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summarised in a foreword at the start of each chapter. The text of published papers 
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consistency throughout the thesis. Remaining differences in style or format reflect 

different journal requirements. The thesis begins with an extended introduction to 

provide an understanding of the background to the work and to explain the 

connection between the four papers. Whilst I did the majority of the work behind the 

thesis, the first three papers were written with the collaboration of other authors. 

Each paper begins with a Statement of Contribution listing author contributions and 

the status of the paper with regard to publishing. The content of each Statement of 

Contribution has been agreed by all co-authors.   
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Abstract 

Overabundant native species are a growing problem globally, in large part due to 

anthropogenic landscape modification. They are organisms whose abundance exceeds 

the carrying capacity of a given social-ecological system. The carrying capacity may be 

ecological or cultural. The cultural carrying capacity is the upper population density of 

an overabundant species accepted by human society due to non-ecological impacts such 

as nuisance or disease risk. Native organisms that exceed a cultural or ecological carrying 

capacity may require management interventions to reset ecological or cultural 

equilibrium. An overabundant native species with major ecological impacts in Australia 

is the noisy miner, Manorina melanocephala, an endemic, sedentary, colonial species 

with a preference for fragmented woodland landscapes. Noisy miners aggressively 

exclude all smaller woodland birds from colonized territory. Many small woodland birds 

are in serious decline due to habitat loss and noisy miners are an additional threat that 

could drive some to extinction. Noisy miners now dominate remnant woodland in eastern 

Australia at a sub-continental scale. In 2014 their aggressive behaviour was listed as a 

Key Threatening Process under federal conservation legislation. Some ecologists 

recommend culling as the best management option to prevent further declines of small 

woodland birds. Evidence that culling noisy miners benefits small woodland birds is 

limited. 

To assess the feasibility of culling as a management intervention applicable at a 

broad scale to improve ecosystem function, I conducted a controlled and costed 

experimental cull of noisy miners in woodland patches in an agricultural landscape of 

south east Australia. I monitored foraging and harassment rates of small woodland birds 

before and after the cull. The purpose here was fourfold: to assess the amount of 

harassment carried out by noisy miners; to see if small woodland birds suffered less 

overall harassment after the cull; to indicate if there was any compensatory harassment 

by other aggressive species; and to see if removing noisy miners improved foraging 

opportunities for small woodland birds. 

Successful breeding is essential for recovery of declining species. I therefore 

assessed post-cull changes in breeding potential of small woodland birds. In this 

landscape, nest predation is the principal cause of breeding failure and birds are the 

principal nest predators. Small woodland birds make few breeding attempts in sites 

colonized by noisy miners, however, due to aggressive disruption of nesting by noisy 

miners. I therefore conducted pre- and post-cull artificial nest predation experiments. I 

aimed to show the proportion of nest predation carried out by noisy miners and to 

indicate any compensatory nest predatory responses by other species.  

My principal finding was the unexpected immediate recolonisation of treatment 

sites by noisy miners. Although noisy miner abundance in treatment sites post-cull was 

25% lower than in control sites, abundance in all sites remained three to four times higher 

than ecological impact thresholds.  Nonetheless, the cull disrupted intraspecific relations 

of this socially complex species, so I expected some effect on the responses of small 

woodland birds. Foraging rates doubled but I recorded no change in harassment rates. In 

my nest predation study, noisy miners were responsible for 18% of nest predation events 

where the predator was identified. I recorded predation by five other bird species but I 

detected no significant change in artificial nest predation rates post-cull. I conclude that 

in highly modified agricultural landscapes such as this, patch-scale culling is not an 

effective management option due to rapid recolonisation.  

A second element of this thesis is a cultural history of the noisy miner. Through 

exploration of historical references I chart the shift in cultural attitudes to the species in 

parallel with its changed ecological role. As an antidote to environmental amnesia, this 

chapter provides an understanding of the social-ecological changes that have occurred in 

south east Australia since European settlement. These changes have fostered the 

transformation of a natural ecosystem process, interspecific competition, into a Key 

Threatening Process. 
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Chapter 1: Introduction and Synthesis 
 

1.1 Introduction 

1.1.1 Foreword: when natural ecosystem processes 
become threatening processes 

Overabundant native species are a growing problem globally, often as a result 

of anthropogenic landscape modification (Garrott et al., 1993; Mendelssohn and 

Yom-Tov, 1999; Livezey, 2010). The term ñoverabundant speciesò is used in 

contrast to ñinvasive species,ò the latter used to refer to species that have changed 

their distribution and generally applied to exotic species. Overabundant species are 

native organisms whose otherwise normal ecological activities, such as foraging, 

predation, competition and brood parasitism, exceed the carrying capacity of a given 

social-ecological system. The carrying capacity may be ecological (Caughley, 1981) 

or cultural (Ellingwood and Spignesi, 1986; Dubois et al., 2017). The cultural 

carrying capacity is the upper limit of population density of an overabundant species 

accepted by human society due to non-ecological impacts such as nuisance effects. 

Native organisms that exceed a cultural or ecological carrying capacity may require 

management interventions to reset ecological or cultural equilibrium.  

Overabundant species are an ecological issue in multiple locations and across 

taxa, frequently occurring as a result of anthropogenic disturbance to ecosystems. 

Particularly significant disturbances include removal of predators, habitat 

modifcation, and interactions between the two. Declines in populations of the wolf 

(Canis lupus) in North America due to persecution mean that populations of 

herbivorous prey species  such as white-tailed deer (Odocoileus virginianus), elk 

(Cervus elaphus) and moose (Alces alces) have burgeoned, with consequent impacts 

on desired states of native vegetation (Nugent et al., 2011). Similar problems have 

been observed in eastern Australia where control of the introduced red fox (Vulpes 

vulpes) has led to overabundance of herbivorous prey species such as the swamp 

wallaby (Wallabia bicolor) (Dexter et al., 2013). Declines in apex predators due to 

culling or habitat fragmentation can precipitate an overabundance of mesopredators 

with consequent declines in mesopredator prey species (Crooks and Soulé, 1999; 

Eagan et al., 2011). Examples include overabundance of coyotes (Canis latrans) in 

North America due to reduced interference competition from wolves (Berger and 

Gese, 2007). Such changes in species assemblages can precipitate trophic cascades, 

with consequent phase shifts in ecosystem function (Crooks and Soulé, 1999; Ripple 

et al., 2001)). Landscape modification due to agricultural development may favour 
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some species to the extent that they become overabundant. The brood parasitic 

brown-headed cowbird (Molothrus ater) has benefitted from agricultural 

development in North America (Rothstein and Peer, 2005). Host species that are 

disadvantaged by such landuse change may then suffer further declines due to 

increased brood parasitism from cowbirds. Landuse change in Southern Africa has 

caused local overabundance of elephants (Loxodonta Africana) through compression 

of populations into limited areas, leading to ecological and economic impacts 

(Balfour et al., 2007). Food subsidies provided by agricultural crops may increase 

winter survival in some species, causing overabundance and economic or ecological 

impacts eg red-winged blackbird (Agelaius phoeniceus) (Dolbeer, 1990) and lesser 

snow geese (Chen caerulescens caerulescens) (Abraham et al., 2005) in North 

America.  The replacement of native vegetation with grazing land for domestic stock 

in arid areas may result in overabundance of native herbivores through water and 

food subsidies (Coulson, 1998).  

An overabundant species with a major ecological impact in Australia is the 

noisy miner, Manorina melanocephala (Dow, 1977; Thomson et al., 2015). Endemic 

to eastern Australia, the noisy miner is a native woodland bird of the honeyeater 

family, Meliphagidae. Many genera in this family display aggressive interference 

competition but most act individually, seasonally and at a scale localized to 

individual food resources such as a tree or inflorescence (Ford and Paton, 1976; Ford, 

1979; Ford, 1989). The noisy miner, in contrast, is a sedentary species that 

permanently colonises whole patches of woodland and defends them co-operatively 

(Dow, 1977). It is a medium-sized honeyeater with a weight of 70 ï 80g (Higgins et 

al., 2001). At densities as low as 0.6 individuals/ha, the noisy miner aggressively 

excludes all woodland birds smaller than itself (and some larger) from woodland 

(Thomson et al., 2015). Many small nectarivorous and insectivorous woodland birds 

are already in serious decline due to habitat loss (Higgins et al., 2001; Paton and 

O'Connor, 2009; Ford, 2011a). Noisy miners represent an additional threat that may 

drive some small woodland birds to extinction (Ford, 2011b; Maron et al., 2013). 

Noisy miners have been described as a reverse keystone species, their presence 

having negative ecological impacts disproportionate to their biomass (Piper and 

Catterall, 2003; Montague-Drake et al., 2011). As a reverse keystone species, noisy 

miners play a critical role in structuring avian assemblages and are associated with 

larger generalist and granivorous species (Montague-Drake et al., 2011; Thomson et 

al., 2015). Noisy miners now dominate remnant woodland in eastern Australia at a 

scale of more than a million km2 (Mac Nally et al., 2012). In 2014 aggressive 

exclusion of woodland birds from potential habitat by noisy miners was listed as a 

Key Threatening Process under the federal 1999 Environment Protection and 
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Biodiversity Conservation Act (Department of the Environment, 2014). This is the 

first case in Australia of a natural ecosystem process, in this case interference 

competition, exerted by a native species being listed federally as a threatening 

process. 

As a native species, the noisy miner has been co-evolving with Australian 

ecosystems for millions of years. The transformation of its successful competitive 

behaviour into a threatening process was first recorded in the 1970s and is linked to 

two centuries of landscape modification following the European invasion of the 

continent (Dow, 1977; Mac Nally et al., 2012). Noisy miners have a preference for 

small patches of open eucalypt woodland with minimal understorey (Maron et al., 

2013). Such habitat provides for all their breeding and foraging needs and ensures 

efficient detection and eviction of competitive intruders (Maron et al., 2013). 

Fragmented open woodland is now common across eastern Australia, particularly in 

the sheep-wheat belt that lies inland of the Great Dividing Range. Here, clearing of 

eucalypt woodland for agriculture and continued grazing of remnant woodland 

fragments, preventing development of a shrub layer, has ensured the perfect 

configuration of vegetation for noisy miners at both patch and landscape scale. This 

same configuration has contributed to declines in small woodland birds, which 

require more complex vegetation structure for foraging, breeding and refuge from 

aggressive species (Ford et al., 2001).  

Whilst the principal focus of this thesis is management of the noisy miner, the 

underlying theme is the decline in small woodland birds in eastern Australia. The 

judgement of people, including conservation biologists, can be influenced by their 

personal feelings, positive or negative, about particular species (Cox and Gaston, 

2015; Lambert, 2016; Nelson et al., 2016). Invasive or overabundant species often 

rouse the most negative feelings (Lambert, 2016; Lidström et al., 2016; Duncan, 

2018). The degree to which such feelings influence the choice of management 

response is open to debate (Lidström et al., 2016). Notwithstanding such personal or 

cultural antipathy towards particular species, elimination of overabundant or 

invasive species is rarely an end in itself.  The purpose of management of invasive 

or overabundant species such as the noisy miner is the protection of other species or 

communities threatened by them. 

 Noisy miners represent a severe threat to small woodland birds in eastern 

Australia, but they are only one threat among many (Paton and O'Connor, 2009; 

Ford, 2011a). Because of the critical role of anthropogenic habitat modification in 

the evolution of the noisy miner threat, a full understanding of the ecological impacts 

of noisy miner overabundance is impossible without consideration of the broader 

ecological effects of habitat modification since the European invasion of the 
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continent. I begin this introduction, therefore, with an account of how Australiaôs 

extremely rapid habitat modification may have directly affected the abundance and 

distribution of small woodland birds (section 1.1.2).  

All four of Australiaôs endemic Manorina species use aggressive interference 

competition in co-operative defence of territory, making them particularly successful 

in monopolising resources (Mac Nally et al., 2014). Interference competition is 

common among Australian avifauna, however, particularly within the family 

Meliphagidae (Ford and Paton, 1976; Ford, 1989; Chan, 2004). This is the result of 

a number of biophysical characteristics unique to Australian ecosystems (Orians and 

Milewski, 2007). Given the importance of interference competition in woodland 

assemblages, I explore the ecological role of competition in sections 1.1.3 and 1.1.4. 

I then consider how the particularly extreme manifestation of interference 

competition practised by noisy miners   represents a ñthreat multiplierò to small 

woodland birds already affected by landscape transformation.  

The federal listing of noisy miner aggression as a Key Threatening Process 

made management of the threat a legal obligation. The listing made no overall 

management recommendation, however, referring instead to revegetation and/or 

lethal control as possible interventions according to local conditions. There is 

evidence that well-designed ecological restoration can both deter noisy miners and 

support declining small woodland birds (Hastings and Beattie, 2006; Clarke and 

Grey, 2010; Tulloch et al., 2016b; Lindenmayer et al., 2018). However, a number of 

culls and translocations of noisy miners have been conducted in the last three 

decades, with varying levels of success (Grey et al., 1997; Grey et al., 1998; Debus, 

2008; Davitt et al., 2018).  In section 1.1.5 I discuss the options for managing noisy 

miner populations and report on current knowledge of the efficacy of noisy miner 

removal as a means of supporting populations of species vulnerable to noisy miner 

aggression.  Acknowledging the context of the wider social-ecological system within 

which the noisy miner problem has evolved, this section also defines the bounds of 

this study.  

Section 1.1.6 presents the aims of the study, as well as a brief description of the 

study region. I follow this with a summary of principal outcomes, finishing this 

introductory chapter with a synthesis of the different elements of the study and a 

conclusion. The synthesis considers the significance of the outcomes of the study 

and how the outcomes integrate into the broader question of management of 

overabundant and invasive species. The section also explores some of the limitations 

of the study and suggests possible solutions.  
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1.1.2 The multiple threats to small woodland birds: 
Landscape transformation and biodiversity loss 
in the Anthropocene 

Populations of many wild birds are in decline globally due to loss of habitat 

associated with human development (Butchart et al., 2010). With global human 

population expected to exceed 9 billion by 2050 (UN Department of Economic and 

Social Affairs Population Division, 2015) this decline is likely to continue under the 

pressure to increase agricultural production. The ecological consequences are likely 

to be significant as agriculture intensifies, and remaining areas of native vegetation 

undergo further disturbance. Climate change represents a further threat to birds 

through its impact on vegetation, associated spatial changes in resource availability, 

and influence on multiple ecosystem processes (Bennett et al., 2009; Mac Nally et 

al., 2009).  

Australia is not immune to the global problems outlined above, with a 

continuing annual net loss of native vegetation and an assumption at policy level that 

agricultural productivity must rise in response to growing global food demand (Paton 

and O'Connor, 2009; Australian Government, 2015). Small woodland birds are 

among the most threatened of any avian group, with many species in chronic decline 

across the eastern states and a number now threatened, endangered or critically 

endangered (Ford et al., 2001; Paton and O'Connor, 2009) (but see Rayner et al., 

2014).  

1.1.2.1 Habitat loss 

The decline in woodland birds is primarily a result of the broadscale loss, 

fragmentation and degradation of native woodlands for agricultural development 

since European settlement (Lindenmayer et al., 2010a). Eucalypt woodland in the 

south-east and the south-west of the country has been preferentially cleared as it 

tends to occupy the most productive land (Hobbs and Hopkins, 1990; Robinson and 

Traill, 1996; Beresford, 2001). Eighty-five per cent of the original extent of southern 

temperate woodlands has been cleared, with local rates of loss often higher (Olsen 

et al., 2005; Benson, 2008).  

Depending on the metric in question, habitat loss or invasive species are the 

principal threats to Australian biodiversity (Evans et al., 2011; Kearney et al., 2018). 

Habitat loss is listed in the national Biodiversity Conservation Strategy 2010-2030 

as the main threat to Australian ecosystem resilience (Australian Government 

Department of the Environment, 2016). The process of clearing native vegetation, 

principally for agriculture, increased during the post-war economic boom known as 

the ñGreat Accelerationò (Steffen et al., 2015). Fifty per cent of all clearing for 
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agriculture has happened since the 1970s whilst between 1990 and 2000, Australia 

was sixth globally in rate of land clearing and the only developed nation in the top 

20 (Lindenmayer, 2007). Broadscale deforestation continues and the nation may 

consequently be incapable of meeting its international obligations to maintain 

biodiversity (Paton and O'Connor, 2009; Evans, 2016). More recently the nation was 

declared a global deforestation hotspot (WWF, 2015). Loss of habitat causes declines 

in bird populations proportionate with the extent of clearing until losses approach 

70% when crashes may occur (Connor and McCoy, 1979; Woinarski et al., 2006). 

Along with direct loss of habitat, fragmentation and degradation of remaining habitat 

impact biodiversity in various ways.  

1.1.2.2 Habitat Fragmentation  

At levels of remnant woodland below 20-30%, fragmentation has a 

disproportionate impact on wildlife populations (Ford et al., 2009). Because of their 

relatively large edge, isolated fragments are more vulnerable to disturbance such as 

grazing, fire and invasive species. This vulnerability in turn makes them more likely 

to become degraded or suffer changes in vegetation structure, with a consequent 

decline in resource availability (Saunders et al., 1991; Fischer and Lindenmayer, 

2007).  

Fragmentation implies a loss of connectivity which imposes dispersal costs on 

birds (Saunders et al., 1991; Ford et al., 2001). In addition, the lag between loss and 

fragmentation of habitat and full expression of the ecological impacts means that in 

many cases an extinction debt remains to be paid (Tilman et al., 1994; Ford, 2011b). 

This lag may be particularly long in Australia where many birds have longer 

lifespans than elsewhere in the world (Ford et al., 2001). Small, isolated 

metapopulations are less viable and may decline over time faster than new patches 

are colonised, sometimes finally going extinct years after the original habitat 

modification (Ford, 2011b).  

In general, larger areas of habitat support greater biodiversity (Connor and 

McCoy, 1979). This species-area relationship has also been shown to be true in 

relation to woodland patch size in fragmented landscapes with smaller patches 

supporting fewer species (Fischer and Lindenmayer, 2002b; Chan, 2004). Whilst 

patches of less than 5-10ha may be ecologically unviable in the long term 

(Freudenberger, 1999; McIntyre et al., 2004), small patches would ordinarily 

represent a complement to conservation of larger areas (Margules and Pressey, 

2000). In highly cleared and fragmented landscapes, such as the intensively 

cultivated areas of south east and south west Australia, however, there is little in the 

way of conservation tenures to complement. Small patches typically represent the 
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bulk of remaining native vegetation and, in spite of their vulnerability, are therefore 

potentially even more important as contributors to overall biodiversity (Fischer and 

Lindenmayer, 2002; Tulloch et al., 2016a; Lindenmayer, 2019).  

1.1.2.3 Habitat degradation  

Much of the open woodland of inland south east Australia would have consisted 

of a discontinuous overstorey of eucalypts with clearly separated canopies, a 

midstorey of scattered shrubs and a species-rich understorey of native tussock 

grasses and forbs interspersed with coarse woody debris (Department of 

Environment Climate Change and Water, 2010). The multiple components of such 

structure represent habitat for a wide range of foraging guilds as well as offering a 

variety of nesting opportunities. Conversely, loss of any part of this structure will 

reduce diversity of birds through its impacts on the respective foraging guild and in 

reducing nesting opportunities (Ford et al., 2001). 

Remnant fragments of native woodland have been severely impacted by the 

grazing, exotic grasses, invasive weeds, and altered fire regimes that have 

accompanied the development of European-style agricultural systems (Hobbs and 

Hopkins, 1990). Grazing by cattle and sheep is the single biggest land use in 

Australia (Australian Collaborative Land Use and Management Program, 2011). 

Intensive grazing is associated with soil erosion and compaction, changed 

hydrological and nutrient regimes, loss of litter, altered composition of ground layer, 

tree damage and constrained recruitment of shrubs and trees, all of which affect small 

woodland birds (Hobbs and Hopkins, 1990; Martin and McIntyre, 2007; Tulloch et 

al., 2016b). Watson (2011) posits a productivity-based explanation for the declines 

in insectivores. Through their impact on soil saprophytes, changes in water and 

nutrient cycles have affected woodland food webs at all trophic levels, with fewer 

ground-dwelling invertebrates and consequently fewer insectivores.  

1.1.3 Habitat modification: novel ecosystems, changes 
in interspecific competition and new avian 
assemblages 

Anthropogenic habitat modification across agricultural landscapes of eastern 

Australia has disrupted multiple ecosystem processes. This disruption has led to a 

loss of ecosystem resilience, an increased chance of local extinctions and the creation 

of novel ecosystems with changed species assemblages, (Ford et al., 2001; 

Lindenmayer et al., 2008). Interactions between habitat change, resource depletion 

and interspecific competition benefit some species whilst disadvantaging others. 

Small woodland birds are the principal losers from such changes in ecosystems, 

whilst larger generalist species such as pied butcherbirds (Cracticus torquata), 
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magpies (Cracticus tibicen), currawongs (Strepera spp) and corvids (Corvus spp) 

have been winners (Montague-Drake et al., 2011; Mac Nally et al., 2012; Maron et 

al., 2013). These aggressive and nest-predatory species are able to cross the 

boundary into the edge of woodland from the surrounding agricultural matrix and 

their presence further reduces reproductive success of many small nectarivores and 

insectivores (Grey et al., 1998; Zanette and Jenkins, 2000; Fischer and Lindenmayer, 

2002; Rayner et al., 2014; Robertson et al., 2014). Foremost among the beneficiaries 

of habitat change, however, is the noisy miner.  

1.1.3.1 Habitat preferences: how habitat modification suits 
noisy miners 

High noisy miner densities are associated with woodland fragments that are 

productive, colonisable and defendable (Maron et al., 2013).  Small (<300ha) 

patches of open eucalypt woodland with a high perimeter to area ratio and minimal 

understorey fulfil all these requirements. The impacts of noisy miners are greatest in 

small fragments where there is no core of vegetation accessible to smaller birds 

(Loyn, 1987; Ford et al., 2001). The species has a preference for woodland or forest 

edges, possibly because of greater productivity (Oldland et al., 2009; Thomson et 

al., 2015). Any patch with a width/diameter of less than 600m may be considered all 

edge since noisy miners will penetrate up to 300m into patches depending on density 

of vegetation structure (Clarke and Oldland, 2007). In agricultural landscapes they 

will move out from edges to forage in the open country of the matrix between 

woodland patches (Grey et al., 2011). Open woodland with minimum understorey 

ensures good visibility and efficient defence (Grey et al., 2011; Montague-Drake et 

al., 2011). Hence, grazing of woodland patches in agricultural landscapes fosters 

noisy miner colonisation (Grey et al., 2011; Tulloch et al., 2016b). Changes at both 

landscape and patch scale due to clearing for agriculture and grazing of remnant 

fragments have created a large area of eastern Australia ideally suited to colonisation 

by noisy miners. The species is now dominant at a sub-continental scale (Mac Nally 

et al., 2012). The consequence has been that interspecific competition, ordinarily a 

natural ecosystem process, has become a threatening process for many small 

woodland birds vulnerable to noisy miner aggression (Department of the 

Environment, 2014).  

Aggressive interference competition is a common phenomenon amongst 

Australian birds (Low, 2014). Some ecologists, however, consider the impact of 

noisy miner aggression on species assemblages to be unique globally (Dow, 1977; 

Maron et al., 2013) because of the combination of a sedentary habit, co-operative 

defence of territory, and highly intense and persistent aggression. Co-operative 

aggression has been recorded in other bird species, such as fieldfare (Turdus pilaris) 
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and red-winged blackbirds (Agelaius phoeniceus), but it is rare and confined to nest 

defence rather than resource competition (Meilvang et al., 1997; Weatherhead and 

Sommerer, 2001). In the following section I consider in greater detail the role of 

competition in woodland bird assemblages and highlight the particular 

characteristics of the noisy miner which make its impacts so severe. 

1.1.4 The ecology of exclusion: defendable resources, 
interference competition and the special case of 
noisy miners 

The modification of landscapes in eastern Australia since European settlement 

has had a major ecological impact on many woodland birds through changes in 

mortality, breeding success, dispersal and species assemblages (Mac Nally and 

Bennett, 1997). Krebs (1972) notes that after geo-physical barriers to movement, 

interspecific interactions such as predation, brood parasitism and competition for 

resources make up the next most important influence on distribution of birds. These 

ecological processes exert a significant effect on ecosystem function through their 

influence on relative abundance, fecundity and survival of individuals of different 

species (Ewers and Didham, 2006). The long term, evolutionary effect of 

competition is that species change to improve their competitive position with respect 

to other species. The ecological effect, which may manifest in the much shorter term, 

is a change in the relative abundance of different species in a particular habitat.  

Interactions between ecologically similar species may permit or prevent 

coexistence. Indeed, competitive pressure has facilitated the evolution of 

specialisation in, for example, foraging habits. Different species may use the same 

substrate in different ways or may adapt to use of different substrates (Heppleston, 

1972). In rich areas of eucalypt woodland, for example, 10 or more species of 

honeyeater may occur along with other nectarivores such as silvereyes (Zosterops 

lateralis) and lorikeets (Trichoglossus spp.) (Ford, 1979). Coexistence is facilitated 

by the different nutritional balance between insects and nectar displayed by the 

different species. Shorter-billed genera such as Meliphaga, Manorina, 

Lichenostomus and Melithreptus will take relatively more insects and non-nectar 

plant carbohydrate such as lerp, manna and honeydew. The diet of the noisy miner, 

for example, consists of 75% insects and 25% plant sugars (Higgins et al., 2001). 

Longer-billed genera, on the other hand, such as Phylidonyris, Acanthorhynchus and 

Antochaera, are more dependent on nectar. Different genera show further 

specialisation in terms of preferred flowers (Ford, 1989). 

Interspecific competition where all species gain some access to resources and 

those resources are used until depleted is termed exploitation competition (Tilman, 



20 

 

1982). In contrast, interference competition implies monopolisation of defendable 

resources by one group through aggressive exclusion of competitors (Brian, 1956). 

The effect is a decline in abundance, survival and reproductive potential in the 

excluded species. Interference competitors may become ñstrong interactors,ò species 

whose absence would have a major ecological effect (MacArthur, 1972). The 

ecological effect here may be a change not just in relative abundance of different 

species, as with exploitation competition, but a permanent change in species 

assemblage. 

The traditional (i.e. Northern Hemisphere) view was that in most stable 

ecosystems, birds interact peaceably through exploitation competition, with different 

species using resources in slightly different ways and avoiding conflict (Low, 2014). 

Outside Australia, there are only a few examples of strong interactors among 

avifauna (Dow, 1977). South American cotingas cooperate in defence of group 

territories against predatory birds (Snow, 1971); the Californian acorn woodpecker 

practises aggressive, co-operative defence of food resources against conspecifics and 

any other species which approaches their store of acorns in tree hollows 

(MacRoberts, 1970). In Australia, however, such strong interactors are common 

amongst birds. Whilst coexistence through exploitation competition for nectar 

occurs between smaller Australian honeyeaters, larger honeyeaters tend to dominate 

the richer and more reliable trees or flowers through interference competition, 

pushing smaller, less competitive nectarivores to poorer areas (Ford and Paton, 1976; 

Ford, 1979; Mac Nally et al., 2005). Hence, whilst the competitive aggression of all 

four Manorina species is notorious (Mac Nally et al., 2014), numerous other 

honeyeaters aggressively defend concentrations of nectar. Gould (1865) described 

the now critically-endangered Regent honeyeater (Anthochaera phrygia) as ñthe 

most pugnacious bird I ever saw.ò  

The temporal and spatial extent of interference competition is a function of 

resource dispersion spatially and temporally. Resource dispersion is an indication of 

how economically defendable the resource is (Brown, 1964) and is thus limited by 

the density and duration of the resource. The degree of resource monopolisation 

ultimately achieved is determined by a combination of resource dispersion and the 

extent to which the aggressive species is able to physically exclude competitor 

species (Emlen and Oring, 1977; Weir and Grant, 2004). These two processes 

interact in Australia in the form of defendable concentrations of plant carbohydrate 

vigorously defended by numerous species (Low, 2014).  

Australiaôs plants, particularly the Myrtaceae and Proteaceae, produce large 

quantities of expendable carbohydrate in the form of sugars such as nectar, lerps, 

manna and honeydew. The production of large quantities of nectar ensures 
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successful pollination and in certain environments has facilitated evolution of large 

nectarivores that are behaviourally dominant over insectivores (Orians and 

Milewski, 2007). Consequently, many of Australiaôs honeyeaters, with access to 

abundant calories (although not necessarily protein), are larger than nectarivores 

elsewhere and can become sufficiently locally abundant to limit populations of 

insectivores through aggression and resource depression. Nectarivores on all 

continents will attempt to aggressively defend flowers, hummingbirds (family 

Trochilidae) being very aggressive, for example (Ewald, 1985). Outside Australia, 

however, nectarivorous species are generally too small to dominate the insectivorous 

birds that share their habitats (Low, 2014). 

Body size is an important determinant of the extent to which aggressive species 

are able to exclude other species from nectar.  Larger honeyeaters can expel 

insectivorous birds from their territories, the aggressive blueïfaced honeyeater, for 

example, being associated with reduced species richness (Chan, 2004; Mac Nally et 

al., 2005). Competition between honeyeaters can be fierce, with the distribution of 

the large and morphologically similar genus Lichenostomus believed to be largely 

determined by competition (Ford and Paton, 1976). The aggressively dominant 

honeyeater, the red wattlebird (Anthochaera curunculata), chooses the best sites in 

terms of flowering intensity. Fewer Lichenostomus and Melithreptus honeyeaters are 

therefore found on rich sites, instead being relegated to areas of moderate flowering 

intensity  

For assemblages of honeyeaters, habitat quality in terms of flowering intensity 

varies both temporally and spatially. Isoleg theory, which attempts to represent 

spatially the complex combinations of species and habitats in a landscape or patch, 

has been used to explain the partition of habitat between competitive species. Mac 

Nally et al (2005) suggest that there is an additional need to capture variation in the 

spatial extent of habitat of different quality to explain the usefulness of aggression 

as an adaptation to resource competition. For noisy miners, modelling of 

presence/absence data in relation to vegetation characteristics has gone some way 

towards explaining noisy miner occupancy of woodland patches and agricultural 

landscapes (Mac Nally et al., 2012; Maron et al., 2013; Haythorpe et al., 2014).  

In summary, whilst competitive aggression is a common feature of Australian 

woodland birds, particularly honeyeaters, such aggression is usually solitary and is 

limited in time and space: individual honeyeaters will defend a tree or flower during 

nectar production. In contrast Manorina species defend large, colonial territories 

permanently and co-operatively. In modified landscapes, where resource availability 

is already severely constrained, these particular characteristics transform the natural 

ecosystem process of interference competition into a threatening process. Further, 
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these characteristics mean that body size is not the principal determinant of the 

success of interference competition by Manorina species as it is with other 

honeyeaters.  

1.1.4.1 Hyperaggressive, sedentary and co-operative: the 
unique characteristics of noisy miners 

Aggressive exclusion of smaller woodland birds by noisy miners in modified 

landscapes is a particularly extreme manifestation of a natural Australian tendency 

towards interference competition. The permanent, colonial territoriality of noisy 

miners in fragmented woodland, combined with extreme aggression, has been 

implicated in the chronic decline of a wide range of smaller woodland birds, 

especially nectarivores & insectivores (Dow, 1977; Grey et al., 1998; Ford et al., 

2001; Grey et al., 2011; Mac Nally et al., 2012; Maron et al., 2013; Howes et al., 

2014). Noisy miner aggression represents a barrier to distribution, further limiting 

the availability of resources to woodland birds already suffering the impacts of 

habitat loss and fragmentation. The particular behavioural characteristics of the 

noisy miner interact with anthropogenic habitat modification to create a domination 

of woodland fragments at a sub-continental scale. 

Among woodland birds, the noisy miner is a medium-sized bird, 24-28cm in 

length and weighing 70-80g (Higgins et al., 2001). Aggressive dominance in 

passerines is a function of weight (Ford, 1979; Mac Nally et al., 2005). The size 

advantage of noisy miners allows them to aggressively exclude almost all smaller 

woodland passerines. Co-operative defence of territory means noisy miners will also 

aggressively interact with larger animals. They have been recorded harassing 65 bird 

species, including such non-competitive taxa as waterbirds, but will also harass many 

other vertebrates (Dow, 1970; Dow, 1977). Intensity of harassment ranges from 

simple alarm calls through to physical attack and fatal injuries.  

Like all Manorina species, noisy miners have complex intraspecific social 

relations at family, coterie and colonial levels. Males outnumber females in colonies 

by more than 3:1 and they breed communally. Whilst the species is predominantly 

monogamous (Põldmaa and Holder, 1997), a family group, or coterie, of several 

males and juveniles will support one breeding pair, feeding young both in the nest 

and after they have fledged (Dow, 1978; Higgins et al., 2001). The nest is 

constructed by the female amongst foliage in eucalypts or other trees (Dow, 1978). 

Clutch size is two to four, incubated only by the female and incubation takes 16 days 

but is asynchronous. Although breeding output is low, success rates are high due to 

co-operative feeding and defence against nest predators (Dow, 1978; Arnold, 2000). 

The ñhelpersò are male offspring of the breeding pair or siblings of the male of the 
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pair, and some helpers will attend multiple nests. Up to twenty males have been 

observed attending a single nest (Põldmaa and Holder, 1997).  

Noisy miners are not alone among native species in their impacts on other 

species. The 2000 Action Plan for Australian Birds considers competition from 19 

native birds to be a threatening process for already threatened Australian birds. Only 

16 introduced species have been given this status in Australia (Garnett and Crowley, 

2000). In spite of being a native species, the impacts of the noisy miner are now 

considered to be worse than those of the introduced common myna (Acridotheres 

tristis) (with which the noisy miner is often confused). The common myna has been 

found to threaten native species, particularly in the urban environment, largely due 

to competition for scarce breeding hollows (Pell and Tidemann, 1997; Grarock et 

al., 2012). Their impacts, however, are not ubiquitous. A study in Sydney found that 

common mynas are no more aggressive than a number of native birds and appear to 

have little ecological impact other than being ñpassengersò of human-mediated 

habitat loss and degradation (Lowe et al., 2011). 

1.1.5 Managing noisy miner abundance and 
conserving small woodland birds 

Managing noisy miners is about managing declining populations of small 

woodland birds. The conservation status of some small woodland birds in south-east 

Australia is critical (Paton and O'Connor, 2009; Ford, 2011a). Improving their status 

requires drastic action with 

cessation of incremental clearing, lessening of grazing pressure 

and restoration of woodlands priorities for action. This includes 

the return of structural and spatial diversity: trees, shrubs, 

litter, ground cover and other elements in a patchy mosaic 

(Olsen et al., 2005, p2).  

Reinstating economically productive landscapes to support functional 

ecosystems which approximate their pre-colonial condition is politically and 

practically difficult (Margules and Pressey, 2000). Restoration is particularly 

difficult when productivist and agrarianist narratives dominate public discourse 

(Botterill, 2006; Centre for Policy Development, 2015).  Environmental 

management at a landscape scale is necessary if we are to move beyond the 

limitations of the Comprehensive-Adequate-Representative (CAR) reserve approach 

(Margules and Pressey, 2000; Lachapelle et al., 2003). Recognising that many taxa 

are confronted by multiple threats can help environmental managers adopt 

systematic and prioritised conservation planning approaches which aim to apply a 

suite of measures to optimise biodiversity outcomes (Margules and Pressey, 2000; 

Auerbach et al., 2014; Chadés et al., 2015; Tulloch et al., 2016b).  
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Aiding recovery of declining small woodland birds can be done in a number of 

ways. The federal listing of aggressive exclusion of small birds by noisy miners as a 

Key Threatening Process means that governments have a legal obligation to abate 

the threat. Abatements recommended in the listing include direct control of noisy 

miner abundance and revegetation (Department of the Environment, 2014).  

The New South Wales Government Scientific Committeeôs listing of 

aggressive exclusion of small woodland birds by noisy miners as a Key Threatening 

Process acknowledges the synergistic role of three other Key Threatening Processes: 

clearing of native woodland, high-frequency fire, and invasion of native plant 

communities by exotic perennial grasses (NSW Scientific Committee, 2014). This 

listing considers revegetation to be the key solution in the long term. The committee 

opens the way for localised culling but recommends no co-ordinated state-wide 

control strategy because of local variation in the problem. 

Doubts remain about the effectiveness and longevity of effect of culling noisy 

miners in the absence of habitat enhancement through revegetation. Recolonisation 

by noisy miners is likely to occur eventually, the rate depending on local connectivity 

to other source populations. Revegetation may be the single most effective action to 

increase colonisation by small woodland birds, but its impact may be enhanced when 

combined with control of noisy miners (Tulloch et al., 2016b). 

Multiple options are available to environmental managers seeking to abate the 

threat posed by noisy miners. The combination of options chosen in a particular 

locality will depend on local conditions, including available conservation resources, 

landscape configuration, extent of colonisation by miners, and extent of threat to 

small woodland birds. In the case of revegetation, a further consideration will be the 

balance between opportunity costs of foregone agricultural production and the value 

of increased economic and social benefits due to the revegetation (Ansell et al., 

2016).  

1.1.5.1 Appropriate revegetation: political challenges, 
ecological traps and phase shifts 
 

The Threat Abatement Plan proposed in the federal Key Threatening Process 

listing recommends 

ΧΦΦ habitat alteration to increase the size and structural 

complexity of habitat patches to make them less accessible to 

noisy miners while providing appropriate habitat for other 

native bird species. Such measures include revegetation, to 

increase the size and/or connectedness of patches or to 

increase density of the shrub layer within patches, removal of 
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grazing or reducing fire frequency (Department of the 

Environment, 2014, p5). 

Modelling of prioritisation of responses to the declines in small woodland birds 

in Australiaôs box gum grassy woodlands suggests that increasing tree cover is the 

most effective approach to increasing colonisation by small birds. It could create an 

average increase in colonisation by all species of 5% and by declining species of 

11% (Tulloch et al., 2016b). However, abating the threat posed by noisy miners 

through a revegetation campaign at a spatial, and particularly temporal, scale 

necessary to prevent further extinctions presents considerable political and logistical 

problems. The federal Biodiversity Conservation Strategy 2010-2030 called for 

100 000ha of restoration in fragmented landscapes (Australian Government 

Department of the Environment, 2016).  Nationally, however,  

Australia is still undergoing annual net losses of habitat, 

despite efforts to restore and revegetate. While this continues, 

we cannot meet our international obligations to protect our 

biodiversity (Paton and O'Connor, 2009, p2). 

Following a change in vegetation clearing regulations, Queensland alone lost 

almost 280 000ha of native vegetation in 2013-14, most of the cleared land being 

used for agriculture (Sturmer, 2015).  

Tepper (1896) considered that, in the interests of sustainable productivity, half 

of the agricultural landscape should remain under native vegetation. Lamenting 

broadscale clearing, he recognised the value of ecosystem services almost a century 

before the term was coined:  

Thus we have ruined our country by denuding hills and plains 

of all trees and shrubs under the idea of improving pastures 

and fields, and have destroyed their fertility by overlooking the 

fact that trees and shrubs are not only in the world for 

firewood and timber, for shade or ornament, at our 

convenience, but to create and maintain conditions permitting 

man to exist (Tepper, 1896, p6).  

A more recent assessment suggests that in the interests of both productivity and 

conservation, 30% of the land surface of farms in grassy woodland regions of 

subtropical Queensland should be wooded (McIntyre et al., 2004) 

Successful revegetation must be carefully controlled and appropriate to 

conservation goals:  

Degradation is so severe in many cases that it will not be 

overcome without active and ecologically appropriate 

intervention including mitigation of these causal problems and 
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reinstatement of indigenous biodiversity (McDonald et al., 

2016, p1).  

Additionally, due consideration must be given to spatial attributes of 

vegetation, the need for heterogeneity in age and type, and the interaction between 

replantings and remnants (Cunningham et al., 2008; Cunningham et al., 2014a; 

Lindenmayer et al., 2016).  Ad hoc planting risks creating ecological traps. An 

ecological trap is habitat preferentially occupied by organisms where they are unable 

to breed due to the adverse effects of ecological processes such as predation and 

competition. Ultimately, they may become extinct in the habitat. Ecological traps are 

particularly prevalent in modified landscapes (Battin, 2004; Belder et al., 2018). The 

potential role of the noisy miner in creating ecological traps remains to be elucidated.  

When ecosystems are stressed beyond their inherent resilience, they may move 

into new equilibria which require further input of energy to return them to their 

original state (Holling, 1973). Ecosystems displaying strong interspecific 

interactions are especially susceptible to threshold dynamics (Suding and Hobbs, 

2009). The interaction of anthropogenic habitat modification and noisy miner 

colonisation is an example of a ñcritical transitionò (Scheffer, 2009). The response 

of ecosystems has been non-linear, with small changes at patch or landscape scale 

precipitating big effects on avian assemblages. These alternative stable states may 

persist after the disturbance is removed (Scheffer and Carpenter, 2003; Mac Nally, 

2008; Maron et al., 2013). Such phase shifts are a particular problem in the highly 

modified agricultural landscapes of eastern Australia where small fragments and 

limited connectivity make sites inherently unstable and susceptible to threatening 

processes. As Dow (1977) indicates, presaging the concept of novel ecosystems,  

 because so many of the reported cases of interspecific 

territoriality are of species living in habitats obviously disturbed 

or even created by man, these are probably not stable 

adaptations but rather dynamic social interactions between 

species that have perhaps only recently occupied such habitat 

(Dow, 1977, p119). 

Hence, whilst long term, appropriate revegetation is a suitable, no-regrets 

measure for enhancing biodiversity in modified environments impacted by noisy 

miners, there may be situations where hysteretic effects mean that the chronic decline 

in native woodland and its associated avian assemblages cannot simply be reversed 

(Maron et al., 2011). In some circumstances physical removal of noisy miners may 

be a necessary part of the process of biodiversity recovery. 
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1.1.5.2 Environmental management within a social-
ecological system 

Conservation biologists work within tractable, bound systems to manage 

species and ecosystems for particular outcomes. At the same time, conservation 

biologists recognise that many of the threats to ecosystems and biodiversity lie in the 

wider social ecological system (Hobbs et al., 2011; Lindenmayer, 2017). The 

ecological problem of noisy miners evolved over two centuries of habitat change 

within a wider social-ecological system in Australia.  

As indicated in the previous section, one element of both conservation of small 

woodland birds and management of the negative effects of noisy miners is habitat 

restoration at a scale appropriate to the scale of the problem. A systems approach to 

conserving woodland biodiversity might also consider a more integrated 

interpretation of scale, to include other categories such as the social-ecological 

(Hobbs et al., 2011) (Figure 1). For example, agriculture is the single biggest 

historical source of loss and degradation of native habitat in Australia, occupying 

58% of the nationôs land surface (Australian Collaborative Land Use and 

Management Program, 2011). Clearing for agriculture is also the principal cause of 

current losses of biodiversity (WWF, 2015; Evans, 2016; Reside et al., 2019). The 

agricultural industry fulfils multiple social, economic and environmental roles in 

society. Current discourse about agriculture, however, is dominated by the 

productivist role of a deregulated industry within globalised, deregulated commodity 

markets (Tonts and Jones, 1997; Dibden et al., 2009; Muir, 2014; Centre for Policy 

Development, 2015; OôKeeffe, 2017). Notwithstanding growing interest in newer, 

ecologically holistic approaches to production such as regenerative agriculture (ABC 

TV, 2018; Massy, 2018), the current discourse is bolstered  by narratives founded in 

agrarianism  and a ñfeed the worldò mythology (Botterill, 2009; Muir, 2010; Berry 

et al., 2016). Transforming the discourse to incorporate other values of land, such as 

conservation, is a difficult task (Hobbs et al., 2011). Since the influence of 

conservation biologists on the wider social-ecological system is limited, they mostly 

operate at the smaller spatial and social scale represented by finite units of habitat 

such as patches, reserves, exclosures, ecosystems, and landscapes.   

The role of the wider social-ecological system is crucial to the noisy miner 

story. Where continuing clearing of native woodland and forest in eastern Australia 

creates fragmented woodland and new forest edges, it is potentially increasing the 

area of habitat suitable for noisy miner colonisation. Appropriate revegetation can 

deter noisy miner colonisation and support small woodland birds. However, 

revegetation is a longer-term strategy and engaging with land use policy at state or 

federal level to slow loss and increase restoration is difficult politically. Removing 



28 

 

noisy miners is a potentially quicker method of supporting small woodland birds so 

there is currently a great deal of interest in this method.  

The decline of small woodland birds, as with most ecological problems, is the 

result of multiple threatening processes whose genesis has as much to do with 

political and economic influences as ecological. In this study, I consider the effects 

of only one threatening process over which it was possible to exert some level of 

control at the scale of the study: abundance of noisy miners.  

1.1.5.3 Theoretical bounds of the study: the distinction 
between science and values 

Within the modern canon of ecological thought, intervention in ecosystems 

altered by human activities to achieve conservation goals is the dominant 

management approach. The grounds for intervention have shifted over time from a 

belief in the need to maintain some wild areas to protect threatened species, to a 

recognition of human dependence on ecosystem services within a broader definition 

of the environment as a social-ecological system (Millennium Assessment Board, 

2005; Mace, 2014; Díaz et al., 2018).  

One form of intervention widely practised is the lethal control of populations 

of species deemed undesirable due to their impacts on other species (Parkes and 

Murphy, 2003; Gregory et al., 2014). Undesirable species are commonly divided 

into two groups according to their provenance (Low, 2007; Davis et al., 2011; 

Schlaepfer, 2018; Gbedomon et al., 2020). Undesirable exotic species are described 

as ñinvasiveò, connoting increases in both population and range (Kearney et al., 

2018). Foreign provenance alone, in the absence of proven ecological impacts, is 

often sufficient to deem an exotic species undesirable (Lowe et al., 2011).  Exotic 

species with major ecological impacts but ñdesirableò economic benefits are 

tolerated or supported (Hunt et al., 2007). In Australia, commercial grazing of native 

vegetation by exotic herbivores covers 45% of the continentôs land surface and has 

resulted in major ecological changes (Alex and John, 2007). 

Native species deemed undesirable by virtue of their abundance are described 

as ñoverabundantò (Garrott et al., 1993; Nugent et al., 2011). Undesirability based 

on overabundance may be due to economic impacts, such as competition between 

wild and domestic herbivores (Fennessy, 1966; Dawson and Munn, 2007), or to 

impacts on biodiversity (Lunney et al., 2007; Livezey, 2010).  

How we define and manage undesirable species is contested (Ramp and Bekoff, 

2015; Driscoll and Watson, 2019; Hampton et al., 2019; Rohwer and Marris, 2019). 

Indeed, the fundamental belief that the principal goal of conservation biology should 

be to conserve indigenous biodiversity and eliminate foreign species is an expression 
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of a values system that is contested. It is contested both within conservation biology 

(Low, 2002; Davis et al., 2011; Bowman, 2012; Flannery, 2019) and by other sectors 

of society with different priorities (Baynham-Herd et al., 2018).  Values systems 

based on human exceptionalism or the need for continued economic growth, for 

example, generally do not see value in other species or the natural environment other 

than as instruments of human development. The contrast between a belief in natureôs 

instrumental value and a belief in inherent value is a further source of contestation 

(Nelson and Vucetich, 2012).  

I recognise the breadth and value of these different ethical approaches to 

conservation, and their relevance to the contestable ethical principles upon which the 

culling of noisy miners is founded. The scientific method is the best source of 

evidence for the consequences of a particular action, or of failing to execute a 

particular action. However, the decision as to whether an action should or should not 

be carried out is dependent on much more than scientific knowledge. Such decisions 

are made within a ñdecision contextò - the institutional, political and social context 

within which values, rules and knowledge interact to create or influence conservation 

policy, research and praxis (Gorddard et al., 2016; Wyborn et al., 2016). The 

established decision context may be determined by a narrow range of views from 

academics, conservation organisations and government departments, supported by a 

dominant discourse that largely excludes other views, and reinforced by funding 

allocations that perpetuate a particular approach to conservation research (Dryzek, 

2013; Dryzek and Pickering, 2018). The established decision context is not the only 

one: other sectors of society may have different sets of values, rules and knowledge. 

Co-production of conservation policy - broadening the established decision context 

by incorporating other values, rules and knowledge - is one method of managing 

conflict and, ultimately, ensuring more successful conservation outcomes in a 

changing world (Colloff et al., 2017; Wyborn et al., 2019). Such exploration is 

beyond the simple dichotomies presented by scientific appraisal of action or inaction. 

Hence, whilst the role of science is indispensable in contributing to the knowledge 

of any given decision context, science alone is insufficient in deciding what should 

be done.  

A full treatment of these topics is beyond the scope of this thesis, however. I 

therefore begin from the generally accepted belief in conservation biology today that 

maintaining biodiversity is a ñgoodò thing and that more native biodiversity is 

ñbetterò than less (Soulé, 1985). The purpose of my study was to provide information 

about the effectiveness of culling noisy miners such that decisions based on evidence 

rather than belief might then be made by society.  



30 

 

1.1.5.4 Culling: intuitively attractive, not necessarily 
effective  

Intervention to reduce abundance of overabundant or invasive species directly 

through translocation or culling is a common, and intuitively attractive, response 

(Clarke and Schedvin, 1997; Livezey, 2010; Kierepka et al., 2017; O'Loughlin et al., 

2017). However, the costs and outcomes of such interventions are often ineffectively 

monitored (Rothstein and Peer, 2005; Treves and Naughton-Treves, 2005; Livezey, 

2010; Nugent et al., 2011) and compensatory mechanisms are common (Dexter et 

al., 2013; Lazenby et al., 2015; Kierepka et al., 2017). Such mechanisms can lead to 

unexpected or perverse outcomes and result in wasteful application of scarce 

conservation resources (Kosciuch and Sandercock, 2008; Bergstrom et al., 2009; 

Bodey et al., 2011; Marlow et al., 2015; Doherty and Ritchie, 2017). Before culling 

is applied at a broader scale, managers need to have as much information as possible 

about likely outcomes, costs and responses of both the species to be culled and target 

species (Figure 1). 

Numerous attempts to control noisy miners through culling or translocation 

have been made in fragmented agricultural landscapes of eastern Australia in the last 

two decades. The results of four studies have been published (Grey et al., 1997; Grey 

et al., 1998; Debus, 2008; Davitt et al., 2018). The published studies report varying 

levels of recolonisation by noisy miners but also report some increases in detection 

rates of small woodland birds after removal of noisy miners. These studies had a 

number of limitations, however. The first two, carried out in the 1990s, used only 

three and four replicates respectively and measured detections rates of all woodland 

birds, including some that are able to coexist with noisy miners (Grey et al., 1997; 

Grey et al., 1998). An unofficial cull begun in the same decade was on only one site, 

had no control, culling was ongoing, costs were covered by the landowners, and 

results were confounded by simultaneous revegetation (Debus, 2008). Such 

conditions are unlikely to hold in any large-scale application of culling as a 

management response. The most recent experimental cull, completed at the same 

time as that reported in this study, was conducted at a larger scale and recorded rapid 

recolonisation of sites by noisy miners (Davitt et al., 2018). All published studies 

used the same metric of success, detection rates of woodland birds. Detection rates 

are an incomplete measure of ecosystem function as they do not distinguish between 

presence of a species in a site and use of that site by the species. Finally, prior 

knowledge of likely costs is essential to assess cost-effectiveness before applying 

management techniques more broadly. Only one of the previous studies reported 

costs (Clarke and Grey, 2010). 
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Figure 1. Ecological and practical knowledge required before 
embarking on large scale culling programs of 
overabundant and invasive species (concept: C. Foster) 

 

 

 

 

 

 

Relationship between 

abundance of the 

overabundant species 

and its ecological 

impacts  

Spatial response of 

overabundant species 

to cull 

Temporal response of 

overabundant species 

to cull 

Cost of cull 

Relationship between 

conservation effort 

expended and 

population reduction of 

the overabundant 

species 

Cost of alternative 

management options eg 

habitat restoration 

Spatial response of 

target species to cull 

How much population 

reduction is required? 

Does the overabundant 

species recolonize after 

culling? Are there other 

ecological compensatory 

mechanisms?  

 

How permanent are the 

effects of a cull? How 

long will control need to 

be maintained?  

Cost effective 

management 

Is culling efficient?  

Does the cull improve 

ecosystem function?  

Modelling of large 

datasets/metastudies of 

populations of 

overabundant species 

and target species 

Controlled, monitored, 

replicated experimental 

cull; BACI design 

appropriate term of 

monitoring 

Cost analysis 

Return on investment 

analysis 

Long term monitoring 

of restoration programs 

Monitor detection rates 

and functional use by 

target species eg 

foraging, breeding 

Is the response timely 

enough to save 

vulnerable target 

species?  

Temporal response of 

target species to cull 

Management could 

make things worse 
Likelihood of perverse 

outcomes 

Significance Research approach Knowledge 

Is culling practically & 

financially feasible at 

the spatial scale 

required?  



32 

 

A fifth study controlled noisy miners to reduce aggression against and nest 

disruption of the critically endangered Regent honeyeater (Crates et al., 2018). 

Unlike studies in fragmented agricultural landscapes, recolonisation by noisy miners 

post cull did not occur, most likely due to a lack of connectivity to cull sites. Hence, 

limited inference can be made from the experience in that landscape to the 

fragmented agricultural landscape where noisy miners exert their biggest effect 

spatially on avian biodiversity.  

Many of the unpublished cull attempts were small scale, unreplicated 

interventions on private land and had differing levels of success.  A metastudy is 

now under way to consider the results of all cull attempts, published and 

unpublished, with the aim of indicating conditions under which culls are most likely 

to be successful (C. Melton, personal communication, 2018).  

In summary, small woodland birds suffer the impacts of multiple threatening 

processes. Empirical evidence that managing just one of these threats, noisy miner 

aggression, will have beneficial ecological outcomes for small woodland birds is 

limited.  Bird populations are a function of the balance between rates of immigration, 

emigration, survival and reproduction. Doubts remain as to the mechanisms by 

which interspecific competition interacts with each of these factors. Whilst it appears 

that the aggressive behaviour of noisy miners limits the access of small woodland 

birds to fragments of native woodland, it is not clear whether small birds will use 

those fragments post-cull. The possibility exists that vegetation configuration at 

patch or landscape scale remains a hidden constraint to foraging or nesting by smaller 

birds. In addition, uncertainties remain regarding the rate of recolonization by noisy 

miners post-cull and whether other large, aggressive bird species will become 

dominant following culling, with consequent negative impacts on smaller birds. 

Finally, little is known about the relative costs and benefits of culling compared to 

other possible management options such as revegetation. The aim of this study was 

to fill these many knowledge gaps.   

1.1.6 Study aims 

The study consisted of two broad components (Figure 2). The first was an 

empirical study designed to test the effects of  an experimental  cull of noisy miners 

on ecosystem function (Chapters II - IV). The second was a historical review of  

cultural references to the noisy miner since the European invasion of the continent 

to see how changing cultural attitudes reflect the changing ecological role of the 

species (Chapter V).  

 



33 

 

CƛŜƭŘ ŜȄǇŜǊƛƳŜƴǘǎΥ /ƘŀǇǘŜǊǎ LL π L± 
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ŎƻƳǇŜǘƛǘƛƻƴ 

/ƘŀǇǘŜǊ LLΥ tŀǘŎƘπǎŎŀƭŜ Ŏǳƭƭǎ ƻŦ ŀƴ 
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Figure 2. Structure of thesis and key research questions 

1.1.6.1 The empirical study 

I completed a controlled experimental cull of noisy miners in eight small 

patches of woodland in a highly modified agricultural landscape of south eastern 

Australia. Such a landscape is typical of the sub-continental region over which noisy 

miners now predominate. My purpose was threefold. First, I wished to assess the 

effectiveness and feasibility of patch-scale culling as a practical management 

intervention that could be applied at a broad scale to lower noisy miner abundance 

(Chapter II). Second, I wished to see if reducing noisy miner abundance improved 

ecosystem function and, in particular, whether such a reduction benefitted small 

woodland birds (Chapters III and IV). Third, I sought to elucidate some of the 

ecological mechanisms by which noisy miners exert their impact (Chapters III and 

IV). 
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My BACI (before-after-control-impact) design aimed to assess the effect of the 

cull on ecological function of sites rather than solely on detection rates of other 

woodland birds. Here I distinguished outputs from outcomes: as well as monitoring 

noisy miner abundance, I devised additional metrics for outcomes which indicated 

use of sites post-cull by small woodland birds. Monitoring was conducted from nine 

months before the cull to twelve months after. 

The resource availability theory of competition posits that interference 

competition limits access of less competitive species to resources and forces them to 

waste energy evading aggression from more competitive species. I monitored 

foraging rates of small woodland birds to see if removing noisy miners improved 

access to foraging resources (Chapter III). Noisy miner abundance is correlated with 

an avian assemblage that includes many large, aggressive generalist species 

(Thomson et al., 2015). I therefore also monitored harassment rates of small 

woodland birds. The purpose here was threefold: to assess the amount of harassment 

carried out by noisy miners; to see if small woodland birds suffered less overall 

harassment after the cull; and, given the important role of noisy miners in structuring 

avian assemblages, to indicate if there was any compensatory aggression by other 

species post-cull. 

I also sought to assess any post-cull change in breeding potential of small 

woodland birds, since successful breeding is a population process essential for the 

recovery of declining species (Chalfoun et al., 2002; Johnson, 2007) (Chapter IV). 

In this landscape, nest predation is the principal cause of breeding failure and birds 

are the principal nest predators (Zanette and Jenkins, 2000).  However, measuring 

breeding of small woodland birds in sites colonized by noisy miners is problematic: 

few small woodland birds manage to breed due to nesting disruption by noisy miners 

(Low, 2014). I therefore conducted artificial nest predation experiments with camera 

monitoring before and after the cull. Whilst such experiments are imperfect 

analogues of real breeding (Major and Kendal, 1996; Zanette, 2002; Thompson and 

Burhans, 2004), they are the only way of empirically indicating any change in nest 

predation following the cull. The study landscape supports many nest predatory bird 

species so this part of the study aimed to show the proportion of nest predation 

carried out by noisy miners and to indicate any compensatory nest predatory 

responses by other species.  

1.1.6.2 The historical dimension 

Managing the trajectory of ecosystems toward desired 

outcomes requires an understanding of the means by which 

they developed (Lindenmayer et al., 2008, p 129). 
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The ecological problem represented by noisy miners developed over two 

centuries of landscape change. The historical record of the noisy miner in newspaper 

articles from the 1830s to the present shows a marked change in cultural attitude to 

the species.  In less than two centuries, the species has shifted from a ñgallant little 

birdò (Anon, 1878) and frequent subject of popular poetry to ñthe mafia of the bird 

worldò, a ñbullyò and a ñdespotò (Clarke, 2004; Birds in Backyards, 2011; Maron et 

al., 2013; Loyn et al., 2016). I posit that the change in cultural attitudes reflects the 

change in the species ecological role. Whilst early records note the aggressive 

tendencies of noisy miners, the first reports of the ecological impacts of the species 

only appear in the post-war period of rapid economic and agricultural development. 

This suggests that during the post-war phase of extreme levels of clearance of native 

vegetation in eastern Australia, landscape transformation reached critical levels 

where noisy miners began to have an impact on small woodland birds. This topic is 

considered further in Chapter V.  

1.1.7 Study region 

The field experiments reported in Chapters II, III and IV were conducted 

between 2015 and 2017 on small (average 13ha) fragments of eucalypt woodland on 

private farmland in the highly modified agricultural landscape of the South West 

Slopes Bioregion of New South Wales (Figure 1 Chapter 2). The study region has a 

continental temperate climate with hot summers and cold winters. Average annual 

rainfall is 624 mm (Gundagai) and 526 mm (Junee) (Bureau of Meteorology, 2017). 

The region is typical of the kind of landscape heavily colonized by noisy miners in 

the sheep-wheat belt of eastern Australia from South Australia to southern 

Queensland. The sheep-wheat belt lies inland of Australiaôs Great Dividing Range, 

conforming roughly with the original range of temperate woodland (Yates and 

Hobbs, 2000).  

Eighty per cent of the original extent of native vegetation in the South West 

Slopes Bioregion has been cleared, primarily for agriculture (Benson, 2008). The 

majority of remnant woodland is on private land with conservation tenures 

occupying 2.28% of the total land area (Office of Environment and Heritage 2015). 

White Box-Yellow Box-Blakely's Red Gum Grassy Woodland, the dominant 

remnant vegetation type in the study region, originally covered several million 

hectares.  Remaining fragments cover 405 000ha and the vegetation type is now 

listed as a critically endangered ecological community (Department of 

Environment, Climate Change and Water, 2010). 

The region has been the subject of a long-term ecological monitoring program 

by the Australian National University since 2000 (Cunningham et al., 2008). 
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Diversity and abundance of birds in the region is correlated with native vegetation 

cover (Cunningham et al., 2014b) with noisy miners favouring areas of lower cover. 

Whilst the region is dominated by noisy miners and other larger species associated 

with noisy miner colonization, some ecological restoration has occurred over the 

period of the monitoring program with consequent improvements in detection rates 

of a number of small woodland birds (Cunningham et al., 2014a; Lindenmayer et 

al., 2016). 

1.1.8 Summary of outcomes 
 

Chapter II: Patch-scale culls of an overabundant bird 

defeated by immediate recolonisation.  

In this chapter I consider the effect of the cull on noisy miner abundance. The 

principal finding of the experiment was the unexpected, immediate compensatory 

immigration by noisy miners into treatment sites after each of two culls performed 

within four weeks of each other. Over the full period of the study, modelled mean 

abundance of noisy miners was 25% lower in treatment sites than in control sites 

post-cull. Noisy miner abundance in all sites remained three to five times higher than 

the ecological impact threshold of 0.6 individuals/ha, however. The cull cost AU$24 

per bird and AU$136 per hectare of woodland cleared of noisy miners.  This is 18 

times lower than the cost of revegetation, but the cull was largely ineffective. The 

outcome provides empirical evidence that in this highly fragmented agricultural 

landscape with high densities of noisy miners, patch-scale culling is not a cost-

effective solution. One can infer from this study that patch-scale culling is likely to 

be ineffective over most of the agricultural region of eastern Australia where the 

impacts of noisy miners are greatest.  

 

Chapter III: An empirical test of the mechanistic 

underpinnings of interference competition 

This part of the study was designed to indicate if small woodland birds were 

able to make better use of treatment sites for foraging after the cull. I measured 

foraging and harassment rates in the breeding seasons before and after the cull. 

Aggressive interspecific interactions were common. I recorded 253 harassment 

events by a total of 24 bird species. Forty-one bird species were victims of 

harassment. Noisy miners were responsible for 66% of recorded harassment events. 

I observed foraging by 17 species of small woodland bird at an average rate of 4.5 

foraging events per hour per 2ha site but, foraging detection rates were below 13% 
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for all species in the pre-cull phase. Over the period of the study, noisy abundance 

in treatment sites declined by 34% relative to control sites as a result of the cull. 

Noisy miner abundance remained above ecological impact thresholds in all sites 

throughout this period. Nonetheless, the cull disrupted intraspecific relations of this 

socially complex species, so I expected some effect on the responses of small 

woodland birds. Foraging rates of small woodland birds doubled in treatment 

compared to control sites post-cull. This increase was largely due to the four most 

commonly seen species, which seemed able to co-exist with noisy miners. 

Paradoxically, I recorded no change in harassment rates in spite of the increase in 

foraging rates. The chapter indicates that culling noisy miners may improve access 

to foraging resources for some species of small woodland birds up to 251 days post 

cull. Most species of small woodland birds recorded saw no benefit, however. 

  

Chapter IV: An experimental test of a compensatory nest 

predation model following lethal control of an overabundant 

native 

This part of the study aimed to show whether removing noisy miners has the 

potential to improve breeding outcomes for small woodland birds. Nest predation is 

the principal cause of nest failure in this landscape and birds are the main nest 

predators. Noisy miners are only one among many nest predators, however. I 

measured artificial nest predation rates in the breeding seasons before and after the 

cull. Over this period, noisy miner abundance declined by 34% in treatment 

compared to control sites due to the cull. Noisy miners were responsible for 18% of 

nest predation events where the predator was identified but I identified five other 

nest predatory bird species. I detected no significant change in artificial nest 

predation rates post cull which suggests compensatory nest predation by other 

species. There was no significant change in identity of nest predators. This outcome 

suggests that culling noisy miners is unlikely to reduce nest predation rates for small 

woodland birds.  

 

Chapter V: Native to nemesis: a cultural history of the noisy 

miner  

The noisy miner was known and named by many indigenous groups. The 

species subsequently became a common subject of popular culture during the 

colonial period. Using the National Library of Australiaôs online data archive 

ñTroveò, I discovered almost 3000 historical references to the species. These 
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references included paintings of the species completed within four years of the 

arrival of the Frist Fleet in 1788. Local and national newspapers published stories, 

poems and letters about the species. The popular ñnature notesò format included 

many observations of noisy minersô foraging and breeding behaviour as well as 

interactions with people. A striking finding was the contrast between the frequently  

positive sentiments for the species right up until the post-war period and more recent 

references to the species as a ñdespotò, ñbullyò and ñmafia of the bird worldò (Clarke, 

2004; Birds in Backyards, 2011; Maron et al., 2013; Loyn et al., 2016).  Through 

exploration of historical references to the species over the colonial and modern 

period, I show that there has been a marked shift in cultural attitude to the species in 

parallel with its changed ecological role. 

This chapter improves our understanding of the historical social-ecological 

changes that have fostered the transformation of a natural ecosystem process, 

interspecific competition, into a Key Threatening Process.  As such I offer the 

chapter as an antidote to environmental amnesia.  

1.2 Synthesis 

1.2.1 Summary of research results  

I conducted an experimental cull of the overabundant native honeyeater, the 

noisy miner, in patches of remnant woodland with the aim of discovering if this 

management intervention can improve ecosystem function for declining small 

woodland birds. Immediate recolonisation by noisy miners from surrounding habitat 

meant that I was unable to reduce their population below ecological impact 

thresholds. There was a small but statistically significant reduction in noisy miner 

abundance in treatment sites compared to control sites. Some species of small 

woodland bird foraged more in treatment compared to control sites post cull, but I 

detected no change in the amount of harassment they experienced. Artificial nest 

predation rates did not change after the cull.  

1.2.2 Significance of findings 

Much of our knowledge about the ecology and impacts of noisy miners is based 

on modelling of large datasets of bird detection (Mac Nally et al., 2012; Thomson et 

al., 2015 ). In contrast, this study provides empirical evidence of what happens when 

noisy miners are removed from individual woodland patches. Such evidence is vital 

for the efficient deployment of limited conservation resources. By monitoring 

metrics beyond simple detection, I showed both the potential benefit to small 

woodland birds of culling noisy miners and derived an indication of the mechanism 

by which noisy miners impact small woodland birds.  
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I showed that culling noisy miners in the study landscape is not a cost-effective 

management intervention for reducing their abundance, nor does culling offer great 

benefits for declining small woodland birds. The level of fragmentation and 

degradation of native woodland in the study area is representative of a large area of 

eastern Australiaôs sheep-wheat belt. We may infer that similar outcomes would 

occur in other parts of the region. Indeed, a recent culling experiment in northern 

New South Wales experienced similar rapid recolonisation (Davitt et al., 2018). 

Noisy miners are an ecological problem across their range of 1.3 million km2 

(Higgins et al., 2001). This range includes non-agricultural areas such as urban and 

suburban zones, forest edges and planted wildlife corridors (Catterall et al., 1991; 

Hastings and Beattie, 2006; Parsons et al., 2006; Maron et al., 2013). The sheep 

wheat belt, however, covers over one million km2 and is the largest single landscape 

type over which noisy miners exert ecological impacts. In such landscapes, 

alternative methods of managing noisy miners and supporting small woodland birds 

must now be sought. The most promising of these methods is ecological restoration, 

with attention to re-creating the structural complexity of intact woodland, in 

particular a shrub layer (Hastings and Beattie, 2006; Lindenmayer et al., 2010b; 

Lindenmayer et al., 2012; Ikin et al., 2018; Lindenmayer et al., 2018) 

1.2.3 Limitations of the study 

The principal limitation to successful assessment of post-cull changes in 

ecosystem function was the inability to reduce noisy miner abundance sufficiently. 

The small reduction in noisy miner abundance achieved in treatment relative to 

control sites (28% from the pre-cull to post-cull breeding season; 25% over the full 

duration of the study) may have been too small to detect any compensatory 

harassment or nest predation effect. Noisy miner densities in all sites remained above 

the published ecological impact thresholds of 0.6 ï 0.8 birds/ha (Mac Nally et al., 

2012; Thomson et al., 2015). 

A possible criticism of the study is the failure to continue culling until 

recolonisation slowed. No doubt recolonisation would eventually have completely 

stopped when all birds within their maximum relocation distance had been removed. 

There are, however, ethical questions and possible ecological risks associated with 

eradicating a strongly interacting native species from a locality. The decision not to 

continue culling after two attempts was made primarily because the experiment had 

a very practical purpose. It was designed to test the feasibility of culling noisy miners 

as a management intervention that could be applied in the real world. In the case of 

noisy miners, this means culling at a large scale. I considered that prohibitive costs 
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would mean that culling could not be applied at a large scale if it had to be repeated 

numerous times.  

The decision to cull at patch scale also reflected this practical purpose of the 

study. Patches were chosen as tractable units of habitat within functioning farms that 

could feasibly be cleared of noisy miners. I assumed that a colony was confined to a 

patch of woodland as it was difficult to imagine birds maintaining coherent social 

relations across hundreds or thousands of metres of open agricultural land between 

patches. Previous estimates put noisy miner home range at about 200m (Dow, 1979).  

Given the amount of post-cull recolonisation into patches separated from 

neighbouring patches by much more than 200m, I considered that recolonising 

individuals most likely came from other colonies in patches outside the culled patch. 

It may be, however, that home range in this landscape is greater than that reported in 

Dowôs studies in the northern part of the speciesô range. It may also be that colonies 

extend across more than one patch. There is continuing lack of basic knowledge of 

noisy miner ecology, including home range, the conditions under which they choose 

to relocate when habitat becomes available following culling, and the scale at which 

birds are willing to relocate. These factors are significant for two reasons. The first 

is that the range at which noisy miners are willing to recolonise is a determinant of 

the scale of culling required to prevent recolonisation. The second is that post-cull 

interspecific behaviour of these socially complex birds may be influenced by 

whether recolonising individuals come from the same metapopulation or a different 

one. This study was not designed to track movements or origins of recolonising 

individuals. Genetic analyses of culled birds and banding of birds from coteries 

across the wider landscape could improve our knowledge of the origin of 

recolonising birds. 

Other configurations of culling have been proposed by ecologists. In a 

ñdoughnutò approach, culling takes place at the core of a larger patch but spares 

coteries nearer the edge. It has been suggested that this method can create a noisy 

miner-free core whilst the individuals that remain near the edge deter recolonisation 

of the patch. However, such an approach requires patches large enough to distinguish 

a core from edges. In the landscape of this study, patches were too small (mean = 

13ha), and coteries too mobile within patches, to distinguish edge birds from core 

birds.  In a ñmosaicò approach, culling is done in selected patches across a landscape 

to lower abundance at a local or district scale beyond the patch. How long such 

methods prevent recolonisation remains unknown but the complexity of exploring 

different culling configurations was beyond the scope of this study. 

An option when we have uncertainty about the outcome of a management 

action is to conduct it within an adaptive management framework, iteratively 



41 

 

updating the action as outcomes become apparent over time. Such an approach could 

be applied to noisy miner management but is less suited to the constrained timeline 

of a PhD. 

The success of many field-scale ecological studies is limited by the inability to 

monitor a sufficiently large sample size to detect an effect (Steel et al., 2013; 

MartínezïAbraín, 2014). Sample sizes are, in turn, constrained by availability of 

time and money. Stringent site requirements in this production landscape were the 

chief limitation to a bigger sample size in my study. I required landowners willing 

to host the study; availability of at least two woodland patches similar in vegetation 

characteristics on each farm to act as treatment and control; consistent detection of 

noisy miners; and farms sufficiently close together to allow all surveys to be 

completed within a few days of each other. Fulfilling all these requirements meant 

that the study was finally conducted on eight treatment/control replicates spread 

across seven farms.   

The small sample size was a particular problem when trying to detect possibly 

subtle effects of the small change in noisy miner abundance post-cull. For example, 

artificial nest predation rates declined in treatment compared to control sites post 

cull, but the change was not statistically significant (Figure 3, Chapter IV). With 

greater resources, the study could have been conducted on more farms over a larger 

area. It is possible that more treatment effects would then have been apparent.   

 This study was designed to examine the effect on small woodland birds of 

changing just one condition, noisy miner abundance. As a result, I required all sites 

to contain colonies of noisy miners. Because of noisy miner habitat preferences for 

fragmented, degraded landscapes, this requirement may have selected for sites less 

likely to support populations of small woodland birds. As a result, sample sizes of 

foraging and harassment of small woodland birds were small across sites and 

treatments. Out of a total of 253 harassment events, I recorded only 41 against small 

woodland birds and these events were distributed across the two phases and two 

treatments. With such a small sample, I was unable to detect a significant change in 

harassment rates of small woodland birds post-cull (although the direction of the 

change was positive; see Figure 3, Chapter III). A solution would have been to 

include some less degraded sites in the study to serve as baselines for presence of 

small woodland birds and then to conduct a more stratified analysis of responses. 

My study was nested within the large sample of sites that have been monitored since 

the early 2000s in the Australian National Universityôs South West Slopes 

Restoration Study (Cunningham et al., 2014a).  Some of those study sites have more 

intact vegetation structure, hence, fewer noisy miners and greater detection rates of 
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small woodland birds so the possibility exists of repeating the experiment with a 

more stratified set of sites (Belder et al., 2018).  

Technological advances such as infra-red activated cameras permit efficient 

collection of large amounts of data but can present their own challenges (Cox et al., 

2012). My attempt to apportion artificial nest predation between the different species 

of nest predators, and then assess any post-cull change in proportion of nest predation 

conducted by each predator, depended on successful camera capture of nest 

predators. Artificial nests were often among highly mobile foliage in an extremely 

hot environment (temperatures in study sites at times exceeded 40 Celsius). 

Consequently, hundreds of thousands of photos of moving leaves were taken whilst 

at times the cameras were unable to distinguish the temperature difference between 

nest predators and background so failed to capture a predator. I deployed 576 

artificial nests and monitored 268 with cameras. 132 of the monitored nests were 

predated but I was able to identify a nest predator in only 60 cases. At 45%, my 

camera capture success rate (number of predated nests where the predator was 

identified/total number of predated nests monitored by camera) was better than other 

studies in the region (Robertson et al., 2014; Okada et al., 2017). Nonetheless, with 

only 60 identified nest predations split between two phases and two treatments, 

useful analysis of trends was limited.  

Part of the problem here was the need to procure cameras from wherever 

possible, meaning that over the course of the study I used a total of eight different 

models. Sticking to one model and getting to know its characteristics better would 

likely improve capture rates.  

1.2.4 Conclusion 

This research project has shown the limitations of focussing solely on reducing 

the abundance of an overabundant species to manage its ecological impacts. Most 

ecological problems arise from a combination of threatening processes and 

addressing only one is rarely the best approach to management. Small woodland 

birds are subject to a range of threats that have led to their decline. I have shown that, 

due to immediate recolonisation, removing noisy miners is unlikely to be of great 

benefit.to small woodland birds in areas with similar characteristics to the highly 

fragmented agricultural landscape of this study. Whilst there is some potential 

increase in foraging opportunities for small woodland birds, I found that the benefit 

was species-dependent, and I cannot be sure that the positive effect will be long term. 

This increase in foraging opportunities was not accompanied by a reduction in 

harassment rates. Successful breeding is essential for recovery of declining small 
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woodland birds, but my study shows nest predation rates are likely to remain high 

even after controlling noisy miners.  

Overabundant and invasive species are among the greatest threats to 

biodiversity globally, particularly when their impacts interact with habitat 

modification (Nugent et al., 2011; Mac Nally et al., 2014; Kearney et al., 2018). 

Culling is a common management response but it is not always successful and many 

culls are conducted without clear formulation of outputs and outcomes, monitoring 

may be poor or absent and costing is often overlooked (Rothstein and Peer, 2005; 

Treves and Naughton-Treves, 2005; Livezey, 2010; Nugent et al., 2011). 

Compensatory ecological processes are common and unexpected or perverse 

outcomes are possible (Dexter et al., 2013; Lazenby et al., 2015; O'Loughlin et al., 

2017).  My study showed the importance of having clear empirical evidence of the 

likely outcomes of culling before expensive management interventions are applied 

at a wider scale (Figure 1). The unexpected outcome of immediate recolonisation in 

this study highlights the importance of a prior understanding of a speciesô basic 

ecology, including home range. In the case of colonial species such as the noisy 

miner, knowledge of the spatial extent of colonies in relation to vegetation 

configuration is essential. Where recolonisation from surrounding areas is a risk, we 

need to know the conditions under which individuals or colonies are likely to 

recolonise and how vegetation configuration at patch and landscape scale influence 

this (Figure 1).  

Continued clearing of native vegetation and the production of forest edges is a 

global problem for vertebrates (Pfeifer et al., 2017). As clearing continues in 

Australia, it is likely to create further opportunities for colonisation by noisy miners 

or other colonial Manorina species and a consequent niche reduction for small 

woodland birds (Mac Nally et al., 2014). Interventions by conservation biologists 

beyond the biotic/abiotic level of ecosystems are necessary if these large-scale 

impacts on the natural environment are to be curbed in the future. This means 

engaging with the wider social-ecological system that permits continuing 

deforestation, and with social and policy settings (Hobbs et al., 2011; Lindenmayer, 

2017; Woinarski et al., 2017).  
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Foreword 

This chapter considers the effect of the experimental cull of noisy miners on 

the direct output of the study, noisy miner abundance, and considers the costs of 

achieving a given level of population reduction. Noisy miners structure avian 

assemblages at noisy miner densities above 0.6 ï 0.8 individuals/ha so it is important 

to know if culling them is a cost-effective method of reducing noisy miner density 

below such thresholds. Compensatory ecological processes such as immigration are 

common after culling so it is also important to know if such processes affect the 

success of population reduction through culling.  
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Abstract  

Overabundant native animals cause a variety of human-wildlife conflicts which 

can require management to reduce their social, environmental or economic impacts. 

Culling is an intuitively attractive management response to overabundance but poor 

monitoring of results and costs means that evidence for successful outcomes is often 

lacking. Furthermore, many culls worldwide have been ineffective or 

counterproductive due to ecological release mechanisms or compensatory responses 

by the overabundant species. We completed a controlled, replicated, costed and 

rigorously monitored experimental cull of the endemic Australian honeyeater, the 

noisy miner (Manorina melanocephala). Aggressive exclusion of birds from 

remnant woodland patches by overabundant noisy miners is listed as a Key 

Threatening Process under Australian conservation legislation due to its impacts on 

threatened birds. The problem is particularly prevalent in the highly modified 

agricultural landscapes of eastern Australia. The species impacts avian assemblages 

at low densities (0.6 ï 0.8 birds/ha) and at a sub-continental scale (>1 million km2). 

Some ecologists recommend culling as the only management response capable of 

timely reversal of  declines of threatened small woodland birds. We monitored noisy 

miner abundance before and for twelve months after a culling program and found 

that immediate recolonisation from the surrounding landscape negated the impact of 

the cull. We hypothesise that this is due to a vacuum effect whereby birds resident 

in more marginal habitat around treatment patches move into the vacant territory 

post-cull. Modelled mean abundance of noisy miners declined by 22% in treatment 

sites compared to an increase of 4% in control sites in the post-cull period. 

Abundance in all sites, however, remained 3-5 times higher than published 

ecological impact thresholds. Return on investment analysis indicated no 

relationship between culling effort and reduction in noisy miner abundance. We 

conclude that culling at a patch scale is not an efficient method of reducing noisy 

miner abundance to levels unlikely to impact threatened woodland birds in the highly 

modified study landscape, despite estimated costs 18 times lower than another 

potential management response of revegetation. Our study highlights the importance 

of building empirical evidence before intuitively attractive but not necessarily 

ecologically effective management responses are applied more widely.  

Keywords 

Overabundant native species, Manorina melanocephala, evidence-based 

environmental management, cull, population control, threat management, ecosystem 

recovery, interspecific competition, ecological release, compensatory immigration 
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2.1 Introduction  

Changes in distribution and abundance of native animals in response to 

anthropogenic habitat modification and other threatening processes are not uniform. 

Whilst many species are declining (Ceballos et al. 2017), some species have 

increased to the point of overabundance (Garrott et al. 1993, Foster et al. 2014, Mac 

Nally et al. 2014).  Overabundance means that the animalôs population is greater than 

the ecological (Caughley 1981) or cultural (Dubois et al. 2017) carrying capacity in 

a given environment. Ecological problems associated with overabundance of native 

species, such as impacts on co-existing species and the disturbance of ecological 

equilibria, have been reported in multiple geographic locations and across taxa 

(Garrott et al. 1993, Mendelssohn and Yom-Tov 1999, Nugent et al. 2011). Impacts 

on threatened species are likely to become worse as climate change interacts with 

habitat modification and interspecific competition (Bennett et al. 2015). To manage 

overabundant species efficiently for conservation outcomes, we need clear guidance 

about which actions are most likely to reduce their impacts (Tulloch et al. 2017), and 

how much effort is required to do so (Auerbach et al. 2014). 

Management responses to overabundant native species have included 

diversionary feeding (Kubasiewicz et al. 2016), fertility control (Nugent et al. 2011), 

translocation (Clarke and Schedvin 1997) and lethal control (Newsome et al. 2017). 

Culling has been used to manage populations of overabundant native herbivores to 

protect habitat quality (Nugent et al. 2011); to reduce predation on bird species of 

conservation concern (Livezey 2010); to control brood parasitism of endangered 

songbirds (Rothstein and Peer 2005); to reduce declines in a threatened bird species 

through hybridisation (O'Loughlin et al. 2017); and to reduce competition from 

aggressive bird species (Clarke and Schedvin 1999, Debus 2008).  

Since the impacts of many overabundant species are a function of population 

density (Carter et al. 2007, Foster et al. 2014), it is intuitively attractive to reduce or 

eliminate the population through lethal control. However, for a culling program to 

be effective and lasting, we need clear knowledge of the relationship between the 

density of the overabundant species and its ecological impacts, and knowledge of the 

temporal and spatial scale of control required (Lieury et al. 2015, Kierepka et al. 

2017) so that we can formulate effective population reduction targets. We also need 

to know the costs of achieving such targets so that scarce conservation resources can 

be efficiently allocated. To ensure the effects of the cull are not nullified by 

compensatory processes such as immigration or reproduction, we also need a good 

understanding of the ecology of the overabundant species and its likely response to 

culling (Kierepka et al. 2017, Newsome et al. 2017). A speciesô population dynamics 

and behavioral ecology, for example, determine which life stage has the most 
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influence on population growth (Zipkin et al. 2009, Lieury et al. 2015) and whether 

culling acts as compensatory or additive mortality (Sandercock et al. 2011). 

Obtaining information is costly, so at times we are forced to make use of existing 

knowledge based on expert elicitation or models (Tulloch et al. 2016). However, 

intuition, expert elicitation, and modelling need to be tempered with empirical 

evidence of effectiveness and costs before conservation resources are committed to 

a broader management response (Treves and Naughton-Treves 2005, Zipkin et al. 

2009).  

Reporting on the effectiveness and costs of conservation management 

programs, including culls, and their comparison with alternative management 

strategies, is inconsistent (Rothstein and Peer 2005, Livezey 2010, Nugent et al. 

2011). Limited information exists on a regional or global scale to inform managers 

whether culling is a cost-effective option for reducing overabundant native 

populations. Experimental studies or monitoring of management actions are the best 

source of such information but a lack of adequate monitoring to test the impacts of 

actions is a problem in many culling programs (Treves and Naughton-Treves 2005) 

and in conservation management more generally (Lindenmayer and Likens 2010, 

Sutherland and Wordley 2017). This leads to uncertainty in what action to take and 

in how effective a given investment in that action might be. Faced with costly 

management options and uncertain returns, economic techniques such as return on 

investment (ROI) analysis can be useful for decision makers (Murdoch et al. 2007).  

Few studies have linked the costs of lethal control of overabundant native 

species with changes in their abundance. Several studies have used ROI and 

associated cost-effectiveness analyses for invasive species management questions 

such as evaluating the relative effectiveness of alternative control actions (Nugent 

and Choquenot 2004) or modelling the cost of achieving progressively lower targets 

for invasive species populations (Krull et al. 2016). We urgently need a similar level 

of attention on overabundant species given that, in some cases, they outnumber 

invasive species as threats to other native species. For example, globally, ten native 

bird species are threatened by an introduced bird species, but 15 native bird species 

of conservation concern are affected by other native birds through hybridisation, 22 

through brood parasitism, 58 through competition, and 99 by predation (Baker et al. 

2014). In Australia, competition or predation from 18 native birds is considered a 

threatening process for 20 IUCN-listed threatened or near-threatened birds (Garnett 

et al. 2011), whereas only 16 introduced species have been recognised as threats to 

these birds.  

Here, we assess an experimental culling program aimed at reducing the 

population of an overabundant native bird, the noisy miner (Manorina 
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melanocephala), whose aggressive competitive behavior is listed as a Key 

Threatening Process under Australian biodiversity conservation legislation due to its 

impacts on endangered small woodland birds (Department of the Environment 

2014). The endemic colonial honeyeater genus, Manorina, is foremost among the 

threats represented by overabundant native birds in Australia. Three of the four 

species in the genus have become overabundant since European settlement and have 

negative impacts on other native birds due to extreme interference competition (Mac 

Nally et al. 2012, Leseberg et al. 2014, Kutt et al. 2016). The noisy miner is 

particularly problematic because of its hyper-aggressive competitive behavior and 

unique effectiveness in structuring avian assemblages at a sub-continental scale in 

remnant woodland habitat in heavily-cleared agricultural landscapes (Dow 1977, 

Maron et al. 2013). Some ecologists advocate culling as the only response that could 

be practically instituted in time to prevent further declines and possible extinctions 

of small woodland birds already threatened by habitat modification (Clarke and Grey 

2010, Thomson et al. 2015, Mortelliti et al. 2016). Localised culling and 

translocation have been used to manage populations of two other Manorina species, 

the bell miner (M. melanophrys) (Clarke and Schedvin 1999) and the yellow-

throated miner (M. flavigula) (O'Loughlin et al. 2017). Both studies reported limited 

success, with recolonization occurring soon after the cull. In two of the four 

published studies on culls or translocations of noisy miners, average reductions in 

noisy miner abundance of between 35% and 71% in the twelve to sixteen months 

following removal were achieved (Grey et al. 1997, Grey et al. 1998). In a recent 

experimental cull, no such reduction in abundance was seen due to rapid 

recolonization (Davitt et al. 2018). The reasons for the variability in effects are 

unclear and, as Greyôs studies used only three and four replicates respectively, 

broader inference to other systems is limited. In another study,  ongoing unofficial 

culling combined with revegetation prevented establishment of new colonies but the 

experimental site was not controlled or replicated and the revegetation confounded 

the results of the cull (Debus 2008). No cost analysis was done in the Debus or Davitt 

studies, and although costs were reported for the first two studies (Clarke and Grey 

2010), costs were not related to effectiveness of the action. In our study, we set an 

objective of reducing noisy miner abundance through culling to below 0.6 ï 0.8 

birds/ha, the impact threshold above which noisy miners structure woodland bird 

species assemblages (Mac Nally et al. 2012, Thomson et al. 2015). We aimed to 

investigate the relationship between culling effort and reduction in abundance of 

noisy miners in the 12 months following the cull by addressing the following 

questions:  
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Is culling an effective tool to reduce the abundance of noisy miners in remnant 

woodland patches in the short term?  

Past observational studies of home range (Dow 1979) combined with expert 

elicitation and evidence from previous removals (Grey et al. 1997, Grey et al. 1998) 

suggested that recolonization by noisy miners is not an obstacle to success. We 

therefore predicted that treatment sites would have lower mean noisy miner 

abundance after the cull than control sites. 

How much culling effort is required to remove noisy miners from 

remnant woodland patches?    

We estimated the number of person-hours (excluding travel time) and the total, 

per-bird and per hectare costs of the cull. In a published study of a previous noisy 

miner cull, costs of AU$17 (2017 prices) per bird were reported and 5 birds were 

culled per person-hour (Clarke and Grey 2010). We predicted that our effort and 

costs would be in a similar range.  

Does greater culling effort result in a greater reduction in noisy miner 

abundance? 

To achieve a particular target abundance, managers need to know if there is a direct 

relationship between culling effort and post-cull abundance of overabundant species. 

We completed an ROI analysis to assess whether increased effort led to greater 

declines in noisy miner abundance. Given that all sites were very open woodland 

with minimal understorey and good visibility (Figure S1), we expected effort 

required per bird culled to be similar across sites and that the principal determinant 

of total effort expended per site would be patch area. We predicted that treatment 

sites where greater total culling effort was expended would have a greater change in 

absolute noisy miner abundance than sites where less effort was expended. Because 

we aimed to reduce abundance to zero in all treatment sites, we predicted that the 

relative change in noisy miner abundance per unit effort would be similar across 

sites.  

We use this case study to illustrate the challenges faced by managers in 

choosing appropriate management responses to overabundant native animals when 

knowledge is limited and expensive to obtain, and to show the importance of well-

monitored and costed empirical studies to assess the effectiveness of management 

actions. 
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2.2 Methods 

2.2.1 Study region 

The study was conducted from 2015 to 2017 in a total of 208ha of remnant 

woodland patches over a landscape of 471 km2 in the conjunct shires of Gundagai 

(35°03'55.5"S 148°06'18.7"E) and Junee (34°52'11.7"S, 147°35'07.9"E) in the South 

West Slopes bioregion of south-eastern Australia (Figure 1).  

 

 

Figure 1. a) Study region in south-eastern Australia.  

Numbers in boxes refer to the seven farms on which treatment and control patches 

were located. b), c) Maps showing relationship of treatment and 

control patches, and landscape configuration, on two example farms. 

b) is Farm 2; c) is Farm 4.  

 

This region has a continental climate with hot dry summers and cold winters, 

with average annual rainfall 624mm (Gundagai) and 526mm (Junee) (Bureau of 
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Meteorology 2017). The region lies within the sheep-wheat belt of New South 

Wales, a highly fragmented agricultural landscape where more than 85% of the 

original temperate eucalypt woodland has been cleared with local losses even higher 

(Lindenmayer et al. 2005, Benson 2008). The majority of remnant woodland in the 

bioregion is on private land with 2.28 per cent of the total land area under 

conservation tenures (Office of Environment and Heritage 2015). Woodland is 

primarily box-gum grassy woodland dominated by white box (Eucalyptus albens), 

grey box (E. macrocarpa), yellow box (E. melliodora), Blakelyôs red gum (E. 

Blakelyi) and some mugga ironbark (E. sideroxylon). Box-gum grassy woodland is 

a critically endangered ecological community with local losses in extent as high as 

98% (Threatened Species Scientific Committee 2006) . Remnant patches suffer 

degradation from multiple exogenous disturbances including grazing by cattle and 

sheep, weeds, invasive species, removal of coarse woody debris and changed 

nutrient and hydrological regimes (Prober and Thiele 1995). 

2.2.2 Experimental design 

We selected seven mixed arable/grazing farms in the study region, based on 

presence of remnant woodland patches, landholder engagement and willingness to 

participate in the study. We established eight replicate pairs of experimental 

treatment and control patches on these farms (six farms had one replicate pair, one 

farm had two). We randomly allocated patches in each of the eight replicates to 

treatment or control.  

The two patches in each pair were matched by size and vegetation 

characteristics. Patches ranged from four to 49 ha (mean = 13ha).  Study patches 

were in a generally homogeneous agricultural landscape and were broadly similar in 

tree species, tree density, absence of shrub layer and extent of surrounding woodland. 

Patches in a treatment/control pair were at least 1142m apart (mean = 2224m, 

maximum = 6405m) to ensure spatial independence and discourage recolonization 

following the cull. This was based on Dowôs (1979) indication of a maximum noisy 

miner home range of about 212m. Based on our belief that a coherent social 

connection between coteries of noisy miners could not be maintained across 

hundreds of metres of agricultural land, we assumed that colonies did not extend 

across more than one patch. 

Each farm was considered a coherent ecological unit within which management 

of woodland patches was assumed to be the same (Cunningham et al. 2007). 

Proximity of each pair of patches ensured that surrounding landscape configuration 

was the same. Previous monitoring of these sites as far back as 2000 indicated that 
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all patches had consistent detection rates of noisy miners of more than 20% 

(Mortelliti et al. 2016). 

2.2.3 Experimental treatment                                   

We culled noisy miners from the eight treatment patches during the non-

breeding season in May and June 2016 to ensure breeding adults were not removed 

from nests and to avoid disturbance to breeding small woodland birds. Culling was 

done with a 12-gauge shotgun using number 9 shot and was applied across the whole 

treatment patch and to a radius of 500m where patches abutted potential sources of 

recolonization. Noisy miners forage mostly in the open canopy characteristic of 

many eucalypts. This, combined with the open vegetation structure of study patches, 

facilitated the cull.  

We defined a complete cull as one where all birds in the patch were shot and 

there was no visual or vocal response from noisy miners to a 45-minute continuous 

playback of a randomly rotated playback of their calls. Due to the large number of 

birds present, we visited some sites on consecutive days to complete the cull. We 

surveyed noisy miner abundance in each site within two days of the cull. We 

conducted a second complete cull within three weeks of the first to account for the 

fact that some resident birds may have escaped the original cull. At least two people 

were present at each cull, the shooter and an assistant. Where an immediate clean 

kill was not achieved, the assistant retrieved birds and euthanized them using cervical 

dislocation, which is the recommended method of humane dispatch.  

2.2.4 Survey protocols 

To ensure standardised experimental monitoring units, we surveyed a randomly 

located 2ha study site based around a marked 200m transect in each patch. To 

determine the effect of the cull, surveys were conducted according to a BACI 

(Before-After-Control-Impact) design, with noisy miner abundance measured in the 

pre-cull 2015 breeding season and in the post-cull 2016 season. This approach 

controlled for annual environmental variations across the region. Breeding seasons 

are variable in Australia, but using our long-term knowledge of the study area 

(Lindenmayer et al. 2010, Montague-Drake et al. 2011) and published information 

about latitudinal and environmental influences on bird breeding, we considered the 

breeding season to be September-January (Morcombe 2003).  

We began noisy miner surveys in study sites nine months before the cull and 

continued for twelve months after. The same observer surveyed noisy miner 

abundance in all sites nine times before and 22 times after the cull. Surveys consisted 

of a fifteen-minute walking count of noisy miners up to 50m either side of the 200m 
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transect in each patch. Noisy miners are medium-sized (Okada et al. 2017), 

communal and vociferous with high detection rates generally achieved (Mortelliti et 

al. 2016) but often become less mobile and vocal once the observer stands still. We 

therefore considered that this moving method achieved more accurate estimates of 

abundance of noisy miners compared to other survey methods such as point counts. 

We also considered that this method reduced double counting as in this open country 

it was generally possible to keep a tally of birds which moved longitudinally along 

the transect as the observer moved.  

Thirteen of the 16 study patches were already in use in the South West Slopes 

Restoration Study, a long term ecological monitoring program conducted by the 

Australian National University (Cunningham et al. 2008). The program has 

conducted annual monitoring of birds in woodland patches since 2000 (Lindenmayer 

et al. 2016), so noisy miner detection rates were available for those 13 sites over a 

16-year period.  

2.2.5 Statistical analysis  

Our goal was to assess the impact of the culls on noisy miner abundance over 

time whilst accounting for other factors likely to influence abundance, and to 

calculate the costs and effort of any reduction in abundance achieved.  

2.2.5.1 Is culling an effective tool to reduce the abundance 
of noisy miners in remnant woodland patches in the 
short term? 

To answer this question, we fitted generalised linear mixed effects models 

(GLMMs) to noisy miner abundance using first a Poisson distribution and then a 

negative binomial distribution, both with logarithmic link functions (Zuur et al. 

2009). Akaike Information Criterion (AIC) scores were lower when we used a 

negative binomial distribution, indicating overdispersion of data. We modelled the 

response across the full time series of the study (September 2015 ï May 2017) to 

quantify how the cull affected noisy miner abundance with elapsed time since the 

cull. We expected the biggest effect of the cull on noisy miner abundance in the 

period immediately following the cull before potential recolonisation. We also were 

interested to see if this effect lasted until the breeding season following the cull as 

one aim of reducing noisy miner abundance is to make remnant patches dominated 

by noisy miners available to small woodland birds for breeding. We therefore ran 

additional models on subsets of the full series to see if there was any difference in 

the abundance response in the period immediately before and after the cull (April - 

September 2016) and in the pre- and post-cull breeding seasons (October - December 

2015, October - December 2016).  
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We first ran a base model with phase (binary: before cull/after cull), treatment 

(binary: control/treatment) and treatment:phase interaction. We then ran further 

models including season where applicable (binary: breeding/non-breeding), and the 

following patch characteristics which we expected to influence noisy miner 

abundance: a) Patch area; we expected larger patches to support larger populations 

of noisy miners in the 2ha experimental unit due to larger resource concentrations in 

these patches (Connor et al. 2000); (b) Productivity; noisy miners favor productive 

sites, so we used Topographic Wetness Index (TWI), sensu Montague-Drake et al. 

(2011), as a proxy for productivity; (c) Tree stem density; we used the average of the 

number of tree stems counted in a 20m x 20m quadrat at each of the three marker 

posts along the 200m site transect in each patch. Noisy miners favor open woodland 

rather than denser forests but also inhabit mixed woodland where eucalypt stem 

density is above 5/ha (Maron 2007). All the sites in this study were open eucalypt 

woodland with low density of tree stems (mean = 5.1/ha, SD = 4.0), but based on 

previous studies we assumed that sites with lower stem density would have higher 

noisy miner abundance (Howes et al. 2010); (d) Percent tree cover within 100ha and 

1000ha of site transects; noisy miner abundance in patches is lower in landscapes 

with higher tree cover (Montague-Drake et al. 2011).  

We included Farm as a random effect to account for inherent differences in 

historical and current management between the farms on which the paired 

treatment/control sites were located. Site was a random effect to account for inherent 

differences between sites within each replicate. We selected models based on lowest 

AIC score combined with parsimony of predictor variables (Burnham and Anderson 

2003). We checked standard diagnostics to ensure model assumptions were not 

violated.  

The key element of a BACI design is the interaction between treatment and 

phase, specifically, how much the treatment group changed between phases relative 

to how much the control group changed over the same time period.  The model 

coefficients are on the natural log scale. We report results on the back-transformed 

scale to give expected numbers of noisy miners (holding other model variables at 

their mean values).  95% confidence intervals are also reported (See Appendix S1 

for fuller explanation of this methodology). 

2.2.5.2 How much culling effort is required to remove noisy 
miners from remnant woodland patches?    

To measure direct effort expended in the cull, we used person-hours of labor. 

We excluded travel time to eliminate biases due to spatial arrangement of sites. We 

estimated per-site, per hectare, per bird and total costs of the cull by calculating costs 
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of travel, labor and materials. Labor was costed at AU$50 per hour based on standard 

rates for technical staff involved in this study. Commercial costs of shooting are very 

similar (Professional Shooting Services Pty. Ltd, pers. comm.).  

2.2.5.3 Does greater culling effort result in a greater 
reduction in noisy miner abundance? 

We combined results from the first and second questions in a return on 

investment analysis (Auerbach et al. 2014).  We defined ROI as the percent reduction 

in noisy miner abundance per unit of effort. We evaluated whether treatment sites 

that received more culling effort had better outcomes in terms of declines in noisy 

miner abundance. Additionally, we used a GLMM with a negative binomial 

distribution and log link function to test the response of noisy miner abundance to 

culling effort in treatment sites. We measured effort as person-hours standardized by 

patch area and we used farm as a random effect. 

2.3 Results 

The mean sum of noisy miner abundance in treatment sites before the cull was 

510. We removed a total of 538 noisy miners from the treatment patches and buffer 

areas over the two culls. The mean sum of noisy miner abundance in treatment sites 

after the cull was 512, indicating net immigration. The average number of birds 

culled was 5.6/ha (SD = 3.9). We achieved a clean kill rate of 86%. The maximum 

number of birds culled in a patch was 131 (patch size = 19.9ha) and the minimum 

was 36 (patch size = 16.9ha). Noisy miner abundance was highly variable in time 

and space and was greater during the winter non-breeding season than the summer 

breeding season (Figure 2). Mean abundance per 2ha site was lowest in post-cull 

treatment sites (mean = 5.8, SD = 5.3), and highest in post-cull control sites (mean 

= 7.1, SD = 5.9). 

2.3.1 Is culling an effective tool to reduce the 
abundance of noisy miners in remnant woodland 
patches in the short term? 

The most parsimonious model contained patch area, treatment, phase, 

treatment:phase interaction and season (Table 1, Table S2). In our best models, 

expected noisy miner abundance was lower in treatment sites post-cull than pre-cull. 

Over the whole period of the study (up to 370 days after the second cull), modelled 

post-cull changes in noisy miner abundance (with 95% confidence intervals) were 

4% (-12%, 23%) for control sites and -22% (-35%, -8%) for treatment sites (Figure 

3 (a)).  
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Figure 2. Plot of noisy miner abundance over the period of the study.  

Each point represents one site survey. The fitted curves show the trajectory, with 95% 

confidence intervals, of noisy miner abundance. The dotted vertical line indicates 

the time of the final cull (May - June 2016). The red point at zero abundance at 

the bottom of this line indicates the zero count of noisy miners in all treatment 

sites immediately after the cull. No survey was conducted in control sites at this 

time. 

 

When we compared pre- and post-cull breeding seasons (up to 251 days post-

cull), noisy miner abundance in control sites increased by 21% (-0.3%, 47%) and 

declined by 13% (29%, -6%) in treatment sites. For the period immediately before 

and up to four months after the cull (up to 120 days post-cull) abundance declined 

by 15% (39%, -18%) in control sites and by 24% (44%, -6%) in treatment sites (See 

Appendix S1, Table S1, for full details of best models for the three time periods).  In 

both control and treatment sites before and after culling, noisy miner abundance 

remained higher than the threshold of 0.6 ï 0.8 birds/ha above which noisy miners 

structure species assemblages (Mac Nally et al. 2012, Thomson et al. 2015).  

Season had a bigger effect on noisy miner abundance than treatment (Table 1). 

Expected noisy miner abundance during the non-breeding season was 53% (37%, 

71%) higher than during the breeding season. The effect of the cull (represented by 

the treatment:phase interaction) was to reduce the expected noisy miner abundance 

by 25% (5%, 41%). 
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Table 1. Model parameters used in final model as predictors of 

noisy miner abundance (Whole period of study: N=496 

observations in 16 sites), showing the effect size (coefficient 

estimate) and uncertainty (lower and upper 95% confidence 

intervals) for fixed effects, and the variance explained by random 

effects. 

Fixed effects Coefficient 

estimate 

(back- 

transformed) 

Lower  

confidence 

interval 

Upper  

confidence 

interval 

Intercept 4.89 3.64 6.59 

Treatment (Cull) 1.05 0.70 1.59 

Phase (post-cull) 1.04 0.88 1.23 

Season (non-

breeding) 

1.53 1.37 1.71 

 

Log scaled area 1.33 1.04 1.71 

Treatment:Phase 0.75 0.59 0.95 

Random effects Variance (log scale)  

Farm 0.01   

Site 0.14   

 

 

The relative change in noisy miner abundance (calculated as abundance after 

cull divided by abundance before cull) was greater in treatment sites than in control 

sites (Figure 3(b)). We divided the relative change in abundance for the treatment 

sites by the corresponding quantity in the control sites, which  we label as our relative 

treatment effect (Figure 3(b), rightmost plot). A full list of models with AIC scores 

is provided in the Appendix S1, Table S2 

2.3.2 How much culling effort is required to remove 
noisy miners from remnant woodland patches?    

The two culls completed in treatment sites cost a total of AU$13069, labor 

accounting for 91% of this (Table 2). This is an average of $24 per bird (+/- $6) or 

$136 per ha of patch cleared (+/- $17). All noisy miners using treatment sites at the 

time of the cull were removed. The average number of birds removed per person-

hour of culling effort was 2.9 (range 1.5 ï 4.3). More birds were culled in larger sites 

(r (8 treatment sites, 6 degrees of freedom) = 0.60, p = 0.12). Effort and patch area  
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Figure 3. (a) Expected noisy miner abundances over full period of study according to the 

best model, with 95% confidence intervals.  

The dotted line at 1.2 birds/2ha is the impact threshold of noisy miner abundance on species 
assemblages (Thomson et al 2015). (b) Relative differences in expected noisy miner 
abundance before and after the cull in treatment and control sites respectively, with 
95% confidence intervals. The dotted line at 1.0 represents a ratio of 1 i.e. no 
difference between the expected abundances. Rightmost plot is the relative difference 
in the differences between treatment and control shown in the previous two plots.  

 

Table 2. Total costs of the noisy miner cull partitioned into 

labor costs, travel costs and perishables 

(ammunition). Costs are given in Australian 

dollars. 
 

Expense AU $ 

Labor (cull) 212 person-hrs @ $50 per hour 9700 

Labor (travel) 43 person- hrs @ $50 per hour 2150 

Labor (Total)  11850 

Travel (980km @ $0.75/km)  735 

Ammunition (approx. 1100 rounds @ $220 per 500)  484 

Total cost 13069 

 

were therefore correlated (r = 0.69, p = 0.06) as were effort and number of birds 

culled (r = 0.85, p = 0.01). There was little correlation between effort and number of 

birds culled/ha (r = -0.24, p = 0.56) suggesting that effort had similar output across 

the different patch sizes (see Appendix S1, Figure S2, for details of relationship 

between effort, patch area and number of birds culled). 
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2.3.3 Does greater culling effort result in a greater 
reduction in noisy miner abundance? 

Relating the relative change in mean noisy miner abundance in each patch to 

culling effort showed variable ROI which was not due simply to differences in patch 

area (Figure S3). In our GLMM relating the response of noisy miner abundance in 

treatment sites to effort, effect size for a given change in effort is represented by the 

coefficient estimate for the effort:phase interaction multiplied by the magnitude of 

the change in effort. Confidence intervals for the effort:phase coefficient estimates 

for all time periods modelled overlap zero (Table S3).  

2.4 Discussion 

We completed a controlled, replicated and rigorously monitored experimental 

test of the efficacy of a cull as a means of reducing abundance of an overabundant 

native animal. By calculating the costs of the intervention at a patch- and landscape-

scale, we related management effort to the change in abundance of the species and 

assessed return on investment.  Our study species was an overabundant native 

Australian bird whose extreme aggression in the highly modified agricultural 

landscapes of eastern Australia has had significant impacts on avian species 

assemblages on a sub-continental scale (Mac Nally et al. 2012, Maron et al. 2013). 

We formulated hypotheses about the likely response of the species to culling based 

on existing knowledge of the ecology of the species. Unexpectedly, we found that 

noisy miners recolonized sites immediately after each cull (Figure 2) and that post-

cull change in abundance was not significantly related to culling effort.  This 

outcome suggests that culling may not always be an effective management action for 

controlling populations of overabundant species in highly modified agricultural 

landscapes even in the short term.  In the remainder of this paper, we further discuss 

the key outcomes of our experiment in relation to our three research questions and 

comment on the implications of our findings for management of overabundant native 

species when outcomes are uncertain.  

2.4.1 Is culling an effective tool to reduce the 
abundance of noisy miners in remnant woodland 
patches in the short term? 

The cull achieved a mean 22% reduction in noisy miner population in treatment 

sites compared to a 4% increase in control sites. However, due to immediate 

recolonization, mean abundance in treatment and control sites before and after the 

cull remained 3-5 times higher than published impact thresholds (Figure 3(a)) (Mac 

Nally et al. 2012, Thomson et al. 2015). As the management objective was to reduce 
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noisy miner abundance to the point at which their numbers no longer impact small 

woodland birds, the cull was, therefore, a failure.   

Immediate recolonization was unexpected based on our understanding of the 

speciesô small home range and sedentary habit (Dow 1979), expert elicitation 

regarding the speciesô response to culling (M. Maron, pers. comm.), and prior 

experimental results (Grey et al. 1997, Grey et al. 1998). However, a recent 

experimental cull with more replicates and in bigger sites than the work by Grey, 

also recorded rapid recolonization (Davitt et al. 2018).  Where the recolonizing birds 

came from remains unclear. The congeneric bell miner has two recolonizing 

strategies, involving either relocation of complete colonies or dispersal of parts of 

colonies (Dare et al. 2008). We do not have sufficient evidence from this study to 

show if these strategies apply to noisy miners, but there are two possible explanations 

for our findings: i) In this highly fragmented landscape, the species has a larger home 

range than expected from studies in the northern extent of the speciesô range (Dow 

1979). Bioregional differences have been reported in other aspects of the speciesô 

behavioral ecology (Thomson et al. 2015). A larger home range implies that colonies 

extend across more than one woodland patch. Hence, members of a colony residing 

in one patch have moved into a different patch within the same colony; ii) Birds have 

moved in from an adjacent colony or colonies. Explanation ii) may indicate a  

ñvacuum effectò (Carter et al. 2007) whereby birds move into the patch when it is 

vacated by culling because it provided some advantage, such as more concentrated 

resources. Ecological release mechanisms (sensu Kohn 1972) such as ñvacuum 

effectsò following removal of overabundant natives or exotic invasive species are 

reported widely and across taxa (Donnelly et al. 2003, Treves and Naughton-Treves 

2005). We observed increased intraspecific aggression among recolonizing birds 

following the cull suggesting that they were new to the patch and needed to establish 

new social relations in the new territory. Such aggression has been reported between 

translocated birds and existing colonies (Clarke and Schedvin 1997). This does not, 

however, indicate whether recolonizers came from the same or a different colony. 

Not all individuals in a colony will have had contact with all others so recolonizers 

and other colony members might still interact aggressively (Higgins et al. 2001).  

Noisy miner abundance was spatially variable, particularly in the non-breeding 

season when the culls were completed. We cannot, therefore, confidently attribute 

to the culls the initial increases in abundance seen in some sites in the immediate 

post-cull period (Figure 2). Such an effect, however, has been observed in other birds 

where ñfloating individualsò without a fixed territory rapidly recolonize vacated 

habitat because they were already familiar with the territory and are able to determine 

when it becomes available (Bruinzeel and Van de Pol 2004). Noisy miner colonies 
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can include marginal habitat with low tree density in agricultural landscapes (Grey 

et al. 2011) so it may be that such birds take advantage of an open niche when higher 

value woodland patches are cleared of resident birds. 

Release mechanisms are a major obstacle to the successful use of culling as a 

measure to reduce abundance of overabundant native animals. They mean that if we 

wish to reduce abundance permanently through removal, we need to continue 

removing animals at a level greater than demographic compensation through 

immigration or reproduction. This increases the cost of culling, a particular issue 

given the large spatial scale over which many overabundant native species exert their 

effects (Livezey 2010, Maron et al. 2013, Lieury et al. 2015). Species such as the 

noisy miner, with highly complex social relations (Dow 1970), may also exhibit 

demographic compensation mechanisms, such as increased reproduction or juvenile 

survival, as a result of social disruption following culling. Negative impacts on 

species of conservation concern due to such disruption have been reported in several 

species (Carter et al. 2007, King et al. 2011).  

Our experience of the failure of patch-scale culling to reduce abundance of an 

overabundant native species highlights the importance of being able to answer 

critical questions about the ecology of the species. Before expending scarce 

conservation resources on potentially ineffective management actions, we need 

accurate ecological knowledge of the species, including its home range and 

population regulation mechanisms (Kierepka et al. 2017). For social species like the 

noisy miner, we need, in addition, an understanding of the spatial extent of colonies 

in relation to woodland patches and the conditions under which individuals or 

colonies recolonise culled areas. Vegetation configuration at patch and landscape 

scale is likely to have an impact on the effectiveness of culling overabundant native 

species whose overabundance has been mediated by habitat modification (Clarke 

and Grey 2010, Foster et al. 2014). In addition, therefore, we need an understanding 

of how culling interacts with vegetation configuration. Four noisy miner culling 

programs have been reported on over the last two decades (Grey et al. 1997, Grey et 

al. 1998, Debus 2008, Davitt et al. 2018) but at least six others have been undertaken 

in the same period, at different scales and with varying levels of success. The 

influence of local differences in vegetation configuration on the responses of 

metapopulations to culling makes broad inference from localised culls difficult. 

There is an urgent need, therefore, to synthesise existing knowledge to determine 

under what circumstances culling is most likely to be successful.  

Our experiment aimed to show the effects of culls at a tractable and manageable 

patch-scale. We acknowledge that culling at a larger scale (such as farm or district) 

would likely slow the rate of recolonisation. Patches might then remain free of noisy 
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miners long enough for small woodland birds to move back in. Short of a landscape-

scale elimination of the species, however, with its own uncertainties about the 

potential for unexpected ecological outcomes, even farm-scale culling is likely to be 

eventually overcome by recolonisation from further afield since farms have porous 

boundaries.  

The fundamental unknown here is what promotes noisy miners to leave their 

home range and recolonise another site following a cull. One suggestion has been to 

cull only the inner core of a colony (Maron, M, pers. comm.) such that remaining 

birds on the outside of the colony prevent recolonization by birds from other 

colonies. This is only applicable to larger patches of woodland where a core of birds 

can be identified and removed. An alternative strategy might be removal of selected 

colonies in a patchwork manner, the implication being that removing a whole colony, 

rather than just part of a colony, as we may have done in this patch-scale cull, is less 

likely to result in recolonization. This might be a good approach in high value 

biodiversity areas surrounded by more intact areas with fewer sources of 

recolonization. It has been suggested, however, that removing whole colonies fosters 

recolonization whereas leaving parts of a colony intact maintains territoriality and 

therefore discourages recolonization (Davitt et al. 2018).  

2.4.2 How much culling effort is required to remove 
noisy miners from remnant woodland patches?  

Global estimates of the costs of controlling overabundant native birds to protect 

threatened birds range from US$14 to US$2800 per bird (Livezey 2010). The costs 

expended on the cull in this study (AU$24 per bird) were at the lower end of this 

range but of the same order of magnitude as the previous experimental culls of the 

species (Clarke and Grey 2010). In spite of this expenditure, however, we failed to 

reach the objective of reducing noisy miner abundance below published impact 

thresholds. Measuring costs per individual culled does not account for the temporal 

and spatial scale over which a patch-scale cull would need to be completed to achieve 

ecological goals (Saunders et al. 2010, Lieury et al. 2015). In this regard, the noisy 

miner is particularly problematic given that its ecological impacts occur over more 

than one million km2 (Maron et al. 2013), an indication of the extreme habitat 

modification that has occurred in eastern Australia in the two centuries since 

European settlement (Hobbs and Hopkins 1990). Assuming a conservative average 

density of 3 birds per hectare to account for the fact that vegetation supporting noisy 

miners is not present across the whole of this range (we recorded densities above 20 

per ha on occasions (Figure 2)), this would mean a minimum of thirty million birds 

and a direct labor cost of AU$720 000 000 (excluding travel and materials costs) to 
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reduce the abundance of noisy miners across their whole range. The cost of this kind 

of program suggests that it would be wise to properly assess and compare (e.g. using 

ROI) the benefits and costs of alternative management programs such as appropriate 

revegetation, which is known to deter noisy miner colonization (Grey et al. 2011, 

Lindenmayer et al. 2018). It is difficult to provide globally applicable costs of 

revegetation, but in the agricultural  landscapes of this study, total public costs for 

whole-of-paddock-restoration for a 20ha project over ten years have been estimated 

at AU$2580/ha (Ansell et al. 2016). Whilst this is almost eighteen times the per 

hectare cost of our (largely ineffective) culling, the likelihood of successful 

ecological outcomes may be much greater as noisy miners have been shown to avoid 

restoration plantings (Lindenmayer et al. 2016, Mortelliti et al. 2016). 

2.4.3 Does greater culling effort result in a greater 
reduction in noisy miner population? 

Our a priori prediction that more effort would result in a greater absolute 

reduction in noisy miner abundance was proved wrong because post-cull abundance 

was not a function of culling effort. Rather it was due to recolonization. As a result, 

there was no overall return on investment, particularly given that noisy miner 

abundance remained above ecological impact thresholds (Figure S3; Table S3).  

2.4.4 Culling, uncertainty and ecological risks: A 
general framework for planning responses to 
overabundant species   

We have shown that it is not straightforward to predict the outcomes of a cull 

of an overabundant native species, and that the effectiveness of control efforts and 

the duration of results can be highly variable. This creates uncertainty in 

management planning. If management is to be effective and lasting, and if we are to 

pre-empt potential problems, we need to prioritize actions according to best practice, 

cost-effective management guidelines. Adaptive responses to experimental 

management programs are appropriate to resolve the greatest uncertainties hindering 

decisions about which action to apply or when to apply it (Tulloch et al. 2017). 

Critical ecological and management uncertainties for overabundant species include: 

i) The relationship between the abundance of the overabundant species and its 

ecological impacts (Lieury et al. 2015). In conjunction with effective monitoring, 

this informs which sites are most critical for management; ii) The relationship 

between conservation effort expended and population reduction of the overabundant 

species. This shows the direct impacts of management (Kubasiewicz et al. 2016) and 

informs how much management we need to do; iii) The ecological factors, such as 

potential for ecological release, the speciesô home range,  and the speciesô population 
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ecology, that control recolonization by the overabundant species (Lieury et al. 2015, 

Kierepka et al. 2017). This informs how to monitor the management action; iv) The 

ecological factors controlling recovery of species of conservation concern through 

recolonization or local population growth. This informs whether and how we 

monitor species of conservation concern. A key additional element of our study is 

the effect of the cull on occurrence and behavior of small woodland birds impacted 

by noisy miners. This will be reported elsewhere but we offer preliminary findings 

here. The limited decline in noisy miner abundance achieved in treatment sites led 

to small increases in rates of detection and foraging of small woodland  birds but no 

change in artificial nest predation rates; v) The possibility of a management action 

making things worse (Donnelly et al. 2003, Walsh et al. 2012, Lazenby et al. 2015). 

This informs whether we need to scope alternative actions or alter management to 

avoid or diminish potential perverse outcomes; vi) other management actions that 

might, instead of or as well as a cull, achieve better outcomes (Tulloch et al. 2016).   

2.4.5 Conclusions  

Our study demonstrates the importance of empirical evidence and knowledge 

of likely costs before intuitively attractive, but not necessarily ecologically effective, 

culling programs are applied more broadly for the control of overabundant native 

animals. Costs are a particular issue where recolonisation necessitates ongoing 

culling. The size, range and mobility of noisy miner populations present particular 

challenges for management (Thomson et al. 2015) and their impacts are likely to get 

worse under climate change (Bennett et al. 2015). Deforestation continues in many 

parts of the world (FAO 2015) and has increased in eastern Australia in recent years 

(Evans 2016). Where this results in fragmentation and increased edge habitat, it is 

likely creating new opportunities for overabundant native species such as noisy 

miners to impact vulnerable ecological communities. Management of overabundant 

animals requires strategic experiments such as this study to ensure that the most 

efficient and effective options for native species recovery are discovered and 

delivered. In the absence of empirical knowledge, we cannot assume a patch-scale 

cull of an overabundant native animal will reduce its abundance, let alone achieve 

flow-on benefits for species of conservation concern. 
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 Appendix S1 

 

Figure S1. Typical study site 

 

Calculating expected noisy miner abundance 

Regression equation for best model (ignoring random effects): 

Ln expected noisy miner abundance = ɓ0 + ɓ1Treatment + ɓ2Phase + 

ɓ3Season + ɓ4 Area  

+ ɓ5Treatment:Phase 

Using addition of logs, expected ln noisy miner abundance for phase, 

treatment and phase:treatment interaction, assuming constant (ie mean) area 

and constant season (non-breeding) is:  

 Control  Treatment 

Phase 0 

(before cull)  

(ɓ0) 

 

(ɓ0  + ɓ1) 

 

Phase 1 

(after cull)  

 

(ɓ0 +  ɓ2) 

 

(ɓ0  + ɓ1 + ɓ2 + ɓ5) 

 

 

To calculate the Treatment:Phase effect:  

i. Calculate relative change in expected noisy miner abundance 

before and after the cull in treatment and control sites 

respectively:  

  ὙὩὰὥὸὭὺὩ  ὧὬὥὲὫὩ Ὥὲ ὩὼὴὩὧὸὩὨ ὲέὭίώ άὭὲὩὶ ὥὦόὲὨὥὲὧὩ  

ὉὼὴὩὧὸὩὨ ὥὦόὲὨὥὲὧὩ ὥὪὸὩὶ ὧόὰὰ 

ὉὼὴὩὧὸὩὨ ὥὦόὲὨὥὲὧὩ ὦὩὪέὶὩ ὧόὰὰ 
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ii.  Calculate the relative difference between the change in expected 

abundance in treatment and control sites to show effect of 

treatment:phase interaction:   

ὙὩὰὥὸὭὺὩ ὨὭὪὪὩὶὩὲὧὩ ὦὩὸύὩὩὲ ὧὬὥὲὫὩ Ὥὲ ὩὼὴὩὧὸὩὨ ὲέὭίώ άὭὲὩὶ ὥὦόὲὨὥὲὧὩ  Ὥὲ  

ὸὶὩὥὸάὩὲὸ ὥὲὨ ὧέὲὸὶέὰ ίὭὸὩί  

ὉὼὴὩὧὸὩὨ ὥὦόὲὨὥὲὧὩ ὥὪὸὩὶ ὧόὰὰ 
ὉὼὴὩὧὸὩὨ ὥὦόὲὨὥὲὧὩ ὦὩὪέὶὩ ὧόὰὰ 

 ὝὶὩὥὸάὩὲὸ

ὉὼὴὩὧὸὩὨ ὥὦόὲὨὥὲὧὩ ὥὪὸὩὶ ὧόὰὰ 
ὉὼὴὩὧὸὩὨ ὥὦόὲὨὥὲὧὩ ὦὩὪέὶὩ ὧόὰὰ 

 ὅέὲὸὶέὰ
 

 

                                                                          =       

 

 

 

 

ÅØÐ   

Worked example 

 (using dataset for whole period of study, best model: 

 Model output:  

Predictor Coefficient 

estimate 

Intercept 1.59 

Treatment 0.05 

Phase 0.04 

Treatment:phase -0.29 

  

Ratio of change in expected noisy miner abundance  in treatment sites to 

change in abundance in control sites:  

Exp (-0.29) =   0.75  

Calculating  ln expected  noisy miner abundances by treatment and phase 

using addition of logs (with backtransformed values in brackets) 

 Control  Treatment 

Phase 0 

(before cull)  

1.59 (4.90) 

 

1.59 + 0.05 = 1.64 (5.16) 

 

Phase 1 

(after cull)  

 

1.59 + 0.04 = 1.63 

(5.10) 

 

1.59 + 0.05 + 0.04 -0.29 = 

1.39 (4.01) 

 



 

 

Table S1. Output summaries for best model with 95% confidence intervals. 

 
Note i) due to the modelôs log link function, original model output gives coefficient estimates for the log of the dependent variable. The 
values given in this table have been back-transformed (see worked example above); ii) Coefficient estimates represent the relative 
change in the dependent variable (expected noisy miner abundance) for a unit change in the corresponding explanatory variable; iii) 
Area was standardised then logged. Hence the coefficient estimates for area represent the change in expected noisy miner abundance 
for a unit change in the log of the standard deviation of area.  

 Whole period of study 

(N=496 observations in 16 sites) 

Pre- and post-cull breeding seasons 

(N=256 observations in 16 sites) 

Immediately before to four months after 

cull (N=126 observations in 16 sites)  

Fixed 

effects 

(back-

transformed) 

Coefficient 

estimate 

Lower  

confidence 

interval 

Upper  

confidence 

interval 

Coefficient 

estimate 

Lower 

confidence 

interval 

Upper 

confidence 

interval 

Coefficient 

estimate 

Lower 

confidence 

interval 

Upper  

confidence 

interval 

Intercept 4.89 3.64 6.59 4.49 3.58 5.63 9.34 6.18 14.13 

Treatment 1.05 0.70 1.59 1.10 0.81 1.48 1.01 0.56 1.82 

Phase 1.04 0.88 1.23 1.21 1.00 1.47 0.85 0.62 1.18 

Season 1.54 1.37 1.73 -- -- -- -- -- -- 

Area 1.33 1.05 1.70 1.20 0.98 1.48 1.43 1.13 1.81 

Treatment x 

Phase 

0.75 0.59 0.95 0.72 0.54 0.95 0.89 0.56 1.41 

Random 

effects (log 

scale) 

Variance   Variance   Variance   

Farm 0.01   0.01   1.09 x 10-8  

Site 0.14   0.05   0.02   
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Model summaries 

Table S2. Summary of all models, in ascending order of AIC score. 
Note: i) base model used treatment, phase and 
treatment:phase interaction; the other models were the 
base model plus the corresponding variable; null models 
used random effects only; ii) best model for whole period 
of study was base model plus season and area, AIC = 
2640.4 

a) Whole period of study  

 

Model  AIC  ȹAIC 

Season 2643.6 0 

Area  2689.1 45.5 

Null 2691.6 48.0 

Base 2692.3 48.7 

Tree cover (100ha) 2692.8 49.2 

Tree cover 

(1000ha) 2693.0 49.4 

Tree stem density 2694.1 50.5 

TWI 2694.2 50.6 

 

b) Breeding seasons only 

model AIC  ȹAIC 

Area 1260.9 0 

Base 1262.7 1.8 

Null 1262.7 1.8 

Tree stem density 1263.9 3.0 

TWI 1264.1 3.2 

Tree cover (100ha) 1264.6 3.7 

Tree cover 

(1000ha) 1264.6 3.7 
 

 

c) Immediately before to 4 months after cull  

model AIC  ȹAIC 

Area  788.3 0 

Null 790.8 2.5 

Tree cover (100ha) 791.6 3.2 

Tree cover 

(1000ha) 791.9 3.7 

Base 792.9 4.6 

Tree stem density 794.9 6.6 

TWI 794.9 6.6 
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     Figure S2. Relationships between effort, area and number of birds culled 

 

 

 

 

Figure S3. Patch area and return on investment (per cent reduction 
in noisy miner abundance per  person-hour effort) for 
each of the 8 treatment sites. 
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Table S3. Model parameters used in cost model as 
predictors of noisy miner abundance in 
treatment sites (log scale)  

 

a) Whole period of study (N=248 observations) 

Fixed 

effects 

Coefficient 

estimate 

Lower  

confidence 

interval  

Upper  

confidence 

interval  

Intercept 1.65 -0.93 1.03 

Effort/Area 0.05 -0.33 0.41 

Phase  0.04 -0.55 0.39 

Effort x 

Phase  
-0.08 -0.18 0.18 

Random 

effects 

Variance   

Farm 0.29   

 

b) 2015 and 2016 breeding seasons (N=128 observations) 

Fixed 

effects 

Coefficient 

estimate 

Lower  

confidence 

interval  

Upper  

confidence 

interval  

Intercept 1.51 0.82 2.20 

Effort/Area 0.03 -0.22 0.28 

Phase  0.11 -0.40 0.62 

Effort x 

Phase  
-0.11 -0.31 0.09 

Random 

effects 

Variance   

Farm 0.12   

 

c) Immediately before to 4 months after cull (N=64 

observations) 

Fixed 

effects 

Coefficient 

estimate 

Lower  

confidence 

interval  

Upper  

confidence 

interval  

Intercept 2.10 0.88 3.32 

Effort/Area 0.07 -0.40 0.54 

Phase  -0.03 -0.99 0.93 

Effort x 

Phase  
-0.11 -0.48 0.26 

Random 

effects 

Variance   

Farm 0.28   
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Foreword 

Chapter two considered the direct output of the cull, noisy miner abundance. 

The purpose of managing noisy miner abundance, however, is to improve ecosystem 

function for declining small woodland birds. In chapters three and four, I consider 

the outcomes of the experimental cull for small woodland birds. Chapter three is an 

empirical study of the effect of removing an interference competitor on foraging 

opportunities for small woodland birds and on the amount of harassment suffered by 

small woodland birds. In temperate eucalypt woodlands of the southeast of Australia, 

many aggressive bird species harass other species and this is thought to limit foraging 

opportunities for small woodland birds. It is important to know if reducing noisy 

miner abundance improves foraging opportunities and reduces harassment for small 

woodland birds and that noisy miner aggression is not simply replaced by aggression 

by other species. 



96 

 

 

Abstract 

Interspecific competition is an essential element of the evolution of species and 

can strongly influence the abundance and distribution of species. Where competition 

interacts with anthropogenic habitat modification, this natural ecosystem process can 

become a threatening process. Understanding the mechanisms behind competition 

in such cases is essential for the formulation of cost-effective management responses 

for biodiversity conservation. According to the resource availability hypothesis of 

competition, interference competition limits access to resources by species 

vulnerable to aggression and wastes energy in evasive responses. Studying 

competition is notoriously difficult, however, empirical evidence of the resource 

availability hypothesis is limited, and there are few published experimental studies 

showing the effect at larger scales. We present the results of a controlled, replicated 

empirical study of interference competition at a landscape scale. We removed an 

aggressive, overabundant bird, Manorina melanocephala, whose interference 

competition is a threatening process for small woodland birds in the highly modified 

agricultural landscapes of eastern Australia. We monitored foraging and harassment 

rates of small woodland birds before and after removal to indicate if levels of 

interference competition changed. Due to unexpected immediate recolonisation, 

abundance of M. melanocephala in treatment sites declined by only 28% relative to 

control sites. Twenty-four bird species displayed aggressive behaviour towards other 

birds and 41 bird species were victims of aggression. M. melanocephala was 

responsible for 66% of all aggressive interactions. After removal, we recorded a 

doubling in foraging rate of small woodland birds in treatment compared to control 

sites. This appears to confirm the resource availability hypothesis of competition.  

Paradoxically, increased foraging was not accompanied by a decline in harassment. 

Low detection rates of harassment of small woodland birds, combined with the 

modest reduction in M. melanocephala abundance, make it difficult to draw firm 

conclusions about the relationship between rates of harassment and rates of foraging. 

Keywords 

Interference competition, Manorina melanocephala, noisy miner, 

overabundant native species, cull, population control, foraging, harassment 

3.1 Introduction   

Interspecific interactions such as competition can be a key determinant of the 

abundance and distribution of species (Case et al. 1974, Darwin 1859, Elton 1927). 

Through its effect on resource availability, competition can contribute to niche 
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contraction for less competitive species (Chase et al. 2002, Doherty et al. 2018, 

Kunte 2008). Interference competition occurs where there is a high degree of 

competitive overlap and resources are economically defendable, hence resources are 

monopolised by one group through aggressive exclusion of competitors (Brian 1956, 

Case et al. 1974). This form of competition can have a particularly strong influence 

on species assemblages when anthropogenic biotic or abiotic changes favour 

aggressive generalist species. Competition can then become a threatening process 

for declining species, leading to biotic homogenisation (Robertson et al. 2013, 

Rooney et al. 2007). Anthropogenic habitat modification is a particularly prevalent 

form of pressure that entails both biotic and abiotic changes and can transform 

interference competition into a threatening process (Bennett et al. 2015, Diller et al. 

2016, Leseberg et al. 2014, Robertson et al. 2013). Here, we consider the effects of 

an extreme form of interference competition exerted by an overabundant, 

hyperaggressive native bird. In combination with habitat modification, this 

competition has led to homogenisation of avian assemblages at a scale of over one 

million km2 (Mac Nally et al. 2012, Maron et al. 2013). 

Addressing such threats through habitat restoration is difficult politically and 

practically (Evans 2016, Hinton et al. 2013, Lindenmayer 2017, Mac Nally 2008). 

In addition, where biotic and abiotic conditions have been changing in the long term, 

hysteretic effects mean that removing the primary threat of competition may not 

ensure reoccupation by declining species (Maron et al. 2013, Suding et al. 2004). 

This is particularly the case where other competitive species have occupied the niche 

space vacated by declining species (Doherty et al. 2018, Hinton et al. 2013, Maron 

et al. 2013). Hence, direct intervention to reduce the abundance of species whose 

interspecific interactions threaten declining species is a common management 

response (Diller et al. 2016, Grarock et al. 2014, Kosciuch et al. 2008).  

Theory suggests that victims of interference competition have poorer access to 

resources and waste energy in responding to disturbance (Bechet et al. 2004, Ford 

1979, Mac Nally et al. 2005, Moore et al. 2016). If this is the case, then reducing the 

abundance of the interference competitor should improve resource availability for 

declining species and reduce the amount of aggression suffered. Studying 

competition is practically difficult, however, empirical evidence of the resource 

availability hypothesis is limited, and there are few published experimental studies 

showing such an effect at larger scales.  

We tested the effect of a landscape-scale experimental removal of a 

hypercompetitive native Australian bird, M. melanocephala (noisy miner), on 

foraging and harassment rates of declining small (<63g) woodland birds. This group 
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is among the most threatened of Australian birds (Barrett et al. 2007). M. 

melanocephala is a medium-sized honeyeater with a weight of 70 ï 80g (Higgins et 

al. 2001). It is a sedentary, colonial species whose extreme co-operative territorial 

aggression affects a wide range of small woodland birds (Maron et al. 2013). 

Aggressive exclusion of birds from potential habitat by M. melanocephala is a Key 

Threatening Process under Australian conservation legislation (Department of the 

Environment 2014). Impacts occur at M. melanocephala densities as low as 0.6 

birds/ha (Thomson et al. 2015) and across an area of 1.3 million km2  (Higgins et al. 

2001). The combination of the scale of their impact and the intensity of the 

interference competition they exert makes M. melanocephala both an environmental 

problem in urgent need of a solution, and an ideal experimental subject to test the 

mechanisms underpinning interference competition.  

Several ecologists have suggested culling of M. melanocephala as a 

management response in some circumstances (Mortelliti et al. 2016, Thomson et al. 

2015). Our study therefore has a theoretical and a practical component. We sought 

to elucidate the ecological processes underpinning the effect of a hyperaggressive 

competitor on declining bird species and to evaluate the potential for limiting such 

competition through lethal control of the hyperaggressive species. We used foraging 

rates and harassment rates as metrics of the intensity of interference competition. We 

compared these rates for small woodland birds before and after removal of M. 

melanocephala. We posed two questions: 

1. Does removing an aggressive, overabundant bird reduce interference 

competition for vulnerable species?  

2. Does removing an aggressive, overabundant bird increase foraging rates 

for vulnerable species?  

Based on expert opinion (M. Maron 2016, personal communication) and the 

evidence of previous removals of M. melanocephala (Grey et al. 1997, Grey et al. 

1998), we predicted that the cull would result in a significant reduction in M. 

melanocephala abundance in treatment sites compared to control sites. A priori, we 

posited three possible outcomes for small woodland birds.  

i. A decline in harassment rates and an increase in foraging rates, 

indicating that removing M. melanocephala improves resource 

availability. 

ii. An increase or no change in harassment rates and a decline or no 

change in foraging rates, indicating compensatory harassment by other 

bird species when M. melanocephala are removed.  
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iii.  A decline in harassment rates but no change in foraging rates, 

indicating that harassment by M. melanocephala is not the principal 

source of limited resource availability. 

However, due to almost immediate recolonisation of treatment sites by M. 

melanocephala after each of two culls, final M. melanocephala abundance in 

treatment sites in the post-cull breeding season was higher than expected. Similar 

compensatory immigration has been reported in a recent cull of M. melanocephala 

(Davitt et al. 2018) and other taxa (Grarock et al. 2012, Kierepka et al. 2017, King 

et al. 2011, Lazenby et al. 2015). Overall, M. melanocephala abundance in control 

sites increased by 21% (95% confidence intervals: -0.3%, 47%) and in treatment 

sites declined by 13% (29%, -6%) (Beggs et al. 2019b). We therefore predicted that 

any difference in the change in harassment or foraging rates between treatment and 

control sites would be commensurate with this lower than expected decline in M. 

melanocephala abundance. 

We also considered two potential complicating factors. First, Manorina species 

are highly social, with a complex co-operative territorial defence system (Arnold 

2000, Clarke et al. 1994, Dow 1970) and possible social associations with other 

species (Fulton 2008). Behavioural changes resulting from replacement of an 

existing Manorina community with new individuals following a cull are therefore 

possible and this could influence their interactions with other species (Davitt et al. 

2018). Second, M. melanocephala are not the only aggressive species present in this 

landscape. M. melanocephala structure species assemblages in the agricultural 

landscapes in which this study took place, favouring larger, aggressive generalist 

species (Maron et al. 2013). The study therefore also aimed to discover whether these 

other aggressive species compensate for any post-cull reduction in harassment by M. 

melanocephala.  

3.2 Material and Methods  

3.2.1 Study area 

We conducted our experiment from 2015 to 2017 in the adjacent shires of 

Gundagai (35°03'55.5"S 148°06'18.7"E) and Junee (34°52'11.7"S, 147°35'07.9"E), 

in the South West Slopes Bioregion of New South Wales, Australia (Figure 1). This 

region is part of eastern Australiaôs agricultural belt. More than 85% of the original 

woodland has been cleared in the region with local losses even higher (Lindenmayer 

et al. 2005). The ecological value of remnant patches of woodland is affected by 

fragmentation and degradation through grazing and changed nutrient and fire 
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regimes (Hobbs et al. 1990). 2.28 per cent of the land area of the bioregion is under 

conservation tenures (OEH 2015). The majority of remnant woodland in the region 

is on private farmland. Biophysical details of the study region are given in Mortelliti 

and Lindenmayer (2015). 

 

Figure 1. Study region and experimental design. a) Paired 

treatment/control study patches on study farms. 

Numbers in boxes refer to farm number. b), c) Maps 

showing relationship of treatment and control patches, 

and landscape configuration, on two representative 

farms. b) is Farm 2; c) is Farm 4.  

 

The study was located within the South West Slopes Restoration Study, a long-term 

ecological monitoring program conducted by The Australian National University. 

As part of this program, annual monitoring of birds has been conducted in woodland 

patches since 2000. Indications are that many small woodland birds have declined 

whilst M. melanocephala and larger aggressive generalist species have increased 

their range and abundance (Cunningham et al. 2008, Mortelliti et al. 2016). More 

recently, M. melanocephala abundance appears to be declining in the region 

(Lindenmayer et al. 2016, Mortelliti et al. 2015). 
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3.2.2 Experimental design 

We selected eight paired patches of remnant or regrowth native eucalypt 

woodland on seven private mixed arable/grazing farms in the region such that six 

farms had one pair of patches and one farm had two pairs (Figure 1). Patch size 

ranged from four to 49ha. Within each patch, we used an existing randomly 

located 200m marked transect as the central axis of a 2ha study site. We randomly 

allocated one patch in each pair to treatment or control (Figure 1). Each pair of 

patches was at least 1142m apart to ensure independence and discourage 

recolonisation post-cull, based on M. melanocephalaôs published home range of 

about 200m (Dow 1979). All sites had consistent detection rates of M. 

melanocephala of more than 20%.  

Habitat factors at both site and landscape scales affect presence of small 

woodland birds (Cunningham et al. 2014a, Montague-Drake et al., 2011, 

Polyakov et al., 2015). Hence, we chose paired woodland patches based on similar 

size and vegetation characteristics, using a rapid visual assessment, to account for 

variance at patch scale. We considered each farm to be a coherent ecological unit 

with consistent management of woodland patches (Cunningham et al., 2007) and 

for which the surrounding landscape was largely the same. Mean distance between 

treatment and control sites was 2224m, (SD = 1710m) so any local variations in 

productivity due to rainfall were likely to be similar in both treatment and control 

groups.  

We used a BACI (Before-After-Control-Impact) design (Stewart-Oaten et al. 

1986) to account for annual variations in environmental conditions that might 

affect bird behaviour or abundance (Lindenmayer et al. 2011, Tulloch et al. 

2016a). We conducted foraging and harassment surveys between October and 

December in all sites in the pre-cull 2015 breeding season and in the post-cull 

2016 season.  

3.2.3 Experimental treatment 

We conducted the cull of M. melanocephala in experimental treatment 

patches using a shotgun in May and June 2016 during the Southern Hemisphere 

winter, non-breeding, season. We conducted two complete culls at each treatment 

site. We culled across the whole of each patch and to a radius of 500m where 

patches abutted potential sources of recolonization such as other woodland 

patches. We considered culling complete when there was no visual or auditory 

response by M. melanocephala to a continuous 45-minute playback of a selection 
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of M. melanocephala calls. See Beggs et al. (2019b) for full methodology and 

costings of the cull.  

3.2.4 Survey protocols 

We conducted eight one-hour surveys of foraging and harassment rates at each 

site during the breeding season (September ï December) before the cull (2015) and 

in the breeding season following the cull (2016). Post-cull surveys continued up to 

six months after the cull. The eight repeat surveys were used to eliminate day effects 

(Field et al. 2002). The observer followed the 200m transect in each site twice in 

each direction whilst looking and listening for small woodland birds and aggressive 

interspecific interactions up to 50m either side of the transect. Detection at 40m is 

considered to be high in forest environments (Mac Nally et al. 2000, Mac Nally et 

al. 2005). Given minimal understorey and the open structure of the woodland in our 

study, we assumed high detection rates of birds up to 50m away.  

For foraging surveys, on discovering an individual or group of small woodland 

birds, the observer paused the timer and watched the bird(s) for foraging activity for 

up to one minute to avoid bias towards conspicuous behaviours. We recorded each 

foraging observation, whether of a single bird or a group, as one foraging event and 

also recorded group size. The timer was then restarted and progress resumed along 

the transect. For harassment surveys, we recorded any aggressive interspecific 

interaction and noted the species and number of the aggressor and victim along with 

location (Ground, Air or Canopy), duration, type of interaction (Chase, Supplant, 

Harassment, Posturing; see Table S1, Appendix), and the victimôs response (Retreat, 

Leave patch, Hold ground, Fight back). We defined aggressor species as species 

observed initiating at least one aggressive interaction with another species of bird.  

We did not conduct surveys during weather conditions likely to inhibit bird 

activity or detection, such as strong winds, rain and very high temperatures 

(O'Connor et al. 1980). We conducted six of the eight annual surveys in the five 

hours after dawn. Two out of eight were done later in the day with sites surveyed on 

a rotating basis such that over each season all sites were monitored equally at the 

different times. Such afternoon surveys have been used on previous studies in eastern 

Australia (Bennett et al. 2015, Robertson et al. 2014). Most surveys were conducted 

by the same experienced birdwatcher to minimise observer heterogeneity. 

3.2.5 Experimental variables 

The aim of the experiment was to explain the impact of the culls of M. 

melanocephala on the incidence of interference competition and of foraging by small 
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woodland birds whilst accounting for the influence of other site or landscape 

variables that might influence the response variables (Table S2, Appendix). Due to 

multicollinearity, we excluded woodland extent at 100ha and 10 000ha, using only 

woodland extent at 1000ha in our models.  

3.2.6 General approach to modelling  

We constructed generalised linear mixed effects models (GLMMs) of the 

effects of BACI base variables (Treatment, Phase and Treatment:Phase interaction) 

and other patch and landscape variables on foraging and harassment rates 

respectively. Treatment and Phase were binary variables. Treatment had values 

Treatment (cull) and Control (no cull). Phase had values 0 (pre-cull) and 1 (post-

cull). We started with a global model which included BACI base variables plus five 

landscape- and patch-scale predictor variables (Table S2, Appendix). We used a 

Poisson distribution for harassment models and a negative binomial distribution for 

foraging models as these gave the lowest AIC score. Models had a logarithmic link 

function and we included Site and Farm as random effects to account for repeated 

surveys over time (Zuur et al. 2009). We conducted standard diagnostic tests to 

ensure model assumptions were not violated. All modelling was done in the 

glmmTMB package (Brooks et al. 2017) in statistical software R, version 3.3.2 (R 

Core Team 2017).  

We used R package MuMin (Barton 2018) to assess all possible models using 

all predictor variables, constrained by inclusion of BACI base variables. Model 

selection was based on lowest Akaike Information Criterion (AIC) score (Burnham 

et al. 2003).  

The purpose of our modelling was to determine if changes in foraging or 

harassment rates from the pre-cull phase to the post-cull phase were different in 

treatment compared to control sites. In the BACI design, any such difference is 

indicated in the Treatment:Phase interaction term. The link function in our models 

provided the coefficients of predictor variables on the log scale. For simplicity of 

interpretation, we plot results back-transformed to the non-log scale to give expected 

numbers of harassment or foraging events with 95% confidence intervals.   

3.2.6.1 Qu1. Does removing an aggressive, overabundant 
bird reduce interference competition for vulnerable 
species? 

To indicate the amount and direction of aggressive interspecific interactions in 

this landscape under normal circumstances, we prepared an interaction matrix by 

cross-tabulating all interactions between aggressor and victim species pre-cull. From 
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this matrix we constructed a chord diagram in R package Circlize (Gu et al. 2014) to 

show visually the relationships between aggressors and victims.  

Small woodland birds were victims of harassment in only 41 cases across our 

two phases and two treatments, thereby limiting our scope for analysis to species 

level. For the purposes of modelling, we therefore aggregated the total number of 

harassment events where small woodland birds were victims. 

3.2.6.2 Qu2. Does removing an aggressive, overabundant 
bird increase foraging rates for vulnerable species? 

We first modelled the sum of foraging events of all species. The dominant 

species observed foraging, Pardalotus striatus (striated pardalote), accounted for 

63% of all foraging events by small woodland birds. We therefore repeated models 

excluding P. striatus to assess the effect of the cull on less common species.  

To quantify how foraging rates of different species of small woodland birds 

responded to the cull of M. melanocephala, we completed a multivariate analysis, 

fitting GLMMs by species for species detected foraging four or more times across 

the period of the study. We used R package Boral as this package is designed for 

multivariate abundance datasets. It uses Bayesian Markov chain Monte Carlo 

methods to estimate coefficients of variables and accounts for any correlation 

between response variables by incorporating possible latent variables due to 

unmeasured covariates. This allows inference about treatment effects at a 

community level (Hui 2016). We used a Poisson distribution with log link function, 

used Farm as a random effect and report model results based on 10 000 iterations of 

the Bayesian Markov chain Monte Carlo estimation method. 

3.3 Results 

3.3.1 Qu 1. Does removing an aggressive, 
overabundant bird reduce interference 
competition for vulnerable species? 

Aggressive interspecific interactions are common in this landscape. Across all 

sites and both phases of our experiment, we observed a total of 253 aggressive 

interspecific interactions. The average rate of such interactions per hour per 2ha site 

in the pre-cull phase was 1.19 in control sites and 0.59 in treatment sites. 24 bird 

species harassed other species and 43 species were victims of harassment, including 

the 24 aggressor species (Figure 2, Table S3, Table S4, Appendix). Two of the 43 

victim species were mammals, Antechinus flavipes (yellow-footed antechinus) and 

Vulpes vulpes (European fox), these two species suffering a total of four harassment 
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events (Table S3, Appendix).  Across all pre-cull surveys, M. melanocephala was 

responsible for 65.7% of harassment events with the next biggest aggressors being 

Lichenostomus penicillatus (white-plumed honeyeater) (7.5%) and Cracticus tibicen 

(Australian magpie) (7.1%) (Table S4, Appendix). Ten of the 41 avian victim species 

were small woodland birds (Table S3, Appendix). We observed a total of 41 

harassment events where small woodland birds were victims and a total of 208 events 

where other birds were victims (Table S3, Appendix).  

We found no evidence of a reduction in the total number of harassment events 

recorded following the cull, either for models which included all victim species or 

for models which included only small woodland birds (Figure 3, Table S6, 

Appendix). For models which included all victim species, the model with lowest 

AIC score included the base BACI variables plus Topographic Wetness Index and 

Corrected Perimeter to Area Ratio for woodland patches. However, five other 

candidate models had an AIC score within two units of this model (Table S8, 

Appendix), the most parsimonious of these being the base BACI model. Similarly, 

the best model for small woodland birds included only the BACI base variables 

(Table S8, Appendix). Table S6 (Appendix) shows coefficient estimates for the best 

harassment models. We found no evidence of a treatment effect on the amount of 

harassment by M. melanocephala (Table S9, Figure S2, Appendix).  

3.3.2 Qu 2. Does removing an aggressive, 
overabundant bird increase foraging rates for 
vulnerable species? 

We recorded small woodland birds foraging in 180 out of 256 surveys. Across 

all sites and both phases of our experiment, we observed foraging by 17 species of 

small woodland bird at an average rate of 4.5 foraging events per hour per 2ha site. 

P. striatus accounted for 3.0 foraging events per hour of this total. For all species 

other than P. striatus, we observed foraging in fewer than 13% of surveys in the pre- 

cull phase.  

To explain the differences between foraging rates of small woodland birds in 

treatment and control sites following the cull, four candidate models that included 

the BACI  base  variables (Treatment, Phase and Treatment:Phase  interaction)  had 

AIC scores within two units of each other (Table S10, Appendix). The two most 

parsimonious of these models each contained six explanatory variables:  
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Figure 2. Interspecific harassment networks in study sites before the cull (Treatment 

and Control sites aggregated).  

Coloured arcs are labelled with each species that was involved in aggressive interactions 
either as aggressor, victim or both. Chords of same colour as labelled arc 
indicate an aggressive interaction perpetrated by the labelled species. Where 
chords intersect with an arc of different colour, the different coloured arc 
denotes the victim of aggression. Thickness of chord indicates quantity of 
interactions. See Table S5, Appendix, for species glossary. 

 

Treatment + Phase + Treatment:Phase + Area + Forest extent at 1000ha + Total 

stems 

Treatment + Phase + Treatment:Phase + Area + Total stems + Topographic 

Wetness Index  

For both of these models, foraging rates increased in the post-cull breeding 

season in treatment sites (Figure 4a) and the relative increase in treatment sites was 

greater by a factor of two than in control sites (Figure 4b). Coefficient estimates are 

given in Table S11 (Appendix). 


