0.001 

Breeding stage 2 3.111 0.049 

Breeding × location 2 0.979 0.380 

Non-threat intruders    

Location  1 2.172 0.144 

Breeding stage 2 0.594 0.554 

Breeding × location 2 2.174 0.120 
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Figure 8.1 Mean numbers of potential threat intruders recorded per 30 min 

observation period in (top) rural and suburban locations and (bottom) during the 

incubation stage (IS) medium nestling stage (MN) and large nestling stage (LN). 

Values presented are means ± 1SE. 
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Table 8.2 Percent of each specific intruder type entering rural and suburban 

magpie territories during three 30 min focal periods of observation. The intrusions 

have been combined from the three breeding stages. The actual numbers of intrusions 

are shown in the parenthesis. 

 

 
Intruder type Suburban Rural 

Predator 6.4 (57) 8.1 (64) 

Non-predator 67.4 (605) 90.3 (710) 

Con-specific 2.2 (20) 1.0 (8) 

Human 24 (215) 0.5 (4) 

 

 

 

The intrusion category ‘predators’ was further sub-divided to examine the types of 

predators entering the territories within the two locations (Table 8.3). Significant 

differences in the proportions of predator types entering rural and suburban territories 

was evident (χ2 = 33.57, df = 3, P <0.001). Within rural areas, raptors were more 

frequent intruders than in suburban areas, whereas the introduced/domestic 

mammalian predators were more frequent in suburban areas. It must be noted that all 

domestic/introduced mammalian predators within suburban territories were either 

dogs or cats; the only instances of red foxes (Vulpes vulpes) entering a territory were 

within the rural locations. Reptile intrusions were of similar low frequency in both 

rural and suburban magpie territories, with three snakes (all carpet pythons Morelia 

spilota) and two lace monitors (Varanus varius) involved. Interestingly, one of the 

lace monitor intrusions was an actual predation attempt on nestling magpies; 

however the nest defence from the parent magpies successfully expelled the predator 

from the area. 
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Table 8.3 Percent of each specific predator type intruding into rural and 

suburban magpie territories. The actual numbers of intrusions are shown in the 

parenthesis. 

 

 

Predator type Suburban Rural 

Raptor† 1.8 (1) 15.6 (10) 

Other avianψ 49.1 (28) 76.6 (49) 

Reptileφ 3.5 (2) 4.7 (3) 

Domestic or introduced 

mammal‡

45.6 (26) 3.1 (2) 

 
† Included all raptor species. 
ψ Included Torresian crows (Corvus orru) and laughing kookaburras 

(Dacelo novaeguineae) 
φ Included snakes and lace monitors 
‡ Included cats, dogs (incl. feral) and foxes. 

 

 

Aggressive interactions and aggression rate  

 

The aggressive interactions (Table 8.4) and aggression rate (Table 8.5) data were 

analysed, firstly with all categories of intruder combined then using non-threat 

species and potential threat species categories. The ANOVA tests were not 

performed on the aggression rates for potential threat intrusions, due to the highly 

unbalanced nature of the data. For all of the categories analysed, no significant 

differences in both number of aggressive interaction or aggression rate were evident 

between rural and suburban magpies. Similarly, no significant differences were 

found between breeding stage for either location, with the number of aggressive 

interactions and aggression rates remaining constant from incubation stage to large 

nestling stage (Tables 8.4 and 8.5).  
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Table 8.4 Summary of the results of the two-factor ANOVA tests for effect of 

location (suburban, rural) and breeding stage (incubation, small/medium/large 

nestling, fledgling and non-breeding) upon number of aggressive interactions with 

intruders (all categories combined, potential threat intruders and non-threat 

intruders). 

 

 

Variable df F P 

 

All intruder categories combined 

   

Location  1 0.652 0.421 

Breeding stage 2 0.669 0.515 

Breeding × location 2 2.270 0.109 

    

Potential threat species    

Location  1 0.021 0.886 

Breeding stage 2 0.530 0.590 

Breeding × location 2 2.844 0.063 

    

Non-threat species    

Location  1 2.555 0.114 

Breeding stage 2 0.752 0.474 

Breeding × location 2 0.277 0.759 
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Table 8.5 Summary of the results of the two-factor ANOVA tests for effect of 

location (suburban, rural) and breeding stage (incubation, small/medium/large 

nestling, fledgling and non-breeding) upon aggression rate of magpies in response to 

intruders (all categories combined and non- threat intruders). 

 

 

Variable df F P 

 

All intruder categories combined 

   

Location  1 0.556 0.458 

Breeding stage 2 0.577 0.564 

Breeding × location 2 1.795 0.172 

    

Non-threat species    

Location  1 3.332 0.071 

Breeding stage 2 0.120 0.887 

Breeding × location 2 0.158 0.854 

   

 

 

When the proportions of intrusions that resulted in an aggressive response (for each 

specific intruder type) were examined there were clear differences in responses from 

rural and suburban magpies (Table 8.6). The low intruder rate and occurrence of 

response to some categories of intruders make the results somewhat tentative, but 

they do provide an indication of possible variation in responses to certain intruder 

types. Most notable are the responses of aggressive magpies to humans; while a 

greater proportion of predator intrusions into rural magpie territories resulted in an 

aggressive interaction, suburban magpies responded slightly more to non-predators. 

Responses to conspecifics were similar in both rural and suburban magpies. 
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Table 8.6 Percent of each specific intruder type that resulted in an aggressive 

interaction from the resident magpie for rural and suburban magpies. Actual number 

of aggressive interactions are shown in parenthesis. Significant Chi2 test results are 

shown in bold. 

 

Intruder type Suburban Rural P 

Predator 17.5 (10) 34.4 (22) 0.029 

Non predator 4.0 (24) 1.5 (11) 0.050 

Con-specific 95 (19) 87 (7) 0.497 

Human 0.9 (2) 0 (0) 0.964 

 

 

8.3.1. Hormonal correlates 

 

During the large nestling stage corticosterone levels were determined for 14 of the 16 

rural magpies rural and 10 of the 16 suburban magpies. The blood sample was taken 

immediately after the 30-min behavioural observation period. In addition to the 

suburban and rural blood samples, 12 blood samples were also obtained from AH 

magpies during the large nestling stage. The same behavioural data as collected for 

rural and suburban was also collected from this AH magpie group. One-factor 

ANOVA tests were carried out to test for mean difference in intruder rates and 

responses between the 10 suburban, 14 rural and 12 AH behavioural samples. As 

with the previous behavioural analysis possible differences in the intrusion rates, 

aggressive interactions and aggression rates were tested for all intrusion categories 

combined potential threat intrusion and non-threat intrusions.  

 

To further explore the possible relationship between corticosterone and the 

behavioural variables measured immediately prior to the blood sample being taken, 

correlations between aggressive interactions/intrusions and level of corticosterone 

were made. Levels of intrusion and response were determined for all samples that 

had a corresponding blood sample. 
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  Intrusions immediately prior to blood sample  

 

As with the previous behavioural observations for rural and suburban magpies the 

number of territorial intrusions (all categories combined) entering the territories of 

the three groups of magpies did not differ significantly in the data recorded 

immediately prior to the blood sample being taken (Table 8.7). Similar levels of 

intrusions were recorded for each group. However separate analysis of potential 

threat species and non-threat species did show significant results. For potential threat 

intruders the AH magpies had the greatest number of intruders from this category, 

and were significantly greater than both rural and suburban magpies (Fig. 8.2; LSD, 

P <0.05). For the non-threat intrusions, rural magpies experienced the greatest 

intrusion rate and were significantly different to suburban and AH magpies (Fig. 8.2; 

LSD, P <0.05). 

 

 

 

         Suburban             AH           Rural

M
ea

n 
no

n-
th

re
at

 in
tru

si
on

 ra
te

20

16

12

8

4

0

           Suburban            AH              Rural

M
ea

n 
po

te
nt

ia
l t

hr
ea

t i
nt

ru
si

on
s

14

12

10

8

6

4

2

0

Location Location 

Figure 8.2 Mean intrusion rate recorded per 30 min observation period for 

potential threat (left) and non-threat (right) intruders entering suburban, AH and rural 

magpie territories. Values presented are means ± 1SE. 
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Aggressive interactions and aggression rate immediately prior to blood 

sample 

 

A one-factor ANOVA test showed significant differences in the number of 

aggressive interactions between the three groups of magpies for the all intruder 

category combined data (Table 8.7), with AH magpies having the greatest number of 

interactions (Fig. 8.3; LSD, P <0.05). The difference in the number of aggressive 

interactions recorded for rural and suburban magpie groups was non-significant 

(LSD, P >0.05). Separate analysis of potential threat species and non-threat species 

also highlighted significant results. Aggressive interactions to non-threat intrusions 

was greatest in AH magpies, being significantly greater than both rural and suburban 

magpies (Fig. 8.4; LSD, P <0.05). Responses to potential threat intrusions found AH 

magpies to have the greatest mean number of aggressive interactions, and were 

significantly greater than both rural and suburban magpies (LSD, P <0.05).  
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Figure 8.3 Mean number of aggressive interactions recorded per 30 min 

observation period (all intruder categories combined) in suburban, AH and rural 

magpie territories. Values presented are means ± 1SE. 
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Table 8.7 Summary of the results of the one-factor ANOVA tests for the three 

magpie groups (suburban, rural and AH) and number of intruders, number of 

aggressive interactions and aggression rate. Analysis was undertaken on combined 

intrusion categories, potential threat intrusions and non-threat intrusions. Significant 

results shown in bold. 

 

 

Variable df F P 

 

Intrusion rate 

   

 

All intruder categories combined 

 

2 

 

1.682 

 

0.202 

Potential threat 2 170.104 <0.001 

Non-threat 2 6.650 0.041 

    

Aggressive interactions    

All categories combined 2 28.277 <0.001 

Potential threat 2 72.779 0.001 

Non-threat 2 3.838 0.032 

    

Aggression rate    

All categories combined 2 15.392 <0.001 

Potential threat 2 1.450 0.254 

Non-threat 2 3.746 0.034 
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Figure 8.4 Mean number of aggressive interactions recorded per 30 min 

observation period for potential threat category (top) and non-threat category 

(bottom) in suburban, AH and rural magpie territories. Values presented are means ± 

1SE. 

 

The high level of aggressive interactions was also reflected in the aggression rate of 

the magpies. AH magpies were found to have the highest aggression rate out of all 

three groups (LSD, P <0.05) (Table 8.7; Fig. 8.5) for the all intruders combined 

 221



Chapter 8: Territorial intrusions and responses of magpies 

 

category. The difference in the aggression rate recorded for rural and suburban 

magpie groups was again non-significant (LSD, P >0.05 in all cases). The aggression 

rate for non-threat intrusions also found AH magpies to have the highest rate, this 

time being significantly greater than rural magpies only (Fig. 8.5; LSD, P <0.05). 
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Figure 8.5 Mean aggression rate for all intruders category recorded per 30 min 

observation period (bottom) and non-threat intruder category (top) in suburban, AH 

and rural magpie territories. Values presented are means ± 1SE. 
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Corticosterone level and behavioural correlates 

 

The levels of corticosterone recorded for the three magpie groups showed human 

aggressive magpies had the highest corticosterone level followed by rural then 

suburban (Fig. 8.6), although the results of a one-factor ANOVA test showed the 

trend to be non-significant (ANOVA,  F = 3.04, df = 2, P = 0.062). 
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Figure 8.6 Mean plasma levels of corticosterone for suburban, AH and rural 

magpie during the large nestling stage of the breeding season. Values presented are 

means ± 1SE. 

 

 

Further analysis was undertaken to examine possible correlations between the 

behavioural data recorded prior to the blood sample being taken (intruder rate, 

number of aggressive interactions and aggression rate) and plasma corticosterone 

levels. All analyses using combined intruder categories and the non-threat category 

found no significant correlations between corticosterone levels and any of the 

measured variables (Table 8.8). However when the analysis was undertaken using 

the potential threat intruder data, a correlation between numbers of aggressive 

interactions was evident. Because humans constituted a significant proportion of the 
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potential threat category (90%) correlations using only the human intrusion data were 

also undertaken (Table 8.8). The results found a significant positive correlation 

between corticosterone level and increasing frequency of aggressive interactions with 

humans. 

 

Table 8.8 Values of Spearman’s rank correlation coefficients between the 

corticosterone levels (ng/ml) and the intruder rate, aggressive interaction and 

aggression rate variables for all intruder categories combined, potential threat 

categories and humans intruder categories. Significant results shown in bold. 

 

Variable Corticosterone level 

ng/ml 

P 

 

All categories combined 

  

Intruder rate 0.301 0.075 

Aggressive interactions 0.224 0.189 

Aggression rate 

 

0.071 0.683 

Potential threat   

Intruder rate 0.257 0.131 

Aggressive interactions 0.352 0.035 

Aggression rate 

 

0.161 0.415 

Non-threat   

Intruder rate 0.080 0.643 

Aggressive interactions 0.090 0.600 

Aggression rate 0.079 0.647 

 

Human intruders only 

  

Intruder rate 0.304 0.071 

Aggressive interactions 0.412 0.013 

Aggression rate 0.368 0.146 
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8.4 DISCUSSION 
 

 

8.4.1. Territorial intrusions 

 

It was originally expected that magpies located in suburban areas might be exposed 

to a greatly different frequency and type of territorial intruder than magpies located 

in rural areas. The frequency of intrusions by all categories of intruders combined 

found that magpies in rural areas experienced the same level of intrusions as magpies 

in suburban areas.  Separate analysis of the rate of intrusion from species that pose a 

potential threat to magpies, however, did differ between suburban and rural 

locations, with suburban areas experiencing a greater frequency of these intrusions. 

The reason for such results are can be explained by the high proportion of humans 

that made up the potential threat category within suburban areas, and this was 

reflected in the results obtained. Reasons for the result, which showed that potential 

threat species intruded more frequently during the incubation period, are less clear. 

However, because humans constituted a significant proportion (58%) of potential 

threat intrusions; the pattern shown in the results is again likely to be strongly 

influenced by human intrusion rate. In addition to the influence from the human 

component of the potential threat category, the more frequent (locations combined) 

intrusions during the first breeding stage measured may also indicate possible 

increased predation attempts at early stages of the breeding season and also possibly 

more conflicts with con-specifics. 

 

When territorial intrusions by true predatory species (separate from con-specifics and 

humans) were examined more closely, the results suggested that the proportion of all 

intrusions into rural areas from predatory species was slightly greater than in 

suburban areas. This could tentatively be taken to infer a lower abundance of 

predators within suburbia and such suggestions are supported by previous studies 

(e.g., Marzluff and Ewing, 2001) that found predators often occur in reduced 

numbers within suburban and urban areas. Throughout the world larger predatory 

species are often removed from urban areas because of possible threats to humans 
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(Crooks and Soulé, 1999), although, in the current study location predatory reduction 

is more likely to be due to a lack of suitable habitat within urban areas, than actual 

removal by humans. For example, native mammalian predators in Australia, such as 

the spotted tiger quoll, (Dasyurus maculatus) (a cat-type marsupial) require extensive 

areas of natural forested habitat, which is not available in most urbanised areas 

(Mansergh, 1983). 

 

Further examination of the specific types of predators entering rural and suburban 

areas found several further clear differences, in particular the clear reduction of 

raptor predators within suburban areas. This pattern again is supported by studies 

worldwide that show raptors in many cases are absent from areas of urbanisation, 

with notable exceptions such as the Mississippi kite (Ictinia mississippiensis) 

(Parker, 1996) that appears to be able to survive and flourish in urbanised areas. 

Although the findings of this study can only be used to indicate the frequency with 

which raptors intruded into magpie territories, and not the overall distribution of 

raptors in either area, there is evidence to suggest that raptor species are likely to be 

in lower numbers within the suburban areas of this study (G. Czechura pers. comm.) 

The current study also found that other avian predators (non-raptors) made up a 

greater proportion of intrusions into rural magpie territories than in suburban areas. 

Again the intrusion rates of these species should not be used to infer that population 

densities of these species might be higher in rural areas.  

 

The results of the study suggest that predation attempts, or at least territorial 

intrusions, by raptor and other avian predatory species may be less frequent in 

suburban areas, although the results also found a clear increase in the frequency of 

intrusions by domestic/introduced mammalian predators within suburban areas. 

Domestic cats and dogs were the representative species within suburban areas for 

this category of predator. Within rural areas no cats or dogs were observed entering 

magpie territories, and foxes were the representative species. The significance of 

predators such as cats and dogs on the survival of magpies is largely unknown. The 

majority of dog intrusions within suburbia occurred whilst its owner restrained the 

animal; therefore the potential for dogs to make a predatory attempt at the magpie is 
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likely to be reduced. Cats, alternatively, were always observed independently of 

human owners and the possible predation threat from this species is likely to be 

greater than that of dogs. Several studies have attempted to quantify the predatory 

effect of domestic cats on the avifauna. For example Lepczyka et al. (in press) found 

that over a typical bird-breeding season in south-eastern Michigan, North America, 

an individual cat may predate between 15-30 birds. It has been estimated that cats in 

the state of Wisconsin, North America, are responsible for the predation of 7.8-21.7 

million birds per year (Coleman and Temple, 1996). From the data presented here it 

may be assumed that suburban magpies experience more intrusions from domestic 

cats than rural magpies. The nature of the rural habitat, with more complex 

vegetation structure, (such as tall grasses, forested areas and areas of understory), 

may however, have concealed this species during the focal observation periods. In 

North America, for example, rural cat populations have been estimated to be more 

than double that of urban populations (Warner, 1985), and feral populations of cats 

within rural areas may naturally be more active during the night.  

 

The study also noted predatory intrusions into magpie territories from reptilian 

species, namely snakes and monitor lizards. Both groups of animals have previously 

been noted as magpie nest predators (Robinson, 1956). In both rural and suburban 

areas territorial intrusions by these species was low in the present study.  

 

8.4.2. Response of male magpies to intruders 

 

The responses of magpies to territory intruders in terms of mean number of 

aggressive interactions and mean aggression rates were fairly similar between rural 

and suburban locations. Despite suburban areas having a significantly greater number 

of intrusions from potential threat species, the number of aggressive interactions with 

these intrusions did not differ between locations. Explanations for this are again due 

to the fact the potential predators within suburbia consist of a large proportion of 

intrusion from humans. Although humans have the potential to harm magpies, the 

majority of intrusions into the focal magpie territories used in the study did not elicit 

an aggressive response from the resident magpies (only 0.9% of intrusions by 
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humans resulted in aggressive responses). These aggressive responses were in the 

form of a swooping motion by the magpie directed at the head of the intruding 

human; a series of alarm call vocalisations accompanied these events. The AH 

magpies, alternatively, did respond aggressively to the majority of human intruders 

and this will be discussed in detail later in the discussion. 

 

When the proportions of each specific intrusion category that resulted in an 

aggressive interaction were examined between rural and suburban locations, clear 

differences were found. A greater proportion of predatory intruders were attacked in 

rural areas than in suburban. These results may suggest that rural magpies possibly 

perceive the predatory species entering their territories as a greater threat than do 

suburban magpies. Clearly, defining how magpies may perceive different predators 

was beyond the scope of this study, although in general terms a reduced response to a 

predator can result from the individual learning that a perceived threat is negligible 

(Curio, 1993). 

 

Interestingly, the proportion of intrusions from non-predatory, benign species that 

resulted in aggressive responses from magpies was marginally greater in suburban 

areas, although such events were fairly low in both rural and suburban locations. It 

has previously been suggested that male magpies occasionally aggressively attack 

apparently benign species (Brown and Veltman, 1987). Reasons for such behaviours 

are not fully known, although it is thought they may be redirective behaviours as they 

frequently occur after inter-territory conflicts (Brown and Veltman, 1987). In 

addition, Robinson (1956) described the attack on apparently benign species (not 

preceded by aggression with a con-specific) by magpies as ‘play’ behaviour and 

suggested it could be an indication of extra time being available to male magpies, 

particularly during the female dominated incubation and early nesting stages. More 

recently the role of hormones (particularly testosterone) in mediating this behaviour 

has also been suggested (Cilento, 1996). 

 

With regard to con-specific interactions, the majority of intrusions from other 

magpies resulted in an aggressive interaction from the resident male magpie; such 
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interactions were often extremely protracted events involving direct physical contact, 

high aerial spiralling and occasionally conflict on the ground (pers obs; Robinson, 

1956). Clearly, magpies regardless of location respond to con-specifics in similar 

ways. Instead of a predatory threat, conspecifics are likely to be attacked to avoid 

extra-pair copulations occurring with the resident female magpie. Such occurrences, 

particularly from territory-less individuals have been shown to be common in many 

bird species (Birkhead and Möller, 1992). 

 

As mentioned previously, suburban magpies responded neutrally to humans in the 

majority of cases. Because of the very low occurrence of intrusions by humans in 

rural areas, a clear indication of magpies responses to human intruders in these areas 

is not possible, however, it would appear that in the limited cases of a human 

intrusion into rural territories the magpies flew away instead of the typical neutral 

response of suburban magpies (pers. obs.). Further examination of responses of 

magpies towards human territorial intruders would provide a greater insight into the 

potential spatial difference by magpies in response to human intruders. 

 

8.4.3. Hormonal correlates 

 

One of the aims of this study was to examine how both territorial intrusions and 

aggressive interactions influence the level of corticosterone in male magpies. This 

section of the study involved not only rural and suburban magpies but also AH 

magpies that were being translocated due to their human directed aggressive 

behaviours. The behavioural data taken immediately prior to the blood sampling 

showed that intrusion from all types of intruders combined was similar for all the 

three groups of magpies. However for the potential threat category, AH magpies had 

the greatest intrusion rates, and as with the previous data, the human component of 

this category is the reason for the results, i.e. more humans intruded into AH magpie 

territories than in the other two groups. The number of aggressive interactions by AH 

magpies was greater than both rural and suburban magpies for intruder categories 

combined. The interactions with potential threat species were primarily aimed at 

humans. This result is not surprising since QPWS had previously determined that 
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these male magpies had displayed aggression towards humans. When the results are 

compared to the other two groups of magpies, however, the marked difference of the 

AH magpies responses to humans is highlighted. The reasons for this extreme 

aggressions towards humans is likely to be a form of nest defence, since it only 

occurs during the nesting period (Jones, 2002), although the reasons why some 

magpies respond in this way and others do not is less clear. It has been suggested that 

prior persecution from humans towards individual magpies may be the trigger for the 

behaviour. Similarly, a human rescuing nestling magpies that may have inadvertently 

fallen from the nest is also proposed as a means by which magpies may perceive 

some humans as a potential predator (Jones, 2002). Furthermore, because the 

behaviour is distinctly male biased, the role of testosterone has also been examined 

(Warne, 2000). Warne (2000) found testosterone levels were lowest when the 

aggression rate toward humans was highest, indicating the behaviour is unlikely to be 

mediated by this hormone. 

 

The level of stress hormone recorded for rural, suburban and AH magpies showed a 

trend (although statistically non-significant) for the AH magpies to have the highest 

corticosterone levels followed by rural then suburban magpies. Furthermore the level 

of corticosterone and the number of aggressive interactions with potential threat 

species showed a significant positive correlation, indicating that more aggressive 

interactions immediately prior to the blood sample being taken is reflected in the 

level of corticosterone. Furthermore, the ‘humans only’ intruder data found a fairly 

strong correlation with the level of corticosterone, suggesting that the greater the 

number of interactions with humans the higher the level of circulating stress 

hormone. It must be noted that the levels of corticosterone are thought to represent 

the background level, and not a response to capture, however, because avian species 

vary the time in which they respond to capture stress (typically 2-10 min; Sapolsky, 

1992), this cannot be taken as definitive. Further work involving repeated 

measurements of corticosterone over time would allow for more detailed information 

on capture responses of magpies. Nevertheless, the handling times in this study were 

all within approximately two minutes, and this duration is suggested as an acceptable 
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timeframe to ensure background corticosterone levels are being measured (L. 

Astheimer pers. comm.). 

 

The current study provides some evidence to suggest that the aggressive interactions 

with potential threat species, in particular humans, causes an elevated response in the 

level of circulating corticosterone. This result is especially significant for the AH 

magpies, because they engage in many more aggressive interactions, mainly with 

humans, than ‘normal’ suburban and rural magpies. The implications of these 

findings are largely dependent on the extent of the corticosterone elevation. Short-

term responses of corticosterone are said to be adaptive, in that they allow resources 

to be directed away from physiological process and instead may be used to resolve 

the stressful condition (see e.g., Creel, 2001), such as, in the case of this study, 

interactions with a potential threat. Alternatively, if elevation of corticosterone is 

more chronic, negative effects can occur. These include immune suppression, 

reproductive suppression, gastric ulcers and muscle wasting (Creel, 2001). The 

results shown here cannot indicate whether elevated corticosterone levels were 

chronic or acute in magpies. However, for many individuals, mainly magpies that are 

aggressive to humans, the frequency of aggressive interactions is great and occurs at 

high levels throughout the entire breeding season (Warne, 2000) (July-November), 

therefore if, as this study suggests, corticosterone levels are correlated with 

aggressive interactions of potential threat species, then negative physiological effects 

in these magpies could occur. Further quantification of the frequency of aggressive 

interactions over various temporal scales (e.g., day, week and month) and an 

assessment of the physiological state of magpies at the start and at the end of the 

breeding season would provide useful information on possible chronic stress 

responses within the species. 

 

In conclusion, magpies living within suburbia appear to be exposed to different 

levels of territorial intrusions by certain intruder categories, and in particular, 

humans. However the response to intruders and also level of aggression was similar 

to rural populations. Notable exceptions were the responses to intruders deemed 

predators, which seems to be less frequent in the suburban magpies. This may be 
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reflective of the kinds of predators suburban magpies are exposed to, which were 

mainly introduced domestic cats and dogs, whereas rural magpies were exposed to 

more natural predators such as raptors. The stark differences in the response of AH 

magpies to humans and the subsequent effect of the level of corticosterone clearly 

requires further study and is encouraged.  
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9.1 INTRODUCTION 

 

Habituating to the presence of humans within suburban and urban settings has been 

described as an essential attribute of urban species of wildlife (Burger and Gochfeld, 

1991). Urban-dwelling species unable to habituate are likely to suffer reduced 

feeding, resting and breeding opportunities (Cooke, 1980). Furthermore, many urban 

bird species exploit human food sources, and an ability to habituate to humans often 

enhances their exploitation of such valuable resources (Cooke, 1980). In general 

habituation to humans typically reduces the energy and fitness levels of the bird 

whilst reducing the costs associated with vigilance behaviour (Fernández-Juricic et 

al., 2001). 

 

Some of the species that have been particularly successful in urbanised areas have 

been described as behaviourally dominant and assertive (Jones, 1983; Green, 1984; 

Lenz, 1990; Catterall et al., 1991). Species such as Blackbirds have been shown to 

have reduced disturbance distances in urban areas. The subject of the current study, 

Australian magpie (Gymnorhina tibicen), is often associated with the presence of 

humans (Jones, 2002), and has been shown to be a regular recipient of human 

provided foods (Chapter 5; Rollinson et al., 2003). Anecdotal evidence suggests that 

the magpies’ ability to habituate to the presence of humans has facilitated its 

successful exploitations of human provided food sources and, in general, to thrive in 

human-dominated environments (see Robinson, 1956).  

 

Despite this, however, most behavioural and ecological studies of the magpie have 

been undertaken in rural or natural areas (e.g., Robinson, 1956; Carrick, 1973; 

Hughes et al., 1983; Brown and Veltman, 1987; Hughes and Mather, 1991), leaving 

its urban ecology largely unknown (Jones, 2002). Remarkably, descriptions of 

magpies far from human habitation describe it as a very shy and unapproachable bird 

(e.g., Rowley, 1974; Blakers et al., 1984), which appears to be at variance with the 

apparent bold and assertive nature of suburban populations (Jones, 2002). 
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A technique frequently used to quantify levels of habituation and responses to 

potential threats is the disturbance distance variable (Cooke, 1980; Rodgers and 

Smith, 1995, 1997; Blumstein et al., 2003). The disturbance distance is the distance 

at which an individual animal is disturbed by the approach or presence of typically a 

human intruder. This study aimed to use measurements related to disturbance 

distance to explore the level of habituation towards humans within Australian magpie 

populations, at three different points along the urban gradient. It is envisaged that the 

study will provide an insight into the possible intraspecific variation of magpie’s 

responses to humans and highlight a feature that may lead to synanthropy in the 

species. 

 

 

9.2 METHODS  
 

Responses of Australian magpies to the presence of human intruders were observed 

in three locations along the urban gradient (suburban, rural and exurban) within 

southern Queensland, Australia, during 2000. Suburban study sites were established 

at various locations in the southern Brisbane region. These sites were all typically 

suburban, containing medium density house blocks and some parkland (see Chapter 

2). Rural sites were selected from a variety of rural locations in the Mt Cotton region 

of greater Brisbane and comprised low-density farmland interspersed with remnant 

native bushland (see Chapter 2). Exurban sites were located in the St George area 

400 km west of Brisbane, and were typically in cleared grazing lands or national 

parks. Much of the vegetation within these areas was unmodified and consisted of 

shrub and grassland interspersed with extensive areas of open eucalypt (Eucalyptus 

spp.) and brigalow (Acacia harpophylla) forest. All magpies in the exurban areas 

were at least 5 km from the nearest homestead (see Chapter 2). 
 

Magpie-breeding territories were selected from within each of the three study 

locations. To ensure that the magpies were not disturbed during the initial locating 

process I remained at least 200-500 m away. Once a breeding pair had been sighted I 

measured the number of people moving through the territory over a single 30-minute 
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period. Following this, an observer approached an individual magpie foraging on 

open ground from a distance of 300 m. No preference was given to a particular sex of 

magpie, and selection of a focal bird was based on practical factors such as a clear, 

unhindered approach to the focal bird.  After the approach stared I recorded: (1) the 

distance at which the bird first noticed the intruder; (2) the distance at which the bird 

changes its initial behaviour; (3) the resulting behaviour (recorded as either ‘fly 

away’, ‘walk away’, or ‘aggressive response’;  (4) the distance moved during a 

response (5); the call rate (number of calls per 5 minutes); and (6) the time to resume 

its initial behaviour. Distances were measured by recording the landmark feature 

relevant to the particular observation, and either estimating by eye or measuring the 

appropriate distance with a tape measure. To eliminate any possible effect relating to 

varying responses due to reproductive state, sampling was undertaken at all three 

locations during the same stage of the breeding cycle, the ‘large nestling stage’, the 

period just prior to fledging (typically around October).  

 

All analysis of behavioural data was performed in SAS/STAT (SAS Institute Inc., 

1987).  Exploratory data analysis was performed prior to final analyses and any data 

lacking normality was logarithmically transformed (log10 (x +1)). A one-factor 

ANOVA was carried out on the continuous variables, using the general linear models 

method of least squares (SAS Institute Inc. 1987). A t-test using the least-squares 

difference (LSD) was used to test for differences between the means when an effect 

was identified as significant in the ANOVA. For the data relating to the resulting 

behaviour following a disturbance event, a Chi2 test was used. Mean and standard 

errors of untransformed data are reported and P-values ≤0.05 were considered 

significant (Zar, 1999) and all non significant results are presented as > 0.05.  

However, where probability is close to being significant the possible trend is 

discussed within the text.  
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9.3 RESULTS 
 

The level of human activity between the three locations differed greatly (Table 9.1), 

and was highly significant between the suburban sites and rural sites and suburban 

sites and exurban sites (LSD, P <0.05 in all cases). Level of human activity between 

rural and exurban areas was less pronounced (LSD, P = 0.776); exurban sites 

recorded no activity during our observations whereas rural sites recorded a limited 

activity (Table 9.1).  

 

The response of magpies to a human intruder also differed between the three 

locations. Suburban magpies were disturbed the least of all the three groups. The 

difference between suburban magpies and rural magpies and suburban magpies and 

exurban magpies was significant for all variables measured (Table 9.1; LSD, P <0.05 

in all cases). In the majority of cases, suburban magpies were very approachable and 

often the disturbance event only occurred when the human intruder had approached 

to a very close distance (mean 8.9 ± 1.3 m, range 2-23 m).  

 

There were significant differences in the resulting behaviours following a 

disturbance event (χ2
4 = 22.5, P <0.001). Suburban magpies primarily walked away 

or flew away from an approaching human (Fig. 9.1), although a small percentage 

(15%) exhibited an aggressive response towards the human intruder. In contrast, 

magpies located in rural and exurban areas always flew away as a result of a 

disturbance event; there were no instances of these magpies either walking away or 

exhibiting an aggressive response (Fig. 9.1). Following a disturbance event, the 

distance moved by rural and exurban magpies was considerably greater than 

distances moved by suburban magpies (Table 9.1). Suburban magpies also resumed 

their prior activity (foraging) in the least amount of time (LSD, P <0.05). 

Vocalisations as a result of a disturbance event were predominantly observed in rural 

and exurban magpies, suburban magpies vocalisations occurred in 30% of the 

disturbance events whereas vocalisations occurred in 75% and 78% of disturbance 

events for rural and exurban magpies respectively. The number of calls per five 

minutes also reflected the difference in vocalisation rates (Table 9.1) with suburban 
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birds calling the least and was significantly less than the call rates of rural and 

exurban magpies (LSD, P <0.05). 

 

Differences in the response to disturbance were not so pronounced between rural and 

exurban magpies (Table 9.1), although some significant differences were still 

apparent. In particular, the distance at which exurban magpies first noticed the 

intruder was greater than in rural magpies (LSD, P <0.05). Similarly, the distance 

moved following a disturbance event was greatest in exurban magpies (LSD, P 

<0.05), as was the time to resume the prior behaviour (LSD, P <0.05). 
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Figure 9.1 Proportions of the resulting behaviours following a disturbance  

event, observed in suburban (n=20), rural (n=20) and exurban (n=23) magpies. 
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Table 9.1 Means, standard errors and results of one-factor general linear model ANOVA for the number of humans per 30 minutes 

and behavioural responses to a human intruder in suburban, rural and exurban magpie populations. Sample sizes are in parentheses.  

 

Variable   Suburban  Rural 

(20) (20) 

Exurban  

(23) 

df F P

 

Number of people per 30 min 

 

9.3 ± 1.2 

 

0.5 ± 0.1 

 

0 

 

2 

 

70.53 

 

0.001 

Distance first noticed intruder (m) 9.8 ± 1.3 62.6 ± 6.4 83.4 ± 9.3 2 30.17 0.001 

Distance disturbed (m) 8.9 ± 1.3 55.7 ± 6.1 61.3 ± 11.0 2 13.34 0.001 

Distance moved when disturbed (m) 6.7 ± 1.2 25.1 ± 4.0 51.5 ± 6.3 2 24.73 0.001 

Number of vocalisations per 5 min 0.8 ± 0.4 3.3 ± 0.8 2.6 ± 0.5 2 5.04 0.009 

Time to resume original behaviour (s) 62.9 ± 9.4 706.8 ± 69.2 1186.3 ± 89.8 2 58.24 0.001 
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9.4 DISCUSSION 
 

The results described here show clearly that magpies present in areas with frequent 

exposure to humans were the least disturbed by an approaching human intruder. This 

strongly suggests that suburban magpies have habituated to the presence of humans 

and exhibit a neutral or greatly reduced response. The findings are similar to 

previous studies (Cooke, 1980; Burger and Gochfeld, 1983; Ikuta and Blumstein, in 

press) that noted increased tolerance from avian species because of increased human 

exposure. Suburban magpies, through their frequent exposure to humans, may have 

learnt that the potential threat from humans is limited and that the benefits of 

responding neutrally to human presence allows a greater access to foraging and 

nesting opportunities, in particular access to human-provided food resources 

(Rollinson et al., 2003; Chapter 5). However, additional factors other than more 

frequent exposure to humans must be considered as reasons why magpies showed 

reduced responses to humans in suburban areas. For example, the three types of 

study sites used were all of differing structural composition. However, previous 

studies have found (e.g. Jokimaki and Huhta (2000) that avian species present in 

open and manicured parks and gardens (similar to those of the suburban sites in this 

study) are more vulnerable to predation than birds in rural or more natural habitats, 

and conversely should respond in a more fearful manner given the potentially more 

dangerous environment.  

 

A small percentage of suburban magpies did not respond neutrally to the presence of 

a human intruder and instead responded aggressively. The occurrence of such 

behaviours is well documented for this species (Jones et al., 1980; Cilento and Jones, 

1999; Jones, 2002) and occurs primarily within suburban or high human contact 

areas and only during the breeding season, reaching a peak during the pre-fledging 

stage of the breeding season (Jones, 2002). Considerable effort has been made to 

explain this behaviour, including the role of hormones (Warne, 2001; D. Rollinson 

unpubl. data) and the stimuli possibly involved in eliciting these responses (Warne 

and Jones, 2003). The exact causation of the behaviour is still not fully understood, 

however, most evidence suggests it to be a form of nest defence behaviour (Cilento 
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and Jones, 1999; Jones, 2002). The results of the current study indicate that the 

habituation or loss of fear within suburban magpies, presumably resulting from their 

regular exposure to human intruders, may be a factor causing a small percentage of 

suburban magpies to exhibit this potentially costly behaviour. Further work is needed 

to explore this explanation further. 

 

Magpies located in low-human contact areas show a very different response to 

human intruders, which may be typical predator-avoidance behaviour for the species. 

Such disturbance events commonly involved the use of alarm calls and ultimately 

avoidance of the potential threat. Interestingly, a slight difference in some of the 

disturbance distance variables between rural and exurban magpies was also shown in 

the study, despite the level of human exposure being similarly low in both areas. It 

has been demonstrated that persecution of birds within a specific population results 

in a more timid response to human intruders. For example, Knight (1984) and Knight 

et al. (1987) showed that common ravens (Corvus corax) and American crows 

(Corvus brachyrhynchos) exhibited a more timid response in areas where they have 

previously been persecuted.  Given that the magpie is a familiar and popular species 

throughout Australia (Jones, 2002) it is unlikely that the population showing highest 

response to disturbance (exurban) were due to persecution. 

 

The study of avian responses to human disturbance provides a fairly simple but 

useful measure of how individuals respond to possible threat from a potential 

predator, and in the case of this current study, provides information on possible 

factors that have led to a species becoming successful within suburban landscapes. 

Furthermore, the use of disturbance distance variables is being increasingly used as a 

conservation tool, providing a measure of how close certain populations can be 

approached before they are disturbed (e.g., Rodgers and Smith, 1997). The current 

study shows that disturbance distance variables may vary due to factors such as level 

of human exposure.  
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10.1 INTRODUCTION 

 

Wildlife has been shown to respond to human presence in a variety of ways. Many 

respond negatively and actively avoid humans; others respond positively and are 

attracted to humans (often due to positive food conditioning), whilst others exhibit a 

neutral or habituated response (see e.g., Whittaker and Knight, 1998). When 

measuring responses of animals to a human stimulus, the exact distance at which an 

animal is disturbed is a frequently used metric. Such measurements are commonly 

referred to as either disturbance distance, flushing distance (Richardson and Miller, 

1997) or flight-initiation distance (FID) (Yadenberg and Dill, 1996; Blumstein, et al., 

2003). Disturbance distances are often studied to provide insights into anti-predator 

behaviour (Yadenberg and Dill, 1996) and also to provide wildlife managers with a 

measure of how close humans can approach wildlife before they are disturbed 

(Rodgers and Smith, 1995, 1997). However, it has recently been highlighted that a 

high degree of intraspecific variation is often evident with regard to disturbance 

distance (Blumstein et al., 2003) and that many of the factors affecting disturbance 

distance are still not fully understood.  

 

One situation where variation has been shown to exist is between avian species 

present in areas of urbanisation and those in more natural areas, with the former often 

having a reduced disturbance distance (Cooke, 1980). Furthermore, it has been 

suggested that an ability to respond neutrally or to habituate to the presence of 

humans facilitates synanthropy (Burger and Gochfeld, 1991). Birds unable to 

habituate may suffer reduced feeding, resting and breeding opportunities (Fernández-

Juricic et al., 2001). For example, many urban bird species have been shown to 

exploit human provided food sources (Howard and Jones, 2003; Rollinson et al., 

2003), and an ability to habituate to humans may enable them to exploit this food 

source (Cooke, 1980). Within Australia, the Australian magpie (Gymnorhina 

tibicen), a medium-sized ground feeding passerine, is often associated with the 

presence of humans, and has been shown to be a regular recipient of human provided 

foods (Thomas, 2000; Rollinson et al., 2003; Chapter 5). An initial investigation into 

the disturbance distance of magpies located at three points along the urban gradient 
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(Chapter 9) showed that magpies within high human contact suburban areas 

exhibited a greatly reduced response to a human intruder, whereas magpies in areas 

of lower human contact displayed an avoidance response. 

 

The aim of the present study was to further explore the disturbance distance of the 

Australian magpie and in particular highlight the conditions that lead to a reduced or 

habituated response. I will address three main questions; 1) Does the disturbance 

distance of magpies differ as a result of different degrees of human exposure? (By 

comparing a variety of variables relating to the disturbance distances I aim to 

highlight possible differences in the response to disturbance that may exist in 

magpies located in areas of differing human contact). 2) Do magpies alter their 

responses to human disturbance as a result of reproductive state? 3) Do male magpies 

respond differently than females to human disturbance?  

 

Although the main aim of this study is to explore the behavioural plasticity of the 

magpie, it is envisaged that the study may also have implications for species of more 

significant conservation value. At present many wildlife management strategies for 

sensitive bird populations use disturbance distances to define set-back distances to 

avoid disturbance by humans (e.g., Rodgers and Smith, 1997). However, it is 

acknowledged that disturbance distances may exhibit a high degree of intraspecific 

variation (e.g., Carney and Sydeman, 1999), and that the specific nature of such 

variation is still not fully understood (Blumstein et al., 2003).  

 

 

10.2 METHODS  
 

10.2.1. Study sites  

 

Responses of Australian magpies to the presence of humans were observed in two 

areas along an urban gradient (suburban and rural) within southeast Queensland, 

Australia, from June 2001 until February 2002 (see Chapter 2 for further 

geographical information). Suburban study sites (n=20) were established at various 
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locations in the southern Brisbane region. The sites were typically suburban, all 

containing medium density house blocks and some parkland. The parkland and 

gardens within the sites consisted of mown grass interspersed with both native and 

introduced tree and shrub species (Chapter 3). All of the sites contained a few 

mature, possibly remnant, eucalypt (Eucalyptus spp.) specimens with little or no 

natural understorey.  None of the sites contained high-rise buildings or industrial 

areas.  

 

Rural sites (n=20) were selected in a variety of rural locations in southeast 

Queensland (see Chapter 2 for further geographical information). Fifteen rural sites 

were located in the Mt Cotton region of greater Brisbane; two were in the Greenbank 

area and a further three in the Belmont area. The rural sites were comprised of low-

density farmland interspersed with remnant native bushland (Chapter 3). The 

remnant bushland present within the study sites was largely dry eucalypt forest with 

occasional areas of moist eucalypt forest and vegetation typical of the sub tropical 

rainforests in the region (Catterall and Kingston, 1993). None of the rural sites were 

situated directly next to home sites.  

 

Because part of this study examined the possible effect of varying human exposure 

on the disturbance distance, I undertook estimations of human pedestrian traffic 

through each of the sites initially counting the number of people during four 

consecutive half hour observation periods at each site. From this I selected suburban 

and rural sites that had differing levels of human traffic. I did, however, continue the 

counts of humans throughout the study to gain a more detailed picture of human 

exposure levels. 

 

10.2.2. Banding procedure 

 
Prior to the commencement of the experiment all magpies used in this study were 

banded to ensure that the same individuals were observed throughout the study; this 

included rural and suburban magpies (see Jones, 2002; Chapter 2 for further details). 

Once caught the magpies (both male and female) were banded with a unique 

combination of coloured plastic bands and a single numbered metal-band. To avoid 
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any negative responses due to banded magpies associating the human intruder with 

previous negative experiences (i.e., banding), a period of approximately one year 

elapsed between initial banding and commencement of the study.  

 

10.2.3. Sampling procedure 

 

The responses of adult magpies, both male and female, to a human intruder were 

recorded. Observations of male and female magpies within the same territory were 

carried out on separate days, to avoid any influence of one magpie’s disturbance on 

the behaviour of the other. During each observation period I initially measured the 

number of people moving through the territory over a set period (30 min). Following 

this I approached a focal magpie that was foraging and was within approximately     

1-2 m of is nest tree. The approach started from a distance of 200m and during each 

event the following was recorded: 

 

(1) The distance the bird first looks at the intruder,  

(2) The distance at which the bird changes its initial behaviour,  

(3) The resulting behaviour, recorded as either ‘fly away’, ‘walk away’, or 

‘aggressive’, 

(4) The distance moved associated with a response, 

(5) The call rate (number of vocalisations per 5 minutes),  

(6) The time to resume the initial behaviour.  

 

Distances were measured by recording the landmark feature relevant to the particular 

observation, then measuring the appropriate distance with a tape measure. Each 

magpie was visited only once during each of the six stages of the breeding cycle. A 

more extensive sampling regime (i.e., repeated focal observations during each 

breeding stage) was rejected to avoid any effects resulting from the actual observing, 

commonly referred to as observer effect (Knight and Temple, 1986). Sampling was 

undertaken in suburban and rural areas during the (IS) incubation stage, (SN) small 

nestling stage, (MN) medium nestling, (LN) stage large nestling stage, and (F) 

fledgling stage of the 2001 magpie-breeding season. A final sample period was 
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undertaken outside of the breeding season the following year (2002) in February 

(NB).  All observations were undertaken at approximately the same time of day, 

0900-1100h.  

 

10.2.4. Statistical analysis 

 

All analysis of behavioural data was performed in SAS/STAT (SAS Institute Inc. 

1987).  Exploratory data analysis was performed prior to final analyses and any data 

that lacked normality was logarithmically transformed log10 (x +1). Means and 

standard errors are reported as untransformed data. P-values ≤0.05 were considered 

significant (Zar, 1999) and all non significant results are presented as > 0.05, 

however where probability is close to being significant the possible trend is 

discussed within the text.  

 

A non-parametric Mann-Whitney U-test was used to compare between locations the 

number of people entering the magpie territory during a 30-minute period. Three-

factor ANOVA tests were performed on the continuous variables (a separate test for 

each variable), using a split-plot general linear model design (SAS Institute Inc., 

1987).  

 

A t-test using the least-squares difference (LSD) was used to test for differences 

between the means when an effect was identified as significant in the ANOVA tests. 

For the categorical data relating to the resulting behaviour following a disturbance 

event it was initially planned to use a multinomial regression model for the three 

behavioural categories against various factors, but certain responses only occurred in 

one location which did not permit this type of statistical test to be used. Chi2 

contingency tables were used as an alternative. 
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10.3 RESULTS 
 

10.3.1. Human activity 

 

From each observation period the number of people entering the magpie territory 

during a 30-min period was counted. The mean numbers of people per location 

(suburban and rural) were compared; suburban sites showed the highest level of 

human activity, recording a mean of 9.27 ± 0.40 people per observation period 

compared to a mean of 0.08 ± 0.04 for rural sites. This difference between locations 

was also reflected in the median number of humans and proved to be highly 

significant (Mann Whitney U-test, U = 207, P <0.001). 

 

10.3.2. Noticing distance of magpies 

 

The distance at which magpies first noticed the human intruder (but remained 

foraging) was compared for both sexes, each breeding stage and each location (rural 

and suburban). The results of the three-factor ANOVA showed a significant 

difference between means within location, breeding stage and an interaction of 

location and breeding stage (Table 10.1).  

 

Throughout all the stages and for both sexes rural magpies noticed the intruder 

significantly sooner than suburban magpies (LSD, P <0.05). Rural magpies also 

showed variation in noticing distances over the various breeding stages (Fig. 10.1), 

but always remained significantly different to the distances of suburban magpies. 

The variation of rural magpies occurred between medium nestling stage (MN) and 

small nestling stage (SN), large nestling stage (LN) and non-breeding stage (NB) 

(LSD, P <0.05 in all cases).  The distance suburban magpies noticed the approaching 

human remained fairly constant throughout the breeding phases, showing only a 

slight trend for an increase in the mean distance noticed during the large nestling 

stage (LN), but this trend was non-significant (LSD, P >0.05).  No significant effect 

relating to sex was found. 
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Table 10.1 Summary of the results of the three-factor ANOVA tests for the six 

variables measured during the study.  P-values ≤0.05 were considered significant.  

Only significant results and interactions are shown; all other results were non-

significant (>0.05). 

 

 

Variable df    F P 

 

Noticing distance of magpies 

   

Location 1 1863.65 0.001 

Stage 5 5.38 0.001 

Location × Stage 5 2.79 0.017 

Distance when changed behaviour    

Location 1 2414.67 0.001 

Stage 5 6.23 0.001 

Location × Stage 5 6.66 0.001 

Distance moved when disturbed    

Location 1 617.11 0.001 

Sex 1 5.16 0.018 

Location × Sex × Stage 5 2.25 0.050 

Calls per 5 min    

Location 1 217.32 0.001 

Sex 1 4.42 0.036 

Time to resume original behaviour    

Location 1 707.94 0.001 

Stage 5 4.02 0.001 

Location × Sex × Stage 5 2.93 0.013 
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Figure 10.1 Mean distance at which the magpie first noticed the intruder, but 

remained foraging. The data represents the means (± SE) for rural and suburban 

magpies during the incubation (IS), small nestling (SN), medium nestling (MN), 

large nestling (LN), fledgling stage (F) and a non-breeding stage (NB). Sexes of the 

magpies have been combined, as no significant effect relating to sex was found.  

 

 

 

10.3.3. Distance to changed behaviour 

 

The distance when a magpie changed its initial behaviour as a result of an 

approaching human showed significant differences between locations, breeding stage 

and an interaction between location and breeding stage (Table 10.1). The difference 

between the two locations (all sexes and phases combined) in particular was highly 

significant with suburban magpies changing their behaviour at a mean distance of 

4.61 ± 1.48m compared to 63.62 ± 1.40m in rural magpies (LSD, P <0.05). Rural 

magpies again showed variation over the breeding stages (Fig. 10.2), in small 
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nestling stage (SN) rural magpies changed their behaviour at a greater distance to the 

intruder than during the medium nestling stage (MN). Similarly, rural magpies at 

large nestling (LN) and non-breeding stages (NB) changed their behaviour at a 

greater distance to the intruder than rural magpies at medium nestling stage (MN) 

(LSD, P <0.05 in all cases). Suburban magpies remained relatively constant 

throughout the breeding phases, with the data showing a slight increase in distance to 

changed behaviour during the large nestling (LN) stage, although this trend was non-

significant. The data did not show any effect relating to the sex of the magpies in any 

location or at any breeding stage (P >0.05 in all cases). 
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Figure 10.2 Mean distance (± SE) at which the magpies changed their initial 

behaviour. The data represents the means for rural and suburban magpies for rural 

and suburban magpies during the incubation (IS), small nestling (SN), medium 

nestling (MN), large nestling (LN), fledgling stage (F) and a non-breeding stage 

(NB). Sexes of the magpies have been combined, as no significant effect relating to 

sex was found. 
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10.3.4. Resulting behaviour 

 

The behaviour resulting from a disturbance event differed between locations with 

certain behavioural response occurring more frequently in certain locations             

(χ2 =149.10, df = 2, P <0.001). From the total of all disturbance events, rural magpies 

predominantly flew away when disturbed. There were, however, two incidents of a 

rural magpie responding aggressively as a result of disturbance. Variation in 

responses to disturbance occurred in the suburban magpies with 51.25% of 

disturbance events resulting in flyaway, 45% in walkaways and 3.75% in aggressive 

responses (Fig. 10.3). Aggressive responses were only observed in male magpies 

with the majority of cases of aggressive behaviour only occurring during the medium 

and large nestling phases of the study. 
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Figure 10.3 Proportions of the resulting behaviours following a disturbance event, 

observed in suburban and rural magpies. 
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10.3.5. Distance moved 

 

The distance the magpies moved when disturbed again differed considerably 

between suburban and rural magpies for all stages sampled and for both sexes 

combined. Suburban magpies moved a mean 6.3 ± 0.8m when disturbed compared to 

32.2 ± 0.8m in rural magpies (LSD, P <0.05). Furthermore, these data also showed a 

three-factor interaction between sex, location and breeding stage (Table 10.1). 

Female rural magpies showed considerable variation throughout some of the 

breeding stages with small (SN), medium (MN) and large nestling stage (LN) 

recording progressively lower distances moved than the remaining stages (Fig. 10.4; 

LSD, P <0.05 in all cases). Also the lowest distance moved in rural females (LN) 

was significantly different to the higher means recorded for the fledgling stage (F) 

(Fig. 10.4; LSD,    P <0.05).  

 

Suburban female magpies also showed a certain degree of variation over the stages 

of the study with large nestling stage (LN) showing the greatest mean distance 

moved in suburban magpies, which interestingly was the lowest distance moved for 

rural females at the same stage. Incidentally, the lowest distance moved in rural 

female magpies was still significantly greater than the greatest distance moved in 

suburban females (Fig. 10.4; LSD, P <0.05). With regard to male magpies distance 

moved, suburban males remained fairly constant over all the six stages. Rural males, 

however, showed the same trend as female rural magpies with a reduction of distance 

moved being shown progressively until large nestling stage (LN). Significant 

differences were evident between large nestling stage (LN) and small (SN), medium 

nestling (MN) and non-breeding stages (NB) (Fig. 10.4; LSD, P <0.05).  

 

When the mean distances moved were compared between sexes (rural male against 

rural female and suburban male against suburban female), the resulting analysis 

showed that the majority of means were not significantly different between sexes 

within each corresponding phase, for both suburban magpie and rural magpies (LSD, 

P >0.05). The only between-sex difference was at the non-breeding stage (NB) in 
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male and female rural magpie, with female rural magpies moving further than male 

rural magpies (Fig.10.4; LSD, P <0.05). 
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Figure 10.4 Mean distance moved (± SE) following a disturbance event for female 

(bottom) and male (top) rural and suburban magpies across all six breeding stages. 
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10.3.6. Call rate 

 

There was a significant difference in the call rate between suburban and rural 

locations (Table 10.1), with the mean call rate per five minutes being greatest in rural 

magpies (Fig. 10.5; LSD, P <0.05). Furthermore, there was a significant difference in 

the call rate between sexes (locations and stages combined) with female magpies 

showing a greater call rate than male magpies (Fig. 10.6; LSD, P <0.05). The call 

rate did not differ between stages in either rural or suburban magpies (P >0.05 in all 

cases). 
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Figure 10.5 Comparisons of mean (± SE) call rate per 5 minutes between rural and 

suburban locations.  
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Figure 10.6 Comparisons of mean (± SE) call rate per 5 minutes between male and 

female magpies. 

 

 

10.3.7. Time to resume initial foraging behaviour 

 

Time taken to resume the initial foraging behaviour showed a significant difference 

between location, breeding stage and a three-factor interaction between location, sex 

and stage (Table 10.1). As with the previous variables measured, the greatest 

difference was between locations. Suburban magpies resumed their initial activity 

(foraging) after the least amount of time whereas rural magpies took significantly 

longer to resume their original behaviour.  

 

Between stages, female rural magpies showed the greatest time to resume prior 

behaviour at incubation stage (IS) and this differed significantly against all other 

stage except the non-breeding stage (NB) (Fig 10.7; LSD, P <0.05). A similar trend 

was evident between phases for female suburban magpies; with the incubation stage 
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(IS) showing the greatest time to resume and were significantly different to all 

remaining stages (Fig 10.7; LSD, P <0.05). Male rural magpies showed the greatest 

time to resume at large nestling stage (LN) and this was significantly different to all 

other stages (Fig 10.8; LSD, P< 0.05). Suburban male magpies showed a constant 

result throughout the six stages and all comparisons were non-significant (Fig 10.8, 

LSD, P >0.05). 

 

When the mean time to resume was compared between sexes (rural male against 

rural female and suburban male against suburban female), there was a significant 

difference between the mean time to resume at the first stage, with male magpies in 

both locations resuming sooner than females (Figs. 10.7 and 10.8, LSD, P <0.05). 

Male rural magpies also took longer to resume at large nestling stage (LN) than did 

females (Figs. 10.7 and 10.8, LSD, P <0.05). 
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Figure 10.7 Mean times (± SE) taken to resume original foraging behaviour 

following a disturbance event for female rural and suburban magpies across all six 

breeding stages. 
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Figure 10.8 Mean times (± SE) taken to resume original foraging behaviour 

following a disturbance event for male rural and suburban magpies across all six 

breeding stages. 

 
 
10.4 DISCUSSION 
 

10.4.1. Variation between locations 

 
Magpies located in areas of low human contact (rural areas) were shown to be more 

sensitive to human intrusion into their territory than magpies located in high human 

contact suburban areas. The difference between the two locations was great, with 

suburban magpies being approachable to within less than a one metre in some cases. 

The relationship between decreased sensitivity towards humans in areas of more 

frequent human exposure clearly indicates suburban magpies have habituated to the 

presence of humans in these areas. These results are similar to previous studies 
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(Cooke, 1980; Burger and Gochfeld, 1983; Recarte et al., 1998; Ikuta and Blumstein, 

in press; Rollinson and Jones, in review; Chapter 9) that found increased tolerance 

from several species could occur as a result of increased human exposure. Suburban 

magpies, through their frequent exposure to humans, may have learnt that the 

potential threat from humans is limited and that the benefits of responding neutrally 

to human presence allows a greater access to foraging and nesting opportunities, in 

particular access to human provided food resources (Rollinson et al., 2003; Chapter 

5). Furthermore, spatially and temporally predictable movement of humans has been 

implicated in the habituation of several species (Hamr, 1988; Bullock et al., 1993). 

Predictable, repeated human movements within suburbia, such as school children 

going to school, postal workers delivering mail, (D. Rollinson unpubl. data), which 

are ultimately non-threatening (Curio, 1993), may facilitate the habituation of 

magpies. However, additional factors other than more frequent repeated exposure to 

humans must also be considered as reasons why magpies showed reduced responses 

to humans in suburban areas. For example, the three types of study sites used were 

all of differing structural composition. However, previous studies have found (e.g. 

Jokimaki and Huhta (2000) that avian species present in open and manicured parks 

and gardens (similar to those of the suburban sites in this study) are more vulnerable 

to predation than birds in rural or more natural habitats, and conversely should 

respond in a more fearful manner given the potentially more dangerous environment, 

therefore it is thought that habitat difference is not the main factor for the results 

found here. 

 

The results reported within rural areas, where exposure to humans is less frequent, 

typifies response to an uncommon stimulus (Curio, 1993). Rural magpie’s responses 

included a greater number of alarm calls, a greater distance moved from the human 

intruder and longer periods to resume foraging. Whittaker and Knight (1998) 

suggested that avoidance behaviour, such as that displayed by rural magpies in the 

current study can result from either an unconditional response to a potential threat or 

a conditional response where the stimulus is associated with aversive consequences, 

as in the case of animals avoiding humans because of prior persecution. Given that 

the magpie is a familiar and popular species throughout Australia, it is unlikely that 
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the rural responded as they did because of persecution, and as such the former is a 

more likely explanation for the results found here. 

 

The level of sensitivity towards humans is also reflected in the way magpies respond 

once disturbed; rural magpies in the majority of cases flew away, presumably to 

distance themselves from the potential threat as quickly as possible. Suburban 

magpies, in contrast, only flew from a human intruder during approximately half of 

the disturbance events and simply walked away from the human during the majority 

of the remaining disturbance events, potentially indicating a greatly reduced fear 

response towards humans. Aggressive behaviours as a result of a disturbance event 

were also noted during a small percentage of disturbances, largely within suburban 

magpies. The occurrence of such aggressive behaviours is well documented for the 

species (Jones et al., 1980; Cilento and Jones, 1999; Jones, 2002), occurring 

primarily within high human contact areas, predominantly by male magpies and 

occurring only during the breeding season. It has been suggested that habituation or 

loss of fear as a result of regular exposure to humans may be a factor resulting in 

some avian species exhibiting increased aggressive responses during the nesting 

season (Knight and Temple, 1986). Furthermore, most cases of human disturbance 

does not result in harm to the nest or offspring, and as such the parent birds are 

positively reinforced by their apparent success when the potential predator leaves the 

territory (Knight and Temple, 1986), thus leading to reinforcement of the behaviour.  

 

The concept of sensitisation (the opposite response to habituation) has been indicated 

as a process that works simultaneously with habituation and only the net effect is 

observed. In many cases a habituated response to a stimulus is replaced by the 

directly opposite and highly sensitised state because of a slight change in the 

stimulus (Whittaker and Knight, 1998). It must be noted that aggressive responses 

are not always consistent with simultaneous processes but they could be explained by 

slight changes in stimuli (Groves and Thompson, 1970; Whittaker and Knight, 

1998). 
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Clearly the data from the current study relating to aggressive responses cannot fully 

support this habituation/sensitisation idea and further study into the specific causes of 

aggressive behaviours from otherwise human habituated magpies is warranted and 

encouraged.  

 

In the current study aggressive behaviours were also noted in rural locations, albeit to 

a lesser extent than in suburban magpies, and explanations for this are less clear. One 

possibility is that the process of banding the magpies prior to the commencement of 

the study may have influenced the behaviour, despite attempts to minimise any such 

effects. There is evidence to suggest that individuals of some species can recognise 

individual humans (Merritt, 1984). In magpies it has been noted, largely in suburban 

populations, that certain birds are target specific aggressively targeting specific 

individuals that may have behaved aggressively towards the magpie in the past 

(Warne, 2001). 

 

10.4.2. Variation between breeding stages 

 

The variation between breeding stages was not of the same magnitude as found 

between locations, nevertheless the study did highlight certain variation within 

several of the disturbance distance variables measured. Notably, rural magpies 

reduced the distance moved (following a disturbance event) as the nestlings 

developed to the large nestling stage (following this stage the distance moved again 

increased). The fact that rural magpies showed a greater variation in response 

distance (and resumption times) may indicate that disturbance by humans in these 

areas is equally varible, whereas in suburban areas disturbance is generally high and 

sustained resulting in a more defined trend shown in the data. Furthermore a 

reduction in the distance moved could be seen as a potentially dangerous action on 

the part of the magpies (i.e., being closer to the potential predator). However, if 

movements were recorded while near the nest then lower distances could result from 

more intense nest defence.  Several theories exist to explain why parental birds 

engage in potentially more dangerous behaviours with the progression of the nesting 
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cycle, notably optimality theory (Montgomerie and Weatherhead, 1988) and the 

feedback hypothesis (McLean and Rhodes, 1992).  

 

Optimality theory is a cost/benefit model that predicts that parental responses to 

potential predators will increase with the progression of the breeding season because 

of increasing value of the young (Fig. 10.9).  
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Breeding stage 

Figure 10.10 Exposure to risk by parent birds with progression of the breeding 

cycle as predicted from the feedback hypothesis (redrawn from McLean and Rhodes, 

1992). 

 

 

The results from the current study are not fully explained by either optimality theory 

or the feedback hypothesis, and the study was not intended to be a test of either 

hypothesis. However, further temporal variability found during this study such as the 

‘distance noticed’ and ‘distance changed behaviour’ found within rural magpies may 

be accounted for within the theoretical framework of the feedback hypothesis.  

McLean and Rhodes (1992) highlighted the fact that responses to potential predators 

in many cases can vary due to a variety of additional factors and as such do not 

follow the smooth increase in risk taking behaviour over the breeding season as 

shown in optimality theory (Fig. 10.9). It is not entirely clear why the distance 

noticed and distance changed behaviour showed the pattern found here (decreased 

around the medium nestling stage), additional proximate factors not explored within 

this study might account for these results. 
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10.4.3. Variation between sexes 

 

The current study also highlighted variation in disturbance distance variables 

between the sexes of magpies. Most notable was the difference in calls per 5 

minutes, with male magpies calling at a greater rate than females (locations 

combined), suggesting that males responded more vocally to a potential predator 

than females. Territory defence with associated vocalisations has traditionally been 

described as being shared equally between males and females of the species (Carrick, 

1972; Robinson, 1956; Farabaugh et al., 1992). Such studies, however, largely 

referred to defence against rival magpies and real potential predators. More recently 

it was suggested that male magpies engage in a greater frequency of defensive 

behaviours directed towards humans and non-predators (Cilento, 1999) and as such 

this may also be reflected in the greater frequency of male vocalisations, as was 

shown here.  

 

The female time taken to resume the original foraging behaviour was distinctly 

greater during the incubation stage of the study, indicating that when incubating 

females are disturbed, regardless of habitat, the initial response was to return and 

remain at the nest (pers. obs.). Such behaviours may suggest that eggs are 

particularly vulnerable to nest predation and temperature fluctuations (Robinson, 

1956), also the pressure to remain foraging so that nestlings can be fed, was 

obviously not of relevance during the incubation stage. Similar patterns were not 

seen in male magpies because males do not participate in incubation (Carrick, 1972). 

Interestingly, males did show an increase in time to resume at the large nestling 

stage, instead of returning to forage they remained perched and vigilant (pers. obs), 

again suggesting that as the nestlings develop there is an increase in 

defensive/vigilance behaviour from, in this case the male magpie. Such findings 

could also tentatively suggest that at the peak of the breeding cycle the usual equally 

distributed defence of the territory (Farabaugh et al., 1992) may become more male 

biased. Furthermore this trend also supports the prediction of the feedback 

hypothesis that states; in species such as magpies, where the female builds the nest 

and incubates the eggs, the initial nest defence is equal or female biased, then as the 
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nestlings develop the male becomes the primary nest defender (McLean and Rhodes, 

1992). 

 

10.4.4. Conclusions 

 

The Australian magpie clearly demonstrates behavioural flexibility towards human 

intruders into its territory, and with increasing experience of human intruders, they 

predominantly act in a classical habituated manner to human presence, which in turn 

may allow them access to resources and nesting opportunities that would otherwise 

be unavailable if unable to habituate to humans (Burger and Gochfeld, 1991). The 

reason for a small proportion of mainly suburban magpies showing overtly 

aggressive response towards humans during the breeding season is still not fully 

understood. However, this study, at the very least, has highlighted future areas in 

which to direct research into this phenomenon, with habituation and possibly 

sensitisation theory being obvious areas to focus on.  

 

Magpies in less urbanised and less frequented areas responded in a typical predator 

avoidance manner, which varied depending on reproductive state. This not only 

provides an interesting comparison to the greatly reduced and habituated response of 

suburban magpies, but it also provides further considerations for the use of 

disturbance distances within wildlife management policies. The fact that responses to 

humans within this species varies with location, reproductive state, and to a lesser 

extent sex, means intraspecific variation must be considered in management plans 

using disturbance distance for species of conservation concern, and that the species-

specific approach (i.e. assuming responses to humans are similar for all populations 

of a particular species) should be treated with caution. 

 

 

 

 

 

 

 270



Chapter 10: Intraspecific variation in disturbance distance 

 

10.6 REFERENCES 
 

Blumstein, D.T., Anthony, L.L., Harcourt, R.G., and Ross, G. (2003). Testing a key  

assumption of wildlife buffer zones: is flight initiation distance a species- 

specific trait? Biological Conservation 110, 97–100.  

Bullock, D.J., Kerridge, F.J., Hanlon, A., Arnold, R.W. (1993). Short-term responses  

of deer to recreational disturbances in two deer parks. Journal of the  

Zoological Society of London 230, 327–332. 

Bossema, I., and Benus, R.F. (1995). Territory defence and intra-pair co-operation in  

the carrion crow (Corvus corone). Behavioural Ecology and Sociobiology 16,  

99-104. 

Burger, J., and Gochfeld, M. (1983). Behavioural responses to human intruders of  

herring Gulls (Larus argentatus) and great black-backed gulls (L. marinus)  

with varying exposure to human disturbance. Behavioural Processes 8, 327- 

344. 

Burger, J., and Gochfeld, M. (1991). Human disturbance and birds: tolerance and  

response distances of residential and migrant species in India. Environmental   

Conservation 18, 158-165. 

Carney, K.M., Sydeman, W.J., (1999). A review of human disturbance effects on  

nesting colonial waterbirds. Waterbirds 22, 68–79.  

Carrick, R. (1972). Population ecology of the Australian black-backed magpie, royal  

penguin and silver gull. United States Department of Interior Wildlife 

Research Report 2, 41-99. 

Catterall, C.P., and  Kingston, M. (1993). Remnant Bushland of southeast  

Queensland in the 1990’s. A Report to the Brisbane City Council, Brisbane 

Cilento, N.J. (1995). Brood defence in the Australian magpie: a human dimension.  

B.Sc. (Hons) thesis. Griffith University, Brisbane. 

Cilento, N.J., and Jones, D.N. (1999). Aggression by Australian magpies  

Gymnorhina tibicen toward human intruders. Emu 99, 85-90. 

Cooke, A.S. (1980). Observations on how close certain passerine species will tolerate  

an approaching human in rural and suburban areas. Biological Conservation  

18, 85-88. 

 271



Chapter 10: Intraspecific variation in disturbance distance 

 

Curio, E. (1993). Proximate and developmental aspects of antipredator behaviour.  

Advances in the Study of Behaviour 22, 135-237. 

Farabaugh, S.M., Brown, E.D., and Veltman, C.J. (1988). Song sharing in a group- 

living song bird, the Australian magpie Gymnorhina tibicen. Part II. Vocal  

sharing between territory neighbours, within and between geographical  

regions, and between sexes. Behaviour 104, 105-125. 

Fernández-Juricic, E., Jimenez, M.D., and Lucas, E. (2001). Bird tolerance to human  

disturbance in urban parks of Madrid (Spain): management implications. In  

Avian Ecology and Conservation in an Urbanizing World.  (J.M. Marzluff, R.  

Bowman and R. Donnelly eds.). Pp. 259-273. Kluwer Academic Publishers,  

Norwell. 

Groves, P.M., and Thompson, R.F. (1970). Habituation: a duel process theory.  

Physiological Review 77, 419-450.  

Hamr, J., (1988). Disturbance behaviour of chamois in an alpine tourist area of  

Austria. Mountain Research and Development 8, 65–73. 

Howard, P., and Jones, D.N. (2003). The meaning of feeding: A qualitative study  

of practices and reasons for feeding wildlife in urban southeast Queensland. ?  

In Urban Wildlife: More than meets the eye! (S.K. Burgin, and D.  

Lunney eds.). Royal Zoological Society of N.S.W., Sydney. 

Ikuta, L.A., and Blumstein, D.T. (in press). Do fences protect birds from human  

disturbance. Biological Conservation. 

Jones, L., Darroch R.K., Gilding, J., and Bennett, D.H. (1980). A review of seasonal  

and ecological factors in Australian magpie attacks on people. Bird 

Behaviour 2, 113-117. 

Jones, D.N. (2002). Magpie Alert: Learning to Live with a Wild Neighbour.  

University of  New South Wales Press, Sydney. 

Knight, R.L., and Temple, S.A. (1986). Why does intensity of avian nest defence  

increase during the nesting cycle. Auk 103, 318-327. 

McLean, I.G., and Rhodes, G. (1991). Enemy recognition and response in birds.  

Current Ornithology 8, 173-211. 

Merritt, P.G. (1984). Observer recognition by the Northern mocking bird. Journal of  

Field Ornithology 55, 252-253. 

 272



Chapter 10: Intraspecific variation in disturbance distance 

 

Montgomerie, R., and  Weatherhead, P.J. (1988). Risks and rewards of nest defence  

of parent birds. Quarterly Review of Biology 63, 167-187. 

Recarte, J.M., Vincent J.P., and Hewison A.J.M. (1998). Flight responses of park  

fallow deer to the human observer. Behavioural Processes 44, 65–72. 

Richardson, C.T., Miller, C.K. (1997). Recommendations for protecting raptors from  

human disturbance: a review. Wildlife Society Bulletin 25,634–638. 

Robinson, A. (1956). The annual reproductive cycle of the magpie, Gymnorhina  

dorsalis (Campbell), in south western Australia. Emu 56, 235-336. 

Rodgers Jr., J.A., and Smith, H.T. (1995). Set-back distances to protect nesting bird  

colonies from human disturbance in Florida. Conservation Biology 9, 89–99. 

Rodgers Jr, J.A and Smith, H.T. (1997). Set-back distances to protect foraging and  

loafing waterbirds from human disturbance in Florida. Wildlife Society.  

Bulletin 25, 139-145. 

Rollinson, D.J., O’Leary, R., and Jones, D.N. (2003). The practice of wildlife  

feeding in suburban Brisbane. Corella 27, 52-59. 

SAS Institute Inc. (1987). SAS/STATTM, Guide for personal computers, version  

6.12, SAS Institute Inc., Cary, NC. 

Thomas, L. (2000). Wildlife and humans in a suburban setting. New approaches to  

the management of positive and negative interactions. PhD thesis,  

Griffith University, Brisbane. 

Warne, R.M. (2001). Why do magpies attack? Exploring mechanisms and functional  

explanations for magpie attacks towards humans. B.Sc. (Hons) thesis.  

Griffith University, Brisbane. 

Whittaker, D., and Knight, R.L. (1998). Understanding wildlife responses to humans  

Wildlife Society Bulletin 26, 312-317. 

Ydenberg, R.C., and Dill, L.M., (1986). The economics of fleeing from predators.  

Advances in the Study of Behaviour 16, 229–249. 

Zar, J.H. (1999). Biostatistical Analysis (4 ed). Prentice-Hall Int. Inc., New Jersey. 

 

 

 

 

 273



Chapter 11 

___________________________________ 
 

 

CONCLUSIONS AND IMPLICATIONS 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 11: Conclusions and implications 

 

11.1 OUTCOMES OF THE THESIS 
 

Avian populations within urbanised areas provide unique situations in which to 

undertake research and have been termed an ecological experiment (Erz, 1966), in that 

they enable questions relating to how species adapt and survive in novel environments to 

be addressed. However, studies specifically examining the ecological effects relating to 

species living in urbanised environments are less commonly reported in the urban 

ecology literature. Furthermore, the geographical scope of urban avian ecology studies is 

largely focused on the temperate Northern Hemisphere locations of Europe and North 

America. This has left tropical and sub-tropical locations, particularly within the 

Southern Hemisphere, underrepresented within the literature (Marzluff et al., 2001). As 

such this thesis aimed to address some of these general issues and, more specifically, 

aimed to examine several key ecological aspects relating to the urban avifauna. The 

overall aim of the thesis was to examine the synanthropy and ecology of one particular 

species, the Australian magpie, in suburban and rural environments of southeast 

Queensland, Australia. By comparing rural and suburban populations I aimed to identify 

key features of urbanised habitat that may benefit this synanthropic species and also 

what ecological effects these features may have to the study species. Additionally I 

focused on certain key behavioural traits and behavioural flexibilities that may 

potentially facilitate the species survival in urbanised environments.  

 

11.1.1. Resources in suburbia: behavioural and ecological effects 

 

Success of avian species in an urbanised environment is largely defined by their ability 

to acquire the resources that enables survival and reproduction. In Chapter 3 I focused 

specifically on the habitats of both rural and suburban magpies. I was interested in 

finding out if magpies within suburban areas utilised different types of habitats for their 

territories. In particular, do they incorporate anthropogenic features within the territory 

boundaries or alternatively do they incorporate the remaining natural features of the 

urbanised environment. Suburban territories were found to be smaller than those in rural 
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areas and contained a greater proportion of anthropogenic structures such as roads and 

houses. Rural territories, in contrast, could be viewed as a more natural habitat, being 

comprised of significant areas of tree cover and more structurally complex vegetation 

types, while anthropogenic structures were minimal. Interestingly both rural and 

suburban magpie territories had similar amounts of short grass within their boundaries 

(but different proportions in relation to total territory size), a resource utilised as a main 

foraging medium in magpies (Hughes et al., 1983). The proportion of short grass has 

been shown to influence the overall territory size (Hughes et al., 1983), with smaller 

territories having a larger proportion of the territory consisting of short grass. The results 

of Chapter 3 confirmed this and revealed a strong positive correlation between 

proportion of short grass in the territory and overall territory size.  

 

I found few differences between rural and suburban magpies in terms of nest site choice. 

Despite suburban areas containing a mixture of introduced and native trees, suburban 

magpies primarily utilised large native (usually Eucalyptus spp.) trees as nest sites, as 

did rural magpies whose territories contained primarily native trees. One of the attributes 

often ascribed to successful urban species is an ability to utilise the modified habitat in 

the urbanised area (Johnston, 2001, Marzluff et al., 2001). In the case of magpies it 

appears, in choice of nest at least, that they primarily chose native nest tree types. These 

results indicate that in the current suburban landscape of the study suitable native nest 

trees may not be a limiting resource. However, I did find some tentative evidence for 

magpie’s ability to utilise nest sites not typically associated with the species nest choice,. 

A small proportion of magpies were using introduced palm trees for nest sites, trees 

which were structurally very dissimilar to the more complex structure of eucalypt nest 

trees. 

 

In addition to suitable habitat requirements, urban ecology studies have also implicated 

suitable food resources as a key feature synanthropic species respond to (e.g., Johnston, 

2001). It has been acknowledged (Bolger, 2001), however, that studies examining food 

resources within urbanised areas and also their subsequent ecological effects on bird 
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populations are not well represented within the scientific literature. In an attempt to 

address this lack of information, I focused on the potential food resources available to 

magpies within rural and suburban territories. I found several significant differences: the 

diversity of flying and vegetation dwelling invertebrates was greater within rural sites 

largely due to the tall grassed areas within rural sites providing a more suitable habitat 

for flying and vegetation dwelling invertebrates. Invertebrate sampling within the 

substrate found significantly more worm and beetle larvae in suburban sites, a finding 

that is considered important, as these invertebrates have previously been noted as main 

prey items for magpies (Vestjens and Carrick, 1974; Floyd and Woodland, 1981), 

especially beetle larvae that are fed to nestlings in preference of most other foods (Alley, 

1979). Invertebrates active on the surface of the substrate (pitfall sampling) showed less 

distinct differences, although it was apparent that there was a greater abundance of 

invertebrates classed as small (<5mm) within the rural areas. However, apart from ants, 

which are a potential food source of magpies (Vestjens and Carrick, 1974; Veltman and 

Hickson, 1989), many of the other small invertebrates are unlikely to form part of the 

magpie’s diet.  

 

A potential abundance of food resources in urbanised areas may benefit birds, but the 

structural composition of such habitats is also likely to provide a further positive feature 

(Chapter 4; Falk, 1976; Eiserere, 1980). For example, the short mown lawns and 

structurally simple foraging areas typical of urbanised areas, particularly suburban areas, 

may allow improved foraging success, especially to ground feeding species of birds 

(e.g., Falk, 1976). In Chapter 4, I aimed to examine this idea and focused on the foraging 

ecology and also subsequent nestling provisioning of the study species. I found that 

suburban magpies do appear to benefit from the suburban environments in terms of a 

greater foraging success. This in turn may also account for the increased frequency of 

nestling provisioning that was evident. Furthermore, determination of the foods 

collected during foraging and food delivered during nestling feeding suggested that the 

resources collected in suburban areas are also different, with soil dwelling invertebrates 
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and supplementary foods (provided by humans) being collected more frequently during 

foraging attempts, and also fed to nestling magpies more frequently.  

 

The provisioning of supplementary foods, both intentional and unintentional (via waste), 

has been highlighted as another key factor within suburbia that enables certain species to 

flourish (e.g., Marzluff, et al., 2001). In Chapter 5 I aimed to quantify the amount of 

wildlife feeding that was being undertaken within the suburban areas used throughout 

the studies of this thesis. I found that at least one household resident in each of the study 

sites fed wildlife, and in many cases there was more than one person. The actual overall 

figure for people feeding wildlife was 37%, which was similar to previous estimations 

both within Australia (e.g., Thomas, 2002) and overseas (e.g., Cowie and Hinsley, 1987; 

1988). Furthermore, in many cases respondents to the survey used in the study indicated 

that they specifically targeted magpies for feeding and provided specific foods to attract 

them to their property.  

 

Having highlighted the fact that suburban magpies may potentially have a greater 

amount of resources available to them in terms of natural foods and supplementary 

foods, and that the nature of the suburban habitat may also facilitate more successful 

foraging, the potential ecological effects of these factors were examined in the 

subsequent two chapters. More specifically, I was interested in seeing the effect of the 

potentially improved resources on the breeding ecology of the species. Previous studies 

have shown that urban populations of birds, when compared to populations located in 

more natural areas, exhibit advancement in breeding dates, and often an improved 

reproductive output (e.g., Parker, 1996; Boal and Mann, 1999). In Chapter 6, I found 

that when the breeding ecology of magpies located in rural and suburban areas was 

examined, suburban magpies initiated breeding earlier than magpies located in rural 

areas. Furthermore the occurrence of a second clutch, after the failure of a first clutch, 

was only evident in suburban magpies; when rural nests failed no re-nesting took place. 

Interestingly productivity of rural and suburban magpies was approximately the same, 

with suburban magpies working harder to reach a similar reproductive output (i.e. lay 
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more clutches). The mortality factors of nestling and juvenile magpies within suburbia 

remain unclear, although I did find evidence suggestive of road fatalities and predation.  

 

In providing an explanation for the advancement in breeding dates of suburban magpies, 

the literature implicates food resources as a primary factor regulating the timing of 

breeding (e.g., Perrins, 1970, Boutin, 1990). In particular, many suburban areas are 

suggested to have a greater abundance of food (both natural and human provided) which 

in turn may facilitate advancement of breeding (see Hahn et al., 1997 for review). The 

results of Chapters 3 - 5 suggest that certain natural food items may be more abundant in 

suburbia and human provided foods are almost certainly more abundant. Therefore in 

providing an explanation for the results of Chapter 6, food resources were considered a 

key factor. Chapter 7 aimed to test experimentally the role of food in the regulation of 

breeding in magpies, by providing supplementary food to rural magpies, previously 

shown to breed later than suburban magpies. The results showed that providing 

supplementary food to rural magpies did advance their breeding dates when compared to 

rural magpies not receiving additional food; however the advancement was not of the 

same magnitude as that of the suburban magpies. This result is possibly related to the 

type of food provided. For example, the advancement of breeding originally shown in 

suburban magpies may not be possible through the consumption of supplementary foods 

alone, and additional natural foods may allow further advancement. Alternatively I 

suggest that food (either natural or human provided) is not the only factor regulating 

breeding in magpies.  

 

Lower minimum temperatures evident in rural areas (7oC in rural areas vs 11 oC in 

suburban areas) (see Chapter 2), especially during the period prior to breeding, may have 

a function in the regulation of breeding in magpies. The climate of the current study is 

sub-tropical and this was initially thought to be one factor where the effect and influence 

may differ from the previous breeding ecology studies of temperate areas, where 

temperature has a strong influence on the timing of breeding (Hahn et al., 1997). 

However, the temperatures prior to breeding initiation in the location of this study may 
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also be sufficiently low enough to provide some inhibitory effect on the onset of 

breeding and as such temperature may be more significant than initially thought.   

 

11.1.2. Behavioural traits and flexibility  

 

Certain specific behavioural traits and flexibilities are likely to be essential for most 

species successfully inhabiting novel environments (Sol et al., 2002) such as urbanised 

areas, and the presence of suitable resources alone will not necessarily determine the 

success in these anthropogenic environments (Green, 1985). In particular, how a species 

interacts with other species in the urbanised environment is likely to be a key factor in 

their success. For example, within many areas of suburban Australia native vegetation 

capable of providing suitable food resources for many bird species is increasingly being 

used in suburban gardening. However, such resources often become dominated by 

behaviourally aggressive species such as the noisy minor (Manorina melanocephala). 

This species has been shown to monopolise such resources and actively exclude other 

species, and as such more sensitive species such as yellow-faced honeyeaters 

(Lichenostomus chrysops), for example, are unable to utilise these potential resources 

within suburbia (Sewell and Catterall, 1998). 

 

Conversely, responding neutrally or in a habituated manner to certain species or groups 

of species encountered in urbanised areas is also likely to be advantageous for avian 

species. To further explore how magpies interacted with other species in their territories, 

in the context of highlighting behavioural responses that may facilitate their success in 

urbanised environments, I undertook a series of studies aimed at quantifying certain 

interactions and responses of magpies. In Chapter 8, I initially examined the types of 

animals magpies in suburban locations are exposed to and compared this to rural 

locations. I found clear differences; for example, suburban magpie territories had a 

greater number of territorial intrusions from potential predatory species such as domestic 

dogs and cats, whereas in rural areas, predatory intrusions were represented by raptors 
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and avian predators. When the responses of magpies to these different groups of territory 

intruders were examined I found that within rural areas a greater proportion of potential 

predators were aggressively attacked by the resident magpie, whereas in suburbia only a 

small proportion of potential predators were attacked. Because the actual number of 

intrusion events was low, firm conclusions regarding the responses to territory intruders 

must remain tentative. However, because potential predators in suburban areas were 

largely domestic dogs and to a lesser extent cats, the perceived threat from such species 

may be lessened and as such magpies respond less to these potential predators. Such 

findings are supported by other studies that also found reduced anti-predator responses 

to domestic dogs (Fernández-Juricic et al., 2001) in suburban habitats. Potential 

predators in rural areas, alternatively, could be perceived as a greater or more real threat 

to magpies and their young, as they largely consisted of raptors and avian predators such 

as the Torresian crow (Corvus orru). Consequently the proportion of aggressive 

responses to predators in rural areas was greater than in suburban areas. These findings 

suggest a possible variation in anti-predator response at the two points of the urban 

gradient. In the case of the suburban populations, this would prove advantageous as 

constantly attacking or even retreating from potential predators such as domestic dogs 

may prove costly in terms of energy expenditure, potential injury and reduced foraging 

times (e.g., Cooke, 1980). 

 

In Chapter 8, I also found a small proportion of suburban magpies responded 

aggressively to humans, a phenomenon previously reported in the species (e.g., Jones, 

2002). When I focused behavioural observations on magpies that had previously been 

found to exhibit extreme aggression towards humans, I found this group of magpies to 

have a greater frequency of aggressive interactions with all potential predatory intruders 

(which were primarily humans) when compared to non-aggressive suburban magpies 

and also rural magpies. Examination of the level of corticosterone from the three magpie 

groups (rural, suburban and aggressive to humans) found that a high level of aggressive 

interactions with potential predators and humans was reflected in a higher level of 
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corticosterone. At present it is not clear what the implication of the elevated level of 

corticosterone may have on magpies, although pervious studies (Wingfield and Silverin, 

1986) suggest that behavioural changes, such as increased activity, can occur and if the 

elevation is chronic, physiological effects are expected (Creel, 2001).  

 

Despite a certain small percentage of suburban magpies responding aggressively 

towards humans, it was speculated that the majority would respond in a less extreme and 

habituated manner. The ability to habituate to the presence of humans within suburban 

and urban settings has been suggested as a key requirement for success in such 

environments (Burger and Gochfeld, 1991) that gives rise to increased feeding, resting 

and breeding opportunities (Cooke, 1980). I found in Chapter 9, through comparisons of 

disturbance distances along the urban gradient, that suburban magpies only responded to 

humans when they had approached to a close distance, often less than one metre, and 

many simply walked away to avoid the approaching human. Interestingly, again as 

alluded to in chapter 8, a small percentage of the suburban magpies were also aggressive 

towards the approaching human. The response of magpies located in rural and exurban 

areas was strikingly different to the suburban magpies. The distance at which they 

responded to the human was 100+ m, and these magpies always flew away. Such 

responses suggest that magpies perceive the approaching human as a novel stimulus or 

one that has not being experienced as frequently to enable habituation (Curio, 1993). In 

Chapter 10, I added a temporal context to my examination of responses towards humans. 

Focusing on two points of the urban gradient (suburban and rural), the study again found 

a large difference in response to humans, with suburban magpies exhibiting a habituated 

response. A certain proportion of responses from suburban magpies were again 

aggressive. The examination of disturbance distance over the breeding season found that 

in suburban magpies the responses of most disturbance-distance variables remained 

similar between breeding stages. Rural magpies, however, exhibited variation in their 

responses towards humans depending on the stage of breeding. It was suggested that the 

response of rural magpies may be a typical fear response towards an unusual potential 
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threat (Curio, 1993). The temporal variation over the breeding season may be due to 

changing values or stimuli from the nestlings (Montgomerie and Weatherhead, 1988; 

McLean and Rhodes, 1991).  

 

 

11. 2 WIDER IMPLICATIONS OF THE THESIS AND FUTURE RESEARCH 
 

The results of this thesis have substantially extended our understanding of traits that 

facilitate synanthropy, and highlighted various behavioural and ecological dissimilarities 

and similarities that exist in populations living at different points along the urban 

gradient. However, in addition to these main findings, many of the outcomes have wider 

implications, applicable to several related fields of study; furthermore additional 

research questions relating to the findings in these studies are also proposed.  

 

The aim of Chapter 5 was to determine if the magpies located in suburban areas received 

supplementary food from the humans living in these areas. However, additional 

outcomes of this study highlighted potentially damaging practises relating to wildlife 

feeding. For example, the study found that a significant proportion of people fed 

inappropriate food types, and that many fed wildlife daily, and these same people either 

thought they were doing no harm or did not know what the best practises for feeding 

wildlife were. These outcomes clearly indicate that if acceptable wildlife feeding is to 

persist in suburbia, freely available information on how to do so should be made 

available. Although, Chapter 7 aimed to test the likely effect of providing additional 

foods in relation to the breeding ecology of an avian species, there are still many gaps in 

the knowledge relating to the actual effects of feeding wildlife. For example, does 

feeding lead to dependence and aggression? There is also some evidence to suggest 

feeding wildlife has positive social implications (Howard and Jones, 2003), in that it 

encourages or inspires people to actively engage in conservation related programs and in 

general take an interest in conservation-related issues.  
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As mentioned in section 11.1, Chapter 7 aimed to examine the effect of providing 

additional food to magpies and how this may influence the timing of breeding. Although 

food was shown to have a certain degree of influence on the timing of breeding, further 

additional cues were also suggested. The temperature of the rural and suburban areas 

was shown to be different; with suburban areas having higher winter minimum 

temperatures than rural. As such any future examination of the regulation of breeding in 

locations similar to those in Chapters 7 and 8 should include temperature as a possible 

additional breeding cue. In general the processes regulating the timing of breeding in 

Southern Hemisphere sub-tropical and tropical regions are not as fully understood as 

within temperate Northern hemisphere locations. In fact, in a comprehensive review of 

supplementary feeding experiments, Boutin (1990) referred to the lack of information 

relating to these areas. Therefore in the interest of a wider understanding of ecological 

process within the geographical region of this study, further work on breeding regulation 

is encouraged. 

 

The examination of responses by magpies to territorial intruders (Chapter 8) and in 

particular humans (Chapters 8-10) noted aggressive responses towards a small 

proportion of humans entering the magpie’s territory. As mentioned previously, this has 

been suggested as a form of nest defence (Jones, 2002), although the exact mechanism 

by which the behaviour is initiated and maintained is less clear. The magpie/human 

conflict is considered a major problem in Australia and considerable effort is made each 

breeding season by the state wildlife agencies to manage the conflict. A key to many 

wildlife management plans is a greater understanding of the behavioural ecology of the 

species (Curio, 1996) and, more specifically, the process that initiates the behaviour in 

the first place. In the case of magpies, what causes a small proportion of them to become 

extremely aggressive toward humans is not fully understood, although, the results of 

Chapters 8-10 do suggest possible avenues to direct future research. For example, it 

appears that aggression towards humans occurs primarily in areas where the frequency 

of exposure towards humans is greatest, and that magpies in these areas also display a 

certain level of habituation toward humans. It has been proposed that the loss of fear 
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towards humans during the process of habituation may be a key factor underlying the 

causation of aggressive behaviours towards humans (Jones, 2002). Furthermore the 

allied principle of sensitisation (the opposite response to habituation) has been suggested 

as a process that works simultaneously with habituation and only the net effect is 

observed (Groves and Thompson, 1970; Whittaker and Knight, 1998). In many cases a 

habituated response to stimuli is replaced by the directly opposite and highly sensitised 

state because of a slight change in the stimulus (Whittaker and Knight, 1998).  

 

In addition to the role of habituation, any future research aimed at determining the 

causation of aggressive behaviours should also examine the role of hormones. Chapter 8 

indicates that hormonal responses (corticosterone) are correlated to the level of 

aggressive interactions with humans. What is not clear are the behavioural and 

physiological effects of elevated stress hormone levels. The results of Chapter 8 only 

indicate corticosterone levels from the time they were taken. However, if elevated levels 

were maintained for long periods (i.e. chronic stress), the likelihood of this affecting the 

behaviour of the individuals concerned is enhanced (Creel, 2001). These results cannot 

indicate whether elevated stress hormones actually cause aggression to increase in 

magpies or simply maintains aggressive behaviour, but it would be sensible to focus 

future research on the role of corticosterone. Previous studies that have experimentally 

elevated the level of corticosterone in avian species have noted a wide variety of 

outcomes, from increased activity (Breuner et al., 1998), territory abandonment and 

decreased reproductive behaviours (Wingfield and Silverin, 1986). Similar experimental 

studies of magpies may further highlight any behavioural effects of elevated 

corticosterone levels. From a welfare point of view, chronic elevation of corticosterone 

can also have physiological effects on the individual, although the studies of Chapter 8 

did not specifically examine the physical condition of magpies and relate it to differing 

levels of corticosterone. This could be included in any future evaluation of the overall 

behavioural and physiological effect of corticosterone on magpies. 
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The outcome of Chapters 9 and 10 examined the responses of magpies to human 

intruders. It is clear from the results of these studies that intraspecific variation in 

response to humans exists in magpies. The wider significance of these results is related 

to the use of disturbance distances as a conservation management tool. To protect 

species of conservation concern a limit to the distance humans can approach the 

particular populations are often in place, typically in national parks and reserves 

(Rodgers and Smith, 1995, 1997). Reasons for such actions are that frequent disturbance 

by humans has been shown to have negative effects on the wildlife. For example, 

frequent disturbance can reduce foraging times and attendance at nest sites (Gill et al., 

1996), which may have negative effects relating to juvenile survival. The results of 

Chapters 9 and 10 suggest that management strategies using disturbance distance as a 

conservation measure should acknowledge that intraspecific variation with regard to 

disturbance distance does occur. In particular the studies presented within this thesis 

found that frequency of exposure to humans had a significant effect of the disturbance 

distance. Also, within populations not regularly exposed to humans, the disturbance 

distance and associated variables can vary over the breeding season, while the sex of the 

individual may also be influential. It is unknown if such results could be expected in 

species of more significant conservation value. Therefore I suggest that disturbance 

distances are determined for conservation species using similar methodology as used in 

Chapters 9 and 10 and in the absence of research examining disturbance distances from 

a wider suite of species, a conservative approach should be adopted with regard to the 

use of disturbance distance as a conservation tool. 

 

 

11.3 CONCLUDING REMARKS 
 

The literature relating to the urban avifauna consistently shows that in the face of 

urbanisation only a minority of the original community of birds survive (Marzluff, 

2001), and that the species that do survive are often described as generalist in terms of 

factors such as feeding requirements and habitat requirements. For the subject of the 
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current study, this appears to be in part true. The magpie is able to utilise a wide variety 

of food sources including supplementary foods provided by humans, an attribute 

described as key to many successful urban species. However, the current landscape of 

suburbia is also likely to be a key to their survival in suburbia. If the natural habitat of 

the magpie, which is typically open forest interspersed with grass (Carrick, 1972), is 

compared to that of a typical suburban area, many aspects are not too dissimilar. For 

example, the creation of suburban parks that are typically lightly treed and also the large 

expanses of grassed areas, again in parks and also private residences and sports grounds, 

will all favour the habitat requirements of the species. Obviously suburban areas also 

include many anthropogenic features absent form rural or natural areas, although 

magpies to a large extent do not appear to utilise these structures. Many synanthropic 

species are shown to utilise anthropogenic structures for nest sites (Johnston, 2001), but 

there was no evidence of this during the current study. The reasons for this are not fully 

known at present, but may indicate that suitable natural nest sites are not a limiting 

resource or alternatively the structure of anthropogenic features do not meet the nesting 

requirements for this species. 

 

There is certain evidence to suggest that food resources may be more favourable in the 

suburban areas that magpies inhabit; that natural foods may be more abundant due to 

anthropogenic practises like watering of lawns, and also that magpies utilise a certain 

amount of human provided foods. Certainly, an examination of foraging success 

suggests that suburban magpies do benefit from the structure and potential abundance of 

food within suburban areas. The magpie’s ability to habituate to the presence of humans 

is a key component to their being able to exploit these types of resources. Conversely, 

the same habituation towards humans is likely to be a factor in a small percentage of 

magpies displaying aggressive behaviours towards humans, which ultimately can prove 

detrimental to the individual, as many such birds are translocated to exurban locations 

(Jones, 2002; Jones and Nealson, 2003). 
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The overall success of the species in a particular habitat must be measured in their 

reproductive output. Suburban magpies clearly differ from rural birds in their breeding 

ecology and this appears to allow them to have an extended breeding season and renest 

after failed clutches, although the reproductive output of suburban magpies seems to be 

approximately the same as their rural counterparts. Mortality factors such as collisions 

with cars and predation from introduced predators are suggested as likely causes of this 

result. Despite the suburban magpies showing no overall increase in reproductive output, 

this study shows that if they were unable to utilise the improved resources in suburbia 

and ultimately extend their breeding season then suburban populations may be at a 

distinct disadvantage to populations located in rural and exurban areas. 

 

It is hoped that this thesis will have added substantial knowledge relating to some of the 

ecological and behavioural features of a synanthropic species. Many of the outcomes of 

these studies will also have implications to other species within suburban areas. For 

example, the provision of supplementary foods and the possibility of improved resources 

in suburbia are likely to benefit other suburban species that exploit similar resources. 

Furthermore the ecological effects, relating in particular to breeding ecology, may also 

be evident in other suburban species. Similarly an ability to habituate to humans within 

suburbia is likely to be a key attribute of other synanthropic species, and as such further 

comparisons of multiple suburban species (as in Cooke, 1980) may confirm this and 

provide useful comparisons. However, despite the generalisations that can be made 

about the avifauna of urbanised areas such an approach must be made with caution as 

the ecological and behavioural responses to urbanisation are most likely to be species- 

specific. This is highlighted in a review of synanthropic birds of North America 

(Johnston, 2001) which showed the great diversity in responses to anthropogenic 

environments, with certain full synanthropic species such as rock doves (Columbia livia) 

and European starlings (Sturnus vulgaris) responding most positively to anthropogenic 

features such as buildings for nest sites and human provided foods. In fact, the review 

showed that the natural environment is often considered a secondary habitat for these 

species (see Savard and Falls, 2001). Alternatively, most species in urbanised areas are 

 288



Chapter 11: Conclusions and implications 

 

termed casual synanthropes and the population, although exploiting certain specific 

features of the anthropogenic habitat, are not dependent on it (Johnston, 2001). 

 

Aside from reasons of pure scientific interest, studies such as this on suburban magpies, 

and also other successful suburban species, are likely to have wider more applied 

implications. Obviously magpies and many other common suburban birds are of minor 

conservation concern, but a general understanding of how species survive and adapt 

within these environments is important, particularly from a wildlife management point 

of view. This is especially so if certain species become too prolific and impact on the 

wider wildlife or human community. A good example of this is the noisy miner; whose 

aggressive nature is apparently responsible for lower bird diversity in areas where it is 

prolific (Sewell and Catterall, 1998). Instead of demonising such animals for their 

success within urbanised environments (Rollinson, 2003), understanding why they 

become prolific in the first place is surely a better strategy. By identifying what aspect of 

the anthropogenic environment these species respond positively to, could then be used as 

a management tool (Johnston, 2001). For example, the magpie is generally considered a 

serious human-wildlife problem in some parts of Australia due to its aggressive nature 

during the breeding season. By using the management approach described above, 

manipulating the positive features of the suburban habitat that benefit the magpie (for 

example undertaking a transition from lightly treed parks with large expanses of lawns 

to more densely vegetated areas with understorey) may decrease the potential habitat for 

magpies and possibly overall population densities. It must be noted that this suggestion 

is purely hypothetical and at present there are no management plans for magpies that 

include a reduction in their densities, and generally despite their aggressive nature the 

magpie is a welcome suburban bird (Jones, 2002).  

 

Finally as increased urbanisation is inevitable it is possible that in the future suburban 

habitats may become more valued. For example, in many old world countries where 

native environments have been severely degraded for many hundreds, possibly 

thousands of years, suburban gardens are now considered an important habitat which can 
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support endangered species (Cannon, 1999). However, within the location of this study 

most of suburban habitats are vastly different from native forest habitats and do not 

favour endangered or specialist species (Catterall et al., 1991). However, given the 

alarming rate of deforestation within Australia (Sewell and Catterall, 1998) and the 

gradual transition from European style gardens to more native gardens, it is possible that 

in the future suburban habitats may become a more valued habitat and understanding 

how certain species survive and the positive features of the urbanised environment will 

surely be of benefit. By knowing what synanthropy requires we can then know how to 

manage for urban-sensitive species. 
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Published/in press/in review manuscripts relevant to the 
thesis 

 
Rollinson, D.J., O’Leary, R., and Jones, D.N. (2003). The practice of wildlife  

feeding in suburban Brisbane. Corella 27, 52-59. 

 
φRollinson, D.J. (2002), Food caching behaviour in the Australian magpie  

Gymnorhina tibicen. Sunbird 32, 20-22. 
 

Rollinson, D.J.,  and Jones, D.N. (2002). Variation in breeding parameters of the  

Australian magpie Gymnorhina tibicen in suburban and rural environments. 

Urban ecosystems 6, 257-269. 

 
 ΨRollinson, D.J. (2003). Surviving in suburbia: How do they do it? Wildlife  

Australia 40, 36. 
 

Rollinson, D.J., and Jones, D.N. (in review), Disturbance distances of Australian  

magpies along an urban gradient. Condor  

 

 

____________________________________________________________________ 
φ This publication describes a novel behaviour observed during the study detailed in     

   Chapter 7. 
Ψ This publication relates to a discussion paper on urban ecology and highlights   

   several of the key findings from this thesis. 

 

 

 295



Appendix 2 

Appendix 2  
__________________________________________________________ 
 
Questionnaire and accompanying letter 
 
 
 
 
 
 

Wildlife Feeding survey 

 
1.  Do you feed wildlife?             Yes   No
 
If yes continue, if no go to number 7 
 

 
2. Do you provide food for one specific type of animal?      Yes   No  

 

 
3. If yes, which single species (Eg. crows)? 
______________________________________________________________
______________________________________________________________ 
 
 
4. If no, and you feed several species, which species do you feed? (Eg. 
crows, magpies and butcher birds) 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
5. What food do you feed to the wildlife; choose one or more of the following:
  
  Cheese 

  Food scraps 

  Commercial feed mix (specify________________________) 

            Meat (specify_____________________________________) 

  Seed 

  Bread 

  Other (specify_____________________________________) 
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6. If you feed wildlife, how often do you do so? 
 
      Daily 
      2-3 times a week 
      Once a week 
      Occasionally 

 

 
7. Approximately how much food is fed each time (eg one cupful of cheese)?  
______________________________________________________________
______________________________________________________________ 
 
 
 
 
8.  What times of year do you feed wildlife? 
 
      All year round 
      Summer 
      Winter 
      Spring  
      Autumn 
 
 
 
The following questions are to express your opinion on wildlife feeding, 
if space is insufficient use extra paper. 
 
 
9. Do you agree with wildlife feeding? 

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________ 

 
10. Do you think there are benefits from feeding wildlife and if so what? 
______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________ 

11.  Has the abundance of wildlife changed in your area over the years, How?  
______________________________________________________________

______________________________________________________________
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______________________________________________________________

______________________________________________________________ 

 

If you wish to participate in this study further provide your details below 
 
Name:  _____________________________________ 
 
Address: _____________________________________ 

  _____________________________________ 

  _____________________________________ 

  _____________________________________ 

 
Contact Telephone Number:  _______________________ 
 
 
 

Thank you for your participation in this survey 
 
Dan Rollinson 
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22nd March 2000    Contact: Mr Dan Rollinson/ Dr Darryl Jones 
      Telephone: 3875 3819/  3875 7451 

 
 
 
 
 
Dear Householder 
 

My name is Dan Rollinson. I am conducting research into native birds 
living in the suburbs (magpies in particular) for my PhD at Griffith University. I 
am trying to find out why some birds do better than others in suburban 
environments.One important question I am asking is whether feeding by 
humans allows some species to breed earlier and produce more young? For 
example it is speculated that magpies in suburban Brisbane breed earlier than 
magpies in the rural areas outside the city. I want to find out if this is due to 
feeding by people. 
 
I am sending you this small survey as a way of finding out more about the 
extent of wildlife feeding in this particular area. I do not need to know your 
name or any personal details unless you are interested in this study and 
would like to participate more directly. If so, please provide a contact address 
at the end. If not, please leave this section blank. 
 
Participation in this study is entirely voluntary, and you can choose not to 
answer a particular question if you wish. The information you supply will be 
will be used for the purpose of the study only. Any completed questionaires 
can be returned in the reply paid envelope enclosed. Thank you for your 
participation. 
 
 
Yours faithfully 
 
 
 

Dan Rollinson 
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Appendix 3  
__________________________________________________________ 
 

Total number of invertebrates collected by sweep-netting in suburban and rural 

locations during three separate sampling periods. Ten sample sites per location and 

sampling period are combined for the totals shown. One hundred sweeps were made 

at each site. The order of each invertebrate group is shown in parentheses. 

Invertebrate group 
Suburban 
    Oct  June Oct 

     00    01     01 

Rural 
       Oct   June  Oct 

         00    01     01 

Total 

 

 

        

Flies (Diptera)  18 37 14 32 37 40 178 

Soft bugs (Heteroptera) 1 0 0 1 0 2 4 

True bugs (Heteroptera)  6 0 0 3 2 2 13 

Butterflies (Lepidoptera) 1 0 0 3 3 8 15 

Leaf insects (Phasmatodea)  1 1 0 1 1 2 6 

Ants (Hymenoptera)  3 0 0 8 5 7 23 

Bees/Wasps (Hymenoptera) 1 1 2 6 6 8 24 

Spiders (Arachnida) 0 1 2 13 12 11 30 

Ticks and mites (Arachnida) 0 0 0 1 1 1 3 

Lacewings (Neuroptera) 0 0 0 4 1 18 23 

Crickets (Orthoptera) 0 0 0 1 1 4 6 

Damselflies (Odonata) 0 0 1 1 1 5 8 

Beetles (Coleoptera) 0 0 1 1 1 8 11 

Total 
40 40 20 75 72 116 363 

Percentage 11 11 6 21 19 32 100 
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Total numbers of invertebrates caught in pitfall traps at suburban and rural magpie 

territories during three separate sampling periods. The order of each invertebrate 

group is shown in the parentheses. 
 

Invertebrate group Suburban 
       Oct      June      Oct 

       00         01        01 

Rural 
  Oct     June    Oct 

  00       01       01 

Total 

 

Spring tails (Collembola) 24 155 18 117 151 140 605 

Flies (Diptera)  1 25 0 2 8 3 39 

Soft bugs (Heteroptera) 2 2 1 0 1 1 7 

Centipedes (Arachnida) 0 0 0 1 0 0 1 

Harvestmen (Arachnida) 0 1 0 0 1 0 2 

Thrip larvae (Thysanoptera) 0 1 1 0 0 0 2 

Woodlouse (Isopoda) 1 0 1 1 3 0 6 

Earwigs (Demaptera) 0 1 0 6 2 0 9 

True bugs (Heteroptera)  0 0 0 1 1 0 2 

Butterflies (Lepidoptera) 0 1 0 0 0 0 1 

Psocids (Psocoptera) 1 1 1 0 0 0 3 

Ants (Hymenoptera)  261 498 234 981 474 450 2898 

Bees/wasps (Hymenoptera) 3 1 2 1 4 0 11 

Spiders (Arachnida) 6 22 5 13 7 7 60 

Pseudoscorpion (Arachnida) 0 0 0 0 1 0 1 

Ticks (Arachnida) 0 1 0 12 1 0 14 

Lacewings (Neuroptera) 0 0 0 0 1 0 1 

Crickets (Orthoptera) 0 1 0 1 1 2 5 

Damselflies (Odonata) 0 0 0 0 0 0 0 

Cockroach 2 0 2 1 0 0 5 

Misc larvae 2 5 2 0 0 1 10 

Beetles (Coleoptera) 1 3 1 2 0 0 7 

Total 
304 688 267 1139 656 604 3681 

Percentage 8.2 18.7 7.2 31 17.8 16.4 100 
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