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ABSTRACT
The conversion of natural environments into land useful for human habitation has many
effects on biodiversity and can alter the way terrestrial and aquatic ecosystems function.
Urbanisation is particularly potent in coastal areas, where birds of prey have often been
recognised as indicators of environmental health. In Australia, four coastal raptor
species are present: White-bellied Sea-Eagle (Haliaeetus leucogaster), Eastern Osprey
(Pandion haliaetus cristatus), Brahminy Kite (Haliastur indus) and Whistling Kite
(Haliastur sphenurus). Coastal raptors are important vectors of nutrient transport
between marine and terrestrial systems and are key players in structuring biological
communities. Most coastal raptor research has been in southern Australia where
populations are in decline. However, little has been conducted in the urbanising region
of South-East Queensland (SEQ). This thesis addressed urbanisation impacts on
Australia’s coastal raptors in SEQ including breeding habits, physical impacts,
rehabilitation outcomes and the importance of protected areas.
Chapter 2 discussed Eastern Ospreys and their ability to adapt to urban areas and nest
on artificial structures. This behaviour was investigated in two regions of SEQ:
urbanised Moreton Bay Marine Park (MBMP) and rural Great Sandy Marine Park
(GSMP). Most nests in MBMP were on artificial structures, while in GSMP most were
on natural structures. This chapter showed that Eastern Ospreys have a high propensity
for nesting on artificial structures when close to urban environments and that additional
nesting platforms should be erected to avoid the risks associated with nesting on unsafe
structures.
Physical threats in urban landscapes are many and varied for Australia’s coastal raptors.
These threats were investigated in Chapter 3, where admissions to Currumbin Wildlife
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Hospital Foundation (CWH) were analysed. Most birds were admitted from
anthropogenic causes, most significantly from fishing equipment entanglement. Bird
attack and vehicle strike were also significant. This is the first time fishing equipment
entanglement has been quantified as a significant cause of injury to coastal raptors. This
chapter highlights the importance of public education on the threats fishing equipment
can cause to local wildlife.
Although the majority of coastal raptors admitted to CWH were released, assessing
rehabilitation success of raptors has been rarely attempted. Rehabilitation is intensive,
expensive and the success rates post-release are rarely investigated. In Chapter 4, 28
banded coastal raptors and 2 White-bellied Sea-Eagles, fitted with GPS tracking
devices, were monitored post-release. Band return was low but both tagged Whitebellied Sea-Eagles survived beyond the crucial six week period, suggesting successful
rehabilitation. Home ranges were much larger than previously reported for this species
and illustrates how GPS tracking can enhance our knowledge of the ecology of these
raptors.
Chapter 5 explored trends in the presence of these species in SEQ using three datasets.
Long-term data from Queensland Wader Study Group, habitat loss data from Global
Forest Watch and nest location data were used to explore temporal trends in species
sightings and cumulative habitat loss in Moreton Bay. White-bellied Sea-Eagle and
Whistling Kite sightings decreased with increased cumulative tree cover loss while nest
location data showed that coastal raptors were nesting in protected areas. These findings
suggests that these areas are critical for their persistence in the region.
This thesis showed that while many processes threaten the coastal raptors of SEQ,
management is possible with education and innovative measures. Watercourses and
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protected areas were critically important for coastal raptors in urban areas, where
fishing equipment entanglement is a key threat. Rehabilitation of coastal raptors by
CWH is often successful and could be critical for the management of species
populations and mitigation of threats. Furthermore, the benefits of GPS tracking in
increasing our knowledge of the ecology of coastal raptors was clearly demonstrated.
Although susceptible to many threats, the coastal raptors of SEQ showed resilience and
adaptability, finding opportunities to breed in the protected areas of Moreton Bay.
Eastern Ospreys have the ability to nest on various structures within the urban landscape
and although risky, this behaviour shows that breeding platforms could be erected in
urban areas to encourage ospreys to avoid dangerous nest sites and reduce competitive
pressures for nesting space with the other species. The information presented in this
thesis will contribute significantly to our knowledge on Eastern Ospreys, White-bellied
Sea-Eagles, Whistling Kites and Brahminy Kites in coastal South-East Queensland.
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CHAPTER 1 – INTRODUCTION
AN OVERVIEW OF THE IMPACTS OF URBANISATION ON COASTAL BIRDS OF PREY
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URBANISATION AND COASTAL DEVELOPMENT
Human land and water use has significant impacts on the structure and function of
natural ecosystems, often changing interactions between terrestrial, aquatic and
atmospheric systems (Vitousek et al. 1997). Urbanisation is classified as the
concentration of people within residential and industrial zones and the subsequent
associated effects (Chace & Walsh 2006). With constantly growing human populations,
urban centres are continuing to expand (Alig & Healy 1987, Chace & Walsh 2006),
particularly in coastal areas. Human settlement has long been concentrated around
coastal areas, with 60% of people residing within 100 km of the coast globally
(Vitousek et al. 1997) and in Australia, with 50% of people located within 7 km of the
coast (Chen & McAneney 2006). Ongoing urbanisation exposes coastal ecosystems
more than any other zone to extreme pressures (Vitousek et al. 1997, Lotze et al. 2006,
McGranahan et al. 2007, Huijbers et al. 2013, Sanger et al. 2015). These changes can
lead to major alterations to ecological function, commutity structure and biodiversity
(Hanski 2011).
Indicator or surrogate species have often been used as foci for broader approaches to the
conservation of ecosystems, including those affected by anthropogenic impacts
(Andelman & Fagan 2000). Birds are often employed as indicators of the effects of
urbanisation (Chace & Walsh 2006). One group of birds with the potential to act as
indicators in urban landscapes are raptors (birds of prey) although this extremely diverse
taxa exhibits extremes of both habituation and sensitivity to human activities (Debus
2019). Historically, the term raptor denoted only the diurnal birds of prey. However,
there is currently no agreed definition as to which species belong to this group
(McClure et al. 2019). For this thesis I take the view of McClure et al. (2019) who
conclude that any species including owls (nocturnal birds of prey) that are within the

2

orders of Accipitriformes, Cathartiformes, Falconiformes and Strigiformes should be
considered to be raptors.
URBAN RAPTORS
Raptors, being apex predators with large home ranges, have been suggested to be
suitable umbrella species (Caro et al. 2004, Debus 2019) and are widely accepted as
good indicators of environmental health. However, studies of this kind have so far been
mainly limited to northern hemisphere forest ecosystems [e.g. (Sergio et al. 2006,
Grove et al. 2009, Henny et al. 2010, Donázar et al. 2016)]. For southern hemisphere
and non-forest biomes including marine and coastal systems, this may not be the case as
these ecosystems function differently and species may have little or no migratory
movements (Cabeza et al. 2008, Kéry et al. 2008, Donázar et al. 2016, Estrada &
Rodríguez-Estrella 2016).
Raptors have not always been considered to be part of the urban fauna, with the study of
urban raptors only emerging within the past few decades (Bildstein & Therrien 2018).
Raptors that have been able to adapt well to urban environments [e.g. the Peregrine
Falcon (Falco peregrinus) (Chace & Walsh 2006, Caballero et al. 2016)], are
considered those whose resource requirements are met, are tolerant of human activity
(Chace & Walsh 2006, Mannan & Steidl 2018, Patankar et al. 2021) and are able to
cohabit with other urban raptor species (Boal 2018). Chace & Walsh (2006) state that
having a large home range may be beneficial as habitat requirements don’t necessarily
need to be met within the urban zone and that living within an urban centre may reduce
the risk of persecution. However, this may be dependent on species specific
requirements and persecution threats (Chace & Walsh 2006). Consequently, some
raptors that have large home ranges, a specialised diet, or specific habitat requirements
may be at risk in urban environments and less able to adapt (Harness 2007), particularly
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large raptors that are more likely to be negatively affected by habitat fragmentation and
loss (Chace & Walsh 2006).
COASTAL RAPTORS
Raptors that rely on fish for a large portion of their diet and require a large water source
for breeding are considered coastal raptors (Marchant & Higgins 1993, Debus 2019).
Globally, 4 genera fall into this category: Haliaeetus (sea-eagles) 8 species, Haliastur
(sea kites) 2 species, Ichthyophaga (fish-eagles) 2 species and Pandion (ospreys) 1
species with 2 sub-species (Christie & Ferguson-Lees 2010). Three of these genera are
present in Australia (excluding Ichthyophaga), represented by four species: Whitebellied Sea-Eagle (Haliaeetus leucogaster), Eastern Osprey (Pandion haliaetus
cristatus), Brahminy Kite (Haliastur indus) and Whistling Kite (Haliastur sphenurus)
(Table 1). These species co-exist in similar habitats across a large portion of the country
and avoid direct competition by having slightly different feeding methods and breeding
requirements (Clancy 2005, Thomson et al. 2016, Thomson et al. 2019).
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Table 1: Distribution and conservation status of global coastal raptor species (IUCN 2020). Species which occur in Australia are in bold.
SPECIES

COMMON NAME

DISTRIBUTIONa

STATUSb

Pandion haliaetus

Osprey

Global

LC

Haliaeetus vocifer

African Fish-Eagle

Africa

LC

Haliaeetus leucocephalus

Bald Eagle

North America

LC

Haliaeetus vociferoides

Madagascan Fish-Eagle

Madagascar

CE

Haliaeetus leucoryphus

Pallas’s Fish-Eagle

Asia; Southeast Asia

E

Haliaeetus sanfordi

Sanford’s Sea-Eagle

Papua New Guinea; Solomon Islands

V

Haliaeetus pelagicus

Steller’s Sea-Eagle

Russia; Japan; China; North Korea: South Korea

V

Haliaeetus leucogaster

White-bellied Sea-Eagle

Australia; India; Southeast Asia; Papua New Guinea

LC

Haliaeetus albicilla

White-tailed Eagle

Europe; Asia

LC

Haliastur indus

Brahminy Kite

Asia; Southeast Asia; Australia; Solomon Islands

LC

Haliastur sphenurus

Whistling Kite

Southeast Asia; Australia; Papua New Guinea

LC

Ichthyophaga ichthyaetus

Grey-headed Fish-Eagle

Asia; South-east Asia

NT

Ichthyophaga humilis

Lesser Fish-Eagle

Asia; South-east Asia

NT

a.

Distribution listed broadly by continent where species range covers multiple countries.

b.

LC (Least Concern), NT (Near Threatened), V (Vulnerable), E (Endangered), CE (Critically Endangered
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The four Australian species are not listed as globally or federally threatened (Australian
Government 2019, IUCN 2020), though population trends of White-bellied Sea-Eagle,
Whistling Kite and Brahminy Kite are all decreasing [Eastern Osprey is grouped under
Osprey (Pandion haliaetus) by the IUCN Red List of Threatened Species and is listed as
increasing (IUCN 2020)]. Each of these species have varying conservation statuses per
Australian state/territory (Figure 1), including Endangered (Government of South Australia
2018), Vulnerable (Victoria State Government 2017, Tasmanian Government 2019, New
South Wales Government 2020) and Least Concern (Queensland Government 2020,
Government of Western Australia 2020, ACT Government 2020, Northern Territory
Government of Australia 2020). They are all protected in Australia as marine species
(Australian Government 2019) and are all found in the urban coastal region of South-East
Queensland (Debus 2019).
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Figure 1: Conservation status of A: Eastern Osprey, B: White-bellied Sea-Eagle, C: Whistling
Kite and D: Brahminy Kite for each Australian state. Population trends as listed by the IUCN
Red List of Threatened Species (IUCN 2020).
COASTAL DEVELOPMENT AND COASTAL RAPTORS
Coastal zones are rich in diversity, containing both marine and terrestrial ecosystems where
these zones overlap (Boaden & Seed 1985). The transport of nutrients between these systems
is ecologically important (Wilson & Wolkovich 2011, Schlacher et al. 2013) and coastal
raptors play a large part in this process through droppings and feeding habits. Raptors are
well known for being indicators of environmental health and are key players in structuring
biological communities (Donázar et al. 2016, McClure et al. 2018). However, raptors living
in coastal zones are at risk from multiple threats.
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THREATS TO COASTAL RAPTORS
Habitat loss is listed as the biggest threat to coastal raptors globally (Harness 2007, McClure
et al. 2018) and in Australia (Debus 2019), though there are other threats associated with
living in urban areas that have not been fully quantified. Although some species appear to be
thriving in urban centres (Chace & Walsh 2006, Caballero et al. 2016), it is important to fully
understand the magnitude of these threats to appropriately manage and conserve populations.
Coastal raptors all exhibit similar lifestyles and reside in similar habitats, though the threats
that these species face have both similarities and differences based on their geographical
location. Additional significant threats are those of pollutant contamination, collision and
entanglement, persecution and habitat loss (Bildstein et al. 1998, Debus 2019).
POLLUTANT CONTAMINATION
Three main pollutants are recognised as impactful to coastal raptors. Arguably, the most
recognisable impact on breeding populations of coastal raptors at least in North America is
that of agricultural organochlorine pesticides. The marked decline of breeding Ospreys in
North America reported by Spitzer (1980) was due to eggshell thinning and reduced viability
attributed to the accumulation of the widely used insecticide, DDT. The effects of industrial
pesticides have been widely recorded as the cause of eggshell thinning and subsequent
population declines for multiple species throughout the northern hemisphere (Grove et al.
2009, Henny et al. 2010). The recognition of this impact resulted in a federal ban of the
pesticide in the USA in 1972, which was eventually followed by a substantial increase of
Osprey and Bald Eagle populations (Coon et al. 1970, Grier 1982, Watts et al. 2008,
Bierregaard et al. 2014). Additionally, coastal raptors are susceptible to the biomagnification
of pollutants found in marine environments such as methylmercury (MeHg) (Furness et al.
1986, Morel et al. 1998, Woodford et al. 1998, Jagoe et al. 2002, Grove et al. 2009, Henny et
al. 2010). Although MeHg is considered a potent neurotoxin and potentially very harmful to
8

piscivores (Grove et al. 2009), it may be less harmful to birds than other aquatic predators as
they eliminate a substantial amount through the process of feather moulting (Furness et al.
1986). Finally, coastal raptors may also be subjected to anticoagulant rodenticide toxicity
(Hughes et al. 2013, Kotthoff et al. 2019), though the magnitude of this issue within
Australia has not yet been fully identified (M. Lohr pers. comm.).
COLLISION AND ENTANGLEMENT
Collision with static structures is not uncommon for birds (Drewitt & Langston 2008) and is
quite common in Ospreys as they have a tendency to utilise artificial structures for breeding
purposes (Washburn 2014). Collisions can cause injury and death, particularly with moving
structures such as aircraft (Olexa 2004) and wind turbines (Washburn 2014). Wind turbines
are a known threat to many bird species (Drewitt & Langston 2008) and those located in
coastal areas may threaten coastal raptor species such as White-tailed Eagles in Smøla Island,
Central Norway (Dahl et al. 2012). Injuries and fatalities can also arise from entanglement
with various anthropogenic objects, either from collision (e.g. suspended wires); breeding
behaviour (e.g. entanglement from nest lining materials and nesting on artificial structures
such as power lines); and from feeding behaviour [e.g. scavenging on fishing discards and
subsequent entanglement in fishing line and hooks (Debus 2019, Thomson et al. 2020)].
DIRECT AND INDIRECT PERSECUTION
Many raptors face direct persecution, which may come in many forms. Large raptors may be
considered pests in farming areas and can become victim to shooting, trapping and poisoning
[including secondary poisoning of pest species and ingestion of lead pellets (Coon et al.
1970, Bildstein et al. 1998, Debus 2019)], which can result in the death of drastic numbers of
birds (BirdLife Australia Raptor Group 2020). Additionally, raptors are subject to the illegal
wildlife trade. This trade typically stems from the hunting sport of falconry (Wyatt 2011),
though many are now kept as pets. The trade and keeping of raptors is common in Indonesia
9

where wild poaching is a major threat to native raptor populations (Paridi & Noske 2017),
despite their protection status under the Convention on International Trade in Endangered
Species of Wild Flora and Fauna (CITES) (Shepherd 2006). The illegal trade of raptors can
have detrimental effects on populations, particularly threatened endemic species as poached
chicks and eggs are kept absent from natural breeding populations (Wyatt 2011, Paridi &
Noske 2017).
HABITAT DESTRUCTION AND URBANISATION
Though the threats mentioned above are varied and have been responsible for vast declines in
species numbers, the most important threat to coastal raptors identified is habitat loss
(Bildstein et al. 1998, Debus 2019). Continuous human population increase and urbanisation
is a major problem facing coastal raptors and is particularly prevalent for those species living
in Southeast Asia such as Brahminy Kite, Osprey, White-bellied Sea-Eagle, Grey-headed
Fish-Eagle and Lesser Fish-Eagle (Thiollay & Rahman 2002). Those reliant on aquatic areas,
particularly mangrove forests and estuaries for breeding (Indrayanto et al. 2011,
Khaleghizadeh & Anuar 2014) are under threat from ongoing and ever-increasing
deforestation, degradation, overfishing, uncontrolled pesticide use and heavy human
disturbance (Thiollay & Rahman 2002). However, Ospreys are regarded as being more
adaptable to the presence of humans than other species (Bierregaard et al. 2014, Washburn
2014). In various regions of the US, 85% of Osprey nests are atop artificial structures both
intentionally provided (artificial nest platforms) and opportunistically (e.g. power poles and
navigation beacons) (Washburn 2014). The number of Ospreys nesting on artificial structures
appears to be related to the extent of human development near water bodies (Henny et al.
2010, Thomson et al. 2019). Conversely, many other species are highly sensitive to human
presence, with urbanisation having other effects besides that of lost habitat from land clearing
for development. Birds may have a failed nesting season from disturbance from human
10

activity (Stokes 1996, Dennis et al. 2011, Debus et al. 2014, Debus 2019), including
disturbance from well-meaning researchers [e.g. Corbett & Hertog (2011)].
REHABILITATION
Raptors that have been impacted by urbanisation have been successfully rehabilitated and
released through various wildlife hospitals and rehabilitation centres, though this requires
specialist training and facilities (Redig et al. 2007, Thomson et al. 2020). These centres
provide a valuable opportunity for investigating urban impacts (Pyke & Szabo 2017,
Thomson et al. 2020). Numerous studies have been undertaken in the northern hemisphere,
although so far little has been done in Australia (Thomson et al. 2020). Rehabilitation of
injured birds of prey often takes months and can cost thousands of dollars with the process
often requiring flight reconditioning, dehumanisation, surgeries and radio imaging (Thomson
et al. 2020, M. Pyne pers. comm., P. McDonald pers. comm.). Despite the intense effort of
time and money required to rehabilitate a raptor, there is presently little known about whether
or not this process is successful (Tribe & Orr 2019). The current consensus is that if a raptor
survives release and is confirmed as independently hunting beyond 6 weeks, it can be
considered a success (Martell et al. 1991, Leighton et al. 2008). Only a few studies have been
able to track rehabilitated raptors beyond this critical time, so far consisting of northern
hemisphere studies (e.g. (Martell et al. 1991, Leighton et al. 2008, Griffiths et al. 2010,
Abaño et al. 2015), or unpublished data in Australia (V. Thomson unpublished data, P.
McDonald pers. comm.).
Australia’s four coastal raptor species face a combination of threats. Despite these species
being charismatic and familiar, they remain relatively understudied (Debus 2019). Not
surprisingly, the composition of bird communities in South-East Queensland reflects the
changes noted elsewhere in Australia, showing a high abundance of opportunistic native
nectivarous species such as the Noisy Miner Manorina melanocephala and lorikeets
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Trichoglossus sp., various avian omnivores [especially corvids Corvus sp. and magpies and
butcherbirds Cracticus sp. (Sewell & Catterall 1998)], as well as introduced species such as
the Common Myna Acridotheres tristis and various columbids (Woodall 2006).
AIMS
With ever increasing urbanisation and the knowledge that habitat destruction is the leading
cause of continued coastal raptor population declines (Debus 2019, T. Dennis pers. comm.), it
is important to not only understand the nature of anthropogenic impacts on these birds, but
also basic information on species breeding, behaviour and movements. South-East
Queensland is the fastest growing region in the country (Dedekorkut-Howes et al. 2016).
With approximately 3 million residents (Australian Bureau of Statistics 2019) and numbers
continuing to rise each year, this area has experienced considerable habitat loss and
degradation (Douglas et al. 2003, Morelli & Gasparon 2014). The region of Moreton Bay and
surrounds is largely under protection as Marine National Park, which includes 3 major sand
islands: South Stradbroke Island (Currigee), North Stradbroke Island (Minjerribah) and
Moreton Island (Mulgumpin) and an array of coastal estuaries and mangrove islands (DES
2020). Coastal raptors have received surprisingly little research attention in Australia and
what has been done mainly seems to be focussed on those areas where species are threatened
with extinction. Still, little is known about the movements or breeding behaviour of all four
species, particularly in South-East Queensland, the most rapidly urbanising region in the
country (Dedekorkut-Howes et al. 2016). There is likewise very little information on physical
threats or of the outcome of rehabilitated coastal raptors once released back to the wild.
Understanding why coastal raptors appear to have stable numbers in the country’s most
rapidly growing region and gaining knowledge on the biggest urban threats in this area, could
be vital to species management and conservation. Similarly, being able to quantify physical
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threats and rehabilitation success will also benefit coastal raptors not only in South-East
Queensland, but those in parts of the country that are facing local extinction.
THESIS OVERVIEW AND STRUCTURE
The thesis will be composed of four main chapters designed to address each of the project
aims, to present and discuss as much knowledge on the impacts of urbanisation to Australia’s
coastal raptors as possible. Specifically, the aims of this thesis were to:


Gain knowledge on urban and non-urban coastal raptor behaviour, to determine
breeding behaviour adaptations of coastal raptors and compare urban and rural
breeding areas in South-East Queensland (Chapter 2);



Understand the negative implications of adapting to an urban environment by
determining the biggest physical threats to coastal raptors in South-East
Queensland and what drives these threats (Chapter 3);



Determine the success of rehabilitation of coastal raptors in South-East
Queensland and the ways to best manage the physical impacts to coastal raptors in
the region (Chapter 4);



Gain insights into long-term species observations and uncover the importance of
habitat within protected areas for coastal raptors in South-East Queensland
(Chapter 5).
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ASSESSING REHABILITATION OUTCOMES AND MOVEMENTS OF AUSTRALIAN COASTAL
RAPTORS BY LEG BANDING AND GPS TRACKING

Victoria K. Thomson1 and Darryl Jones
School of Environment and Science and Centre for Planetary Health & Food Futures,
Griffith University, Nathan, QLD, Australia
Richard Seaton
Australian Wildlife Conservancy, Brisbane, QLD, Australia
Michael Pyne
Currumbin Wildlife Hospital Foundation, Millers Drive, Currumbin QLD, Australia
ABSTRACT
Urban raptors are exposed to risks from multiple threats and those in the densely populated
coastal areas of Australia are particularly vulnerable. Rehabilitation of injured raptors occurs
at specialist centres all over the world. Treatment may take months, with significant time and
funding invested in returning birds to a condition suitable to release back into the wild. Yet,
following treatment and rehabilitation, these centres are typically unable to monitor the
activities of birds post-release, nor assess the outcome of their efforts. Australia’s four coastal
raptors (White-bellied Sea-Eagle Haliaeetus leucogaster, Eastern Osprey Pandion haliaetus
cristatus, Brahminy Kite Haliastur indus and Whistling Kite Haliastur sphenurus) are
commonly admitted to wildlife hospitals around the urban fringe of Australia. We studied
birds admitted to the main wildlife hospital in coastal South-East Queensland, Currumbin
Wildlife Hospital Foundation (CWH). Significant numbers of raptors are admitted to CWH
each year where birds are rehabilitated with the aim of returning them to the wild. To discern
rehabilitation success of coastal raptors at CWH, birds were fitted with GPS trackers and/or
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stainless steel leg bands to monitor movements and survival following release between March
2018 and December 2020. Two White-bellied Sea-Eagles were fitted with Ornitela OT-153G GPS transmitters and bands were applied to 28 coastal raptors. Band return was low with
only one Whistling Kite being readmitted to CWH during this time. Both White-bellied SeaEagles survived beyond six weeks and coupled with their movement activity, is suggestive of
a successful return to the wild post-rehabilitation. White-bellied Sea-Eagle home-ranges were
found to be much larger than previously reported with 95% KDE of over 930 km2 for both
birds. This study illustrates that injured coastal raptors can be successfully returned to the
wild, thus rehabilitation efforts have the potential to significantly mitigate the threats posed to
this group of birds in urban environs. Further, this research clearly illustrates the benefits of
GPS tracking in increasing our knowledge of the ecology of Australia’s coastal raptors.
Expanding this research to include more individuals in the future would be particularly
beneficial to developing actions to protect White-bellied Sea-Eagles whose populations are
considered threatened and declining in several Australian States.
INTRODUCTION
Wildlife hospitals and rehabilitation centres play a vital role in rehabilitating injured wildlife
(Duke et al. 1981), with tens of thousands of animals being treated and released every year
(Tribe and Orr 2019, M. Pyne pers. obs). Birds of prey admitted to these facilities often
require extensive treatment and prolonged rehabilitation periods. Successful rehabilitation
includes flight conditioning in specialist facilities with appropriate space, enclosures and
specially trained staff (Redig et al. 2007). The complete rehabilitation of injured raptors may
require months of intensive treatment, particularly if injuries include broken bones, nerve
damage, or emaciation. These birds may require expensive medical treatments such as
surgeries and medical imaging, with the organisations typically reliant on public donations to
implement the necessary treatments (Tribe & Orr 2019, M. Pyne pers. obs., P. McDonald
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pers. comm.). Different injury types and species may require differing flight conditioning
methods including creance flying and pen flying. Creance flying involves attaching a line to
leather jesses and encouraging the raptor to fly in a large open space, beneficial for wing
fractures (Redig et al. 2007). Pen flying consists of a large enclosure with perches at
opposing ends in which the raptor is encouraged to fly back and forth between perches
numerous times a day in order to enhance flight strength and endurance before release (Redig
et al. 2007). Once treated, rehabilitated and released back to the wild, a raptor is classified as
a success if it survives and is independently hunting beyond six weeks (Duke et al. 1981).
Specialist raptor rehabilitation facilities such as those at Currumbin Wildlife Hospital
Foundation (CWH), on the Gold Coast, Queensland, provide comprehensive care and
treatment necessary for successful rehabilitation. However, in most cases, these institutions
are unable to monitor the outcomes of their patients following release to the wild, normally at
the site of capture. Techniques such as radio and satellite telemetry to track released birds is
expensive and time consuming and are typically beyond the resources of the organisations
involved. Therefore, despite the significant investment made in the rehabilitation of these
birds, the monitoring of the movements and survival of rehabilitated raptors is rarely
undertaken (Tribe & Orr 2019, M. Pyne pers. obs.).
Post-release monitoring requires rehabilitated birds to be marked in order to verify individual
identity. There are multiple marking methods used which may be temporary or permanent
(Varland et al. 2007, Walls & Kenward 2007). Leg banding is a common technique used for
various purposes including assessing survival rates (Varland et al. 2007, Bildstein &
Peterjohn 2012). Permits and specialist training is required to band birds in Australia under
the Australian Bird and Bat Banding Scheme (ABBBS) (Australian Government 2020).
Metal leg bands are designed to remain on the bird for life and are made from either
aluminum, aluminum alloy (Varland et al. 2007) or stainless steel (Australian Government
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2020). Leg bands are stamped with a unique serial number and are registered to the ABBBS
(Australian Government 2020). Typically, these bands can only be read when the bird is in
the hand, necessitating recapture, though occasionally can be read by long-distance telescopy
(Debus 2019).
Alternatively, electronic tagging allows birds to be identified and their movements followed
remotely (Walls & Kenward 2007). Traditionally, this has required intensive field-based
activities by researchers using hand-held receivers designed to detect individualised Very
High Frequency (VHF) signals (Walls & Kenward 2007). More recently, solar powered
Global Positioning System (GPS) units have been developed which enable completely remote
spatial tracking with high accuracy and automatically collated data. These telemetry tags are
extremely lightweight and small enough for use on birds (Walls & Kenward 2007, Meyburg
& Fuller 2007, López-López 2016). Satellite telemetry has been used worldwide for multiple
purposes, including the assessment of survival of released and reintroduced birds of prey [e.g.
the U.S.A. (Martell et al. 1991, Dooley et al. 2005); and the United Kingdom (Leighton et al.
2008, Griffiths et al. 2010)].
Australia’s four coastal raptors (White-bellied Sea-Eagle Haliaeetus leucogaster, Eastern
Osprey Pandion haliaetus cristatus, Brahminy Kite Haliastur indus and Whistling Kite
Haliastur sphenurus) have all been treated (and many released) at CWH, with birds being
transferred from northern NSW to northern QLD (Thomson et al. 2020). These four species
have varying conservation statuses between States, ranging from Endangered (Government of
South Australia 2018), to Vulnerable (Victoria State Government 2017, Tasmanian
Government 2019, New South Wales Government 2020), to Least Concern (Queensland
Government 2020, Government of Western Australia 2020, ACT Government 2020,
Northern Territory Government of Australia 2020). Despite the decline of coastal raptor
populations in in several states (Dennis & Baxter 2006, Dennis et al. 2011 Victoria State
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Government 2017, Tasmanian Government 2019, New South Wales Government 2020) and
recorded declines of coastal raptors globally (IUCN 2020) there remains a paucity of
knowledge on populations of coastal raptors and their ecology throughout Australia. For
example, there a few studies of the habitat-use and home-range of free-ranging individuals of
all four of Australia’s coastal raptors. No Brahminy Kite and Whistling Kite tracking studies
appear to have been undertaken in Australia, while Eastern Osprey tracking has previously
been restricted to banding in New South Wales and South Australia (G. Clancy pers. comm,
I. Falkenberg pers. comm.), with GPS tracking on this species only recently being undertaken
(I. Falkenberg pers. comm.). White-bellied Sea-Eagle tracking has involved leg banding and
wing tagging in the Northern Territory (Debus 2015, Debus 2017, Hertog 1987 in Debus
2015), leg banding of one individual following rehabilitation in Western Australia (S.
Cherriman pers. comm.), radio tracking of males in Tasmania (Wiersma & Richardson 2009)
and very short-term GPS tracking before device failure in New South Wales (P. McDonald
pers. comm.). To date, the only post-rehabilitation tracking studies on these species have
involved incomplete, unpublished, or short-term data (P. McDonald pers. comm.).
In the U.S.A., the closely related Bald Eagle (Haliaeetus leucocephalus) has been
successfully rehabilitated and released in Minnesota (Martell et al. 1991). Individuals were
hard released [released without a release aviary and support food (Griffiths et al. 2010)] and
more than half of released eagles survived beyond six weeks and were therefore deemed to
have been successfully rehabilitated (Martell et al. 1991). Similarly, Tawny Owls (Strix
aluco) and Red-tailed Hawks (Buteo jamaicensis) were tracked post-release and found to
have successfully survived (Hamilton et al. 1988, Leighton et al. 2008, Griffiths et al. 2010).
Griffiths et al. (2010) found no benefit to soft release (release aviary with support food
provided) over hard release for Tawny Owls.
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As raptor rehabilitation is expensive and time consuming, it is important to know whether
this investment is justified. There is very limited information currently available on the postrelease movement and survival of rehabilitated raptors, particularly in Australia and yet this
information is vital to understanding the effectiveness of current rehabilitation approaches.
Furthermore, a clearer understanding of the movements of these species is essential for
enacting appropriate actions to conserve them (Duke et al. 1981, Leighton et al. 2008, Tribe
& Orr 2019), especially in those states where they are listed as threatened with extinction.
The aims of the present study presented here as a pilot study were to:


Assess post-release survival of coastal raptors admitted to CWH between March 2018
and December 2020 using leg banding and GPS tracking



Gain knowledge of detailed movements of immature and adult White-bellied SeaEagles

METHODS
A total of 28 individual birds from the four species of coastal raptors were admitted to CWH
between March 2018 and December 2020. Once birds had been rehabilitated to a stage
suitable for release, veterinary staff determined those suitable for fitting with a GPS tracking
unit. The main criteria was the weight of the bird, as transmitters must be less than 3% of
body weight in order to ensure no negative impact to the birds survival (Animal Ethics
Committee approval guidelines, National Health and Medical Research Council 2020). It was
decided not to place tracking units on juveniles if they had not reached their adult weight in
order to avoid the harness shifting (and become loose or tight) as the bird gained adult muscle
mass; the bird had to satisfy the veterinary examination of comfortable flight and no stress
signs being observed once the harness was fitted. If a bird was not deemed suitable for
tracking for these reasons, but was suitable for release, it was banded with a single stainless
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steel ABBBS band before release. If deemed suitable for tracking, an Ornitela OT-15-3G
GPS transmitter was attached to the bird using the backpack method described by
Bierregaard (2014). Weak links were sewn into the front of the harness with cotton thread to
allow for harness release over a period of two months to two years. Once a harness was fitted,
the bird was kept in the hospital flight enclosure for a minimum of three days to ensure it was
not being hindered by the harness. Finally, the release of the tagged bird required the
approval of CWH staff.
Each bird was either fitted with a GPS tracking device and/or stainless steel leg band and
hard released at the location where it had been rescued, provided this location was deemed
appropriate. If the rescue location was deemed unsafe for release (e.g. due to extreme
drought, fires etc.), an alternative suitable location was chosen and approved by the
Queensland Department of Environment and Science (DES). Releases were conducted by the
authors and/or veterinary staff.
The number of GPS fixes was set to occur once every 30 minutes at full battery capacity, two
hours when less than 50% battery capacity and four hours at less than 25% battery capacity.
Data was uploaded from the unit to the Ornitela interface (M2M control panel) via the
GSM/GPRS network every two days. Trackers also recorded altitude, speed, temperature and
light intensity (Ornitela 2020). GPS tracking data were downloaded from the M2M control
panel into Microsoft Excel (2013) and QGIS (v 3.12.3). Daily distance statistics were
calculated in RStudio (R Core Team 2019) using the geosphere (Hijmans 2019), tidyverse
(Wickham et al. 2019) and adehabitat (Calenge 2006) packages. Minimum convex polygons
(MCP) and Kernel Density Estimates (KDE) were calculated in RStudio (R Core Team 2019)
using the mcp and kernelUD functions within the adehabitat package (Calenge 2006), with
maps visualized in QGIS v3.12.3.
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RESULTS
BANDING
Between March 2018 and December 2020, 28 coastal raptors were successfully rehabilitated,
banded and released: eight Brahminy Kites, nine Eastern Ospreys, nine Whistling Kites and
two White-bellied Sea-Eagles. Two Eastern Ospreys were banded but died due to their
injuries before release. Only three birds (two White-bellied Sea-Eagles and one Eastern
Osprey) were assessed as being suitable candidates for fitting with transmitters. The birds
determined as being suitable for tagging (due to their appropriate weight, age and fitness)
were fitted with GPS tracking harnesses and allowed to fly under careful observation in the
flight facility at CWH. During this period, it was determined that the Eastern Osprey was not
a strong flyer and it was unanimously agreed by the researchers and vet staff that further
rehabilitation with possible delayed release with a leg band only was the best way to ensure
the welfare of the bird. Therefore, only two White-bellied Sea-Eagles were released with
GPS transmitters attached.
Two leg bands were recovered during the study: one immature White-bellied Sea-Eagle that
had been fitted with a GPS tag (see below) and one immature Whistling Kite originally
admitted to CWH as a partially human-imprinted bird raised by a member of the public. The
Kite was treated for 40 days to reverse human-imprinting before being released on
06/05/2018. The bird was returned to CWH on 15/03/2019 and deemed to be too humanimprinted and non-releasable. The bird was found to be suitable for inclusion in the
Queensland Species Management Plan (QSMP) where it was rehomed to another facility for
permanent care (Table 2).
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Table 2: Total number of birds banded and GPS tracked
SPECIESa

BIRD ID

AGE CLASS

ADMISSION REASON

BAND ID

BK

88413

Unknown

Entangled

BK

88426

Unknown

BK

88781

BK

GPS IDb

DATE RESCUED

DATE RELEASEDc

DAYS IN CARE

111-17180

19/10/2019

9/11/2019

21

Bird attack

111-17158

19/10/2019

25/10/2019

6

Immature

Unknown

111-17184

26/10/2019

6/12/2019

41

89018

Immature

Displaced

111-17185

31/10/2019

16/11/2019

16

BK

99026

Adult

Fishing entanglement

111-17186

10/07/2020

21/07/2020

11

BK

103752

Adult

Drowning related

111-17198

9/11/2020

15/11/2020

6

BK

103563

Immature

Displaced

111-17197

5/11/2020

23/01/2021

79

BK

104791

Immature

Bird attack

111-17189

26/11/2020

11/01/2021

46

EO

71671

Adult

Eye damage

280-15489

31/05/2018

15/08/2018

76

EO

71690

Immature

Dehydration

280-15490

2/06/2018

17/07/2018

45

EO

76241

Immature

Bird attack

280-15488

30/10/2018

EO

78158

Immature

Displaced

280-15481

9/12/2018

3/01/2019

25

EO

85040

Adult

Fishing entanglement

280-15480

19/07/2019

18/09/2019

61

192610*

51

EO

88334

Immature

Displaced

280-15478

17/10/2019

22/10/2019

5

EO

100670

Juvenile

Drowning related

280-15485

9/09/2020

EO

101740

Adult

Displaced

280-15476

3/10/2020

3/11/2020

31

EO

101634

Adult

Drowning related

280-15482

1/10/2020

16/11/2020

46

WK

70106

Immature

Human-imprinted

111-17151

27/05/2018

17/07/2019

416

WK

70546

Immature

Fractured wing

111-17152

25/03/2018

4/06/2018

71

WK

73470

Adult

Drowning related

111-17181

23/08/2018

10/09/2018

18

WK

78159

Immature

Unknown

111-17160

13/12/2018

3/01/2019

21

WK

82382

Adult

Fishing entanglement

111-17156

23/04/2019

23/04/2019

0

WK

87057

Adult

Drowning related

111-17182

18/09/2019

27/09/2019

9

WK

87168

Chick

Fell from nest

111-17157

18/09/2019

29/11/2019

72

WK

102120

Immature

Displaced

111-17199

9/10/2020

22/11/2020

44

WK

100773

Immature

Vehicle strike

111-17200

12/9/2020

10/11/2020

59

WBSE

78274

Immature

Emaciated

150-44317

181702

13/12/2018

18/03/2019

95

WBSE

82997

Adult

Vehicle strike

150-44318

181701

18/04/2019

11/06/2019

54
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a

WK = Whistling Kite, BK = Brahminy Kite, WBSE = White-bellied Sea-Eagle, EO = Eastern Osprey

b

*Removed before release.

c

Release date is considered final release date for birds with multiple admissions. Blank if bird died before release.*Multiple admission and

release/rehome dates. Those indicated are the first rescue date and the final rehoming date.
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GPS TRACKING
Two White-bellied Sea-Eagles [an adult female (82997) and an immature male (78274)] were
released bearing leg bands and GPS tracking devices. 82997 was admitted to CWH on
18/04/2019 with chronic head trauma following a vehicle strike. She was rehabilitated for 52
days before being hard released at Coulson, QLD, near Wyaralong Dam (about 80 km from
the coast and about 100 km from CWH) on 11/06/2019 and tracked for five months (Tables 2
and 3). The GPS tag provided only intermittent transmission because of both mobile range
and low battery which frequently dropped to 0%. The last signal was detected on 19/11/2019
with no indication of an adverse event.
78274 was admitted on 13/12/2018 as an emaciated immature found at a mine site in
Condamine, QLD. He was rehabilitated for 92 days and hard released on 18/03/2019 also at
Coulson, QLD (as per DES approval due to extreme drought conditions at the capture site in
central Queensland). 78274 was tracked for seven months with the final signal detected on
19/10/2019, where he was found deceased, entangled in an illegally set drift net in
Jimboomba, QLD (Tables 2 and 3). Both birds eventually moved away from the point of
release but did not return to CWH post-release (Figure 2).
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Figure 2: Summary of all tracking location fixes for White-bellied Sea-Eagles 82997 (red)
and 78274 (orange).
MOVEMENTS
78274’s GPS was active for twice the duration of 82997s. This, combined with the battery
and signal problems with 82997’s transmission of data, meant that 78274’s GPS unit
provided over three times as many fixes. During their deployment, 78274 traveled nearly five
times further and roughly three times the daily distance to 82997 (Table 3).
Both birds appeared to strictly follow watercourses (Figure 3) and displayed a similar spatial
pattern of spending a few days within an area before moving to a new location.
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Figure 3: GPS fixes showing movements along watercourses of Warill Creek (82997) and
Logan River (78274)
78274 spent the first 17 days within c. 2 km2 of his release site. After an additional 32 days
and over a period of two days, he flew c. 20 km to reach the Moreton Bay Marine Park
(MBMP) where he remained for the next 62 days. After leaving MBMP he spent the
remainder of his life within c.300 km2 of Jimboomba and surrounds. 82997 circulated in a
large area of c. 1320 km2 around the release site and rather than flying progressively further
from the release site, she travelled in a circular motion, mainly following watercourses,
spending an average of 10 days within a c. 10-15 km2 area before moving c.10 km to the next
area and revisiting several of these sites.
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Table 3: Distance statistics for tracking devices on White-bellied Sea-Eagles 82997 (adult
female 82997) and 78274 (immature male 78274)
BIRD ID

n

DAYS

MEAN

MAX

SD

SE

TOTAL

FIXES

DEPLOYED

DAILY

DAILY

DISTANCE

DISTANCE

DISTANCE

TRAVELLED

(KM)

(KM)

(KM)

82997

915

119

2.28

16.21

3.54

0.32

270.92

78274

3635

208

6.48

40.17

7.93

0.55

1347.53

HOME-RANGE ESTIMATES
KDE in this study was shown to be much more precise to the movements shown by GPS
fixes than MCP (Figures 4 and 5). Estimates of MCP and KDE varied in size for 95% contour
with KDE showing a larger value for 82997, but a smaller value for 78274. MCP values were
larger for 50% contour for both birds (Table 4).
Table 4: Home-range estimates for minimum convex polygon (MCP) and kernel density
estimates (KDE).
BIRD ID

MCP 95%

KDE

DIFFERENCE

MCP

KDE

DIFFERENCE

(KM2)

95%

(KM2)

50%

50%

(KM2)

(KM2)

(KM2)

(KM2)
82997

837.34

964.77

127.43

163.14

139.08

24.06

78274

1128.88

930.13

198.75

250.51

224.10

26.41
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Figure 4: The 95% and 50% minimum convex polygon estimates (MCP) for 82997 and
78274, showing GPS fixes
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Figure 5: The 95% and 50% kernel density estimates (KDE) for 82997 and 78274, with a
KDE heatmap of home-range concentration
DISCUSSION
Only one of the released raptors (a Whistling Kite) was returned to CWH during the project
and deemed to have been an unsuccessful release. Although the six week period had passed
before readmission, it had been kept unlawfully as a pet by a member of the public during
this time, resulting in the bird being classed as human-imprinted and non-releasable. This
bird was rehomed via QSMP.
One Eastern Osprey with a single stainless steel leg band was observed breeding with a
resident female, by a member of the Tweed Osprey Group (F. Hill pers. comm.) at Tweed
Heads, N.S.W. Although the band number could not be identified in the field, no other
banding projects using single metal bands on this species are currently in operation to the best
of our knowledge.
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None of the other banded birds have been readmitted to CWH thus far, found deceased or
reported to ABBBS. Band recovery is reliant on organisations and the public reporting
recoveries to ABBBS and this study did not include field based surveys for band recovery.
However, there is the opportunity for band sightings in urban areas. Many raptor enthusiast
and wildlife photography groups are present in the region of SEQ/northern NSW with regular
monitoring conducted by specialist groups (F. Hill pers. comm.). It is likely that banded birds
would be seen in these areas of high human density, particularly as they are
scavenging/fishing species (Debus 2019), regularly seen in populated areas and around local
fishers (Thomson et al. 2020). Even though the low band recovery is non-conclusive and only
two individuals were able to be classed as a successfully rehabilitated and released, this
information is invaluable, as rehabilitation success is notoriously difficult to confirm and has
been extremely limited (Duke et al. 1981, Tribe & Orr 2019).
The long-term goal of a rehabilitated and released raptor is to have it survive and resume its
usual behaviour (Martell et al. 1991). Duke et al. (1981) state that a rehabilitated raptor is
considered to have been successfully released and hunting independently if it survives longer
than six weeks, as some species are known to die of starvation at two to three weeks. The two
White-bellied Sea-Eagles monitored in this study were tracked for 17 and 30 weeks
respectively, providing strong evidence of survival and implying successful hunting capacity.
Neither Sea-Eagle returned to the hospital nor anywhere near the facility and both individuals
moved regularly. Only 78274 traveled close to urban centres, although he spent the majority
of his time in non-urban areas of both MBMP and rural Jimboomba. This provides further
evidence of successful rehabilitation and survival as the birds showed no evidence of being
reliant on human food sources.
The detailed information gained about White-bellied Sea-Eagle movements is also useful as
there have been limited movement studies for this species (Debus 2015, Debus 2017). The
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movements determined for the two tagged birds monitored in the present study appeared to
be much larger than those of Tasmanian White-bellied Sea-Eagles (Wiersma & Richardson
2009), although the birds in that study were all adult males and the birds in our study were
rehabilitated individuals of differing ages and sexes. In the Tasmanian study, home-range
estimates were similar to those given by Marchant & Higgins (1993), who reported 100 km2,
where Wiersma & Richardson (2009) give 95% KDE mean estimates of 219 km2 for sites
situated within an aquaculture farm and 92 km2 for non-aquaculture sites. These values are
starkly different from the 95% KDE statistics shown in the present study. Although we
monitored only two individuals that were rehabilitated birds, our comparative 95% KDE
values are much higher at roughly double of the highest value (472 km 2) reported by
Wiersma & Richardson (2009).
While one of the monitored birds was an immature individual without an established territory
and the other a mature individual whose territory is unknown; the information obtained in this
study provides important data on the movements and habitat preferences for White-bellied
Sea-Eagles in South-East Queensland. Both birds closely followed watercourses,
demonstrating a clear reliance on these types of habitats. Although limited, this is useful for
understanding the movements and home-range for this species, both of which are
understudied (Debus 2015, Debus 2017). We don’t know whether the adult female had an
established territory to which she was returned, or whether she was traveling in a large area
searching for a new territory as we were unable to track her through the next breeding season
to monitor for breeding activity. Likewise, the young male was released in a different area to
that from which he was rescued. Although we cannot state these birds had an established
long-term territory, both birds spent a lot of time within a localized area, suggesting that
South-East Queensland White-bellied Sea-Eagles may have a very large home-range than
that reported previously and consequently a large foraging area that should be considered to
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be necessary for the future conservation of the species, particularly in those states where the
species is threatened. However, future studies on non-rehabilitated White-bellied Sea-Eagle
movements should be undertaken to compare to these results as time away from an
established home-range, trauma and rehabilitation could potentially impact the movements of
this species.
These birds are heavily reliant on watercourses, spending the majority of their time following
rivers and creeks. This is a problem when encountering fishing equipment (Thomson et al.
2020) and particularly illegal practices such as drift nets that resulted in the death of Whitebellied Sea-Eagle 78274 in this study. Coastal raptors are at particular risk from entanglement
and impalement from fishing practices, particularly in highly urbanized areas (Debus 2019,
Thomson et al. 2020). Wider public education particularly of fishers and an increase of
fishing equipment disposal bins should be a priority in urban environs to prevent these sorts
of injuries and mortalities to coastal raptors (Thomson et al. 2020). Fishing equipment related
injuries were found to be the most identifiable impact to coastal raptors in the region of SEQ
and northern NSW (Thomson et al. 2020) and may be heavily reduced with reductive
measures such as tackle-bins and wider public education (Thomson et al. 2020).
This research illustrates the benefits of GPS tracking in increasing our knowledge of the
ecology of Australia’s coastal raptors. Expanding this research in the future to include more
individuals of both a rehabilitated and non-rehabilitated nature would be beneficial to protect
White-bellied Sea-Eagle populations where they are considered threatened in several
Australian States.
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ABSTRACT
Urbanisation and habitat loss has led to declines in biodiversity. Natural habitats converted
for urban expansion result in changes to ecological communities and ecosystem function,
particularly in coastal regions where human habitation is centred. Birds of prey are often
considered indicators of environmental health and in the rapidly urbanising coastal region of
South-East Queensland (SEQ) there are four species of coastal raptor (Eastern Osprey
Pandion haliaetus cristatus, White-bellied Sea-Eagle Haliaeetus leucogaster, Brahminy Kite
Haliastur indus and Whistling Kite Haliastur sphenurus). These birds are not threatened in
Queensland, though White-bellied Sea-Eagle and Eastern Osprey are endangered in South
Australia where population declines are linked to urbanisation. SEQ includes Moreton Bay,
which has a variety of habitats and protected areas. As urbanisation is directly related to
coastal raptor declines in southern Australia and little is known of the trends of these species
in SEQ, we analysed three datasets to explore trends in species presence. Using long-term
data collected by Queensland Wader Study Group and habitat loss data from Global Forest
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Watch, we used linear regressions to explore temporal trends in species sightings and habitat
loss in Moreton Bay. We also collected nest locations in the region to interpret the results of
the regression models. There were decreasing trends in annual sightings for three species,
with White-bellied Sea-Eagle and Whistling Kite sightings decreasing with increased
cumulative tree cover loss. Nest location data showed that 94% of coastal raptors nests were
in protected areas. All of these species have large home ranges and although they use areas
undergoing continued habitat loss, their reliance of protected areas for breeding suggests that
these reserves are critical for their persistence in the region. We recommend that continued
monitoring of nests in SEQ be undertaken to understand the decreasing temporal trends seen
and to ensure these species have continued access to suitable breeding habitat into the future.
INTRODUCTION
Globally, biodiversity is in continual decline (Butchart et al. 2010), with habitat loss and
urbanisation strongly implicated (Chace & Walsh 2006, Hanski 2011). The conversion of
natural areas into agricultural lands and urban centres has resulted in vast changes to
ecosystem structure and function (Vitousek et al. 1997) and community compositions (Chace
& Walsh 2006). Human settlement continues to expand, particularly in coastal areas
(Vitousek et al. 1997, Chen & McAneney 2006) where coastal ecosystems, more than any
other zones, are subjected to extreme pressures (Vitousek et al. 1997, Lotze et al. 2006,
McGranahan et al. 2007, Huijbers et al. 2013, Sanger et al. 2015).
Coastal habitats support many different taxa, including birds which are often employed as
reliable indicators of the impacts of urbanisation (Chace & Walsh 2006). Birds of prey, in
particular, may be particularly relevant for assessing the influence of urbanisation on coastal
ecosystems as they are often associated with urban coastal centres (Vitousek et al. 1997).
Coastal raptor populations are generally declining (IUCN 2020), with habitat loss the main
threat (Harness 2007, McClure et al. 2018). In Australia, four species of coastal raptors are
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present: White-bellied Sea-Eagle (Haliaeetus leucogaster), Eastern Osprey (Pandion
haliaetus cristatus), Whistling Kite (Haliastur sphenurus) and Brahminy Kite (Haliastur
indus). These birds are not threatened at a global (IUCN 2020) or federal level (Australian
Government 2019), though all are protected as marine species (Australian Government 2019)
and conservation statuses differ per species in each state and territory.
In Australia, continued coastal raptor population declines in South Australia for White-bellied
Sea-Eagles and Eastern Ospreys (Dennis et al. 2011a), where both species are listed as
endangered, have been attributed to urbanisation and habitat loss (Government of South
Australia 2018). In other states these species are listed as vulnerable (Victoria State
Government 2017, Tasmanian Government 2019, New South Wales Government 2020).
However, in the rapidly developing region of coastal South-East Queensland (SEQ), all four
species are listed as least concern (Queensland Government 2020). In this region, coastal
raptors have received little long-term research attention, despite SEQ being the fastest
developing area in the country (Dedekorkut-Howes et al. 2016). Impacts on coastal raptors in
SEQ have only recently investigated foraging territories (Thomson et al. 2016), nesting areas
and habits (O'Donnell & Debus 2012, Thomson et al. 2019) and physical impacts due to
anthropogenic activities (Thomson et al. 2020).
Despite their sensitivity to urbanisation in southern Australia, Eastern Ospreys in SEQ have
more active nests in the developed region of Moreton Bay compared to the less developed
Hervey Bay area (Thomson et al. 2019). However, unlike South Australia (Dennis 2007a)
and New South Wales (Clancy 2006), long-term studies of coastal raptor breeding success or
movement patterns have not yet been undertaken in SEQ. Although Eastern Ospreys nest
successfully on artificial structures in urbanised SEQ (Thomson et al. 2019), the other three
species do not routinely nest on such structures (Debus 2019) and nesting productivity in this
region is poorly understood. The Moreton Bay region contains large protected areas including
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a Marine National Park (which has varying protection levels within) and several terrestrial
National Parks as well as an increasingly urbanised coastline and Queensland’s capital city of
Brisbane (DES 2020).
Protected areas are critically important for biodiversity conservation and delivering
ecosystem services (Watson et al. 2014, Watson et al. 2016). These areas protect species
against habitat loss, enhance healthy populations and ensure persistence (Watson et al. 2014).
However, the success of protected areas is linked to effective park management, adequate
funding and stable government policies (Watson et al. 2014, Watson et al. 2016) all of which
may be subject to political pressures.
Large time series datasets of biodiversity information are extremely valuable for investigating
long-term trends. Birding data recording applications and citizen science programs provide
valuable data that may span decades and are valuable for research [e.g. (Boal 2018)]. The
Queensland Wader Study Group (QWSG), run by Birds Queensland, has been undertaking
detailed count surveys with both professional and citizen scientists in MBMP since the 1980s
(Queensland Wader Study Group 2021). Although their focus is primarily directed toward
wader species, all birds detected are recorded, including coastal raptors (D. Milton pers.
comm.). Other datasets record valuable environmental information such as habitat changes.
For example, Global Forest Watch (GFW) is a satellite imaging platform recently developed
to quantify flux in tree cover over time (Global Forest Watch 2020). GFW enables users to
quantify habitat loss in a very specific area, beneficial for multiple studies including those
surrounding urbanisation, habitat loss and its subsequent effects on biodiversity (Global
Forest Watch 2020).
Using long-term datasets of coastal raptor sightings and habitat loss, as well as nest location
data collected in 2018 we aim to:
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Examine recent nest location data for all four species of coastal raptor to assess
spatial patterns in coastal raptor sightings



Discern temporal trends in the frequency of coastal raptor sightings in MBMP



Determine whether changes in habitat loss have influenced raptor sightings in the
region

METHODS
STUDY SITE
South-East Queensland (SEQ) is the most densely populated region of Queensland,
supporting 3.27 million people (Australian Bureau of Statistics 2019). This region
encompasses the Moreton Bay Marine Park (MBMP), which includes a Ramsar site, four
large inhabited islands [Bribie Island (Booabee), South Stradbroke Island (Currigee), North
Stradbroke Island (Minjerribah) and Moreton Island (Mulgumpin)]; five small inhabited
islands without bridge access; and a vast network of small uninhabited mangrove islands,
coastal rivers and estuaries (DES 2020) (Figure 2).
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Figure 2: Moreton Bay Marine Park and Ramsar site boundaries. NP indicates National Park
MBMP was established in 1993, with the latest Zoning Plan (September 2019) covering 3400
km2 of different habitats (DES 2020). Within Moreton Bay, multiple islands are protected as
National Parks including large sections of Moreton and Bribie Islands (DES 2020).
DATA COLLATION
QWSG observation data were collected between 1983 and 2020. However, inconsistent
survey effort in some years limited us to using surveys from 1993 – 2019. Data included
records of survey location, date, species and number of birds observed. QWSG sampling sites
were not sampled evenly, as survey times depended on maximising the numbers of waders to
be counted. As double counting of coastal raptors was possible, data were converted to
presence (1) and absence (0). These data were then converted to the proportion of days in
each year with coastal raptor sightings.
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Eight zones within the total survey area were chosen to represent a variety of habitats and
urban levels. All zones were c. 200 km2 and located within the coastal fringe of MBMP and
contained a combination of mainland and large island shoreline, small islands and water areas
(Figure 3). These eight zones were imported to the GFW interface where the extent of tree
cover loss (ha) of >30% tree cover density for each zone was calculated for each year and
imported into Microsoft Excel (2013).

Figure 3: Location of sampling sites within the eight zones of Moreton Bay
Active nests for all four species were detected across c. 200 linear km of coastline in Moreton
Bay/Gold Coast in 2018 (see Thomson et al. (2019) for methods). Nest location data were
collected in both protected and non-protected areas and included species, coordinates and
structure the nest was constructed upon. Nest locations have not been reported in this study to
prevent potential human interference.
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STATISTICAL ANALYSES
To analyse changes in coastal raptor observations, the proportion of sightings each year were
analysed with two linear regressions; the first quantified the trend in observations over time
and the second quantified the relationship between raptor sightings and cumulative tree cover
loss. As raptor observations were not the primary goal of QWSG surveys, the possibility of a
raptor being present but not recorded was controlled for in these models by including the
number of wader birds sighted as an additional predictor variable ‘distraction’ which
represents the control for volunteers not sighting a raptor due to the possibility of being
focused on counting waders. The earliest GFW data available was collected in 2001.
Therefore, GFW data from 2001 – 2019 was used for tree cover loss regression analyses.
Cumulative data were analysed across the region and within each zone. However, as each
zone was not of broad ecological significance for this study, we only report the regional
analyses in text and full results for each zone is presented in Appendix 1. These regressions
were fit in the R statistical environment (R Core Team 2019).
RESULTS
TRENDS IN RAPTOR SIGHTINGS
During 1993 – 2019, 22,299 surveys were conducted by QWSG. There were on average 826
sample days per year and 69 times per month (Table 8, Appendix 1).
During this time, coastal raptors were sighted on 16,865 occasions, with an average of 156
per year. Whistling Kites were the most commonly seen species, with an average of 230
sightings per year, followed by Eastern Ospreys with 182, Brahminy Kites with 127 and
White-bellied Sea-Eagles with 86 (Table 9, Appendix 1).
There was obvious inter-annual variation as well as longer term trends in coastal raptor
sightings across all species. Significant decreases over time were evident for three species
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across the region (Figure 4, Table 6). Whistling Kite, Eastern Ospreys and Brahminy Kites all
exhibited significant declines in the proportion of sightings (0.03, 0.01 and 0.055 per decade
respectively). In contrast, White-bellied Sea-Eagles showed a significant increase in the
proportion of sightings of 0.015 per decade (Table 6). No consistent trends were seen across
zones for each species although zones 3 and 7 had declines across all species across time.
Trend plots for each species in each zone can be found in Appendix 1.

Figure 4: Trends in coastal raptor observations from 1993-2019 across all zones.

78

Table 5: Regression analysis explaining trends in coastal raptor observations from 1993 –
2019 across all zones.
SPECIES

RESPONSEa

ESTIMATE

SE

R2

P

White-bellied Sea-Eagle

(Intercept)

-3.107

9.738e-01

0.27

0.004

Year

1.583e-03

4.829e-04

Distraction

8.940e-06

2.465e-05

(Intercept)

11.30

2.062e+00

Year

-5.517e-03

1.023e-03

Distraction

-6.607e-05

5.219e-05

(Intercept)

5.410

1.210

Year

-2.628e-03

6.000e-04

Distraction

-1.340e-05

3.062e-05

(Intercept)

2.444

1.101

Year

-1.148e-03

5.460e-04

Distraction

-5.319e-05

2.787e-05

Whistling Kite

Eastern Osprey

Brahminy Kite

a

0.003

0.51

<0.001
<0.001

0.42

<0.001
<0.001

0.13

0.036
0.046

Distraction represents the control for volunteers not sighting a raptor due to the possibility

of being focused on counting waders
TREE COVER LOSS
Tree cover loss within each zone ranged from 0 to 226ha per year across the region. Between
2001 and 2019, 3,701ha of tree cover >30% forest cover was lost across all zones with an
average of 195ha being removed annually across all zones (Figure 5), (Table 10, Appendix
1). Zone 1 had the greatest tree cover lost, while zones 4 and 6 had the least (Figure 6). Low
values were found in zones 4 and 6 although these areas were already highly urbanised before
2001 (Google Earth Pro 2021). Forest loss appeared to rise and fall over time, with a low
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period from 2009-2011, partly coinciding with an extreme flood event in Brisbane
(Queensland Government 2021).
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Figure 5: Tree cover loss across all zones from 2001 to 2019
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Figure 6: Tree cover loss (ha) across all years (2001–2019) for each zone
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The relationships between cumulative tree cover loss and coastal raptor sightings were not
uniform, although some were statistically significant. White-bellied Sea-Eagle sightings
decreased significantly as cumulative tree cover loss increased. Whistling Kite sightings also
decreased but not significantly. Somewhat surprisingly, Brahminy Kite and Eastern Osprey
sightings showed increases in sightings with increased cumulative tree cover loss, though
Brahminy Kites not significantly so (Figure 7, Table 7). However, the low R2 values in these
analyses suggests these may be statistical artefacts and not necessarily biologically
significant. No consistent relationships were seen between zones. Plots for each species in all
zones can be found in Appendix 1.

Figure 7: Relationships in coastal raptor observations and cumulative tree cover loss (ha) for
all zones.
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Table 6: Regression analysis explaining trends in coastal raptor observations across MBMP
for cumulative tree cover loss (ha) across all zones.
SPECIES

RESPONSEa

ESTIMATE

SE

R2

P

White-bellied Sea-Eagle

(Intercept)

1.531e-01

1.124e-02

0.07

<0.001

Tree loss

-8.855e-05

2.488e-05

Distraction

-1.151e-07

1.157e-07

(Intercept)

1.030e-01

1.021e-02

Tree loss

-3.412e-05

2.260e-05

Distraction

-6.068e-08

1.051e-07

(Intercept)

6.280e-02

1.365e-02

Tree loss

2.173e-04

3.022e-05

Distraction

1.004e-08

1.405e-07

(Intercept)

1.778e-01

1.589e-02

Tree loss

2.685e-05

3.518e-05

Distraction

-1.246e-07

1.636e-07

Whistling Kite

Eastern Osprey

Brahminy Kite

a

<0.001

0.004

<0.001

0.24

<0.001
<0.001

-0.005

<0.001

Distraction represents the control for volunteers not sighting a raptor due to the possibility

of being focused on counting waders
NEST LOCATIONS
Thirty-two active coastal raptor nests were discovered in MBMP during the July 2018
breeding season: 18 Eastern Osprey, 12 Whistling Kite and two White-bellied Sea-Eagle,
with no Brahminy Kite nests being recorded. Of these active nests, only two were detected
outside protected areas; these were on the mainland. Although no Brahminy Kite nests were
found many kites were seen entering mangrove forests behind the fringe line in inaccessible
locations that may have held nests. All other nests were found on isolated structures (e.g.
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navigation beacons), small uninhabited islands, or in areas within National Parks or Marine
National Parks (Table 5).
Table 7: Number of active nests and locations in MBMP (2018) for each species
NEST LOCATION
MAINLAND

ISLAND

n

n

SPECIES

ISOLATED

PROTECTED

STRUCTUREa

AREAb

n

n

TOTAL
n

White-bellied
2

2

2

12

12

12

Sea-Eagle
Whistling Kite
Eastern Osprey

2

9

7

16

18

Total

2

23

7

30

32

a

Nesting structure surrounded by water and that is not attached to a body of land (e.g. marine

navigation beacon)
b

Total number of nests situated within a protected area (National Park or Marine National

Park)
DISCUSSION
Urbanisation and habitat loss is contributing to continual declines in biodiversity globally
(Butchart et al. 2010, Chace & Walsh 2006, Hanski 2011) and in Australia where coastal
raptor populations continue to decline in parts of the country (Dennis et al. 2011a). However,
these species have the conservation status of least concern in Queensland despite the southeast being the fastest developing region in the country (Dedekorkut-Howes et al. 2016) and
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there being little research reported on the species in the area including of breeding success
and population trends.
The utilisation of several long-term data bases of raptor sightings and habitat loss has
provided interesting and somewhat unexpected insights onto the populations trends of the
four species of coastal raptor in SEQ. Although the current conservation status of all species
remains as least concern in Queensland (Queensland Government 2020), the findings of this
study indicate that there have been significant declines in coastal raptor sightings for three
species across the Moreton Bay region. Habitat loss is the greatest threat to these birds
(Bildstein et al. 1998, Harness 2007, McClure et al. 2018, Debus 2019) and the significant
decline in species sightings seen here for White-bellied Sea-Eagles due to cumulative tree
cover loss, despite the increase in sightings over time, corresponds to the sensitivities to
habitat loss reported for the species (e.g. Dennis & Lashmar 1996, Dennis et al. 2011b,
Debus et al. 2014, Debus 2019).
The increase of Eastern Osprey sightings with decreasing tree cover is consistent with the
propensity for this species to live and breed successfully in highly urbanised locations.
(Thomson et al. 2019). This species is well known for nesting on a variety of artificial
structures in urban environments (Thomson et al. 2019) and in this study the only nests
detected in non-protected areas were those of Eastern Ospreys. The nest locations for the
remaining species indicates that the majority of these birds currently breed in protected areas
that have not experienced recent habitat loss. These results presented here, however, do not
offer insights into the reproductive successes of these species as they are based only on
sightings of birds or nests. Currently, there is no breeding location data spanning the 27 years
that QWSG have been collecting wader counts, so we are unable to comment on breeding
outcomes throughout this time or in relation to the habitat loss recorded in the region.
However, the discovery that most coastal raptors in Moreton Bay are nesting primarily in
84

protected areas, combined with the knowledge that these species have large home ranges
(Marchant & Higgins 1993, Debus 2019), indicates that these birds are still using areas that
have experienced habitat loss, as these areas may be some distance from nest sites.
Natural areas converted to urban and agricultural lands have resulted in changes to flora and
fauna communities and to the structure and function of ecosystems (Vitousek et al. 1997,
Chace & Walsh 2006). Moreton Bay’s multiple protected areas are vital for biodiversity
conservation (Watson et al. 2014, Watson et al. 2016). However, despite the protection status
of the area, urban coastal ecosystems such as those seen in Moreton Bay are also subjected to
continual and extreme urban pressures (Vitousek et al. 1997, Lotze et al. 2006, McGranahan
et al. 2007, Huijbers et al. 2013), which may be contributing to the observed decline in
sightings of coastal raptors in this study.
Although the conservation status of these birds is of least concern in Queensland, this is not
the case in other parts of the country such as South Australia where both White-bellied SeaEagle and Eastern Osprey are considered endangered (Government of South Australia 2018).
The South Australian coastline has only a few very small National Parks, with the largest
being 323 km2 in size (Nullarbor National Park) (Department of Environment and Water
2020). The South Australian coastline is mainly comprised of cliffs and sandy beaches with
little vegetation (Dennis et al. 2011a), which is in stark contrast to the estuarine region of
MBMP (Thomson et al. 2019). These ecological differences combined with a lack of coastal
protected areas, results in South Australian coastal raptors often nesting on exposed cliffs,
offshore islands and rocky stacks, leaving birds vulnerable to human impacts and subjected to
failed breeding seasons (Dennis 2007a, Dennis et al. 2011a).
The protected areas of Moreton Bay are clearly essential for breeding for these coastal
raptors. Despite the presence of numerous protected areas and the state conservation status of
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least concern, Brahminy Kite, Whistling Kite and White-bellied Sea-Eagle populations
continue to decline (IUCN 2020). Finding that the majority of nests situated within protected
zones in this study was not surprising as these birds have varied sensitivities to urbanisation
and human activity, particularly when breeding (Dennis 2007b, Dennis et al. 2011b,
Thomson et al. 2019). Raptors are often considered good indicators of environmental health
(Caro et al. 2004, Debus 2019), though Chace & Walsh (2006) acknowledge that the large
home ranges of these species can often mean that they may forage and breed beyond the
urban boundary. The presence of these species in urban areas may, therefore, not necessarily
indicate a high habitat quality. This may well be the case for the coastal raptors of Moreton
Bay and, as such, we propose that understanding the declining trends in coastal raptor
observations and their drivers in SEQ should be of high research priority. Additionally,
regular population and breeding studies on coastal raptors in this region should be undertaken
as SEQ continues to rapidly expand. It is critical for species and biodiversity conservation to
continue to protect the remaining breeding habitat for coastal raptors in SEQ as declines in
species observations continue. These birds are relying on protected areas to breed in this
urban environment and we must ensure their lasting protection.
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CHAPTER 6 – DISCUSSION

92

SALIENT MESSAGE OF THESIS
Biodiversity is in continual decline due to habitat loss and urbanisation (Chace & Walsh
2006, Butchart et al. 2010, Hanski 2011) and the loss of natural areas for urban development
has changed ecological communities and how they function (Vitousek et al. 1997, Chace &
Walsh 2006). Extreme pressures are placed on flora and fauna living in the urban zone,
particularly along the coast as this is where human population is concentrated (Vitousek et al.
1997, Chen & McAneney 2006). The impacts on fauna in urban coastal areas is varied and
species that do well are tolerant of human activity and have their biological requirements met
(Chace & Walsh 2006, Mannan & Steidl 2018). Raptors living in the urban coastal zone of
Australia provide important ecological services, including nutrient transfer from marine to
terrestrial systems (Schlacher et al. 2013) and have been considered to be indicative of
environmental health (Chase & Walsh 2006). Each species of Australian coastal raptor has
varying state conservation statuses (Government of South Australia 2018, Tasmanian
Government 2019, ACT Government 2020, New South Wales Government 2020,
Queensland Government 2020, Northern Territory Government of Australia 2020,
Government of Western Australia 2020), abilities to successfully adapt (Thomson et al. 2016,
Thomson et al. 2019) and threats placed upon them (Thomson et al. 2020). Uncovering the
key threats to these birds, what drives these threats and how best to conserve and protect the
four Australian species was addressed in this thesis.
The results highlight that coastal raptors in South-East Queensland (SEQ) are sensitive, yet
resilient birds. These coastal species are at risk from multiple human threats and many birds
are impacted each year. We know that coastal raptors are under threat from habitat loss and
urbanisation (Harness 2007, McClure et al. 2018, Debus 2019) and while coastal raptors are
not considered at risk of extinction in Queensland (Queensland Government 2020), nesting
patterns suggest that birds are either adapting to human presence (Thomson et al. 2019), or
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relying on islands situated within protected areas for breeding, though temporal trends in
species sightings are overall on the decline and related to cumulative tree cover loss for some
species.
URBAN RAPTOR BREEDING ADAPTATIONS
The Eastern Osprey (Pandion haliaetus cristatus) is known for its ability to nest on artificial
structures (Marchant & Higgins 1993) and was the perfect candidate to investigate the
behavioural adaptations of coastal raptors nesting in urban environments. Chapter 2
investigated Eastern Osprey nest-site characteristics in Moreton Bay Marine Park (MBMP)
and Great Sandy Marine Park (GSMP). Though both parks had nests of similar exposure
levels, the urban MBMP had significantly more nests on artificial structures compared to the
less developed GSMP. 75% of nests in MBMP were situated on artificial structures and birds
showed little interest or concern with nearby human presence, whereas GSMP showed 75%
of nests situated on natural structures such as trees and were more likely to show concern at
passing boats while sitting on nests. Eastern Ospreys were also the only species to be nesting
on the mainland in MBMP in non-protected areas as shown in Chapter 5. The other three
species were nesting in protected areas away from human habitation. Whistling Kites and
White-bellied Sea-Eagles were only nesting on islands and areas under National Park and
Marine National Park protection.
This thesis showed the resilience of Eastern Ospreys and yet sensitivities of other species
nesting in urban areas, but also highlighted the potential risks to raptors and humans due to
Eastern Ospreys nesting on unsafe structures such as powerlines and navigation beacons
(Thomson et al. 2019). The ability for Eastern Ospreys to readily nest on artificially supplied
platforms gives the potential for increased safe breeding options for the species (Appendix 2).
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PHYSICAL THREATS TO COASTAL RAPTORS
Additional physical risks and threats were identified in Chapter 3 with wildlife hospital
admissions records from Currumbin Wildlife Hospital Foundation (CWH) analysed. Fishing
equipment entanglement was the most identifiable threat to coastal raptors in SEQ, followed
by vehicle strike and bird attack (Thomson et al. 2020). Many injuries could not be positively
identified by veterinary staff and there may be more injuries sustained from human activities
than we have been able to identify. While injuries sustained from living in an urban
environment such as collisions and urban bird conflicts may be unavoidable, the most
identifiable threat of fishing equipment entanglement may be mostly preventable with a
change in human behaviour (Thomson et al. 2020). This particular impact can be fatal, with
birds suffering injuries such as amputation, severe nerve damage and drowning (M. Pyne
pers. comm.). Measures such as the Tackle-Bin Project (GCWA 2019) and displays of fishing
equipment found on/in patients from CWH are bringing awareness to the public on the
dangers of fishing equipment entanglement to coastal raptors.
Coastal raptors admitted to CWH for varying injuries and illnesses have been successfully
rehabilitated and released using pen flying methods as shown in Chapter 4. Two Whitebellied Sea-Eagles were GPS tracked post-release both surviving beyond the crucial six week
period showing they were independently hunting (Duke et al. 1981). These results also
highlighted the importance of GPS tracking in gaining knowledge of the ecology of
Australian coastal raptors, which remains lacking (Debus 2015, Debus 2017). Chapters 3 and
4 also showed that large areas with prominent watercourses should be considered for future
protection. These marine birds have been admitted for various water-related injuries with
fishing practices particularly damaging, highlighted by the GPS tracked White-bellied SeaEagle that was drowned and killed in an illegally set drift net. Rehabilitated White-bellied
Sea-Eagle home ranges were also found to be much larger than previously reported at over
95

930 km2, with both eagles following rivers and creeks almost exclusively, showing their
reliance on these habitats.
CONSERVATION OF COASTAL RAPTORS
Protected areas were shown to be beneficial for breeding coastal raptors in Chapter 5, with
the majority of active coastal raptor nests in 2018 situated within National Parks or Marine
National Parks in the Moreton Bay region. Decreases in some coastal raptor sightings were
correlated to cumulative tree cover loss in the area from 2001-2019. These results however,
are not indicative of breeding success or failure as they are of observations only. Long term
breeding and population data from this region are not currently available and as these birds
have large home ranges (Marchant & Higgins 1993, Debus 2019), birds seen in areas of high
habitat loss may be nesting in protected areas many kilometres away. The sheer number of
nests in protected areas on islands in this region suggests that these areas could be important
to coastal raptors in South-east Queensland and could be cause for continued protection of
old growth forests and uninhabited islands and areas of no human access. This is particularly
relevant for White-bellied Sea-Eagles that require large trees without human disturbance for
nesting (Marchant & Higgins 1993, Thomson et al. 2019, Debus 2019). The estuarine region
of MBMP is contrasted to the ecology of the South Australian coastline, dominated by cliffs
and narrow beaches, where endangered Eastern Ospreys and White-bellied Sea-Eagles
(Government of South Australia 2018) are primarily nesting on exposed rocky stacks and
cliffs (Dennis 2007, Dennis et al. 2011) and where their populations continue to decline
(Dennis et al. 2011).
FUTURE FOCUS ON SPECIES CONSERVATION
Coastal raptors require water sources for breeding and fish for at least a portion of their diet
(Marchant & Higgins 1993, Debus 2019). These requirements often mean that they are
associated with urban areas, as human populations are concentrated along the coast (Vitousek
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et al. 1997, Chen & McAneney 2006). The findings of this thesis show that large areas with
major water sources are important for coastal raptors, where these birds are at increased risk
of entanglement in fishing equipment. Additionally, protected areas with undisturbed old
growth forest, mangroves and breeding platforms are important for breeding success. Areas
of intense and continual urbanisation such as Moreton Bay would benefit from additional
artificial breeding platforms erected. These platforms are readily used by Eastern Ospreys
(Thomson et al. 2019) and supplying the region with additional platforms may take
competitive pressure off the other three species which require the remaining natural areas for
breeding. Future research needs to be done on these species in SEQ where so little is known
about species movements, populations, breeding and behaviour. These species are not
considered at risk of extinction in QLD though the decline in sightings correlated to
cumulative tree cover loss found in this thesis is concerning and should be monitored into the
future.
CONCLUSION
This thesis shows that urban coastal raptors in SEQ are threatened by many processes. Some
of these threats are unavoidable, though some are manageable with public education and
innovative measures.
Watercourses and protected areas are critical for coastal raptors in the highly urbanised areas
of SEQ, where species are at high risk of entanglement with fishing equipment. The numbers
of coastal raptors that presently exist in SEQ may be vastly different without the current
protected areas of the region. These large areas of protected estuaries, mangrove forests and
old-growth eucalypt forests may be the secret to the persistence of coastal raptors in the
fastest growing region in the country. However, if the rates of urbanisation continue and
remaining currently protected breeding habitat is lost, this may not remain the case.
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As SEQ continues to expand, it is recommended that multiple artificial nesting platforms be
erected throughout the region to reduce the pressure of breeding space between species and to
encourage Eastern Ospreys to nest on structures that are safer for both them and the local
human population.
Wildlife hospitals and rehabilitation centres are critical in the treatment and release of coastal
raptors. The pen flying methods adopted by CWH are seemingly successful for the treatment
and release of coastal raptors and there does not appear to be the need for soft release, nor
falconry based rehabilitation methods for these species. It is recommended that additional
funding be provided to local wildlife hospitals and rehabilitation centres in the region to
allow for the expansion of facilities as the number of raptors admitted continues to climb
each year (M. Pyne pers. comm.). As the human population continues to grow, so too do the
opportunities for coastal raptors to come into conflict with humans. Wildlife hospitals such as
CWH will likely need to expand their facilities to continue to manage the constant and
increasing influx of patients and cannot do so without appropriate and continual funding.
It is also recommended that continued research be conducted into coastal raptor breeding in
SEQ to better understand the declining observational trends seen here and to better
understand the impacts humans are having on breeding populations. Long-term data on these
species are important not only for managing species populations in SEQ, but also for species
populations in areas of the country where they are facing local extinction. Information
gathered on the ecology and conservation measures for these species, may also benefit
researchers in other states where the species are threatened.
Much of the information gathered in this thesis has not been collected before. These four
species are understudied, particularly in the areas where they are not considered at risk of
extinction. Yet to truly understand their ecology, threats and conservation measures, it is
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important to gather as much information as possible, including in those areas where they are
listed as least concern. This thesis has contributed to the gap of knowledge not only on
coastal raptor ecology, but in wildlife hospital and rehabilitation centre data and the
contribution of these organisations to successfully releasing coastal birds of prey back to the
wild. This thesis has uncovered previously unreported and yet highly damaging threats to
coastal raptors and has shed light on the nesting behaviour and adaptability of urban Eastern
Ospreys. It has discovered new and exciting information on White-bellied Sea-Eagle
movements and on the usefulness of GPS tracking and it has unearthed the importance of
protected areas to our coastal birds of prey. The information gathered in this thesis has added
greatly to the pool of knowledge on Eastern Ospreys, White-bellied Sea-Eagles, Whistling
Kites and Brahminy Kites; and yet, much more remains to be uncovered about the coastal
raptors of Australia.
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APPENDIX 1

This appendix consists of additional material for Chapter 5.
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Table 8: QWSG survey effort by year and month from 1993 – 2019.

YEAR

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOV

DEC

TOTAL

n

n

n

n

n

n

n

n

n

n

n

n

n

1993

42

31

33

57

26

42

21

29

30

44

27

38

420

1994

30

35

32

63

29

50

6

39

47

77

36

37

481

1995

55

62

68

79

53

21

75

57

75

88

75

53

761

1996

56

59

61

107

69

105

31

73

86

105

113

76

941

1997

73

88

92

19

73

83

38

90

110

107

115

124

1012

1998

105

120

176

92

96

100

21

80

74

81

70

63

1078

1999

67

98

108

76

52

7

63

65

66

58

62

60

782

2000

67

79

75

91

133

93

17

76

84

71

96

83

965

2001

71

100

83

79

43

81

37

100

92

98

100

96

980

2002

97

89

91

108

94

78

30

73

91

88

70

62

971

2003

88

68

107

80

80

68

35

59

60

59

60

62

826

2004

53

49

102

52

52

15

53

48

67

60

56

57

664

101

2005

64

54

57

63

55

11

63

54

54

69

66

62

672

2006

84

66

67

29

43

12

56

53

45

61

64

54

634

2007

74

71

100

74

83

22

82

75

75

88

80

79

903

2008

159

85

80

86

69

26

76

90

63

83

68

99

984

2009

96

69

114

69

52

26

85

70

75

76

79

71

882

2010

89

67

63

68

66

22

75

72

73

90

80

75

840

2011

50

80

83

74

61

35

72

63

72

76

72

75

813

2012

80

80

84

85

60

29

78

60

62

71

67

84

840

2013

58

81

73

67

69

32

78

60

69

51

41

68

747

2014

85

84

89

68

62

52

77

70

81

86

81

62

897

2015

77

69

77

87

63

14

78

69

71

80

62

64

811

2016

82

68

76

84

60

55

65

69

83

81

64

80

867

2017

95

69

73

51

72

62

64

70

68

71

68

60

823

2018

86

62

69

71

64

64

75

70

69

73

73

68

844

2019

92

64

72

74

68

63

59

91

80

69

68

61

861

Total

2075

1947

2205

1953

1747

1268

1510

1825

1922

2061

1913

1873

22299
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Table 9: Coastal raptor sightings reported by QWSG from 1993 – 2019
YEAR

WHITE-BELLIED

WHISTLING

EASTERN

BRAHMINY

TOTAL

SEA-EAGLE

KITE

OSPREY

KITE

n

n

n

n

n

1993

36

70

156

65

327

1994

50

99

192

106

447

1995

67

127

312

212

718

1996

106

158

431

232

927

1997

92

165

414

278

949

1998

133

227

580

351

1291

1999

75

152

337

231

795

2000

87

142

266

212

707

2001

125

153

293

237

808

2002

67

198

311

209

785

2003

73

104

225

159

561

2004

56

107

181

113

457

2005

44

90

171

95

400

2006

51

90

148

124

413

2007

57

143

167

149

516

2008

78

116

173

165

532

2009

90

146

187

168

591

2010

72

112

197

204

585

2011

120

130

196

194

640

2012

131

142

222

326

821

2013

118

134

225

194

671

103

2014

84

133

220

158

595

2015

104

99

156

162

521

2016

97

104

121

165

487

2017

103

94

108

131

436

2018

111

98

140

140

489

2019

87

88

85

136

396

Total

2314

3421

6214

4916

16865

104

Table 10: Hectares of tree cover lost >30% forest cover in each zone
YEAR

ZONE 1

ZONE 2

ZONE 3

ZONE 4

ZONE 5

ZONE 6

ZONE 7

ZONE 8

TOTAL

n

n

n

n

n

n

n

n

n

2001

226

82

58

4

8

0.9

5

7

390.9

2002

99

30

44

3

2

1

10

16

205

2003

69

56

63

4

20

2

15

80

309

2004

71

28

115

3

1

1

6

2

227

2005

60

10

33

4

5

7

8

2

129

2006

148

57

20

11

5

2

9

0.5

252.5

2007

91

27

29

4

28

0.8

20

1

200.8

2008

51

114

18

3

76

5

14

6

287

2009

34

21

14

4

1

0.5

5

5

84.5

2010

72

13

8

4

0.6

0.4

2

2

102

2011

31

10

16

5

12

0.1

3

13

90.1

2012

59

23

3

3

35

2

9

100

234

105

2013

13

55

10

0.5

166

0.9

4

17

266.4

2014

13

38

18

2

39

0.6

15

57

182.6

2015

23

26

22

7

12

0.5

5

3

98.5

2016

10

43

43

9

21

0.3

14

0.5

140.8

2017

27

86

10

3

51

2

16

2

197

2018

2

10

15

0

17

0

0.2

0.8

45

2019

152

26

4

2

0.8

1

0.9

73

259.7

Total

1251

755

543

75.5

500.4

28

161.1

387.8

3701.8
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Figure 8: Eastern Osprey temporal trend lines for all zones

Figure 9: Whistling Kite temporal trend lines for all zones
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Figure 10: Brahminy Kite temporal trend lines for all zones

Figure 11: White-bellied Sea-Eagle temporal trend lines for all zones
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Figure 12: Trend lines for cumulative tree cover loss (ha) in Zone 1 for all species.

Figure 13: Trend lines for tree cover loss (ha) in Zone 2 for all species.
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Figure 14: Trend lines for tree cover loss (ha) in Zone 3 for all species.

Figure 15: Trend lines for tree cover loss (ha) in Zone 4 for all species.
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Figure 16: Trend lines for tree cover loss (ha) in Zone 5 for all species.

Figure 17: Trend lines for tree cover loss (ha) in Zone 6 for all species.
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Figure 18: Trend lines for tree cover loss (ha) in Zone 7 for all species.

Figure 19: Trend lines for tree cover loss (ha) in Zone 8 for all species.
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APPENDIX 2

Figure 20: Examples of unsafe (a-c) and safe (d-f) nesting structures for Eastern
Ospreys in MBMP and GSMP (photos taken by V. Thomson). Unsafe nests: a nest on a
navigation beacon (a) blocking safety lights and the potential for human injury; a nest
on a moving ship lift (b) with the potential for cracked eggs; a nest on a large powerline
(c) with the potential for electrocution. Safe nests show well designed nesting platforms
with perching posts for feeding, and a large wide platform for a solid nest foundation
(d-f).
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