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Abstract 

As the world’s human population increases an increasing proportion live in urban 

areas. At the same time, wildlife is also adjusting to living in urban areas. Despite 

this, most ecological research occurs outside urban areas. Conservation planning 

requires an understanding of the interaction of species and their environment 

across a variety of land uses. 

Carnaby’s cockatoo (Calyptorhynchus latirostris) is an endangered parrot that 

occupies the urban and peri-urban areas of Perth, the capital city of Western 

Australia, during the non-breeding season. An understanding of the spatial ecology 

of the species in the urban landscape is needed to find out where they roost at 

night, forage, drink, and how they move through the landscape in between these 

resources. This will allow identification of important habitat for this species so that 

it can be conserved and enhanced, and, also assist improved planning to guide 

where development may proceed with least impact to the species.  

I attached satellite tracking devices to 24 study birds. These were debilitated wild 

birds that had been rehabilitated prior to release. The tracking devices showed that 

the study birds, which consisted of both adult and juvenile birds, had an overall 

annual survival rate of 73%. Follows of flocks containing study birds determined 

that they flew, roosted and foraged with wild flock mates. The survival and 

reintegration of the rehabilitated birds was essential to this study as it showed that 

they behaved as ‘normal’ wild birds, which then allowed the data that were 

collected to be used to reliably make inferences about the spatial ecology of wild 

birds. 

The performance of the tracking devices exceeded expectations with regards to 

retention time, battery life and overall quality of the location fixes obtained. The 

tracking devices provided 10 806 location fixes while the study birds were alive, in 

the wild, with 6 026 location fixes accurate to within 500m. One tracking device 

was chewed until it was non-functional before release, and two were presumed 

chewed post-release because they failed prematurely. There was no evidence that 

the tracking devices inhibited the flight capability of the cockatoos. 

Tracking devices enabled the identification of 168 night roosts of which 18 were 

used on ten or more nights by study birds. Cockatoos exhibited some roost site 

fidelity with 10.7% of roosts accounting for 66.1% of the nights where study birds 

roosted. Cockatoos returned to the same roost on consecutive nights 50.2% of the 

time (n=791). The cockatoos travelled an average 7.0 ± 5.8km (range 0.4-44.8km, 
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n=390) between roosts on consecutive nights but they were capable of flying up to 

70km between roosts when migrating. 

The foraging area used around roosts varied from 17 to 276km2 (mean 96 ± 

78km2, n=18). Roosts were not typically located at the centre of foraging areas. 

Foraging cockatoos travelled on average 5.4 ± 3.4km (range 0.3-16.8km, n=200) 

from their roost in the morning and 5.5 ± 3.3km (range 0.5-23.0km, n=230) to 

their roost in the afternoon.  

Diet was investigated via field observations while following flocks containing study 

birds and via analysis of DNA contained in scats collected below roosts and feed 

trees. Field observations identified 23 plant genera and 38 plant species being fed 

upon by Carnaby’s cockatoo, including 11 species exotic to Australia. Australian    

native species within the Proteaceae and Myrtaceae, particularly Banksia, Hakea, 

Corymbia and Eucalyptus were important throughout the non-breeding season. 

Exotic Pinus pinaster (maritime pine) and Pinus radiata (radiata pine) were 

regularly fed upon early in the year and observations became fewer through to 

July. Other exotic species also showed seasonality and peaks in consumption 

including Liquidambar styraciflua (liquid amber), Prunus amygdalus (almond), 

Tipuana tipu (tipuana) and Carya illinoinensis (pecan). Scat analysis identified 

material from ten plant families birds were not observed eating and field 

observations identified two plant families for which scat analysis did not assign any 

DNA fragments.  

Field observations of the daily routine of the cockatoos showed that they foraged 

throughout the day with more active bouts in the morning and late afternoon. 

Cockatoos drank opportunistically throughout the morning, often immediately prior 

to a day time rest period and also immediately prior to roosting at night, but none 

were observed drinking between 12pm and 4.30pm. Water sources used were often 

temporary and mostly from human-constructed water sources, particularly bird 

baths. Roost arrival occurred primarily between sunset and civil twilight (sun 15 

degrees below horizon) and roost departure occurred primarily between civil 

twilight and sunrise. The median roost departure time was 13 minutes before 

sunrise and the median roost arrival time was 17 minutes after sunset. 

Aerial photography over time was used to assess the native or planted status of 

vegetation at selected night roost sites. Only 6 of 31 night roosts (with counts of 

over 100 cockatoos) consisted partially or wholly of naturally occurring trees in 

remnant vegetation. Cockatoos most commonly roosted in 20+ year old planted 

exotic, smooth-barked eucalypts or pines.  
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This study has shown that the cockatoos have behaviourally adapted to living in 

urban areas by feeding on exotic plants, roosting in planted trees and drinking from 

water sources that humans have created or provided. This means that humans 

have greatly influenced where the cockatoos feed, drink and roost in urban areas 

and armed with this knowledge we can better plan to accommodate the needs of 

cockatoos into the future. The behavioural plasticity of the species has assisted 

their persistence in urban areas and opens opportunities to consider a broader suite 

of conservation actions to complement more traditional methods. The results of this 

study have the potential to change how conservation actions for Carnaby’s cockatoo 

are prioritised and targeted, and have implications for urban planning and future 

design of public open spaces and gardens on the Swan coastal plain.  
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Glossary 

Adapt/Adaptation: These terms are used throughout the thesis to indicate the 

ability of Carnaby’s cockatoo to adjust their behaviour and learn to utilise novel 

elements of the urban and peri-urban landscape. This ability to adjust appears to 

be within the levels of natural plasticity of the species and does not imply a genetic 

change that increases survival. 

Argos: A worldwide satellite-based system for environmental monitoring and 

tracking (www.argos-system.org). The system collects data from Platform Terminal 

Transmitters (PTTs, referred to as ‘tracking devices’ in this thesis), and distributes 

sensor and location data to users. It is different from the network of satellites that 

are used for GPS which send signals rather than receive them. 

Argos AL-1 PTT locator: Equipment for locating Argos PTTs by receiving the 

signal that PTTs send to Argos satellites and converting it to a voice read-out of 

signal strength to enable proximity and direction to the device to be determined. 

Flock: An aggregation of birds. 

Flock follow: A group of birds consisting of individuals, pairs and pairs with young 

whose movements were followed for a period of time. If more than one study bird 

was found in a flock, a separate flock follow was scored for each bird if they spent 

some time apart as indicated by strength of tracking device signals, or they roosted 

in different locations. 

Foraging area: The area around a roost frequented by birds using that roost. The 

middle of the day (sun at highest point) was used to separate observations 

allocated to the roost they were coming from versus the roost they were flying to. 

Foraging distance: Greatest radial distance from roost reached between sunrise 

and midday (sun at highest point) and from midday to sunset. 

Foraging record: Location fixes and field observations that occurred 9.25 minutes 

before sunrise through to 9.75 minutes after sunset (The upper and lower quartile 

estimates from box plots of the midpoints of roost arrival and departure times). 

Key roost: Any night roosts that were used by at least one study bird on ten or 

more nights. 

Radial distance: Direct distance from the originating point to the point of interest. 

Roost: An area or site with one or more roost trees where Carnaby’s cockatoos 

congregate at dusk to rest overnight. Kabat et al. (2012a) consider all large trees 
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(>8m height) within 1000m of a main roosting area (for large roosts >150 birds) 

and within 500m for smaller roosts (<150 birds) as potential roosting trees. 

Roost arrival: The time period over which cockatoos arrived to roost at night. 

Roost departure: The time period over which cockatoos left the night roost. 

Roosting record: Location fixes and field observations that occurred 16.75 

minutes after sunset through to 22.25 minutes before sunrise (The upper and lower 

quartile estimates from box plots of the midpoints of roost arrival and departure 

times). 

Sighting: Observations of cockatoos without an associated roost. 

Transitory foraging range: Overlapping areas each containing several night 

roosts that the birds used interchangeably for periods of time. 
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1 CHAPTER ONE: General Introduction 

 

 
Carnaby’s cockatoos drinking from a lake at Collier Park Golf Course in suburban Perth 

prior to roosting in nearby exotic pines. Photo by C. Groom. 

 

1.1 Urban bird ecology and conservation 

The world is becoming increasingly urban as an escalating proportion of the rapidly 

growing human population live in cities and towns (United Nations Department of 

Economic and Social Affairs Population Division 2014). Consequently, conservation 

of threatened species is becoming more challenging due to urban sprawl and 

associated demands on resources and space. Of all terrestrial species listed as 

threatened on the IUCN Red List, 8% are primarily threatened due to urban 

development (Mcdonald et al. 2008). 

Conservation planning requires ecological studies across the whole of a species 

range: across the full spectrum of land uses from wilderness areas, to modified 

production landscapes, to cities (Miller and Hobbs 2002). Study of wildlife in urban 

areas has received relatively little attention (Miller and Hobbs 2002) but is currently 

a rapidly growing area of research (Rosenzweig 2003; Warren and Lepczyk 2012; 

Shwartz et al. 2014). Urban biodiversity is increasingly being seen as an 
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opportunity to combine the benefits of biodiversity conservation and associated 

ecosystem services with human well-being (Shwartz et al. 2014). For example, 

increasing tree canopy cover in cities has a broad suite of economic, social and 

environmental benefits (Moore 2009; Brown et al. 2013; Pandit et al. 2013).  

There is mounting evidence that animals are colonising and adjusting to living in 

urban areas (Luniak 2004). Many species have extended their ranges, or increased 

their abundance, in response to using the more reliable, abundant and diverse food 

resources available in urban areas (Williams et al. 2006; Stanford and Lill 2008). 

Birds have adjusted their nesting habits to suit urban opportunities (Wang et al. 

2008), bird song and timing of singing has altered in response to urban noise 

(Slabberkoorn and Peet 2003; Fuller et al. 2007; Derryberry 2009) and changes in 

body mass between urban and rural population have been attributed to 

anthropogenic food resources influencing growth, reproduction and survival (Aumen 

et al. 2008). Some birds have stopped migrating or become more sedentary in 

urban areas (Partecke and Gwinner 2007; Martin et al. 2012) with colonisation of 

urban areas often beginning with wintering birds staying for breeding (Luniak 

2004). These phenomena have led to the coining of a new term – synurbization, 

which denotes the adjustment of animal populations to the urban environment 

(Luniak 2004). It is distinct from urbanization that refers to the changes in the 

landscape caused by urban development.  

Through research into interactions of wildlife with urban habitats our cities can 

become more supportive of biodiversity. Increasing opportunities for wildlife to 

inhabit cities also has the added benefit of increasing opportunities for people to 

interact positively with wildlife. Birds are ideal candidates for observation and 

interactions as they are often readily observable and there are many bird study 

groups for people to join and learn from others (Cannon 1999). People are also 

more likely to conserve nature if they have direct positive experience with nature 

(Dunn et al. 2006).  

 

1.2 Background to study 

This thesis presents a study of Carnaby’s cockatoo, Calyptorhynchus latirostris 

(sometimes referred to as Zanda latirostris), an endangered species of parrot 

endemic to the southwest of Western Australia. Cockatoos are charismatic and are 

highly recognisable by the community and receive much interest from scientific 

researchers and conservationists (White et al. 2012). In 2013, Carnaby’s cockatoo 

was voted Western Australian’s favourite bird in a BirdLife Australia poll (BirdLife 
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Australia 2013). Carnaby’s cockatoo is listed as ‘rare or likely to become extinct’ 

under the Western Australian Wildlife Conservation Act 1950 and is considered 

Endangered under the Commonwealth Environment Protection and Biodiversity 

Conservation Act 1999. 

The distribution of Carnaby’s cockatoo covers the most desirable lands for both 

urban and agricultural development in the southwest corner of Australia resulting in 

over 56% of the species’ habitat being cleared since European settlement 

(Department of Environment and Conservation 2012). Hence, there is considerable 

conflict between the needs of the cockatoos and that of the human population. 

Carnaby’s cockatoo is migratory with cockatoos breeding in inland areas and 

moving to more coastal areas during the non-breeding season. Migratory 

movements of over 150km have been recorded (Saunders 1980; Saunders et al. 

2011). At least 17% of the estimated population of 40 000 occupies the central 

portion of the Swan coastal plain between Lancelin and Waroona (the Greater Perth 

Region) during the non-breeding season (Department of Environment and 

Conservation 2012; Finn et al. 2014). The Swan coastal plain is on the southwest 

coast of Australia and runs from north to south for approximately 450km, extending 

inland from the coast for approximately 30km to the Darling scarp. Perth, the 

capital city of Western Australia, is situated on the plain about half way along its 

north-south extent. Perth has one of the largest urban sprawls in the world for its 

population of over 1.5 million, covering a footprint of around 100 000 hectares 

(Weller 2009). The human population is predicted to double by 2050, creating the 

need to greatly increase available housing and infrastructure (Weller 2009). This 

urban sprawl has meant large areas of native vegetation have been cleared 

resulting in less than half the cockatoo’s habitat remaining on the Swan coastal 

plain (Department of Environment and Conservation 2012). With the loss of much 

of their native feeding habitat, cockatoos have behaviourally adapted to exploit 

introduced food sources including liquid amber (Liquidambar styraciflua) (Mawson 

2001) (Figure 1.1) and pine (Pinus pinaster) (Perry 1948). Cockatoos fully utilise 

the available food resources in exotic pine plantations (Stock et al. 2013) and in 

2014 up to 10% of the entire population were considered to be dependent on the 

Gnangara pine plantation on the Swan coastal plain for food (Finn et al. 2014).  
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Figure 1.1: A female Carnaby’s cockatoo feeding on the seeds of liquid amber (Liquidambar 

styraciflua). 

The latest trend analysis of the numbers of Carnaby’s cockatoos visiting the Greater 

Perth Region indicate a decline of about 15% each year between 2010 and 2014, 

with both the number of occupied night roosts, and the number of birds 

congregating at these night roosts declining (Finn et al. 2014). The planned 

removal of pines in the Gnangara pine plantation by 2031, without replacement is 

likely to have a significant impact on the species (Valentine and Stock 2008; Stock 

et al. 2013).  

Due to its conservation status, Carnaby’s cockatoo receives special protection under 

both State and Commonwealth legislation. This protection means that any action 

that is considered likely to have a significant impact on the species must undergo 

an assessment. Development proponents are often required to undertake mitigation 

measures or offset the impact of their proposed development. For example, funding 

for this research was sourced from offset packages negotiated in response to 

undertaking major infrastructure developments on the Swan coastal plain that 

required the clearing of Carnaby’s cockatoo feeding habitat. Offsets usually aim to 

achieve ‘no net loss’ of habitat over time. Funding for research is therefore not a 

commonly accepted ‘direct offset’ option as it does not directly create, protect or 

enhance habitat to replace the lost habitat, but may be considered a ‘contributing 

offset’ as part of an offset package (Environmental Protection Authority 2006). 

Given the source of funding, and the time limit imposed as a condition of the 

funding for it to be completed within three years, it was important for the research 

to be very focussed and to aim to increase knowledge that could benefit the 

cockatoos by ultimately protecting, and particularly by enhancing, habitat. 

I chose to determine how cockatoos use the urban and peri-urban landscape so 

these areas can be managed optimally for cockatoo survival. Most knowledge of 

Carnaby’s cockatoo has come from studies of breeding populations (Saunders 1977, 
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1979, 1980, 1982, 1986, 1990; Saunders et al. 2013; Saunders et al. 2014). 

Studies of the non-breeding population are more limited, but include studies of the 

use of bushland remnants for food (Johnston 2013), the influence of fire on food 

resources in bushland remnants in urban areas (Valentine et al. 2014) and the 

seasonal use of selected urban night roosts (Berry 2008; Berry and Owen 2010). 

Their use of the built landscape has only been studied in a limited sense with a 

citizen science project in 2010 (Huelin 2010) and there remain many gaps in our 

understanding including the importance of parks and gardens as food sources and 

their spatial use of the built landscape.  

Spatial ecology studies investigate where a species occurs, when it is present and 

why (Renton, 2001; Robinet et al. 2003). The generation of such information for 

Carnaby’s cockatoo will help identify important foraging and roosting habitat and 

determine how they move through the landscape (e.g. daily foraging distances). 

This information is potentially important for identifying key habitat for cockatoos 

and for determining where development might proceed with minimal impact on the 

species.  

Several attempts have been made to study the movements of Carnaby’s cockatoo 

with varying levels of success and bias. For example, attempts to track movements 

of Carnaby’s cockatoos have been made using vehicles to physically follow flocks 

(Shah 2006; Finn et al. 2009; Stock et al. 2013) and by analysing reports of 

sightings of flocks by members of the public and matching flock size and direction 

of flight to estimate the flight paths of cockatoos (Huelin 2010). The researchers 

conducting these studies found it difficult to ensure that the same flock was being 

sighted or followed. In contrast Saunders (1980) ensured the same individuals were 

being sighted through the use of patagial wing tags. He collated sightings over an 

extended period of time biased to the vicinity of known congregation areas (i.e. in 

trees around permanent water sources) or roads. However, those birds fitted with 

patagial tags had lower survival which was attributed to predation by wedge-tail 

eagles (Aquila audax) (Saunders 1982; 1988). McMahon (2006) painted the tail 

feathers of nestlings in an attempt to gather information on where cockatoos from 

particular breeding areas travelled during the non-breeding season. The study did 

not provide sufficient sightings to draw conclusions and stated that the effort 

required to obtain additional sightings would be impractical due to the high mobility 

of the species and large areas inhabited. These studies highlight the challenges of 

studying the spatial ecology of a highly mobile species. 
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1.3 Thesis structure 

This thesis describes the development and implementation of suitable methods to 

study the spatial ecology of Carnaby’s cockatoo in the urban and peri-urban 

landscape of Perth, and the implications of the findings for the future conservation 

of the species. Chapters 2 to 5 have been written as standalone papers to comply 

with a ‘thesis by publication’ format. Consequently, there is inevitable repetition 

particularly among introduction and methods sections. Papers have been written 

with plural pronouns in preparation for their publication as multi-authored papers. 

My contribution to each paper is stated at the beginning of each chapter. 

Chapters 2 and 5 have been published and the versions included here as chapters 

are the same as published with the exception of minor changes to the text , 

formatting altered to be more consistent with the rest of the thesis and the table 

and figure numbers prefixed with the chapter number to enable easier reference 

between chapters.  

Chapter 2 describes how tracking devices were attached to study birds and 

assesses their performance in regard to retention times, battery life and accuracy 

of location fixes. The study birds to which tracking devices were attached were wild 

birds that had been rehabilitated, hence Chapter 3 assesses the survival and 

reintegration of rehabilitated birds into wild flocks. These methodological chapters 

establish the use of a suitable tracking device and study birds to enable the spatial 

ecology of the species to be studied. Chapter 4 describes the roost site fidelity and 

foraging ecology of Carnaby’s cockatoo in the urban landscape. Chapter 5 assesses 

how the cockatoos obtain their basic needs of food, water and shelter (night roosts) 

and how humans have influenced the type and availability of such resources. 

Finally, this information is integrated to reach conclusions about the survival 

requirements and conservation needs of Carnaby’s cockatoo on the Swan coastal 

plain (Chapter 6).  

 

1.4 Purpose, scope and aims of thesis 

The purpose of this research was to study the spatial ecology of Carnaby’s cockatoo 

in the urban and peri-urban landscape of Perth during the non-breeding season 

(February to September) in order to acquire knowledge useful for developing 

effective conservation strategies. The nature of the study is descriptive rather than 

experimental. It covers how to study the spatial ecology of Carnaby’s cockatoo, 

where and when they went, and what they were doing there. Future studies of a 
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more focussed nature including manipulative elements or modelling will be needed 

to expand on this knowledge to explore questions related to answering why as this 

was beyond the scope and time allowed for this study.  

The broad aims of the study were: 

• To assess the survival and reintegration of rehabilitated Carnaby’s cockatoos 

into wild flocks. 

• To determine the movement patterns of Carnaby’s cockatoo on the Swan 

coastal plain  

• To identify important roosting and foraging habitat of Carnaby’s cockatoo on 

the Swan coastal plain. 

• To better understand the survival requirements (i.e. use of food, water and 

night roost resources) of Carnaby’s cockatoo on the Swan coastal plain. 

Specific aims are introduced at the beginning of each chapter. 
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2 CHAPTER TWO: Attachment and performance of Argos 
tracking devices fitted to black cockatoos (Calyptorhynchus 
spp.) 

 

Groom, C., Warren, K., Le Souef, A. and Dawson, R. (2014). Attachment and 

performance of Argos satellite tracking devices fitted to black cockatoos 

(Calyptorhynchus spp.). Wildlife Research. 41, 571-583. 

 

 
Study bird ‘Pink Z’ perched in a canna lily of a Perth garden whilst waiting to drink from a 

nearby bird bath. Leg band, tail markings and tip of aerial from satellite tracking device are 

visible. Photo by C. Groom. 

 

2.1 Preface 

To study the spatial ecology of Carnaby’s cockatoo and determine roost site fidelity 

and foraging ecology I needed a safe and reliable method for attaching tracking 

devices to the cockatoos to enable their movements to be followed. This paper was 

formatted as a contribution to the journal Wildlife Research. 
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The aims of this chapter were to: (1) describe a successful method for attaching 

tracking devices to black cockatoos; (2) assess the animal welfare impacts of the 

tracking devices; and (3) assess the performance of tracking devices in terms of 

retention time, battery life and accuracy of location fixes. 

 

2.2 Statement of contributions 

I, as first author, undertook the research to select a suitable tracking device, I 

performed the data analysis and wrote the first and final drafts of the manuscript. 

Kris Warren and Anna Le Souef provided veterinary assistance to anaesthetise the 

cockatoos and assisted with fitting the tracking devices, as well as reviewing the 

manuscript. Rick Dawson assessed the readiness for release of study birds and 

commented on an earlier draft of the manuscript. 

The paper includes data from a concurrent study involving the authors that followed 

the method developed during my project and fitted tracking devices to two Baudin’s 

cockatoos (C. baudinii) (Yeap et al. 2015). 

 

2.3 Abstract  

Context. Studying interactions between a wildlife species and its spatial 

environment can enable a deeper understanding of its ecology. Studies of spatial 

ecology are generally undertaken by attaching tracking devices to selected 

individuals and following their movements. Highly mobile species, such as black 

cockatoos (Calyptorhynchus spp.), that occupy habitats with patchy resources are 

ideal candidates. The powerful beak and chewing habits of black cockatoos make it 

difficult to successfully attach tracking devices to them.  

Aims. We developed a safe technique for attaching tracking devices to black 

cockatoos and assessed the impact of the tracking devices, and their performance 

in relation to battery life, retention time and accuracy of location fixes. 

Methods. We describe a technique for attaching Telonics Argos Avian Transmitter 

TAV 2617 tracking devices to the two central tail feathers of black cockatoos.  

Key results. Of 26 tracking devices fitted (24 to Carnaby’s cockatoos, C. latirostris, 

two to Baudin’s cockatoos, C. baudinii), 20 exhibited longer retention time than the 

nominal battery life. One tracking device was chewed until it was non-functional 

before release, and two were presumed chewed post-release because their tracking 
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devices failed prematurely. There was no evidence that the tracking devices 

inhibited the flight capability of cockatoos. The performance of the Argos tracking 

devices exceeded expectations in regard to retention times, battery life and overall 

accuracy of location fixes. The tracking devices enabled detection of instances of 

rapid, long distance movements including one bird that travelled 70km between 

night roosts whilst migrating. Most study birds (68%) remained within 50km of 

their release sites whilst monitored. 

Conclusion. The tracking devices were a suitable choice for black cockatoos and for 

the purpose of this study. They posed minimal snag risk, were of suitable 

dimensions for tail attachment and they enabled data to be collected even if birds 

dispersed long distances. The main limitations that must be considered when 

assessing their suitability for future research projects are the errors associated with 

location fixes, limited retention time in relation to moulting of tail feathers and 

limited battery life. 

Implications. The development of a method for successfully attaching tracking 

devices to black cockatoos opens the possibility to study aspects of the ecology of 

black cockatoos and other highly mobile species that was not previously possible. 

 

2.4 Introduction 

Research that aims to develop a deeper understanding of a species’ interaction with 

its spatial environment over time will lead to a better understanding of its ecology. 

Studies of spatial ecology usually involve attaching tracking devices to selected 

individuals and following their movements. The tracking devices enable the location 

of roost or shelter sites to be determined together with feed sites and the extent of 

movement animals make to locate those sites. This is particularly helpful for the 

study of animals, such as black cockatoos (Calyptorhynchus spp.), that are highly 

mobile or occupy habitats where resources are fragmented. 

To study the spatial ecology of black cockatoos, a suitable tracking device and 

attachment method needed to be developed. There are a range of choices both in 

regard to attachment methods and types of tracking devices available (Thomas et 

al. 2011). The ideal attachment method should cause no adverse impacts on the 

survival or behaviour, should not cause excessive feather wear, and should remain 

attached to the bird for the length of the study but eventually detach without 

further intervention (Giroux et al. 1990). Both species of black cockatoo (C. 

latirostris and C. baudinii) studied are threatened (Chapman 2008; Department of 
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Environment and Conservation 2012), therefore careful selection of an attachment 

method that minimised impact on the welfare of the birds was required. For 

example, Carnaby’s cockatoos reverse into nesting hollows (Saunders 1982), which 

often contain wooden shards that pose a potential snag risk. Cockatoos have 

powerful beaks and like to chew, so tracking devices must be attached so that they 

do not attract attention from the study bird or its flock mates. Given the ability of 

birds to fly long distances, our general lack of knowledge of their movement 

patterns, and the difficulty of recapturing individuals, we also considered it essential 

that birds did not need to be recaptured to remove the tracking device or to 

download data.  

Several attempts have been made to attach tracking devices to black cockatoos 

(Table 2.1). Comprehensive aviary trials were undertaken by Le Souef et al. (2013) 

who trialled harness, backpack and tail mounts on three species of black cockatoos 

The aviary trials by Le Souef et al. (2013) used dummy tracking devices and aimed 

to determine the extent to which cockatoos would tolerate the different attachment 

methods and the potential level of risk associated with carrying them. Le Souef et 

al. (2013) provided encouragement that, although 31% of tracking devices were 

chewed, most were tolerated and they concluded tail mounts were safest. Tracking 

devices fitted to the proximal end of tail feathers were considered unlikely to pose a 

snag risk, but if snagged the feather(s) could be pulled out eliminating problems 

and new feathers regrown. With tail feather attachments there is no need to 

recapture the bird or to include a break-free mechanism, as the device will be 

eventually shed with the feathers at the next moult. Previous studies of psittacines 

have most often used neck collars (Lindsey et al. 1991, 1994; Meyer 1996), 

harnesses (Robinet et al. 2003) or devices glued to the birds’ backs (Jordan 1988), 

and whilst reported problems are rare, given the threatened status of the black 

cockatoos being studied it was considered essential for the risk of harm to be 

minimised. 

16 

 



 

Table 2.1: Summary of tracking devices fitted to black cockatoos, Calyptorhynchus spp. from 

the published literature.  

Species No Mount 
method 

Aim Source/ origin Reference 

Glossy black-

cockatoo 

1 Collar – VHF Trial Captive Murdoch, 2012 

Glossy black-

cockatoo 

1 Collar – VHF Movements, activity 

patterns 

Wild caught and 

released 

Murdoch, 2012 

Yellow-tailed 

black-cockatoo 

4 Tail – VHF Survival and 

movements after 

soft release 

Captive reared Jason van Weenen 

pers. comm. 

Red-tailed 

black-cockatoo 

8 Tail – VHF Not stated Not stated Commonwealth of 

Australia, 2006 

Baudin’s 

cockatoo 

2 Collar Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Baudin’s 

cockatoo 

2 Tail Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Baudin’s 

cockatoo 

2 Harness Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Carnaby’s 

cockatoo 

3 Collar Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Carnaby’s 

cockatoo 

5 Tail Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Carnaby’s 

cockatoo 

9 Harness Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Forest red-tailed 

black cockatoo 

1 Collar Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Forest red-tailed 

black-cockatoo 

2 Tail Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

Forest red-tailed 

black-cockatoo 

2 Harness Trial Rehabilitating wild birds 

in captivity 

Le Souef et al. 2013 

 

The aviary trials focussed on the attachment method rather than the type of 

tracking device and the resultant quality and accuracy of the data that could be 

17 

 



obtained, or the effort involved in acquiring the data. The type of tracking device 

needs to be matched to the species, the research objectives and the resources 

available. For this study, birds were being released from rehabilitation so survival 

and post-release dispersal were of most interest. 

Black cockatoos, particularly the seasonally migratory Carnaby’s cockatoo 

(Saunders 1980) and Baudin’s cockatoo (Johnstone and Kirkby 2008), are capable 

of flying long distances over short periods of time which would make traditional VHF 

tracking difficult. Saunders (1980) observed daily foraging movements of Carnaby’s 

cockatoo up to 12.1 km from nests sites and one individual was recorded to travel 

45 km over two days. The potential for long dispersal distances, our inability to 

recapture study birds and a general lack of knowledge of the likely pattern of 

movement, also made GPS options unsuitable as retrieval of the tracking devices to 

download data was unlikely and an ability to get within range of the bird for remote 

download was uncertain. GPS options with functionality to enable retrieval of data 

via phone networks or satellite (e.g. Argos) were considered too heavy if battery 

powered. Solar powered options would have required dorsal mounting close to the 

birds’ preening gland and therefore may have attracted chewing attention. Any 

significant damage to the solar power system is likely to result in permanent failure 

of the tracking device. There was also concern that the reflective nature of the 

panel may attract attention from avian predators, as was the suggested cause of 

lower survival of Carnaby’s cockatoos fitted with patagial tags (Saunders, 1982; 

1988). 

Argos only tracking devices were chosen for this study. They are light weight, 

enable location fixes to be downloaded via satellite, and do not require birds to be 

recaptured or researchers to get close to the bird to obtain data. Although the 

accuracy of fixes are of lower quality than from GPS tracking devices (Thomas et al. 

2011), given the scale at which the cockatoos were thought to move, we expected 

Argos would provide usable information on the survival and movements of the 

study birds post-release. As knowledge grows of the movement patterns of the 

birds, other options may be applicable. 

The Argos tail mounts used were larger than those trialled by Le Souef et al. (2013) 

so a modified attachment method was developed. We describe a method for 

attaching tracking devices to the two central tail feathers of black cockatoos. The 

performance of the tracking devices was assessed and we describe the type of 

research questions suited to the strengths and limitations of the technology.  
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2.5 Methods 

2.5.1 Study area and study birds 
Two species of black cockatoo were used in this study; Carnaby’s cockatoo, and 

Baudin’s cockatoo. Both species are threatened and endemic to southwestern 

Western Australia. The study focussed on the city of Perth on the Swan coastal 

plain and the adjacent Darling plateau separated by the Darling scarp. Carnaby’s 

cockatoo occupies the entire area but Baudin’s cockatoo prefers the scarp and 

plateau habitats. Land use in areas used by the cockatoos varied from high density 

housing to semi-rural, forestry and farmland.  

The study birds were injured wild individuals that had been taken into care. They 

received primary veterinary care at Perth Zoo and then longer-term rehabilitation 

at either Kaarakin Black Cockatoo Conservation Centre or the Native Animal Rescue 

facility. 

Before release, cockatoos were flight tested in a 64m long flight aviary. Their ability 

to fly true, avoid obstacles, land and walk was observed by an experienced 

observer (RD) both before and after fitting of tracking devices. Cockatoos were not 

selected for fitting tracking devices or for release if there were any concerns 

regarding their ability to survive in the wild. 

 

2.5.2 Selection of tracking device 
Tracking devices used were Telonics Argos Avian Transmitter TAV 2617 weighing 

17g and altered to have the aerial at 0 degrees and attachment rails. Encapsulating 

material was not strengthened as it was considered impossible to cockatoo-proof 

the devices and we preferred to maximise battery life and reduce overall weight by 

minimising encapsulating material. 

 

2.5.3 Attachment of tracking device 
Tracking devices were attached while the birds were anaesthetised with isoflurane 

inhalation anaesthesia. This also provided the opportunity to take blood samples, 

administer sub-cutaneous fluids, collect breast feathers for DNA, attach leg bands 

and mark their tail feathers for visual identification post-release. Tail feather 

marking was undertaken on Carnaby’s cockatoos only and involved stencilling a 

letter with a non-toxic black felt-tipped permanent marker pen and applying 

coloured ink to the white panels (Groom et al. 2013). The resulting colour and 
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letter combination became the identification for that individual e.g. ‘Pink B’. None of 

these procedures were particularly painful or invasive, however anaesthesia was 

required in order to minimise stress to the bird. A heat pad was used to maintain 

body warmth during anaesthesia.  

Anaesthetised birds were weighed using scales (Salter, model 323) prior to fitting 

to ensure the tracking device did not exceed 5% of their body weight.  

Tracking devices were attached to the proximal ventral surface of the two central 

tail feathers of the bird. The device was secured using black thermally fused 

braided fishing line (Fireline®, Berkeley®, Spirit Lake, Iowa, USA) threaded 

through the rails of the tracking device and around the shaft of each feather (Figure 

2.1). During attachment the fishing line was threaded through both rails and the 

device was manually held in place whilst the fishing line was pulled with forceps up 

between the two feather shafts, cut, and then each half tied around the feather 

shaft and attachment rail. Surgical haemostats were used to temporarily hold pairs 

of fishing line until they could be tied using surgical knots. The aerial was laid along 

the length of one central tail feather and tied at approximately 30mm intervals. The 

fishing line was not threaded through the shaft as in Kenward (1978) to avoid 

weakening the feather, as was found by Soderquist and Gibbons (2007). All knots 

were further secured by applying a moisture cure adhesive glue (Selleys ® Ultra 

Repair Glue, Selleys Pty Ltd, Padstow, NSW, Australia). A hair dryer was used to 

speed up the drying of the glue before the bird was left to recover from the 

anaesthetic procedure in a darkened pet pack with a heat lamp provided during 

recovery. Once the birds had fully recovered they were released back into the flight 

aviary for two to 21 days and closely observed to determine their reaction to fitting 

of the tracking devices. 

 

Figure 2.1: Telonics model TAV 2617 attached to the two shed central tail feathers of a 

Carnaby’s cockatoo. Photograph is of the moulted tail feathers of study bird Blue J. The ruler 

provided for scale is 150mm long. 
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2.5.4 Releases and programming schedule 
Study birds became available for fitting tracking devices and release as they 

recovered from injuries in rehabilitation and were considered fit for release. Several 

releases occurred during this study ranging in size from one to seven individuals. 

Release sites were known communal night roost locations within the greater Perth 

region (Burnham et al. 2010; Kabat et al. 2012a, 2012b et al., 2013). Study birds 

were released in the late afternoon and early evening (0-77 minutes before sunset) 

to enable them to join wild flocks arriving at established night roosts. One release 

occurred in the middle of the day to a site where the cockatoos are reliably present 

throughout the day. 

The tracking devices were fully user programmable prior to deployment and could 

be switched on and off as often as desired, which influenced the overall battery life 

of the tracking devices. Different research objectives were being investigated 

during the study and so different programming schedules, and therefore battery 

life, were achieved at different phases of the study. 

Releases in 2012 aimed to closely follow the birds’ movements for the first two 

weeks to determine short term survival and obtain as much early dispersal data as 

possible before expected high rate of loss or damage to tracking devices. After the 

first two weeks the tracking devices only switched on for five hours in the morning 

every five, or 10 days to obtain survival and dispersal data over a longer period of 

time. The predicted battery life under this schedule was four to five months.  

Releases in 2013 were aimed at determining communal night roost site fidelity and 

foraging area around roosts and so the tracking devices were programmed to 

switch on for four hours every night to determine roost locations, and for eight 

hours on two mornings and two afternoons each week to identify foraging areas. 

The predicted battery life under this schedule was one to two months. 

 

2.5.5 Assessing the impact of the tracking devices 
To assess the suitability of these tracking devices we considered both the impact of 

the tracking device on the bird, and of the bird on the tracking device. If a bird was 

bothered by the device, behavioural evidence would be expected in the form of 

impacted flight ability or excessive preening attention to tail feathers and/or 

physical evidence in the form of visible wear on the feathers or chewing marks on 

the tracking device. Like Meyers (1996), we assumed that if a tracking device failed 

well before its predicted battery life then it had been damaged by the birds rather 

than due to other plausible explanations including electronic or battery failure. 
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To observe the behaviour of the study birds post-release, flocks containing study 

birds were followed with the aid of Argos AL-1 PTT Locators (Communications 

Specialists Inc., Orange, California, USA) with aerials attached to the roof of a 

Nissan X-Trail. The AL-1 units received signals from tracking devices approximately 

once a minute during on periods and converted it into an audible voice read-out of 

signal strength. With excellent road access available in the urban areas and the 

noisy flocking habits of the birds it was possible to locate and follow flocks 

containing study birds to obtain behavioural observations, and the tail markings 

enabled study birds to be distinguished from their flock mates.  

 

2.5.6 Assessing the performance of the tracking devices 
The performance of the tracking devices was assessed by comparing the retention 

time to battery life achieved and by comparing the predicted battery life to the 

actual battery life achieved. Predicted battery life was obtained from software used 

to program the duty cycle of the tracking devices (Telonics Product Programmer, 

Telonics, Mesa, Arizona, USA). The value used was the predicted battery life at an 

ambient temperature of 20°C.  

Performance was also assessed by comparing the proportion of accurate vs 

inaccurate location fixes. Argos assigns a categorical accuracy level to each 

estimated location. The highest accuracy is Class 3 which is within 250 m through 

to Class A or B for which an estimation error cannot be calculated and may be 

several kilometres (Table 2.2). 

Table 2.2: Argos Doppler location class accuracy as estimated and documented by CLS 

(2013a) using Kalman filtering. 

Class Estimated error (m) Number of messages 
received per satellite pass 

3 <250 4 or more 

2 250 <<500 4 or more 

1 500<<1500 4 or more 

0 >1500 4 or more 

A Unbounded accuracy 3 

B Unbounded accuracy 1 or 2 

 

The data obtained from the tracking devices were assessed for their potential to 

provide useful information on the spatial scale of daily and seasonal movements, 
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roosts site fidelity and foraging area around roosts by plotting location fixes of Class 

2 and 3. 

 

2.6 Results 

2.6.1 Fitting tracking devices 
Tracking devices were fitted to 24 rehabilitated Carnaby’s cockatoos and two 

rehabilitated Baudin’s cockatoos. Time taken for all procedures (including tracking 

device attachment, blood sampling and tail marking) reduced with experience from 

approximately an hour to less than 40 minutes per bird over nine fitting sessions.  

 

2.6.2 Following flocks 
Over 540 hours was spent following flocks and regularly sighting study birds. 

Location fixes from Argos were used to drive to the last known location of a study 

bird and the AL-1 was then used to locate and follow the flock containing the study 

bird. Black cockatoos are capable of flying more than a kilometre in the minute 

between received signals so it was difficult to follow fast moving flocks unless they 

remained within sight or a departure trajectory was observed. The cockatoos would 

often spend extended periods feeding or resting and these provided opportunities 

to re-locate flocks. Location fixes from Argos also assisted in relocating flocks. 

Signal interference regularly occurred between 0715 hrs and 0930hrs, and 1915 hrs 

and 2130 hrs local time corresponding to the times that meteorological balloons are 

launched from Perth Airport that transmit on a similar frequency (usually 

401.5MHz) (Andrea Bryde, pers. comm. 18/03/2014). In Australia, the frequency 

range of 400.15 to 406.1MHz is allocated to meteorological aids and meteorological 

satellite (earth to space) communications (Australian Communications and Media 

Authority 2013), which overlaps with Argos tracking devices which transmit on the 

range 401.65MHz ± 30kHz (CLS 2013a). The interference covered the entire study 

area. The interference did not prevent the tracking devices communicating with 

satellites but it did significantly reduce the overall accuracy of location fixes 

compared to periods when balloons were not present (χ2 = 241.391, d.f. = 5, P < 

0.0001) (Figure 2.2) and it prevented the signal strength being read out amongst 

background noise by the AL-1 and therefore inhibited following study birds. When 

physically close to a study bird (within about 1km) the signal could be attenuated 

and this was unaffected by interference which allowed the flock to continue to be 

followed. 
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Figure 2.2: Influence of meteorological balloons on quality of Argos location fixes. 

 

Similarities in the frequencies transmitted by tracking devices meant that it was 

sometimes difficult to distinguish which birds were within range. Argos tracking 

devices transmit over a narrower band width than VHF tracking devices which limits 

the number of tracking devices that can be individually tracked in a study area, 

however, the range over which signals can be picked up is much greater.  

 

2.6.3 Assessing the impact of the tracking devices 
When fitted, the tracking devices represented 2.4% to 3.2% (mean 2.7 ± 0.2%) of 

the body mass of the study birds. This is below the generally accepted guidance of 

less than 5% of body weight (Kenward 2001). Study birds fitted with tracking 

devices showed no indication of tail drooping or any abnormality of flight in the 

aviary prior to release. It was very difficult to detect that the birds had been fitted 

with tracking devices with only the tip of the aerial protruding beyond the end of 

tail feathers. The bulk of the tracking device is hidden by the under tail-coverts. 

Given the covering of feathers we expected that the tracking device would have 

minimal impact on the aerodynamics of the bird’s flight. 

We aimed to observe each study bird released in 2013 at least once a week. 

Sightings showed that the preening behaviours and frequency of those behaviours 

were similar to their flock mates (i.e. occasional) and study birds were never 

observed paying any particular extra attention to the tracking device or the aerial.  

To assess if the tracking devices were inhibiting the ability of study birds to keep up 

with the flock we recorded the number of times study birds were found to roost or 
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forage alone. On most occasions (91.9%) study birds were found roosting or 

foraging with a flock.  However, of the 12 study birds intensively followed in 2013, 

six were found alone on at least one occasion. It is not clear whether the tracking 

devices were actually inhibiting movements, whether the rehabilitated birds were 

having some difficulty reintegrating back into wild flocks, or whether it is normal 

behaviour for birds to occasionally be alone. There was no indication of 

deterioration of health over time and all were subsequently found foraging or 

roosting with a flock. For example, Pink D was a study bird that was found alone on 

two of seven occasions she was observed. When her body was necropsied after 

being illegally shot, Pink D was found to be in very good condition with strong flight 

muscles suggesting it was not her physical abilities that were limiting her capacity 

to be with a flock. Pink L was found alone the most often (four of ten occasions she 

was observed), however, she was sighted 72 days after her tracking device had 

failed and 141 days after release, alive and well, interacting in a large flock.  

Only one of the 26 tracking devices inspected prior to release showed signs of 

chewing (Table 2.3; Figure 2.3a). Of the four tracking devices recovered after 

release, three were recovered after the birds had died but showed no indication 

that the tracking device contributed to the deaths (i.e. no feather wear or chewing). 

In the case of the Baudin’s cockatoo (#121840) the tracking device had shifted 

position on the feather which was consistent with being pulled. Other evidence 

gathered at the site of the mortality suggested that Australian raven (Corvus 

coronoides) attack may have been the cause of death as this involves feathers 

being pulled out and this may have been the reason for the shifted position of the 

tracking device. It should be noted that it is not uncommon for wild black cockatoos 

to be attacked by ravens during raven breeding season, and the tracking device is 

not considered to have pre-disposed the cockatoo to raven attack. Pink D was 

illegally shot and the pellets caused damage to the attachment rail and side of the 

device, but it was still functioning (Figure 2.3b). Blue J’s tracking device was 

recovered from below powerlines after her flock had been followed and was 

assumed to have moulted out. There was no evidence of feather wear or chewing 

as shown in Figure 2.1. 
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Table 2.3: Summary of tracking devices retrieved after being worn by study birds. 

Study bird No. days 
worn 

Reason retrieved Chewed Feather wear Moved 
position on 

feather 

Blue B 5 Chewed in aviary before release Yes No No 

Blue J 55 Moulted No No No 

Pink D 53 Mortality – shot No No No 

Pink N 34 Mortality – unknown cause No No No 

Baudin #121840 25 Mortality – unknown cause No No Yes 

 

 (a)     (b) 

Figure 2.3: (a) Blue B’s chewed tracking device. (b) Pink D’s shot tracking device. 

 

Of those tracking devices that were not recovered there were two that stopped 

working prematurely and, whilst the cause will remain unknown, they are presumed 

to have been chewed (as described above). 

The birds impacted on three tracking devices by chewing but we found no evidence 

of the tracking devices causing discomfort or injury to the birds. The three deaths 

observed during the study could not be attributed to the tracking devices worn by 

those birds. 

 

26 

 



 

2.6.4 Retention and performance of tracking devices 
In general, retention time exceeded battery life for tracking devices fitted to the 

black cockatoos. The maximum retention time observed was at least 289 days 

(Table 2.4). All but one tracking device ceased transmitting before they detached 

so the true retention time is unknown.  

The majority (21 of 26) of tracking devices exceeded the predicted battery life 

(Table 2.4). Five tracking devices failed before their expected battery life. Three 

(12.5%) were attributed to chewing; with one failing before release and the others 

two and 13 days after release. These tracking devices showed no reduction in the 

number and accuracy of location fixes in the days immediately prior to stopping 

when compared to others that stopped beyond their expected battery life. The 

remaining two premature failures were very close to the expected battery life so 

given the variability in battery performance we assumed that they could be 

attributed to battery failure. One of these individuals was found injured following a 

suspected collision with a vehicle five months after its tracking device had failed. 

The tracking device was no longer attached and its central tail feathers had 

regrown indicating that the retention time was between five (the length of time the 

tracking device was active) and ten months.  

Overall 57.6% of fixes were of location quality ‘2’ or ‘3’ meaning they were accurate 

to within approximately 500m (Table 2.4). Green R’s tracking device performed 

poorly throughout the study and was excluded from the dataset. Green R’s tracking 

device provided only 24.3% of fixes being location quality ‘2’ or ‘3’ (Table 2.4).  
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Table 2.4: Retention time and performance of Argos tracking devices whilst fitted to released cockatoos. Note that the number of location fixes is provided only for 

the period when the birds were in the wild and still living. In the ‘Observed (days)’ column a ‘+’ is used to denote when the tracking device was manually switched off 

after retrieval and so actual battery life would have been longer, similarly a ‘+’ in the ‘No. days fitted to living bird post release’ indicates that the battery failed before 

the device detached and so actual retention time would have been longer. * Sighted after tracking device stopped working but with device still attached. 
  Battery life Retention time Location quality whilst fitted to living bird post-release 
Study 
bird 

Expected Observed 
(days) 

Reason for failure No days 
fitted pre 
release 

No days fitted 
to living bird 
post release 

3 2 1 0 A B Total 

Released 18 May 2012. Schedule: All day first 14 days, then morning every 5 days         

Blue A 125 220 Battery failure 3 220+ 88 84 70 32 34 72 380 

Blue E 125 170 Battery failure 2 170+ 153 78 69 17 17 37 371 

Blue H 125 12 Chewed? 3 9+ 27 33 26 14 5 11 116 

Blue L 125 115 Battery failure 3 115+ 98 95 62 23 11 25 314 

Blue P 125 125 Battery failure 2 125+ 100 55 52 27 21 31 286 

Blue X 125 160 Battery failure 3 160+ 115 56 59 25 29 47 331 

Released 24 May 2012. Schedule:  All day first 14 days, then morning every 5 days for 2 months, then morning every 10 days     

Pink B 139 169 Battery failure 2 169+ 151 92 60 23 27 49 402 

Pink C 139 289 Battery failure 2 289+ 155 107 78 28 33 58 459 

Pink N 139 179+ Mortality 2 32 101 51 33 12 17 46 260 

Pink S 139 199 Battery failure 2 199+ 128 95 91 38 26 44 422 

Pink U 139 259 Battery failure 2 259+ 165 75 61 29 25 63 418 

Released 28 September 2012. Schedule: All day first 12 days, then morning every 5 days        

119055 124 164 Battery failure 3 164+ 119 62 46 21 12 27 287 

121840 124 103 Battery failure after 
mortality 

3 22 117 39 19 5 24 50 254 
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Table 2.4: cont. 

  Battery life Retention time Location quality whilst fitted to living bird post-release 
Study 
bird 

Expected Observed 
(days) 

Reason for failure No days 
fitted pre 
release 

No days fitted 
to living bird 
post release 

3 2 1 0 A B Total 

Released 25 February 2013. Schedule: Each night for up to 4 hours plus 2 mornings and 2 afternoons each week.      

Pink D 40 50+ Shot 3 50 203 101 47 20 31 38 440 

Pink K 40 1 Chewed? 3 1+ 8 1 0 1 2 2 14 

Pink L 40 69 Battery failure 3 *141+ 266 109 67 33 41 75 591 

Pink T 40 60 Battery failure 3 60+ 223 90 56 23 32 80 504 

Pink Z 40 60 Battery failure 3 60+ 239 108 78 21 24 60 530 

Released 5 April 2013. Schedule: Each night for up to 4 hours plus 2 mornings and 2 afternoons each week.       

Green T 40 87 Battery failure 2 87+ 275 137 115 48 70 143 788 

Released 24 April 2013. Schedule: Each night for up to 4 hours plus 2 mornings and 2 afternoons each week.       

Green E 40 78 Battery failure 21 *114+ 273 123 72 50 59 162 739 

Green P 40 122 Battery failure 21 122+ 296 128 106 55 105 274 964 

Green R 40 121 Battery failure 2 121+ 71 55 30 17 95 250 518 

Released 5 June 2013. Schedule: Each night for up to 4 hours plus 2 mornings and 2 afternoons each week.       

Blue B 40 0 Chewed 5 0 0 0 0 0 0 0 0 

Blue G 40 67 Battery failure 8 67+ 272 146 82 41 61 99 701 

Blue J 40 47+ Moulted  8 47+ 245 105 42 20 27 57 496 

Released 5 June 2013. Schedule: Delayed start by one month then each night for up to 4 hours plus 2 mornings and 2 afternoons each week.    

Purple F 59 97 Battery failure 2 97+ 292 158 100 35 47 130 762 
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A significant drop in the accuracy of their fixes was observed following the deaths of 

two study birds (Figure 2.4). Pink N’s tracking device was found on the ground, 

under the canopy of a mature pine plantation (Pinus pinaster), while Baudin 

#121840’s tracking device was on the ground amongst trees but not under dense 

canopy cover. The change in performance of the tracking devices was presumed to 

be caused by them being at ground level under cover, rather than in an elevated 

location. The shift in accuracy was used to infer the time at which the birds were 

likely to have died.  

 

 

Figure 2.4: Influence of mortality on quality of Argos location fixes for Pink N (a) and Baudin 

#121840 (b). 

 

The tracking devices provided data potentially useful for understanding both large 

scale, long-term movements (Figure 2.5), as well as daily roosting and foraging 
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patterns (Figure 2.6). The tracking devices picked up instances of rapid, long 

distance movements that would have made relocation of individuals extremely 

difficult without the aid of location fixes from satellites. For example, Purple F 

travelled 70km between night roosts whilst migrating, and Pink S was the most 

mobile of study birds travelling a total of over 450km between broad regional areas 

during the six months of monitoring (Figure 2.5). However, most study birds did 

not exhibit such long distance movements with 68% remaining within 50km of their 

release sites whilst monitored. 

Night roost locations can be identified by clusters of points obtained at night with 

tracking devices switching on for at least four hours to help ensure that at least one 

or two of the approximately hourly satellite passes results in an accurate location 

fix (i.e. within 500m) (Figure 2.6). In the example provided in Figure 2.6 it is 

possible to distinguish the location of night roosts used by Green E, their relative 

use and an indication of the foraging area around the most often used night roost 

at Bentley.  
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Figure 2.5: Movements of black cockatoos (Calyptorhynchus spp.) fitted with tracking devices 

that travelled the greatest distance from release to the north, south and east (Pink S, Blue X 

and Purple F). 
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Figure 2.6: Foraging movements and roost sites of Green E within the urban landscape of 

Perth. 

 

2.7 Discussion 

2.7.1 Impact of tracking devices 
Attaching a tracking device involves adding a burden for a bird to carry and so it is 

likely to have some impact on the energy budget of the bird. The impact however, 

can be minimised by reducing weight and carefully considering the position and 

shape of the tracking device. The method of fitting tracking devices described in 

this study involves attaching the device close to the body and therefore the centre 

of gravity of the bird to minimise the impact on balance. The device was also 

covered by feathers to minimise impact on the aerodynamics of the bird and to 

make individuals within a flock not noticeable to avian predators (see Saunders 

1980). 

We aimed to make the tracking device not noticeable to the bird, however, 12.5% 

of tracking devices were chewed by the birds indicating that at least some birds 

noticed the devices. This percentage is less than half the proportion (31%) of study 
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birds that Le Souef et al. (2013) observed with chewed tracking devices. The 

different positioning of tracking devices and attachment methods used by Le Souef 

et al. (2013) may have resulted in additional chewing attention. The aerials of some 

of the attachment methods used by Le Souef et al. (2013) protruded away from the 

bird’s body and were chewed by aviary mates when they were effectively placed in 

front of other birds while the ‘owner’ of the aerial was manoeuvring on perches (Le 

Souef, pers. comm.) Birds held in aviaries may be more likely to chew both their 

own tracking devices and those of aviary mates through boredom. However, in this 

study only one bird chewed its tracking device to the point of damage before 

release. Most study birds were held for two to three days between fitting and 

release, but two were held 21 days and the tracking devices showed no signs of 

chewing. This suggests that the birds are not bothered by the tracking devices or 

the method of attaching them. 

Many studies recommend tracking devices that weigh less than 5% of the body 

mass of the study animal. The exact origin of this ‘rule’ is unclear, however, Naef-

Daenzer (1993) calculated that the body mass variability of birds repeatedly 

trapped at Swiss ringing stations was on average 7.7% and therefore assumed 

birds were capable of carrying a tracking device that was 5 to 7% of their body 

mass. Caccamise and Hedin (1985) argue that using 5% as a guide for tracking 

device weight is inappropriate because it ignores aerodynamic relationships that 

indicate small birds can carry loads equal to a larger proportion of their body mass 

than larger birds, and neither does it provide an estimate of the energetic costs of 

transporting the tracking device. Energetic costs of locomotion increase with 

additional weight. In flight the increase can be substantial and this increase in 

energy demand is likely to affect behaviour. Tracking device weights based on a 

fixed percentage of body mass (e.g. 5%) will affect the flight characteristics of 

large birds more than small birds (Caccamise and Hedin 1985). Black cockatoos are 

large birds with Carnaby’s cockatoo ranging in weight from 520 to 790g and 

Baudin’s cockatoo from 560 to 770g (Johnston and Storr 1998). Our study birds 

ranged between 537-698g with an average of 620 g. Only one tracking device fitted 

in this study exceeded 3%, but was still less than 5%, of the bird’s body weight and 

we found no conclusive evidence to indicate this represented an observable burden 

to the bird. 

2.7.2 Retention time 
The tracking devices attached using the methods described here will only be carried 

by the bird, at most, until the two central tail feathers are moulted. Little is known 

of the timing and sequence of moult in black cockatoos. The tail feathers of one 
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nestling male yellow-tailed black cockatoo (C. funereus) had all moulted in just 

over a year (Courtney 1986a), in contrast to four glossy black cockatoo (C. 

lathami) nestlings which moulted only half their tail feathers each year and were 

over two years old when they completed their first tail moult (Courtney 1986b). 

Moulted wing and tail feathers of Carnaby’s cockatoo are most noticeable around 

communal night roosts in February and March which coincides with the end of the 

breeding season. Detailed study of moult in a smaller psittacid (Purpureicephalus 

spurius) indicates that its tail feathers are moulted in late summer-early autumn in 

adult birds (Mawson and Massam 1996). Birds in this study were fitted with 

tracking devices between late February and June with the hope that they would 

most likely not be lost until early the following year and therefore maximise 

potential tracking period for tail mounted devices. Only one tracking device was 

moulted before battery life ended. Battery life, rather than retention time, was the 

main limiting factor in this study. The longest battery life achieved during this study 

was 289 days (Table 2.4). In comparison the retention time reported by Le Souef et 

al. (2013) was between one day and 287 days with an average of 71 days.  

Two tracking devices that failed prematurely were fitted to mature females (Pink K 

and Blue B). It is possible that females may be more inclined to chew tracking 

devices given that they chew the hollow entrance and nest chamber in preparation 

for laying and whilst incubating. Overall, females have a much more aggressive 

demeanour and tend to vocalise and be more aggressive during capture and whilst 

being handled (pers. obs.). Of the tracking devices chewed in the study by Le Souef 

et al. (2013) three were males and six were females (with equal numbers of males 

and females in the study), which supports a female bias in inclination to chew 

tracking devices.  

2.7.3 Performance of tracking devices 
We were satisfied with the performance of 21 out of 25 tracking devices that were 

deployed on released birds in regard to retention time, field battery life and overall 

accuracy of location fixes. Three tracking devices failed earlier than expected, and 

were known or assumed to have been chewed therefore there was little that could 

have been done to prevent this occurring. The fourth unsatisfactory tracking device 

performed comparatively poorly throughout the duration of its deployment in terms 

of both the number and accuracy of location fixes. This may have been caused by a 

technical issue such as electronic or battery failure, a damaged aerial or some other 

unknown cause. 
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The accuracy of the location fixes provided by the tracking devices exceeded 

expectations based on previously published studies using Argos systems (Britten et 

al. 1999; Soutullo et al. 2007; Dubinin et al. 2010), where it is common for the 

lower accuracy classes to dominate results and for the accuracy of location classes 

to be less than that reported by Argos (Meyburg and Fuller 2007; Douglas et al. 

2012; Boyd and Brightsmith 2013). There are a number of factors that might 

explain the better performance of the Argos tracking devices during this study. 

These factors are related to characteristics and behaviour of the study species, the 

geographic location of the study and improvements to technology and data 

processing over time. 

Carnaby’s cockatoos like to perch and forage on top of the canopy of trees and at 

night they roost amongst the leaves of the outer branches of the tallest trees which 

aids good communication with the passing Argos satellites. The benefit of elevation 

was demonstrated when a reduction in accuracy of location fixes was observed 

following the deaths of two study birds resulting in their tracking devices being at 

ground level. The cockatoos generally spend little time foraging on the ground, so 

when alive they are most often in a position for obtaining good location fixes. 

However, Sauder et al. (2012) concluded canopy cover and topographical 

obstruction would not have a practical effect on Argos telemetry performance but 

all their devices were suspended 1m above the ground under different canopy 

covers and topographical positions and the 1m above ground may be sufficient to 

improve communication with the satellites. Other studies have shown that the 

physical location of the animal in the landscape can greatly affect the location fixes. 

Stewart et al. (1989) reported that location efficiency for harbour seals almost 

doubled whilst ashore compared to at-sea and almost no locations where observed 

when they were engaged in diving behaviour. 

Previous studies have shown that the geographical location of the study can affect 

Argos performance and Dubinin et al. (2010) recommend testing of tracking 

devices prior to deployment to trial whether the performance of the tracking 

devices will be suitable for study aims in a particular area. Compared to Europe 

where other studies have reported poor performance of Argos tracking devices 

there is less electronic interference in Perth, enabling satellites to receive more 

signals per pass to calculate more accurate location fixes (Gros et al. 2006; 

Anonymous 2005, 2007; Meyburg and Fuller 2007).  

With regard to improvements in technology over time, new satellites have been 

launched which have increased the number available to receive signals and older 

satellites have been replaced with ones carrying newer instruments with improved 
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performance. The new instruments have greater sensitivity, increased bandwidth 

and an increased number of data receivers all of which mean they have the ability 

to detect more signals simultaneously, on a wider range of frequencies that are 

weaker in strength, when compared with the satellites used previously (Sarthou 

2007). During this study one satellite was decommissioned and two new satellites 

equipped with ARGOS-3 were launched (CLS 2013b). There are now seven orbiting 

Argos satellites compared to the time of earlier studies assessing the performance 

of Argos tracking devices undertaken by Britten et al. (1999) and Hays et al. 

(2001) when there were fewer than five Argos satellites.  

Improvements have also been made to data processing algorithms. In 2005, digital 

elevation models were incorporated in the calculation of locations for terrestrial and 

bird species (CLS, 2013a) which address a major source of error observed by 

Keating et al. (1991). In 2011, just prior to the commencement of this study, a 

Kalman filtering algorithm was implemented which uses measurements from the 

current satellite pass, as well as information from previous satellite passes, to 

provide improved estimates of location errors and, in comparison to the previous 

Least Squares algorithm, provides more positions of better accuracy (Malarde et al. 

2010). 

Changes in performance of tracking devices can be used to identify when a tracking 

device has been damaged (Hays et al. 2007) or the animal may have died. For 

Carnaby’s and Baudin’s cockatoos detachment of the tracking device and death 

were both associated with a reduction in the proportion of high quality location 

fixes. Whether or not the tracking device has been damaged or the study animal 

has died, these are both reasons to trigger a response from the researcher to 

attempt to locate the tracking device. With the aid of an Argos PTT Locator AL-1 (as 

used in this study) or Argos Goniometer (CLS 2013c) it is possible to find downed 

transmitters. This is useful for recovering expensive equipment and confirming the 

fate of study animals. 

2.7.4 Research objectives and suitability of tracking devices 
The Telonics TAV 2617 tracking devices were a suitable choice for black cockatoos 

and for the purpose of this study. We used the tracking devices to monitor the 

survival and movements of study birds after release from rehabilitation and to 

obtain data to determine roost site fidelity and foraging area around roosts. The 

essential requirements that led to the decision to use the tracking devices chosen 

were: minimal snag risk, suitable size and dimensions for tail attachment and the 

ability to obtain data even if birds dispersed long distances. The novel use of the 

37 

 



AL-1 tracking gear made it possible to follow flocks containing study birds to 

observe flock size and behaviours. The main limitations of the tracking devices that 

must be considered when assessing their suitability for future research projects are 

the errors associated with location fixes, limited retention time in relation to 

moulting of tail feathers and limited battery life. 

The technology involved has improved over time such that over a decade ago 

Britten et al. (1999) recommended Argos tracking devices only if a position 

accuracy of <35km was needed. More recently, Boyd and Brightsmith (2013) 

recommended that Argos was suitable for users who require positions accuracies of 

up to 2km. Our study has shown that for species that spend most of their time in 

elevated positions and in suitable global geographic locations, then daily position 

accuracies of within 250m are possible. 

The method described here was developed for attaching tracking devices to birds 

whilst in captivity. The length of time taken to fit the tracking devices necessitates 

anaesthesia to minimise stress on the birds. However, field anaesthesia is possible 

and the birds recover quickly. The development of a method for successfully 

attaching tracking devices to black cockatoos opens the possibility to study aspects 

of the ecology of black cockatoos and other species that was not previously 

possible. The ability to fit tracking devices to wild birds in the field would provide 

valuable knowledge particularly with regard to the migratory habits of the species 

and the location of breeding areas and non-breeding areas used. Highly mobile 

species, without fixed home ranges are very difficult to study. Argos tracking 

devices and the method described here provide a helpful insight into the spatial 

ecology of such species and opens opportunities for further study. 
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3 CHAPTER THREE: Survival and reintegration of 
rehabilitated Carnaby’s cockatoos (Calyptorhynchus latirostris) 

into wild flocks 

 

 
Study bird “Purple F” preening a young wild male in a macadamia orchard. Photo by C. Groom. 

 

3.1 Preface 

The Carnaby’s cockatoos to which I attached tracking devices were rehabilitated 

wild birds. They provided the most reliable source of study birds, as although wild 

black cockatoos have been captured in nesting hollows (Saunders 1979) and with 

mist nets (Kurucz 2000; Murdoch 2012), these methods are risky for both the birds 

and the researcher, and could not be justified for this study from an animal welfare 

perspective. Injured wild cockatoos are regularly taken into care and the preferred 

outcome for these birds is to be released back into the wild so they were used for 

this study.  
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The aims of this chapter were to: (1) estimate the survival of rehabilitated birds 

post-release; (2) describe evidence for social and behavioural reintegration of 

rehabilitated birds into wild flocks; (3) assess the value of rehabilitation to the 

conservation of the species; and (4) establish the usefulness of rehabilitated birds 

for making inferences about the spatial ecology of wild birds. 

3.2 Statement of contributions 

Proposed co-authors for this paper are Peter Mawson and Kris Warren. I, as first 

author, collected the data, undertook data analysis and wrote the first and final 

drafts of the manuscript. Peter Mawson contributed statistics on zoo admissions and 

band recoveries. Kris Warren provided advice on the veterinary aspects of the 

paper. Peter Mawson and Kris Warren commented on earlier drafts of the 

manuscript.  

 

3.3 Abstract 

Release into the wild is the preferred outcome for rehabilitated animals, but often 

little is known about what happens to individuals following their release. Increased 

knowledge of post-release survival and reintegration into the wild could improve 

release and rehabilitation strategies. For species that are highly mobile and difficult 

to capture in the wild, rehabilitated individuals also provide a unique opportunity to 

attach tracking devices and to obtain an insight into spatial ecology if their 

behaviour is comparable to wild birds. To assess the survival and reintegration of 

rehabilitated Carnaby’s cockatoo into wild flocks we studied the movements and 

behaviour of 23 birds fitted with satellite tracking devices. We assessed longer term 

survival by collating records of leg-banded birds over eight years. Rehabilitated 

birds had an estimated annual survival rate of 0.73. The band recovery rate for all 

rehabilitated Carnaby’s cockatoos banded between 2005 and 2013 was not 

significantly different those fitted with tracking devices (10.3% versus 13.0% 

respectively, p=1). Physical, social and behavioural indicators of fitness were used 

to assess the success of the reintegration of rehabilitated birds. Released birds flew, 

roosted and foraged with wild birds. Whilst pair bond formation and breeding of 

study birds could not be confirmed during this study, behaviours associated with 

pair bonding were observed including allo-preening and male courtship displays. 

The rehabilitation process and pre-release procedure for identifying individuals 

ready for release was effective at selecting suitable release candidates. Taken 

together, our data suggest the post-release behaviour of rehabilitated birds is 
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comparable to the behaviour of wild birds, hence attaching tracking devices to 

rehabilitated birds is a critical first step to understanding the spatial ecology of this 

species. 

 

3.4 Introduction 

The order Psittaciformes (parrots) consists of 414 species worldwide with 27% 

threatened (IUCN, 2014). They are a charismatic group that often have colourful 

plumage and social habits that make them attractive to aviculture and the pet 

trade. This contributes to their threatened status as birds are taken from the wild 

for the captive market, while habitat loss and conflict with agricultural producers 

are also major threats globally (Sanz and Grajal 1998; Brightsmith et al. 2005; 

White et al. 2012). 

Increasingly avian conservation efforts involve reintroduction programs where birds 

are most often sourced from the wild or captive bred (Snyder et al. 1994; Oelher et 

al. 2001; Collazo et al. 2003; Brightsmith et al. 2005; Oritz-Catedral et al. 2009), 

but also from facilities that care for confiscated or rehabilitated birds (Sanz and 

Grajal 1998; Metz and Zimmerman 2010). Understanding factors contributing to 

the success or failure of such releases will improve their effectiveness as 

conservation measures.  

Predation (Snyder et al. 1994; White et al. 2012) and deficits in foraging and 

socialization skills (Snyder et al. 1994) all contribute to poor survival of released 

parrots. Post-release provisioning, particularly for captive-reared birds, and pre-

release training to facilitate recognition of appropriate food items have been 

associated with increased success (Brightsmith et al. 2005; White et al. 2012), as 

has selecting sites with an existing resident or establishing population (Sanz and 

Grajal, 1998; Collazo et al. 2003; Brightsmith et al. 2005). Larger releases have 

been more successful than smaller ones (Snyder et al. 1994; Brightsmith et al. 

2005).  

Carnaby’s cockatoo (Calyptorhynchus latirostris) is a threatened parrot species that 

has lost large areas of its natural habitat to agriculture and urban development. 

Although it still occurs in more than 60 percent of its former range, its numbers are 

greatly reduced (Department of Environment and Conservation 2012) and there is 

increased anthropogenic related mortality (such as that caused by vehicle strike or 

shooting) (Le Souef 2012). This is particularly evident in the suburbs and rural 

areas surrounding the city of Perth on the Swan coastal plain, Western Australia (Le 
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Souef 2012), where increasing numbers of injured birds have been taken into care 

for treatment each year (Groom et al. 2014a; Le Souef et al. 2015). There are no 

conservation benefits in directing rehabilitated birds into aviculture, as captive 

breeding of Carnaby’s cockatoos has proven difficult (Saunders et al. 1985), hence 

release of rehabilitated birds is the preferred outcome. 

For species that are highly mobile and difficult to capture, rehabilitated individuals 

provide a unique opportunity to mark birds and study their behaviour. Knowledge 

of the fate of individuals after release could enable optimisation of rehabilitation 

and release protocols. Moreover, if rehabilitated individuals can be shown to behave 

like their wild counterparts after release then they can be used to provide insight 

into the ecology of the species, which is helpful for directing conservation actions. 

This is particularly the case for studies of spatial ecology that require the capture of 

individuals for the attachment of tracking devices. 

To assess the survival and reintegration of rehabilitated Carnaby’s cockatoos into 

wild flocks and their suitability for making inferences about wild birds, we studied 

the movements and behaviour of 23 rehabilitated birds, fitted with satellite tracking 

devices and released in 2012 and 2013. To assess longer-term survival of 

rehabilitated birds we collated records of leg-banded birds re-admitted to care or 

found dead after release, between 2005 and 2013.  

 

3.5 Methods 

3.5.1 Study birds and release strategy 
Carnaby’s cockatoo is endemic to the southwest of Western Australia. They are 

social birds that forage during the day in large flocks and roost communally at 

night. They breed in late winter and by late December have migrated to their non-

breeding range (Saunders 1977) which includes the suburbs of Perth, the capital 

city of Western Australia.  

Study birds were rehabilitated at wildlife rehabilitation centres in Perth and Nannup 

in the southwest of Western Australia. All study birds were rescued from the wild 

following debilitation, primarily due to traumatic injury. The majority of rescued 

cockatoos were hospitalised at Perth Zoo Veterinary Department for veterinary 

assessment and treatment. Following treatment they were transferred to a 

rehabilitation centre where they were cared for until assessed as fit for release. 

In preparation for release cockatoos were housed in large flight aviaries (e.g. 64 x 

6m) at Kaarakin Black Cockatoo Conservation Centre). Birds were fed mixed seed 
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and native browse (e.g. Corymbia calophylla ‘gumnuts’, Banksia cones) ad libitum. 

Rehabilitated birds were housed together to form an ‘aviary flock’. This enabled 

birds to become familiar with each other to possibly facilitate an easier transition to 

the wild (Le Souef 2012).  

Data on the health history and length of time in captivity were gathered for each 

study bird. A blood sample was collected from each bird released in 2012 and 2013 

for haematological and biochemical analysis to determine health status (Table 

S3.1), and faecal samples were collected in the aviary to screen for endo-parasite 

infections. Haematology and biochemistry results were interpreted using species-

specific reference values (Le Souef et al. 2013). Age was estimated from plumage 

characteristics, physical changes and behaviour (e.g. if begging behaviour had been 

observed the bird was assumed to be in its first year). Carnaby’s cockatoos are 

thought to follow the same morphological changes with sexual maturity as recorded 

in the closely related yellow-tailed black cockatoo (C. funereus). In male yellow-

tailed black cockatoos the bill darkens with age, the upper mandible by two years 

old and the lower mandible by four years old (Courtney 1986). The skin around the 

eye of males pales and turns pink as they reach sexual maturity at about four years 

of age (Courtney 1986; Jupp 2000). In contrast, female Carnaby’s cockatoos do not 

develop obvious external physical changes with age or sexual maturity. To estimate 

age for juvenile females and adults of both sexes, a skin biopsy from the patagium 

was taken, wherever possible, and analysed for pentosidine concentration which 

accumulates incrementally in the skin and can be used to provide a broad estimate 

of age (Le Souef 2012). 

To enable individual identification, all birds in rehabilitation received a Trovan® 

microchip. Since 2005 all released birds were fitted with stainless steel size 21 or 

32 Australian Bird and Bat Banding Scheme leg bands and in 2012 and 2013 each 

released bird also had individual identifiers marked on the tail feathers (Groom et 

al. 2013).  

Prior to release birds were observed for natural behaviours and were specifically 

tested for stamina, manoeuvrability, landing and walking. All assessments were 

made by Rick Dawson (Senior Investigator, Nature Protection Branch, Department 

of Parks and Wildlife) who has extensive field experience observing wild cockatoos 

and assessing rehabilitated cockatoos for release.  

Birds were released in the general geographic area from which they were originally 

rescued. Locations selected were where large flocks of cockatoos congregated to 
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forage or roost. Timing of releases varied to match the time when large numbers of 

wild cockatoos frequented specific locations. 

 

3.5.2 Satellite tracking and flock follows 
Satellite tracking devices (Telonics TAV 2617) were attached to the tail feathers of 

study birds in 2012 and 2013 to enable their movements and survival to be 

monitored following release (Groom et al. 2014b - Chapter 2). Argos tracking 

devices were chosen as they ensured that location fixes could be obtained 

irrespective of dispersal distance and without the need to recapture birds to 

download data. To extend battery life, tracking devices were programmed to switch 

on and off to schedules described below.  

Releases in 2012 determined short-term survival and dispersal during the first two 

weeks post-release. Tracking devices were programmed to switch on between 6am 

and 6pm (with a 2-hour break in the middle of the day when no satellite passes 

occurred). After two weeks devices were switched on for five hours each morning 

every fifth or tenth day to obtain longer-term survival and dispersal data. Releases 

in 2013 allowed close observation of social interactions and behaviour of study 

birds. Tracking devices switched on for up to four hours each night to determine 

night roost locations, and between 3am and 11am on two mornings and 1pm and 

8pm for two afternoons each week to allow birds to be followed and foraging to be 

observed.  

In 2013 an Argos Locator AL-1 (Communications Specialists) was used to locate 

and follow flocks containing study birds. The AL-1 was tuned to the frequency the 

tracking devices used to communicate with the satellites and generated an audible 

voice read-out of signal strength about once a minute. This was used to determine 

if the flock containing the study bird was getting closer or further away. Flock 

follows were undertaken by vehicle using the excellent road network of the urban 

landscape. Location fixes obtained via satellite provided a vicinity to start tracking, 

which was particularly useful for tracking study birds from night roosts. Flocks were 

usually followed as they left a communal night roost in the morning or else were 

located whilst foraging and followed to the roosting site in the evening.  

Following Drake and Dingle (2007), the movements of cockatoos were assigned to 

one of three categories: 1) foraging and commuting within a transitory foraging 

range, 2) exploratory ranging movements and 3) migratory movements. Study 

birds often travelled regularly between a subset of spatially proximate roosts and 

these sets of roosts and the foraging movements around them were used to define 
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ten transitory foraging ranges that were named according to the broad geographic 

characteristics of the study area. Birds shifted between sets of roosts and these 

moves were scored as a shift in transitory foraging range. In order to define loose 

boundaries for each foraging range minimum convex polygons were constructed 

around the location fixes for birds originating from roosts allocated to a particular 

transitory foraging range. Distances between roosts within the foraging ranges 

were typically no greater than twice the average maximum distance birds foraged 

from a roost. Sometimes arbitrary decisions were needed to allocate particular 

study birds to specific transitory foraging ranges for periods of time when there was 

overlap in sets of roosts used. If study birds travelled between roosts that were 

normally not used interchangeably and the distance between night roosts was 

greater than average, then this was considered a ranging movement. If the ranging 

movements continued in a consistent direction for more than two nights then this 

was considered a migratory movement. The movement categories and transitory 

foraging ranges assisted description and comparison of movements undertaken by 

study birds, both spatially and temporally, without requiring data animation. 

 

3.5.3 Assessment of rehabilitation success 
Survival and reintegration of birds rehabilitated back into the wild was assessed by 

obtaining evidence for and against physical, social and behavioural indicators of 

fitness. Assessment methods included band returns, opportunistic field 

observations, targeted observations through flock follows and data on location and 

movement from tracking devices. Band returns are defined as when a bird was 

found dead, debilitated or returned to care, and does not include sightings. 

We determined whether rehabilitated birds were joining flocks, interacting with 

flock mates and attempting to form pair bonds (allo-preening, courtship displays), 

and assessed their ability to find and manipulate appropriate foods and any 

evidence of imprinting or habituation to humans. Releases were considered 

successful if a) birds survived the first month, b) did not return to care due to 

starvation, c) demonstrated a capacity to interact with wild flocks and, d) if mature, 

demonstrated basic pair bonding or courtship behaviours. 

Annual survival rate was estimated using the Kaplan-Meier staggered entry model 

(Pollock et al. 1989). This method enables an estimate of survival to be calculated 

from tracking data and allows for animals to be lost from the study (through failure 

of tracking devices) and, for new animals to be added. Longer-term survival was 

assessed by collating records of leg-banded birds re-admitted to care or found dead 
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after release, between 2005 and 2013. To determine if tracking devices were 

affecting survival we used a two-tailed Fishers exact test to compare the band 

returns of birds released with and without tracking devices. 

 

3.6 Results 

3.6.1 Study birds and release strategy 
Seven hundred and sixty Carnaby’s cockatoos were admitted to Perth Zoo 

Veterinary Department between 2005 and 2013. Of these, 310 (40.8%) were 

euthanased, 126 (16.6%) were dead on arrival or died whilst in care, while 324 

(42.6%) survived and were passed on to long-term rehabilitation facilities. Of the 

rehabilitated birds, 145 (19.1%) have been released back into the wild after 

successfully completing rehabilitation (Table S3.2). Most birds admitted for care 

had injuries consistent with vehicle collisions (fractures, bruises, wounds and/or 

feather loss), but often incidents were not directly observed so the cause of many 

injuries could not be definitively attributed.  

Of 36 Carnaby’s cockatoos released in the greater Perth region during 2012-2013, 

time in rehabilitation varied from 103 days to almost 3.5 years (mean 337 days, 

median 268 days). Birds with wing fractures spent the longest time in captivity 

(800 days ± 475 n=4). Approximately equal numbers of males and females (17 

and 19 respectively) were released from rehabilitation during the intensive study 

period, similar to the sex ratio of birds released across all years 2005-2013 (63 

males, 68 females with 14 birds unsexed). In 2012, 11 birds were fitted with 

satellite tracking devices and released, compared to 12 in 2013. At least 14 of 23 

satellite-tracked study birds were less than four years old, including four birds likely 

to have been less than one year old when they entered rehabilitation.  

Group size of released birds varied from 1 to 28 individuals (details of release group 

sizes and release location are contained in supplementary material Table S3.2). 

Releases at Perry Lakes and Collier Park (Figure 3.1) were timed to occur when wild 

birds were congregating at night roosts. They occurred between 0 and 77 minutes 

before sunset. On release a group would typically land in the same or nearby trees 

for a period until wild Carnaby’s cockatoos were heard. The released birds would 

then call to the wild birds and fly in their direction. On their first night, seven out of 

ten study birds, where the roost could be determined, roosted at their release roost 

site. The birds that did not roost at their release roost were in the group released 
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77 minutes before sunset. This group joined a passing flock on their way to 

another, nearby roost.  

 

Figure 3.1: Release sites (stars) for rehabilitated Carnaby’s cockatoos in Western 

Australia between 2005 and 2013.  

Released birds did not remain together after release although some individuals 

were found in the same foraging flock or communal night roost. Of 857 occasions 

where it was known where a study bird roosted for the night, there were 13 (1.3%) 
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occasions where at least three roosted together, 81 (9.4%) where two study birds 

roosted together and the remaining 656 (76.5%) occasions only one study bird was 

recorded at the roost. 

3.6.2 Flock follows and field observations 
Tracking devices monitored movements of the 23 study birds for between 1 and 

289 days throughout two consecutive non-breeding seasons. A total of 173 flock 

follows were undertaken ranging from seven minutes to 10 hours and 28 minutes 

(average 3 hours 30 minutes) resulting in over 540 hours following flocks and 

sighting study birds. Most flocks followed (160 of 173) contained one or more study 

birds. 

3.6.3 Physical fitness 
Pre-release haematology and serum biochemistry values of all 23 birds fitted with 

tracking devices and released were within normal ranges (or considered acceptable 

given stress of capture and handling) for the species suggesting that the birds were 

healthy. Following the detection of gastrointestinal parasites at one of the 

rehabilitation centres, worming prophylaxis was routinely performed. On veterinary 

advice, from June 2013, all birds were wormed prior to release with Worm Out Gel® 

containing praziquantel and oxfendazole at a dose rate of 10mg/kg of each active 

ingredient (Vetafarm, Wagga Wagga, NSW, Australia). 

Study birds in 2013 were located at least once a week whilst their tracking devices 

were active and half (six birds) were occasionally found alone suggesting they may 

not have been able to keep up with the flock or were having difficulty reintegrating 

socially (Table 3.1). However, there was no indication of deterioration of health in 

those birds, and all were subsequently observed with a flock or at a communal 

roost.  

Table 3.1: Social and behavioural indicators of successful reintegration of rehabilitated 

Carnaby’s cockatoos released into the wild in 2013.  

Study bird Sex No. times 
observed 

No. times 
alone 

Allo-preening 
observed 

(dates) 

Male display 
(dates) 

Blue G F 16 0 13/06 15/7 
Blue J M 8 1 18/6, 12/7  
Green E F 23 1   
Green P M 18 0  14/5, 18/7, 23/8 
Green R F 22 0 9/5, 31/5  
Green T M 13 4 20/5  
Pink D F 7 2   
Pink L F 10 4   
Pink T M 10 0   
Pink Z M 10 1   
Purple F F 10 0 25/07 8/8 
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The physical fitness of study birds was demonstrated by their ability to travel with 

flocks and disperse immediately after release. Study birds varied greatly in their 

broad movement patterns after release. One bird was sedentary and used a single 

roosting area the entire 60 days it was monitored (Pink T; Appendix I). In contrast, 

another study bird moved 224 km from its release site in less than two months 

(Pink S; Appendix I). This bird spent the first three days close to the release site at 

Yanchep National Park or in the nearby pine plantation, then spent a week around 

40 km to the north before travelling about 180 km further north, where it spent two 

months before returning south about 75 km for one to two weeks, then south east 

about 140 km where it remained for at least three weeks until the battery failed in 

its tracking device (Figure 2.5). 

Three other study birds made long-distance movements immediately or soon after 

release, indicating physical fitness and possible prior spatial knowledge. One 

travelled south for 25 days reaching an area 110-125 km from the release site 

where it remained for at least 135 days (Blue E; Appendix I). This bird had a 

lengthy rehabilitation (963 days) recovering from a wing fracture. The other two 

travelled east together for two days following release then stayed about 55 km east 

north east from their release site for at least 107 days, where one bird remained 

whilst the other travelled further east about 16km (Blue P and Blue X; Appendix I). 

Five birds made distinct changes in their movement pattern and moved inland at 

the usual time migration to breeding areas occurs in this species. Most study birds 

(16 of 23) moved between roosts within the greater Perth region and did not 

disperse further than 50 km from their release sites whilst being monitored (Figure 

3.2). 
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Figure 3.2: Distance from release site over time for rehabilitated Carnaby’s cockatoos.  
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Three study birds fitted with tracking devices died. One was illegally shot, one died 

following a suspected collision with a vehicle, and the cause of death of the other is 

unknown as the remains were not recovered until many months after death. Time 

of death was assumed on the basis of fixes being clustered. Necropsy within hours 

of the death of the bird that was shot showed that its body condition was very 

good, it had food in its crop, and that it weighed 34g less than its release weight of 

602g. A fourth study bird that was tail marked but not fitted with a tracking device 

was found dead close to a road but cause of death could not be established. 

Survival was estimated for satellite-tracked study birds released in 2012 and 2013 

using a Kaplan-Meier staggered entry model (Pollock et al. 1989). There were 517 

days between the first release of a study bird with a tracking device, and the last 

sighting so this was defined as the length of the study period for estimating annual 

survival. The daily survival rate was estimated at 0.9991 with an estimated annual 

survival rate of 0.73. Confidence limits could not be put on this latter value because 

it is based on many repeated measurements of a sample of only 23 birds.  

Leg band returns provided further evidence of long-term survival (Table 3.2). The 

longest survival record after release was three years and nine months. There have 

been 15 band returns from 14 birds (one was recovered twice) of 145 banded birds 

released between 2005 and 2013 (10.3%) (Table 3.3). The band recovery rate 

during the two years of this study was 13.0% for birds fitted with tracking devices 

(n=23) and 9.5% for all other cockatoos released without tracking devices (n=21) 

which was not significantly different (p=1). Two leg-banded birds were only 

recovered because they were also fitted with tracking devices. 

The reasons for admissions to rehabilitation and band return provide an indication 

of the diversity of threats facing wild Carnaby’s cockatoos and indicate that an 

individual can encounter multiple threats in their lifetime (Table 3.2).  
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Table 3.2: Band returns from rehabilitated Carnaby’s cockatoos. 
Leg band Presentation Release date Band recovery date Cause of death or reason for band recovery Days survived 

post-release 
Distance 

from 
release 

(km) 

32000566 No data 12/12/2005 25/01/2009 Predated by raptor 3y 1m 13d 0 

32000708 Shot 06/05/2008  3/03/2012 Had been shot again but cause of death unknown 3y 9m 26d 58 

32000808 Fractured wing 19/08/2009 2/11/2010  Found dead, cause unknown 1y 2m 14d 25 

32000809 Hit by vehicle, 
concussion. 

19/08/2009 17/11/2009 Found injured 2m 28d 38 

32000807 Fractured left leg 19/08/2009  23/08/2009 Returned to rehabilitation centre for mate 4d 0 

32000807 Returned to 
rehabilitation centre 

02/10/2009  07/10/2009 Returned to rehabilitation centre for mate 5d 0 

32000881 Hail storm injuries 7/04/2010  6/05/2010 Hit by vehicle and euthanased 29d 6 

32000883 Hail storm injuries 7/04/2010  8/08/2010  Found dead, cause unknown  4m 4d 16 

32000895 No data 16/10/2010  14/05/2012 Found dead, cause unknown 1y 6m 28d 67 

32000903 No data 16/10/2010 31/01/2013 Hind limb paralysis, died in care 2y 3m 15d 58 

32001016 
‘Blue L’ 

Injured wing 18/05/2012 3/04/2013 Hind limb paralysis, died in care 10m 16d 65 

32001022 
‘Pink N’ 

Thin body condition 24/05/2012  Mortality occurred 25-30 June 
2012 

Satellite tracking detected mortality. Found dead, 
cause unknown.  

1m 3-8d 11 

21000408 
‘Pink D’ 

Fractured leg 25/02/2013  16/04/2013 Satellite tracking detected mortality. Shot.  1m 20d 37 

32001146 
‘Purple N’ 

Hind limb paralysis 5/06/2013  9/08/2013 Found dead, cause unknown ~2m 2 

32001112 No data 13/08/2013 23/10/2013 Injured in raptor attack. Died in care 2m 9d 0 
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Table 3.3: Releases and band returns from rehabilitated Carnaby’s cockatoos between 2005 

and 2013. *Includes one bird released and recovered twice. 

Year Number 
released 

Number (%) 
band recoveries 

by year 

2005 15 1 (6.7) 

2008 20 1 (5.0) 

2009 7* 4* (57.1) 

2010 41 4 (9.7) 

2011 19 0 (0) 

2012 20 2 (10.0) 

2013 24 3 (12.5) 

TOTAL: 146* 15 (10.3) 

 

3.6.4 Social and behavioural fitness 
Social and behavioural fitness of rehabilitated birds was assessed during flock 

follows and was based on study birds undertaking normal behaviours, interacting 

with wild birds and disassociating from humans. Study birds were observed feeding 

with, and interacting with wild flocks. All were competent at handling foods and 

none were returned to care due to poor body condition or starvation. No satellite-

tracked rehabilitated birds returned to rehabilitation centres, sought human 

company or behaved unusually when in close proximity to humans. One banded 

female (not fitted with a tracking device) returned voluntarily twice to the 

rehabilitation centre where it had previously bonded with a male in the facility.  

Return visits stopped when both birds were released together.  

On several occasions study birds used a set of roosts interchangeably before 

transitioning to another set of roosts, often with a period of overlap in roosting 

habits.  For example, for the period April to June 2013 up to six study birds 

interchangeably used roosts at Bentley, Hollywood Hospital, Perry Lakes and 

Ballajura and it was common for more than one study bird to forage in the same 

flock despite roosting in different locations. The birds congregated primarily to feed 

on nut trees (macadamia, pecan and almond) and liquid amber on private 

properties in the vicinity of Bayswater and Mount Lawley (part of the Central Perth 

transitory foraging area illustrated in Figure 3.3). Each study bird varied 

considerably in the amount of time spent foraging within a transitory foraging range 

and the number of times they shifted to different areas (Figure 3.3). Several study 

birds that were released at different times used the same transitory foraging areas 

indicating that they reflect patterns of spatial use of the landscape by wild flocks. 

The Central Perth foraging range was used most extensively. 
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Of 160 follows of flocks containing at least one study bird, 147 (91.9%) involved 

observation of a study bird(s) foraging with a flock and roosting communally. Three 

study birds were found alone more than once (Table 3.1). The night roosts and 

feeding locations used by lone study birds were often ones previously visited with a 

flock, potentially indicating a capacity for spatial learning and memory. On two 

occasions lone study birds were observed to briefly join passing flocks of Carnaby’s 

cockatoos but then returned to feed alone. On another occasion one study bird 

roosted communally at night, but rather than join the flock leaving the roost in the 

morning it flew alone in a different direction to a food source it had visited while in 

a flock on a previous occasion. 

Evidence of study birds showing breeding behaviour included observation of five of 

seven study birds for which tracking devices were active during or beyond 

September making distinct changes in their movement patterns coinciding with 

when migration to breeding sites normally occurs. These birds moved to areas 

including Bindoon, Calingiri and Clackline where breeding is known or suspected to 

occur. Further, five of 11 study birds intensively followed were observed allo-

preening and three were involved in male courtship displays (Table 3.1).  

Wedge-tailed eagles (Aquila audax) are a predator of Carnaby’s cockatoo (Saunders 

1982; 1988) and one incident of an unsuccessful attack on a flock containing a 

study bird was observed. The 37 birds subject to the attack flew high in a tight 

group and circled before moving away from the area after the eagle landed in the 

Banksia woodland where they had been feeding. The study bird behaved in the 

same way as the rest of the flock.  
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Figure 3.3: Spatial extent of transitory foraging ranges and temporal use by study birds based on data from Argos tracking devices attached to released rehabilitated 

Carnaby’s cockatoos in 2013. Key roosts were used on ten or more nights by one or more study birds. 
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3.7 Discussion 

3.7.1 Assessment of survival, physical fitness and the rehabilitation strategy  
The biochemical indicators measured prior to the release of the birds, coupled with 

the physical indicators of fitness presented here show that rehabilitated Carnaby’s 

cockatoos were healthy when released and capable of flying distances required to 

survive in the wild.  Less than half the study birds were considered adults (>4 years 

old) yet their combined estimated annual survival rate of 73% was much greater 

than the 14.8 % survival estimated for wild birds less than a year old and  similar 

to adult survival of 61% for females and 69% for males reported for wild Carnaby’s 

cockatoos (Saunders 1982). Actual survival of wild cockatoos is likely to be higher 

given that the patagial tags used in the earlier study were thought to have 

increased mortality through predation by wedge-tailed eagles (Saunders 1982; 

1988). The survival rate in this study indicates that the rehabilitation process and 

assessment of release candidates was successful in identifying individuals ready for 

release that could survive in the wild. 

The fate of birds following rehabilitation has most often been reported for raptor 

species. Success criteria for rehabilitated raptors typically require that the birds 

survive the first four weeks as this has been identified as a period of high mortality 

(Warkentin 1986; Hamilton et al. 1988; Fajardo et al. 2000). For raptors this is a 

critical time as they will either re-hone or develop the necessary hunting skills to 

make kills within this time or they will starve. For foraging species such as 

Carnaby’s cockatoo an inability to forage effectively, will be slower to become 

apparent as the birds are likely to obtain at least some food each day. As a 

consequence, White et al. (2012) have defined reintroduction success for 

psittacines as 1) ≥ 50% of released individuals surviving the first year, and, 2) 

released birds breeding with conspecifics. The first criteria may be considered met 

during this study (73% survival) but the second could not be adequately assessed 

in the time period of this study due to the limited battery life of the tracking 

devices. However, allo-preening and male courtship displays were observed, a pair 

bond was maintained and movements towards known breeding areas were 

detected. Taken together, these observations point to successful rehabilitation, 

release, and likely future full reintegration back into the wild of study birds. 

Over half the 23 rehabilitated birds released in 2012 and 2013 were estimated to 

be less than four years old, but post-release survival was high despite their 

inexperience. Black cockatoos are long lived with females breeding until at least 34 

years old (Saunders et al. 2011; Saunders et al. 2014) and they have a lengthy 
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period of association between parents and young of at least a year (McInnes and 

Carne 1978; Saunders, 1974). During this period young cockatoos learn foraging 

behaviour from their parents and then continue to learn from their flock mates 

(McInnes and Carne 1978; Saunders 1982). Only 14.8% of Carnaby’s cockatoo are 

estimated to survive their first 12 months in the wild which covers the period when 

most learning occurs (Saunders 1982). Learned foraging behaviour enables birds to 

use novel and unfamiliar food resources and sites. For example, captive reared 

yellow-tailed black cockatoos had no interest in a log infested with cossid moth 

larvae whereas adults of wild origin immediately excavated the larvae indicating the 

usefulness of learned foraging behaviour (McInnes and Carne 1978). The ability to 

learn behaviours from parents or flock mates is clearly important for survival in the 

wild. From a rehabilitation perspective, this means that juveniles that have come 

into care before they have spent at least a year with their parents or a flock will be 

at a disadvantage relative to older birds.  

The success of rehabilitating juveniles (and adults) in this study is likely due to 

several factors. Juvenile birds were often housed with ‘nanny’ birds (usually 

experienced wild adult birds whose injuries prevented their release) who helped to 

re-socialise them and demonstrated food handling skills (Le Souef 2012). These 

‘nanny’ birds were often, adult males, which is consistent with the increased role 

that males play in feeding and caring for newly fledged cockatoos (Saunders, 

1982). The release strategy also involved housing birds ready for release together 

to form an aviary flock of familiar individuals to increase learning opportunities and 

possibly provide an easier social transition to the wild. In other avian studies, larger 

release group sizes (Snyder et al. 1994; Brightsmith et al. 2005) and selecting 

release sites where there is an existing resident or establishing population (Sanz 

and Grajal 1998; Collazo et al. 2003; Brightsmith et al. 2005) have been associated 

with greater success of reintroductions. Rehabilitated Carnaby’s cockatoos were 

released at occupied night roosts or popular congregation areas for foraging to help 

ensure they would come into contact with wild birds that had local knowledge of the 

spatial distribution of food resources and roosts. The satellite-tracked birds all 

interacted with wild flocks and none returned to the rehabilitation centres indicating 

that they had successfully disassociated themselves from humans and food 

provided in captivity. 

3.7.2 Social and behavioural responses to rehabilitation and release 
Study birds were observed to interchangeably forage and roost with different flocks 

and move between different areas on the Swan coastal plain (Figure 3.3). This 

could be interpreted to mean that they had not reintegrated socially into a stable 
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group, however, it is more likely that wild cockatoos do not form stable groups and 

that wild flocks are made up of a loose interchangeable association of individuals, 

pairs and pairs with young.  For example, Saunders (1980) observed membership 

of flocks changing through sightings of individuals identified by patagial tags and 

we also observed different combinations of wild individuals with distinctive natural 

tail markings in foraging flocks originating from different roosts over time (C. 

Groom, unpublished data). Variable numbers of birds counted at roost sites on 

consecutive nights (Shah 2006; Berry 2008) provides further evidence for the 

composition of flocks at night roosts changing over time.   

Different birds used similar sets of roosts interchangeably at different times whilst 

foraging in particular areas (Figure 3.3). The boundaries of such areas are 

inherently blurred but they are useful for describing general patterns of foraging 

and roosting behaviour and may be useful for management purposes. For example, 

totalling counts of birds roosting at sets of roosts that birds use interchangeably, 

and estimating the error in counts for any roosts missed during counting, may lead 

to more accurate estimates of population sizes and trends. 

Despite our aviary flocks consisting of familiar individuals, most did not stay 

together post-release. Sanz and Grajal (1998) also found aviary groups of yellow-

shouldered parrots (Amazona barbadensis) did not stay together post-release, but 

they did join wild groups with integration occurring five days to nine months after 

release. Younger parrots were slower to reintegrate. Similarly, older Carnaby’s 

cockatoos (4+ years) appeared to reintegrate better with wild flocks, This was 

inferred based on their frequency of being found with a flock and more decisive 

movement patterns, even after long stays in care. This suggests birds retain spatial 

memory and social flocking skills. Younger birds were effectively captive-reared and 

may not have developed an understanding of social flocking cues. A study of 

released, captive-reared thick-billed parrots showed an inadequate tendency to 

flock and this was attributed to the young birds lacking the inducement of their 

calling parents to maintain contact with the flock (Wallace 1994). Released parrots 

lost condition as they did not keep up with the flock moving from one feeding area 

to another, and also became more vulnerable to predation without the predator 

awareness and warnings provided by flock members (Wallace 1994). Similarly, 

Collazo et al. (2003) observed that captive reared Hispaniolan parrots (Amazona 

ventralis) had difficulty keeping up with wild birds, but this improved if birds were 

subjected to a more rigorous exercise routine prior to release. The conditions birds 

are kept in prior to release appears to greatly affect survival and reintegration back 
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into the wild, and efforts should be made to prepare birds both physically and 

socially for release. 

Behavioural plasticity to learn and adapt to change may be important for long-lived 

and wide-ranging species such as Carnaby’s cockatoo and should be advantageous 

when rehabilitated birds are released back into the wild. For example, Salinas-

Melgoza et al. (2013) showed that translocated yellow-naped Amazon parrots (A. 

auropalliata) demonstrated flexibility in ranging movements and communal night 

roosting behaviours by matching the behaviours of resident birds at release sites. 

Behavioural plasticity in psittacines can be used in conservation planning to 

improve the recovery of species (Ortiz-Catedral 2009). Behaviourally plastic species 

learn and adapt to new surroundings and social groups, which is helpful when 

planning where and how to release individuals for greatest conservation benefit. We 

know little about the social structure of flocks of Carnaby’s cockatoos or of the 

population as a whole, which makes it difficult to gauge the best way to reintegrate 

rehabilitated birds back into the wild. However, their capacity to learn and adjust 

behaviours helps ensure the cockatoos survive long enough to develop necessary 

foraging skills and spatial knowledge to reintegrate over time.  

Study birds varied greatly in movement patterns after release with individuals 

demonstrating movement patterns consistent with sedentary, nomadic and 

migratory behaviours. This is partly, due to the relatively short monitoring period 

but also the time of year during which each bird was observed. Some birds 

appeared to find all the resources they needed in a small area, while others moved 

their foraging areas over time (Figure 3.3) and some were released later in the year 

and moved long distances coinciding with expected movements to breeding areas. 

These varied movement patterns are consistent with Carnaby’s cockatoos being 

highly mobile and responding to changes in spatial availability of resources. Given 

the long distances some birds travelled after release they clearly had the potential 

to travel away from the urban landscape of Perth however, many remained within 

50km of their release site indicating they were finding sufficient resources in the 

urban landscape. 

Aside from flocking, roosting and foraging behaviours, another social aspect 

essential for survival of Carnaby’s cockatoo is the formation of pair bonds. In this 

species, birds form pair bonds that last until one of the pair dies (Saunders 1982) 

and bonds are maintained during the non-breeding season (Saunders 1983). Pair 

bonds are normally formed between the second and fourth year of age when birds 

typically make their first breeding attempt (Saunders 1977). Saunders (1982) 

observed 42 examples where one member of a pair whose partner was not seen 

65 

 



again (and presumably died) subsequently formed a new pair bond, and only one 

example where a pair that bred unsuccessfully one year were each observed the 

following year with new mates. This indicates that those two birds were able to 

form a new pair bond over the period of one non-breeding season. It is therefore 

possible that rehabilitated study birds could form pair bonds and breed in their first 

year after release. Whilst breeding of study birds could not be confirmed during this 

study, behaviours associated with pair bonds and breeding were observed. In one 

example a pair bond was formed whilst in care and was strong enough motivation 

for one of the pair (the female) to return after release twice. These two birds 

demonstrated that they could form normal social bonds (while in care), were 

motivated to maintain them even when one of the pair was released twice, and that 

the bird released first had an excellent spatial awareness sufficient to return to the 

rehabilitation centre on two occasions from two different release sites. 

3.7.3 Assessment of the value of rehabilitation and conservation implications 
The value of rehabilitation to conservation is controversial, with some practitioners 

arguing that the number of individuals released is too small to have a beneficial 

effect on wild populations, or that rehabilitation works against processes of natural 

selection and evolutionary fitness (Aitken 1977). However, when threatened species 

are long-lived and where the survivorship of adults is critical to the viability of the 

population, it can be more beneficial to ensure adult survival than to try to improve 

reproductive success (Grier 1980). Consequently, as Carnaby’s cockatoo is a long-

lived species with low reproductive output, survival of adults is fundamental to the 

long-term survival of the species. Hence, reintegration of rehabilitated birds back 

into the wild, and their subsequent breeding, should improve population viability.  

Wildlife rehabilitation is an under-recognised, but potentially valuable conservation 

tool for threatened species (Saran et al. 2011). Rescued individuals can be returned 

to populations to breed, and their reasons for entering rehabilitation can be 

documented and used to modify management practices (Mazarius et al. 2008; Le 

Souef 2012). For example, vehicle strike is a threat identified through the 

admission of injured Carnaby’s cockatoos, and action has been taken to erect 

signage to alert motorists to slow down in areas where birds have been struck. 

Through community education and participation, awareness of conservation issues 

can be raised leading to support for conservation actions. This is particularly 

relevant for Carnaby’s cockatoo - a threatened species readily observed in urban 

areas of a capital city and so provides residents with greater opportunities for 

interaction than many species of similar conservation status. 
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Rehabilitation practices and release strategies can be improved through 

collaborations between researchers and wildlife volunteer networks (Guy and Banks 

2012). Previous examples of improvements include increasing the exercise regime 

to enable released birds to keep up with wild flocks (Collazo et al. 2003) and 

providing supplemental feeding post-release to promote social interactions among 

flock members and to encourage birds to stay in protected areas (Brightsmith et al. 

2005).  Such collaborations could be seen as an extension of the One Plan approach 

proposed by the IUCN Species Survival Commission Conservation Breeding 

Specialist Group which promotes the joint development of management strategies 

and conservation actions by all parties responsible for a species, whether inside or 

outside their normal range, in captivity or the wild (Byers et al. 2013). 

Rehabilitated birds are temporarily captive and therefore are not quite wild and not 

quite captive. Successful rehabilitation and release requires the care and husbandry 

knowledge of zoos and other ex-situ expertise, as well as the knowledge of field 

ecologists and land managers to select suitable release sites and to monitor their 

survival and reintegration. 

Translocation may be necessary to augment genetically isolated parts of the 

population. A recent study of the population genetics of Carnaby’s cockatoo has 

revealed evidence of population structuring such that birds in the western and 

eastern portions of the distribution of the species are genetically distinct (White et 

al. 2014). This was likely caused by extensive clearing of habitat for agriculture 

between the two edges of their distribution (White et al. 2014). Through the 

strategic release of rehabilitated individuals it may be possible to increase the 

genetic diversity of the eastern and western portions of the specie’s range and to 

maintain gene flow. 

Given that mist netting has been used with limited success on black cockatoos 

(Kurucz 2000; Murdoch 2012) and that a reliable and safe method for capturing 

wild adult black cockatoos away from the nest has not been developed, 

rehabilitated birds provide a unique opportunity to study and mark adult 

individuals. Although care needs to be taken to exclude factors that may mean 

rehabilitated birds are unsuitable for making inferences about wild birds such as 

general physical fitness and having learned abnormal behaviours, they are currently 

the best opportunity for understanding the spatial ecology of this species. 

Rehabilitated Carnaby’s cockatoos demonstrated normal behaviour in their first few 

months post-release (they flew, roosted and foraged with wild birds). High survival 

of cockatoos post-release demonstrated that birds could adjust to wild conditions, 

giving them the capacity to fully reintegrate over time. The band recovery rate for 
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birds with and without tracking devices was similar, providing evidence that the 

satellite tracking devices did not affect survival. Previous studies have shown 

translocated parrots matched behaviours of resident birds at release sites (Salinas-

Melgoza et al. 2013), so are likely to be representative of their wild counterparts for 

analysis of spatial ecology such as establishing the scale of movements (e.g. daily 

foraging, maximum distance between night roosts) and the level of roost site 

fidelity. Although this study did not involve tracking of wild birds that had not been 

subject to rehabilitation for comparison, the rehabilitated birds behaved like other 

birds in obvious aspects of behaviour (flocking, foraging and roosting) and so we 

assume their spatial movements patterns are also similar. Satellite-tracked 

rehabilitated birds therefore provide the first opportunity to estimate spatial ecology 

parameters for this species.  
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3.10  Supplementary materials 

Table S3.1: Haematology and biochemistry results from blood samples taken from Carnaby’s cockatoos fitted with tracking devices. Reference values are sourced 

from Le Souef et al. (2013). Reference values given are mean (SD) (normally distributed data) or 10-90 percentiles (non-normally distributed data). 

   2012 Study Birds 

Analyte Reference values 
Mean (SD) or 10-90% 

Blue 
A 

Blue 
E 

Blue 
H 

Blue 
L 

Blue 
P 

Blue 
X 

Pink 
B 

Pink 
C 

Pink 
N 

Pink 
S 

Pink 
U 

Hemoglobin (g/L) 137.2 (8.5) 150 142 145 140 150 136 141 153 148 151 151 
Packed cell volume (L/L) 0.45 (0.03) 0.52 0.5 0.47 0.43 0.46 0.43 0.47 0.5 0.5 0.5 0.52 
Red blood cell count (x 1012/L) 2.8-3.2 3.6 3.2 3.2 2.9 3.1 3.1 3.09 3.39 3.32 3.33 3.27 
Mean corpuscular hemoglobin concentration (g/L) 306.2 (20.7) 288 384 315 450 326 316 300 306 296 302 290 
Mean corpuscular hemoglobin (pg/cell) 41-47 4.2 44 46 48 48 44 46 45 45 45 46 
Mean corpuscular volume (fL) 146.9 (6.2) 146 156 146 150 149 140 152 147 151 150 159 
White blood cell count (x 109/L) 16.7 (5.1) 14 16.4 15.1 17.6 17.2 15.8 16.2 17.1 17.9 11.9 10.9 
Lymphocytes (%) 7.6-28.8 39 18 6 13 17 23 23 20 26 24 31 
Monocytes (%) 2.7 (1.8) 3 1 2 1 9 2 7 3 2 5 5 
Eosinophils (%) 0-1 3 4 1 0 0 0 1 1 0 2 0 
Basophils (%) 0-1 0 1 1 0 3 1 0 0 0 0 0 
Creatine phosphokinase (U/L) 102-541 160 202 137 170 185 85 156 162 119 88 144 
Aspartate aminotransferase (U/L) 159-437 357 582 253 264 306 340 269 570 289 403 390 
Uric acid (mmol/L) 0.08-0.66 0.59 0.51 0.43 0.15 0.21 0.13 0.2 0.13 0.19 0.48 0.81 
Glucose (mmol/L) 18.2 (1.8) 17 16.2 18.4 18.1 18.7 17.6 18 16.5 17.3 19.2 18.7 
beta-hydroxybutyrate (mmol/L) 1.02 (1.07) 1.92 1.71 4.18 1.94 - 3.16 1.77 3.63 2 2.67 1.88 
Total protein (g/L) 29.3 (2.1) 31 28 30 24 27 29 26 29 29 28 31 
Albumin (g/L) 9-12 10 10 11 9 9 10 9 10 10 10 11 
Globulin (g/L) 18.0-20.5 21 18 19 15 18 19 17 19 19 18 20 
Phosphorus  (mmol/L) 1.24 (0.39) 1.3 0.36 0.92 1.36 1.44 0.67 0.64 0.98 0.87 0.6 0.88 
Calcium  (mmol/L) M 2.04 (0.09); 

 F 1.94 (0.11) 
2.23 2.13 2.1 1.97 1.96 2.18 2.01 1.98 1.98 2.11 2.1 
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Table S3.1 cont. 

   2013 Study Birds 

Analyte Reference values 
Mean (SD) or 10-90% 

Pink 
D 

Pink 
K 

Pink 
L 

Pink 
T 

Pink 
Z 

Green 
T 

Green 
E 

Green 
P 

Green 
R 

Blue 
G 

Blue 
J 

Blue 
Z 

Purple 
F 

Hemoglobin (g/L) 137.2 (8.5) 132 144 147 137 141 134 144 135 155 138 141 142 147 
Packed cell volume (L/L) 0.45 (0.03) 0.44 0.48 0.5 0.48 0.48 0.46 - 0.49 0.52 0.48 0.49 0.51 0.51 
Red blood cell count (x 1012/L) 2.8-3.2 3 3.3 3.6 3.1 3.4 3.1 3.6 3.3 3.4 3.2 3.2 3.4 3.5 
Mean corpuscular hemoglobin concentration (g/L) 306.2 (20.7) 300 300 294 285 293 291 288 278 298 288 288 278 288 
Mean corpuscular hemoglobin (pg/cell) 41-47 44 44 41 44 42 43 40 41 46 43 44 42 42 
Mean corpuscular volume (fL) 146.9 (6.2) 147 145 139 155 143 148 140 148 153 149 152 150 145 
White blood cell count (x 109/L) 16.7 (5.1) 16.1 18.9 16.2 17.1 36.2 9.6 10.4 23.2 22.9 15.1 15.8 15.9 13 
Lymphocytes (%) 7.6-28.8 14 20 15 20 9 12 8 15 33 6 11 21 17 
Monocytes (%) 2.7 (1.8) 4 2 1 0 1 1 2 0 4 1 8 1 3 
Eosinophils (%) 0-1 0 0 0 0 0 0 0 0 2 0 0 0 0 
Basophils (%) 0-1 2 3 0 2 0 0 0 1 8 3 1 0 2 
Creatine phosphokinase (U/L) 102-541 205 3538 110 134 563 131 89 135 179 933 252 724 158 
Aspartate aminotransferase (U/L) 159-437 258 270 236 295 183 258 291 274 357 313 320 253 657 
Uric acid (mmol/L) 0.08-0.66 0.46 0.16 0.31 0.33 0.2 0.826 0.242 0.213 0.125 0.28 0.39 0.22 0.383 
Glucose (mmol/L) 18.2 (1.8) 15.7 14.9 13.7 15.8 14.8 20.7 17.8 16.6 16.9 15.5 17.5 14.5 16.5 
beta-hydroxybutyrate (mmol/L) 1.02 (1.07) 2.57 3.76 4.67 2.34 4.57 2.86 1.86 2.78 1.19 2.93 1.85 4.22 2.92 
Total protein (g/L) 29.3 (2.1) 28 31 36 30 32 28 31 32 36 30 31 27 32 
Albumin (g/L) 9-12 10 11 12 10 11 9 11 11 13 10 11 9 11 
Globulin (g/L) 18.0-20.5 18 20 24 20 21 19 20 21 23 20 20 18 21 
Phosphorus  (mmol/L) 1.24 (0.39) 1.15 1.39 1.09 0.4 1.28 0.47 0.5 1.87 1.6 1.71 0.93 1.91 0.63 
Calcium  (mmol/L) M 2.04 (0.09); 

 F 1.94 (0.11) 
2.01 1.99 2.13 1.98 2.06 2.15 2.17 2.03 2.19 2.03 2.13 1.97 2 

74 

 



 

 

Table S3.2: Releases and band returns from rehabilitated Carnaby’s cockatoos between 2005 

and 2013. *Birds fitted with satellite tracking devices. ^Includes one bird released and recovered 

twice. 

Year Number 
released 

Location and date of releases Number (%) 

Recovered by 

release event 

Number (%) 

Recovered by 

Year 

2005 15 n=15 at Nannup 12/12/2005 1 (6.7) 1 (6.7) 

2008 20 n=20 at Yanchep National Park 6/5/2008 1 (5.0) 1 (5.0) 

2009 7 n=6 at Martin 19/8/2009 

n=1 at Martin (7/10/2009) 

3 (50.0) 

1 (100) 

4 (57.1) 

2010 41 n=13 at King’s Park 7/4/2010 

n=28 at Yanchep National Park 16/10/2010  

2 (15.4) 

2 (7.1) 

4 (9.7) 

2011 19 n=19 at Yanchep National Park 13/9/2013 0 (0) 0 (0) 

2012 20 

 

n=9 at Perry Lakes 04/05/2012 

n=6* at Perry Lakes 18/5/2012 

n=5* at Yanchep National Park 24/5/2012  

0 (0) 

1* (16.7) 

1* (20.0) 

2 (10.0) 

2013 24 

 

n=5* at Perry Lakes 25/2/2013 

n=1* at Collier Park 5/04/2013  

n=3* at Collier Park 24/04/2013 

n=7 (3*) at Collier Park 5/6/2013  

n=8 at Nannup 13/8/2013 

1* (20.0) 

0(0) 

0(0) 

1 (14.3) 

1 (12.5) 

3 (12.5) 

TOTAL: 146^   15 (10.3) 
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4 CHAPTER FOUR: Studying the spatial ecology and 
resource use of a highly mobile species using three 

complementary techniques 

 

 
Carnaby’s cockatoos in flight. Photo by C. Groom. 

 

4.1 Preface 

The spatial ecology of Carnaby’s cockatoo in the urban landscape is not well 

understood. I used a combination of field observations, satellite telemetry and DNA 

scat analysis to determine their movement patterns and resource use in the urban 

and peri-urban landscape. 

The aims of this chapter were to: (1) establish the scale of daily movements 

undertaken by cockatoos across the non-breeding season; (2) identify important 

roosting and foraging habitat in the urban landscape; (3) estimate foraging area 

around roosts and describe patterns of roost use; (4) identify important items in 

the diet of the cockatoos in the urban landscape; and (5) consider how this 

knowledge could change existing conservation strategies for the species. 
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4.2 Statement of contributions 

Proposed co-authors for this paper are Nicole White and Peter Mawson. I, as first 

author, undertook fieldwork, collected scat samples, undertook spatial data analysis 

and wrote the first and final drafts of the manuscript. Nicole White undertook the 

faecal DNA analysis, wrote the methods section specifically on this aspect and 

commented on an earlier draft of the manuscript. I interpreted the faecal DNA 

analysis results in relation to my field observations. Peter Mawson provided 

guidance regarding the broad study design and commented on an earlier draft of 

the manuscript. 

 

4.3 Abstract 

Ecological studies of highly mobile species can be challenging for field ecologists 

given difficulties in locating and observing such species. Satellite telemetry, DNA 

faecal analysis and traditional field observations were used to study the roost site 

fidelity and foraging ecology of Carnaby’s cockatoos, Calyptorhynchus latirostris, on 

the Swan coastal plain, Western Australia during the non-breeding season. Satellite 

telemetry showed that cockatoos travelled on average 5.4±3.4km (range 0.3-

16.8km, n=200) from their roost in the morning and 5.5±3.3km (range 0.5-

23.0km, n=230) to their roost in the afternoon. The foraging areas around night 

roost locations varied from 17 to 276 km2 (mean 96±78km2, n=18). Cockatoos 

spent most time at particular roost sites, with 10.7% of roosts accounting for 

66.1% of the nights where study birds roosted. Cockatoos returned to the same 

roost on consecutive nights 50.2% of the time (n=791). Field observations showed 

that the cockatoos foraged throughout the day with more active bouts in the 

morning and late afternoon. They typically drank opportunistically throughout the 

morning and immediately prior to roosting at night. Cockatoos were not observed 

drinking between 12pm and 4.30pm. Field observations of feeding, combined with 

DNA analysis of scats showed that the cockatoos consumed a variety of native and 

exotic food sources. The combination of the three techniques provides insight into 

the ecology of the species that would not have been possible from any one 

technique alone. 
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4.4 Introduction 

Ecological studies of highly mobile species can be extremely challenging. Species 

that do not inhabit a fixed home range, move long distances in short periods or are 

rare or cryptic in nature can be difficult to locate and observe.  

One method of studying highly mobile species is to collate opportunistic sightings to 

describe the distribution and abundance of the species (e.g. Saunders, 1993). By 

recording opportunistic sightings over time, any patterns that may emerge can be 

related to biotic or abiotic variables, and migratory patterns or habitat preferences 

can gradually be determined (e.g. Manning et al. 2007). This information can then 

be used to plan and implement targeted surveys or inform conservation and 

management decisions. A disadvantage of this method is the time required to 

collate sufficient observations to be confident of any patterns. This method may be 

supplemented with citizen science projects that encourage members of the 

community to report sightings and observations (e.g. Saunders et al. 1993; 

Mawson and Long 1995; Barrett et al. 2003). However, the quality of such data 

needs to be carefully checked (Bronter and Cooper 2012). Opportunistic sighting 

data are also biased by early concepts of ideal habitat and by variation in the 

accessibility of areas inhabited by the species.  

Satellite telemetry overcomes many weaknesses of opportunistic sightings as it 

enables individuals to be tracked over large spatial scales without bias and, enables 

locations and routes along which the target species travel to be identified. Satellite 

tracking has shown that many wide-ranging species travel over areas that are 

orders of magnitude larger than what is often revealed by traditional studies based 

on observation or VHF tracking results (Hebblewhite and Haydon 2010). The 

locations and movements revealed by satellite tracking can be interpreted with the 

aid of other spatial layers such as vegetation type to infer habitat preferences. The 

relative ease of obtaining large amounts of information on habitat preferences and 

movements by this method, compared to field observation, makes it a very 

attractive option. However, a danger of such studies is that the researcher is 

distanced from observing the study species, its habitat and interactions, which 

makes it difficult to comprehensively interpret telemetry data (Hebblewhite and 

Haydon 2010). Dots on a map do not fully explain why the animal was in a 

particular area, what it was doing there, or any social information with associated 

non-tagged individuals. There will always be a need for field based observation 

studies, however, satellite telemetry can help in the planning of targeted studies. 
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The diet of a species often drives both daily and seasonal movement patterns as 

animals respond to changes in the availability of food. Highly mobile species are 

able to track and exploit food resources that are highly variable in abundance both 

spatially and temporally (Renton, 2001). Opportunistic observation requires the 

observer to be in the right place at the right time to observe feeding. Satellite 

telemetry cannot provide diet information but can guide field observation and 

collection of scats for dietary analysis. Modern techniques of high through-put DNA 

analysis enable DNA contained in scats to be identified (Murray et al. 2011; Camp 

2013; Coghlan et al. 2013) meaning that with relatively little effort the diet of a 

species can be investigated and the reason behind some movements better 

explained. 

We used a combination of satellite telemetry, faecal DNA analysis and direct field 

observations to investigate roost site fidelity and foraging ecology of the 

endangered Carnaby’s cockatoo (Calyptorhynchus latirostris) in the urban 

landscape of Perth, Western Australia with an aim to guide planning processes and 

management actions to optimise urban landscapes for this migratory species. The 

three techniques are compared and contrasted, both individually and in 

combination, to assess their value for adding knowledge of the ecology of the 

species.  

 

4.5 Methods 

4.5.1 Study birds and study area 
Carnaby’s cockatoo is a large parrot (520 to 790 g) endemic to the southwest of 

Western Australia (Johnston and Storr 1998, Higgins 1999). It is a highly mobile 

species that migrates from inland areas to the Swan coastal plain, including the 

Perth metropolitan area, during the non-breeding season. Migratory movements of 

over 150km have been recorded (e.g. Saunders 1980). It is listed as Endangered 

under the Commonwealth’s Environment Protection and Biodiversity Conservation 

Act 1999 with habitat loss being a major threat to its continued persistence 

(Department of Environment and Conservation 2012). It roosts communally at 

night and forms large noisy foraging flocks. The diet comprises mostly seed but 

also nectar and grubs from a wide range of plants dominated by the Proteaceae and 

Myrtaceae families (Groom 2010). 

Many debilitated cockatoos are found within the Perth metropolitan area each year 

and taken into care (Le Souef 2012; Groom et al. 2014a). Once rehabilitated, the 
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preferred outcome for these birds is to be released back into the wild. To obtain 

data for this study we attached tracking devices to 23 rehabilitated birds that were 

released in the non-breeding range. Rehabilitated birds demonstrate good survival 

post-release and have behaviour similar to wild birds (Chapter 3) and so were 

considered suitable for making inferences about the spatial ecology of the species. 

To enable visual identification of study birds during field observations, and to 

facilitate sightings by the public, the tail feathers of study birds were marked with 

coloured ink and a non-toxic permanent marker pen was used to apply a letter to 

each feather. The colour and letter combination became their individual 

identification (Groom et al. 2013). 

4.5.2 Tracking data and night roosting locations 
Argos satellite tracking devices (TAV 2617; Telonics), weighing less than 4% of an 

individual bird’s body weight, were fitted to the two central tail feathers of selected 

study birds (Groom et al. 2014b – Chapter 2). Argos tracking devices enable the 

location of study birds to be downloaded via satellite using an internet connection 

and provide a location fix each time an Argos satellite passes over the study area. 

Location fixes are allocated a location quality estimate based on the number of 

signals received by the satellite and only quality class 2 or 3 fixes (i.e. accurate to 

within 500m and 250m respectively) were used in this study. The tracking devices 

were programmed prior to deployment to switch on and off according to a user-

defined schedule that aimed to maximise data collection and battery life. 

The tracking devices fitted to study birds released in 2012 were programmed to 

determine short-term survival and dispersal (Chapter 3). For the first two weeks 

they switched on between 6 am and 6 pm (with a two hour break in the middle of 

the day when no satellite passes occurred) and thereafter they would switch on for 

five hours each morning every five or ten days. The programming of these devices 

established the suitability of the tracking devices for use on cockatoos, and the 

scale of movements, but did not reliably enable the roost locations to be 

determined.  Consequently, study birds released in 2013 were used to determine 

communal night roost fidelity and foraging area around roosts. In these cases 

tracking devices were programmed to switch on for four hours each night to 

determine roost locations, and for eight hours on two mornings and two afternoons 

each week.  

To identify the location of night roosts, the time at which cockatoos were observed 

to arrive and depart roosts in relation to sunrise/sunset was used to determine the 

time window that cockatoos were likely to be at roost, and then this was used to 
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select location fixes from the tracking devices with suitable time stamps. The 

resulting clusters of location fixes indicated the location of night roosts.  

A roost was defined as an area or site with one or more roost trees where 

Carnaby’s cockatoos congregate at dusk to rest overnight. All large trees (>8m 

height) within 1000m of a main roosting area (for large roosts >150 birds) and 

within 500m for smaller roosts (<150 birds) were considered potential roosting 

trees (Kabat et al. 2012a). Roosts were identified by clusters of night time location 

fixes overlaid on aerial photos to identify the likely trees used, and all sites used 

more than once were verified by site visits. Roosts that were visited more often 

were easier to define their extent and separation from other roosts. In some 

instances it was difficult to distinguish one roost from another. This was evident in 

both continuous habitats such as pine plantations where birds could plausibly roost 

in trees between known clusters and also in fragmented landscapes where the roost 

may cover several spatially separated clumps of trees to accommodate the flock. In 

general such clumps were considered separate roosts until such time as the 

roosting habits of the birds are better understood. Key roosts were defined as any 

location that had been used by at least one study bird on ten or more nights.  

Counts of the number of birds arriving or departing roosts were undertaken 

opportunistically throughout the study period to determine an estimate of the 

maximum number of birds using each roost. Roost count data were also sourced 

from the Great Cocky Count database (Kabat et al. 2012b, 2013). 

Roost site fidelity was assessed by looking at patterns of roost use demonstrated by 

study birds. The number of study birds using each roost and the number of nights 

each roost was used was calculated. Roost used on consecutive nights were plotted 

on a map to construct a roost web to illustrate the connectivity of roosts and look 

for patterns. 

4.5.3 Flock follows and field observations 
After attempting flock follows in the urban landscape using visual and audible cues 

with limited success, an Argos AL-1 PTT Locators (Communications Specialists) was 

successfully trialled at the end of 2012 to assist following flocks. In 2013 this 

equipment enabled each study bird (and the flock it was with) to be followed at 

least once each week, such that four flock follows of different study birds were 

undertaken each week corresponding to when tracking devices were active (two 

morning and two afternoons). Receiver aerials were attached to the roof of a 

vehicle and the AL-1 units received the signal from the tracking devices 

approximately once a minute during on periods and converted it into an audible 

82 

 



 

read-out of signal strength. With excellent road access available in the urban areas 

and the frequent vocalisation from the flocks it was possible to locate and follow 

flocks containing study birds. Whilst following flocks, data on flock size, movement 

and behaviours (especially feeding, drinking and resting) were recorded in a 

notebook. If individuals in the flock were seen to change their source food or drink, 

this was also noted. Resting was noted if the majority of the flock were inactive 

with at least some sleeping (head down or tucked under wing). For morning flock 

follows, observers arrived before dawn at a roost where a study bird had been 

shown to be present based on night time Argos location fixes. The flock was then 

counted as it left the roost and followed once all individuals had departed. 

Afternoon flock follows involved waiting for the first afternoon Argos location fix and 

travelling to the vicinity, locating the birds and then following them to their night 

roost. Flock follows continued beyond when tracking devices switched off for as 

long as the flock remained within sight or when the birds had roosted. 

Sometimes more than one study bird was found in a flock. These were considered 

one flock follow unless the study birds separated for a period during the day and/or 

roosted in different locations and therefore each study bird was allocated a separate 

flock follow. 

Field observation included recording times that flocks arrived and departed roosts. 

Box plots of these times relative to sunrise and sunset were constructed, and 

quartile estimates were then used as cut-off values to categorise Argos location 

fixes, based on their time stamps, as either roosting or foraging. 

4.5.4 Foraging area and movements 
Minimum convex polygons were constructed using foraging records from satellite 

location fixes and georeferenced field observations from flock follow to determine 

the foraging area around key night roosts. Solar noon (sun at highest point above 

the horizon) was used to divide location fixes and observations allocated to the 

‘from roost’, from those allocated to the ‘to roost’. Maximum radial foraging 

distances (i.e. distance between roost and furthest location fix) were calculated for 

the morning and afternoon to determine the average foraging distance from night 

roosts. The distance between consecutive night roosts was also calculated.  

Following Drake and Dingle (2007), the movements of cockatoos were assigned to 

one of three categories: daily foraging and commuting, exploratory ranging 

movements and migratory movements. The average foraging distance from roost 

was used as a benchmark to assess if study birds were undertaking daily 

commuting and foraging, or travelling greater distances to explore, or migrate. 
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Migratory movements were considered if the movement occurred at the appropriate 

time of year for the species and continued in a consistent direction for more than 

two nights.  

4.5.5 Scat collection, DNA extraction and quantification, DNA sequencing 
Scats were opportunistically collected from below roosts or where birds had been 

foraging during the months of March – July 2013 (n=173). Each scat was stored in 

a sterile container and frozen prior to DNA extraction. Scats were sub-sampled and 

pooled according to the location and month from where and when they were 

collected. A total of 11 scat pools (Table S4.1) varying in weight from 1.5 to 4.0mg, 

from 84 individual scats, were homogenised prior to DNA extraction.  

Twelve DNA extractions, inclusive of one extraction blank to check for crossover 

contamination, were carried out using QIAamp DNA stool Kit (Qiagen, CA, USA) 

according to Zeale et al. (2011) with the addition of an overnight digest to optimise 

maximum DNA yields. The quality and quantity of DNA extracted in each scat pool 

was measured using quantitative PCR (qPCR), targeting the bird mitochondrial 12S 

ribosomal RNA gene (Cooper 1994), insect cytochrome oxidase I (COI) gene (Zeale 

et al. 2011), and plant chloroplast (trnL) gene (Taberlet et al. 2007). PCR reactions 

to assess the quality and quantity of the DNA target of interest via qPCR (Applied 

Biosystems [ABI], USA) were in 25 µL reaction volumes consisting of 2 mM MgCl2 

(Fisher Biotec, Australia), 1 x Taq polymerase buffer (Fisher Biotec, Australia), 0.4 

µM dNTPs (Astral Scientific, Australia), 0.1 mg bovine serum albumin (Fisher Biotec, 

Australia), 0.4 µM of each primer, and 0.2 µL of AmpliTaq Gold (AmpliTaq Gold, 

ABI, USA), and 2 µL of template DNA (Neat, 1/10, 1/100 dilutions). The cycling 

conditions were: initial denaturation at 95°C for 5 minutes, followed by 40 cycles of 

95°C for 30 seconds, annealing at primer specific temperature for 30 seconds, 72°C 

for 30 seconds, and a final extension at 72°C for 10 minutes. The annealing 

temperature for 12S was 57°C, COI and trnL were 52°C. 

DNA extracts that successfully yielded DNA of sufficient quality, free of inhibition, 

as determined by the initial qPCR screen (detailed above), were assigned a unique 

6-8bp multiplex identifier tag (MID-tag) for each 12S, COI and trnL primer set. 

Independent MID-tag qPCR for each scat pool were carried out in 25µL reactions 

containing 1X PCR Gold Buffer, 2.5mM MgCl2, 0.4mg/mL BSA, 0.25mM of each 

dNTP, 0.4µM of each primer, 0.25µL AmpliTaq Gold and 2µL DNA. The cycling 

conditions for qPCR using the MID-tag primer sets were as described above. MID-

tag PCR amplicons were generated in duplicate and pooled together. The resultant 

pooled amplicons were purified using Agencourt AMPure XP PCR Purification Kit 

(Beckman Coulter Genomics, NSW, Australia), and eluted in 40-50µL of elution 
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buffer (EB buffer; Qiagen, CA, USA). Purified amplicons were electrophoresed on 

2% agarose gel and pooled in approximately equimolar ratios based on band 

intensity to create a final DNA (MID-tag PCR amplicon) library for high-throughput 

sequencing (HTS). Ion semiconductor sequencing was performed as per Ion Torrent 

PGM protocols for amplicon sequencing 

(http://www.ioncommunity.lifetchnologies.com). 

4.5.6 DNA data analysis 
MID-tag PCR amplicon sequence reads obtained from the Ion Torrent were sorted 

(filtered) back into the scat pools based on the MID-tags assigned to each pool 

using Geneious v7 (Drummond et al. 2011). MID-tag and primer sequences were 

trimmed from the PCR amplicons allowing for no mismatch in length or base 

composition using Geneious. Each scat pool for the three genes amplified were 

searched using BLASTn version 2.2.23 (Altschul et al. 1990), against the NCBI 

GenBank nucleotide database to enable taxonomic identification. This was 

automated in the internet-based bioinformatics workflow environment, YABI 

(Hunter et al. 2012). The BLAST results obtained using YABI were imported into 

MEtaGenome Analyzer v4 (MEGAN), where they were taxonomically assigned using 

the LCA-assignment algorithm (min. bit score = 65.0, top percentage = 5%, min. 

support = 5) (Huson et al. 2007). 

 

4.6 Results 

4.6.1 Tracking data and night roost locations 
A total of 23 study birds were fitted with satellite tracking devices and released in 

2012 and 2013 (Chapter 2). In 2013, 12 study birds were followed intensively for 

between 1 and 121 days (average 71 ± 33 days) with releases staggered across 

the year to enable study birds to be tracked throughout most of the non-breeding 

season (February to September) focussing on the months March to August (Figure 

3.3). These 12 study birds and the flocks that they were associated with provided 

the majority of data reported in this study. 

The tracking devices provided 10 806 location fixes while the study birds were alive 

and in the wild. After inaccurate location fixes were discarded, the database 

contained 6026 location fixes accurate to within 500m, including 2087 fixes from 

2012 and 3939 fixes from 2013. 
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Satellite telemetry identified 168 night roosts, of which only 43 were previously 

recorded (Great Cocky Count database; Kabat et al. 2012b, 2013). Of the 18 key 

roosts (those used on ten or more nights), only seven (39%) were previously 

known. Figure 4.1 illustrates the connectivity of the roosts and their relative level of 

use. The Bentley roost is an important connection between roosts to the north and 

south of the Swan River (Figure 4.1).  The cockatoos spent the majority of their 

time at particular roost sites, with study birds spending 66.1% of nights (565 of 

854) using key roost sites. Key roost sites represented 10.7% of all the roosts 

identified during the study.  

 
Figure 4.1: Web of roost sites used on consecutive nights by Carnaby’s cockatoos. 
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4.6.2 Foraging ecology 
Flock follows and field observations 

A total of 173 flock follows were undertaken between 2012 and 2013 ranging in 

length from seven minutes to 10 hours 28 minutes (average 3 hours 30 minutes). 

Over 540 hours was spent following flocks and observing study birds. Similar efforts 

to track flocks were made in the morning and afternoon, with 95 flock follows 

beginning in the morning and 78 beginning in the afternoon, with 33 of the morning 

flock follows continuing into the afternoon. Flock follows resulted in 3394 

georeferenced field observations including observations of feeding (1146), drinking 

(129) and flying (449). 

In 2013, 151 follows were undertaken of flocks known to contain at least one study 

bird and of those 95 resulted in at least one study bird being sighted. Some birds 

were resighted several times a day while their flock was being followed. In 

comparison, over the same period (February to September 2013), only seven 

sightings of tailed-marked study birds were made by community members. 

 

Daily routine 

Field observations showed that the daily routine of cockatoos involved foraging 

throughout the day with more active bouts in the morning and late afternoon 

(Figure 4.2). They often rested for a period during the middle of the day, 

particularly on hotter days. They drank opportunistically throughout the morning, 

often immediately prior to a day time rest period and also immediately prior to 

roosting at night. No cockatoos were observed drinking between 12pm and 4.30pm. 

Most cockatoos departed the roost between civil twilight and sunrise, and arrived at 

roost between sunset and civil twilight.  
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Figure 4.2: Daily routine of Carnaby’s cockatoo based on field observation undertaken whilst 

following flocks in 2012 and 2013. The start times of observed behaviours have been plotted. 

Based on box plots of roost arrival and departure times (Figure 4.3), Argos location 

fixes were considered to indicate foraging behaviour if their time stamps occurred 

between 9.25 minutes before sunrise and 9.75 minutes after sunset (2 664 

records), or else were classified as roosting records if their time stamps occurred 

between 16.75 minutes after sunset and 22.25 minutes before sunrise (3 272 

records) (Figure 4.3). There were 90 records that could not be classified as roosting 

or foraging (i.e. time stamps between 22.25 and 9.25 minutes before sunrise and 

between 9.75 and 16.75 minutes after sunset). The median roost departure time 

was 13 minutes before sunrise and the median roost arrival time was 17 minutes 

after sunset. 
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Figure 4.3: Roost arrival and departure in relation to (respectively) sunset and sunrise. Zero 

represents sunset for arrival data and sunrise for departure data. The box shows the upper and 

lower quartile estimates and the line in the centre represents the median. The ends of the 

whiskers represent the earliest and latest midpoints of roost arrival/departure time windows. 

Data points beyond whiskers represent the earliest and latest observed arrivals and departures.  

 

Foraging area and movements 

Cockatoos travelled an average distance of 5.4±3.4km (range 0.3-16.8km, n=200) 

from their roost in the morning and 5.5±3.3 (range 0.5-23.0km, n=230) to their 

roost in the afternoon (Figure 4.4). Cockatoos were not followed for the entire day 

and so the best estimate of the daily distance is the combination of the average 

maximum morning and afternoon foraging distances (i.e. 10.9km). These distances 

are likely to be underestimates given that satellite passes when location fixes were 

obtained would not always have coincided with when the birds were furthest from 

their roosts.  

Minutes 

Roost 
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Figure 4.4: Morning and afternoon maximum foraging distances from roosts related to the time 

of day the distance was achieved. The data gap between 11am and 1pm is a result of the 

tracking devices being switched off due to an unavailability of Argos satellites during this time 

period.  

 

The foraging area around key roosts ranged from 17 to 276 km2 (mean 96±78km2, 

n=18) (Table 4.1). Roost locations were not at the centre of foraging areas (Table 

4.1, Figure 4.5). The relative accuracy of the foraging area estimates vary given 

the different numbers of study birds and foraging records used to calculate them 

(Table 4.1). For example the Bentley roost was used by a high number of study 

birds (seven) for many nights (141) generating 406 foraging records. In contrast 

the Satinover Way roost was used by a single study bird for 13 nights, generating 

only 31 foraging records (Table 4.1). Hence the foraging area identified for 

Satinover Way should be considered a minimum foraging area. Flock follows of 

birds departing key roosts showed that the flock would often congregate in a 

nearby area of remnant bushland to feed before foraging further afield (Table 4.1). 
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Figure 4.5: Foraging area around key night roosts used by satellite-tracked study birds. Points 

indicate key roost locations that are defined as used by study bird/s on ten or more nights.  
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Table 4.1: Characteristics of 18 key roost sites used by satellite-tracked study birds on ten or 

more nights. Colours match the foraging areas for each roost shown in Figure 4.5. Maximum 

roost counts were sourced from field observation in this study or the Great Cocky Count 

database*.  

Roost 
Name 

Number 
of study 

bird 
nights 

Used by 
number 

of study 
birds 

Max 
roost 

count 
(2012 to 

2013) 

Number 
of 

foraging 
records 

Foraging 
Area 

(km2) 

Distance 
to 

centroid 

Direction 
of 

centroid 
from 
roost 

Remnant bushland 
often foraged after 

departing roost in 
morning 

Indian 

Ocean Dr 

10 1 No data 41 38 5.68 NNW - 

Perry 

Aqua 

10 3 No data 35 30 2.37 WSW - 

Yanchep 

NP 

14 4 652* 70 181 4.02 NNW - 

Morangup 17 2 200 59 29 2.43 W Morangup Nature 

Reserve 

The Vines 61 2 433 130 101 2.92 NE Unnamed nature 

reserve R49300 

Ballajura 38 8 190 82 173 3.19 SSW Koondoola 

Regional Park, 

Whiteman Park 

Jane 

Brook 

14 2 275 50 17 2.91 NW Talbot Rd 

Bushland 

Ron Stone 

Park 

35 6 95 101 27 2.15 ENE Mt Lawley Golf 

Course 

Perry 

Lakes 

27 6 324* 84 139 2.87 E Kings Park, 

Shenton Bushland 

Hollywood 81 7 304* 208 93 2.61 E Underwood Ave 

Bushland, 

Shenton 

Bushland, Bold 

Park, Wembley 

Golf Course 

Bentley 141 7 918* 406 219 3.89 ENE Kensington 

Bushland 
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Table 4.1: cont. 

Roost 

Name 

Number 

of study 
bird 

nights 

Used by 

number 
of study 

birds 

Max 

roost 
count 

(2012 to 

2013) 

Number 

of 
foraging 
records 

Foraging 

Area 
(km2) 

Distance 

to 
centroid 

Direction 

of 
centroid 

from 

roost 

Remnant bushland 

often foraged after 
departing roost in 

morning 

Gosnells 

Golf 

Course 

21 6 141 105 144 3.24 E Jandakot Regional 

Park, Harrisdale 

Swamp, Thornlie 

Christian College 

Acourt Rd 34 5 141 78 276 3.97 SSE Jandakot Regional 

Park, Harrisdale 

Swamp 

Hebble 

Loop 

14 4 58 35 122 7.04 SSE Jandakot Regional 

Park, Denis De 

Young Reserve 

Armadale 

Forrest 

16 4 No data 16 55 4.84 SE Forrestdale Lake 

Nature Reserve, 

Armadale Golf 

Course 

Satinover 

Way 

13 1 252 31 25 2.44 W Private property 

Yangedi 10 2 100* 17 35 4.03 NNW Private property 

Gelorup 19 1 32 47 25 1.39 E Private property 

 

Of 799 occasions where it could be determined where a study bird roosted on 

consecutive nights, 50.2% or records involved the same roost. Excluding when the 

cockatoos used the same roost on consecutive nights or were migrating or 

exploring, cockatoos travelled an average of 7.0±5.8km (range 0.4-44.8km, 

n=390) between roosts on consecutive nights. During migration the distance 

between roosts on consecutive nights varied from 6.0 km to 69.7km (n=3) (Figure 

4.6).  For the period between the 15 July and 11 August both Purple F and Blue G 

were observed to travel greater distances than usual  averaging 12.2km±11.1km 

(range 0-44.8km, n=47) between consecutive roosts (Figure 4.6). Field observation 

revealed they were travelling to macadamia (Macadamia sp.) orchards in Baldivis 

where over 500 Carnaby’s cockatoos were counted congregating at these orchards 

to feed. 
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Figure 4.6: Distance travelled by study birds between roosts on consecutive nights over time.  

 

4.6.3 Feeding observations and taxonomic identification from scat pools 
Field observation from flock follows identified 11 plant families, consisting of 23 

plant genera being fed upon by Carnaby’s cockatoo. Throughout six months of field 

observation between March and August in each of 2012 and 2013, Proteaceae and 

Myrtaceaceae, particularly Banksia, Hakea, Corymbia and Eucalyptus were regularly 

observed being fed upon on the Swan coastal plain (Table 4.2). Of the 38 plant 

species identified, 11 (29%) are known to be exotic (i.e. introduced) to Australia. 

For example, Pinus pinaster (maritime pine) and Pinus radiata (radiata pine) were 

regularly fed upon early in the study period and observations became fewer 

through to July. Other exotic species also showed seasonality and peaks in 

consumption, including Liquidambar styraciflua (liquid amber), Prunus amygdalus 

(almond), Tipuana tipu (tipuana) and Carya illinoinensis (pecan) (Table 4.2). Scat 

analysis results indicated similar temporal use of broad taxonomic plant groups as 

food sources when compared to field observations (Table 4.2).  

A preliminary DNA screen utilising three primer sets of 11 scat pools from birds that 

used four night roost areas (Table S4.1) were used to compare the DNA results 
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with the observational data (described above; Table 4.2), to assess whether DNA 

scat analysis can deliver in-depth understanding of the feeding ecology (food 

chain). Over one million DNA sequence reads were obtained from the HTS approach 

with the three primer sets used (Table S4.1). The control reactions (DNA extraction 

and PCR) throughout the sequencing workflow were negative for DNA. The bird 

DNA amplified with the 12S primers confirmed that scats were from Carnaby’s 

cockatoo, and no other bird species were detected in the pools. Plant DNA 

sequences for the trnL gene were obtained from the 11 scat pools and their 

taxonomic identities, at the family level, are listed in Table 4.2. In addition, six of 

the 11 scat pools contained insect DNA summarised in Table 2.  

Observational data alone identified 11 families of plant being consumed, while DNA 

scat analysis detected 19 plant families. The combined datasets confirmed that 21 

plant families (native and exotic) were food sources (Table 4.2). Scat analysis 

detected ten families not identified from field observations. These ten families were 

only detected in one or two pooled samples and so may not represent regularly 

consumed plants. Increasing the number of scats included in a pooled sample 

increased the number of taxa identified (r=0.81; Figure 4.7).  

 

 
Figure 4.7: Number of scats in pooled samples and the number of plant taxa identified.  
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Table 4.2: Plant taxa fed upon by Carnaby’s cockatoos based on field observation and plant 

and insect taxa identified by DNA scat analysis.  
Plant Family Field observations Mar 

(4) 
Apr 
(28) 

May 
(25) 

Jun 
(20) 

Jul 
(7) 

Aug 
(0) 

Arecaceae Resting in and chewing palms but no feeding        

Poaceae Foraging on ground amongst grasses. Species 

and feeding unconfirmed. 

       

Pinaceae Feeding on Pinus (3+ species) 26 10 3 3 2  

Cupressaceae Feeding on Callitris (Rottnest Island pine)  1 2 6   

Araucariaceae Feeding on Araucaria (Norfolk Island pine)  1 1 2   

Menispermaceae None observed        

Papveraceae None observed        

Proteaceae Feeding on Banksia (8+ species), Hakea (6+ 

species), Grevillea, Xylomelum, Macadamia and 

Protea 

35* 32* 66* 42* 81* 35* 

Altingiaceae Feeding on Liquidambar (liquid amber) 32 64 68 19 1  

Saxifragaceae None observed        

Amaranthaceae None observed        

Rosaceae Feeding on Prunus (almond)   5    

Moraceae Resting in and chewing Ficus but feeding 

unconfirmed 

         

Fabaceae Seen feeding on Tipuana and grubbing in Acacia  1 30* 23* 19* 3 

Myrtaceae Feeding on Eucalyptus (8+ species), Corymbia 

(2+ species), Callistemon and Syzygium. 

Grubbing in Agonis, Eucalyptus and Corymbia. 

10 38* 90* 84* 47* 9* 

Juglandaceae Feeding on Carya (pecan) 4 17 19 4 3 3 

Brassicaceae Feeding on Raphanus (wild radish)    1 2  

Solanaceae None observed         

Bignoniaceae Feeding on Jacaranda   4 1 3 2 

Oleaceae Perched in and on ground below Olea (olive) trees 

but feeding unconfirmed. 

       

Plantaginaceae None observed        

Insect Order Examples Mar Apr May Jun Jul Aug 

Lepidoptera Moths and butterflies           

Coleoptera Beetles          

Diptera Flies         

Hymenoptera Parasitic wasps        

Adeinetida Rotifers        

Note: Numbers listed below the month column reflect the number of feeding observations made for each 

plant family. Shaded boxes indicate the plant and insect DNA identified in the scat pools. Numbers in 

brackets in the column heading, indicate the number of scats analysed for each month. DNA scat analysis 

was not conducted for August. *indicates observations include grubbing (insects/larvae). 
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Based on field observations Carnaby’s cockatoo consume seeds, nut kernels, leaves 

and nectar. They were also observed extracting and consuming insect larvae from 

branches of Acacia, Agonis, Eucalyptus and Corymbia, and infructescences of 

Banksia. Field observation did not enable the larvae to be identified, however scat 

analysis indicated the larvae were most likely Lepidoptera or Coleopteran larvae 

(moths, butterflies and/or beetles) (Table 4.2). 

  

4.7  Discussion 

4.7.1 Comparison of three techniques for studying spatial ecology 
The knowledge gained from the three complementary techniques in ecology has 

greatly increased understanding of the use of the urban and peri-urban landscape 

by Carnaby’s cockatoo (Figure 4.8). By employing these three methods it was 

possible to determine foraging areas around roosts, the distances travelled to 

forage, and the food eaten. Critically this information establishes the appropriate 

scale to assess the potential impacts of development on the cockatoos and is useful 

for making informed decisions about where development could be acceptable (with 

respect to this species) and where habitat retention or restoration efforts could be 

focused. 

 

 

Figure 4.8: Three complementary techniques for studying spatial ecology.  

 

Field 

Observations 

Scat  

Analysis 

Satellite 

Telemetry 

Determine roost arrival 
and departure times 

Assist flock follows 
Observe daily routine 
Identify roost sites 

Collect scats 
Ground truth results 

Collect reference specimens 

Identify roosts and foraging 
locations for scat collection 

Identify food species to 
target field observations 

97 

 



Satellite telemetry enabled roost sites to be easily identified. Clusters of fixes have 

been used to identify locations of interest in studies of other study species including 

nest sites, foraging areas (de Jong et al. 2013); predator kill locations (Martins et 

al. 2010; Pitman et al. 2014) and roosts (Roberts et al. 2012; de Jong et al. 2013). 

Through this method we identified 168 roost sites. The locations of Carnaby’s 

cockatoo night roosts on the Swan coastal plain has been collated since 2006 (Shah 

2006) and since 2011 formalised in a citizen science project known as the Great 

Cocky Count (Burnham et al. 2010; Kabat et al. 2012a, 2012b, 2013; Finn et al. 

2014). This gradual accumulation of knowledge resulted in 141 confirmed roosts 

(plus 62 unconfirmed roosts) being identified between 2006 and 2012 (Figure S4.1; 

Kabat et al. 2012b). Despite this large effort to identify roosts, only seven of the 18 

roosts used most often by satellite-tracked study birds were previously known prior 

to this study. This demonstrates how satellite telemetry can provide accurate and 

abundant information about roosts much more quickly than alternative methods.  

The latest trend analysis based on the number of Carnaby’s cockatoos counted and 

occupancy of roosts monitored during the Great Cocky Count suggests that the 

population is declining (Finn et al. 2014). However, given the high number of new 

roosts located in this study it is possible that the decline in population reported by 

Finn et al. (2014) is wholly or partly an artefact of the habit of the cockatoos to 

regularly move to alternate roosts, some of which are not currently monitored. 

Minimum foraging areas were obtained for the 18 key roosts used most often by 

satellite-tracked study birds. Again this demonstrates the relative ease with which 

this information was obtained. In comparison, a two year study undertaken by 

Johnstone and Kirkby (2008) involving detailed field observations of two night 

roosts reported the foraging area of one of the sites (around 70km2 for up to 800 

Baudin’s cockatoo). 

Field observations enabled ground-truthing of scat analysis results and assisted in 

the identification of plant and animal taxa that were consumed. Cockatoos fed in 

bouts, often spending several hours feeding in the same tree. This is reflected in 

the scat analysis, where pooled samples made up of fewer scats identified fewer 

taxa. Within a flock, each individual bird varied in what it fed upon, particularly in 

urban areas where the flock was often spread between several different feed trees 

across several properties. The time taken for food to pass through the gut will also 

affect the similarity in content of scats from individuals within a flock. Some scats 

were collected from below foraging trees whilst others were collected from below 

roosts where individuals from several different foraging flocks could potentially 

have contributed to the scats collected. Future scat analysis should ensure that at 
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least 13 scats are collected from below a roost or from a foraging site if a 

comprehensive list of taxa consumed is required. 

DNA scat analysis has several advantages over field observations that rely on 

observers being in the right place at the right time. DNA analysis can increase the 

number of taxa identified in a diet by identifying food items difficult to observe 

being consumed in the field, such as small prey in the diet of a predator, or 

prostrate plant species in a herbivore diet. Carnaby’s cockatoos are habituated to 

the presence of humans in the urban landscape which allows relatively close 

observation however, they are more sensitive to close approach when they forage 

lower to the ground (Metcalf et al. 2000). Therefore, there may be a bias towards 

making feeding observations of taller plant species. When birds were feeding on the 

ground they were difficult to see, and while they were on the ground there was a 

reduction in the strength of the signal from their tracking devices making it difficult 

to estimate proximity (Groom et al. 2014b – Chapter 2). 

Field observation identified two families (Araucariaceae and Bignoniaceae) to which 

scat analysis did not allocate any DNA fragments. These taxa were either not 

contained in the scats collected or in suitable reference material, or taxonomic 

allocation of material was not available for comparison and matching. Conversely, 

scat analysis identified ten plant families not observed to be fed upon in the field. 

Field observation requires the observed to be in the right place at the right time to 

observe feeding. The survey and field contact hours during this study were 

comprehensive, and hence show that rarely consumed food items can be missed.   

Consumption of the gut of another animal species, such as an insect, can result in 

items not intentionally eaten by the study species being identified in the scat 

analysis. Whilst this is difficult to exclude, field observation indicated that the only 

animal material consumed by Carnaby’s cockatoos were wood boring insect larvae 

whose gut contents were likely to only consist of plant species within which they 

were living. Additional sample contamination may have occurred as the scats were 

collected from the ground, usually from hard surfaces such as footpaths or roads, 

and the time between the sample being deposited and collected may have also 

enabled deposition of eggs or colonisation by insects. 

Interpretation of the DNA from scats is limited by the sequences available for 

comparison in reference databases. Degraded DNA contained in scats also limits the 

length of fragments available for matching.  The adequacy of reference material is a 

common problem for diet analysis studies. Predator scat analysis is limited by 

reference collections of hair samples and ability to identify fragments of bones, 
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insects and also teeth (Martins et al. 2010). The creation of a reference collection of 

food species consumed by the study species yields better information from DNA-

based analyses. DNA analysis is also less subjective than standard diet analysis 

methods that rely on the morphological characteristics of items eaten (White 2011), 

and the sequences obtained can be compared to samples in reference databases 

available at present and into the future. 

The combination of field observation and scat analysis has provided a more 

complete picture of the diet of the cockatoos in the urban landscape and has shown 

the diversity in the diet. The results of the analysis of Carnaby’s cockatoo scats 

represent a first indication of the potential applications of this technique. Future 

study would benefit from a local reference collection of material to compare. The 

Proteaceae and Myrtaceae are particularly important in the diet of cockatoos and 

more specific primers targeted at separating individual taxa within these groups 

would greatly assist interpretation of the results.  

 

4.7.2 Previous studies of spatial ecology of Carnaby’s cockatoo 
Previous attempts made to study the movements of Carnaby’s cockatoo have had 

varying levels of success and bias. Some studies used field observations only (Shah 

2006; Finn et al. 2009; Huelin 2010; Stock et al. 2013) whilst others have involved 

resighting marked individuals (Saunders 1980; McMahon 2006). All encountered 

difficulties that were overcome using the methods employed in this study. 

Shah (2006), Finn et al. (2009) and Stock et al. (2013) followed flocks in pine 

plantations with the aid of a vehicle. They relied on the relatively good vehicle 

access of the area and on the noisy flocking habit of the species in order to follow 

them. Huelin (2010) undertook a citizen science project that aimed to follow flocks 

of Carnaby’s cockatoo in the urban environment by analysing observations of flocks 

reported by community members and matching flock size and direction of 

movement to follow the path of passing flocks of cockatoos. The exercise was 

largely unsuccessful because of the need for a large number of evenly distributed 

observers. All studies found it difficult to ensure that the same flock was being 

sighted or followed, and when it was lost whether the same flock was relocated. In 

this study satellite telemetry enabled flocks to be followed closely and relocated in a 

landscape with more obstacles and barriers to the vehicle following the flock (e.g. 

traffic lights, rivers, freeways). 

Saunders (1980) collated sightings of Carnaby’s cockatoos fitted with patagial wing 

tags and determined foraging distances from nest sites, juvenile dispersal and 

100 

 



 

migratory movements. These observations, collated over a four year period (1972 

to 1976), resulted in three tag returns and 718 sightings of tagged individuals from 

the Coomallo study site, and one tag return and 61 sightings of tagged individuals 

from the Manmanning study site. The locations of these sightings were biased to 

locations where the birds were known to congregate (i.e. in trees around 

permanent water sources during summer) or in the vicinity of roads. In contrast, 

studying movements using satellite telemetry does not bias the data to known or 

accessible locations. 

McMahon (2006) painted the tail feathers of nestlings in an attempt to gather 

information on where cockatoos from particular breeding areas travelled to during 

the non-breeding season. The study did not provide sufficient sightings to draw 

conclusions and the effort required to obtain additional sightings was impractical 

due to the high mobility of the species and large areas inhabited. With relatively 

little effort the satellite tracking devices provided sufficient location data to 

determine the spatial scale over which the cockatoos travelled each day and when 

they were exploring or migrating. 

 

4.7.3 Spatial ecology of Carnaby’s cockatoo  
Daily routine 

The daily routine for Carnaby’s cockatoo is very similar to that described for 

Baudin’s cockatoo (C. baudinii) and glossy black cockatoos (C. lathami) (Johnstone 

and Kirkby 2008; Murdoch 2012). Birds depart the roost before dawn and often 

have a morning and an afternoon bout of feeding activity separated by a rest period 

in the middle of the day (Figure 4.2; Stock et al. 2013). This is likely due to 

constraints of crop size and climate conditions (Bednekoff and Houston, 1994; 

Boyes and Perrin, 2010). Roost arrival and departure times are closely correlated 

with sunrise and sunset times (Figure 4.2; Johnstone and Kirkby 2008; Murdoch 

2012). Cockatoos drink prior to roosting at night (Cameron 2005; Berry 2008; 

Murdoch 2012; this study). 

 

Roost site fidelity 

Roost counts on the Swan coastal plain vary from day to day and throughout the 

year (Shah 2006; Berry 2008). This indicates that birds do not use the same roost 

every night but roost site fidelity has not previously been examined due to an 

inability to identify and relocate individuals. Satellite telemetry has shown that 
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whilst study birds demonstrated some preference for particular roosts the preferred 

roosts were used interchangeably for periods of time whilst foraging in particular 

areas (Figure 3.3). These results match the prediction of Berry (2008) that the 

cockatoos use a ‘network’ of roosts on the Swan coastal plain.  

The connectively to other roosts and level of use of particular roosts provides some 

indication of their relative importance. For example, the Bentley roost (Figure 4.1) 

is an important connection between foraging habitat north and south of the Swan 

River and there are very few other roosts identified in the surrounding area either 

through satellite tracking (this study) or the Great Cocky Count (Figure S4.1). The 

number of study birds (seven) and number of nights the Bentley roost was used 

(141) also points to its importance (Table 4.1).  

 

Foraging area and movements 

Study birds were most often observed foraging in urban and peri-urban landscapes. 

The average foraging distance from roost (morning: 5.4±3.4 km; afternoon: 

5.5±3.3 km) was similar to that of 6km estimated for Baudin’s cockatoo (Johnstone 

and Kirkby 2008). In breeding areas foraging distances are shorter. At 

Manmanning, the average distance adults were recorded foraging from their nest 

site was 2.5±0.2 km (range 0.6-12.1 km; n=153) compared to only 1.4±0.1km at 

Coomallo Creek (0-7.1 km; n=142) (Saunders 1980). These differences may a) be 

due to tracking devices enabling observations of birds at greater distances from 

roosts, b) reflect the need for birds to travel greater distances on the Swan coastal 

plain to meet their energy needs, or c) reflect the need for birds in breeding areas 

to remain closer to the nest site in order to regularly feed chicks. Birds travelled 

longer distances on the Swan coastal plain when they used high energy food 

sources such as macadamias (e.g. Purple F and Blue G travelling on average 

12.2km ± 11.1km between consecutive roosts whilst regularly visiting macadamia 

orchards at Baldivis). The foraging areas around the roosts at Hebble Loop, Acourt 

Rd and Yangedi are all elongated and reflect the birds having visited the same 

macadamia orchards in Baldivis (Figure 4.5).  

In comparison, a glossy black cockatoo radio-tracked in the urban landscape of the 

Gold Coast, Queensland, flew less than 1km each day between feed, drink and 

roost sites, and the entire foraging area used by the bird for a four day monitoring 

period was about 1km2 (Murdoch 2012). However, the group being observed was a 

single family group and so local food resources were likely to sustain the group for 
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longer. Crowley et al. (1998) has reported glossy black cockatoos travelling 3 km 

between food sources and roosting sites. 

Foraging areas around roosts in this study varied considerably in size and 

composition (Figure 4.5; Table 4.1) and it was difficult to infer the relative influence 

of the quality of the habitat and the amount of food resources, on the size of the 

foraging areas and the number of birds using each roost. Comparison with other 

reported black cockatoo foraging or ranging areas are broadly similar, but difficult 

to compare due to different methodologies. Johnstone and Kirkby (2008) reported a 

foraging area of about 70km2 for a roost that is occupied by up to 800 Baudin’s 

cockatoos. Eight southeastern red-tailed black cockatoos (C. banksii graptogyne) 

tracked over 2-11 months had an estimated seasonal home range of 24-110km2 

(MCP method) with activity centres of 4.8 – 68km2 (95% kernel method) 

(Commonwealth of Australia 2006). 

Black cockatoos select particular trees for feeding (Clout, 1989; Cooper et al. 2003; 

Maron and Lill 2004; Chapman and Paton, 2006; Robinson and Paull 2009) and the 

retention of food trees has been highlighted as an important conservation action 

(Robinson and Paull 2009). This is particularly important for the glossy black 

cockatoos that have a very specialised diet (Clout 1989; Chapman 2007). 

Carnaby’s cockatoo has a less specialised diet which has likely assisted its 

persistence in urban environments.  

 

4.7.4 Management implications 
Satellite telemetry combined with field observations enabled the movements of a 

highly mobile species to be followed without the bias of accessibility or prior 

knowledge of habits. It greatly enhanced the collection of targeted and effective 

field observations and enabled collection of samples (e.g. scats). The three 

techniques used in this study provided complementary data that have provided a 

richer picture of the spatial ecology of the species.  

The knowledge gained in this study can be applied to developing conservation 

strategies for the species in urban and peri-urban areas. These strategies could 

include protecting key roost sites and planting preferred food plants to ensure food 

availability throughout the non-breeding season. 

The identified key roost sites should be targeted for protection and enhancement. 

In particular the Bentley roost appears to be an important connection between birds 

frequenting areas to north and south of the Swan River. Planting future roost trees 
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should be implemented to replace the loss of current trees through natural attrition, 

water stress (Barron et al. 2014), and encroaching development or redevelopment 

of the area.  

Roost sites identified in this study should be incorporated in the Great Cocky Count 

to ensure the most comprehensive estimate of population size is obtained and to 

enhance our ability to detect long-term trends. Westcott et al. (2012) identified 

improvement in the certainty of the proportion of a population being counted as 

being of the greatest benefit to improving ability to detect a decline of flying-foxes 

(Pteropus conspicillatus and P. poliocephalus). Flying foxes and Carnaby’s 

cockatoos have many similarities; both roost communally, are highly mobile and 

occupy urban areas so Westcott et al.’s (2012) conclusions may equally apply to 

Carnaby’s cockatoo roost counts. 

The knowledge gained from this study can be applied to assess potential impacts of 

proposed developments and to develop monitoring programs to determine the 

impacts of any developments that proceed. For example, monitoring the number of 

birds using roosts for which a foraging area has now been determined may enable 

trends to be detected that are influenced by development(s) occurring within those 

foraging areas. The foraging distances calculated in this study now provide an 

indication of the distances birds are comfortable travelling whilst foraging, which 

can be considered when assessing resources required for their survival in a given 

area. The distance of foraging areas from key roosts could also inform the selection 

of targeted areas for planting, protection or restoration. Further management 

implications are discussed in Chapters 5 and 6.  
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4.10 Supplementary materials 

 

Figure S4.1: Comparison of the spatial distribution of roosts identified through satellite tracking 

of study birds during this study between 2012 and 2013, and roosts identified through the Great 

Cocky Count (GCC) up to 2012. Confirmed roosts include any site where black cockatoos have 

been recorded roosting as part of a formal survey whereas unconfirmed sites are those that 

have been reported to BirdLife Australia or Department of Parks and Wildlife but have not had a 

positive count recorded (>1 bird) during a formal survey. 
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Table S4.1: Summary of Carnaby’s cockatoo scats analysed. Night roost indicates where 

satellite-tracked study birds in the flocks from which scats were collected roosted at night. 

Date of 
Collection 

No. of 
Scats Sub-
sampled 

Night Roost Area of 
Collection 

Scat Pool ID No. of DNA sequence 
reads obtained for each 

primer set 

12 March 2013 4 Hollywood/ 
Perry Lakes 

Nedlands Pool 4 Bird 12S: 15,747 

Plant trnL: 126,358 

19 April 2013 8 Hollywood/ 
Perry Lakes 

Claremont Pool 1 Bird 12S: 27,874 

Plant trnL: 61,737 

Insect COI: 6,991 

19 April 2013 7 Hollywood/ 
Perry Lakes 

Claremont Pool 2 Bird 12S: 15,920 

Plant trnL: 80,001 

8 April 2013; 

19 April 2013; 

23 April 2013 

13 Hollywood/ 
Perry Lakes 

Dalkeith, 
Claremont 

Pool 3 Bird 12S: 18,535 

Plant trnL: 51,763 

3 May 2013 12 Bentley Forrestfield, 
Beckenham 

Pool 5 Bird 12S: 19,970 

Plant trnL: 78,369 

Insect COI: 5,963 

30 May 2013 12 Bentley Bentley, Como Pool 6 Bird 12S: 16,777 

Plant trnL: 71,022 

24 May 2013 1 The Vines Millendon Pool 10 Bird 12S: 10,893 

Plant trnL: 198,658 

Insect COI: 5,220 

18 June 2013 7 Hollywood/ 
Perry Lakes 

Shenton Park Pool 7 Bird 12S: 16,684 

Plant trnL: 65,117 

Insect COI: 351 

25 June 2013; 

1 July 2013 

13 Bentley East Victoria Park, 
Cloverdale, 
Bayswater 

Pool 8 Bird 12S: 19,997 

Plant trnL: 69,074 

Insect COI: 8,388 

12 July 2013 1 Jane Brook Jane Brook Pool 9 Bird 12S: 19,042 

Plant trnL: 46,402 

25 July 2013 6 The Vines Brigadoon Pool 11 Bird 12S: 10,712 

Plant trnL: 186,782 

Insect COI: 11,343 
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5 CHAPTER FIVE: Meeting an expanding human 
population’s needs whilst conserving a threatened parrot 

species in an urban environment 

 

Groom, C.J., Mawson, P.R., Roberts, J.D. and Mitchell, N.J. (2014). Meeting an 

expanding human population’s needs whilst conserving a threatened parrot species 

in an urban environment. WIT Transactions on Ecology and the Environment 191, 

1199-1212. 

 

 
“It’s so lovely out here you wonder why they have it so far from the city.” 

 

[Cartoon from The Ecological City: Preserving and Restoring Urban Biodiversity edited by 

Rutherford H. Platt, Rowan A. Rowntree and Pamela C. Muick. Drawing originally by Model; 

(C) 1990 The New Yorker Magazine, Inc.]  
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5.1 Preface 

To better understand the interactions between the cockatoos and the built 

landscape I investigated where they obtained food, water, and shelter (night roost 

sites). This paper was presented at the 9th International Conference on Urban 

Regeneration and Sustainability: Sustainable City 2014 conference (23-25th 

September, Siena, Italy) and formatted for inclusion in the Wessex Institute of 

Technology’s Transactions on Ecology and the Environment (the proceedings from 

the conference). The timelines of the conference and printing of the proceedings 

necessitated it to be written before the preceding thesis chapters and prior to data 

analysis being completed for the study.  

This chapter uses the terms adapt and adaptation. In this context these terms refer 

to the ability of Carnaby’s cockatoo utilise novel elements of the urban and peri-

urban landscape. This ability to adjust appears to be within the levels of natural 

behavioural plasticity of the species and does not imply a genetic change that 

increases survival. 

The aims of this chapter were to: (1) assess the contribution of non-native species 

to the diet of Carnabys cockatoo; (2) assess their use of water sources; (3) assess 

the origin of trees used for roosting; and (4) describe the influence of humans on 

the basic survival requirements of the cockatoos in the urban landscape. 

 

5.2 Statement of contributions 

I, as first author collected the field data and undertook the collation and analysis of 

the data presented in this paper. I wrote the first draft and final version of the 

paper. Peter Mawson contributed statistics on admissions of black cockatoos to 

Perth Zoo for treatment. Peter Mawson, Dale Roberts and Nicki Mitchell commented 

on an earlier draft of the manuscript. 

 

5.3 Abstract 

The human population of Perth, Western Australia is currently 1.9 million and is 

predicted to more than double by 2061. The increased housing and infrastructure 

required to support this population will conflict with the habitat requirements of 

Carnaby’s cockatoo (Calyptorhynchus latirostris), a threatened parrot that inhabits 

the suburbs of Perth outside its breeding season. To understand how this species 
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uses the landscape and identify possible ways to mitigate the impact of future 

development, we undertook flock follows, assisted by satellite telemetry of 23 birds. 

The cockatoos have adapted to urban living by using non-native trees for 

communal night roosting, using artificial water sources, and by relying heavily on 

exotic food sources. By developing a better understanding of how these cockatoos 

have adapted to urban habitats we can use a suite of innovative conservation 

strategies to complement traditional habitat conservation measures. These 

strategies include urban and landscape planning decisions that consider the specific 

needs of cockatoos and that involve the community in the conservation of a 

threatened species. 

Keywords:  adaptation, urban ecology, Carnaby’s cockatoo, parrot 

 

5.4 Introduction 

The Australian Bureau of Statistics (2013) predicts that the human population of 

Perth, Western Australia will grow from 1.9 million to between 4.4 and 6.6 million 

by 2061, creating the need to greatly increase housing and infrastructure on the 

Swan coastal plain. A species at the centre of many development debates is 

Carnaby’s cockatoo (Calyptorhynchus latirostris). Carnaby’s cockatoo is a 

threatened parrot endemic to the southwest of Western Australia that inhabits the 

suburbs of Perth during its non-breeding season (Saunders and Ingram 1987; 

Johnstone and Storr 1998; Higgins 1999). Its distribution means that its feeding, 

breeding or roosting habitat is often identified as being at risk from development.  

Habitat loss has been the main threatening process leading to Carnaby’s cockatoo 

being listed as a threatened species. Large-scale clearing of inland semi-arid 

sandplains occurred in the post-WWII period for extensive cereal cropping and 

caused cockatoo populations to decline in much of their breeding habitat (Johnstone 

and Kirkby 2011). Cockatoos migrate from inland areas to more coastal areas 

during the non-breeding season where they formerly fed upon large expanses of 

Banksia woodland and proteaceous heath. An estimated 70% of this Banksia 

woodland has been lost with over 90% lost within a 20km radius of central Perth 

(Urban Bushland Council and Wildflower Society of Western Australia 2012). The 

remaining Banksia woodland has been nominated as a Threatened Ecological 

Community under the Commonwealth’s Environment Protection and Biodiversity 

Conservation Act 1999 (Urban Bushland Council and Wildflower Society of Western 

Australia 2012). 
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The type, extent and density of development on the Swan coastal plain continues to 

evolve. Urban development that began along the Swan River in 1829 now extends 

linearly along the coast for more than 120km to the north and south (Weller 2009). 

This sprawl has been caused by the preference of Perth residents to live in fully 

detached houses on their own block of land (Seddon 2004). This evolved from early 

requirements to have a minimum block size of a quarter acre (1012m2) to ensure 

adequate separation of water extraction for drinking and to leach drains for 

sewerage disposal (Weller 2009). In 1955 average housing blocks were the largest 

in Perth’s history being 750-1008m2 compared to developments today where 

‘cottage lots’ of 380m2 or 260m2 are common (Grose 2007). As lot sizes have 

reduced there has been a corresponding increase in footprint size of houses and a 

reduction in the size of home gardens (Grose 2007). Urban infill is replacing 

gardens of larger blocks with more houses resulting in loss of urban forest (Brunner 

and Cozens 2012). The resulting landscape is very different to the natural habitat 

that existed before European settlement and through urban infill and consolidation 

will continue to change. 

Parrot species in general have fared better than other groups of birds in urban 

environments because of the plasticity of their behaviour and ability to adapt to 

novel food sources and landscapes (Major and Parsons 2010; Salinas-Melgoza et al. 

2013). In Australia, urban food resources have contributed to the increase in 

abundance of rainbow (Trichoglossus haemotodus) and musk (Glossopsitta 

concinna) lorikeets in Melbourne (Smith and Lill 2008). Grey-headed flying foxes 

(Pteropus poliocephalus) and black flying foxes (Pteropus alecto) have also learnt to 

use urban environments and increased their range and abundance in two major 

Australian cities:  Melbourne and Brisbane (Marcus and Hall 2004; McDonald-

Madden et al. 2005; Van der Ree et al. 2006; Williams et al. 2006).  

There is evidence that Carnaby’s cockatoos have adapted to novel landscapes and 

food sources. Pine (Pinus spp.) plantations were first established on the Swan 

coastal plain in 1926 and the cockatoos soon began to feed on the new food 

resource (Perry 1948), partially offsetting the loss of their natural food resource in 

Banksia woodlands. The cockatoos now remove almost the entire annual crop of 

pine cones each year and plans to harvest the largest remaining plantations by 

2031, to free underground water resources, are expected to have a significant 

impact on the cockatoos (Stock et al. 2013).  

Carnaby’s cockatoo also use liquid amber (Liquidambar styraciflua) seed, a popular 

garden and street tree, as a food source. An example of the adaptable nature of 

this behaviour comes from February 2000 when a few Carnaby’s cockatoo were 
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repeatedly observed experimentally feeding on the seeds of liquid amber trees in a 

car park. The following year they were observed feeding en-masse devouring the 

entire crop within a week (Mawson et al. 2001). This demonstrates their ability to 

learn to exploit a new food source, and to recruit others to use the food resource. 

The urban landscape is effectively a novel ecosystem (Hobbs et al. 2013). We know 

little about the long term sustainability of novel ecosystems such as this, and it is 

likely that they will evolve rapidly through processes such as urban infill, urban 

planning and landscaping trends. If we can identify those elements in the landscape 

that assist the survival of Carnaby’s cockatoo then we can protect and enhance 

those elements whilst allowing development to occur in other areas. By 

understanding how Carnaby’s cockatoo has adapted we have the ability to plan 

ahead to ensure that the needs of the cockatoos are integrated into land use 

planning decisions, landscaping and (re)vegetation plans.  

Here we demonstrate the different ways in which Carnaby’s cockatoo has adapted 

to living in urban landscape and how this can be incorporated into an urban 

conservation strategy for the species. The community, land managers and planners 

can all be involved in developing and implementing conservation actions. 

 

5.5 Materials and Methods 

5.5.1 Study area 
Perth is the capital city of the large state of Western Australia (over 2.5 million 

square kilometres) and is centred on the Swan River. The boundary of the 

Metropolitan Region Scheme was used to define the extent of this study (Figure 

5.1). It extends from Two Rocks in the north to Singleton in the south and inland to 

The Lakes. The Darling scarp bisects the area into the Swan coastal plain, where 

the majority of urban development has occurred, and the Darling plateau. 
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Figure 5.1: Study area showing satellite telemetry location fixes (green circles) for study birds 

within the Metropolitan Region Scheme (outer black line boundary) and in relation to urban 

areas (orange). [Note: this figure was presented in black and white when published] 

 

5.5.2 Feeding and drinking observations 
A total of 23 Carnaby’s cockatoos were fitted with satellite tracking devices 

(Telonics TAV-2617) attached to the underside of the central tail feathers (Groom 

118 

 



 

et al. 2013). Flocks containing study birds were followed by vehicle with the aid of 

an Argos Locator AL-1 (Communication Specialists). If more than one study bird 

was in a flock, it was counted as one flock follow if the start and end point of the 

follow was the same for both birds. By following study birds it was possible to 

estimate flock size, identify where they roosted at night, how far they travelled 

from those roosts to forage, what they fed on and where they drank. 

A literature review of plant species recorded in the diet of Carnaby’s cockatoo was 

conducted to identify the range of native and exotic foods eaten by the cockatoos. 

Observations of feeding were recorded during flock follows to identify plants and 

food items consumed (nectar, seed, grubs etc) in the urban landscape and to 

assess the periods of use by the cockatoos. Observations of drinking were also 

recorded with the source of water and whether it was permanent or temporary. 

 

5.5.3 Roost observations 
Roosts were identified by two methods: 1) by analysing night time location fixes 

obtained from satellite tracking devices, and 2) by following study birds directly to 

roosts. Additional roosts were identified from the Great Cocky Count project which 

involved an annual census of cockatoos as they arrived at roosts, conducted largely 

by trained volunteers (Kabat et al. 2013). Roost locations where a count of >100 

birds had been observed through this study or, during the Great Cocky Count 

(2010-2013) were selected for assessing the type and approximate age of trees 

used. Aerial photographs of roost locations viewed from Landgate’s Map Viewer 

(https://www.landgate.wa.gov.au/bmvf/app/mapviewer/#) were compared over 

time to determine if the roost consisted of naturally occurring trees or, if planted, 

when those trees were planted. 

 

5.5.4 Records of sick and injured cockatoos 
The urban environment can be hazardous to cockatoos due to their large size (520 

– 790g) (Johnstone and Storr 1998) and their consequent slow time to respond to 

vehicles when feeding or drinking close to roads. The Perth Zoo, Veterinary 

Department maintains records of all sick or injured black cockatoos 

(Calyptorhynchus spp.) admitted for treatment. These records were searched for 

cases attributed to anthropogenic causes, including collision with vehicles.  
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5.6 Results 

5.6.1 Flock follows 
A total of 23 study birds were fitted with satellite tracking devices and released 

between 2012 and 2013. In 2013, 12 study birds were followed intensively for 

between 1 and 121 days (average 71 days) with releases staggered across the year 

to allow following of study birds throughout the non-breeding season (February and 

September). These 12 study birds and the flocks that they were associated with 

provided the majority of the feeding and drinking observations reported in this 

study. A total of 164 flock follows were undertaken between 2012 and 2013 ranging 

in length from 7 minutes to 10 hours 28 minutes. Location fixes for study birds 

were obtained over a large area of the Perth metropolitan and peri-urban area and 

showed that roads and sparsely vegetated areas are not barriers to their 

movements (Figure 5.1). 

 

5.6.2 Feeding observations 
Results of searching the literature for plants used by Carnaby’s cockatoo is 

summarised in an online tool available at http://www.dpaw.wa.gov.au/ plants-and-

animals/threatened-species-and-communities. Of the 130 plant species identified 

as food sources for Carnaby’s cockatoo, at least 33 are not native to the known 

range of the cockatoo. Field observations from the current study identified pine 

(Pinus spp.), liquid amber, pecan (Carya illinoinensis) macadamia (Macadamia sp.) 

and tipuana (Tipuana tipu), as sequentially important food sources for the 

cockatoos on the Swan coastal plain during the non-breeding season: all are exotic 

species for this region (Table 5.1). Cockatoos also fed on four previously 

unreported food plants: fruit of lilly pilly (Syzygium smithii), nectar of red-capped 

gum (Eucalyptus erythrocorys), nectar and seeds of yellow gum (E. leucoxylon) and 

seeds of woody pear (Xylomelum occidentale). 
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Table 5.1: Phenology of feeding activity for Carnaby’s cockatoo in the Perth Metropolitan 

Region Scheme during the non-breeding season indicating peak (black) and lesser (grey) 

feeding periods. Numbers indicate number of times a group of birds was observed feeding on a 

food source. E = Exotic to mainland Australia, N = Native to mainland Australia, L = Local 

Western Australian species 

Genus Origin Mar Apr May Jun Jul Aug 
Araucaria heterophylla (Norfolk Is pine) E 

 
1 1 2 

  Liquidambar styraciflua (Liquid amber) E 32 64 68 19 1 
 Carya illinoinensis (Pecan) E 4 17 19 4 3 3 

Tipuana tipu (Tipuana) E 
  

17 15 11 
 Jacaranda mimosifolia (Jacaranda) E 

  
4 1 3 2 

Pinus canariensis (Canary Is. pine) E 
   

1 
  Pinus pinaster (Maritime pine) E 1 1 

    Pinus sp. (Pine) E 25 9 3 2 2 
 Prunus amygdalus (Almond) E 

  
5 

   Raphanus raphanistrum (Wild radish) E 
   

1 2 
 Syzygium smithii (Lilly pilly) E 

 
1 

    Protea sp. (Protea) E 
 

1 1 
   Acacia sp. (Wattle) N/L 

 
1 13 8 8 

 Agonis flexuosa (Peppermint) L 
 

7 4 19 
 

1 
Banksia attenuata (Candlestick banksia) L 13 11 8 18 35 14 
B. ericifolia (Heath-leaved banksia) N 

    
1 

 B. illicifolia (Holly-leaved banksia) L 6 
  

1 3 1 
B. littoralis (Swamp banksia) L 

    
1 

 B. menziesii (Firewood banksia) L 7 5 15 11 16 3 
B. prionotes (Acorn banksia) L 2 

 
3 1 2 

 B. sessilis (Parrot bush) L 1 3 3 1 1 
 B. squarrosa (Pingle) L 

    
8 

 Banksia sp. (Banksia) N/L 2 3 7 10 1 1 
Callistemon sp. (Bottlebrush) N 2 

 
1 2 

 
1 

Callitris sp. (Callitris) L 
 

1 2 6 
  Corymbia calophylla (Marri) L 2 3 57 46 36 6 

C. ficifolia (Red-flowering Corymbia) L 1 
     Corymbia sp. (Corymbia) N/L 

  
3 1 

  Eucalyptus sp. (Eucalypt) N/L 
  

3 
 

2 
 E. caesia (Silver princess) L 

   
1 

  E. citriodora (Lemon-scented gum) N 
 

3 5 
 

1 1 
E. erythrocorys (Red-capped gum) L 1 2 

    E. gomphocephalus (Tuart) L 
  

5 
   E. leucoxylon (Yellow gum) N 

  
1 

 
1 

 E. marginata (Jarrah) L 2 11 2 7 6 
 E. robusta (Swamp mahogany) L 

 
7 6 4 

  E. todtiana (Coastal blackbutt) L 
  

3 
   Eucalyptus sp. (Eucalypt) N/L 2 4 

 
4 

  Grevillea (Grevillea) N/L 
   

1 2 
 Hakea sp. (Hakea) N/L 

  
3 

  
1 

Hakea laurina (Pin-cushion hakea) L 
  

1 2 
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Table 5.1: cont. 

Genus Origin Mar Apr May Jun Jul Aug 
H. petiolaris (Sea-urchin hakea) L 

   
1 1 

 H. prostrata (Harsh hakea) L 
   

1 
  H. ruscifolia (Candle hakea) L 

    
1 

 H. undulata (Wavy-leaved hakea) L 
 

1 
    Macadamia sp. (Macadamia) N 4 8 21 11 8 14 

Xylomelum occidentale (Woody pear) L 
    

1 1 
 

5.6.3 Drinking observations 
Carnaby’s cockatoos drink opportunistically from a variety of water sources (Table 

5.2). All water sources observed being used by the cockatoos in urban areas were 

created or modified by humans. Bird baths and puddles were the most popular 

water sources (Table 5.2). 

 

Table 5.2: Carnaby’s cockatoo drinking observations during the non-breeding season in the 

Metropolitan Region Scheme. Reliability refers to the availability of the water and indicates 

whether the water source is available permanently for the cockatoos or less often. 

Water source Reliability Number Used 
Bird bath Variable 25 
Puddle (bitumen roads, paths etc) Temporary 25 
Roof gutter Temporary 11 
Stock trough Reliable 10 
Lake Permanent or seasonally reliable 8 
Drain Temporary 3 
Water feature/fountain Reliable 2 
Dam Seasonally reliable 1 
Lawn (dew) Temporary 1 
Cemetery (grave ornaments filled 

  

Temporary but reliable 1 
Tree (water on leaves) Temporary 1 
Stream Seasonally reliable 1 

 

5.6.4 Roosting observations 
Cockatoos readily, and even preferentially, use planted trees for roosting. Roost 

trees were typically planted more than 20 years ago (Table 5.3). Of the 31 roosts 

known to be used by more than 100 cockatoos on the Swan coastal plain, only six 

consisted either partially, or wholly of naturally occurring trees in remnant 

vegetation (Table 5.3). Cockatoos most commonly roosted in planted Eucalypts or 

pines. 
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Table 5.3: Planting period for roost trees of roosts located on the Swan coastal plain recorded to 

be used by more than 100 birds, based on historical aerial photography. 
Roost ID Location Trees Planted Roost Tree Type 

MELWINR001 Winthrop Before 1953 Pines 

MELWINR003 Winthrop Before 1953 Pines 

MELMURR001 Murdoch Before 1953 Pines 

COCSCCR001 Success Between 1953 and 1965 Pines 

SWALEXR002 Lexia Between 1953 and 1965 Pines 

WANJANR005 Jandabup Just before 1965 Pines 

SWAMELR001 Melaleuca Just before 1965 Pines 

WANPINR005 Pinjar Between 1965 and 1974 Pines 

ROCBALR001 Baldivis Between 1965 and 1974 Pines 

SEROAKR002 Oakford Between 1981 and 1985 Pines 

SOUCOMR001 Bentley Before 1953 (pines) Pines and planted Eucalypts 

NEDNEDR001 Nedlands Various, some pre1953, most by 

1965 

Planted Eucalypts 

CAMFLOR001 Shenton 

Park 

Between 1953 and 1974 Planted Eucalypts 

SEROAKR005 Oakford Between 1965 and 1979 Planted Eucalypts 

SWABALR001/4 Ballajura Between 1979 and 1981 Planted Eucalypts 

WANPINR007 Pinjar Between 1981 and 1985 Planted Eucalypts 

SEROAKR001 Oakford Between 1981 and 1995 Planted Eucalypts 

GINWOOR001 Woodridge Between 1981 and 1999 Planted Eucalypts 

 Banjup Between 1985 and 1995 Planted Eucalypts 

ARMHARR001 Harrisdale Between 1985 and 1995 Planted Eucalypts 

KWIWANR002 Wandi Between 1985 and 1995 Planted Eucalypts 

27 (this study) Forrestdale Various but mostly between 1985 

and 1995 

Planted Eucalypts 

40 (this study) Belhus Between 1985 and 2000 Planted Eucalypts 

WANNARR001 Mariginup Between 1985 and 2000, most by 

1995 

Planted Eucalypts 

COCBANR001 Banjup Between 1995 and 2000 Planted Eucalypts 

GOSCNVR001 Canning 

Vale 

Between 1953 and 1963 Native with planted Eucalypts 

JOOPADR001 Padbury Between 1974 and 1977  Native with planted Eucalypts 

COCHAMR001 Manning Between 1985 and 1995 Native with planted Eucalypts 

STINORR001 North Beach Mostly between 1965 and 1974 Native with planted Eucalypts 

WANYANR006 Yanchep  Some planted before  1965 Native with planted Eucalypts 

70 (this study) Jane Brook  Native  
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5.6.5 Records of sick and injured cockatoos 
During the five-year period from 2008/09-2012/13 a total of 530 Carnaby’s 

cockatoos were admitted to the Perth Zoo Veterinary Department (Table 5.4).  

These birds accounted for 59 percent of black cockatoo admissions, with the 

remainder comprising two other species endemic to the southwest of WA (C. 

baudinii and C. banksii naso). 

 

Table 5.4: Fate of Carnaby’s cockatoos admitted to the Perth Zoo during 2008/09-2012/13.  

Birds transferred to wildlife carers after initial treatment had the potential to be released back to 

the wild. 

 Euthanased Dead on Arrival or 

Died in Care 

Transferred to 

Wildlife Carer 

Total 

2008/09 31 17 31 79 

2009/10 37 14 50 101 

2010/11 38 7 45 90 

2011/12 64 21 38 123 

2012/13 64 25 48 137 

Total 234 84 212 530 

 

Based on results of detailed veterinary examinations, radiographs, and post-

mortem data for the period 2000-2009, human-related activities such as vehicle 

strikes, gunshots and tree felling, accounted for 28 percent of the cockatoo 

admissions (all three species combined). A further 48 percent of admitted birds had 

suffered trauma of an indeterminate origin. Juvenile birds (<12 months of age) 

made up 39 percent of all cockatoo admissions [Le Souef 2012; Perth Zoo 

unpublished data]. 

One study bird fitted with satellite tracking device was suspected to have been 

struck by a vehicle and another was shot and killed near a commercial pome fruit 

orchard. 

5.7 Discussion 

5.7.1 Ability to adapt to habitat changes 
The adaptability of the Carnaby’s cockatoo is demonstrated by their ability to utilise 

novel aspects of the urban landscape to find food, water and roosts, and to feed on 

novel food sources. The satellite-tracked cockatoos clearly show that they use a 

very large portion of the built landscape of Perth (Figure 5.1). Other evidence that 

black cockatoos, such as Carnaby’s, can adapt to modified landscapes come from 
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forested areas where three taxa of black cockatoos endemic to the southwest of 

Western Australia used rehabilitated gold mine sites for feeding within eight years 

(Lee et al. 2010). The birds must move through the rehabilitated area to discover 

plants of a suitable age to provide the seed, nectar or grubs on which they feed. In 

both these situations the cockatoos must navigate large expanses of modified 

landscape to find food, water, roost and nest sites. 

Modified landscapes, particularly the parks and gardens of urban areas, contain 

many plant species that are introduced. The plants are often not considered as 

important as native species for urban wildlife, especially those plants with weedy 

tendencies. However, non-native species are not universally undesirable. 

Shackelford et al. (2013) discuss the desirability of native vs non-native species 

and argue it is important to weigh up a species impact and role in a system before 

determining its desirability, irrespective of its identity or origin. This is very 

applicable to both Carnaby’s cockatoo in Western Australia and yellow-tailed black 

cockatoos, found in southeastern Australia, which are both dependent on 

introduced pines for survival (Stock et al. 2013; Way 2006). The aleppo pine (Pinus 

halepensis), which is key to the survival of yellow-tailed black cockatoos, is a 

proclaimed pest plant species under the South Australian Natural Resources 

Management Act 2004 (Way 2006). The dependence of Carnaby’s cockatoo on a 

variety of non-native foods in urban areas, including liquid amber, tipuana and nut 

trees, also demonstrates that these trees have important roles in the landscape in 

addition to the ornamental properties that make them desirable to human 

residents. 

The trees and shrubs planted in gardens provide a variety of foods that potentially 

increase the availability of food during periods of natural food scarcity (Williams et 

al. 2006). As climate change alters the frequency and intensity of drought, fire and 

flood events (Hennessy et al. 2008), food resources in natural habitats will become 

increasingly unpredictable. In comparison, the watered gardens and public open 

spaces of cities and towns provide a relatively abundant and reliable food source for 

those species that are able to adapt to urban living (Davis et al. 2011), as well as a 

potential buffer against the effects of climate change. 

 

5.7.2 Developing a conservation strategy 
Carnaby’s cockatoos are well known to residents of Perth as they form large noisy 

flocks and their destructive feeding habits leave debris below feed trees.  The 

presence of the cockatoos and the Banksia woodland that they naturally inhabit 
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gives Perth its ‘sense of place’ that helps identify it as home to those that live 

there. If humans are to create a resilient landscape that maintains this ‘sense of 

place’ and supports Carnaby’s cockatoo now and into the future, it is important to 

conserve adequate areas of natural habitat and to make the built environment as 

useful as possible to the cockatoos.  

To conserve species in an urban landscape it is necessary for individuals in the 

community to have an understanding of issues and to ‘buy-in’ (Hostetler 2012). 

Community education and involvement must be a part of any conservation strategy 

in the urban landscape. The community can assist by planting food plants in their 

garden, providing water in bird baths, reporting injured cockatoos and participating 

in community conservation projects. Citizen science projects such as the Great 

Cocky Count provide an opportunity to educate the public, create greater ownership 

by the community, and help to conserve the species.  

It is necessary for researchers to engage with planners and policymakers to 

determine how barriers to implementation of wildlife-friendly conservation actions 

can be removed or how actions can fit within existing ‘rules’ (Hostetler 2012). Data 

such as the types generated in this study, have shown the adaptability of the 

species, and enables us to implement a broad suite of conservation actions to 

complement traditional habitat and species conservation measures.  Landscape 

planners can incorporate food plants and roosting trees into their landscaping and 

can design ornamental lakes with sloping banks to allow cockatoos to drink safely. 

Roosting habitat can be planted around sporting ovals, public open spaces and 

schools where shade is also desired. 

With so many influences on Carnaby’s cockatoo there is a great responsibility for 

conservation managers to get it right. It is important to appreciate that a novel 

landscape cannot exactly fulfil the needs of the cockatoos in the same way as the 

natural landscape once did, and this will affect variables such as nutrition, 

movement patterns and survival rates of cockatoos.  

The diet must meet an individual’s daily energy requirements, provide sufficient 

nutrients to prepare the birds for breeding and, in breeding areas, must also 

support the raising of chicks. Comparison of the nutrient profiles of indigenous and 

introduced species consumed by orange-bellied parrots (Neophema chrysogaster) 

indicates that introduced species may not provide adequate nutrition so it may not 

be appropriate to revegetate sites with introduced species (McDonald 2003). Glossy 

black-cockatoos (C. lathami) have a highly specialised diet and it has been 

suggested that although they may be able to meet their immediate energy needs 

when feeding on non-preferred species of Allocasuarina, they may be unable to 
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breed and thereby sustain populations (Chapman 2007). Until we know more about 

the nutritional consequences of non-native foods for Carnaby’s cockatoos it is 

important to ensure conservations efforts continue to focus on retaining native 

vegetation and that any food plants provided in the urban landscape are considered 

complementary. 

It is also important to consider the safety of the cockatoos when providing food, 

particularly close to busy roads. To minimise the number of cockatoos killed or 

injured by vehicle strikes it is advisable to avoid planting food plants close to roads 

or if necessary, to select the most suitable species for the location. For example, 

cockatoos feed in the canopy of tipuana and liquid amber trees, so these species 

could be planted in closer proximity to roads in comparison to pines, Banksias or 

nut trees where cockatoos often forage on the ground below and would therefore 

be at greater risk of being struck by vehicles. Similarly, cockatoos should be 

discouraged from drinking on roads by repairing potholes or reprogramming or 

reconfiguring reticulation to ensure puddles do not form on roads. Ensuring optimal 

drainage from road surfaces into drainage areas is also important, not only in newly 

constructed roads, but also those that are later modified or repaired. In reality we 

cannot control which plants, native or exotic, cockatoos choose to feed on, roost in 

or where they drink. However, we can influence the type and number of 

opportunities that they have so that they are safer.  

Carnaby’s cockatoo is a highly adaptable species in the urban landscape. Humans 

can provide water sources they will use, create roosting habitat and plant cockatoo 

food. Development of data sets on how urban resources are exploited, located and 

their importance will allow us to direct conservation efforts more effectively. For 

Carnaby’s cockatoo there are a broader suite of opportunities to assist in its long 

term conservation than the traditional strategy of conserving as much natural 

habitat as possible. There is real potential for win-win situations such that the 

compromises that are traditionally associated with conflicts between human needs 

and those of threatened species are avoided. We must make the human altered 

landscape more resilient to ensure the needs of cockatoos can be met now and into 

the future. It is a unique scenario that a threatened species can be so readily 

observed in a capital city and that the community can be so involved in 

conservation efforts. 
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6 CHAPTER SIX: General Discussion 

 

 
Perched on the brink. Photo by C. Groom. 

 

6.1 Summary of major achievements and findings 

This study has for the first time: 

• Developed a safe and effective method for attaching satellite tracking 

devices to black cockatoos released into the wild (Chapter 2). 

• Successfully used Argos AL-1 PTT Locators to find and closely follow study 

birds fitted with tracking devices. Closely following such highly mobile 

animals fitted with Argos tracking devices on the ground has not, to our 

knowledge, previously been attempted for any species (Chapter 2). 

• Determined the fate of rehabilitated Carnaby’s cockatoos following release 

and assessed their ability to reintegrate into wild flocks (Chapter 3). 

• Shown that released rehabilitated Carnaby’s cockatoos behave similarly to 

wild birds (Chapter 3). 
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• Demonstrated considerable variation between individuals in movement 

patterns following release (Chapter 3 and 4).  

• Determined the scale of movements undertaken when foraging, and to a 

lesser extent, when exploring and migrating (Chapter 4). 

• Determined patterns of roosts use and identified important roost sites in the 

non-breeding range (Chapter 4). 

• Used field observation and faecal DNA analysis to investigate the feeding 

ecology of cockatoos in the urban landscape and determined the spatial area 

over which study birds foraged via analysis of the movement patterns of 

satellite-tracked birds (Chapter 4 and 5). 

• Identified ways in which cockatoos have adjusted to living in urban and peri-

urban environments (Chapter 5). 

 

6.2 The future conservation of Carnaby’s cockatoo 

Conservation planning for highly mobile and migratory species represents a major 

challenge as traditional conservation planning approaches are inadequate for most 

situations in which a species moves from place to place (Runge et al. 2014). The 

future conservation Carnaby’s cockatoo will require a better understanding of their 

spatial ecology and connectivity of areas of use across their distribution. 

Understanding the connectivity of areas will help target conservation actions to 

those places that are most limiting or threatening to the species future survival as 

these will dictate the overall status of the species (Runge et al. 2014). This study 

has established methods useful for studying spatial ecology of the species and 

focussed on their use of the Swan coastal plain during the non-breeding season. 

Future studies may apply the same methods to other parts of their range or their 

seasonal use of areas.  

The results of this study can potentially fundamentally change views on how to 

conserve Carnaby’s cockatoo in the urban and peri-urban landscape. To date, 

research and conservation efforts in the non-breeding range have largely focussed 

on retention, protection or enhancement of remnant native vegetation (Johnston 

2013; Valentine et al. 2014) and assessing the importance of the Gnangara pine 

plantation (Valentine and Stock 2008; Finn et al. 2009; Stock et al. 2013). Efforts 

have also been made to identify night roost sites and to estimate the size of the 

population via an annual census conducted largely by community members 

(Burnham et al. 2010; Kabat et al. 2012a, 2012b, 2013; Finn et al. 2014). 
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Together, these efforts have led to the northern Swan coastal plain being 

recognised as an important bird area for Carnaby’s cockatoo as it supports 4600-

15000 birds in the non-breeding season plus a small number of breeding birds 

(Dutson et al. 2009). This is the largest aggregation of non-breeding Carnaby’s 

cockatoos in southwest Australia (Department of Environment and Conservation 

2012) and represents between one quarter and one third of the estimated entire 

population. This aggregation of cockatoos is, at least in part, supported by planted 

vegetation within the urban and peri-urban landscape. However, little recognition 

has been given to the use of this landscape by the cockatoos and the importance of 

food provided by urban gardens, public open spaces, peri-urban properties and nut 

orchards. This study has shown that the cockatoos have behaviourally adapted to 

urban living by relying heavily on street trees and established gardens for food, by 

utilising non-native trees for night roosting and using artificial water sources such 

as bird baths and ornamental lakes for drinking. Most study birds moved no further 

than 50km from where they were released for the entire time they were monitored, 

indicating that the urban and peri-urban landscape was providing the resources 

required during the non-breeding season. 

The projected growth of the human population to be accommodated in the greater 

Perth region (Chapter 5) means that the coming years will be critical for shaping 

the urban landscape and it’s utility for people and biodiversity (Weller 2009). A 

strategic assessment underway for the Perth and Peel regions aims to identify a) 

areas to be protected from development, b) areas where sustainable development 

may occur, and c) the type of development that will be allowed and any conditions 

under which such development may proceed (Government of Western Australia 

2012). The recommendations arising from this assessment have the potential to 

impact the future persistence of Carnaby’s cockatoo in the urban and peri-urban 

areas of Perth. 

Without doubt the urban landscape of Perth will need to accommodate vastly more 

people in coming decades. Weller (2009) explores various scenarios of how more 

people may be accommodated. Essentially, growth of the human population can be 

accommodated by either continued urban sprawl through clearing of additional 

areas of the cockatoos natural feeding habitat (Banksia woodland) (green field 

development), or it may involve infill and various methods of increasing density in 

existing urban areas. Sushinsky et al. (2013) studied the dilemma of whether 

compact or sprawling urban growth patterns were better for the environment by 

modelling bird distributions under different scenarios. The modelling suggested that 

compact development which included large interstitial green spaces (recreation 
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areas, parkland etc) and little or no space for private gardens was better than the 

sprawling alternative. For Carnaby’s cockatoos this would mean a greater reliance 

on food plants being planted in public open spaces and the loss of many current 

food trees such as pecan, macadamia and liquid amber in home gardens.  The large 

blocks in older suburbs with mature trees that the cockatoos currently visit (e.g. 

Mount Lawley, Bayswater) are attractive to subdivide. At present infill is 

concurrently occurring without increasing green spaces (Brunner and Cozens 2013), 

as well as continued green field developments and so the future cumulative impact 

on Carnaby’s cockatoo is likely to continue the decline of the urban cockatoo 

population (Finn et al. 2014). 

By developing a better understanding of the requirements of Carnaby’s cockatoo in 

urban environments we can utilise a broader suite of conservation strategies to 

complement traditional methods. In the context of future development, reserving 

areas of native vegetation is becoming increasingly difficult with the value of land 

increasing and the pressure to provide housing and infrastructure for the growing 

population. Whilst reserving native vegetation is important to continue to strive for 

from the perspective of conserving biodiversity and ecosystem functioning, at least 

for Carnaby’s cockatoo, alternative strategies may be incorporated into developed 

areas to complement the conservation of native vegetation. Alternative strategies 

may be attractive to developers, land planners and landscapers if they are 

compatible with community needs and economic imperatives. However, it should be 

emphasized that they should not replace the requirement to conserve native 

vegetation. 

There are numerous studies that have linked the presence of trees in a suburb to 

high socio-economic status, mental health benefits, higher property values and 

reduced home cooling costs (Fuller et al. 2007; Moore 2009; Kendal et al. 2012; 

Brown et al. 2013). Therefore, the trees needed to support cockatoos could have a 

variety of economic and social benefits which provide incentive to increase the tree 

cover of Perth suburbs (Table 6.1). Pandit et al. (2013) found that based on 23 

suburbs of Perth, the presence of a broad-leaved street tree increased the median 

property price by $16 889 AUS (in 2006). However, there is currently little 

awareness of the benefits of preserving trees and establishing urban vegetation, 

and only limited capacity to regulate the protection of vegetation on private 

properties (Brunner and Cozens 2013). 
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Table 6.1: Economic, social and environmental value and benefits of trees in the urban 

environment (adapted from Brunner and Cozens, 2013). 

Economic Values Social Values Environmental Values 
Carbon sequestering History Ecological 
Street tree value Aesthetics Energy savings 
Electricity saving Social CO2 uptake 
Carbon emissions saved Psychological Cooling 
Water saving from electricity 
generation 

Character Shade 

Prolonged life of bitumen 
paths 

City functioning  

 

A number of initiatives are currently being undertaken to assess and improve tree 

cover in urban areas in Australia. The 202020 vision aims to achieve 20% more 

urban green space by 2020 (http://202020vision.com.au/). Similarly, a report from 

the Department of Planning in Western Australia, assessed tree canopy cover in the 

Perth and Peel regions (http://www.planning.wa.gov.au/publications/7216.asp) and 

identified areas with poor tree cover that could be targeted for improvement. These 

programs are not aimed at conserving threatened species or even conserving 

biodiversity but, if planned appropriately, they may well contribute to conserving 

Carnaby’s cockatoo in the urban and peri-urban landscape. 

As a group, parrots appear to have had the most positive response to urbanization 

(Major and Parsons 2010) because of the plasticity of their behaviour and ability to 

adjust to using novel food sources and landscapes (Salinas-Melgoza et al. 2013). 

An ability to incorporate non-native species into their diet and preferentially select 

heavily altered environments is a characteristic of invasive species such as ring-

necked parakeets (Psittacula krameri) (Strubbe and Mattysen 2010). Non-native 

and cultivated plant species have also been found to dominate the diet of other 

parrot species including Scarlet Macaws (Ara macao) (76% of diet) (Matuzak et al. 

2008). Carnaby’s cockatoo has not only behaviourally adapted to feeding on new 

food resources (this study; Perry 1948; Mawson 2001), it also utilises planted trees 

for roosting and drinks from artificial water sources (Groom et al. 2014 – Chapter 

5).  
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What would an urban landscape suited to the needs of both 

Carnaby’s cockatoos and its human residents look like? 

Suburbs would be planted with cockatoo-friendly food plants, making 

suburbs greener and leafier. The reduced speed limits in suburban areas 

would be safer for the community and cockatoos. Recreation areas such as 

the edges of sporting ovals would be planted with trees given space and 

time to grow large enough to provide shade and roosting habitat (Figure 

6.1). Ornamental lakes in public open spaces would have sloping banks to 

provide the cockatoos safe access to water (Figure 6.2). Potholes in roads 

would be repaired promptly to ensure cockatoos do not drink in dangerous 

locations, and similarly, lawn sprinklers would be programmed to be efficient 

and water-wise such that they do not spray onto roads to form puddles.  The 

local community would be educated about the importance of biodiversity and 

would be proud to support the conservation of a threatened species (Figure 

Figure 6.3 and 6.4). 

  

 

Figure 6.1: Ballajura Oval is a night roost that is regularly used by over 200 Carnaby’s 

cockatoos. The exotic smooth-barked Eucalypts planted in clumps surrounding the oval provide 

shade and wind protection. 
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Figure 6.2: The Central Lakes parkland area at Ballajura provides a lake with sloping banks 

where cockatoos drink before roosting nearby. 

 

 

Figure 6.3: Interpretation signs beside 

parking ticket machines at Hollywood 

Hospital, educating visitors about 

Carnaby’s cockatoos that use the trees 

in the area for roosting at night. 

 
139 

 



 

 

Figure 6.4: The road verges in this Shenton Park street have been landscaped by residents 

keen to help Carnaby’s cockatoo. The verge provides food, water and perching opportunities for 

cockatoos arriving and departing a nearby night roost. 

 

Even if such an urban landscape as that described above could be achieved, the 

question remains whether or not the urban and peri-urban landscape will help 

conserve the species in this part of its range, given the amount and rate of habitat 

loss. Moreover, behavioural adaptation to and possible reliance on such altered 

landscapes could be an ecological trap (sensu Battin 2004). Attractive aspects of 

the urban landscape to the cockatoos (and other species capable of adjusting) 

include a diversity of foods, readily available water and suitable roosting sites 

(Major and Parsons 2010). The danger of the urban landscape is apparent from the 

numbers of cockatoos being taken into care each year after collisions with vehicles 

in urban areas (Le Souef 2012; Groom et al. 2014 – Chapter 5). We also have no 

knowledge of the impact of exotic foods on their daily nutritional requirements and 

the birds’ ability to reach breeding condition to successfully raise young. This has 

also been identified as a knowledge gap for glossy black-cockatoos (C. lathami) 

(Chapman 2007). From the limited food species tested, exotic foods tended to be 

higher in energy, fat, protein and nitrogen relative to native foods (Stock et al. 

2013). Carnaby’s cockatoos fly in family groups, usually pairs or triplets consisting 
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of a pair and their offspring, and counts of the proportions of pairs and triplets 

arriving at roosts in urban areas has not differed across years (2010 to 2013) 

indicating breeding is successful (Finn et al. 2014). However, the latest trend 

analysis based on numbers of Carnaby’s cockatoo using roosts, and the occupancy 

of monitored roosts, in the greater Perth region indicates a rapid decline of 15% per 

year (Finn et al. 2014). If cockatoos are preferentially selecting habitat that will 

ultimately lead to their demise, this poses a dilemma for directing future 

conservation efforts. 

The ability of Carnaby’s cockatoo to use human modified landscapes, whether or 

not it is ultimately good for population viability, means that current conservation 

strategies that place a high priority on conserving native vegetation in conservation 

reserves should be reassessed in the context of considering additional alternative 

strategies. Like the glossy black cockatoo (C. lathami), high value urban foraging 

habitat for Carnaby’s cockatoo lies outside the protective boundaries of 

conservation reserves, and so off-reserve conservation strategies are important for 

protecting the species (Robinson and Paull 2009). Conservation efforts may be 

more successful if they also include actions to make human-modified landscapes 

more cockatoo-friendly. Planting preferences of residents and other land managers 

determines the vegetation of cities and consequently the fauna species that inhabit 

them (Williams et al. 2006). By making small changes wherever possible 

throughout the urban landscape the city can better accommodate the needs of the 

cockatoos. It is a unique situation that land managers at all spatial scales can 

enhance the conservation of such a high-profile endangered species in a capital 

city. 

Dunn et al. (2006) explore “The Pigeon Paradox” that effectively describes, in the 

context of an increasingly urbanised world, the dependence of broader conservation 

action on people’s direct experience with urban ecosystems and species, including 

non-natives such as feral pigeons (Columba livia). Citizens of Perth are fortunate to 

be able to have positive interaction experiences with a threatened species in an 

urban landscape, yet not all experiences of cockatoos are considered positive due 

to their often noisy, messy and destructive feeding habits. Despite this, they are 

easily identifiable and well known to residents, and so are useful for raising 

awareness. With appropriate forethought, planning, and persistent improvement in 

habitat quality, Carnaby’s cockatoo can be given the best opportunity to be 

retained as part of urban biodiversity. This provides scope for improving peoples’ 

attitudes towards conservation, which, in turn, will benefit this species in the rest of 

its distribution, and potentially other species as well.  
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6.3 Recommendations 

The following are key recommendations based on the findings of this research: 

• Continue rehabilitation of injured black cockatoos and release of suitable 

candidates. 

• Promote community involvement in providing more food plants, water 

sources and roosting habitat for cockatoos in urban and peri-urban areas. 

• Provide protection and plan for the future retention of roost sites identified 

in this study, focussing on key roosts sites such as Bentley. 

• Provide targeted advice to urban planners, developers and landscapers on 

how to make cockatoo friendlier landscapes. This could involve preparing a 

guidance document similar to Gunnell et al. (2012) who compiled 

‘Landscape and urban design for bats and biodiversity’.  

• The strategic assessment currently being conducted for the Perth and Peel 

regions needs to consider the use of the urban landscape by Carnaby’s 

cockatoos in addition to remnant vegetation and pine plantations.  

• Update the EPBC Act referral guidelines (see Department of Sustainability, 

Environment, Water, Population and Communities 2012) with new 

knowledge of distances travelled whilst foraging and foraging habitat 

preferences (e.g. urban landscape with suitable feed trees such as 

macadamia, liquid amber and tipuana). 

 

6.4 Limitations and future research 

This study was restricted by the battery life and accuracy of the tracking devices, 

and the time available to complete the study. The battery life limited the monitoring 

period for each study bird and did not enable breeding of rehabilitated birds to be 

confirmed. The accuracy of the tracking devices limited the ability to undertake a 

desktop analysis to assess habitat preferences, however, this was partly overcome 

through field observations during flock follows. With additional time the 

interpretation of the movements of study birds would have been assisted by 

assessment of the availability of resources to compare to their actual use of those 

resources. The study aims were adjusted to suit the limitations of the study and 

useful advances in knowledge of the species have been achieved. The following 
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points describe areas of future research that can now be explored by expanding on 

information gathered during this study. 

6.4.1 Increase knowledge of species ecology 
• Use the foraging areas around key roosts sites identified during this study to 

examine resource availability and use by Carnaby’s cockatoo, and relate this 

to roost counts throughout the year. This knowledge can be used to better 

understand the temporal use of roosts by cockatoos. 

• Evaluate where satellite-tracked study birds did and did not spend time and 

relate this to physical characteristics of those areas such as percent tree 

cover, distance to known roosts and resource availability. This will help 

understand the movements of Carnaby’s cockatoo over the non-breeding 

season.  

• Use the methods and tracking devices applied in this study to monitor 

migration and connections between breeding areas to non-breeding areas to 

enable both to be managed together to conserve the species. 

6.4.2 Roost research 
• Investigate the importance of the Bentley roost and model/predict the 

impact of the senescence of the pines and redevelopment plans for the area. 

Determine what is needed to retain the roost into the future. 

• Characterise good roosting sites and determine how existing roost sites can 

be enhanced or new roosts created.  

6.4.3 Improve monitoring 
• Explore the relationship between roost size (area of roost and number of 

roosting birds), foraging areas and food resources throughout seasonal 

cycles. 

• Refine DNA analysis of scats as a tool for investigating the feeding ecology 

of the species. Experiment with different numbers of pooled scats to obtain 

the most comprehensive assessment of the food resources used by a 

foraging flock or roosting aggregation. 

• Improve accuracy of the Great Cocky Count by incorporating as many roosts 

as logistically possible into the annual census, prioritising those used most 

often by multiple study birds. Explore the ability to improve accuracy of 

population trend detection by analysing trends in summed counts for roosts 

that satellite-tracked study birds used interchangeably for periods of time 
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(i.e. transitory foraging ranges). For each transitory foraging range it may 

be possible to estimate the percentage of birds that were missed for 

censuses where not all roosts could be counted and thereby improve error 

estimation associated with census data. 

6.4.4 Urban ecology 
• Explore the relationship of cockatoos with the urban landscape and the issue 

of whether or not it is acting as an ecological trap (e.g. nutritional analysis 

of native versus non-native diet) or helping to conserve the species (e.g. use 

of food resources that have been planted compared to those in remnant 

native vegetation). This will help decide where and how to encourage, or 

discourage, the cockatoos in the landscape. This knowledge can also be 

applied to other species within the urban landscape for both conservation 

purposes and the management of pest species such as rainbow lorikeets 

(Trichoglossus haematodus) and little corella (Cacatua sanguinea). 

 

6.5 Conclusions 

The future of Carnaby’s cockatoo in the urban landscape is not secure, and depends 

on adjusting and expanding plantings in gardens and public open spaces, protecting 

and establishing roost sites and providing water sources where cockatoos can drink 

safely. The community will be an integral part of the future conservation of this 

species in the urban and peri-urban landscape. Many small changes can have a 

large impact on making the urban landscape more compatible with cockatoo needs, 

and many of those changes will also benefits human residents via enhancing their 

quality of life and property values.  

Carnaby’s cockatoo can remain part of the fauna of the Perth area and continue to 

entertain its residents. If suitable compromises can be made then its presence will 

continue to raise awareness of the importance of biodiversity conservation and 

taking care of the environment, which has the potential to have far reaching and 

long-term benefits. 
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7 APPENDIX I: Profiles of Study Birds 

 

For each satellite-tracked study bird the following profiles contain: 

Map of movements based of location fixes from Argos tracking devices 

Photograph of individual 

Summary profile information 
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Sex: F 

Age: Juvenile  

Leg band: 320 01 015 

Microchip: 06F02ED6 

Origin: Mundaring 17/7/2011 

Reason for admission: Keel 

fracture 

Released: Perry Lakes 18/5/2012 

Days in rehabilitation: 327 

Monitoring period: 18/5/2012 to 

24/12/2012 (220 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Mature 

Leg band: 320 01 019 

Microchip: 06F273D8 

Origin: Byford 28/9/2009 

Reason for admission: Wing 

fracture 

Released: Perry Lakes 18/5/2012 

Days in rehabilitation: 963 

Monitoring period: 18/05/2012 

to 4/11/2012 (170 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: 4+ 

Leg band: 320 01 138 

Microchip: 0639B44C 

Origin: Bentley 8/5/2012 

Reason for admission: Hind limb 

paralysis 

Released: Collier Park 5/6/2013 

Days in rehabilitation: 423  

Monitoring period: 5/6/2013 to 

13/08/2013 (67 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Mature 

Leg band: 320 01 017 

Microchip:  06F28B76 

Origin: Mundaring 12/7/2011 

Reason for admission: Poor 

condition 

Released: Perry Lakes 18/5/2012 

Days in rehabilitation: 311 

Monitoring period: 18/05/2012 

to 27/5/2012 (9 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F 

Age: Unknown 

Leg band: 320 01 144 

Microchip: 06E3AAEB 

Origin: Canning Mills 21/1/2013 

Reason for admission: Wing 

fracture 

Released: Collier Park 5/6/2013 

Days in rehabilitation: 139 

Monitoring period: 5/6/2013 to 

22/7/2013 (47 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Mature 

Leg band: 320 01 016 

Microchip: 06B3C534 

Origin: Armadale 4/3/2011 

Reason for admission: Wing 

injury 

Released: Perry Lakes 18/5/2012 

Days in rehabilitation: 445  

Monitoring period: 18/5/2012 to 

10/9/2012 (115 days) 

Fate at end of monitoring 

period: Alive but later found 

injured (suspected collision with 

vehicle) and died in care. 
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Sex: F  

Age: Unknown 

Leg band: 320 01 020 

Microchip: 06F28934 

Origin: Mundaring 17/7/2011 

Reason for admission: Wing 

injury 

Released: Perry Lakes 18/5/2012 

Days in rehabilitation: 307  

Monitoring period:18/5/2012 to 

20/9/2012 (125 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Juvenile 

Leg band: 320 01 018 

Microchip: 06F0128B 

Origin: Bickley 21/1/2010 

Reason for admission: Wing 

injury 

Released: Perry Lakes 18/5/2012 

Days in rehabilitation: 848  

Monitoring period: 18/5/2012 to 

25/10/2012 (160 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Unknown 

Leg band: 320 01 141 

Microchip: 0725BCFC 

Origin: Leederville 3/8/2012 

Reason for admission: Poor 

condition 

Released: Collier Park 24/5/2013 

Days in rehabilitation: 264  

Monitoring period: 24/5/2013 to 

11/7/2013 (78 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Mature 

Leg band: 320 01 142 

Microchip: 07259564 

Origin: Bullsbrook 20/9/2012 

Reason for admission: Poor 

condition 

Released: Collier Park 24/5/2013 

Days in rehabilitation: 217  

Monitoring period: 24/5/2013 to 

25/8/2013 (122 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Unknown 

Leg band: 320 01 147 

Microchip: 06E6AEB1 

Origin: Koondoola 19/10/2012 

Reason for admission: Poor 

condition 

Released: Collier Park 24/05/2013 

Days in rehabilitation: 188  

Monitoring period: 24/5/2013 to 

23/8/2013 (121 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Juvenile 

Leg band: 320 01 139 

Microchip: 06E6A583 

Origin: Applecross 2/6/2012 

Reason for admission: Keel 

fracture 

Released: Collier Park 5/4/2013 

Days in rehabilitation: 314  

Monitoring period: 5/4/2013 to 

1/7/2013 (87 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Juvenile 

Leg band: 210 00 409 

Microchip: 06F002F5 

Origin: Clarkson 30/8/2011 

Reason for admission: Not flying 

Released: Yanchep 24/5/2012 

Days in rehabilitation: 269  

Monitoring period: 24/5/2012 

to9/11/2012 (169 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: Mature 

Leg band: 320 01 023 

Microchip: 06F0FF87 

Origin: Hill River 30/10/2011 

Reason for admission: Bruising 

to right side 

Released: Yanchep 24/5/2012 

Days in rehabilitation: 209  

Monitoring period: 24/5/2012 to 

9/3/2013 (289 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Juvenile 

Leg band: 210 01 408  

Microchip: 06F281D4 

Origin: Midland 5/9/2011 

Reason for admission: Leg 

fracture 

Released: Perry Lakes 25/2/2013 

Days in rehabilitation: 539  

Monitoring period: 25/2/2013 to 

25/2/2013 (50 days) 

Fate at end of monitoring 

period: Dead (illegally shot) 
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Sex: F  

Age: Unknown 

Leg band: 320 01 133 

Microchip: 725E18A 

Origin: Belhus 1/9/2012 

Reason for admission: Not flying 

Released: Perry Lakes 25/2/2013 

Days in rehabilitation: 177  

Monitoring period: 25/2/2012 to 

26/2/2013 (1 day) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Juvenile 

Leg band: 320 01 134 

Microchip: 06E6D58D 

Origin: Piara Waters 30/5/2012 

Reason for admission: Hit by car 

Released: Perry Lakes 25/2/2013 

Days in rehabilitation: 271  

Monitoring period: 25/2/2013 to 

5/5/2013 (69 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Juvenile 

Leg band: 210 00 403 

Microchip: 06F02223 

Origin: Coodanup 30/10/2011 

Reason for admission: Poor 

condition 

Released: Yanchep 24/5/2012 

Days in rehabilitation: 207  

Monitoring period: 24/5/2012 to 

25/6/2012 (32 days) 

Fate at end of monitoring 

period: Dead (unknown cause) 
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Sex: M  

Age: 4th year 

Leg band: 210 00 407 

Microchip: 06F2672C 

Origin: Gillingara 28/9/2011 

Reason for admission: Wound on 

right wing 

Released: Yanchep 24/5/2012 

Days in rehabilitation: 239  

Monitoring period: 24/5/2012 to 

9/12/2012 (199 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: 2-3 years (Juvenile) 

Leg band: 320 01 132 

Microchip: 06E6AC4D 

Origin: Menora 20/8/2012 

Reason for admission: Being 

attacked by ravens 

Released: Perry Lakes 25/2/2013 

Days in rehabilitation: 189  

Monitoring period: 25/2/2013 to 

26/4/2013 (60 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Juvenile 

Leg band: 320 01 025 

Microchip: 06F27C30 

Origin: Yanchep 8/11/2011 

Reason for admission: Leg 

fracture 

Released: Yanchep 24/5/2012 

Days in rehabilitation: 198  

Monitoring period: 24/5/2012 to 

7/2/2013 (259 days) 

Fate at end of monitoring 

period: Alive 
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Sex: M  

Age: 2-3 years (Juvenile) 

Leg band: 320 01 135 

Microchip: 06E6D4A7 

Origin: Middle Swan 13/9/2012 

Reason for admission: Being 

attacked by ravens 

Released: Perry Lakes 25/2/2013 

Days in rehabilitation: 165  

Monitoring period: 25/2/2013 to 

26/4/2013 (60 days) 

Fate at end of monitoring 

period: Alive 
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Sex: F  

Age: Unknown 

Leg band: 320 01 140 

Microchip: 06E6B5D1 

Origin: Banjup 2/5/2012 

Reason for admission: Hind limb 

paralysis 

Released: Collier Park 5/6/2013 

Days in rehabilitation: 413  

Monitoring period: 5/6/2013 to 

10/9/2013 (97 days) 

Fate at end of monitoring 

period: Alive 
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