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Abstract

Ongoing urbanisation and increasing human populations threaten many natural systems including coastal 
ecosystems. Scavenging coastal raptors are important biological vectors between marine and terrestrial 
ecosystems and are significantly affected by urbanisation in south-east Queensland, Australia. Little is 
known on the effects of  human activity on Australia’s coastal raptor community, including possible 
influences on foraging ecology. We surveyed four locations on the Gold Coast, Queensland to compare 
the assemblages and to test whether urbanised locations altered the preference of  four Australian coastal 
raptor species for types of  carrion prey of  either marine or terrestrial origin (mullet and quail) using 
baited camera sampling techniques. PERMANOVA analyses showed a significant difference in raptor 
abundance between urban and non-urban settings. With limited sampling, no significant difference was 
found for carrion preference. However, a clear trend was seen with White-bellied Sea-Eagles Haliaeetus 
leucogaster preferring mullet, and Whistling Kites Haliastur sphenurus preferring quail in non-urban settings. 
No bait was taken in urban locations. This study suggests that increasing urbanisation on the Gold Coast 
significantly influences where coastal raptors forage. This urbanisation also raises questions concerning 
the foraging territories and home ranges of  these raptors, and whether these effects occur more broadly. 
The mechanised rubbish collecting practices in place on the Gold Coast also point to concerns about 
other, more subtle impacts of  coastal expansion on the local scavenging community.  

Introduction 

Coastal development is an ongoing process with many natural systems, including 
mangrove and estuarine ecosystems, and sandy beaches, threatened by increasing 
human populations and urban expansion (Lotze et al. 2006; Huijbers et al. 2013; Sanger 
et al. 2015). Coastal areas have seen mangrove deforestation rates reportedly higher 
than those of  global forests (Ahmed & Glaser 2016), and with human populations 
concentrated around coastal zones, many coastal ecosystems are under extreme 
pressures (Vitousek et al. 1997; Sanger et al. 2015). These anthropogenic stresses typically 
lead to flow-on effects, including reduced sediment and water quality (Vitousek et al. 
1997, Birch et al. 2012) and loss of  biodiversity (Lotze et al. 2006).

 Urbanisation significantly affects scavenging guild compositions, including 
raptors (diurnal birds of  prey) (Mooney 1998; Huijbers et al. 2013, 2015) through habitat 
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loss and alteration, fragmentation and direct disturbance (Berry et al. 1998), with some 
species being particularly vulnerable (Eduardo et al. 2007). Scavenging raptors, for 
example, often avoid populated areas in south-east Queensland, Australia (Huijbers 
et al. 2013, 2015). Scavenging patterns have been found to be significantly altered in 
urban locations with feral and non-native species dominating raptor communities, 
whereas this pattern is reversed in rural locations (Huijbers et al. 2013, 2015). South-
east Queensland’s raptors are experiencing ongoing pressure through habitat loss 
related to ever-increasing urbanisation (Mooney 1998), including the loss of  nesting 
sites for White-bellied Sea-Eagles Haliaeetus leucogaster on the Gold Coast (O'Donnell 
and Debus 2012). These animals are important carrion consumers and biological 
vectors acting in nutrient transport from marine to terrestrial systems (Schlacher et al. 
2013) and any declines in abundance could have significant ecological implications. 

 Four raptor species commonly found along the south-east Queensland coastline 
that rely on fish for prey were included in the coastal raptor community considered 
for this study. These species are: Eastern Osprey Pandion cristatus, White-bellied Sea-
Eagle, Whistling Kite Haliastur sphenurus and Brahminy Kite Haliastur indus. None of  
these species is listed as threatened globally (IUCN 2016), although their conservation 
status differs among species and states (Debus 2012). 

 It has been estimated by the Queensland State Government that between the 
years of  2006 and 2031, 754 000 new dwellings will be required to house the current 
population growth of  south-east Queensland (Stirling 2009). With ongoing coastal 
expansion in this region, it is important to understand the anthropogenic impacts on 
the diet of  Australia’s coastal raptors to recognise the potential impacts this is having 
on nutrient transport between systems, and to further consider the adaptive abilities 
of  these birds to their ever-changing environment. Human activities can change 
the nature of  predator-prey relationships (Rodewald et al. 2011), and by introducing 
resource subsidies such as human refuse into trophic systems (Marczak et al. 2007; 
Rodewald et al. 2011), food web dynamics may be severely altered (Polis et al. 1997). 

 As little is known about the feeding ecology and the impacts of  human activity 
on Australia’s coastal raptor community (Lutter et al. 2006; Olsen et al. 2006; Debus 
2008; Debus et al. 2014; Rourke & Debus 2016), the purpose of  this study was to 
compare the assemblages of  coastal raptors and their preference for carrion types in 
south-east Queensland in areas of  differing levels of  urbanisation. 

Methods

Four locations were selected for this study, two urban and two non-urban with two 
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differing levels of  exposure (exposed, i.e. sandy beach, and sheltered, i.e. estuary side). 
All locations were within the city of  Gold Coast, south-east Queensland, Australia 
(Figure 1). Each location was surveyed on three occasions between April and June 
2014. However, the timing of  surveys was not evenly or consistently spaced, precluding 
any analysis of  seasonality in raptor abundance or carrion preference.
 To assess the assemblage of  raptors within each location, a structured survey 
of  the relative abundance of  raptors was conducted. This consisted of  three sets of  
10-minute observations across a period of  four hours (at 0 min, 120 min, and 240 
min). The survey area was continuously scanned using binoculars and the species 
and number of  raptors recorded. Numbers of  raptors were generally low (maximum 
was 5), so that double counting was unlikely. Any raptor behaviour observed during 
these surveys was recorded, as were miscellaneous observations of  raptors outside 
the observational time periods, including possible disturbances (i.e. human activity 
such as operation of  vehicles). Other bird species seen in the area were also recorded 
both during and outside survey periods.

 In order to test preferences for carrion types, during each survey at a particular 
location, four camera traps were deployed, resulting in a total of  12 camera deployments 
per location. Thus, across the four different locations (exposed urban, exposed non-
urban, sheltered urban, sheltered non-urban), a total of  48 camera deployments was

Figure 1: Camera locations for all four sampling sites, including Moreton Bay Marine Park   
zoning, which includes the waters surrounding the non-urbanised locations.
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used for the entire study. Both non-urban locations were located on South Stradbroke 
Island and both urban locations were located near Southport (Figure 1). For the 
purpose of  this study, an urbanised location is classified as being a maximum distance 
of  500 m from the nearest paved road. 
 Camera traps were placed approximately 200 m apart at each location, and 
deployed for an approximate four-hour period, starting at dawn. One GoPro® and 
one digital passive infrared (PIR) motion-triggered camera (ScoutGuard SG560Z-
8M) were used per camera trap to test the relative effectiveness of  the camera types. 
One mullet (average weight 304.7 g ± 21.25) and one adult quail bait (average 207.9 g 
± 2.57) were placed at each camera trap for the four-hour period. These represented 
marine and terrestrial sources of  prey, respectively. After the deployment, camera 
footage was examined to determine whether or not carrion had been consumed, and 
if  so, by which species. Footage was also checked for any disturbances that were not 
seen during observations.

Statistical Design

Three sets of  analyses were conducted to answer the following: 

i) Was the abundance of  individual raptor species different between urban   
 and non-urban locations, and between exposed and sheltered locations?
ii) Was the raptor assemblage different between urban and non-urban    
 locations, and between exposed and sheltered locations? 
iii) Were raptor carrion preferences different between these locations, and between
  species? 

 To determine if  there was a difference in raptor assemblages between locations 
of  differing exposure and urbanisation levels, both univariate and multivariate 
classification analyses were used. Differences in relative abundances of  individual 
raptor species between locations were tested using a two-way design, with factors 
Exposure (exposed vs. sheltered) and Urbanisation (urbanised vs. non-urbanised). 
Preliminary analyses indicated that there was no difference between months, so this 
was excluded from the final analyses. As overall abundances within the dataset were low, 
and assumptions of  normality could not be met, even with transformation, analyses 
were carried out using the non-parametric Permutational Multivariate Analysis of  
Variance [PERMANOVA, (Anderson & Gorley 2007)] add-on within the PRIMER 
(version 6, Primer-E) software package. Differences in the overall raptor assemblage 
composition between the four locations were also tested using the same design. Data 
were 4th-root transformed to minimise stress in the analysis, but preliminary analyses 
indicated that different transformations had no effect on the results.
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 Differences in carrion choice between species were analysed using preference 
scores to express the summed preference between the two carrion types taken first 
(when both were available). Each instance where mullet were taken first was scored 
as -1, while the score for quail taken first was +1. The mean preference scores for 
each raptor species (Figure 2) were compared to determine whether the species had 
different carrion preferences. Two species (Brahminy Kite and Eastern Osprey) were 
not included in the analysis, as neither took any of  the carrion items. The number of  
baits taken during the study was low compared to the total number of  trials, so non-
parametric Mann-Whitney test were conducted in SPSS (Version 21, IBM) in separate 
one-way tests for differences in carrion preference between the four locations, and 
between raptor species. 

Results 

Raptor species abundance and assemblage

The abundance of  two of  the four raptor species considered in this study was 
significantly lower in urban locations compared to non-urban locations (P=0.041 for 
White-bellied Sea-Eagles, and P<0.001 for Whistling Kites) regardless of  exposure 
level (Figure 2; Table 1). Recorded numbers of  the other two species (Eastern Osprey 
and Brahminy Kite) during the survey were very low, and therefore did not differ 
significantly between either urbanisation or exposure levels.

Figure 2: Raptor relative abundance over the entire study for the four locations.
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Table 1: Summary of  two-way (Exposure vs Urbanisation) PERMANOVA results for abundance 
of  each raptor species. P-values in bold are considered significant (≤0.05). N=12 in every case.

Species Exposure Urbanisation Exposure x Ubanisation

White-bellied Sea-Eagle 0.190 0.041 0.646
Whistling Kite 0.455 <0.001 0.109
Eastern Osprey 0.068 0.065 0.066
Brahminy Kite 0.911 0.483 0.912

 For the raptor assemblage as a whole, there were no significant differences 
between the levels of  exposure or urbanisation, or between exposed and sheltered 
locations, but a strong difference between urbanised and non-urbanised locations 
(Table 2). This is apparent in the nMDS (Figure 3), where almost all the urban locations 
are coincident, because no raptors were  recorded talking bait at urban locations, 
whereas non-urban locations are distinctly separated, but there is no consistent 
separation between exposed and sheltered non-urban locations. The vectors on the 
nMDS indicate that White-bellied Sea-Eagles, Whistling Kites and Eastern Ospreys 
all influenced the result, and Brahminy Kites less so (Figure 3).

Table 2: Two-way (Urbanisation x Exposure) PERMANOVA table for differences in raptor 
assemblage. P-values by Monte Carlo randomisation.

Factor df Pseudo-F p

Urbanisation 1 20 <0.001
Exposure 1 2.750 0.062

Urbanisation x Exposure 1 1.403 0.252
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Figure 3: nMDS of  raptor assemblage structure, with vectors showing the relative influence of  
each species. WK = Whistling Kite, WBSE = White-bellied Sea-Eagle, O = Eastern Osprey, BK 
= Brahminy Kite.

Carrion Preference

Preference scores for different types of  carrion showed a clear trend between raptor 
species, with White-bellied Sea-Eagles preferring mullet bait and Whistling Kites 
preferring quail bait (Figure 4). However, the Mann-Whitney tests showed that there 
was no significant difference in carrion preference between raptor species (U=3.0, 
P=0.167), and no significant difference between the four locations (U=12.0, P=1.00).
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Figure 4: Carrion preference of  Whistling Kite and White-bellied Sea-Eagle in each of  the four 
locations.

Observations

Out of  48 trials, bait was taken from 10 baited cameras. Three White-bellied Sea-Eagles 
were recorded taking bait on separate occasions, including two immature individuals. 
Mullet was taken on each of  these occasions (Figure 5).

Figure 5: White-bellied Sea-Eagle taking mullet bait a) immature White-bellied Sea-Eagle taking 
mullet over quail; b) adult White-bellied Sea-Eagle taking mullet over quail. Quail bait is circled in 
red. Photographs: Victoria Thomson and Tim Stevens.
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 Whistling Kites chose quail over mullet on five occasions (quail was taken on 
another occasion after a White-bellied Sea-Eagle had taken the mullet, leaving only 
one carrion type, and therefore not included in the statistical analysis) (Figure 6). 
Mullet was chosen on two occasions by Whistling Kites.

Figure 6: Whistling Kite taking different baits. a) taking quail bait when there was no other 
option; b) taking quail over mullet; c) taking quail over mullet; d) taking mullet over quail. All non-
chosen bait is circled in red where available. Photographs: Victoria Thomson and Tim Stevens.
 
 Kleptoparasitic behaviour (in which one takes food from another) was observed 
between individual Whistling Kites on two occasions. First, during an interaction by 
two Whistling Kites over a mullet bait (the quail had already been taken previously by 
another Whistling Kite), and second (recorded on camera), where the quail had been 
taken on the wing by a Whistling Kite, after another Whistling Kite had landed in front 
of  the quail. The Whistling Kite that landed then took the mullet bait shortly after, 
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apparently as a second preference. Interestingly, kleptoparasitism between Whistling 
Kites and Torresian Crows Corvus orru was a common occurrence throughout the 
sampling period, with both species competing over prey. 

Discussion

Scavenging raptors in south-east Queensland are clearly being affected by urbanisation 
(Mooney 1998; Huijbers et al. 2013, 2015). These species actively avoid populated areas 
(Huijbers et al. 2013, 2015); and have had breeding success affected by urbanisation 
and other human disturbance (Debus et al. 2014; Rourke & Debus 2016), including 
being driven out of  home ranges by the demolition of  nesting sites (O'Donnell & 
Debus 2012). This impact is reflected in the results of  this study. Raptor assemblages 
and the abundance of  the two main species (White-bellied Sea-Eagle and Whistling 
Kite) differed significantly between urban and non-urban locations. All four coastal 
raptor species were sighted in the non-urbanised locations, but only White-bellied 
Sea-Eagles and Whistling Kites were detected in the urbanised locations (sheltered 
location only). Both urbanised locations had multiple disturbance factors present, 
including dogs and vehicles (rubbish tractor, surf  life-saving patrols, and helicopters).

 A trend was observed for carrion bait preference in both White-bellied Sea-
Eagles and Whistling Kites, although no statistically significant difference was found. 
This trend suggests that White-bellied Sea-Eagles prefer mullet (or marine) carrion, 
whereas Whistling Kites prefer quail (or terrestrial) carrion in their respective scavenging 
habits. As the mullet baits were roughly 1.5 times the weight of  the quail, this could be 
related to the different size of  these species. White-bellied Sea-Eagles are much larger 
at 75–85 cm in body length, and a wingspan of  180–218 cm; compared to a body 
length of  51–59 cm and a wingspan of  123–146 cm in Whistling Kites (Debus 2012); 
and a weight difference between species of  approximately 2.9kg in females, and 2.5kg 
in males (Olsen et al. 2013). However, on the video recordings we never observed a 
Whistling Kite (or any other species) attempt to seize a bait but fail to do so, or to 
apparently struggle with the weight of  the bait, so this is not considered to have been 
a limiting factor. 

 Raptors of  south-east Queensland are established as dominant scavengers on 
rural beaches (Huijbers et al. 2013, 2015) and are regarded as important biological 
vectors transporting nutrients from marine to terrestrial systems (Schlacher et al. 2013). 
It is therefore not only important to preserve their habitat for their own conservation, 
but for the health of  the coastal ecosystems for which they play a major part. With 
ever-increasing coastal development, and coastal ecosystems threatened as a result 
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(Lotze et al. 2006; Huijbers et al. 2013; Sanger et al. 2015), it is important to understand 
the complexity of  anthropogenic impacts on these aerial apex predators, including 
foraging habits and their abilities to adapt to an ever-changing environment.

 The findings of  this study cannot state with clear certainty that urbanisation 
affects the carrion preference of  Australia’s coastal raptors. However, the clear 
difference in the raptor community between the non-urban and urban locations, and 
absence of  raptors taking bait in urban locations indicates that these birds utilise the 
non-urban locations for feeding purposes and rarely visit the urban locations. This is 
despite urban locations being very similar in ecological structure and being located 
within a few hundred metres of  the non-urbanised locations.  

 It was also noted during this study that Gold Coast City Council rubbish tractors 
regularly traversed the exposed urbanised locations during the morning. These 
tractors operated along strips of  the beach collecting rubbish and carrion, including a 
Short-tailed Shearwater Puffinus tenuirostris carcass, a potentially important food source 
for coastal raptors and other scavengers. Although the evidence is currently non-
conclusive, it is postulated that the frequent clearing of  potential foraging resources 
from beaches is dramatically reducing the capacity of  these beaches to support resident 
raptors, as well as posing increasing levels of  danger and disturbance. Simple well-
meaning actions such as mechanised litter collection could have serious implications 
for the feeding ecology of  coastal scavengers. 

 The limited presence of  raptors in the urban locations, and the significant 
difference in raptor assemblage between differing urbanisation levels, suggests that 
urbanisation and coastal expansion could indeed severely affect the foraging ecology 
of  coastal raptors. It would be beneficial for further studies to explore whether or 
not an increase in urbanisation results in a decrease of  foraging areas for coastal 
scavengers, including raptors; and whether foraging territories and home ranges would 
be subsequently increased, and breeding densities decreased, to compensate for lost 
resources. 
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