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Executive Summary 

Feeding of wildlife is a popular pastime in urban houseyards, and some studies have indicated 

that it may also be a common activity in protected areas. Despite its popularity, there is much 

controversy regarding the possible benefits and impacts of wildlife feeding, and management of 

this activity in protected areas is further confounded by a lack of reliable research. Studies on 

wildlife feeding in urban areas and on supplementary feeding may provide valuable insights into 

expected effects in protected areas. Hence, Chapter 2 offers a detailed review of the current 

available literature on the feeding of wildlife, with a focus on the possible positive and negative 

effects of feeding in protected areas. Over 100 papers were sourced from scientific databases, 

bibliographies and private collections. Findings indicated that for the wildlife being fed there 

are few benefits and often numerous negative effects, both proven and anecdotal. Evidence 

suggests that feeding may, in some cases, lead to increased disease transmission, increased 

population levels, stress, injury and/or malnutrition, decreased home ranges, and changes in 

social structure and behaviour. Wildlife feeding has also been found to alter reproductive 

activities, including length of breeding season, breeding intensity, clutch/litter size, and in some 

cases, sex ratios of offspring. On the other hand, for the humans involved in wildlife feeding 

there are several possible, if not proven, benefits. These include positive influences on visitor 

experiences and attitudes towards wildlife, more predictable sightings of animals, and enhanced 

effectiveness of interpretation and education programs. There is also some evidence, although 

largely anecdotal, to suggest that there can be negative impacts on humans involved in wildlife 

feeding activities, including an increased risk of the spread of disease from wildlife to humans 

and a clear threat of serious human injuries in some wildlife feeding situations. Currently, the 

potential negative impacts of visitor feeding of wildlife on the wildlife involved far outweigh 

the positive benefits and this is a serious concern, particularly when feeding activities are 

occurring in protected areas where wildlife welfare and ecosystem integrity are key objectives. 

The potential negative impacts on the humans involved in wildlife feeding activities are 



somewhat balanced by the possible positive effects, although human safety is one major issue 

that needs to be assessed and managed on a site-by-site basis.. Further research is urgently 

required to determine the influences of feeding wildlife in reserves.  

 

While there has been a number of studies of suburban wild bird feeding (e.g. Thomas 2000; 

McLees 2001; Rollinson et al. 2003), there have been few studies into feeding rates in natural 

areas, and there is little information about the practice of  bird feeding in Queensland or New 

South Wales national parks, thus limiting effective management. To rectify this, Chapter 3 

investigated the amount of wildlife feeding currently occurring in national parks of southeast 

Queensland and northeast New South Wales. Groups of picnickers in rainforest reserves were 

observed to determine if and how they fed birds. Nearly 50 % of all groups observed either 

intentionally or inadvertently fed at least one species of bird. Family groups were most likely to 

actively feed birds, and the most common foods offered were bread and scraps/crumbs. The 

most commonly fed species were the pied currawong Strepera graculina and Australian brush 

turkey Alectura lathami. These findings suggest that signage currently displayed in several 

national parks to discourage feeding is not influencing visitor behaviour, and allow speculation 

that high feeding rates (and a resultant artificial increase in food availability) could be impacting 

upon bird communities in rainforest reserves of southeast Qld and northeast NSW.  

 

Although the effects of disturbance on avian communities have been studied in a variety of 

contexts, little is known about the potential impacts of visitor feeding of birds in national park 

picnic areas. To address this discrepancy, Chapter 4 details how twenty-minute point counts 

were used to determine if avian community composition parameters (species richness, diversity, 

equitability, the relative abundances of avian guilds, and the relative abundance of individual 

species) differed between picnic areas where wildlife feeding occurs and either clearings 

(habitat controls), or rainforest interiors. Bird diversity was lower in clearings than other site 



types but picnic areas did not differ in diversity or species richness compared with other sites. 

The abundance of omnivorous/carnivorous bird species was higher in picnic areas compared 

with other site types, while nectarivores/insectivores were least abundant in picnic areas. At the 

individual species level, the pied currawong, Australian brush-turkey, laughing kookaburra 

Dacelo novaeguineae, and Australian king parrot Alisterus scapularis were all more abundant in 

picnic areas than in other site types, most likely due to visitor feeding. Silvereyes Zosterops 

lateralis, superb fairy-wrens Malurus cyaneus, variegated fairy-wrens M. assimilis, grey fantails 

Rhipidura fuliginosa and crimson rosellas Platycercus elegans were most abundant in 

clearings/edges, while several other species (large-billed scrubwren Sericornis magnirostris, 

brown gerygone Gerygone mouki, Lewins honeyeater Meliphaga lewinii, brown cuckoo-dove 

Macropygia amboinensis, logrunner Orthonyx temminckii, eastern whipbird Psophodes 

olivaceus and green catbird Ailuroedus crassirostris) were disadvantaged by both picnic areas 

and clearings, probably due to a reduction in the availability of nesting and/or foraging 

substrate. These findings have implications for cases where numerous picnic areas are spread 

throughout the national park or those located in ecologically sensitive areas, but generally 

impacts are localised and likely to be small in scale. Secondary impacts such as increased nest 

predation, competition and inter-specific aggression are also a concern and require further 

clarification.  

 

Finally, Chapter 5 examines whether wildlife feeding in national park picnic areas may be 

having an influence on avian nest predation levels. Increased numbers of avian nest predators 

are known to be attracted to picnic areas due to deliberate or inadvertent wildlife feeding, or 

edge effects associated with habitat alteration. Artificial nests were used to test whether nest 

predation levels near picnic areas were different to locations away from picnic areas. A total of 

224 nests, each with one finch egg and two plasticine eggs, were placed alternately in shrubs 

and on the ground at picnic area edges, clearing edges and rainforest interiors. During a period 



of one week, 68 % of all eggs were preyed upon. Approximately 80 % of ground nests were 

depredated (predominantly by mammalian predators) and 55 % of shrub nests were depredated 

(predominantly by avian predators). There was no significant edge effect on nest predation at 

the study site. There was a significant effect of edge type, however, with predation rates of 

artificial shrub nests being higher at picnic area edges compared with other rainforest edges. 

Although overall predation rates of ground nests did not differ between edge types, predation by 

avian and mammalian predators specifically increased significantly for ground nests located 

close to picnic area edges. These results indicate that human activities in national park picnic 

areas could potentially be adversely affecting the breeding success of ground-nesting birds in 

sub-tropical rainforest national parks of southeast Queensland. 
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Introduction 

Wildlife feeding has a long and controversial history. Feeding of wild birds, particularly in 

winter when natural food resources are scarce, is a common and widely accepted activity in 

the US and Europe (Deis 1982; Thompson 1987; Peterson 2000). As opposed to the Northern 

Hemisphere, in Australia feeding of wildlife is widely discouraged (Seipan and Staley 1996; 

Petrie et al. 2003), although there has been much recent discussion about this subject and 

polarised views are common (Knight and Anderson 1990; Cannon 1999; Rollinson et al. 

2003; West 2003).  

 

Feeding of wild animals is popular due to its perceived benefits for conservation and wildlife 

appreciation, as well as allowing more predictable, close-up sightings of animals (Green and 

Higginbottom 2001; Orams 2002).  Despite its popularity, there is much controversy 

regarding the possible benefits and impacts of wildlife feeding, and management of this 

activity in protected areas is further confounded by a lack of reliable research. Several 

Australian states have legislation regarding feeding, although most fail to properly define it, 

conceivably making enforcement difficult Moore et al. 1997; Mallick and Dreissen 2003). 

Policies and management of wildlife feeding in Australia are also unclear and contradictory 

in different areas, most likely due to a lack of clear understanding regarding potential impacts 

(Burger 1997; Green and Higginbottom 2001).  

 

In addition to a lack of reliable research into potential impacts of wildlife feeding, the extent 

and prevalence of the issue is often unknown. Most Australian parks have no current 

participation figures, although there are some indications that wildlife feeding may indeed be 

a widespread activity in some parks (Moore et al. 1007; Mallick and Driessen 2003). This 
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arguably creates difficulties for protected area managers in controlling or mitigating potential 

impacts. There is serious concern among protected area managers, scientists and the general 

public that the feeding of wildlife could be having detrimental effects on protected fauna 

(Skira and Smith 1991; Mallick and Driessen 2003; Howard and Jones 2004). Indeed, the 

topic of this thesis was instigated by the N.S.W. National Parks and Wildlife Service, as it 

was regarded that research into impacts of wildlife feeding was the most prominent area of 

study currently required in protected areas.  

 

One of the main suggestions underlying this project is that visitor feeding of birds in 

protected areas may lead to changes in bird assemblages. This may favour certain types of 

birds, e.g. large or aggressive species, which may become more locally abundant. There is 

some support for this suggestion (Anon 1996; Warnken et al. 2004; Densmore and French 

2005; Piper and Catterall 2006), yet no community level studies have been conducted on this 

subject in rainforest areas. Such habitats are of particular significance as protected subtropical 

rainforests are some of the most heavily visited natural areas in south-eastern Queensland and 

north-eastern New South Wales. 

 

The most frequent place for people to either deliberately or unintentionally feed birds in 

national parks is picnic areas. Despite being a common feature of most national parks today, 

very little is known about the possible impacts of picnic areas, in terms of vegetation and 

physical disturbance associated with clearing, design and maintenance, on wildlife in the 

parks. In addition to increased food availability due to feeding by visitors, it is possible that 

picnic areas themselves may be affecting bird communities due to the replacement of native 

vegetation with cleared grass areas and the creation of habitat edges. Previous authors have 

inferred that certain avian species (e.g. Brewer’s blackbird Euphagus cyanocephalus and 
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mountain chickadee Poecile gambeli) are associated with campgrounds in northern Utah and 

Yosemite National Park, while others may be disadvantaged by such areas due to differences 

in vegetation and leaf litter cover (Blakesley and Reese 1988; Foin et al. 1977). Two studies 

have recently looked at effects of picnic areas on Australian avifauna. Densmore and French 

(2005) and Piper and Catterall (2006) both found significant differences in avian community 

composition between picnic areas and forest interiors, with species that are typically 

associated with urban areas (e.g. Australian magpie Gymnorhina tibicen, noisy miner 

Manorina melanocephala, pied currawong Strepera graculina and laughing kookaburra 

Dacelo novaeguineae) often being more abundant in picnic areas. It is unknown whether 

vegetation disturbance associated with picnic areas in protected rainforest will have similar 

impacts, and if so, which avian species in particular will be most affected. 

 

Another hypothesis is that feeding by visitors in national park picnic areas may indirectly 

affect nest predation levels by attracting high numbers of certain species of birds that have 

been previously identified as nest predators. There have been several studies showing that 

particular species of birds, especially those from the families Artamidae and Corvidae, are 

significant predators of nests in urban areas (Major et al. 1996; Bayly and Blumstein 2001; 

Ford et al. 2001), conifer forest (Luginbuhl et al. 2001), eucalypt forest (Piper et al. 2002), 

agricultural/forest gradients (Andren 1992) and grassland (Soderstrom et al. 1998). There are, 

however, only two studies investigating nest predation in an Australian rainforest habitat 

(Laurance et al. 1993; Hausmann et al. 2005), thereby limiting the feasibility of applying 

such knowledge to Australian locations. Furthermore, certain opportunistic bird species have 

been found to exclude other species from areas via interference or dominance. There is 

evidence that some members of the genus Manorina, which includes the bell miner Manorina 

melanophrys and noisy miner, are proficient at excluding other species from areas they 
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occupy (Recher 1972; Ford et al. 2001; Bayly and Blumstein 2001). Hence, the impacts of 

feeding wild birds in national parks could possibly include indirect effects on the abundance 

and reproductive success of smaller bird species. 

 

The national parks used as study sites throughout the following chapters all form part of the 

World Heritage listed Central Eastern Rainforest Reserves, Australia (CERRA). As part of 

the ethos of world heritage listed national parks, it is imperative to attempt to preserve the 

ecological integrity of these sites and ensure recreation activities within the parks do not 

adversely impact upon protected wildlife. It is thus essential to clarify the effects of picnic 

areas and wildlife feeding on wildlife communities in such areas, and to determine if these 

attractions/activities are compatible with national park ideals. 

 

The objectives of the research embodied in this thesis were; 

- to review the current literature and management of potential impacts and benefits of  

wildlife feeding, both overseas and in Australia;  

- to quantify participation rates and characteristics of bird feeding encounters currently 

taking place in some Australian rainforest reserves;  

- to identify potential impacts associated with wildlife feeding and/or picnic areas on 

bird communities in such areas; and  

- to clarify the extent to which wildlife feeding may be indirectly affecting predation 

rates of small native bird nests in the vicinity of picnic areas located within Australian 

rainforest reserves.  

 

With the exceptions of Chapters 1 and 6, the results of this research are presented as a series 

of journal manuscripts, each of which is at some stage of submission for publication. The 
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author is the main contributor for all manuscripts in this thesis and any additional authors are 

clearly indicated. In the interests of consistency, the manuscripts have been presented in a 

standardised format (based upon guidelines for the journal Wildlife Research), with all 

references collated into a single bibliography at the end of the thesis. Details regarding the 

target journal, contributions of co-authors and current publication status of each manuscript 

are clearly noted at the beginning of each chapter. Further material that was not required for 

publication but is considered important to this thesis is provided in the appendices section. 
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Introduction 

The deliberate feeding of wildlife is a widespread activity in many countries. In North 

America and Europe, wildlife feeding in urban areas, especially the feeding of birds in 

winter, is extremely popular, with participation rates of 35-50% of households (Deis 1982; 

Thompson 1987). In the United States alone, between 60 and 82 million people (or 43% of 

households) spend almost half a billion dollars annually to provide over 450 million kg of 

seed (Deis 1982; Peterson 2000; Wilson 2001, Martinson and Flaspohler 2003). In Australia, 

despite claims that “more conservation-minded and knowledgeable individuals do not feed 

their garden birds” (Cannon 1999: 288), numerous recent studies have found participation 

rates almost identical (38-52% of households) to those reported from the Northern 

Hemisphere (Thomas 2000; McLees 2001; Rollinson et al. 2003). This is somewhat 

surprising (Rollinson et al. 2003) as, in contrast to North America and Europe where feeding 

is actively promoted by conservation groups and agencies (e.g. Peterson 2000; Royal Society 

for the Protection of Birds 2002), wildlife feeding is widely discouraged in Australia (e.g. 

Seipan and Stanley 1996; Petrie et al. 2003). In this paper we present a general review of 

research into the issues associated with feeding of wildlife in protected areas drawing 

examples from overseas and particularly from Australia.  

 

The feeding of wildlife is also a component of tourism, with both tourists and tour operators 

sometimes providing food, particularly in order to increase the likelihood of closely 

observing or having contact with a wild animal (Green and Higginbottom 2001; Orams 

2002). Wildlife tourism involving free-ranging animals generally seems to be growing 

(Higginbottom 2004). The most detailed recent research on the importance of wildlife-related 

recreation (by tourists and locals) has been in the USA. During 2001, 66.1 million adults 
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engaged in observing, feeding or photographing non-captive wildlife (US Department of the 

Interior, Fish and Wildlife Service, US Department of Commerce and US Census Bureau 

2002). Wildlife watchers spent a total of US$38.4 billion on their wildlife-related trips, 

activities and equipment. In the USA, birdwatching has been estimated to involve up to 60 

million people, or 20-35% of the adult population (Hall and O’Leary 1989; Adams et al. 

1997).  Because of the enormous scale of bird feeding (in both urban and natural areas) 

Brittingham and Temple (1992) claim it to be currently the largest wildlife management 

activity in northern temperate regions. The feeding of wildlife is also popular among visitors 

to public protected areas such as national parks and reserves (Green and Higginbottom 2001; 

Orams 2002). In Australia, despite anti-feeding legislation and policies, there is evidence that 

between 50-60% of ‘visitor-wildlife interactions’ in some Tasmanian protected areas involve 

feeding of wildlife by visitors (Moore et al. 1997; Mallick and Driessen 2003). Allery 

(unpublished data) reported that 74 % of survey respondents at Flinders Chase National Park, 

South Australia, have either participated in or observed other people giving food directly to 

wildlife, while 57.7 % reported leaving food for wildlife, or observing others to do so. It has 

been suggested that the cryptic nature of many Australian native species may make it 

particularly attractive to utilise feeding as a way of observing and interacting with such 

species (Hodgson et al. 2004). 

 

The feeding of wildlife can take many forms including deliberate hand-feeding, the stealing 

of visitors’ food by animals and the inadvertent leaving of edible refuse to be later found by 

scavengers (Green and Higginbottom 2001). Feeding may also involve many types of 

animals, although it is clear that birds are the most popular of all wildlife for people to feed 

(Deis 1982; Brittingham and Temple 1992; Rollinson et al. 2003). In Australia, other taxa 

that are also often fed include mammals such as macropods, possums, gliders, dingoes and 



22 

 

dolphins, as well as reptiles such as crocodiles and goannas (Burger 1997; Green and 

Higginbottom 2001). 

  

Despite the ubiquity of wildlife feeding throughout the world, there is considerable 

contention about whether the practice is beneficial or harmful to either the people or the 

wildlife involved. While there is much speculation on the potential effects of feeding wildlife, 

unequivocal empirical research results are scarce. The practice remains a highly controversial 

and emotive issue, and extreme views in either direction are common (Deis 1982; Knight and 

Anderson 1990; Nattrass 2001; West 2003). More significantly, however, the vehemence and 

polarity of views, in combination with a mainly inadequate and incomplete understanding of 

the influences of feeding, are currently inhibiting the identification and minimisation of any 

potential impacts.  

 

The feeding of wildlife, particularly in protected areas, is indeed a highly complex issue, and 

one that is well overdue for closer investigation. While previous reviews have examined 

controlled experimental manipulation of food supply on terrestrial vertebrates (Boutin 1990), 

food supplementation and baiting of wildlife in Canada and the USA (Dunkley and Cattet 

2003), providing food to wildlife as a tourism attraction (Orams 2002) and feeding at private 

attractions and national parks in Queensland (Burger 1997), results and observations have 

often been simply compiled and presented with minimal comment. Although there is much 

concern, both amongst protected area managers and members of the public, that feeding in 

natural areas could be having significant impacts (Mallick and Driessen 2003; Howard and 

Jones 2004), there has been very little focus on these effects in the literature. Also, no 

reviews have investigated potential positive and negative influences on both the wildlife and 

the people involved in wildlife feeding activities in Australia at a national scale. Given the 
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potential importance of the issue, as well as the extreme polarity of views regarding wildlife 

feeding, a critical evaluation of issues associated with feeding in protected areas is required. 

 

To address this important shortcoming in our understanding, we have attempted to review 

relevant research findings from sources throughout the world. Over 100 papers from several 

scientific databases (BasicBIOSIS, Blackwell Synergy, CSIRO Journals Online, Current 

Contents, Ecology Abstracts, Science Direct, SpringerLink and Swetswise), bibliographies 

and private collections were reviewed to assess the research that has been conducted on this 

topic, to determine what gaps are present in the body of literature, and to summarise current 

management efforts. Much of the research reviewed in this paper comes from supplementary 

feeding experiments, where predictable, regular food sources had been provided in an 

experimental setting. This research, while not directly applicable to the situation of visitor 

feeding of wildlife in protected areas, was included here as it may give an indication of 

potential influences on the animals receiving anthropogenic foods. We discuss the positive 

and negative effects of wildlife feeding on wildlife and on people and then summarise the 

management strategies currently being employed. Research on wildlife feeding in other 

countries is typically presented first, followed by a comprehensive evaluation of available 

research involving Australian wildlife. Finally, some recommendations for further research 

and future management of wildlife feeding in protected areas are given.  
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Effects of wildlife feeding on wildlife  

Positive 

Survival and population recovery 

 The provision of supplementary foods have been used to facilitate the survival of specific 

species in situations such as  extreme food scarcity, as part of conservation management of 

threatened populations, and where human impacts have been implicated in population 

declines (Green and Higginbottom 2001). For example, supplemental feeding has been 

employed as a means of increasing the populations size of declining or endangered birds 

including the bald eagle Haliaeetus leucocephalus, white-tailed sea eagle H. albicilla, 

Mauritius kestrel Falco punctatus, Eurasian griffon Gyps fulvus, Andean condor Vultur 

gryphus, Californian condor Gymnogyps californianus and trumpeter swan Cygnus 

buccinator (Wilbur et al. 1974; Helander 1978; Wallace and Temple 1987; Knight and 

Anderson 1990; Jones et al. 1995; MacRae 1997; Dunkley and Cattet 2003) and is currently 

being utilised as an attempt to save the threatened Gobi bear Ursus gobiensis in Mongolia 

(Balint and Steinberg 2003; Zahler and Lhagvasuren 2005). Food supplementation has also 

been used to improve survival and increase population size in rodents. Ford and Pitelka 

(1984) used food and water supplementation to improve survivorship of Californian voles 

Microtus californicus and slow the rate of population decline during a dry summer season, 

facilitating the later recovery of the population. In this study non-supplemented populations 

quickly declined to extinction (Ford and Pitelka 1984). This is not always the case however, 

as food supplementation has failed to reverse declining population trends for many other 

species of small mammals (Boutin 1990; Prevadec 2000) 
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In the Southern Hemisphere, food supplementation has been used to aid the survival of two 

reintroduced island populations of stitchbirds Notiomystis cincta (Armstrong et al. 2002) and 

in the management of the critically endangered kakapo Stipogs habropitlus (Elliott et al. 

2001) in New Zealand. In an Australian study, Dickman (1989) found in increase in 

population size of brown antechinus Antechinus stuartii after supplementary food was 

provided for several months, and a decline after food was discontinued. There were also 

higher rates of survival for antechinus with access to supplementary food compared with the 

control (Dickman 1989).  

 

While it appears that food supplementation can have positive effects on both individual 

survival and population recovery for most of the species studied, in the context of wildlife 

feeding in protected areas such benefits would only be relevant where the individuals or 

populations being fed were in decline or under threat. In such cases, it is unlikely that visitors 

would be engaged in this type of essential management activities. 

 

Negative 

Health or injury risks 

There are numerous claims that the feeding of wildlife may lead to the spread of diseases 

(Skira and Smith 1991; Burger 1997; Moore et al. 1997; Green and Higginbottom 2001; 

Dunkley and Cattet 2003). Rushton et al. (2000) suggested that supplementary feeding brings 

infected animals into close contact with others may enhance the occurrence of parapoxvirus 

disease in red squirrels Tamiasciurus hudsonicus in the U.K., although this was not 

specifically tested. Wrangham (1974) reported two serious outbreaks of disease in 
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chimpanzees Pan troglodytes during periods of ‘heavy’ artificial feeding while Schmitt et al. 

(1997) discovered an epidemic of bovine tuberculosis in free-ranging white-tailed deer 

Odocoileus virginianus in the United States and hypothesised that the outbreak was related to 

some combination of high deer density, poor quality habitat and extensive supplemental 

feeding. In Saskatchewan and Manitoba, outbreaks of chronic wasting disease in wild deer 

and bovine tuberculosis in elk Cervus elaphus have been attributed to the provision of 

supplementary food (Dunkley and Cattet 2003). 

 

More tangible evidence comes from studies associated with bird feeding in suburban 

environments in the United States were numerous avian diseases have been found around 

feeding stations due to the close contact of large numbers of birds and also unhygienic 

conditions, particularly a build-up of faeces (Brittingham and Temple 1988). More critically, 

the rapid spread of the disease Mycoplasma gallisepticum specifically among house finches 

Carpodacus mexicanus, is known to have been spread entirely as a result of the species’ use 

of multiple bird feeders, some of which are maintained in reserves and parks (Davis 2001). A 

more recent quantitative study of Mycoplasma gallisepticum in house finches across northern 

America found that although large flocks of these birds congregate around feeding stations, 

resulting in higher degrees of intraspecific aggression, actual physical contact between birds 

was rare (Dhondt et al. 2005). Instead the authors concluded that, due to Mycoplasma 

gallisepticum remaining contagious for up to 12 hours, the bird feeders themselves may be 

the key vector among house finches, and could also facilitate the spread of disease to other 

species (Dhondt et al. 2005). The California Department of Fish and Game has previously 

requested residents remove their bird feeders to prevent the spread of salmonellosis among 

pine siskins Carduelis pinus after hundreds of dead birds were reported in several counties 

(DFG 2005), and in an attempt to limit an outbreak of the parasite trichomoniasis among 
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mourning doves Zenaida macroura and band-tailed pigeons Columba fasciata (DFG 2004). 

A recent review of the influence of urbanisation on the spread of wildlife diseases in the 

Northern Hemisphere revealed that high population densities caused by abundant, year-round 

food sources (such as feeding stations) can increase the transmission of parasites by direct or 

oral-faecal contact in various vertebrate species (Bradley and Altizer 2006). The presence of 

feeding stations can also positively influence birth rates, leading to an increase in the 

abundance of juvenile animals that may be more susceptible to parasites (Bradley and Altizer 

2006).  

  

In Australia, it is widely reported that tourists feeding macropods can lead to a disease called 

‘lumpy jaw’ (Skira and Smith 1991; Moore et al. 1997; Orams 2002). There is some 

contention on this subject, with some people believing it is due to inappropriate foods being 

offered to the animals including breads, cake and other processed carbohydrates, while others 

maintaining that it may be due to infection and unhygienic conditions where macropods are 

being fed (Skira and Smith 1991; Burger 1997; Moore et al. 1997; Green and Higginbottom 

2001). Veterinary research has found that lumpy jaw is related to the large numbers of certain 

bacteria (most commonly, Fusobacterium necrophorum) lesions in the mouths of the 

animals, and a lowered resistance to the bacteria due to stress (e.g. from overcrowding, 

unhygienic conditions or poor nutrition) (Munday 1988). Direct links between human feeding 

of macropods and the incidence of lumpy jaw have, however, not been made. 

 

There has also been much speculation about feeding increasing the risk of disease 

transmission in Australian birds (Bitossi et al. 1997; Burger 1997; New South Wales National 

Parks and Wildlife Service 2003). Prominent among such claims are concerns that the 

backyard feeding of rainbow lorikeets Trichoglossus haematodus and scaly-breasted lorikeets 
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T. chlorolepidotus can increase the prevelance of a disease called necrotising enteritis, caused 

by the bacterium Clostridia (NSW NPWS 2003; J. Hayter, pers comm). This disease is 

purportedly associated with poor hygiene and inadequate diet, and the agency states that an 

outbreak of this disease was traced back to inadequate and unhygienic feeding practices 

(NSW NPWS 2003). Psittacine beak and feather disease (PBFD) is another disease that may, 

theoretically, be spread at feeding stations. This disease affects the immune system of birds 

and causes a breakdown of keratin in the bird’s bodies, leading to deformed beaks and 

feathers and feather loss (NSW NPWS 2003). Because this disease can be spread in the 

faeces of birds, it has been suggested that the risk of birds contracting PBFD is higher around 

feeding areas, where clustering of birds and faecal contamination may occur (NSW NPWS 

2003). 

There has also been some research into malnutrition of Australian animals caused by 

inadequate feeding practices. Wilson (1994) found that bottlenose dolphins Tursiops 

truncatus at Monkey Mia, Western Australia, were being hand-fed with a nutritionally 

inadequate diet of frozen fish. Offspring nursing from hand-fed females became 

malnourished and Wilson (1994) claims that this resulted in a higher susceptibility to disease 

or predation. There have been claims that freezing fish for the purpose of dolphin-feeding at 

the Great Barrier Reef can reduce the amounts of fat soluble vitamins and metabolic water in 

the fish (Burger 1997). There is also some evidence of dietary deficiencies in provisioned 

Australian birds. Rainbow lorikeets fed twice daily on a mixture of bread, water and honey 

exhibited clear weight loss and some adverse signs in general body condition (Cannon 1979). 

There are also claims that calcium deficiencies can commonly result from feeding 

carnivorous birds an unbalanced diet (Currumbin Sanctuary 1997), although there is no 

empirical evidence to support this. Paton et al. (1983) found that thiamine levels of red 

wattlebirds Anthochaera carunculata in suburban Melbourne were lowest during winter, and 
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suggested that exotic flowering shrubs and sugar solutions offered in many suburban gardens 

may be attracting wattlebirds to areas where other essential parts of their diet are seasonally 

scarce. Conversely, a study of Mareeba rock-wallabies Petrogale mareeba in north 

Queensland revealed that wallabies that were fed daily by tourists displayed no significant 

differences in body condition to unfed individuals (Hodgson et al. 2004). 

 

There are claims that animals that lose their natural fear of humans may be at greater risk of 

being harmed by humans, or falling victim to accidents such as road kills (Skira and Smith 

1991). There is some anecdotal evidence of this in Australia; for example, tame Bennet’s 

wallabies Macropus rufogriseus at Wineglass Bay, Tasmania, have been struck by cars 

reversing in the car park (Skira and Smith 1991). Australian cassowaries Casuarius casuarius 

may also be more susceptible to being injured by cars when they are attracted by roadside 

feeding (Crome and Moore 1990). 

 

Some observations suggest that Australian campgrounds can become over-populated with 

hand-fed common brushtail possums Trichosurus vulpecula, leading to stress-related 

disorders in the animals such as ulcers and hair loss due to increased interactions with rivals 

(Green and Higginbottom 2001) although, again, there is no empirical evidence of this.  

 

Effects on behaviour and movements 

The possibility that animals may become dependant on the food provided by humans is one 

of the most prominent concerns of both advocates and opponents of wildlife feeding (Skira 

and Smith 1991; Brittingham and Temple 1992; Green and Higginbottom 2001; Orams 

2002). In the short term, dependence could theoretically lead to animal suffering should the 
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food source be removed (Brittingham and Temple 1992). In the long term, dependence could 

hypothetically result in locally high population densities (due to fed animals remaining near 

the food source instead of foraging over a large area) and the loss of natural foraging abilities 

(Skira and Smith 1991; Green and Higginbottom 2001; Orams 2002). It has also been 

postulated that dependence may also affect further generations of animals, as offspring 

usually learn foraging behaviour from their parents (Orams 2002). These claims have never 

been substantiated, although relatively few studies have attempted to investigate these issues. 

An important exception is that of Brittingham and Temple (1992), who tested the survival of 

a North American black-capped chickadee Poecile atricapilla population that had a 25 year 

history of being fed over winter compared with one that had never been provisioned. When 

no food was provided for an entire winter to the population normally fed daily, the 

researchers found no difference in the survival rate of the two populations (Brittingham and 

Temple 1992). These authors concluded that black-capped chickadees were not dependent on 

supplementary feeding, probably because they still obtained nearly 80% of their diet from 

natural food sources, despite the availability of supplementary food. 

 

Several studies on Australian animals have also shown a lack of dependence on artificial food 

sources. Fish at the Great Barrier Reef and dolphins at Tangalooma resort are two examples 

of cases where marine animals have not become dependent on human provisions to the 

degree that they lose their natural foraging abilities (Orams 2002). In both situations, the 

animals are fed on a regular basis but there was no significant difference in foraging skills 

compared with unfed animals. 

 

Studies on Australian birds have obtained similar results. Sanz (1998) found that although 

crimson rosellas Platycercus elegans and Australian king parrots Alisterus scapularis were 
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hand-fed daily with large quantities of sunflower seeds at O’Reillys Rainforest Guesthouse in 

Queensland, they also ate a wide variety of natural foods. Similarly, O’Leary and Jones 

(2006) assessed the dependency of adult breeding Australian magpies Gymnorhina tibicen on 

supplemental food sources (i.e. bird feeders) in Brisbane by comparing the foraging and 

breeding ecology of provisioned and non-provisioned birds. Despite the availability of 

supplemental food sources, natural food sources still dominated the diets of both fed and 

unfed magpies, although less so for fed birds (comprising 76% of all items consumed, 

compared with 92% for unfed birds). Although magpies utilised the feeding stations 

extensively, they continued to forage for natural food and also fed their chicks predominantly 

natural foods (O’Leary and Jones 2006). 

 

There have been suggestions that supplemental food sources may enable animals to remain in 

an area all year, abandoning their normal migratory and movement patterns that follow the 

fluctuations of natural food sources (Orams 2002). Canada geese Branta canadensis are one 

well-known example. Large urban populations of Canada geese, a typically migratory 

species, have developed in the United States and Canada in recent years due to conservation 

efforts (predominantly supplementary feeding) and the suitability of urban areas in terms of 

nesting and foraging requirements (Gosser et al. 1997). Some authorities have suggested 

feeding of geese should be eliminated if such populations are to regain their normal migratory 

habits and abandon urban sites (Gosser et al. 1997).  

 

Further support for this hypothesis comes from the study of Australian birds. Cannon (1984) 

investigated rainbow and scaly-breasted lorikeet movements in South-east Queensland and 

found that birds using a large permanent artificial food source reduced their normal level of 

nomadism (Cannon 1984). Similarly, red wattlebirds, which normally migrate north during 
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the winter period, are remaining in suburban areas of Melbourne where they have year-round 

access to bird feeders (Paton et al. 1983).  

 

Manipulation of food supply has been found to alter the home range size of several species 

(Orams 2002). Sullivan (1990) found that supplemented red squirrels in Canada had 

significantly smaller home ranges than their non-supplemented counterparts. Boutin (1990) 

reviewed 138 supplementary feeding studies (predominantly on small north temperate birds 

and mammals) and found a decreased home range for virtually all species involved. 

Similarly, radio-tracked American crows Corvus brachyrhnchos and common ravens C. 

corax have smaller home ranges near campgrounds and human settlements where food is 

available (Marzluff and Neatherlin 2006). Increased home range overlap has also been 

recorded for some species of birds (Marzluff and Neatherlin 2006) and mammals (Boutin 

1990) with access to anthropogenic food sources. In constrast, one Australian small mammal 

(brown antechinus) exhibited no difference in home range size for provisioned and non-

provisioned animals, although there was a decrease in home range overlap (Dickman 1989). 

 

Finally, there is some evidence that food supplementation can influence social structure and 

behaviour in birds and mammals. Wilson (2001) found black-capped chickadees in Maine 

formed groups of up to 110 birds around supplementary feeding stations whereas this species 

typically forms small flocks of no more than 12 birds and is normally highly territoritorial. 

Supplemented wild pheasants Phasianus colchicus in England showed an increase in the 

density of male pheasant territories when compared with those in non-supplemented areas 

(Hoodless et al. 1999). Because there was no increase in female pheasant density, this 

resulted in supplemented males having smaller harems than controls (Hoodless et al. 1999). 

In north Queensland, Mareeba rock-wallabies that are fed daily by tourists displayed 
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significant differences in behaviour compared with unfed wallabies (Hodgson et al. 2004). 

Fed rock-wallabies emerged earlier to feed, had higher activity levels and displayed more 

aggression and grooming behaviours than did their non-fed conspecifics (Hodgson et al. 

2004). 

 

Effects on survival, reproduction and population levels 

There is some evidence that regular, long-term provision of food may influence population 

levels of vertebrate species. Compared with unfed populations, supplementary fed red 

squirrel populations in Canada had a three to four-fold increase in abundance during a two 

years study (Sullivan 1990). When the supplementation was discontinued population 

densities slowly declined until they were similar to those of the controls (Sullivan 1990). 

Knight and Anderson (1990) found that supplementary feeding programs in the U.S. 

increased numbers of some species of birds with significantly more crows, ravens and eagles 

in areas with feeding stations compared to control areas. In another North American study, 

Neatherlin and Marzluff (2006) found that American crows and common ravens had higher 

reproductive success near campgrounds and areas of human settlement due to the availability 

of anthropogenic food. Boutin’s (1990) review of supplementary feeding studies found the 

typical population response to be a two to three-fold increase in density, although food 

supplementation did not prevent major declines in species with naturally fluctuating 

populations.  

 

Supplementary feeding may also influence populations by altering the demographic 

structures. In a study of two species of Australian desert rodents, one species, the sandy 

inland mouse Pseudomys hermannsburgensis, showed a proportionate increase in the number 
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of captures with the amount of food provided during most parts of the experiment while 

another species, the Spinifex hopping mouse Notomys alexis, only showed an increase in 

population size at one part of the experiment (Prevadec 2000). In addition, despite an increase 

in sandy inland mouse numbers, supplementary feeding failed to reverse an overall declining 

population trend, although it did slow the overall rate of decline suggesting that factors other 

than food availability (energy) were limiting population size in these rodent species 

(Prevadec 2000).  Warnken et al. (2004) found that Australian brush-turkey Alectura lathami 

densities in southeast Queensland were significantly higher at sites with picnic areas where 

these birds had been regularly fed over a period of years. This increase was found to be 

related to the amount of feeding taking place at each site, rather than to the level of visitation 

by tourists (Warnken et al. 2004). 

 

Although there are several cases where food supplementation has had a positive effect on 

survival of wildlife (see previous section), some studies have found conflicting results. In the 

Northern Hemisphere, no effect of food supplementation has been found on body weight and 

survival of rodents (Gilbert and Krebs 1981), red squirrels (Sullivan 1990) or on the survival 

of black-capped chickadees (Brittingham and Temple 1988) or pheasants (Hoodless et al. 

1999).  Negative effects on survival rates can also occur when a long-term supplementary 

feeding program is stopped (e.g. Dickman 1990). 

 

Wildlife feeding may also influence reproduction in some species. For example, many 

species of birds that are fed supplementary food lay their eggs significantly earlier than unfed 

birds (Orams 2002). Similarly, red squirrels with access to an artificial food source have 

longer breeding seasons and can have more than the usual one litter (Sullivan 1990), 

supplemented Columbian ground squirrels Spermophilus columbianus may have increased 
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litter sizes (Dobson and Kjelgaard 1985), and provisioning elk has led to out-of-season births 

(Smith 1994). Svensson and Nilsson (1995) found that supplementary feeding of blue tits 

Parus caeruleus in Sweden generally resulted in advanced egg-laying over three breeding 

seasons. In this study, further analysis showed there was also an effect of territory quality, 

with fed birds from lower quality territories showed significantly earlier laying compared 

with those with higher quality territories (which were not different to controls)(Svensson and 

Nilsson 1995).  

 

Boutin (1990) found that almost all reviewed studies on small temperate mammal species 

reported an increased period of breeding activity, breeding intensity and size of litter for 

provisioned animals compared with non-provisioned animals. Similarly, most reviewed 

studies on provisioned birds also showed an increase in breeding season length, although only 

a small number of species also showing an increase in clutch size when supplemental food 

was available (Boutin 1990). Interestingly, food supplementation did increase clutch size, as 

well as fledgling and recruitment success, in translocated New Zealand stitchbird (Castro et 

al. 2003). Such effects are not universal, however. Food supplementation had no effect on 

breeding season length for two species of rodents in the Southern Yukon (Gilbert and Krebs 

1981), or on clutch size, nesting timing, or the number of nesting attempts in English wild 

pheasants (Hoodless et al. 2001). 

 

Two recent studies investigated the effects of food provisioning on the reproduction of 

Australian birds. O’Leary and Jones (2006) found that Australian magpies which utilised 

supplementary food sources had advanced breeding at all stages except the fledgling stage, 

compared with non-provisioned magpies. In a companion study, Rollinson and Jones (2002) 

found that suburban magpies, most of which had access to anthropogenic foods, started 
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breeding about 15 days earlier than unfed rural birds. However, this study found no 

difference in the number of fledglings produced over two years. Food supplementation may 

also be associated with an increase in incubation attendance and hatching asynchrony, as 

shown in the Australian reed warbler Acrocephalus australis (Eikenaar et al. 2003). 

Supplementation did not, however, affect clutch size or average egg volume in this species 

(Eikenaar et al. 2003) 

 

There is also some evidence that supplementary feeding can alter sex ratios of offspring. In 

New Zealand, Clout et al. (2002) found that females of the polygynous kakapo that were fed 

supplementary food hatched significantly more males - the larger, more costly sex to rear - 

than females that were not provisioned.  

Effects on predator-prey relationships, competition and community composition 

There are many ideas and predictions regarding the possible impacts of artificial food sources 

on predation, competition and community response, although this area is not well studied, 

particularly in Australia. Supplementation of food resources could theoretically lead to 

ecological problems such as increased competition or alteration of predator-prey ratios 

(Green and Higginbottom 2001; Orams 2002). Increased competition could, in theory, be due 

to either large numbers of animals competing for the same resource (Green and Higginbottom 

2001), or by an artificial increase in the competitors of a species. For example, food 

supplementation caused an increase in the numbers of competitors of the endangered 

blackbuck Antilope cervicapra in India (Raman et al. 1996). A study of primates in Tanzania 

found an increased frequency in aggressive attacks between chimpanzees, and between 

chimpanzees and baboons (Papiocynocephalus spp.) in relation to supplementary feeding 

(Wrangham 1974). The attacks were found to be correlated with the number of primates 
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gathering at the food source, and it was suggested that increased competition for access to the 

food may be responsible for the increased attacks (Wrangham 1974). Increased cases of 

aggression between provisioned animals have also been found for Rhesus monkeys Macaca 

mulatta (Hill 1994), Hamadryas baboons Papio hamadryas (Kamal et al. 1997), and Japanese 

macaques Macaca fuscata (Hill 1999). In the only known Australian study, Mareeba rock-

wallabies that were fed regularly by tour groups displayed significantly more aggressive 

behaviour than non-fed wallabies and the authors suggest this may be a result of increased 

competition amongst large aggregations of typically territorial animals (Hodgson et al. 2004). 

 

Changes in predator-prey ratios could include predators being attracted by large numbers of 

provisioned animals (Green and Higginbottom 2001; Orams 2002), an artificial increase in 

the population of a prey species due to relaxation of predation pressure (Orams 2002), or an 

increase (due to provisioning) in the abundance of a few aggressive, opportunistic species at 

the expense of others (Green and Higginbottom 2001; Orams 2002). A study of harrier 

predation on red grouse Lagopus lagopus scoticus in the U.K. found that the availability of 

supplementary food resulted in a decrease in the amount of grouse chicks being delivered to 

harrier (Circus spp.) nests (Redpath 2001). Supplementation did not affect levels of grouse 

mortality, however, or lead to an increase in grouse density, leading Redpath (2001) to 

conclude that some factor/s other than harrier predation were contributing to grouse survival 

and population regulation. Martinson and Flaspohler (2003) found that winter bird feeding in 

the United States caused an increase in predation on a more natural food source - bark-

dwelling arthropods – around feeding stations. This predation pressure did not decrease for 

distances up to 20 m (the maximum distance measured)(Martinson and Flaspohler 2003). 
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Effects on wildlife habitat 

There has been speculation that feeding hay, grains or fruits may result in exotic plants 

germinating and persisting in a natural area, although this has not been tested (Green and 

Higginbottom 2001, Dunkley and Cattet 2003). There is some evidence, however, that 

feeding animals can have an effect on their forest habitat. Long-term supplementary feeding 

of white-tailed deer, elk and mouflon sheep Ovis mousimon has been found to cause a 

decrease in understorey and ground-cover plants (Casey and Hein 1983). Doenier et al. 

(1997) also found that provisioning of white-tailed deer resulted in a change in the diversity 

of browse plant species within a one mile radius of feeding stations, as certain plants could 

withstand the increased browse pressure better than others. In Queensland, Warnken et al. 

(2004) found that increased Australian brush-turkey densities (due to feeding) resulted in a 

significant decline in ground cover, leaf litter weight, and seed and seedling density in close 

proximity to feeding areas. 

 

Effects of wildlife feeding on visitors  

Positive  

Visitor experience, attitudes and behaviour 

Wildlife feeding can, in some cases, have positive effects on people’s attitudes and 

experiences with wildlife. A recent survey (Howard and Jones 2004) of southeast Queensland 

residents investigated the reasons why people feed wildlife in urban areas. The responses 

were varied but included statements indicating that the practice gave them pleasure, 

compensated for land clearing or loss of habitat, was educative, helped species through ‘hard 

times’, and that it attracted wildlife to their property (Howard and Jones 2004).  
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We are aware of only three studies that have surveyed visitor perceptions of wildlife feeding 

in Australian protected areas. Moore et al. (1997) found that a significant proportion of 

visitors to a Tasmanian national park believed that the practice should continue, with feeding 

wildlife being one of their main reasons for visiting a national park (Moore et al. 1997). 

Some park visitors believed that the feeding of wildlife was valuable in helping children 

develop an empathy with wildlife. Others even suggested that the populations effected could 

be ‘sacrificed’ without risk to overall conservation of the species (Moore et al. 1997). This is 

an issue that has previously been raised by some wildlife biologists (Skira and Smith 1991) 

but has not been researched. 

 

Contrasting results came from a recent study of visitors’ reactions to anti-feeding signage in 

Tasmanian national parks. Mallick and Driessen (2003) found that a clear majority 

(approximately 92%) of visitors were against the feeding of wildlife, with only 3.5% being in 

favour of the activity, and attributed this to the presence of signs explaining potential 

negative impacts of feeding. In South Australia, it has been reported that 48.6 % of survey 

respondents at Flinders Chase National Park felt happy when interacting with wildlife and 

approximately 18% believed that feeding of wildlife could have a positive effect on 

conservation and wildlife appreciation (Allery unpublished data). 

 

Wildlife feeding also has the possible benefit of allowing more predictable, close-up 

sightings of animals. This is valued by both tour operators as it increases the viability of their 

business, and to tourists as it increases their enjoyment of the experience and allowing better 

photographic opportunities (Burger 1997; Green and Higginbottom 2001; Orams 2002).  
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Interpretation 

Wildlife feeding may conceivably be useful in increasing the effectiveness of interpretation 

and education (Green and Higginbottom 2001). Some authors have speculated that feeding 

may foster a greater appreciation of wildlife and a change in attitude toward wildlife 

conservation (Spanner 1996; WA CALM 2000). In Flinders Chase National Park, South 

Australia, 18.1% of survey respondents believed that feeding wildlife may encourage people 

to support nature conservation measures, while 17.4% agreed that feeding helps people to 

gain an appreciation for wildlife (Allery, unpublished data). Webb (1997) believes that 

crocodile (Crocodylus spp.) feeding and education has helped to aid the conservation of this 

species. Currently, however, there is no empirical research to verify such a link between 

wildlife feeding, changes in attitudes towards animals, and a benefit to the conservation of 

those animals, although it is believed that nature-based tourism in general can contribute to 

conservation by creating funds and awareness (Lawrance and Higginbottom 2001).  

 

Negative 

Visitor experience, attitudes and behaviour 

There are some claims that wildlife feeding may diminish visitor satisfaction due to the 

possible presence of nuisance or habituated animals and a general loss of the wild animal 

experience (Skira and Smith 1991; Green and Higginbottom 2001). While this is certainly a 

possible scenario, it is a subject that has not been studied in any detail. Generally speaking, if 

a person were ‘attacked’ by an animal it would conceivably have a negative effect on their 

experience (see following section)(e.g. Skira and Smith 1991).  
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It has also been postulated that feeding animals in one situation may lead people to feed in 

other situations/areas or that it may cause people to develop undesirable attitudes towards 

wildlife (e.g. that animals are objectifies as ‘playthings’ or objects for their 

amusement)(Green and Higginbottom 2001). Bitossi et al. (1997) observed people near 

O’Reilly’s Rainforest Guesthouse (where there is an established active feeding area) feeding 

birds on the lawn, road, car park, picnic area and in the adjoining rainforest, despite 

interpretive signs requesting visitors feed only in the designated area. Allery (unpublished 

data) reported that 45.4% of Flinders Chase National Park visitors surveyed believed that 

feeding wildlife teaches people that wildlife are ‘playthings’ and 49.8% of respondents 

agreed that feeding teaches people that wildlife will ‘perform on demand’. 

 

Howard and Jones’ (2004) survey of southeast Queensland residents found that many 

respondents raised issues regarding the possible negative effects of feeding including that 

food offered may not always be suitable or of a high quality, that feeding might make animals 

more susceptible to predation or injury/capture by humans, that wildlife could become 

dependent on the artificial food source, and that feeding can create an overabundance of 

animals. These concerns are not limited to urban areas. Mallick and Driessen (2003) found 

that Tasmanian national park visitors opposed to feeding stated that the main reason was 

because of the apparent harm caused to the animals involved, and Allery (unpublished data) 

reported that 85.6% of survey respondents at Flinders Chase National Park believed that 

feeding wildlife can disrupt the ‘natural balance’ in national parks, while 73.3% of people 

thought that feeding of wildlife can spread disease.  
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Health or injury risks 

There is often some degree of risk of visitors contracting a disease or sustaining an injury 

when feeding animals, most likely because of a combination of the close contact, habituation 

and/or aggressiveness (Moore et al. 1997; Green and Higginbottom 2001; Skira and Smith 

1991). Several national park agencies including those from Queensland, Tasmania and 

Western Australia claim that feeding animals may increase the risk of transmitting diseases 

and parasites (such as flatworm, psittacosis, salmonella, fungal shin infection, Murray Valley 

encephalitis, tick typhus, scistosomes (causing ‘swimmers itch’) and tetanus) via contact with 

food waste, people and food (Burger 1997; Petrie et al. 2003), although no research is 

available to support these plausible assertions.  Although there does seem a possibility of 

such a transmission occurring, to date there have been no public reports of any serious health 

issues regarding wildlife feeding (Burger 1997) nor has there been any scientific research 

conducted on this subject. Petrie et al. (2003) note that, although zoonoses are rare in 

Australia, increased contact with humans could greatly increase their incidence. 

 

Internationally, there have been many cases of injuries resulting from attacks by animals that 

may have been facilitated in some way by feeding. Such examples include acts of aggression 

by macaques (Macaca spp.)(Fa 1992; Aggimarangsee 1993), raccoons Procyon lotor (Orams 

2002) and brown bears Ursus arctus horribilus (Albert and Bowyer 1991). Marine wildlife 

may also show aggression after being fed for a period of time. Fish feeding can often result in 

some serious injuries to divers (Perrine 1989; Orams 2002). One severe case occurred when a 

diver drowned after being knocked unconscious by a large potato cod Epinephelus tukula, 

which had charged in anticipation of a usual feeding activity (Perrine 1989). Other marine 
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creatures such as dolphins, eels and sharks, have also been involved in reported ‘attacks’ on 

humans (Orams 2002).  

 

In Australia, cases of animals being aggressive towards people in the context of being or 

expecting to be fed are numerous. These include dingo Canis lupis dingo attacks (Moore et 

al. 1997), cassowary attacks (Kofron 1999), dolphins butting, biting and being ‘pushy’ 

(Orams 1995; Orams et al. 1996), facial injuries caused by laughing kookaburras Dacelo 

novaeguineae and butcherbirds (Cracticus spp.) diving to take food (Jones 2002) and 

scratches and more serious injuries from large male kangaroos (Green and Higginbottom 

2001; Allery, unpublished data). Many of these incidents appear to be increasing markedly in 

recent years (D. Jones unpublished data). The most severe known cases are the death of a 

nine-year old boy by a dingo attack at Fraser Island, Queensland, and a fatal cassowary attack 

on a young child (Kofron 1999; EPA 2001a; EPA 2001b); feeding has been implicated (e.g. 

Orams 1995), though not confirmed, in both of these cases. There are also numerous reported 

cases of lesser acts of aggression, such as scratches from wallabies, swooping currawongs 

(Strepera spp.), and emus Dromaius novaehollandiae stealing food (Skira and Smith 1991). 

 

Management of wildlife feeding  

 

The goal of most management of wildlife feeding in Australian protected areas is to prevent 

or minimise deliberate and inadvertent feeding. The most common approaches to this are to 

develop legislation and policies, and educational programs and guidelines to attempt to 

change visitor attitudes and behaviour regarding wildlife feeding.  
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Legislation 

Few Australian states currently have provisions in their legislation designed specifically to 

regulate wildlife feeding (see Table 1), and those that do are tenuous and non-committal at 

best. For example, in Western Australia the Wildlife Conservation Act 1950 states that it is 

an offence for a person to “take” wildlife (WA CALM 2000), with “take” being defined in 

the legislation as including “ [acting]…to kill or capture by any means or to disturb or molest 

any fauna by any means”. Although this is open to wide interpretation it has not been tested 

in a court of law. In some states, authority is given to national park officers to prevent 

feeding. For example, in New South Wales, in accordance with the National Parks and 

Wildlife Act 1974, officers of the National Parks and Wildlife Service are given some 

authority to give direction to a person to stop feeding protected fauna and issue fines if 

necessary. In other states, legislation regarding regulatory signs regarding feeding may 

conceivably be brought into effect, e.g. in South Australia, The National Parks and Wildlife 

Act 1972 (section 51) states that a person in a reserve must not “contravene or fail to comply 

with a direction given by the director in the form of a notice or sign displayed in the reserve” 

(Regulation 39. Compliance with Notices and Signs). Even when there is prohibitive 

legislation in place, it is often very difficult to enforce and has low levels of compliance 

(Orams 2002). One possible reason for this may be the ‘mixed messages’ given by feeding 

bans on publicly controlled land versus promotion of the activity by tourist attractions on 

neighbouring land (Plant 2005). 
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Table 1. Summary of legislation relating to, and specifically mentioning, the feeding of 

wildlife in Australian states and territories. 

 

State 

Legislation which 

could relate to 

feeding 

Penalties 
Legislation specifically 

mentioning feeding 
Penalties 

A.C.T. n/a  n/a  

N.S.W. National Parks and 

Wildlife Act 1974 

Fines and/or up to 

2 years 

imprisonment 

National Parks and 

Wildlife Regulation 2002 

Fines 

N.T. Territory Parks and 

Wildlife 

Conservation Act 

Fines or up to 10 

years 

imprisonment 

n/a  

Qld Nature 

Conservation Act 

1992 

Fines or 1 year 

imprisonment 

Nature Conservation 

Regulation 1994, 

Recreation Area 

Management By-Law 

1991 

Fines 

S.A. National Parks and 

Wildlife Act 1972, 

National Parks and 

Wildlife (Wildlife) 

Regulations 2001 

Fines or up to 2 

years 

imprisonment 

n/a  

Tas n/a  n/a  

Vic Wildlife Act 1975 Fines and/or up to 

2 years 

imprisonment 

National Parks (Park) 

Regulations 2003 

Fines 

W.A. Wildlife 

Conservation Act 

1950 

Fines n/a  
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Government Policy 

Policies on wildlife feeding in protected areas vary between Australian states and “reflect a 

level of confusion about whether it is practical and/or appropriate to prevent feeding” (Green 

and Higginbottom 2001). Western Australia CALM are developing policy guidelines 

regarding feeding of wildlife. This policy states that “feeding and watering can facilitate 

wildlife-visitor interactions which, when part of an interpretive program, can be a valuable 

tool in promoting a conservation ethic among visitors” (WA CALM 2000). CALM does not 

approve of the feeding of “large, potentially dangerous animals (e.g. kangaroos)” and only 

permits feeding under certain conditions, namely that feeding occur only where it can be 

regulated, the food is a “naturally available” food or suitable substitute, interpretation takes 

place including information about the “consequences of unregulated feeding”, and the 

amount of feeding is regulated (WA CALM 2000). The policy also suggests that monitoring 

programs be initiated to ensure that the impacts of wildlife feeding are “minimal and 

acceptable” (WA CALM 2000). Despite this policy, WA CALM staff at Perup Forest 

Ecology Centre occasionally use hand-feeding to attract tammar wallabies for the benefit of 

visitors (Green and Higginbottom 2001). 

 

Tasmanian Parks and Wildlife Service has a policy of actively discouraging wildlife feeding 

under their “Keep Wildlife Wild” campaign (Skira and Smith 1991; Moore et al. 1997; 

Mallick and Driessen 2003). In practice, however, rangers have previously “turned a blind 

eye” to feeding at some sites (Green and Higginbottom 2001). This seems to be the case in 

most states, where although feeding is “generally not allowed”, in reality the rules are more 

flexible and policing highly individualistic (Green and Higginbottom 2001). 
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Privately operated tourist attractions often allow feeding under strictly controlled conditions, 

such as lorikeet feeding at Currumbin Sanctuary and dolphin feeding at Tangalooma resort 

(Cannon 1979; Orams 1995). Others, such as O’Reilly’s Rainforest Retreat, promote wildlife 

feeding but do not provide much control of the process in terms of monitoring, hygiene or 

interpretive displays (Bitossi et al. 1997). 

 

Education  

Recently, education programs have been brought into effect in some Australian parks in order 

to discourage visitors from feeding, or to educate them on correct foods if they intend to 

continue feeding animals (Skira and Smith 1991; Burger 1997). These programs typically use 

strong language and negative comments to try and dissuade visitors from feeding animals 

(Orams 2002). In the process, they often extrapolate significantly from the known facts, 

resulting in claims that are unsubstantiated by research, clearly exaggerated or oversimplify 

the issue (Burger, 1997; Orams 2002). Such material may seriously undermine the 

professional integrity of the agency and undermine the respect of the public.  

 

Tasmanian Parks and Wildlife Service established the “Keep Wildlife Wild” education 

program to educate visitors about the issues relating to feeding wildlife (Moore et al. 1997). 

Methods used include interpretive signage, posters and fact sheets, and training of seasonal 

rangers in effective interpretation (Moore et al. 1997). Mallick and Driessen (2003) assessed 

the effectiveness of the Tasmanian education program and found that nearly 70% of visitors 

had seen the interpretive signs, and approximately 85% of those visitors said that the signs 

had reinforced their pre-existing opinions about feeding. Less than 4% of respondents said 

the signs had actually formed their negative opinion of feeding (Mallick and Driessen 2003).  
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Fraser Island in Queensland is one protected area that has been forced to develop a large-

scale education program in an attempt to achieve both visitor safety and wildlife conservation 

(EPA 2001a; Burns and Howard 2003; Thompson et al. 2003). The need for this program 

was exacerbated by dingo attacks on visitors to the island, culminating in the death of a boy 

in 2001 (Green and Higginbottom 2001). Some private operators, such as Tangalooma Resort 

and Currumbin Sanctuary, also offer an education and interpretation component when 

conducting wildlife feeding (Burger 1997). 

 

There are also a variety of educational guidelines available regarding feeding wildlife in 

Australia. Several guidelines relate to feeding in Australian protected areas and most of these 

advise against feeding of any type (Anon. 1996; Tasmania PWS 2002; Green 2003). Other 

guidelines (for example Birds Australia, Bird Observers Club of Australia and Taronga Zoo) 

all assume that people are going to feed wildlife and provide recommendations for reducing 

impacts, e.g. keeping feeding areas hygienic to avoid disease outbreaks, using appropriate 

foods of sufficient nutritional value, feeding irregularly and in small quantities to reduce the 

risk of dependence, and planting shrubs and trees that will provide “natural” food sources 

(Walraven 1990; BOCA 2002; Green 2003). Ecotourism Australia’s EcoCertification 

Program suggests that feeding of wildlife should only occur with the approval of relevant 

government agencies, should follow government guidelines where available (e.g. regarding 

types of food used), and interpretive information about the potential impacts should be 

provided (EA 2003). The Great Barrier Reef Marine Park Authority developed guidelines for 

tour operators regarding fish feeding on the reef (Burger 1997; Orams 2002). These 

guidelines require that operators conduct feeding only in designated areas, use appropriate 
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food types, restrict the amount of food, and provide educative programs that include 

information about the risks involved in feeding fish (Burger 1997; Orams 2002). 

 

Conclusions 

The potential benefits for wildlife involved in wildlife feeding activities appear to be few. 

The predominant benefit is a proven positive effect of food supplementation on survival and 

population recovery for most species studied, although in the context of wildlife feeding in 

protected areas, the wildlife would only benefit if visitors/tour operators were feeding 

individuals or populations in distress or decline.  

 

There are, however, numerous negative effects, both proven and anecdotal, that may possibly 

impact upon wildlife involved in feeding activities. Mounting speculation and anecdotal 

evidence suggests that supplementary feeding of mammals and birds may, in some cases, 

lead to increased disease transmission, stress, injury and/or malnutrition. Overseas research 

has shown that food provision often results in decreased home ranges for many species of 

animals, and may influence their social structure and behaviour, although there are no 

Australian studies on these subjects. 

  

Food supplementation has also been proven to increase population levels for some species of 

birds and mammals. There is limited evidence to suggest that when a long-term food 

provision program is stopped, there may be negative effects on the wildlife involved, 

including mortality. This could have implications for wildlife feeding activities in protected 

areas, which are likely to be seasonal. An increased likelihood of animals being injured, 

particularly by cars, as a result of losing their innate fear of humans is also a concern, 
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although this is likely to be species and site specific. With regards to research on the effects 

of food supplementation on reproduction in wildlife, most cases have shown that wildlife 

feeding significantly alters reproduction in some way, including length of breeding season, 

breeding intensity, clutch/litter size, and in some cases, sex ratios of offspring.  

 

Other potential negative impacts of wildlife feeding on wildlife are not so apparent at this 

stage. Some theories have been refuted, in other cases results have been conflicting, and some 

issues have simply not been studied. The feeding of wildlife appears to affect some aspects of 

wildlife movements and behaviour, but the results are not always unequivocal and research, 

particularly on Australian animals, is scarce. Although the theory of dependency is often 

raised by both advocates and opponents of wildlife feeding, there is no empirical evidence, 

either in Australia or overseas, to support it and many studies have in fact proven the 

opposite. There is also only limited evidence to suggest that food supplementation can cause 

some Australian species of birds to alter their normal nomadic or migratory patterns. The 

possible effects of wildlife feeding on predator-prey relationships, competition and 

community composition have not been well studied, and consequently, these potential 

impacts are largely unknown.  

 

As for the humans involved in wildlife feeding activities, there are several possible, if not 

proven, benefits including positive influences on visitor experiences and attitudes towards 

wildlife, more predictable sightings of animals, and increasing effectiveness of interpretation 

and education programs.   

 

There is also some evidence, although largely anecdotal, to suggest that there can be negative 

impacts on humans involved in wildlife feeding activities. There is extremely limited 
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subjective evidence to suggest that feeding of wildlife in one situation may lead to people 

feeding animals in other situations. It is also clear that many people have serious concerns 

about feeding wildlife, both in urban and natural areas. While there is no empirical evidence 

or health reports to indicate that feeding of wildlife may involve an increased risk of the 

spread of disease from wildlife to humans, the enabling factors certainly appear to be present 

in some situations and if wildlife feeding activities and participation levels increase it is 

possible that the incidence of zoonoses may well increase too. Mounting anecdotal evidence 

also suggests that there is a clear risk of human injuries occurring in some wildlife feeding 

situations and serious outcomes are a possibility.  

 

Currently, the potential negative impacts of visitor feeding of wildlife on the wildlife 

involved appear to be numerous and this is a serious concern, particularly when feeding 

activities are occurring in protected areas where wildlife welfare and ecosystem integrity are 

main objectives. The potential negative impacts on the humans involved in wildlife feeding 

activities are somewhat balanced by the possible positive effects, although human safety is 

one major issue that should be assessed and managed on a site-by-site basis. It must be noted, 

however, that nearly all of the studies reviewed here involved regular long-term provision of 

food. It is largely unknown whether feeding of wildlife in protected areas (where visitors may 

intentionally or inadvertently provide an irregular food source of varying type and quantity) 

will have similar effects.  

 

Recommendations for management 

It is suggested that wildlife feeding should be prohibited (and enforcement attempted) in 

national parks and other protected areas as it conflicts with the concept and objectives of a 
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protected area, particularly until more research has been conducted into the potentially 

negative impacts. Further legislation is most likely required, although clear definitions of 

wildlife feeding are essential. On-the-spot and large fines for tour operators could be put in 

place as an enforcement tool for park managers. Although enforcement is conceivably very 

difficult, there have been some situations where a large scale program has been effective in 

controlling wildlife feeding (e.g. Fraser Island). Finally, an effort should be made to 

standardise management techniques between states, parks, and if possible, private operators. 

 

As a last case scenario, visitors/tour operators who are not willing to abide by a ‘no-feeding’ 

policy need to be educated about suitable foods and issues related to feeding. Wildlife 

feeding should be restricted to certain areas, where the amount of feeding can be controlled 

and effects monitored, e.g. wildlife parks. Monitoring of the amount of food used, the 

abundance of target and non-target species at the site, and any interactions that adversely 

affect either wildlife or visitors, should be conducted. Interpretive displays and presentations 

should be a priority if positive benefits for both wildlife and visitors are a desired outcome 

(See Plant (2005) for Best Practice interpretation). Other important considerations when 

conducting feeding activities are that the feeding area is kept hygienic (e.g. area is swept or 

hosed often), veterinary-approved food is used, and feeding is conducted at random 

times/days. 

 

Recommendations for research 

Although, as a whole, this is an extremely under-researched field which requires urgent 

attention from the scientific community, there are certain areas in which immediate work 

would be particularly valuable for natural area management. Firstly, if managers are to make 
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serious decisions or claims regarding the impacts of wildlife feeding, these must be based 

upon reliable research that is directly applicable to that particular situation. It is clear from 

this review that results from one study are not directly applicable to another species or 

location. Secondly, in order for the scale and direction of management initiatives to be 

effective, more research is urgently required into why and how many visitors feed wildlife in 

Australian protected areas, the species most commonly involved/affected, and the amount 

and type of food made available in this manner.  
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Visitor feeding of wild birds in national parks of southeast 

Queensland and northeast New South Wales: The current 
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Introduction  

The feeding of wildlife is a popular, if controversial, activity in Australia and much of the 

world. Wildlife feeding, particularly the feeding of birds in winter, is widespread in urban 

areas of North America and Europe, with between 35-50 % of surveyed households 

participating (Deis 1982; Thompson 1987) and almost half a billion dollars spent annually on 

birdseed in the United States alone (Deis 1982; Peterson 2000; Wilson 2001; Martinson and 

Flaspohler 2003). In Australia, participation rates in urban areas are similar (38-52 % of 

households) to those recorded in the Northern Hemisphere (Thomas 2000; McLees 2001; 

Rollinson et al. 2003). Although wildlife feeding in Australian protected areas also appears to 

be popular, reliable research on the practice is scarce; there are, however, some indications 

that participation rates may indeed be similar to those found in urban areas. In Tasmania, for 

example, there is evidence that between 50-60 % of ‘visitor-wildlife interactions’ in some 

national parks involve feeding of wildlife (Moore et al. 1997; Mallick and Driessen 2003).  

 

The reasons why people feed wildlife vary. Wildlife feeding offers the potential benefit of 

allowing more predictable, close-up sightings of animals. This is valued by tour operators for 

increased business viability, and provides visitors with better photographic opportunities and 

increased enjoyment of the experience (Burger 1997; Green and Higginbottom 2001; Orams 

2002). The feeding of Australian native animals, many of which are cryptic species, is 

especially attractive as it can facilitate observation and interaction with such animals 

(Hodgson et al. 2004). A recent survey (Howard and Jones 2004) investigated why southeast 

Queensland residents feed wildlife in urban areas. Responses were widely varied but included 

the notions that feeding gave them pleasure, compensated for land clearing or loss of habitat, 



56 

 

was educative, helped species through ‘hard times’, and attracted wildlife to their property 

(Howard and Jones 2004).  

 

Only three previous studies have investigated visitor perceptions of wildlife feeding in 

Australian national parks. Allery (unpublished data) reported that 85.6 % of survey 

respondents at Flinders Chase National Park, South Australia, believed the feeding of wildlife 

can disrupt the ‘natural balance’ in national parks and 73.3 % thought that feeding can spread 

disease. Despite this, 74 % of respondents had been involved in or observed others 

participating in feeding of wildlife. Moore et al. (1997) found that opinions on feeding were 

evenly divided, with equal numbers of visitors being opposed to and in favour of feeding in 

Tasmanian national parks (Moore et al. 1997). Some park visitors believed that the feeding of 

wildlife was valuable in helping their children develop an empathy with wildlife, while others 

were concerned with animal welfare and suggested that feeding wildlife may not be 

compatible with the concept of a national park (Moore et al. 1997). Contrasting results came 

from a recent study of visitors’ reactions to anti-feeding signage in Tasmanian national parks. 

Mallick and Driessen (2003) found that a majority (approximately 92 %) of visitors opposed 

wildlife feeding in national parks (only 3.5 % were in favour of the activity), and attributed 

this to the influence of interpretive signs explaining the potential negative impacts of feeding. 

Despite interpretive material and an apparent non-feeding stance, however, deliberate or 

inadvertent feeding was still taking place. While observing 68 picnicking people, Mallick and 

Driessen (2003) recorded 70 visitor-wildlife interactions, of which ~ 53% involved feeding of 

wildlife (mainly black currawongs Strepera fuliginosa), although these interactions involved 

only five people in total. Moore et al. (1997) reported similar results, with 57 % of visitor-

wildlife interactions involving the feeding of wildlife. Thus it is clear that surveys of visitor 
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opinions may not always accurately reflect visitor behaviour in national parks such that, at 

least in the parks surveyed to date, visitor feeding of wildlife is still occurring at high rates.  

 

Rainforest national parks are among the most heavily visited natural areas in Australia 

(Department of Environment and Heritage 2000; NSW National Parks and Wildlife Service 

2004). Their popularity, combined with the fact that the amount and quality of rainforest left 

in Australia has declined since European settlement, make it imperative to investigate 

wildlife feeding in these areas. Bird feeding was the focus of this study as birds are the most 

popular of all wildlife for people to feed (Deis 1982; Brittingham and Temple 1992; 

Rollinson et al. 2003; Allery unpublished data). The aims of this study were to quantify the 

percentage of visitors to rainforest national parks who feed birds deliberately and/or 

unintentionally, and to determine the characteristics of feeding encounters.  

 

Methods 

Study Area 

This study was conducted at picnic areas in five national parks located within southeast 

Queensland (Lamington and Springbrook) and northeast New South Wales (Nightcap, Border 

Ranges and Mebbin), Australia (Figure 1). All parks used in this study had rainforest 

vegetation, and most form part of the World Heritage listed Central Eastern Rainforest 

Reserves, Australia (CERRA), which incorporates 370 000 ha of rainforest within a total of 

50 reserves. Parks were relatively large, ranging in size from 2954 ha to 31729 ha, and 

varying in elevation from 750 m to 1140 m. All parks experience rainfall of up to 3000 mm 

annually. Details of all parks and picnic areas surveyed are given in Table 2. Picnic areas 
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ranged in size from 150 m² to 8875 m², and each had some type of facilities for visitors, for 

example picnic tables, shelters, barbecues and/or toilets (Table 2). Most picnic areas had 

some type of anti-feeding interpretive material displayed, ranging from small ‘Please don’t 

feed them’ signs to large posters detailing possible negative impacts of feeding. 

 

 

 

Figure 1. Map of study sites in southeast Queensland and northeast New South Wales 
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Table 2. Details of national park picnic areas used for observations of visitor feeding 

activities. Location, size and facilities of all national park picnic areas surveyed for this study 

are presented. Facilities are represented by T (toilets), S (shelter), P (picnic tables), B 

(barbecues), I (interpretive displays). 

 

National Park Size  
(ha) Picnic area Size  

(m²) Facilities 

Springbrook 2954 Tallanbana 1375 T, S, P, B 

Gwongorella 8400 T, S, P, B, I 

Apple Tree Park 3150 T, P, B 

Goomoolahra 925 T, S, P, B 

Natural Arch 700 T, P, B 
Lamington 20600 Green Mountains 8875 T, P, I 

Binna Burra Teahouse 735 T, P, B, I 

Binna Burra lower 
campground 

4400 T, S, P, B 

Mebbin 3800 Mebbin 8400 T, S, P, B, I 

Nightcap 8080 Terania Creek 1125 T, S, P, B 

Border Ranges 31729 Forest Tops 675 T, S, P, B 

Bar Mountain 1600 T, S, P, B 

Brindle Creek 150 T, P 

Blackbutt 750 T, S, P, B 

Antarctic Beech 2400 T, P, B, I 

Sheepstation Creek 7000 T, S, P, B, I 
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Observations 

Observations of national park visitors having picnics were carried out from March 2003 to 

January 2005. Surveys were carried out opportunistically whenever picnicking groups were 

present in picnic areas, but, in cases where there were more than one group present in an area, 

only one group was randomly selected for observation at any one time. For each ‘sample’ the 

groups were observed unobtrusively for the duration of their picnic. Binoculars were used in 

some cases so that observations could be completed from a distance. The site was also 

watched for a further period of five minutes after visitors left to determine if any avian 

species fed on leftover food. Surveys were conducted at both peak (weekends, public 

holidays and school holidays) and off-peak times. The following observations were recorded: 

- number of people in the group 

-  group type (e.g. single, couple, family, friends/mixed, tour group) 

- species of bird were present,  

- number of times birds were fed 

- type of food birds were fed, and  

- whether the feeding by the birds was ‘active’ (the people had willingly offered the 

food to the birds), ‘aggressive’ (the birds snatched food from the people) or 

‘scavenging’ (the birds fed on leftover food/rubbish scraps).  

 

Data analysis 

Percentages and odds ratios were used to qualitatively compare the amount of feeding 

incidents attributable to each group type, different bird species and food types. Chi square 

goodness-of-fit tests were used to test if there were differences in the number of feeding 
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incidents (pooled feeding types as well as ‘active’ and ‘scavenging’ incidents specifically) 

involving different group types and bird species. 

 

Results 

Feeding incidents 

Of the 74 groups observed (average group size of 4 - 5 individuals), 45.9 % (34) took part in 

193 feeding incidents. Of those incidents, there were significantly more ‘active’ incidents 

(47.2 %) and ‘scavenging’ incidents (50.3 %), compared with ‘aggressive’ incidents (2.6 %) 

(Х2
2, 0.05 = 82.36, p < 0.001) (Figure 2). The average number of feeding incidents was 5.7 

incidents for each group that fed, or 2.6 incidents per group, whether they fed or not.  

 

Group types 

Of the 74 groups observed during this study 21 were couples, 29 were families, 2 were tour 

groups and 22 were friends/mixed (Figure 3). Forty three percent (9) of couples fed birds, of 

which 35.5 % (11) were ‘active’ incidents and 65 % (20) were ‘scavenging’. For families, 45 

% (13) engaged in some form of feeding activity, of which 67 % (62 incidents) were ‘active’, 

2 % (2) were ‘aggressive’ and 31.2 % (29) were ‘scavenging’. Only two tour groups were 

surveyed, with one taking part in two ‘active’ feeding incidents and the other not feeding. 

Half (11) of the ‘friends/mixed’ groups observed took part in some sort of feeding activity, 24 

% (16) of which were ‘active’ incidents, 5 % (3) were ‘aggressive’ and 72 % (48) were 

‘scavenging’.  
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'Scavenging'
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Figure 2. Pie chart showing percentage of active, aggressive and scavenging feeding 

incidents 

 

Figure 3. Pie chart of group types recorded during survey period 
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There was a significant difference in the amount of feeding incidents per group type (Х2
3, 0.05 

= 17.19, p < 0.001). Family groups were involved in the most feeding incidents (48 %), 

followed by friends/mixed groups (35 %), couples (16 %), and tour groups (1 %). Of the 

‘active’ feeding incidents only, a significant majority (68 %) involved families, while 12 % 

incidents  involved couples, 18 % involved friends/mixed groups and 2 % involved tour 

groups (Х2
3, 0.05 = 32.56, p < 0.001) (Figure 4). With regards to ‘scavenging’, friends/mixed 

groups were involved in significantly more incidents (49 %) compared with families (30 %) 

and couples (21 %) (Х2
3, 0.05 = 19.55, p < 0.001) (Figure 4). 
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Families (62)

Couples (11)

Tour groups 
(2)Friends/mixed 

(16)

Families (29)

Couples (20)

Friends/mixed 
(48)

Figure 4. Pie charts showing percentage of a) active feeding and b) scavenging incidents 

attributable to each group type.  
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Bird species  

Pied currawongs S. graculina (22.3 % of all incidents) and Australian Brush-turkeys Alectura 

lathami (20.7 %) were involved in more feeding incidents than any other avian species (Х2
7, 

0.05 = 39.33, p < 0.001) (Figure 5). Other avian species commonly involved in feeding 

incidents included Australian magpie Gymnorhina tibicen (13 %), crimson rosella 

Platycercus elegans (11.4 %), Australian king parrot Alistterus scapularis (10.9 %), satin 

bowerbird Ptilinorhynchus violaceus (8.8 %), and noisy miner Manorina melanocephala (7.3 

%) (Figure 5). The species involved in significantly more ‘active’ feeding incidents than any 

other bird species were Australian brush-turkey, crimson rosella and Australian king parrot 

(23 % each) (Х2
6, 0.05 = 29.69, p < 0.001), followed by pied currawong (14.3 %), Australian 

magpie (5.5 %), and satin bowerbird (4.4 %) (Figure 6). The bird species involved in 

significantly more ‘scavenging’ incidents were pied currawongs (26.8 %), Australian 

magpies (20.6 %), and Australian brush-turkeys (19.6 %) (Х2
5, 0.05 = 15.02, p < 0.025) (Figure 

6). Noisy miners and satin bowerbirds were each involved in 13.4 % of all ‘scavenging’ 

incidents (Figure 6). There were four recorded ‘aggressive’ feeding incidents where birds 

actually snatched food from park visitors or their picnic table. Of those incidents, three 

involved pied currawongs, and one involved a crimson rosella.  
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Figure 5. Pie chart of bird species involved in feeding incidents 
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Figure 6. Pie chart showing avian species involved in a) active and b) scavenging feeding 

incidents 
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There were some site-specific results. Crimson rosellas and Australian king parrots were only 

observed being fed at Green Mountains campground, Lamington National Park, while noisy 

miners were only observed being fed at Gwongorella picnic area, Springbrook National Park. 

 

Food types 

The most common foods that were offered and/or taken by birds were bread (71 incidents) 

and crumbs/scraps of unknown type (69), followed by seeds (14), potato chips (12), cooked 

meat (7), and cheese (4 incidents). Other foods observed being offered on rare occasions (all 

< four incidents each) included onion, biscuits, fruit, bacon and lettuce. Unknown food types 

comprised six items given or taken by birds. The most common food to be offered in ‘active’ 

feeding incidents was bread (55 incidents), followed by seeds (14), meat (7) and 

chips/unknown (4 each). The food type that birds scavenged on in the majority of cases was 

crumbs/scraps (69 incidents), followed by bread (16), chips (8), and cheese (3). The types of 

food that were obtained aggressively by birds were onion and unknown foods (2 incidents 

each). 

 

Discussion 

Wild bird feeding is clearly a popular activity in some Queensland and New South Wales 

national parks. Approximately half (46 %) of the groups observed during this study provided 

food to avian species, similar to the results reported by Moore et al. (1997) in some 

Tasmanian national parks. Although Mallick and Dreissen (2003) reported that anti-feeding 

signage (as part of the ‘Keep Wildlife Wild’ program in Tasmania) had reduced visitors’ 

desire to feed wildlife, observations showed over fifty percent of visitor-wildlife interactions 
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still involved feeding of wildlife. Most of the picnicking groups observed in the present study 

were exposed to some form of anti-feeding interpretive material. Hence, it can be concluded 

that interpretive material per se does not appear to be effective in preventing wildlife feeding 

at the study sites and further research may be required to develop more effective measures. If 

wildlife feeding is a serious concern for management, more specific measures may be 

necessary to enable managers and park employees to have stricter control of feeding and 

possibly issue warnings or fines as deterrents.  Alternatively it may be possible for rangers to 

dispense interpretive brochures and provide some background information about wildlife 

feeding if they observe people feeding. This method, although still labour intensive, would be 

less rigid and more educative. Managers may also need to recognise that visitor surveys may 

not be an accurate method of recording the amount of wildlife feeding taking place. The 

observation method utilised in this study was effective in obtaining true feeding rates and 

could be duplicated by park management staff. 

 

Feeding also appears to be more appealing to certain groups, as the type of group had a 

significant effect on the likelihood of feeding birds. Family groups were involved in the most 

feeding incidents, followed by friends/mixed groups, and then couples. Of the ‘active’ 

feeding incidents only, the majority also involved families. Families are most likely drawn 

towards feeding because there may be children involved. In Tasmania, park visitors listed 

‘allowing their children to develop an empathy with wildlife’ as a main reason for feeding 

(Moore et al. 1997), while in South Australia, 32.6 % of survey respondents stated they 

would be more likely to feed wildlife if they were with children (Allery unpublished data). 

This indicates that interpretive material regarding active feeding of wildlife should be 

directed towards families in particular.  
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Interpretive material regarding feeding may also need to focus on educating visitors to be 

more careful about leaving food/scraps behind after they have eaten at a picnic area. 

Scavenging by birds accounted for half of the total number of feeding incidents recorded 

during this study, and the majority of incidents involving the two most commonly fed species 

(pied currawong and Australian brush-turkey) were ‘scavenging’. Indeed, scavenging by 

wildlife in national park picnic areas appears to be common (Moore et al. 1997; Mallick and 

Dreissen 2003; Allery unpublished data), and currawongs (Strepera spp) are often involved 

(Skira and Smith 1991; Mallick and Dreissen 2003). Conceivably, whenever there are people 

eating there will inevitably be some crumps left behind; however, many groups were 

observed leaving large scraps of food on picnic tables and barbecues. Although friends/mixed 

groups were involved in the majority of ‘scavenging’ feeding incidents (48), couples and 

families were also involved (20 and 29 incidents, respectively) so group-specific interpretive 

material regarding such practices are probably not necessary.  

 

Past feeding history at national parks or nearby attractions also seems to influence the amount 

of wildlife feeding taking place at a location. In the present study, crimson rosellas and 

Australian king parrots were the two most commonly fed species observed at Green 

Mountains picnic area. This almost certainly relates to bird feeding frequently taking place at 

O’Reilly’s Rainforest Guesthouse, a private tourist attraction located a kilometre up the road 

from Green Mountains campground in Lamington National Park (Bitossi et al. 1997; Jones 

and Nealson 2005). Despite an interpretive poster from the Environmental Protection Agency 

indicating the possible negative impacts of wildlife feeding, numerous visitors were observed 

feeding birds in the national park campground with seed they had either brought from home 

or purchased at O’Reilly’s.  In Flinders Chase National Park it has been reported that 51.4 % 

of visitors believe that if food is offered for sale, wildlife experts must agree that feeding is 
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acceptable at that location (Allery unpublished data). This emphasises that wildlife feeding at 

privately-owned attractions adjacent to national park estate may compromise management 

efforts within the estate, unless appropriately controlled (Plant 2005). 

 

Given that national parks within the Central Eastern Rainforest Reserves of Australia 

(CERRA) receive up to two million visitors annually (Department of Environment and 

Heritage 2000), the fact that feeding groups of picnickers at the study sites fed birds an 

average of 5.7 times (or an average of 2.6 times per picnicking group, whether they fed or 

not), indicates that a large amount of food is being made available to birds in these picnic 

areas. It has been found that an artificial increase in food supply can, in some cases, lead to 

an increase in the abundance of some species of Australian mammals (Prevadec 2000), and 

birds (Warnken et al. 2004). It is unknown whether feeding in national park picnic areas is 

attracting high numbers of certain species of birds, although this certainly seems a possibility 

considering the amount of feeding taking place. Two commonly fed bird species, pied 

currawongs and Australian magpies, have previously been identified as predators of other 

birds’ nests and nestlings (Major et al. 1996; Gardner 1998; Wood 1998; Bayly and 

Blumstein 2001; Piper et al. 2002). If feeding is attracting large numbers of these species, this 

could have implications for nesting success of smaller birds in proximity to the picnic areas. 

Additionally, the presence of noisy miners has been implicated in the aggressive exclusion of 

other species from an area (Dow 1977; Grey et al. 1997; Grey et al. 1998; Piper and Caterall 

2003). Noisy miners were only recorded being fed at a single site, however, which is 

concurrent with this species’ ecology – the noisy miner is not a common rainforest species, 

preferring areas with Eucalyptus trees (Loyn 1987; Piper and Caterall 2003). The feeding of 

noisy miners may have more significant implications for avian communities of picnic areas 

located within eucalypt forest (Piper and Catterall 2006).  
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Another issue is the extent to which visitor feeding is affecting the diet of birds that frequent 

the picnic areas, although this is largely unknown. Although there are many concerns about 

fed animals becoming dependent on anthropogenic food sources (Skira and Smith 1991; 

Brittingham and Temple 1992; Green and Higginbottom 2001; Orams 2002), studies and 

anecdotal evidence from both Australia and overseas have refuted this suggestion 

(Brittingham and Temple 1992; Orams 2002; Chapter 2).  In particular, it has been found that 

several species of Australian birds do not become dependent on regular anthropogenic food 

supplies, instead continuing to supplement their diet with natural food sources despite a ready 

availability of supplied food (Sanz 1998; O’Leary and Jones 2006). Hence it is unlikely that 

birds in picnic areas have become dependent on feeding by visitors to such an extent that they 

lose their natural foraging behaviours and ability, or that food obtained from park visitors 

entirely replaces natural foods in their diet. 

 

Although birds at the study sites are unlikely to become dependent on feeding by visitors, the 

type of foods being offered may be a concern. One of the most common types of foods 

offered/taken was bread, a result also found by Rollinson et al. (2003) in suburban Brisbane, 

and Allery (unpublished data) in Flinders Chase National Park, South Australia. While there 

are no direct links between bread and disease/malnutrition in birds, there have been 

inferences that lorikeets (Trichoglossus spp.) at Currumbin Sanctuary suffered malnutrition 

after being offered a diet of bread, water and honey (Cannon 1979). There are also some 

associations between the incidence of lumpy jaw in wallabies and high carbohydrate foods 

such as bread (Moore et al. 1987; Skira and Smith 1991; Burger 1997; Green and 

Higginbottom 2001). 
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In conclusion, wild bird feeding appears to be a common activity in national parks of 

southeast Queensland and northeast New South Wales, despite current management efforts to 

discourage it. There are several potential impacts of providing quantities of food, often of an 

inappropriate type, and further research is required to determine the extent of any direct and 

indirect effects of feeding on wildlife in these protected areas. 
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The influence of visitor feeding and picnic areas on bird 

community structure in protected rainforest 
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Introduction 

The effects of disturbance on avian communities have been studied in a variety of different 

contexts, including habitat fragmentation and edge creation (Thiollay 1999; Ford et al. 2001; 

Marzluff and Ewing 2001; Beier et al. 2002; Lee et al. 2005, Piper and Catterall 2006), 

different land use practices (Waltert et al. 2004; Thiollay 1997), urbanisation (Jokimaki and 

Suhonen 1998; Sewell and Catterall 1998; Parsons et al. 2003; Parsons et al. 2006) and 

human recreation (Burger 1981; Buckley 2004; Jones and Nealson 2005). Responses of birds 

to these types of disturbance can include changes in abundance/density (Beier et al. 2002; 

Woltmann 2003; Heikkinen et al. 2004), declines in species richness and/or equitability 

(Thiollay 1997; Waltert et al. 2004; Lee et al. 2005), and decreases in breeding success 

(Buckley 2004; Piper and Catterall 2006). 

 

Previous work on the influence of wildlife feeding on bird communities in protected areas, 

however, is scarce. Wildlife feeding is a common activity in both urban and natural areas. 

Participation rates of between 38-52 % of Australian urban households have been recorded 

by several authors (Thomas 2000; McLees 2001; Rollinson et al. 2003), while in some 

Australian national parks, between 50-60 % of visitor-wildlife interactions may involve 

wildlife feeding (Moore et al. 1997, Mallick and Driessen 2003). At picnic areas within the 

parks that were the focus of this study, nearly 50% of picnicking groups have been recorded 

either deliberately or inadvertently feeding birds (Chapter 3). Because the national parks 

within the Central Eastern Rainforest Reserves, Australia (CERRA) receive up to two million 

visitors annually (Department of Environment and Heritage 2000), it is expected that a large 

amount of food is potentially made available to birds by visitors in this manner.  
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There is evidence that regular, predictable increases in food supply can, in some cases, 

impact avifauna by affecting population levels, reproductive success, survival and individual 

fitness (Orams 2002; Castro et al. 2003; Warnken et al. 2004; O’Leary and Jones 2006, 

Chapter 2). Previous work on the effects of visitor feeding of wildlife in picnic areas, 

however, is largely anecdotal.  In campgrounds in Utah, USA, Blakesly and Reese (1988) 

suggest that some species, such as the American robin Turdus migratorius and grey catbird 

Dumetella carolinensis, may be attracted to anthropogenic food sources. Foin et al. (1977) 

also proposed that omnivorous ground–feeding birds may be attracted to camping areas with 

anthropogenic food sources, but this was not substantiated by their data as only one species 

(Brewer’s blackbird Euphagus cyanocephalus) increased in abundance in relation to temporal 

changes in visitation levels. The only known study that has focused particularly on the effects 

of wildlife feeding was conducted in subtropical rainforest of southeast Queensland, although 

it was directed at only a single species, the Australian brush-turkey Alectura lathami. 

Warnken et al. (2004) found that densities of this species were higher around some national 

park picnic areas than others and related this to the amount of feeding taking place at each 

site, rather than to the level of visitation (Warnken et al. 2004). Despite the observed effects 

on this species, the possible community-level impacts of wildlife feeding in national nark 

picnic areas are largely unknown.  

 

A confounding factor when determining the effects of wildlife feeding in picnic areas on bird 

communities is that the picnic areas themselves may influence some avian species through 

associated habitat alteration. The creation and maintenance of picnic areas usually involves 

clearing of native vegetation that would otherwise provide protective cover as well as 

substrate for foraging and nesting, and the creation of forest “edges”, which can exhibit 

different ecological processes from those in forest interiors (Hausmann at el. 2004).  Previous 
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authors have inferred that certain avian species (e.g. Brewer’s blackbird and mountain 

chickadee Poecile gambeli) are associated with campgrounds in northern Utah and Yosemite 

National Park, while others may be disadvantaged by such areas due to differences in 

vegetation and leaf litter cover (Blakesley and Reese 1988; Foin et al. 1977). Two studies 

have recently looked at effects of picnic areas on Australian avifauna. Densmore and French 

(2005) found that picnic areas in six coastal New South Wales national parks had lower 

species richness but more recorded individual birds than interior sites. Avian community 

composition was also significantly different to interiors, with species that are typically 

associated with urban areas (e.g. Australian magpie Gymnorhina tibicen, noisy miner 

Manorina melanocephala, pied currawong Strepera graculina and laughing kookaburra 

Dacelo novaeguineae) often being more abundant in picnic areas (Densmore and French 

2005). Piper and Catterall (2006) found significant differences in avian community 

composition between picnic areas and adjoining eucalypt forests in southeast Queensland, 

with noisy miners and Australian magpies recorded in higher abundance in picnic area edges 

than forest interiors or other forest edges. It is unknown whether vegetation disturbance 

associated with picnic areas in protected rainforest will have similar impacts, and if so, which 

avian species in particular will be most affected. 

 

National parks in southeast Queensland and northeast New South Wales were the focus of 

this study as they are highly visited locations with subtropical rainforest vegetation and 

multiple picnic areas (DEH 2000). There is currently no available information regarding the 

possible impacts of picnic areas or bird feeding on avian communities in these areas, and this 

paucity of research is currently inhibiting effective park management and development of 

feeding legislation and guidelines (Skira and Smith 1991). Hence the objectives of this study 

were to determine if there were any significant differences in: a) avian species richness, 
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diversity or equitability; b) the relative abundance of avian guilds; and/or c) the relative 

abundance of individual bird species, along a gradient of disturbance in national park estate 

with rainforest habitat. 

 

Methods 

Study Area 

Five large national parks (ranging from 2954 to 31729 ha) with rainforest vegetation in 

southeast Queensland and northeast New South Wales were selected for this study (Figure 1). 

These national parks are within the Tweed caldera region, and form part of the World 

Heritage-listed CERRA .  

 

Sites 

Picnic areas within the national parks were typically equipped with picnic tables, toilets, 

shelters and barbeques. In order to differentiate between effects of wildlife feeding and 

effects of vegetation clearing/physical attributes associated with picnic areas, habitat controls 

were selected. These controls were natural or man-made rainforest clearings of a similar size 

range to the picnic areas but were absent of any picnic facilities and received little or no 

visitation. Consequently, there were five types of sites: picnic/camping area; picnic/camping 

area edge; clearing; clearing edge; and rainforest interiors (at least 1 km from any picnic or 

clearing). ‘Edge’ sites were selected by randomly assigning half the available picnic areas 

and clear sites as ‘edges’ only, so that an area and its edge were never sampled together. 

There were 40 sites (eight of each type) and each site was sampled once per season (spring, 

summer, autumn, winter) for a period of 18 months (June 2003 – November 2004).  
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Bird surveys 

Point counts were used to measure avian species richness and diversity, as well as the relative 

abundance of species and guilds. All point counts were conducted for 20 minutes (after a 

five-minute settling period) and all birds within a 20m radius were recorded. Point counts 

were repeated at three different times during each day – morning (up to 3 hours past dawn), 

midday (10am – 1pm) and afternoon (up to 3 hours prior to dusk). A pilot study confirmed 

that this survey method, time and duration were most effective (in terms of species and 

individuals recorded) for this study (see Appendix 1). Point counts were also selected because 

many of the sites were so densely vegetated that line transects would have caused too great a 

disturbance (Yeoman and MacNally 2005). Flying birds were only recorded if they crossed 

the 20m-radius ‘bubble’ of sampling area in order to discount birds that were travelling over 

the area. Edge point counts were conducted from a point 20m into the surrounding bush, so 

that the radius of the point count reached the absolute edge of the picnic area or clearing. 

Rainforest interior points were selected by walking along a track until at least 1km into the 

rainforest, then walking out in a random direction for approximately 20m. Birdcalls were 

used to aid in the location and identification of birds but were not used solely without visual 

confirmation due to the possibility of mimicry, an inability to gauge whether the call came 

from inside the study area, and also a consequential bias towards loud, conspicuous species. 

For each sighting the species of bird and number of individuals was recorded. Unknown birds 

were recorded as ‘unknowns’ along with their size, colour and any other distinguishing 

features to help with later identification. Birds were divided into five dietary guilds 

(omnivores/carnivores, insectivores, frugivores, frugivores/insectivores and 

nectarivores/insectivores) for data analyses. 

 



80 

 

Data analysis 

Cut-off criteria of a minimum of 25 individual sightings and presence at two or more sites 

were used to eliminate rare sightings from analyses. Relative abundance data (proportions) 

were natural log (Ln) transformed and analysed using split plot repeated measures ANOVA 

models to detect differences between site types and/or seasons. The within-subject factor was 

season (six levels) and the between-subjects factor was site type (five levels). Separate 

ANOVAs were conducted for each variable (richness, diversity (Simpson’s and Shannon-

Weiner indexes), equitability, guild relative abundance, and individual species relative 

abundance). Sphericity was investigated using Mauchly’s Test, and Huynh-Feldt corrected 

test results were used if required. Post-hoc Tukey HSD tests and within-subjects contrasts 

were used to investigate significant differences between subsets. SPSS version 11 was used 

for all analyses. The assumptions of normality and homoscedasticity were investigated using 

spread vs. level plots and by plotting the standardised residuals. 

 

Results 

Recorded species 

A total of 95 species and 10191 individual birds were recorded during this study (Appendix 

2). The ten most abundantly recorded species in each site type are listed in Table 3. 

Surprisingly, several species (Lewins honeyeater Meliphaga lewinii, satin bowerbird 

Ptilinorhynchus violaceus, crimson rosella Platycercus. elegans, brown gerygone Gerygone 

mouki, white-browed scrubwren Sericornis frontalis and brown thornbill Acanthiza pusilla) 

were common and ubiquitous across all site types. Within picnic areas, 2182 individuals from 

58 species (and a further 10 including picnic area edges) were recorded, with 8 of those 
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species (or 12 including edges) being restricted to picnic areas and 24 species not recorded in 

interiors (Table 4). The most common species that characterised picnic areas were pied 

currawong, noisy miner, Australian brush turkey and Australian king parrot Alisterus 

scapularis (Table 3). Conversely, smaller bodied insectivorous and/or nectarivorous species 

(such as silvereye Zosterops lateralis, yellow-faced honeyeater Lichenostomus leucotis, red-

browed finch Neochima temporalis, superb fairy-wren Malurus cyaneus and variegated fairy-

wren M. assimilis) were commonly recorded in clearings (Table 3). Within rainforest 

interiors, 2037 individuals from 49 species were recorded, with 11 of those species not 

recorded in picnic areas and 4 found exclusively in interiors (Table 4). Common species that 

characterised interior sites included golden whistler Pachycephala pectoralis, logrunner 

Orthonyx temminckii and brown cuckoo-dove Macropygia amboinensis (Table 3). 
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Table 3 - Ten most abundant species recorded in each site type. Species are listed in 

descending order of abundance. 

Picnic area Picnic area edge Clearing Clearing edge Interior 

satin bowerbird Lewins 

honeyeater 

silvereye Lewins 

honeyeater 

large-billed 

scrubwren 

pied currawong brown thornbill Lewins 

honeyeater 

crimson rosella Lewins 

honeyeater 

brown thornbill satin bowerbird brown thornbill brown thornbill brown thornbill 

Lewins 

honeyeater 

crimson rosella satin bowerbird white-browed 

scrubwren 

brown gerygone 

noisy miner pied currawong yellow-faced 

honeyeater 

satin bowerbird satin bowerbird 

crimson rosella white-browed 

scrubwren 

red-browed finch large-billed 

scrubwren 

white-browed 

scrubwren 

white-browed 

scrubwren 

bell miner superb fairy-wren brown gerygone golden whistler 

Australian brush-

turkey 

large-billed 

scrubwren 

variegated fairy-

wren 

topknot pigeon brown cuckoo-

dove 

Australian king 

parrot 

brown gerygone white-browed 

scrubwren 

golden whistler logrunner 

brown gerygone eastern yellow 

robin 

brown gerygone superb fairy-wren crimson rosella 
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Table 4. (overleaf) Avian species recorded exclusively in picnic areas and picnic area 

edges (not in interiors) and vice versa. 

Surveys were conducted in rainforest areas of national parks in southeast Queensland and 

northeast New South Wales during June 2003 - November 2004. 
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Species recorded in picnic areas/edges but not 

interiors 

Species recorded in interiors but not picnic 

areas 

yellow thornbill Acanthiza nana 

white-faced heron Ardea novaehollandiae 

sulphur-crested cockatoo Cacatua galerita 

white-bellied cuckoo-shrike Coracina papuensis  

shining bronze-cuckoo Chrysococcyx lucidus 

little bronze-cuckoo C. minutillus 

pied butcherbird Cracticus nigrogularis 

grey butcherbird C. torquatus 

Australian magpie Gymnorhina tibicen 

welcome swallow Hirundo neoxena 

varied triller Lalage leucomela 

wonga pigeon Leucosarcia melanoleuca 

noisy miner Manorina melanocephala 

superb fairy-wren Malurus cyaneus 

brown flycatcher Microeca leucophaea 

restless flycatcher Myiagra inquieta 

red-browed finch Neochmia temporalis 

Indian peafowl Pavo cristatus 

pale-headed rosella P. adscitus 

willie wagtail Rhipidura leucophrys 

figbird Sphecotheres viridis 

forest kingfisher Todiramphus macleayii 

rainbow lorikeet Trichoglossus haematodus 

silvereye Zosterops lateralis 

fan-tailed cuckoo Cuculus flabelliformis 

oriental cuckoo C. saturatus 

white-throated gerygone G. olivacea 

yellow-faced honeyeater Lichenostomus 

chrysops 

black-chinned honeyeater Melithreptus 

gularis 

Albert’s lyrebird Menora alberti 

black-faced monarch Monarcha melanopsis 

spectacled monarch M. trivirgatus 

scarlet honeyeater Myzomela sanguinolenta 

rufous whistler Pachycephala rufiventris 

superb fruit dove Ptilinopus superbus 
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Diversity, species richness and equitability 

Site type had no significant effect on species richness (F4 = 2.272, p = 0.081), although there 

was a trend towards lowest species richness in clear sites, followed by picnic areas (Table 5). 

Both diversity indices (Shannon-Weiner and Simpson’s) differed significantly between site 

types (F4 = 5.539, p < 0.001 and F4 = 7.440, p < 0.001, respectively) (Table 5). Clearings had 

lower diversity than other site types (Table *). Picnic areas did not differ significantly from 

other site types, although there was a trend for them to be less diverse than interiors and 

edges (Table 5). Equitability showed a similar pattern to the diversity indices and was 

significantly different between site types (F4 = 4.724, p = 0.004), with clearings having lower 

equitability than picnic area edges, clearing edges, and rainforest interiors (Table 5). Picnic 

areas did not have a different degree of equitability compared to other site types (Table 5).  

 

There were also some seasonal effects on avian diversity and species richness. Spring 

samples had significantly higher Shannon-Weiner diversity, Simpson’s diversity and species 

richness than any other season (F4.595 = 4.989, p < 0.001; F4.665 = 6.104, p < 0.001 and F4.964 = 

4.597, p = 0.001, respectively). There was no significant seasonal effect on equitability (F4.037 

= 1.303, p = 0.272).  

 

 

 

 

 

 

 



86 

 

 

 

 

Table 5. Results of split plot repeated measures Analyses of Variance testing for 

differences in species richness, diversity and equitability between site types. Degrees of 

freedom for edge type (between subjects factor) are 4 and n = 40. The mean values for 

richness/diversity/equitability and standard deviations are shown. Significant results are 

indicated in bold type, and significantly different subsets are noted in italics. 

 

 

 

 

 

 

 

 

Variable Picnic area 
Picnic area 

edge 
Clearing 

Clearing 

edge 
Interior F p 

Species richness 10.15 ± 3.57 11.13 ± 4.23 9.19 ± 3.82 11.52 ± 3.50 10.98 ± 3.93 2.272 0.081 

Shannon-Weiner 

diversity (H) 
2.82 ± 0.568 3.01 ± 0.646 2.53 ± 0.649 3.08 ± 0.642 2.99 ± 0.546 5.539 0.001 

Simpson’s 

diversity 
0.81 ± 0.098 0.83 ± 0.072 0.76 ± 0.121 0.84 ± 0.062 0.84 ± 0.066 7.440 0.000 
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Relative abundance of avian guilds 

The abundance of omnivorous/carnivorous species was significantly different between site 

types (Table 6), with picnic areas having a higher abundance of members of this guild than 

either clearings or interiors (Table 6). Picnic area edges also had more 

omnivorous/carnivorous species compared with interiors (Table 6). There was also an effect 

of site type on nectarivores/insectivores, with picnic areas having lower abundance of this 

guild than any other site type (Table 6). There were no significant differences in the relative 

abundances of other avian guilds (insectivores, frugivores or frugivores/insectivores) between 

site types (Table 6).  

 

There were also some significant effects of season on the relative abundance of 

omnivores/carnivores (F5 = 4.710, p = 0.000), frugivores (F5 = 2.901, p = 0.015), and 

frugivores/insectivores (F5 = 3.140, p = 0.01). Omnivores/carnivores were most abundant in 

spring, and were also abundant in winter. Frugivores were least abundant in winter and had 

highest abundance in spring and summer. Finally, frugivores/ insectivores were also least 

abundant in winter compared with other seasons. Insectivores and nectarivores/insectivores 

showed no significant seasonal differences in abundance. 
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Table 6. Results of split plot repeated measures Analyses of Variance testing for 

differences in the abundance of avian guilds between site types. 

Degrees of freedom for edge type (between subjects factor) are 4 and n = 40. The mean 

abundance (i.e. raw counts) of birds representing each guild are shown with standard 

deviations. ANOVAs were conducted using Ln transformed relative abundance data. 

Significant results are indicated in bold type, and significantly different subsets are noted in 

italics.  

 

 

 

 

 

Avian 

guild Picnic area Picnic area edge Clearing 

Clearing 

edge Interior F p 

Omni/Carn 6.81 ± 7.494 5.25 ± 7.257 1.42 ± 2.142 1.98 ± 2.505 0.69 ± 1.355 7.995 0.000 

Insect 13.58 ± 11.846 15.67 ± 9.579 13.98 ± 11.252 22.02 ± 14.149 25.96 ± 18.387 2.372 0.071 

Frug 7.10 ± 9.381 4.65 ± 5.707 4.17 ± 7.203 6.08 ± 8.604 3.40 ± 3.625 0.769 0.553 

Nect/insect 3.65 ± 4.715 6.44 ± 8.045 7.90 ± 12.085 5.85 ± 3.876 6.25 ± 5.021 6.703 0.001 

Frug/insect 12.96 ± 11.452 8.79 ± 7.354 10.19 ± 14.955 7.73 ± 9.204 5.04 ± 4.524 1.841 0.143 
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Relative abundance of individual species 

Seventeen avian species showed significant differences in relative abundance between site 

types, of which ten were highly significant (p < 0.01) (Table 7). These species can be divided 

into those that were significantly more abundant in picnic areas and/or picnic area edges 

compared with other site types (pied currawong, Australian brush-turkey, laughing 

kookaburra, and Australian king parrot), those that were more abundant in clearings and/or 

clearing edges than any other site type (silvereye, crimson rosella, superb fairy-wren, grey 

fantail R. fuliginosa and variegated fairy-wren), and those that were significantly less 

abundant near both picnic areas and clearings (large-billed scrubwren S. magnirostris, brown 

gerygone, brown cuckoo-dove, eastern whipbird Psophodes olivaceus, Lewins honeyeater, 

logrunner and green catbird Ailuroedus crassirostris) (Table 7). Other species of interest such 

as the noisy miner, pied butcherbird, Torresian crow Corvus orru and Australian magpie 

showed trends of high abundance in picnic areas (Table 7), but due to low numbers and/or 

high variability, these trends were not statistically significant. There was also a significant 

season-site type interaction for golden whistler P. pectoralis. 

 

There were seasonal effects for eleven avian species. These could be broadly separated into 

species that were more abundant in the summer months (brown cuckoo-dove and red-browed 

finch), and species that had higher abundance during the winter months (grey fantail, eastern 

whipbird, variegated wren, silvereye, pale yellow robin Tregallasia capito, and pied 

butcherbird). Three other species (Lewins honeyeater, yellow-throated scrubwren S. 

citreogularis, and white-browed scrubwren) showed less distinct seasonal patterns. Lewin’s 

honeyeaters were least abundant during the first winter and most abundant in autumn, 

although this species was generally common and abundant throughout the year. White 
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browed scrubwrens were least abundant during autumn and the first winter, and were most 

abundant during spring, summer and the second winter. Finally, yellow-throated scrubwrens 

were least abundant during both spring seasons, as well as the first winter but were most 

abundant during the second winter. 
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Table 7. Results of split-plot repeated measures Analyses of Variance to test for 

differences in relative abundance of avian species between site types.  

Degrees of freedom for site type are 4 and n = 40 for each ANOVA. The mean number of each species and 

standard deviations are shown. Significant results are indicated in bold type, and significantly different subsets 

are noted in italics.  

Avian species Picnic area Picnic area edge Clearing Clearing edge Interior F p 

Australian brush turkey 2.00 ± 2.968 0.56 ± 2.182 0.23 ± 0.778 0 0.17 ± 0.481 3.006 0.031 

Australian king parrot 1.94 ± 3.557 1.42 ± 3.712 0.21 ± 0.651 0.75 ± 1.682 0.53 ± 0.975 2.999 0.040 

Australian magpie 0.98 ± 2.497 0.67 ± 1.779 0.19 ± 0.704 0.17 ± 0.519 0 1.098 0.373 

Brown cuckoo-dove 0.54 ± 1.220 1.06 ± 1.791 0.44 ± 0.920 0.67 ± 1.358 1.915 ± 2.552 5.463 0.002 

Brown gerygone 1.90 ± 3.453 1.83 ± 2.778 1.29 ± 2.990 2.65 ± 3.000 3.62 ± 4.030 3.101 0.031 

Crimson rosella 2.63 ± 4.360 3.54 ± 4.053 1.15 ± 2.083 3.60 ± 3.977 1.57 ± 2.526 4.343 0.006 

Eastern whipbird 0.40 ± 0.893 1.021 ± 1.466 1.00 ± 1.979 1.63 ± 1.841 1.36 ± 1.882 2.644 0.050 

Green catbird 0.02 ± 0.144 0.04 ± 0.289 0.06 ± 0.245 0.06 ± 0.320 0.70 ± 1.841 10.092 0.000 

Grey fantail 1.33 ± 2.319 0.42 ± 1.007 1.146 ± 2.173 1.46 ± 2.073 0.87 ± 1.555 4.132 0.009 

Laughing kookaburra 0.67 ± 1.294 0.54 ± 1.515 0.04 ± 0.289 0.15 ± 0.412 0.11 ± 0.521 3.703 0.016 

Lewins honeyeater 3.15 ± 3.826 3.85 ± 3.162 4.77 ± 4.525 5.44 ± 3.376 5.43 ± 3.255 2.982 0.033 

Large-billed scrubwren 1.44 ± 2.657 1.90 ± 2.676 0.69 ± 1.504 2.77 ± 3.838 6.21 ± 8.346 9.388 0.000 

Logrunner 0.10 ± 0.592 0.33 ± 1.078 0 0.48 ± 1.352 1.87 ± 2.879 9.045 0.000 

Noisy miner 2.88 ± 6.918 1.06 ± 3.867 0.02 ± 0.144 0.04 ± 0.289 0.14 ± 0.267 2.133 0.097 

Pied butcherbird 0.40 ± 1.621 0.13 ± 0.606 0.10 ± 0.515 0.10 ± 0.722 0 0.637 0.640 

Pied currawong 3.63 ± 4.276 3.27 ± 4.384 0.604 ± 1.216 1.02 ± 1.564 0.34 ± 0.841 7.754 0.000 

Silvereye 0.88 ± 2.590 0 6.56 ± 14.999 1.10 ± 4.896 0 8.676 0.000 

Superb fairy-wren 0.06 ± 0.433 0 1.63 ± 4.858 1.75 ± 3.132 0 5.550 0.002 

Torresian crow 1.02 ± 2.188 0.56 ± 1.457 0.21 ± 0.798 0.48 ± 1.203 0.09 ± 0.458 2.573 0.055 

Variegated fairy-wren 0 0 1.56 ± 4.784 0.73 ± 2.541 0 4.204 0.007 
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Discussion 

Feeding of wild birds by visitors to national parks is a popular activity, with group 

participation rates of around 50% previously recorded (Moore et al. 1997; Mallick and 

Driessen 2003; Chapter 3). There is currently concern amongst national park managers 

regarding the possible impacts of bird feeding, however a paucity of research on the issue is 

inhibiting informed management decisions (Skira and Smith 1991). This research represented 

here is one of few known studies that have focused on the effects of feeding of birds by park 

visitors, and the only known community-level study conducted in rainforest national parks. 

Differences among habitat types, visitation levels and feeding practices make it imperative to 

investigate impacts within individual national parks, particularly heavily visited parks such as 

those that were the focus of this study. 

 

My results suggest that bird feeding in picnic areas at the study sites had no significant effect 

on species diversity, richness or equitability. Avian species diversity and equitability were 

significantly lower in clearings (where feeding did not occur) than other site types, most 

likely due to a loss of foraging, nesting and protective substrates that the vegetation would 

normally supply (Blakesly and Reese 1988). A similar response would be expected at picnic 

areas because these had comparable physical and vegetative attributes; however picnic areas 

exhibited higher diversity than clearings.  Picnic areas also had higher species richness than 

did clearings, but were not significantly different from interior sites. This indicates that while 

the clearing of vegetation may potentially displace several rainforest species, in picnic areas 

some of those displaced species have been replaced to some extent by another suite of species 

that may be attracted to picnic areas by deliberate or inadvertent feeding (Densmore and 

French 2005). Some degree of specialisation was also reflected by some bird species in picnic 
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areas, with eight species (or twelve including edges) being restricted to picnic areas and 

twenty-four species found in picnic areas not being recorded in interiors. These results 

contrast to those found in other Australian studies of picnic areas. In coastal New South 

Wales forests, Densmore and French (2005) found that picnic areas typically had lower 

species richness than forest interiors, a trend also displayed in some south-east Queensland 

Eucalyptus forests (Piper and Catterall 2006). This discrepancy may reflect a higher 

sensitivity of rainforest birds to disturbance, as many are shy, cryptic species. 

 

Species richness and diversity have been criticised by some authors as these measures do not 

take into account community composition (Macdonald et al. 2005). Hence, further 

clarification was provided by analyses of avian guild composition. As a group, omnivorous 

and carnivorous species were significantly more abundant in picnic areas than in either 

clearings or interiors. This is probably a reflection of dietary preferences, as the types of food 

typically made available by visitor feeding in picnic areas (e.g. bread, seeds, meat and 

cheese) (Chapter 3) would be especially attractive to members of this guild (Jokimaki and 

Suhonen 1998). Picnic area edges also had a higher abundance of omnivores/carnivores 

compared with interiors, indicating that these types of birds are penetrating to at least 40m 

into the surrounding forest. In an opposite reaction, the abundance of 

nectarivores/insectivores was lower in picnic areas compared with other site types. This is 

clearly not simply a response to clearing of native vegetation, resulting in a lack of foraging 

opportunities, as clearings retained a high abundance of members of this guild. It is possible 

that competition for food resources is particularly high in picnic areas due to prolific 

omnivorous species, forcing members of this guild to forage elsewhere. Other avian guilds 

such as insectivores, frugivores and nectarivores did not display any significant differences in 

abundance between site types. This was unusual as it was expected that these types of birds 
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would be disadvantaged by clearing of vegetation associated with both picnic areas and 

clearings (Parsons et al. 2006). A loss of native vegetation would typically entail a lower 

abundance of fruiting and flowering trees/shrubs as well as a less diverse insect assemblage, 

conceivably limiting foraging opportunities for many species (Foin et al. 1977; Blakesly and 

Reese 1988; Densmore and French 2005). It is possible that the picnic areas and clearings 

were too small to have a measurable effect or else the grasses and retained shrubbery may 

have been sufficient to provide adequate food sources for these species. The use of seeds by 

many visitors for bird feeding (Chapter 3) may have further lessened the impact of vegetation 

clearing on frugivorous birds. 

 

It is also likely that feeding by visitors is influencing avian species composition. As expected, 

it was omnivorous/carnivorous species (Australian brush turkey, pied currawong, and 

laughing kookaburra) in particular that showed higher abundance in picnic areas compared 

with either rainforest interiors or clearings. These species are most likely attracted to picnic 

areas because of increased food availability due to deliberate or inadvertent feeding by 

visitors (Jones and Nealson 2005). In the U.S., Marzluff and Neatherlin (2006) found 

increased density of radio-tracked American crows Corvus brachyrhynchus near human 

settlements and campgrounds, with some individuals travelling >30 km to access 

anthropogenic food sources. Neatherlin and Marzluff (2004) also found that anthropogenic 

food sources, even isolated ones, such as those in campgrounds, can cause increased 

population levels of some Corvid species in the U.S. Australian studies have found a similar 

pattern, with several typically omnivorous/carnivorous species that are generally associated 

with urban areas being more abundant in picnic areas (Piper and Catterall 2006; Densmore 

and French 2005). In eucalyptus forests of southeast Queensland, however, the species 

composition in picnic areas was dominated by noisy miners and Australian magpies (Piper 
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and Catterall 2006), while in coastal New South Wales parks Australian magpies, noisy 

miners, pied currawongs and laughing kookaburras characterised the picnic areas (Densmore 

and French 2005). A prior study on Australian brush-turkeys found increased density of this 

species at picnic areas, some of which were within the same study area surveyed in this 

research, and related this to historical feeding practices (Warnken et al. 2004). Feeding 

participation rates of nearly 50% of picnicking groups have been recorded at the study sites, 

indicating a large quantity of food is being made available to avian species in this manner 

(Chapter 3). Australian king parrots were also more abundant in picnic areas, which may be 

explained by common observations of visitors feeding seeds to this frugivorous species 

(Chapter 3). Parrots are thought to respond positively to provision of seeds and increased 

availability of grass seed resources in suburban areas (Parsons et al. 2003) and are commonly 

fed at O’Reillys Rainforest Guesthouse, a tourist attraction adjacent to Lamington National 

Park (Jones and Nealson 2005; Bitossi et al. 1997). Vegetation clearing and edge creation 

would not explain the attraction of these species as they did not show a similarly high 

response to cleared areas. There was also a trend for several other species including the 

Torresian crow, noisy miner, pied butcherbird, and Australian magpie, to be more abundant 

in picnic areas compared with other site types, although there was no significant difference in 

their relative abundance. These species may also be attracted to picnic areas by visitor 

feeding, as they were often observed being fed by visitors at the study site (Chapter 3) 

however may have more variable abundances or may be affected on a site-specific basis. It is 

largely unknown whether visitation levels in picnic areas, and therefore the amount of food 

being made available via feeding, may be affecting the abundance of these species at 

individual picnic areas, although previous studies have found that visitation levels did not 

have a significant effect on Australian brush turkey density in southeast Queensland 



96 

 

(Warnken et al. 2004) or on avian communities of coastal New South Wales national parks 

(Densmore and French 2005). 

 

In contrast to picnic areas, clearings were characterised by smaller bodied insectivorous 

and/or nectarivorous species such as silvereye, yellow-faced honeyeater, red-browed finch, 

superb wren, variegated wren. Silvereyes and variegated fairy-wrens in particular, had 

significantly higher abundance in clearings compared with other site types. These species 

typically forage in trees and undergrowth (Sewell and Catterall 1998; Stanley and Lill 2002), 

and their response may reflect a higher abundance of shrubby undergrowth (usually lantana, 

ferns or long grass) in some cleared areas compared with picnic areas, which are typically 

grassy areas with occasional small sections of shrubbery remaining. Silvereyes (which feed 

on flowers, fruits and insects) and variegated fairy-wrens (insectivores) (Sewell and Catterall 

1998; Stanley and Lill 2002; Densmore and French 2005) would generally not be attracted to 

foods made available by national park visitors in picnic areas. Crimson rosellas and grey 

fantails, on the other hand, showed a significantly higher abundance in clearing edges. This 

pattern probably relates to the dietary and foraging requirements of these species, as well as 

individual habits and behaviour. Crimson rosellas feed not only in the canopy on fruits, 

blossoms, and berries (Magrath and Lill 1983; Green 1993), but, like other rosella species, 

may also feed on grass seeds (Cannon 1981), and would therefore be attracted to grassy areas 

such as clearings. Grey fantails tend to avoid dense rainforest, as they are an active, acrobatic 

species that prefers to pursue insects in clearings or outer foliage (Berry 2001; Densmore and 

French 2005). Therefore it was not surprising that grey fantails were most abundant in 

clearing edges, which would provide them with many foraging opportunities (Berry 2001). 

The reasons why the above species often did not show a similarly high abundance in picnic 

areas, which are also cleared, could possibly include a negative response to human presence 



97 

 

(Jones and Nealson 2005), or to factors such as increased competition for resources, inter-

specific aggression or predation by other avian species which are abundant in picnic areas 

(Parsons et al. 2003; Piper and Catterall 2006). 

 

Less species were recorded within rainforest interiors compared with picnic areas (49 and 58 

species, respectively); although a similar number of individuals were recorded in both site 

types. Four species were recorded exclusively in interior sites, while a total of eleven species 

were recorded in interiors but not in picnic areas. In particular, a suite of species including the 

green catbird, brown gerygone, brown cuckoo-dove, logrunner, large-billed scrubwren, 

Lewin’s honeyeater, and eastern whipbird, were disadvantaged by both picnic areas and 

clearings. This indicates that these species have a low tolerance of disturbance and may be 

adversely affected by the clearing of native vegetation. Foin et al. (1977) also found several 

avian species declined in Yosemite National Park campgrounds, and suggested this may be 

due to a lack of nesting and foraging sites within these areas. In coastal New South Wales 

parks, Densmore and French (2005) recorded twenty avian species that were present in forest 

interiors but not in picnic areas. Several of the species that were negatively affected by picnic 

areas and clearings in this study (eastern whipbirds, logrunners, and to a lesser extent, brown 

cuckoo-doves) are ground-foraging species, which would potentially be disadvantaged by 

cleared grassy areas with an absence of leaf litter (Howe et al. 1981; Sewell and Catterall 

1998). Furthermore, eastern whipbirds and logrunners are shy, cryptic species that prefer 

areas with good protective cover, including for nesting (Rogers 2005). Similarly, Lewins 

honeyeaters, large-billed scrubwrens, brown gerygones, and green catbirds are all 

insectivorous species that forage and nest in the rainforest canopy and could therefore be 

disadvantaged by any type of vegetation clearing (Kikkawa 1968; Densmore and French 

2005). It is unknown whether aspects of picnic area design, for example degree of vegetation 
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clearing, size or edge-area ratio, would positively influence the abundance of those avian 

species typically disadvantaged by picnic areas, although this would be well worth 

investigation for park management purposes. 

 

As well as these direct effects, feeding of birds in national park picnic areas could be 

indirectly affecting avian communities in two main ways. Firstly, pied currawongs, Torresian 

crows and laughing kookaburras all nest in the upper canopy, either in branches or tree 

hollows (Cayley 2000; Morcombe 2000; Everding and Jones 2006), indicating that due to an 

increased abundance of these species there may be elevated competition for canopy nesting 

sites near picnic areas. Increased food supply has been found to increase competition for nest 

sites for another species of Corvid (jackdaw Corvus monedula) in Spain (Soler and Soler 

1996). Secondly, it is possible that wildlife feeding is affecting nest predation levels near 

picnic areas by attracting species which prey upon other birds’ nests (Parsons et al. 2006). 

Species of Corvidae (crows and ravens, Corvus spp.) and Artamidae (pied currawongs 

Strepera graculina, Australian magpies Gymnorhina tibicen and butcherbirds, Cracticus 

spp.), for example, have been previously identified as significant nest predators in urban areas 

(Recher 1972; Major et al. 1996; Wood 1998; Bayly and Blumstein 2001), grasslands 

(Soderstrom et al. 1998) and Eucalyptus forests (Piper and Catterall 2006). It is possible that 

these species may be preying upon nests in the vicinity of picnic areas, and thereby affecting 

nesting success of breeding birds in these national parks (Piper and Catterall 2006).  

Clarification of this issue, in particular how far any effects are penetrating into the national 

park, is required. 

 

Visitor feeding of particular species of birds could also be having indirect effects on native 

vegetation adjacent to picnic areas. In the northern hemisphere, supplementary feeding of 
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browsing vertebrate species has led to a decreased abundance of understorey and ground-

cover plants (Casey and Hein 1983), as well as a change in plant diversity (Doenier et al. 

1997). Australian brush turkeys, a commonly fed species in picnic areas (Chapter 3), are 

ground foragers that build breeding mounds out of leaf litter (Jones 1988). An increased 

abundance of brush turkeys as a result of feeding is likely to be negatively affecting leaf litter 

levels and sapling density near picnic areas (Warnken et al. 2004). 

 

Finally, a suite of species proved to have a high tolerance for small-scale disturbance, and 

were consistently recorded in all site types. Lewins honeyeater, satin bowerbird, crimson 

rosella, brown gerygone, white-browed scrubwren and brown thornbill were all among the 

most common species for each site type. Jones and Nealson’s (2005) study of human 

disturbance on rainforest birds also found similar results with twelve species (including 

brown gerygone, brown thornbill, crimson rosella and Lewins honeyeater) commonly 

recorded in both ‘disturbed’ and ‘undisturbed’ sites. Jones and Nealson (2005) made 

particular reference to Lewins honeyeater, which was the most frequently recorded species at 

nearly all site types. Similarly, Lewins honeyeater was also the most commonly recorded 

species in my study, and in fact several of the disturbance-tolerant species were amongst the 

most abundant species surveyed throughout the course of the study. 

 

As expected, there were some seasonal differences in bird diversity and abundance at the 

study sites. Both spring survey periods yielded a higher diversity of birds than other seasons, 

most likely due to the early arrival of summer migrants in high altitude areas (Loyn 1998), as 

well as enhanced detectability related to increased activity levels and breeding during this 

season (Griffioen and Clarke 2002; Farmer et al. 2004). These results are similar to those of 

studies conducted in southeast Queensland eucalypt forests, where species richness of non-
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migratory species typically increases in spring periods (Slater 1995; Farmer et al. 2004). In 

my study, species could generally be divided into those that were more abundant during 

summer and those that were more abundant during winter. Summer species included the 

brown cuckoo-dove and red-browed finch. Brown cuckoo-doves are frugivorous and, like 

many fruit pigeons, vary in seasonal abundance in response to the fruiting season (Osborne 

1991; Green 1993; Slater 1995), while red-browed finches are seed eaters, particularly 

preferring grass seeds (Slater 1995). Slater (1995) also recorded higher abundance of brown 

cuckoo-doves and red-browed finches in summer periods than in winters in woodland and 

open forest of southeast Queensland. Conversely, species that I recorded as being more 

abundant during the winter months included both migratory species (grey fantail, silvereye) 

and non-migratory species (variegated wren, eastern whipbird, pale yellow robin and pied 

butcherbird).  The grey fantail is a well-known winter migrant to lowland eucalypt forests 

and riparian bushland of southeast Queensland (Bentley and Catterall 1997; Farmer et al. 

2004) and rainforest of north Queensland (Frith 1984). Similarly, silvereyes, which feed on 

flowers, fruit and insects, are known to migrate following seasonal changes in the availability 

of their food resources (Sewell and Catterall 1998; Chan 2001; Stanley and Lill 2002). 

Bentley and Catterall (1997) also found silvereyes (among others) to be more abundant in 

winter in riparian and dryland bush sites in Queensland. Non-migratory insectivorous species 

such as the eastern whipbird, variegated fairy wren and pale yellow robin were also more 

abundant during the winter months. These results are particularly interesting as insect 

abundance is generally lower during the winter period (Frith 1984; Woinarski and Cullen 

1984; van Dongen and Yocom 2005), and an earlier study found no seasonal differences in 

abundance of eastern whipbirds or variegated fairy-wrens in riparian or dry forest in 

southeast Queensland (Bentley and Catterall 1997). Pied butcherbirds feed on both vertebrate 

and invertebrate prey (Morcombe 2000), and may be attracted to protected areas during 
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winter when prey availability is lower, as this species was also only present at Brisbane 

Forest Park, Queensland, during the winter period (Slater 1995). Three other species (Lewins 

honeyeater, yellow-throated scrubwren, and white-browed scrubwren) showed less distinct 

seasonal patterns. Lewin’s honeyeaters were least abundant during the first winter and most 

abundant in autumn, although this species was generally common and abundant throughout 

the year. Lewins honeyeaters were found to be more abundant in one winter compared with 

one summer in Slater’s (1995) study of Brisbane Forest Park, although highest abundance of 

this species was recorded during another summer period. Lewins honeyeater typically feeds 

on insects, fruit and nectar (Morcombe 2000) and has been found to be positively correlated 

with abundance of introduced Camphor Laurel Cinnamomum camphori trees (Farmer et al. 

2004). Lewins honeyeater appears to be an adaptable and generalist feeder, and irregular 

seasonal fluctuations may represent small-scale movements following the availability of 

changing food sources. White browed scrubwrens were least abundant during autumn and the 

first winter, and were most abundant during spring, summer and the second winter, while 

yellow-throated scrubwrens were least abundant during both spring seasons, as well as the 

first winter but were most abundant during the second winter. Slater (1995) found seasonal 

differences for yellow-throated scrubwrens (but similarly there were no distinct seasonal 

trends), but not for white-browed scrubwrens in woodland and open forest in Brisbane Forest 

Park. Finally, golden whistler showed a significant site type-season interaction in my study. 

Golden whistlers are winter migrants and therefore are typically more abundant over the 

winter period (Farmer et al. 2004), although other authors suggest that this species is only 

partially migratory (some populations are sedentary while others migrate) (van Dongen and 

Yocom 2005). Golden whistlers also showed a significant habitat-season interaction in 

riparian and dryland bush sites in Queensland (Bentley and Catterall 1997).  
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In conclusion, wildlife feeding within rainforest national parks of southeast Queensland and 

northeast New South Wales appears to be affecting avian community composition by 

attracting significant numbers of predominantly omnivorous/carnivorous species, including 

pied currawongs, Torresian crows, laughing kookaburras, Australian brush turkeys and 

Australian king parrots (fruit/seed eaters). Several of these species could possibly be having 

indirect effects on inter- and intra-specific competition and predation rates in the surrounding 

area. Furthermore, picnic areas are negatively affecting several species, including the green 

catbird, brown gerygone, brown cuckoo-dove, logrunner, large-billed scrubwren, Lewin’s 

honeyeater, and eastern whipbird, most likely because clearing of native vegetation has 

resulted in decreased availability of foraging, nesting and protective substrate. Fortunately, 

many of the negative impacts of wildlife feeding on avian communities appear to be localised 

to within the actual picnic areas and, only in some cases, a small distance into the 

surrounding rainforest edge. Presumably, there will only be severe impacts on the avian 

inhabitants of a rainforest reserve if picnic areas are constructed in a section of ecologically 

sensitive habitat, e.g. an area in which an endangered species occurs, or if there are many 

picnic areas spread throughout a park. Therefore, it is suggested for management purposes 

that the number of picnic areas within each park should be limited to as few as possible, and 

locations restricted to areas of existing high human activity. Furthermore, large areas of 

national park should ideally be left completely undisturbed via an absence of picnic areas.  

Further research would be beneficial to determine if visitation/wildlife feeding levels and/or 

physical or vegetative aspects of picnic areas could be manipulated in order to mitigate 

impacts on the affected species. 
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Introduction 

Picnicking is a popular activity in Australia, particularly in protected areas, with 48 % of day 

visitors taking part in picnics while visiting a national park (Griffin and Archer 2001). Hence 

picnic areas are a common and popular feature of most national parks today. While there has 

been some speculation in recent years about possible negative effects of picnic area-related 

disturbance on wildlife (Cole and Landres 1995), virtually no reliable information is currently 

available.  There have been suggestions that picnic areas influence nest predation levels in 

national parks (Heske et al. 2001). If so, this could have consequences for national park 

management as predation has often been implicated as a major cause of nest failure, in some 

cases accounting for 50-60 % of nests (Ford et al. 2001). While nest predation has been 

studied in a variety of contexts, little attention has been focused on the possible effects of 

disturbance associated with picnic areas on nest predation in the surrounding forest. 

 

The possibility that picnic areas could be affecting nest predation levels in protected 

rainforest areas relates to two different factors. First, it is hypothesised that the habitat 

disturbance caused by development and maintenance of the picnic area may cause an increase 

in nest predation levels in the surrounding forest by attracting predators that are naturally 

drawn to habitat edges (Loyn 1987; Major and Kendall 1996; Ford et al. 2001). Predators 

may be more abundant at habitat edges due to an increased abundance in prey, because they 

use edges as travelling routes, or because edges may make it easier for predators of one 

habitat type to penetrate a short distance into another habitat type (Andren 1995; Taylor and 

Ford 1998). Habitat disturbance, in this case in terms of forest clearing and creation of habitat 

edges, has been found to result in an increase in nest predation levels in a variety of habitats 

(Paton 1994; Andren 1995; Catterall et al. 1998; Marzluff and Restani 1999; Heske et al. 
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2001; Batary and Baldi 2004). Results are often conflicting, however, as numerous studies 

have found no such edge effects (Andren 1995; Taylor and Ford 1998; Marzluff and Restani 

1999; Lahti 2001; Piper et al. 2002), and findings appear to be site and habitat specific 

(Taylor and Ford 1998; Batary and Baldi 2004).  

 

There are few studies from rainforest habitats, and I am aware of only two that have been 

conducted in Australian rainforests. In tropical north Queensland Laurance et al. (1993) did 

not find increased nest predation at rainforest edges (adjoining either pasture or secondary 

forest). Predation levels within the rainforest were variable, ranging from 0-93 %. Mammals 

were the dominant predators, accounting for 71 % of predation, with the main species 

responsible being the white-tailed rat, Uromys caudimaculatus. In a second study from north 

Queensland, Hausmann et al. (2005) recorded nest predation levels of 66.5 %, 56.5 % of 

which was identified as mammal predation, and 31 % as avian predation. The main predator 

in this case was again the white-tailed rat, with the spotted catbird, Ailuroedus melanotis also 

involved. As with Laurance et al. (1993), Hausmann et al. (2005) found no edge effect at 

either pasture of secondary forest edges. 

 

The second factor is an increased availability of food resources within the picnic area, which 

could attract nest predators, thereby affecting nest predation levels in the surrounding forest 

(Piper and Catterall 2006). Such an increase in food supply within picnic areas could be 

caused by deliberate or inadvertent feeding of wildlife. It has already been established that 

between 50-60 % of visitor-wildlife interactions involve feeding of wildlife in Tasmanian 

national parks (Moore et al. 1997; Mallick and Driessen 2003), while in some Queensland 

and New South Wales national parks 46 % of picnicking groups either deliberately or 

inadvertently provide food to birds (M. Oost, unpublished data).  Avian nest predators such 
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as those from the families Artamidae (currawongs, magpies and butcherbirds) and Corvidae 

(crows and ravens) (Major et al. 1996; Bayly and Blumstein 2001; Ford et al. 2001) may be 

attracted to picnic areas because food is made available by visitors (M. Oost, unpublished 

data). Only one previous study in Australia has investigated the possible influence of picnic 

areas on avian nest predation levels in adjacent forest. Predation rates of artificial nests near 

picnic areas in eucalypt forests of the Brisbane region were several times higher than forest 

interiors, or habitat controls (Piper and Catterall 2006). In this study, birds were the main 

predators (Piper and Catterall 2006); it is unknown, however, whether a similar pattern exists 

in rainforest areas as predator assemblages appear to be very different in eucalypt compared 

to rainforest areas (Laurance et al. 1993; Piper et al. 2002).  In Australia, rainforest is 

geographically more restricted than eucalypt forest, but receives high levels of visitation 

(Department of Environment and Heritage 2000; NSW National Parks and Wildlife Service 

2004). Despite much Australian rainforest now being World Heritage-listed, little is known 

about nest predation levels in this habitat, and the potential influence of picnic areas and 

wildlife feeding within these areas.  

 

Most studies that have investigated trends in nest predation levels have used artificial nest 

experiments (Hausmann et al. 2005). Artificial nests were used in this study as large sample 

sizes were readily achievable and could be organised into standard replicable experimental 

treatments (Major and Kendall 1996; Piper et al. 2002). There have been some criticisms of 

artificial nest experiments, mainly that the results may in some cases be inconsistent with real 

nests (Major and Kendall 1996, Zanette 2002; Burke et al. 2004). Experiments using real 

nests also have several limitations (Villard and Part 2004), however, and artificial nests 

remain an effective technique for gathering comparative data on relative nest predation 

pressure (Laurance et al. 1993).  
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The objectives of the present study were; 1) To determine whether there is an edge effect of 

increased nest predation at edges of natural clearings and/or picnic areas in rainforest national 

parks; 2) To determine whether there is a difference in nest predation levels for different edge 

types (i.e. do nests near picnic area edges experience higher predation than those at edges of 

natural clearings) and if so, whether predation decreases with distance from the edge, and; 3) 

To determine which species/taxa are responsible for preying upon nests at the study sites, and 

whether predation by different species/taxa differs between site types, distances, or nest 

heights. 

 

Methods 

Study area 

This study was conducted in Lamington and Springbrook National Parks in southeast 

Queensland, Australia (Figure 7). Both parks have rainforest vegetation and form part of the 

World Heritage-listed Central Eastern Rainforest Reserves, Australia (CERRA). Lamington 

and Springbrook are relatively large national parks (20600 ha and 2954 ha, respectively) 

located within the Gold Coast hinterland, approximately 35km from Nerang.  
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Figure 7. Map of study sites in southeast Queensland.  

Artificial nests were located within subtropical rainforest areas of Green Mountains and 

Binna Burra sections of Lamington National Park and Springbrook Plateau section of 

Springbrook National Park, approximately 35 km from Nerang in the Gold Coast hinterland. 

Map adapted from EPA (2004b). 
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Lamington National Park is divided into two sections – Green Mountains and Binna Burra, 

both of which were used for this study. Lamington reaches a highest elevation of 946 m 

above sea level and covers heath, open forest and several types of rainforest, including 

subtropical rainforest and cool temperate rainforest (Environmental Protection 

Agency/Queensland Parks and Wildlife Service 2004a). Springbrook National Park is divided 

into three sections – Springbrook Plateau, Natural Bridge and the Cougals (EPA/QPWS 

2004b). Only the Springbrook Plateau section formed part of the study site. Springbrook 

National Park is 900 m above sea level and receives more than 3000 mm of rain annually. It 

encompasses rainforest, open forest and montane heath (EPA/QPWS 2004b). Picnic areas 

within the national parks ranged in size from 735 m² (Binna Burra teahouse picnic area) to 

8875 m² (Green Mountains campground). All picnic areas had some visitor facilities, most 

including picnic tables, shelters, barbecues and toilets.  

 

Sites 

Artificial nests were set up during one breeding season (August 2003 to January 2004). In 

order to distinguish between effects of habitat clearing and effects of wildlife feeding there 

were three site types - picnic area edges, clearing edges (clearings had no facilities and were 

not regularly visited by people, serving as habitat controls) and rainforest interior sites (at 

least 1 km from any picnic area, clearing or park boundary). There were eight replicates of 

each site type. 
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Artificial nests 

A generic small bird nest was selected in order to identify any changes in overall predation 

pressure rather than predation on a single species. Artificial small bird nests, 8-10 cm in 

diameter and made primarily of moss, were purchased from a craft supplier. Nests were first 

coated in an acrylic sealant (Bondcrete) to bind and waterproof them, and were then aired for 

one month to reduce any artificial odours. Each nest was arranged with one finch (zebra finch 

Poephila guttata or Gouldian finch Erythrura gouldiaa) egg to imitate the odour of a real 

clutch and two plasticine eggs of similar size and colour to record the marks left by predators. 

The plasticine eggs were attached to the nests using wooden skewers. Transects of 60 m x 10 

m were placed at several distances parallel to edges (0 m, 40 m and 100 m), and singly for 

interior sites (>1 km). These distances were selected because previous studies have indicated 

that edge effects typically occur within 50 m of the edge (Paton 1994; Soderstrom et al. 

1998). Within each transect, four nests were placed at 20m intervals, and alternately 

positioned in shrubs (1-2 m from ground) and on the ground. Two different nest heights were 

selected based upon the typical nesting heights of avian species at the study site (Morcombe 

2000) and because different predators have sometimes been found to attack different nest 

types (Piper and Catterall 2004). A total of 224 nests were set out in 56 transects. The 

position of nests was recorded using a compass and landmarks so that no identifying markers 

were visible to potential predators (Major and Kendall 1996). Nests were attached to 

branches using a wire loop and to the ground using tent pegs.  

Predator identification 

Nests were left at the sites for one week, after which the number of eggs preyed upon and the 

identification of the predator/s (determined via marks in the plasticine eggs) were recorded. 

Eggs were classified as ‘damaged’, ‘undamaged’ or ‘missing’. Plasticine eggs were 
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considered ‘damaged’ if there were marks or holes in them, while finch eggs were deemed 

‘damaged’ if the shell was broken. Predators were identified using reference samples of 

marks made from beaks and teeth of museum specimens. Predator imprints were collected 

from species previously recorded as nest predators (Laurance et al. 1993; Major et al. 1996; 

Gardner 1998; Bayly and Blumstein 2001; Piper et al. 2002) as well as any additional species 

that were conceivably capable of attacking a nest. Predator imprints were classified to 

different levels – class (bird, mammal, reptile), then to family, genus or species if possible. If 

the predator could not be identified by marks in the plasticine eggs, it was recorded as 

‘unknown’. 

 

Data analysis 

There were certain biases relating to the two different egg types. It is difficult for small 

predators to damage or remove real eggs, but easy for them to mark plasticine eggs (Keyser 

et al. 1998). Consequently, two measurements of predation were used where possible: (1) 

predation of the real egg (a more conservative value which includes only those predators 

strong enough to break through a real egg shell), and (2) predation of any egg (a less 

conservative value which will include any predator capable of making a mark in a plasticine 

egg) (Piper et al. 2002). ‘Missing’ eggs were included in measurements as it was assumed 

that any missing eggs had been removed by predators.   

 

The dependent variable was binary – number of eggs preyed upon/not preyed upon.  Logistic 

analyses compared rainforest interior sites and edge (0m only) sites to determine if there was 

an edge effect on nest predation levels. The effects of edge type (picnic area or clearing) and 

distance from edge (0 m, 40 m, 100 m) on nest predation were also tested using logistic 
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analysis. Separate analyses were conducted for ground and shrub nests. SPSS version 11 was 

used for all analyses.  

 

Results 

Predation levels 

Predation levels in general were high, with 67.9 % of all eggs receiving some form of 

predation. Ground nests experienced 80.4 % predation and had a 45 % higher chance of 

predation than shrub nests, of which 55.4 % were preyed upon (when pooled across 

treatments). Predation levels were similar for both the plasticine eggs and the finch eggs 

(which had about a 3 % higher chance of predation). Ground nests near picnic areas (i.e. all 

distances pooled) had a 34 % higher risk of predation than those near clearings. Shrub nests 

showed a similar trend, with those near picnic areas having a 10.5 % higher risk of predation 

than their clearing counterparts.  

 

Predator types  

Most predation of plasticine eggs was by birds (39.9 %) and mammals (37.2 %). Predators 

that were identified via imprints in the plasticine eggs included small mammals (most likely 

rodents (Muridae) including the bush rat Rattus fuscipes and black rat R.  rattus), the lace 

monitor Varanus varius, and birds from the families Corvidae (Torresian crow Corvus orru) 

and Artamidae (butcherbirds Cracticus spp., and pied currawong Strepera graculina). Birds 

accounted for 32.8 % of ground nest predation and 50.4 % of shrub nest predation. Mammals 

were responsible for 45.6 % of ground predation and 24.8 % of shrub nest predation. Only 

29.2 % of the bird predation could be identified to a more specific level, with 15 % being 
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from crows, and 14.2 % identified as from artamids. Pied currawongs, a species thought to be 

a major predator of bird nests in some habitats (Major et al. 1996; Gardner 1998; Bayly and 

Blumstein 2001), preyed upon nine plasticine eggs from five nests during the course of this 

study. Eight of those eggs were preyed upon at picnic area edges (six from shrub nests and 

two from ground nests), and one egg was preyed upon at a clearing edge. 

 

Edge effects 

Overall edge effects were minimal, and differed for ground nests and shrub nests. Ground 

nests had an increased chance (11.7 %) of predation at rainforest edges (pooling both picnic 

areas and clear areas), compared with interior sites. Shrub nests had <2 % of an increased 

chance of predation near rainforest edges compared with interior sites.  

 

Measurements of ground nest predation using ‘any egg’ or ‘real eggs only’ showed similar 

trends but were not significant (Table 13). There was a significant, if misleading, effect of 

edge on mammal predation of ground nests (Likelihood ratio = 17.441, df = 3, p = 0.001), 

where clearing edges had significantly lower levels of predation than either interior sites or 

picnic area edges (Table 13). No effects of edge were detected for avian predation of ground 

nests (Table 13).  

 

Similarly, there were no significant edge effects for shrub predation, using measurements of 

either ‘any egg’ or ‘real egg only’ (Table 13). Neither mammal nor avian predation of shrub 

nests showed any distinct trends and neither displayed any edge effects (Table 13).   
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Table 13. Results from Analyses of Variance testing for differences in nest predation 

levels between edges and interiors. Transects with 2 ground nests and 2 shrub nests each 

were located at picnic area edges, clearing edges and rainforest interiors. There were 8 

transects in each site type (N = 8 for each subset). Predation of real egg refers to predation of 

the finch egg only. Predation of any egg refers to predation of either the finch egg or the 

plasticine eggs. Predation by particular predator groups is based on plasticine eggs only. The 

mean numbers of eggs depredated per transect and standard deviations are shown. Significant 

results are indicated in bold type. 

 

 

 

Variable Picnic Area Clearing Interior 
Likelihood 

ratio 
df p 

Predation of real egg 

(ground) 
2 ± 0.744 1.375 ± 0.518 1.75 ± 0.463 6.101 3 0.107 

                                    

(shrub) 
1 ± 0.707 1 ± 0.756 1.25 ± 0.886  0.349 3 0.951 

Predation of any egg 

(ground) 
6 ± 1.061 4.125 ± 1.356 5.375 ± 1.061 7.425 3 0.060 

                                    

(shrub) 
4 ± 1.852 2.875 ± 2.167 3.25 ± 2.315 3.161 3 0.367 

Avian predation (ground) 1 ± 1.458 0.75 ± 0.886 1.875 ± 1.553 5.011 3 0.171 

                             (shrub) 1 ± 1.126 1.125 ± 1.458 0.75 ± 1.035 4.048 3 0.256 

Mammal predation (ground) 2 ± 1.512 0.25 ± 0.707 1.5 ± 1.414 17.441 3 0.001 

                                 (shrub) 1 ± 1.035 0.625 ± 1.188 1 ± 1.069 0.834 3 0.841 
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Edge type and distance 

Picnic area edges had a 33% higher chance of ground nest predation and a 41% higher chance 

of shrub nest predation than the clear site equivalents. There was a significant effect of 

distance on predation of ground nests (using any egg) (Likelihood ratio = 29.863, df = 9, p = 

0.000), with nests located 100m from edges receiving lower predation than those at either 

40m or 0m (Table 14). There was no significant effect of edge type on ground nest predation 

using ‘any egg’, nor were there any effects of edge type or distance on ground nest predation 

using ‘realy egg only’ (Table 14).  

 

There was a significant effect of edge type on shrub predation when ‘any egg’ was used 

(Likelihood ratio = 33.926, df = 10, p = 0.000), with predation being higher at picnic area 

edges.  There was also a significant effect of distance on shrub nest predation using ‘any egg’ 

(Likelihood ratio = 33.442, df = 9, p = 0.000), with predation being lowest at 0m and highest 

at 40m (Table 14). However, there were no significant effects on predation of shrub nests 

when a measurement of the real egg only was used (Table 14).   
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Table 14 (Overleaf). Results from repeated measures Analyses of Variance testing for 

differences in nest predation levels between edge types and distances from edge. 

Transects with two ground nests and two shrub nests each were located three distances (0 m, 

40 m and 100 m) from picnic area edges and clearing edges. There were 8 transects at each 

distance for within each site type (N = 8 for each subset). The mean numbers of eggs 

depredated per transect and standard deviations are shown. Significant results are indicated in 

bold type. 
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Variable 

Edge type 

Likelih

ood 

ratio 

df 

p 

Distance from edge (m) 

Likelih

ood 

ratio 

df 

p 

Picnic 

area 
Clearing 

 
 0 40 100    

Predation of 

real egg 

(ground) 

 

2 ± 0.608 

 

1.458 ± 0.658 

 

11.439 

 

10 

 

0.324 

 

2 ± 0.632 

 

1.75 ± 0.447 

 

1.563 ± 0.814 

 

12.921 

 

9 

 

0.168 

(shrub) 1 ± 0.751 1.125 ± 0.741 10.099 10 0.432 1 ± 0.719 0.313 ± 0.793 1.1875 ± 0.75 10.183 9 0.336 

Predation of 

any egg 

(ground) 

 

5 ± 1.248 

 

4.25 ± 1.675 

 

12.395 

 

10 

 

0.260 

 

5 ± 1.408 

 

4.94 ± 1.436 

 

4.688 ± 1.922 

 

29.863 

 

9 

 

0.000 

(shrub) 4 ± 2.226 3.167 ± 2.259 33.926 10 0.000 3 ± 1.974 3.625 ± 2.363 3.188 ± 2.428 33.442 9 0.000 

Avian 

predation 

(ground) 

 

1 ± 1.474 

 

0.875 ± 0.992 

 

25.639 

 

10 

 

0.004 

 

1 ± 1.167 

 

1.063 ± 1.124 

 

0.938 ± 1.482 

 

25.202 

 

9 

 

0.003 

(shrub) 1 ± 1.285 0.917 ± 1.139 16.585 10 0.084 1 ± 1.258 1.25 ± 1.291 0.813 ± 1.109 15.765 9 0.072 

Mammal 

predation 

(ground) 

 

2 ± 1.560 

 

0.833 ± 1.167 

 

19.492 

 

10 

 

0.034 

 

1 ± 1.455 

 

1.563 ± 1.263 

 

1.563 ± 1.75 

 

35.473 

 

9 

 

0.000 

(shrub) 0 ± 0.702 0.583 ± 0.974 10.229 10 0.421 1 ± 1.078 0.375 ± 0.719 0.313 ± 0.704 9.048 9 0.433 
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There was a significant effect of edge type on mammalian predation of ground nests 

(Likelihood ratio = 19.452, df = 10, p = 0.034), with those near picnic area edges suffering 

higher mammal predation than those near clearings (Table 14). In fact, ground nests near 

picnic areas had a 140 % higher chance of predation by mammals than those near clearings. 

There was also a significant effects of distance on mammal predation of ground nests 

(Likelihood ratio = 35.473, df = 9, p = 0.000).  Neither edge type nor distance had a 

significant effect on mammalian predation of shrub nests (Table 14).  

 

Overall, nests near picnic areas had an elevated (20% higher) chance of predation by birds 

compared with clearing edge nests (pooled nest types).  There was a significant effect of edge 

type on avian predation of ground nests (Likelihood ratio = 25.639, df = 10, p = 0.004), with 

ground nests near picnic areas suffering higher levels of avian predation than those at clearing 

edges (Table 14). There was also an effect of distance on avian predation of ground nests 

(Likelihood ratio = 25.202, df = 9, p = 0.003), with predation levels being highest for nests 

located at 40m and lowest at 100m (Table 14). No effects of edge type or distance from edge 

were detected for avian predation of shrub nests (Table 14). 

 

Discussion 

Nest predation rates 

Artificial nests in rainforest of southeast Queensland experienced high levels of predation (68 

%), but these were similar to those recorded in rainforests of tropical north Queensland and 

Singapore (Laurance et al. 1993; Wong et al. 1998; Hausmann et al. 2005). These findings 

further indicate that, within Australia, nest predation rates in rainforest may be higher than 
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those in Eucalyptus forests (Piper and Catterall 2006, Piper and Catterall 2004, Piper et al. 

2002) but similar to those in urban areas (Matthews et al. 1999). Predation rates were higher 

for ground nests, compared with shrub-level nests, which is inconsistent with records from 

tropical north Queensland rainforest (Hausmann et al. 2005) but similar to results found in 

eucalypt forests of southeast Queensland (Piper and Catterall 2004). Predators did not 

preferentially attack the finch eggs compared to the plasticine eggs, indicating that predation 

of real nests might be expected to exhibit similar patterns to those shown in this study. Two 

aspects of real nests were not replicated in this experiment - parental defence and 

concealment of nests. Consequently, actual predation rates of real nests might be expected to 

be slightly lower than those recorded in this study (Hausmann et al. 2005). Conversely, 

olfactory predators, particularly snakes, may be under-represented by experiments using 

plasticine eggs (Thompson and Burhans 2004; Weatherhead and Blouin-Demers 2004). 

These predators would be more likely to attack the finch eggs, however, and this may explain 

a large proportion of the missing finch eggs. Snakes may also be attracted to habitat edges 

because of thermal advantages, or because of greater prey abundance (Weatherhead and 

Blouin-Demers 2004). 

 

Edge effects 

Artificial nests did not receive higher levels of predation at either type of rainforest edge 

(picnic area or clearing) when compared with interiors. This lack of edge effect is consistent 

with other studies of nest predation rates at tropical rainforest edges (Laurance et al. 1993; 

Wong et al. 1998; Hausmann et al. 2005). In these previous studies, no edge effects have 

been detected for rainforest adjoining pasture (Laurance et al. 1993; Hausmann et al. 2005), 

or secondary forest (Laurance et al. 1993; Wong et al. 1998). Generally, edge effects on nest 
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predation occur because predators may be more abundant at habitat edges due to higher prey 

availability, because they use edges as travelling routes, or because predators of one habitat 

type may be able to penetrate a short distance into another habitat type (Andren 1995; Taylor 

and Ford 1998). It is possible that rainforest edges may be one of the exceptions to a pattern 

that is clearly both habitat and site specific (Taylor and Ford 1998; Batary and Baldi 2004; 

Hausmann et al. 2005). There are several other explanations why no edge effects were found 

during this experiment. Firstly, it is possible that the sites used in this study have not had a 

long enough history of clearing and/or heavy visitation and wildlife feeding to elicit such 

effects. Hausmann et al. (2005) suggested that a relatively short history of clearing may be a 

reason why no effects were detected at rainforest-pasture edges in north Queensland. 

Warnken et al. (2004) found that Australian brush turkey densities in some Queensland 

picnic areas were related to historical feeding rates at the sites. Hence long-term responses to 

clearing and/or wildlife feeding may possibly include an edge effect on future nest predation 

rates near picnic areas at the study site. There is also the possibility that edge effects may 

have penetrated further than 1 km into the rainforest (Hausmann et al. 2005), although this 

seems unlikely as previous studies have found that edge effects are typically evident within 

50 m of the edge (Paton 1994; Soderstrom et al. 1998). Prior studies have not detected edge 

effects at distances of 100 m (Wong), < 400 m (Laurance), and 1100 m (Hausmann et al. 

2005) from the rainforest edge. Conversely, within Eucalyptus forests, shrub nests located 

near picnic areas suffered significantly higher predation compared with ‘interiors’, which 

were located 150m from the picnic area (Piper and Catterall 2006). Finally, it is also possible 

that while there were no detectable differences in nest predation levels between edges and 

interiors, the predator species responsible might differ along the gradient of disturbance 

(Marzluff and Restani 1999). 
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Effects of edge type and distance 

Although there was no edge effect on nest predation at the study site, there were differences 

in predation rates of shrub nests at the two different edge types. Ground nests near picnic 

areas experiencing higher predation when compared with nests located near control edges 

(clearings that received little or no human visitation). This pattern has also been recorded in 

Eucalyptus forests of southeast Queensland, with shrub nests located near picnic areas 

suffering higher predation compared with those near control edges (Piper and Catterall 2006).  

 

There were also some effects of distance from the edge on predation levels of both shrub 

nests and ground nests. Ground nests experienced higher levels of predation at both 0m and 

40m from the edge compared with those at 100m. Shrub nests experienced higher predation 

levels at 40m compared with those at 0m or 100m. This general pattern indicates that effects 

are not limited to directly adjacent to the picnic areas but are occurring to at least 40 m into 

the forest. A previous study by Piper and Caterall (2006) found effects of up to 100 m into 

the surrounding forest, giving an affected area of just over three hectares. An impact of this 

magnitude would have particular significance for smaller parks, or those with several picnic 

areas spread throughout the park. 

 

The fact that picnic area edges experienced significantly higher shrub nest predation than 

clearing edges implies that effects are not simply associated with the clearing of habitat and 

consequent edge creation, but rather that factors associated with a human presence (most 

likely an increased availability of food) are attracting predators to the picnic areas. Increased 

food availability in picnic areas may be caused by deliberate feeding or inadvertent feeding in 

the form of rubbish and scraps. Nearly half of picnicking groups at the study site provide 



122 

 

food to birds, with deliberate and inadvertent feeding accounting for 47 % and 50% of this 

feeding, respectively (M. Oost, unpublished data). More effective interpretive material for 

visitors regarding the effects of wildlife feeding and leaving food scraps behind after 

picnicking, as well as stricter control of these activities and more efficient rubbish removal 

from picnic areas or nearby attractions may be required. 

Predator types 

In previous studies of nest predation within rainforest the dominant predators were small 

mammals (Laurance et al. 1993; Wong et al. 1998; Hausmann et al. 2005), while in this 

study predation was evenly divided between small mammals and birds. It is possible that this 

is an artefact of sub-tropical rainforest, where there may be less diverse small mammal 

assemblages. Mammals and birds also preferentially attacked nests at different heights. The 

majority of ground nests were preyed upon by mammals, while birds were responsible for the 

majority of shrub nest predation, a pattern also recorded in tropical rainforest (Hausmann et 

al. 2005). Mammalian ground nest predation was significantly higher at picnic area edges 

compared with clearing edges. Furthermore, there was a trend for mammalian predation of 

shrub nests to be higher at the very edge (0 m) of picnic areas, indicating that the predators 

were at least semi-arboreal. The mammal species responsible for preying upon artificial nests 

near picnic areas during this study is likely to be a medium to large murid rodent. Marks in 

the plasticine eggs were consistent with imprints made from the skulls of Rattus spp., 

particularly the bush rat and black rat. In north Queensland rainforests the native bush rat was 

the most abundant small mammal at the study site investigated but only occasionally attacked 

artificial nests (Laurance et al. 1993). Instead, the larger, semi-arboreal native white-tailed rat 

was implicated as the dominant predator (Laurance et al. 1993); this species does not occur in 

southern Queensland. Instead, as in north Queensland, the bush rat is the most commonly 
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recorded small mammal in Springbrook and Lamington National Parks (EPA 2005), making 

it a possible candidate although it has been suggested that bush rats attack artificial nests only 

opportunistically instead of actively hunting for them (Laurance et al. 1993). It is also 

possible that the introduced black rat, which is aggressive and semi-arboreal, could be 

attracted to picnic areas. Black rats have been found to be more abundant in corridors, cleared 

areas and disturbed areas, while bush rats were typically more abundant in undisturbed forest 

interiors (Dunstan and Fox 1996; Downes et al. 1997).  

 

Despite ground nests being preferentially attacked by mammals, an increase in ground nest 

predation by birds was observed at picnic area edges, and this effect extended for at least 40m 

into the surrounding forest. Several of the bird species that are attracted to picnic areas and 

have been previously nominated as significant nest predators in eucalypt forest and urban 

areas (mainly those from the families Corvidae and Artamidae) (Major et al. 1996; Gardner 

1998; Bayly and Blumstein 2001; Piper and Catterall 2006) did prey on nests in southeast 

Queensland rainforest but there were no significant differences in predation by birds 

belonging to those families between picnic area edges and clearing edges. It was expected 

that pied currawongs, in particular, would be a significant predator of nests. This species 

preyed upon eight plasticine eggs during the study, nearly all of which occurred at picnic area 

edges. These findings indicate that an increased abundance of pied currawongs (and other 

avian nest predators) due to wildlife feeding at picnic areas (M. Oost, unpublished data) could 

potentially be influencing nest predation levels in the surrounding rainforest at the study site.  

 

In conclusion, the results of this study suggest that birds nesting near picnic areas in 

subtropical rainforests of southeast Queensland, especially ground nesting species (such as 

noisy pitta Pitta versicolor, logrunner Orthonyx spaldingii, brown thornbill Acanthiza pusilla, 
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large-billed scrubwren Sericornis magnirostris and white-browed scrubwren Sericornis 

frontalis) may experience higher rates of nest predation by small mammals and birds than 

those nesting at edges of clearings. The possible effects of wildlife feeding in picnic areas on 

breeding success of rare ground nesting species at the study sites, including the rufous scrub-

bird Atrichornis rufescens, eastern bristlebird Dasyornis brachypterus, and Alberts lyrebird 

M.  alberti, are of particular concern.  
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CHAPTER 7 
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Despite the popularity of wildlife feeding, both in Australia and overseas, there is much 

controversy regarding the possible benefits and impacts of wildlife feeding, and management 

of this activity in protected areas is further confounded by a lack of reliable research. This 

thesis has described one of the only known large-scale investigations into community-level 

influences of visitor feeding on wildlife. In addition, although vegetation/physical disturbance 

associated with picnic areas has been associated with changes in species richness and 

community composition in certain habitats, it was previously unknown whether picnic areas 

could be exerting a similar influence on bird communities in protected rainforest, which 

species are particularly susceptible, and whether there may be methods of mitigating such 

effects.  

 

A detailed review of the current available literature relating to wildlife feeding 

(predominantly supplementary feeding experiments, as there is very little information 

regarding feeding by visitors in protected areas) found that for the wildlife being fed there are 

few benefits and often numerous negative effects, both proven and anecdotal. This is a 

serious concern, and raises alarm when feeding is occurring in protected areas where wildlife 

welfare and ecosystem integrity are main objectives. An activity that has the potential to 

influence disease transmission, population levels, health/welfare, home range size, social 

structure, behaviour and reproduction in wildlife may be entirely incompatible with the 

concept and ideals of national parks, particularly World-Heritage listed areas. The idea that 

wildlife feeding may foster and promote conservation is a tenuous and largely un-

substantiated one that requires further evidence, particularly if it is intended to provide the 

basis of an argument for the continuation of this practice in ecologically significant areas.  
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This review also highlighted that management and policies/legislation relating to wildlife 

feeding in reserves needs to be based upon quantitative, reliable research rather than 

assumptions and anecdotal evidence.  Furthermore, it is imperative that the research be 

directly applicable to the site and species in question.  

 

Despite some research into feeding rates in urban areas, wildlife feeding by visitors to 

protected areas has previously received little attention, particularly in Queensland or New 

South Wales. The research embodied in Chapter 3 filled some of the gaps in the current 

literature and provided important data on the amount of feeding taking place in picnic areas 

within World-Heritage listed rainforest reserves in these locations, as well as information on 

the types of food made available, the bird species most commonly affected and the 

demographics of visitors most frequently involved in this activity.  

 

Surveys found that feeding is indeed a popular activity in such reserves, with nearly half of 

all groups observed either intentionally or inadvertently feeding birds. Families, in particular, 

were most likely to actively feed birds. Anti-feeding signage did not appear to be effective in 

preventing wildlife feeding in these cases and further research may be required to develop 

more successful measures. These are likely to include more detailed interpretive material, 

particularly directed at families, regarding the impacts of feeding of wildlife. A focus on 

inadvertent feeding, i.e. leaving of edible refuse in picnic areas, is also required, as 

scavenging by birds accounted for half of the total number of feeding incidents recorded 

during this study. Scavenging also comprised the majority of incidents involving the two 

most commonly fed species (pied currawong and Australian brush-turkey).  
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Past feeding history at national parks or nearby tourist attractions also seems to influence the 

amount of wildlife feeding taking place at a national park. This emphasises that wildlife 

feeding at privately-owned attractions adjacent to national park estate may compromise 

management efforts within the estate, unless appropriately controlled (Plant 2005). In 

addition, natural area managers may also need to recognise that verbal or written visitor 

questionnaires may not be an accurate method of recording the amount of wildlife feeding 

taking place. The observation method utilised in this thesis was effective in obtaining true 

feeding rates and could be duplicated by park management staff.  

 

In order to add to the small amount of research currently available on the impacts of wildlife 

feeding in protected areas, Chapter 4 investigated whether avian community composition 

parameters (species richness, diversity, equitability, the relative abundances of avian guilds, 

and the relative abundance of individual species) differed between picnic areas where wildlife 

feeding occurs and either clearings (habitat controls where feeding did not take place), or 

rainforest interiors. Bird diversity was found to be lower in clearings than other site types, but 

picnic areas did not have less diverse or rich bird assemblages compared with any of the other 

sites. As expected, however, there were some observed differences in species/guild 

composition. The relative abundance of omnivorous/carnivorous avian species was higher in 

picnic areas compared with other site types, while nectarivores/insectivores were least 

abundant in picnic areas. Several individual species (pied currawong Strepera graculina, 

Australian brush-turkey Alectura lathami, laughing kookaburra Dacelo novaeguineae, and 

Australian king parrot Alisterus scapularis) were more abundant in picnic areas than in other 

site types, most likely due to visitor feeding. These species are typically opportunistic and 

generalist foragers that would be attracted to the types of food typically made available by 

visitors to picnic areas, e.g. bread, cheese and meat. 
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Five other species were most abundant in clearings/edges, which provided the habitat control 

for this study. Although these species appear to be attracted to open areas, their aversion to 

picnic areas indicates a susceptibility to disturbance created by human activity/presence, or 

potentially negative interactions (e.g. predation of nests or young birds, competition for 

resources or aggressive behaviour) with those species that are abundant in picnic areas. 

 

Several other species were disadvantaged by both picnic areas and clearings. A likely 

explanation for this is a reduction in the availability of the nesting and/or protective substrate 

typically provided by natural vegetation cover. Clearing of native vegetation may also lead to 

a decrease in foraging opportunities for these species, many of which were insectivorous or 

frugivorous. 

 

Finally, Chapter 5 examined whether wildlife feeding in national park picnic areas may be 

influencing predation of small bird nests. Artificial nest experiments found that, during a 

period of one week, a majority (68 %) of all eggs were preyed upon. Approximately 80 % of 

ground nests were depredated (predominantly by mammalian predators) and 55 % of shrub 

nests were depredated (predominantly by avian predators). Predation rates of artificial shrub 

nests were elevated at picnic area edges compared with other rainforest edges. Predation of 

ground nests was not influenced by edge type. 

 

Avian nest predators, such as the pied currawong and laughing kookaburra, which are known 

to be attracted to picnic areas due to the findings of Chapter 4, had a significant impact upon 

nest predation levels near picnic areas.  There was also a significant increase in predation by 

small mammals, particularly murid rodents, near picnic area edges. It is most likely that 
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murid rodents are attracted to picnic areas by inadvertent wildlife feeding, such as when 

edible refuse is left behind in such areas.  

 

These results indicate that human activities in national park picnic areas could be adversely 

influencing the breeding success of ground-nesting birds in sub-tropical rainforest reserves of 

southeast Queensland (such as noisy pitta Pitta versicolor, logrunner Orthonyx spaldingii, 

brown thornbill Acanthiza pusilla, large-billed scrubwren Sericornis magnirostris and white-

browed scrubwren Sericornis frontalis), although the likely predators may differ from 

previous assumptions. The possible influence of wildlife feeding in picnic areas on breeding 

success of rare ground nesting species at the study sites, including the rufous scrub-bird 

Atrichornis rufescens, eastern bristlebird Dasyornis brachypterus, and Alberts lyrebird M.  

alberti, are of particular concern.  

 

In conclusion, despite a paucity of empirical research into wildlife feeding in natural areas, it 

is clear from a review of the available literature and the findings of the present study that 

there are several potential negative effects of feeding wildlife, and these far outweigh any 

likely benefits. Hence, it is recommended that wildlife feeding should be prohibited (and 

enforcement, which is conceivably more difficult, attempted) in protected areas, particularly 

until more quantitative research has been conducted on this issue.  

 

Further legislation is most likely required, although clear definitions of wildlife feeding are 

essential. In order for any preventative measures to be effective, managers and park 

employees must be given the power exercise stricter control of feeding and possibly issue 

warnings or fines, and large penalties to tour operators, as deterrents. Although enforcement 

is conceivably very difficult, there have been some situations where a large scale program has 
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been effective in controlling wildlife feeding (e.g. Fraser Island). Alternatively it may be 

possible for rangers to dispense interpretive brochures and provide some background 

information about wildlife feeding if they observe people feeding. This method, although still 

labour intensive, would be less rigid and more educative. Ideally, efforts should also be made 

to standardise management techniques between Australian States and Territories, as well as 

individual parks, to limit confusion amongst visitors and enhance compliance. 

 

Regulating the numbers of visitors to national park picnic areas (and thereby minimising the 

amount of food made available) does not appear to be a viable option for mitigating the 

influence of wildlife feeding on certain species. Utilising interpretive material to gain better 

control of the amount of edible refuse being left behind by visitors may be a better 

management option, as a majority of feeding incidents involved scavenging. 

 

As wildlife feeding is clearly a popular activity, and should therefore remain available to 

visitors in some capacity, it is suggested that feeding be restricted to certain areas where 

parameters can be controlled, e.g. wildlife parks. Monitoring of the amount of food used, the 

abundance of target and non-target species at the site, and any interactions that adversely 

affect either wildlife or visitors, in such instances is imperative. Interpretive displays and 

presentations should also be a priority if positive benefits for both wildlife and visitors are a 

desired outcome (See Plant (2005) for Best Practice interpretation). Other important 

considerations when conducting feeding activities are maintaining a hygienic feeding area 

(e.g. area is swept or hosed often), using veterinary-approved food, and conducting feeding at 

irregular times. 
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Fortunately, although wildlife feeding and vegetation/physical disturbance associated with 

picnic areas could have implications if numerous picnic areas spread throughout the national 

park or those located in ecologically sensitive areas, generally impacts are localised and 

likely to be small in scale. Hence, it is suggested for management purposes that the number of 

picnic areas within each park should be limited, and locations restricted to areas of existing 

high human activity. Picnic area design (size, canopy cover and shrub cover) could also be 

altered to minimise effects on some species that are otherwise avoiding picnic areas, although 

further quantitative research is required on this topic. 

 

I conclude by suggesting that providing food to wildlife, either deliberately or inadvertently, 

may be incompatible with the ecological ethos of a World Heritage listed protected area, 

although enforcement of anti-feeding policies and legislation will be controversial and 

conceivably very difficult. The findings embodied in this thesis add to the small amount of 

current available research on the influence of wildlife feeding and picnic areas on bird 

communities, and will hopefully enhance the ability of natural area managers to make more 

informed decisions regarding wildlife feeding and picnic area design in rainforest reserves. 
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Appendices 

Appendix I - Method selection for bird surveys 

Pilot studies were conducted during February - May 2003. The first compared species 

richness and abundance results between two widely used bird survey methods (point counts 

and transects) to determine which method or combination of methods was most suitable for 

this study. Morning results were also compared against afternoon results in order to 

determine the most effective sampling time. Picnic areas, picnic area edges, clearings and 

rainforest interiors within Springbrook and Lamington National Parks, Queensland, were 

sampled. Transects of 100m were conducted with each bird being recorded, including the 

distance and angle from the transect. Separate point counts of a 20m radius were conducted 

for a period of 10 minutes after a five-minute settling period. There were sixteen replicates of 

each site type. Weather conditions and time of day were also recorded. Surveys were not 

conducted if there was any rain or strong wind as these conditions can affect abundance 

estimates for some avian species.  

 

Using t-tests, there was no significant difference in avian species richness (t= -.343/df = 62/p 

= 0.733) or abundance results (t = -.11/df = 62/p = 0.991) between methods (transects vs. 

point counts) (see Figures 8 and 9).  
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Figure 8. Species richness results compared between survey methods (point counts and 

transects) 
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Figure 9. Abundance results compared between methods (point counts and transects) 
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Logistically, transects were more difficult to conduct in dense rainforest and often could not 

be fit into the smaller picnic areas. Point counts are generally more suitable for patchy 

habitats, and are efficient for gathering large amounts of data quickly (Sutherland 1996). 

Hence, point counts were selected as the most appropriate survey method for this study.  

 

There was also no significant effect of time of day on species richness (t = .994/df = 62/p = 

0.324) or abundance (t = 1.818/df = 62/p = 0.074) of birds (Figures 10 and 11), although 

there was a trend towards a higher abundance of birds in the mornings (Figure 11). Multiple 

point counts (at three different time periods) were selected in order to obtain the full range of 

species present at each site. 

 

In order to assess the most effective sampling duration, a second pilot study compared 

cumulative species richness and abundance at 5 min intervals for up to 30min (Bibby et al. 

2000). On average, species counts increased steadily but levelled off at about 20min (Figure 

12), therefore a 20min point count was adopted. An increase in the radius of the point count 

was not feasible as in rainforest areas it was difficult to see for further than 20m. 
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Figure 10. Species richness compared between morning and afternoon surveys 
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Figure 11. Abundance results compared between morning and afternoon surveys 
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Figure 12. Cumulative species richness for point counts, measured at five-minute 

intervals for a total period of thirty minutes. 
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Appendix II - Species and families of birds recorded during surveys 

Family  Species No. individuals 
Accipitridae eagles wedge-tailed eagle 3 

Ardeidae herons white-faced heron 1 

Artamidae currawongs, 

butcherbirds, magpies 

pied currawong 423 

 Australian magpie 96 

 grey butcherbird 10 

 pied butcherbird 35 

Cacatuidae cockatoos yellow-tailed black cockatoo 21 

  sulphur-crested cockatoo 31 

Campephagidae cuckoo-shrikes, trillers black-faced cuckoo-shrike 1 

 white-bellied cuckoo-shrike 1 

 varied triller 4 

Cinclosomatidae whipbirds Eastern whipbird 262 

Climacteridae treecreepers white-throated treecreeper 18 

Columbidae pigeons and doves brown cuckoo-dove 220 

 emerald dove 2 

 topknot pigeon 194 

  wompoo pigeon 56 

  wonga pigeon 14 

  rose-crowned fruit dove 10 

  superb fruit dove 3 

  white-headed pigeon 117 

Corvidae crows and ravens Torresian crow 94 

  Australian raven 16 

Cuculidae cuckoos, koels brush cuckoo 17 

  fan-tailed cuckoo 7 

  channel-billed cuckoo 2 

  shining cuckoo 3 

  Horsfield’s cuckoo 3 

  little bronze cuckoo 1 

  common koel 1 

  Oriental cuckoo 1 

Dicruridae monarchs, flycatchers, 

fantails, drongos 

spectacled monarch 57 

 spangled drongo 29 
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 restless flycatcher 4 

  grey fantail 250 

  rufous fantail 61 

  black-faced monarch 37 

  willie wagtail 1 

Halcyonidae tree kingfishers laughing kookaburra 72 

  forest kingfisher 1 

  sacred kingfisher 1 

Hirundinidae swallows welcome swallow 95 

Maluridae fairy-wrens superb wren 165 

  variegated wren 110 

  red-backed wren 4 

Megapodiidae mound builders Australian brush turkey 142 

Meliphagidae honeyeaters, miners Lewins honeyeater 1087 

  noisy miner 192 

  yellow-faced honeyeater 126 

  white-throated honeyeater 9 

  bell miner 114 

  blue-faced honeyeater 8 

  white-naped noeyeater 7 

  helmeted friarbird 2 

  Eastern spinebill 88 

  Black-chinned honeyeater 8 

  scarlet honeyeater 6 

Menuridae lyrebirds Albert’s lyrebird 2 

Muscicapidae thrushes Bassian thrush 18 

Pachycephalidae whistlers, shrike-

thrushes 

golden whistler 257 

 grey shrike-thrush 31 

 olive whistler 8 

 rufous Whistler 3 

  little shrike-thrush 1 

  Jacky winter 4 

Paradisaeidae riflebirds, catbirds green catbird 45 

  paradise riflebird 7 

Pardalotidae pardalotes, brown thornbill 857 
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 scrubwrens, 

gerygones, thornbills 

white-browed scrubwren 576 

 brown gerygone 541 

 large-billed scrubwren 624 

 yellow-throated scrubwren 54 

 weebill 12 

 yellow thornbill 4 

  white-throated gerygone 3 

  striated pardalote 1 

  buff-rumped thornbill 1 

  striped pardalote 2 

Petroicidae robins Eastern yellow robin 242 

  pale yellow robin 50 

  flame robin 6 

  rose robin 5 

  scarlet robin 1 

Phasianidae peafowl Indian peafowl 6 

Ploceidae grass finches red-browed finch 241 

Psittacidae parrots crimson rosella 598 

  Australian king parrot 229 

  Eastern rosella 2 

  rainbow lorikeet 62 

  pale-headed rosella 4 

Ptilonorhynchidae bowerbirds satin bowerbird 759 

  regent bowerbird 46 

Oriolidae figbirds figbird 4 

Orthonychidae logrunners logrunner 132 

Zosteropidae silvereyes silvereye 410 

    

  Total 10191 
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