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Summary

This study investigated synurbisation in the Pacific Black duck Anas superciliosa by 
examining the influence of supplementary feeding on foraging ecology in urban lakes in 
south-eastern Queensland, in an attempt to determine how this abundant species is able 
to adapt to anthropogenic environments as increasing urbanisation removes and modifies 
natural environments. Natural foraging behaviours were consistent with previous studies, 
with dabbling, dipping and up-ending predominating, and foraging birds being individually 
dispersed. during supplementary feeding, however, foraging behaviours changed to those 
of take-and-leave, lunge, stationary, snatch, and swim forward. Although the mean distance 
between naturally foraging individuals was 2.51 m, individuals feeding on bread were only 
0.25 m apart. This study suggests that the common pastime of supplementary feeding of 
ducks has resulted in new foraging behaviours and patterns within urban populations of 
Pacific Black ducks, and these findings have implications for urban wildlife management 
and the co-existence of people and animals in urban environments. 

Introduction

The process of urbanisation is accelerating worldwide, with half of the global 
human population now living in urban areas (McIntyre et al. 2000; Shochat et 
al. 2006; United Nations 2006). In Australia, 83% of the population lives in 
urban centres, with south-eastern Queensland (Qld) being the fastest growing 
region in Australia (Population Reference Bureau 2009). This process has led to 
profound ecological impacts and alterations, often resulting in major changes to 
populations of local fauna (Low 2002; McKinney 2002; Adams 2005; garden et 
al. 2006; Mcdonnell 2007; Mcdonnell et al. 2009). Although many species are 
unable to adapt to the resultant transformation and disturbance of natural habits, 
some species have prospered in the novel anthropogenic environments (Piper & 
Catterall 2006; Catterall 2009; Chamberlain et al. 2009; evans et al. 2009; Campbell 
2010; Catterall et al. 2010). 

Attempting to understand the reasons for the success of some species in what 
are very different conditions from those in which these animals evolved has been 
a central challenge to the rapidly maturing field of urban ecology (Adams 2005; 
donaldson et al. 2007). The complexity and novelty of anthropogenic environments 
typically lead to a range of behavioural and ecological adjustments by colonising 
species, a phenomenon termed synurbisation (Luniak 2004). Although it has 
been possible to elucidate some of the key characteristics necessary for successful 
synurbisation—including coping with high population densities, exploiting new 
breeding and feeding resources, and flexibility in diurnal activity patterns (Luniak 
2004)—it is the direct and indirect interactions with people that are often crucial, 
yet these remain poorly studied (Campbell 2010). Although an ability to habituate 
to the presence of humans is a primary prerequisite for animals attempting 
to exploit anthropogenic resources (Marzluff et al. 2001), a more detailed 
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understanding of close human–wildlife interactions must be an important aim of 
contemporary urban ecology (Campbell 2010).

Many species of waterfowl have adapted well to the urban environment (Sinden 
et al. 2003; Chapman & Jones 2009, 2010). Internationally, species such as the Mute 
Swan Cygnus olor, Canada goose Branta canadensis and greylag goose Anser anser 
have all adapted well and exploit urban environments (Kirby et al. 1994; Rehfisch et 
al. 2002; heusmann 2008). The Northern Mallard Anas platyrhynchos, for example, 
is a global example of successful synurbisation, colonising urban areas throughout 
its multi-continental range (Sinden et al. 2003; Chace & Walsh 2006; heusmann 
2008). In Australia, its congener, the Pacific Black duck A. superciliosa, is similarly 
abundant in both natural and urban landscapes throughout much of the continent 
(Norman 1983; Marchant & higgins 1990; Maher & Braithwaite 1992; Chapman 
& Jones 2010), and is the most abundant native species found on urban lakes in 
south-eastern Qld (Chapman & Jones 2009). The presence of ducks in urban parks 
is frequently associated with intentional supplementary feeding (Campbell 2007; 
heusmann 2008; Chapman & Jones 2009, 2010, 2011; Campbell 2010). 

Chapman & Jones (2009, 2010, 2011) recently investigated aspects of 
supplementary feeding of ducks in urban lakes in south-eastern Qld, including 
the scale of this practice and the behaviours associated with it. These studies 
confirmed the popularity of such feeding, that bread was overwhelmingly the most 
commonly provided food, and that ducks feeding on bread tended to congregate 
rather than disperse. Although preliminary in scope, these small-scale studies 
also found that, despite the large volume and regularity of bread provisioning, 
most ducks continued to forage naturally when supplementary foods were not 
available (Chapman & Jones 2011). The aim of the present study was, therefore, 
to investigate the possible influence of supplementary feeding on the spatial 
distribution and feeding behaviours of foraging Pacific Black ducks in a series of 
urban lakes in south-eastern Qld. given the high level of competition for food 
items associated with this type of feeding (Chapman & Jones 2011), we predicted 
that (a) supplementary feeding would decrease inter-individual foraging distances 
and (b) the foraging behaviours used would be inconsistent with natural foraging 
activities. 

Methods

Study sites
A total of 12 sites was selected (Table 1), all within suburban areas of south-eastern Qld. 

Site selection was based on a previous study of 50 waterbodies across the region (Chapman 
& Jones 2010), which were all known to support populations of Pacific Black ducks and to 
have supplementary feeding occurring there regularly. 

Observations
data were collected over a 4-month period from May to August 2010. Observations 

were conducted four times at each site, with visits spread throughout the day: early morning 
(sunrise–0800 h), late morning (0800–1200 h), early afternoon (1200–1600 h) and late 
afternoon (1600 h–sunset). during each visit, the number of ducks present and the general 
behaviour of each individual were recorded through a spatial scan sample to ensure that all 
individuals present were equally represented (Martin & Bateson 1993). data were recorded 
verbally using a Sony MP3 IC Recorder ICd-UX80. An individual duck at one end of the 
lake was selected, behavioural state determined, and distance to its nearest neighbour was 
estimated; behavioural states (adapted from Johnsgard 1965) had previously been defined 
and observed there (Chapman & Jones 2011). This process continued until all ducks present 
(within sight) were studied consecutively. All recordings were later transferred to a computer 
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and transcribed. Behavioural states were allocated to general behavioural categories of 
foraging, moving, resting, preening and social. 

Video recordings
Preliminary studies demonstrated the difficulty of attempting to reliably record the 

details of the rapid feeding behaviours of individuals engaged in supplementary-feeding 
events. A hand-held Panasonic hdC-Sd9 digital video-camera was used, and the recordings 
were later examined on screen. 

A supplementary-feeding event was specified as an individual or group of people 
distributing anthropogenic food to waterbirds at a waterbody. At each site, all feeding 
events were recorded where possible throughout the duration of the visit. At particularly 
busy periods, it was not possible to record every event, although we are confident that most 
were recorded. each event was recorded for a period of 120 seconds, and later viewed using 
a media player. Transcribing was undertaken by separate analysis of each individual duck 
within range of the feeding event (typically a radius of 3 m). each individual was observed 
for the entire 120 seconds of recording. For each piece of food successfully consumed, the 
distance to the nearest neighbour and the foraging behaviour were recorded. The same 
information was also recorded for all unsuccessful attempts to obtain food, and for individuals 
in view but not participating in the feeding event. 

As this was, to the best of our knowledge, the first detailed behavioural investigation of 
supplementary feeding in ducks (Johnsgard 1965), we were obliged to define new feeding 
behaviours associated with this novel form of foraging: swim forward, a passive moment 
forward to obtain a food item; lunge, a rapid movement forward to obtain a food item; 
stationary, no movement forward to obtain a food item; take-and-leave, a quick movement 
forward to obtain a food item followed by evasively swimming away from other individuals; 
and snatch, taking food from an individual that has already obtained it.

The transcribed data were further examined to determine the number of individual 
ducks that were: (a) directly involved in supplementary feeding; (b) successful in obtaining 
food; (c) unsuccessful; and (d) not participating in feeding events. Successful individuals 

Table 1

Study location descriptions of the 12 locations within south-eastern Queensland

Site Suburb Area Description 
  (ha)

Narangba Narangba 1.9 Artificial wetland 
harold Kielly Park Bracken Ridge 1.28 Parkland situated within a 
      wetland area 
Brisbane Boondall 0.84 Large lake and parkland  
 entertainment Centre
Nudgee Waterhole Nudgee 2.25 Large waterhole
Minnippi Parklands Tingalpa 0.81 Two large connected lakes 
Bowie’s Flat Coorparoo 0.76 Artificial wetland 
Biamba yumba Park Fig Tree Pocket 0.59 Medium-size wetland 
Les Atkinson Park Sunnybank 0.46 Wetland located within 
      parkland 
Underwood Park Priestdale 0.76 Two large lakes
dennis Lake daisy hill 2.22 Artificial wetland
   Meadowbrook 0.76 Lake situated in parkland
Tygum Lagoon Waterford West 8.7 Spring-fed, shallow, open- 
      water lake/wetland 
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were those that consumed food items on one or more occasions; unsuccessful individuals 
were those that attempted to consume food but were not successful; and individuals that 
did not participate were those that did not attempt to obtain food and did not consume any 
food. In addition, human involvement with the feeding events was recorded: the number of 
people, the duration of the feeding event, and the amount and type of food used.

Data analysis
The effect of time category on the mean frequency of natural foraging of the Pacific 

Black duck was analysed using one-way analysis of variance (ANOVA) in SPSS (SPSS 
version 17.0) where time category was a fixed effect. To meet the assumptions of ANOVA 
(Zar 1999), data were assessed for normality and homoscedacity of variances and then 
arcsine transformed. Similarly, the effect of time category on the mean frequency of bread 
feeding was analysed using one-way ANOVA where time category was a fixed effect, but 
transformations were not necessary as the data were normal and homoscedastic (Zar 1999). 
Natural foraging and bread-feeding behaviours were analysed using chi-square analysis to 
test for differences between time categories. 

One-way ANOVA was also used to test the effect of time category on the mean distance 
to nearest neighbour separately for natural feeding and bread feeding. Any duck with a 
distance to its nearest neighbour of ≥30 m was excluded from the analysis, to rule out 
inaccuracy of estimation. 

Following initial data screening, it was necessary to Log10 transform the data. Tukey’s 
post-hoc tests were used following significant ANOVAs to test for pairwise differences 
among time categories.

Results

Species richness and abundance

Four species of native duck and a variety of domestic ducks (species not 
differentiated here) were recorded. Pacific Black ducks were by far the most 
abundant species, with a total of 273 (mean 22.75 ± Standard deviation 12.61) 
being detected per site. In decreasing order of abundance were domestic 
ducks (average total 62.42 ± 4.16), Australian Wood duck Chenonetta jubata  
(55.67 ± 3.24), Chestnut Teal Anas castanea (9.00 ± 2.47) and hardhead Aythya 
australis (7.50 ± 0.84). Pacific Black ducks and domestic ducks were the only 
species recorded at all 12 locations. 

Natural foraging and supplementary-feeding behaviour

The Pacific Black duck was observed foraging naturally in each time category 
(Figure 1). There was no significant difference between time categories in the mean 
proportion of time each duck devoted to foraging, with each individual spending 
about 18.6% of its time actively feeding. 

Ninety-one supplementary-feeding events, all involving the distribution of 
bread, were witnessed. They involved a mean of 23.7 ± 20.3 people (range 3–57) 
distributing an average of 63.7 ± 59.3 slices of bread (or 2.7 slices per feeding 
person) to the awaiting ducks for a mean total of 47.7 ± 46.0 minutes per feeding 
event. Black ducks were observed participating in feeding events in each time 
category, and there was no significant difference in the mean proportion of time 
that each feeding individual devoted to supplementary feeding between time 
categories (F = 0.417, df = 14, P = 0.744). 

during natural foraging activities, Pacific Black ducks employed dabbling, 
dipping, up-ending and grazing (Figure 2). A comparison of feeding methods within 
time periods found a significant difference (χ2 = 5.991, df = 2, P <0.05), with 
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dabbling (69.4%) being substantially more common in the early morning than in 
the early afternoon (13.3%) (Figure 2). 

When Black ducks fed on supplementary food, however, an entirely different 
suite of foraging behaviours was used, with lunge and take-and-leave dominating 
(Figure 3). There were significant differences in proportions of these feeding 
modes between the time categories (χ2 = 21.026, df = 12, P < 0.05), with lunging 
more frequent during the early morning and taking-and-leaving being detected 
more often than expected during the late morning (Figure 3). 

Figure 1. Mean percentage of overall time spent in natural foraging by individual Pacific 
Black Ducks observed foraging (n = 146) in each time category

Figure 2. Percentage of natural foraging behaviours observed in each time category
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Spatial distribution during natural foraging and supplementary feeding

during natural foraging, there were significant differences in the mean distance 
to nearest neighbour between time periods (F = 1.346, df = 139, P = 0.262), with 
the mean distance between all foraging Black ducks (n = 160) being 2.51 ± 3.89 m 
but ranging from 1.38 ± 1.64 m in the early morning to 5.09 ± 9.77 m in the late 
afternoon (Figure 4). In contrast, the mean distance between nearest neighbours 
during supplementary feeding (n = 867 ducks) was only 0.25 ± 0.25 m, with no 
significant differences between time periods. Furthermore, two-way ANOVA 
found significant differences in mean nearest-neighbour distances for natural 
versus supplementary feeding in all time categories (F = 33.385, df = 864, 
P <0.001). 

Figure 3. Percentage of supplementary-feeding behaviours observed in each time 
category

Figure 4. Mean distance to nearest neighbour of the Pacific Black Duck in each time 
category for natural foraging and supplementary feeding 



VOL. 29 (1)  
MARCh 2012 Pacific Black duck Feeding Behaviour 37

Discussion

Although the supplementary feeding of ducks is virtually universal and is an 
extremely popular practice (Campbell 2010; Chapman & Jones 2011), remarkably 
little is known about it. The present study is, to the best of our knowledge, one of 
very few to investigate this activity. A clearer understanding of this complex issue 
is needed for a variety of reasons, including the potential impacts on the welfare 
and behaviour of the birds (Jones & Reynolds 2008) as well as the potential for 
positive influences on the people involved (Jones 2011).

This study confirmed earlier observations (Sinden et al. 2003; Chapman & 
Jones 2010) that the Pacific Black duck was the most abundant native species 
of duck on urban lakes in south-eastern Qld, and therefore the species most 
likely to be influenced by anthropogenic feeding. Supplementary-feeding events, 
overwhelmingly using bread (Chapman & Jones 2009), were witnessed frequently 
at all locations. 

Natural foraging was observed in all four time categories, and the proportion 
of time spent in foraging was constant throughout the day; most Black ducks 
were engaged in foraging for about 20% of the time or until a supplementary-
feeding event commenced. This finding is inconsistent with the crepuscular 
feeding pattern observed in previous studies of wild native ducks (Frith 1959; 
Bekle 1983; Marchant & higgins 1990; Chapman & Jones 2009, 2011). The 
resource abundance associated with urban lakes, resulting from both the almost 
daily introduction of human foods and the increased productivity of many such 
lakes (Strumm 2004; Waters et al. 2009), may allow foraging throughout the day. 
In addition, the recent (2009–11) heavy rainfall in south-eastern Qld (Australian 
government Bureau of Meteorology 2011) following a prolonged period of 
drought has led to recolonisation by macroinvertebrates and increased vegetation 
growth in waterbodies, undoubtedly increasing the abundance of food resources 
for waterfowl (Wolda 1978; Boulton 2003). 

The natural foraging behaviours observed, predominantly dabbling, dipping 
and up-ending, were typical for the species (Marchant & higgins 1990; Chapman & 
Jones 2011), and consistent with foraging activities of dabbling ducks (Frith 1959; 
Norman et al. 1978; hamilton et al. 2002). however, the periodic introduction 
of anthropogenic foods, overwhelmingly pieces of floating bread, brought about 
a dramatic change in foraging activities. This specialised suite of behaviours 
consisted of take-and-leave, lunge, stationary, and swim forward, all novel activities 
for the species. These differences in behaviours and the lack of overlap with 
natural foraging activities during supplementary feeding are strongly indicative of 
behavioural flexibility, a hallmark of synurbisation (Clergeau & Quenot 2007). 

This exploitation of a novel source of food is also evident in the dramatic 
alteration of the spatial distribution of individuals engaged in natural foraging 
versus anthropogenic bread-feeding events. In general, individual Pacific Black 
ducks engaged in natural foraging were widely distributed over the surface of the 
waterbody, staying, on average, 2.5 m away from conspecifics. With the start of a 
bread-feeding event, scramble competition ensued, with the nearest-neighbour 
distance being reduced to 0.25 m. 

This study shows that there is evidence of synurbic populations of the Pacific 
Black duck. These populations have been influenced by the presence of people 
through bread-feeding events as the species has adopted new feeding behaviours, 
and the spatial distribution is greatly reduced in populations in the wild. Further 
comparisons will need to be made between non-urban and urban populations. 
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The ability for these synurbic species to exist and adapt in the urban environment 
potentially allows for co-existence with people (Luniak 2004), which could have 
positive implications for future conservation. As people encounter wildlife in 
everyday situations, there is an increased chance that they will become interested in 
conservation, and this highlights the importance of further understanding people’s 
desire and motivations to feed ducks in the urban environment. 
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