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Preface 

The data for this thesis come from three main sources. The majority of the 

Tasmanian data were collected by me, specifically for this study. The additional 

nest data from Scamander (Tasmania) used in Chapters 3 and 4 were provided by 

Prof. Jim Briskie (University of Canterbury), who also provided data from South 

Island robins and New Zealand fantails. Data from the Chatham Islands (black 

robin and Chatham Island tomtit) and from New Zealand bellbirds were provided 

by Dr Melanie Massaro.  

This thesis takes the form of four separate but related data chapters, tied 

together with a general introduction and a final synthesis. The data chapters have 

been written as papers suitable for publication in academic journals, but have 

been reformatted for consistency within the thesis. Because of this, some 

repetition among chapter introductions and methods sections is inevitable. All 

manuscripts have been prepared and written by the author of this thesis, but 

include data, advice and statistical support from Dr Melanie Massaro, Prof. Jim 

Briskie and Dr Dale Nimmo. Additional co-authors are acknowledged at the start 

of each chapter. At the time of writing, Chapter 5 has been published and Chapter 

2 has been submitted and is under review. All multiple pronouns (we, our) from 

published or submitted manuscripts have been changed to singular pronouns for 

the purpose of this thesis. 
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Abstract 
Over the last 500 years, the introduction of exotic species into new areas has been 

one of the primary drivers of native species’ declines and extinctions. The impacts 

of introduced species, particularly predators, are especially profound on islands 

such as New Zealand, where the native fauna evolved in the absence of terrestrial 

mammals. Whereas the life histories of most continental species reflect their 

shared evolutionary history with diverse predators, island species typically lack 

traits which allow them to recognise and avoid novel predators. However, there is 

increasing evidence that evolutionarily naïve species have acquired anti-predator 

responses over historical time periods. In this study, I investigated whether New 

Zealand songbirds have adjusted parental activity and nest site selection in the 

800 years since the arrival of the first terrestrial mammals, and whether 

behavioural responses to nest predation are lost under relaxed predation 

pressure. 

As parental activity at the nest can attract predators, it has been hypothesised 

that birds should reduce activity levels under high nest predation risk, but only if 

the predators are diurnal (i.e. active at the same time as the parent birds) and 

hunt by sight. To ascertain whether parental activity is likely to influence nest 

predation risk in Tasmanian birds, I used remote infra-red cameras to identify nest 

predators in Tasmanian woodlands. Having established that the main predators of 

Tasmanian songbird nests are diurnal birds, I compared parental activity between 

Petroica robins in Tasmania (where they evolved with diverse nest predators),  the 

South Island of New Zealand (where the birds evolved with no terrestrial 

mammals, but are now threatened by introduced mammalian nest predators), 

and the Chatham Islands (where the robins have never been exposed to 

mammalian nest predators). The Tasmanian species showed reduced activity at 
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the nest compared to the Chatham Island species. Despite evolving with no 

mammalian predators, South Island robins from a mainland population exposed 

to high levels of nest predation by introduced mammals, showed activity levels 

more similar to the Tasmanian species than to the Chatham Island species. 

However, South Island robins secondarily isolated from mammalian predators on 

offshore islands showed activity levels more similar to the Chatham Island species 

than their conspecifics at the mainland site. 

The height of South Island robin and New Zealand bellbird nests was compared 

between mainland sites with uncontrolled invasive predator communities, 

mainland sites with controlled invasive predators, and islands with no mammalian 

predators. In both species, nests were built higher in areas with terrestrial 

mammals than areas without terrestrial mammals, suggesting low nests are 

avoided in the presence of mammalian predators. However, nest height did not 

significantly predict nest survival in any of these populations, or in Tasmanian 

species exposed to abundant and diverse nest predators. 

 Previous studies have shown that predation by invasive European starlings are 

the main cause of nest failure in endangered Chatham Island black robins, but 

that some nests are more likely to be targeted than others. I show that 250 years 

after the arrival of starlings in the Chatham Islands, black robins can respond to 

personal experience of nest predation by this novel predator, by recognising and 

selecting safer nest sites for re-nesting attempts. 

Overall, this study demonstrates that evolutionarily naïve species are capable of 

developing and expressing predictable behavioural responses to novel predators, 

but that these behaviours can reverse under relaxed predation pressure. I discuss 

the potential management implications of these results, and the place of studies 

such as this in the broader context of life history evolution. 
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1. General introduction 
 

1.1 A brief history of avian life history theory 

 

"...a greater abundance of helpless or inexperienced young may induce, 

not a proportionately, but a disproportionately, greater attention from 

predators..."  

(Moreau, 1944 p.309) 

 

Moreau's statement was the first suggestion that risk of predation may influence 

life-history traits in birds. In the 1940s, Reginald Moreau, David Lack and 

Alexander Skutch began to formulate theories of life history evolution (Ricklefs, 

2000). The focus was clutch size: why do birds exhibit such extreme differences in 

the number of eggs they lay? It was clear that clutch sizes increased with latitude 

(Moreau, 1944, Lack, 1947, Ricklefs, 2000). Lack contended that clutch size 

reflected the average maximum number of young that could be fed by the parents 

(Lack, 1947), thus placing the focus on food availability: differences in clutch size 

between populations were due to differing ecological conditions, including day 

length, which affect foraging capacities of parent birds (Lack, 1947). 

Moreau (1944) had pre-empted Lack, stating that "The availability of food for 

nestlings is almost irrelevant; at most it would fix an upper limit to the brood that 

could be reared and, conceivably, by adaptation, an upper limit to the size of the 

clutch. But within this limit the food factor could not by itself determine the size 

of the clutch" (Moreau, 1944 p. 300). Later, Skutch (1949) – referring to his own 
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observations of species breeding in the central American tropics – also disputed 

Lack's contention. Skutch (1949) followed the theories of group selection to argue 

that, in a stable environment such as the tropics, population-wide disadvantages 

of increased fecundity (such as reduced resources, higher predation and 

conspecific competition) hold clutch sizes below the number of young parents can 

feed. Both Moreau (1944) and Skutch (1949) contended that clutch size, or the 

rate of reproduction, was adjusted to average annual mortality (the "theory of 

adjusted reproduction", as opposed to the "theory of maximum reproduction" 

championed by Lack; Skutch 1967). Contrary to Lack's steadfast belief in the 

importance of food, both Moreau (1944) and Skutch (1949) allowed for multiple 

factors influencing clutch size. The argument between Lack and Skutch continued 

into the 1960s (Skutch 1967); the idea that food availability was a major factor in 

the evolution of diverse avian life-histories through effects on fecundity, and 

subsequent trade-offs of fecundity with adult survival, outlived them both (see 

Martin, 1995). The search for an explanation for the diversity of avian clutch sizes 

continues today (e.g. Martin, 2014). 

As avian life history theory developed past considerations of clutch size, the 

importance of predation as an evolutionary driver became more prominent. 

Predation is the predominant source of egg and nestling mortality in birds 

(Ricklefs 1969), and therefore promotes selection for characters which reduce 

mortality rates both in parental care strategies and offspring life-history traits. In 

1949, Skutch suggested that snakes (the predominant nest predator in his tropical 

study system) were attracted to nests by the activity of parent birds and their 

begging young: the more trips parent birds made to and from the nest, the more 

likely the nest would be disclosed to predators. Thus, clutch sizes were 

constrained by the ability of parents to provision young without risking their 

death (Skutch 1949). Although Moreau had implicated attention from predators 
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as a driver of brood sizes (Moreau 1944), it is Skutch's hypothesis that has 

subsequently gained considerable attention from researchers investigating the 

association between parental activity and nest predation (e.g. Cresswell, 1997, 

Roper and Goldstein, 1997, Martin et al., 2000b, Weidinger, 2002, Muchai and du 

Plessis, 2005, Ghalambor et al., 2013). 

 In 1954, Lack suggested that natural selection may favour particularly rapid 

growth under high predation pressure, citing higher predation, smaller clutches 

and shorter nestling periods in species with open nests than in those that nest in 

holes (Lack, 1954). While disputing Lack's association between clutch size and 

growth rate, Ricklefs (1968) agreed with the idea that predation rate constitutes a 

strong selective force on nestling growth rates.  The period in which young birds 

are confined to the nest is a time of significant vulnerability, therefore high 

growth rates may be an adaptation for reducing the risk of nest failure, whether 

through predation or other causes. Kilham (1979) suggested that the shorter (3-

week) nestling periods of Downy Woodpeckers (Picoides pubescens), relative to 

the 4-week nestling periods of other sympatric woodpecker species, is related to 

their relatively weak bill and consequent inability to excavate their own nest 

cavities. The use of softer, more rotten dead trees increases the risk of egg or 

nestling loss through nest collapse (Kilham, 1979), thus a shorter nestling period 

reduces the time in which the young are vulnerable. Decreased nestling periods 

have also been demonstrated in North American passerines subject to 

interspecific brood parasitism (Remeš, 2006), and there is some evidence that 

nestlings from ectoparasite-infected broods fledge earlier than conspecifics (e.g. 

Moller, 1990, Moller, 1993, Berggren, 2005). 

Utilising a large database of avian life history parameters from passerine and non-

passerine species, Bennett and Owens (2002) concluded that deep, higher-taxon 
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life-history variation results primarily from differences in nesting habit: ancient 

divergence in nesting habit led to differential mortality and, consequently, an 

"explosive radiation" of other life-history traits (Bennett and Owens, 2002). As 

David Lack observed nearly 50 years earlier, birds with "safe" nesting sites 

typically begin breeding later in life, have smaller clutches and slower 

development compared to open-nesting birds (Bennett and Owens, 2002).  In 

analyses of published studies of American passerine and piciform species, Martin 

(1995) similarly found that nest site characteristics and predation risk were 

primary covariates of many life-history traits. Martin and Li (1992) looked more 

broadly at nest failure rate, and found a significantly greater rate of loss at the 

incubation and nestling stage in open-nesting birds than in cavity-nesting birds. 

The authors further split cavity nesting birds into "excavator" species, which 

excavate their own cavities, and "non-excavator" species which use existing 

cavities, and found significantly increased losses in non-excavator versus 

excavator species (Martin and Li, 1992).  

Since Moreau first suggested an association between nest predation and avian 

life-history evolution, there have been a vast number of studies investigating the 

influence of nest predation on nestling growth and development (Cheng and 

Martin, 2012, Remeš and Martin, 2002, Martin, 2014, Redfern, 1994, Bosque and 

Bosque, 1995), parental activity (Badyaev and Ghalambor, 2001, Halupka and 

Greeney, 2009, Martin et al., 2000b, Muchai and du Plessis, 2005), nest site 

selection (Eggers et al., 2006, Filliater et al., 1994, Martin, 1993, Martin, 1995, 

Remeš, 2005a, Soanes et al., 2015), nest size (Antonov, 2004, Biancucci and 

Martin, 2010, Mainwaring et al., 2014, Møller, 1990), nestling begging behaviour 

(Halupka, 1998, Leech and Leonard, 1997, Haff and Magrath, 2011, McDonald et 

al., 2009, Briskie et al., 1999) and a range of other life history traits. Although the 

results of these studies vary, overall it is clear that the relative risk of nest 
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predation is an important factor explaining life history divergence among birds 

across broad geographical regions (Badyaev and Ghalambor, 2001, Martin et al., 

2011, Martin et al., 2000a) and across more localized nesting habitats (Weidinger, 

2002, Eggers et al., 2008). Furthermore, many birds are able to assess the ambient 

or immediate risk of nest predation, and adjust their behaviour accordingly 

(Chalfoun and Martin, 2010b, Chalfoun and Martin, 2010a, Marzluff, 1988, Kearns 

and Rodewald, 2013, Kleindorfer et al., 2005, Kleindorfer et al., 2003). The 

majority of these studies have come from continental areas, where the observed 

life history traits reflect the outcome of long periods of coevolution between the 

birds and the predators, or from islands where exotic predators have replaced 

functionally similar native predators (e.g. Kleindorfer, 2007, O'Connor et al., 

2010). In contrast, relatively few studies have investigated the association 

between nest predation and life history traits in island birds that have only been 

exposed to mammalian nest predators for a matter of centuries or less (but see 

Bosque and Bosque, 1995, Massaro et al., 2008, Trevelyan and Read, 1989 for 

examples). 

 

1.2 Predator naïveté in island faunas 

1.2.1 The problem with islands 

Due to their ability to fly across large bodies of water, birds tend to be among the 

first animals to colonise new islands. On the other hand, mammals and reptiles 

rely on some form of transport—and quite a bit of luck—to arrive and settle on a 

new island. As a consequence, the native avifauna of many oceanic islands, as well 

as ancient continental islands such as New Zealand, evolved for long periods of 

time in the absence of mammalian or reptilian predators. Because of this, island 

faunas are particularly vulnerable to the effects of exotic predatory species. 
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Moors (1983) discussed the vulnerability of island (specifically New Zealand) birds 

to predation by exotic mammals, and suggests two interpretations of the term 

"vulnerability": first, the effects of predation on the long-term survival of the 

species; and second, individual susceptibility to predation.  

In continental areas where predators and prey have coevolved over millions of 

years, strong predation pressure has provided ample opportunity for predator 

recognition to develop, and for the evolution of a range of physiological, 

morphological and behavioural anti-predator strategies such as cryptic or 

aposematic colouration, increased vigilance and group sizes, physical protection 

or weaponry, and rapid escape responses (Caro, 2005). In contrast, where 

predation pressure is low or absent—such as on islands—anti-predator traits can 

be lost, or are less likely to evolve in the first place. Lacking the ability to recognise 

a threat and mount an appropriate behavioural response, an individual is fair 

game for any passing predator. This is known as prey naïveté (Cox and Lima, 2006, 

Sih et al., 2010), and is considered one of the main factors in island species 

declines (Milberg and Tyrberg, 1993, Carthey and Banks, 2014, Curry, 1986). 

Lacking experience of predators can make individual prey more susceptible to 

predation, but at a species or population level, evolutionary naïveté can be 

disastrous. The absence of native predators, as well as milder climates, reduced 

competition and different food sources, allowed insular faunas to evolve in quite 

different ways to their continental counterparts. Insular faunas typically show 

some trend towards gigantism or dwarfism, a pattern seen in most vertebrate 

groups including volant and non-volant mammals, birds and reptiles (Lomolino, 

2005). Usually volant groups such as birds and insects often became flightless 

(Duncan and Blackburn, 2007, Gibbs, 2009). Island faunas also tend to evolve 

slower life history strategies, with higher adult survival and reduced fecundity 
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(Duncan and Blackburn, 2007, Covas, 2012); hence, in the presence of a novel 

source of mortality, birth rates cannot keep up with death rates, and the 

population declines towards extinction. Insular populations and species often 

show lower genetic variation than comparable mainland groups (Frankham, 

1997). Low genetic diversity and small population sizes limit evolutionary 

potential, or the ability of a species or population to adapt genetically to 

environmental changes (Frankham, 1997, Frankham, 2005, Wright et al., 2009), 

thereby increasing the likelihood of local or total extinction.  

It is estimated that "hundreds to thousands" of bird species have been lost from 

oceanic islands since human colonisation (Blackburn et al., 2004), either through 

extirpation from one or more islands, or through total extinction. Human 

settlement on islands led in many cases to a dramatic change in the landscape 

through fire and habitat fragmentation, which may have greatly impacted on 

native faunas. However, exotic predators and prey naiveté have been major 

forces leading to the extinction of insular bird species (Blackburn et al., 2004, 

Brash, 1987, Hall et al., 2002, Milberg and Tyrberg, 1993, Steadman, 1995).  

 

1.2.2 Becoming naïve: the loss of predator recognition and antipredator 

responses 

Banks and Dickman (2007) proposed three levels of naïveté in prey. Animals with 

Level 1 naïveté show no recognition of the novel predator as a threat, and adopt 

no anti-predator behaviour. Such species are particularly vulnerable to the 

impacts of exotic predators (Banks and Dickman, 2007). Most island species fall 

into this category. Animals with Level 2 and Level 3 naïveté recognise predators as 

a threat, but either fail to express appropriate responses (Level 2) or respond 

appropriately but ineffectively (Level 3). Most species that evolved on islands 
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probably had some exposure to predators in their distant evolutionary past, when 

their ancestors inhabited continental areas. For instance, Trewick and Gibb (2010) 

suggest that some of the behavioural and morphological traits that have made 

New Zealand birds so vulnerable to predation are relatively recent, and represent 

acquired adaptations to predator-free island life rather than completely predator-

free evolutionary histories. It is possible, then, that the ancestors of island birds 

possessed some degree of predator recognition and response. So why would 

island species lose these adaptations? Some behavioural anti-predator defences, 

such a reduction in clutch size (e.g.Julliard et al., 1997), are costly to prey 

populations and may only be maintained if they increase net fitness (Jamieson 

and Ludwig, 2012, Anson and Dickman, 2013). When predation pressure is 

relaxed—such as when a population colonises a predator-free island—anti-

predator behaviours may thus become maladaptive and be lost from prey 

populations. Learned anti-predator behaviours may be lost within a short time 

through lack of opportunities for transmission (Blumstein and Daniel, 2005). For 

instance, Stewart Island Robins (Petroica australis rakiura) have evolved the 

ability to recognise and respond to mammalian predators since the introduction 

of Pacific Rats (Rattus exulans) in the 1600s; within a single generation, however, 

a population of Stewart Island Robins reintroduced to rat-free Ulva Island had lost 

fear and recognition responses to rats, leading to population declines when rats 

reinvaded the island (Jamieson and Ludwig, 2012, Masuda and Jamieson, 2013). In 

contrast, innate recognition or evolved physiological strategies may persist over 

tens to hundreds of thousands of years after predator removal, with more costly 

behaviours lost first (Blumstein et al., 2004, Blumstein, 2002). If a trait remains 

beneficial under the new regime (for instance, if a single predator remains), it may 

be retained in the population for much longer (Blumstein et al., 2004, Lahti et al., 

2009, Anson and Dickman, 2013). The retention of existing anti-predator 
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strategies may reduce the vulnerability of populations to invasive predators, as 

long as recognition of novel predators develops sufficiently quickly (e.g. Maloney 

and McLean, 1995).  

 

1.2.3 Losing naïveté: learning what to be afraid of 

In areas where historical introduction of exotic predators have impacted on native 

prey, those species that remain, even in small numbers, represent the survivors. 

In order to survive exposure to novel predators, native prey must either have had 

some innate ability to recognise and respond to the threat, or they must have 

been capable of adapting to predation, through behavioural plasticity or natural 

selection, quickly enough to counteract the strength of the predation pressure 

placed upon them.  

The prey naïveté hypothesis (Cox and Lima, 2006, Sih et al., 2010) is not an 

exclusively insular phenomenon: even in continental areas novel predators may 

impact heavily on native biotas, introduced predators typically having significantly 

greater effects on native animal populations than do native predators (Salo et al., 

2007, Short et al., 2002). The degree of predator naïveté may depend on how 

similar the novel predator is to native predators, which is likely to affect the level 

of predator recognition and response initially shown by the prey (Banks and 

Dickman, 2007, Sih et al., 2010). Accordingly, impacts of novel predators are likely 

to be highest in populations which have historically lacked any similar predators 

(Banks and Dickman, 2007, Sih et al., 2010), such as in populations inhabiting 

oceanic islands (Banks and Dickman, 2007, Cox and Lima, 2006, Sih et al., 2010). 

Over time, if a species survives the initial onslaught from a novel predator it 

should develop effective predator recognition skills and anti-predator responses 
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(Sih et al., 2010, Kovacs et al., 2012). These may evolve over evolutionary time or 

be learned within a generation (Caro, 2005, Sih et al., 2010).  

Experiential learning may rapidly lead to the development of appropriate anti-

predator responses to novel predators (Griffin, 2004), particularly during the 

predator-recognition stage. For example, Kruuk (2002) describes the response of 

Herring Gulls (Larus argentatus) to a model stoat (a novel predator). The gulls 

showed curiosity and some aggression towards the stoat alone but, when the 

model was accompanied by a dead gull, the birds flew up a long distance and 

showed intense curiosity but no aggression; subsequent presentation of the stoat 

alone elicited a much more wary response from the gulls, than the first 

presentation (Kruuk, 2002). Similarly, New Zealand Robins (Petroica australis) 

from a predator-free island did not respond to a model predator (stoat), but 

learned to recognise and respond to the stoat as a threat after only a single 

presentation of the model in conjunction with simulated conspecific mobbing 

behaviour (Maloney and McLean, 1995). How readily a prey species can adapt to 

novel threats depends on the presence or absence of similar predator archetypes 

in its evolutionary history (Griffin et al., 2000), although experience of any 

predator group may facilitate the expression of behavioural responses to novel 

predators (Blumstein et al., 2004). For instance, in their study of naïve New 

Zealand Robins, Maloney and McLean (1995) note that their results indicate 

learned threat recognition, rather than a novel response: the naïve birds exhibited 

defensive behaviour patterns in other contexts, such as when chicks were 

removed from the nest for banding (Maloney and McLean, 1995).  
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1.3 Nest predation: a special case? 

The above review of anti-predator strategies assumes that individuals express 

anti-predator behaviours to save themselves from predators. In such cases, 

recognising a threat and responding appropriately is literally a matter of life or 

death. But in many species, parents also have to protect their young against 

predators.  

As prey, altricial birds present four different life-stages which may be targeted by 

predators: the egg, the nestling, the fledged young, and the adult. How predation 

affects life history traits should depend on the relative risk of predation at 

different life stages.  In the presence of predators of both dependent young and 

adults, conflict may arise between the needs of the young (the parents’ current 

investment) and the parents’ chance of survival and future reproduction 

(Andersson et al., 1980). How this conflict is resolved depends on several factors 

including population demographics; the age and value of the young; the perceived 

risk to the parent or young; and the relative cost to the eggs or nestlings of lapsed 

parental care (Dale et al., 1996, Kleindorfer et al., 2005). 

While much research has focussed on the development of anti-predator traits in 

naïve prey, there has been considerably less focus on the development of 

parental strategies to combat nest predation (Berger et al., 2001, Massaro et al., 

2008, VanderWerf, 2012). In terms of the development of anti-predator 

behaviours, nest predation may differ from predation of adults in several ways. 

Whereas an adult encountering (and surviving) a predator has generally directly 

witnessed the attack, nest predation may occur when the parents are absent. For 

a behavioural response to develop, Brown (2012) suggests two criteria must be 

met. Firstly, the animal must be able to recognise which of the myriad 

environmental cues around it are associated with the event. If nest predation is 
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not witnessed, this recognition may be hampered. Secondly, the animal must be 

able to assess the consequences of its response with regards to the 

environmental cues. This can be difficult if the consequence is temporally 

separated from the response (Brown, 2012): nest site selection could be one 

situation in which the behavioural response (selection of a safe nest site following 

predation of an earlier nest) is temporally separated from the consequence of the 

response (success of the current nest). 

If nest predation differs from predation of adults, it may in fact be more 

analogous to brood parasitism. In both nest predation and brood parasitism, (i) 

the event is likely to reduce parental fitness, but is unlikely to lead to parental 

death, and (ii) the event may not be directly witnessed by the parents. In both 

cases, the parents of a parasitised or a predated brood may have little 

opportunity to observe and learn about these threats (Feeney and Langmore, 

2013). Social learning is important in parasite host species, where naïve 

individuals learn to recognise and respond to parasites through observing and 

copying the responses of more experienced individuals (Feeney and Langmore, 

2013). As with behavioural responses to predation, learned anti-parasitism 

behaviours can be lost from a population if it is no longer exposed to the parasite 

(Hale and Briskie, 2007). 

 

1.4 Study species 

New Zealand provides an ideal system to investigate the development of anti-

predator behaviours in evolutionarily naïve prey. The native avian, reptilian and 

invertebrate faunas evolved in the absence of mammalian predators, but show 

behavioural and physiological adaptations to predation by diurnal birds (Gibbs, 

2009). The first invasive mammalian predators to reach New Zealand were Pacific 
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rats, or kiore (Rattus exulans), which arrived with the first Polynesians in the 13th 

century (Gibbs, 2009, Duncan and Blackburn, 2004). The arrival of European 

settlers in the 18th century brought a second wave of mammalian predators, 

including brushtail possums (Trichosurus vulpecula), brown or ship rats (Rattus 

norvegicus), black rats (R. rattus), house mouse (Mus musculus), domestic cats 

(Felis catus) and three species of mustelid (Mustela spp.)(Duncan and Blackburn, 

2004). It is estimated that 40-50% of the native New Zealand bird fauna, 50% or 

more of the native frog fauna, one of three native species of bat, and a number of 

invertebrate and reptilian taxa, have gone extinct in the last 1000 years as a result 

of land modification and the competitive and predatory effects of introduced 

species; many surviving taxa are now considered threatened or endangered 

(Holdaway, 1989, Gibbs, 2009, O’Donnell, 2000). Although mammalian predators 

are widespread throughout mainland New Zealand and many of its offshore 

islands, some islands remain free from introduced predators, while predators 

have been removed from others to create sanctuaries for native species. This 

makes it possible to compare life history traits between native species exposed to 

introduced predators and their conspecifics in areas without introduced 

predators, allowing investigation of life history changes occurring over ecological 

time. Furthermore, the close relationship between many New Zealand  and 

Australian taxa (Trewick and Gibb, 2010) allows for comparative analyses of life 

history traits between congeneric taxa with very different evolutionary histories 

of predation. 

The Petroica robins are a genus of small insectivorous passerines that are found 

throughout Australia, Melanesia, Polynesia and New Zealand. Because of the close 

relationship between species and their distribution in Australia and New Zealand, 

the Petroica robins are ideal for comparative analyses of behavioural responses to 

nest predation. Three species of Petroica are found in Tasmania, of which two 
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(the pink robin, P. rodinogaster and the flame robin P. phoenicia) are included in 

this study. Different sources recognise three or four distinct Petroica species in 

New Zealand: the tomtit (P. macrocephala), the Chatham Island or black robin (P. 

traversi), and the New Zealand robin; the New Zealand robin is either considered 

a single species (P. australis), with North Island (P. a. longipes) and South Island 

(P. a. australis) subspecies, or—more commonly—as two distinct species (P. 

australis and P. longipes). It is thought that the New Zealand Petroica species 

represent two separate colonizations from Australia, although this is not 

conclusive (Miller and Lambert, 2006, Trewick and Gibb, 2010) and the 

relationships between the Australian and New Zealand Petroica remain largely 

unresolved (Christidis et al., 2011). Molecular analysis suggests that ancestral 

Petroica robins invaded New Zealand during the Pliocene or early Pleistocene, 

some 3-5 million years ago (Miller and Lambert, 2006, Tennyson, 2010). In this 

thesis, I include data from black robins, the Chatham Island subspecies of tomtit, 

and the South Island robin (which I refer to as P. australis thoughout). Black robins 

and Chatham Island tomtits are endemic to the Chatham Island archipelago, and 

the data included in this study are from a single island (Rangatira) which has 

always been free from mammalian predators (Massaro et al., 2013). Populations 

of the South Island robin persist on the New Zealand mainland, where they are 

threatened by a range of introduced nest predators (Moors, 1983); additionally, 

populations of the species have been translocated onto a number of offshore 

islands where they are isolated from introduced mammals (Armstrong, 2000). This 

thesis includes and compares data from mainland and island South Island robin 

populations. The Tasmanian and New Zealand Petroica species included in this 

thesis, and their predator histories, are summarised in Table 1.1. 
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Table 1.1. Summary of Petroica species, study sites and predator histories 
included in this thesis 

Site Predator history Study species 

Tasmania 
(Sandspit, 
Judbury, Three 
Thumbs) 

Coevolved with diverse nest 
predators, exotic mammalian 
predators also present 

Pink robin  
P. rodinogaster 

Flame robin  
P. phoenicea 

Mainland New 
Zealand  
(Kowhai Bush, 
Waimangarara 
Bush) 

Coevolved with avian 
predators but not 
mammalian predators. 
Exposed to exotic 
mammalian nest predators 

South Island robin 
P. australis 
 

New Zealand 
islands  
(Motuara Island, 
Allports Island) 

Coevolved with avian 
predators but not 
mammalian predators. 
Ancestors were exposed to 
exotic mammalian predators, 
but populations have been 
isolated from exotic 
mammals for decades 

South Island robin 
P. australis 

Chatham Islands 
(Rangatira) 

Coevolved with avian 
predators, but never exposed 
to mammalian predators 

Black robin P. traversi 

Chatham Island tomtit 
P. macrocephala 

1.5 Thesis overview 

Nest predation by introduced species has had a profound impact on the native 

birds of New Zealand (Duncan and Blackburn, 2004, Diamond and Veitch, 1981, 

Remeš et al., 2012b), but little is known about how those species that survived 

the initial predator onslaught have adapted to this novel and important threat. 

The overall aim of this thesis is to answer the question: do New Zealand birds 

show anti-predator behaviours similar to those of closely-related Tasmanian 

species which evolved under high natural rates of nest predation? 

This thesis takes the form of four separate but related data chapters, tied 

together with a general introduction and a final synthesis. In Chapter 2, I set the 

scene for subsequent chapters by looking at predation of passerine nests in 

Tasmania. In this chapter, I determine rates of nest predation and identify 
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predators at songbird nests using motion-triggered cameras. To test whether 

parental activity influences the likelihood of nest predation, I compare predation 

rates between active nests, and inactive nests which have been baited with finch 

eggs. I review studies of predator identification from around the world, to see 

whether the importance of specific predator groups differ between northern, 

southern and tropical areas. 

Following on from Chapter 2, in Chapter 3 I take a broad view, comparing nest 

survival and patterns of parental activity across Tasmanian and New Zealand 

Petroica species and populations which vary in their evolutionary and recent 

exposure to nest predators. Here, I focus not only on longer-term adaptations to 

nest predation in New Zealand Petroica robins, but I also look at behavioural 

changes occurring over short periods of time, when populations are again isolated 

from exotic predators through translocation to predator-free islands. 

In Chapter 4, I test the influence of nest height on nest survival in a number of 

Tasmanian and New Zealand passerines. In addition, I compare survival and nest 

height between island and mainland populations of the South Island robin and the 

New Zealand bellbird, to determine whether the presence of mammalian 

predators alters nest site selection in these species. 

In Chapter 5, I narrow my view to a single species, testing whether Chatham Island 

black robins, which evolved on a remote archipelago with no nest predators, 

respond to nest predation by invasive European starlings by nesting in safer sites. 

The thesis concludes with a final synthesis of the main outcomes of my research, 

with a discussion of potential implications for conservation management of 

species threatened by exotic predators and suggestions for future research.
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2. Identification of predators 

at songbird nests in 

Tasmanian woodlands, using 

remote cameras 

 

Abstract 

Nest predation is considered a key source of selection in birds, shaping avian life 

history evolution and behaviour. However, avian life history strategies and 

behavioural responses to predators may be specific to particular predator groups. 

Knowledge of key nest predators provides a better understanding of how 

particular predators and their foraging modes shape anti-predator behaviours and 

traits, as not all responses may be equally effective against all predators. I used 

motion-triggered cameras to identify predators at nests of four species of 

songbird in Tasmanian woodlands, where native mammalian predators are still 

abundant. Nest survival rates differed among species, but were generally 

consistent with other Australian studies. I identified ten predator species. Birds 

were the most common predators of arboreal nests, while mammals were 

responsible for half of the predation events recorded at low nests. Despite the 

main predators in this study system being diurnal, visual hunters, the likelihood of 

nest predation did not differ between active nests with parental attendance, and 

the same nests with eggs but no parental attendance, suggesting parental activity 

is not an important foraging cue for the predators in our system. In a review of 

studies in which cameras have been used to identify nest predators I show that, as 

in my study, birds are common predators of passerine nests across the globe, 

recorded in 95% of studies from northern temperate regions, 70% of studies from 
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southern temperate regions, and 67% of studies from the tropics. Most studies 

recorded multiple predator species, which are likely to vary in their temporal and 

spatial foraging patterns and thus place opposing selective pressures on nesting 

birds. The results of this study highlight the importance of identifying nest 

predators to species level to fully understand the evolution of anti-predator 

behaviours in nesting birds. 

 

2.1 Introduction 

Reproductive failure in birds can be attributed to a range of intrinsic and 

environmental factors, but for many passerine species predation of eggs or young 

is the primary cause of nesting failure (Ricklefs, 1969, Remeš et al., 2012a). Birds 

are therefore under strong selective pressure to reduce the likelihood of nest 

predation through the development and expression of behavioural responses and 

life history traits (Martin, 1993, Remeš et al., 2012a). While life history traits such 

as a reduction in clutch size (e.g. Martin, 1995, Julliard et al., 1997), shorter 

developmental periods (e.g. Martin, 1995, Remeš and Martin, 2002) and the 

ability to re-nest after failure (e.g. Filliater et al., 1994) can be considered 

generalised adaptations to nest predation, behavioural responses to nest 

predation may be specific to particular predators (Colombelli-Négrel and 

Kleindorfer, 2009, Martin and Joron, 2003). For instance, nest height can influence 

the likelihood of predation by different predator guilds, with birds more likely to 

predate higher nests and mammals more likely to target lower nests (Söderström 

et al., 1998, Remeš, 2005a, Bosque and Bosque, 1995). Consequently, high risk of 

nest predation by mammals can induce birds to nest higher (e.g. Forstmeier and 

Weiss, 2004), while predation by birds can produce the opposite effect (e.g. Peluc 

et al., 2008). Similarly, a reduction in parental activity at the nest may reduce the 
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likelihood of detection by visual, diurnal predators (Skutch, 1949) but will not be 

adaptive where the main predators are nocturnal (Duncan Rastogi et al., 2006, 

Roper and Goldstein, 1997).  

The life-history consequences of nest predation have formed the focus of many 

studies over several decades (see Ibáñez-Alamo et al., 2015 for reviews, Lima, 

2009, Martin and Briskie, 2009), but in many cases all predation events, regardless 

of whether the predator was a mammal, bird or reptile, have been grouped 

together as a single cause of nest failure (Benson et al., 2010, Remeš, 2005a, 

Soanes et al., 2015). Therefore, it has not been possible to attribute a particular 

behavioural response to predation by a specific predator guild. Knowledge of the 

key predators of a given species is important for understanding how prey will 

respond to predation over evolutionary or ecological timescales. Identifying key 

predators can also be critical for effective management of prey populations that 

are threatened by nest predators. 

Nest predation rates of Australian passerine birds are typically high (Remeš et al., 

2012a, Guppy et al., 2014), and increased rates of nest predation resulting from 

mesopredator release and landscape fragmentation are thought to have 

contributed to population declines in some woodland bird species (Ford, 2011, 

Remeš et al., 2012a). In spite of this, little information is available regarding the 

identity and behaviour of predators at the nests of Australian birds. Information 

from Tasmania is particularly lacking.  Whereas much of the small to medium 

marsupial fauna has been lost from large parts of the Australian mainland, the 

absence of European foxes (Vulpes vulpes) from Tasmania has allowed marsupial 

predators such as eastern quolls (Dasyurus viverrinus), brushtail possums 

(Trichosurus vulpecula) and antechinus (Antechinus spp.) to persist in wild 

ecosystems (Short and Smith, 1994). Tasmanian ecosystems therefore provide an 
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opportunity to determine the importance of native mammals as nest predators. 

Empirical research on the magnitude of nest predation and identity of principal 

nest predators can give us the best indication of the pressures that have shaped 

the avifauna of southern Australia. 

Most previous attempts to identify nest predators in Australian ecosystems have 

relied on diagnostic signs and traces left in the nest (Major, 1991b), but such 

methods are generally insufficient for identification of individual predator species, 

and are not always reliable (Brown et al., 1998, Williams and Wood, 2002). Nor 

can they give insight into the timing of predation events, unless nests are checked 

frequently.  The development of camera technology has allowed constant 

monitoring of nests, and the ability to record predation events or attempts and 

retrospectively identify predators, often to species level (e.g. Major, 1991b, 

Brown et al., 1998, Guppy et al., 2014, Colombelli-Négrel et al., 2009). The aim of 

this study was to investigate patterns of nest predation in woodland-nesting 

songbirds in south-eastern Tasmania, Australia. Specifically, I aimed to determine 

(i) the prevalence of nest predation in this system, and (ii) the identity of nest 

predators and the relative importance of different predator guilds. I then used an 

artificial nest experiment to test whether the presence of parents at the nest 

influences predation rates in Tasmanian songbirds. Finally, I compared my results 

to those from other camera studies that identified  nest predators from northern 

temperate, southern temperate and tropic regions. The results of this study afford 

a rare and important insight into nest predation in Tasmanian woodland 

ecosystems. 
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2.2 Methods 

2.2.1 Study species and sites 

This study focussed on five songbird species: pink robin Petroica rodinogaster, 

flame robin P. phoenicia, grey fantail Rhipidura fuliginosa, Tasmanian thornbill 

Acanthiza ewingii, and the brown thornbill, A. pusilla. The species included in this 

study were chosen for my ability to find and monitor sufficient numbers of nests, 

and the suitability of the nesting substrate for installing cameras. These five 

species cover a diverse range of nesting habitats: flame robins and grey fantails 

are common in open sclerophyll woodlands in Tasmania, while pink robins are 

restricted to wetter forests and gullies, and thornbills are widespread across the 

two habitats. Robins and fantails typically build open-cup nests above the ground 

in trees or shrubs, although flame robins may also nest in semi-open tree cavities.  

The majority of nests of these arboreal species were greater than 1.5m above the 

ground, with the single exception of a flame robin nest built 0.5m above the 

ground. Thornbills build enclosed dome nests, usually low to the ground in 

tussocks or low shrubs. All thornbill nests were found below 1.0m.  Robin, fantail 

and thornbill nests were monitored at four sites in eastern Tasmania: Sandspit 

River Conservation Area (230 ha, 42°42’S 147°51’E), Three Thumbs State Reserve 

(42°37’S 147°51’E); Judbury (120 ha, 43°00’S 146°53’E) and Scamander Forest 

Reserve (100 ha, 41°27’S 148°15’E). The vegetation within the sites ranged from 

dry, open eucalypt/acacia woodland (Three Thumbs, Scamander and the northern 

end of the Judbury site), where flame robins, brown thornbills and fantails are 

common, to dense wet forest (Sandspit and the southern portion of the Judbury 

site) where pink robins are found nesting. All four sites are subject to limited 

human use, but lie within a matrix of agricultural land and/or production forestry. 

Potential nest predators at each site (based on direct observation, traces or 
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habitat suitability) include several species of native birds, marsupials and snakes, 

as well as feral rats (Rattus spp.) and cats (Felis catus). In general, the predator 

communities are assumed to be similar across sites. 

 

2.2.2 Nest monitoring 

Nest searching was undertaken during regular visits to each site, from early 

September to late January. The study covered four nesting seasons, but not all 

sites were used in each season (Scamander: 2004 only; Three Thumbs: 2014 only; 

Sandspit: 2014 and 2015; Judbury: 2015 and 2016). Nests were found by following 

adult birds, and were monitored at 1-5 day intervals from the time they were first 

found to the time at which they were found inactive, either through fledging or 

failure (as per Martin and Geupel, 1993). Where possible, nest contents were 

checked using a small digital camera mounted on an extendable pole (maximum 

height 4 metres), allowing definitive determination of nest stage (egg or chick). 

The status of nests which were too high to check in this way was determined from 

observations of parental activity, particularly male visits to the nest (taken as an 

indication of the presence of chicks) and apparent chick-feeding by the female on 

arrival at the nest. Determination of parental activity was made either through 

direct observation (observation bouts approximately 1–30 minutes) or through 

video recordings of the nest (duration approximately 1–3 hours). In most cases, 

the day of hatching could be determined +/- 2 days using these methods. Robin 

nests were considered to have survived to fledging if fledglings were seen outside 

the nest, or if chicks were seen alive in the nest at least 12 days after the 

estimated hatch date. Thornbills were considered to have survived to fledging if 

they were seen alive in the nest at least 15 days after the estimated hatch date 

(based on a 16-20 day nestling period, Higgins et al., 2002). The height of each 
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nest was measured using a clinometer or, where possible, direct measurement 

using a tape measure. Height was taken as the vertical distance between the base 

of the nest and the ground. 

I used natural nests in situ to test whether nest attendance by parents affects the 

likelihood of nest predation. We placed finch eggs (various species, sourced from 

a local breeder, approximate size 20 x 12mm, variable colouration) in 17 nests 

(open nests = 12, domed nests = 5) which had previously been monitored during 

the natural nesting attempt. The finch eggs did not mimic those of the original 

nesting species, but were intended to represent “generic” songbird eggs with 

respect to dimensions and colour. Nests were baited at least 10 days (range 10–27 

days) after the conclusion of the natural nesting attempt, in order to minimise the 

chance that individual predators would remember and return to previously 

predated nests (Weidinger and Kočvara, 2010). As nests are rarely re-used 

following predation (pers. obs.), I considered it unlikely that individual predators 

would routinely return to previously predated nests. Only nests which could be 

accessed and were suitable for monitoring with an infra-red camera were used. 

The height of nests used for the experiment ranged from 0.5m to approximately 4 

m above the ground. The finch eggs were checked at 1–5 day intervals, as per the 

monitoring regime for natural nesting attempts. The number of eggs in each 

artificial clutch equalled the number of eggs in the original clutch for that nest, 

and the exposure time equalled the incubation period for that species based on 

published literature (robins, 16 days; fantails, 14 days; thornbills, 18 days: Higgins 

et al., 2002).  
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2.2.3 Camera monitoring and predator identification 

I identified predators at natural and experimental nests of four of the five study 

species (pink robin, flame robin, grey fantail and brown thornbill) in Sandspit, 

Three Thumbs and Judbury in 2014, 2015 and 2016. The height of monitored 

nests ranged from 0.5 m to 8 m, with all but one of the nests below 1 m in height 

being thornbill nests. The cameras used (Reconyx Hyperfire 600 covert PIR trail 

cameras, Reconyx Inc., Holmen, WI, USA) are approximately 140 x 100 x 75 mm, 

with a camouflage pattern and invisible (black) flash. Cameras were mounted 1–2 

m from each nest, and were set to take single, hourly images as well as 10 images 

per trigger event, with no delay between images or triggers.  

Cameras were only installed at nests once incubation had begun, to minimize the 

chance of desertion through disturbance. Some nests were only found after eggs 

had hatched, in which case I only monitored the nestling stage. I installed cameras 

while the incubating bird was absent from the nest and it took approximately 2–

15 minutes. There was no evidence that camera installation led to desertion of 

the nest. The presence of a camera at the nest did not alter the likelihood of nest 

success (with cameras: 11/27 nests survived; without cameras, 10/21 nests 

survived; χ2 (1) = 0.03, P = 0.85). Cameras remained in place until the natural 

nesting attempt and (where relevant) the experimental “incubation” period was 

complete. Typically, batteries and memory cards lasted at least three weeks 

without replacement, although this varied depending on the positioning of the 

camera and the frequency of “false” triggers by shifting light or vegetation. If nest 

contents were missing or there was evidence of tampering of the nest, all images 

on the memory card were checked for a record of the predation event (the 

presence of a predator at or near the nest). If there was no record of the 

predation event, the hourly images were scanned to determine the last time an 

incubating or brooding bird was last recorded on the nest. Although imprecise, 
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particularly during the nestling stage, this narrowed the potential time in which 

the predation event could have occurred. In the event that a predator was 

recorded at the nest, the predator was identified to species. The time of day, and 

the stage of nesting (incubation, nestling or experimental) was noted.  

 

2.2.4 Analysis 

Estimates of nest survival for each species were determined using logistic-

exposure analysis, following Shaffer (2004). The logistic-exposure method models 

nest survival as a function of the number of days for which a nest was under 

observation (exposure time), based on the assumption that nests found at a more 

advanced stage are more likely to survive (Mayfield, 1975). I used a Generalised 

Linear Mixed Effects model with a logistic-exposure link function, nest success as a 

binomial outcome variable, and site as a random factor, to account for differences 

in survival across study sites. Daily survival rates (DSR) for each species were 

predicted from the appropriate model. Overall success rates were estimated by 

raising the DSR to the power of the total number of days in the nesting period, 

with robin nesting periods taken as 32 days, fantails as 26 days, and thornbill 

nesting periods as 35 days. Daily survival rates for experimental nests (inactive 

nests with finch eggs) were calculated with survival as the binomial outcome 

variable and species (i.e. the species that built the nest) as a random variable.  

The effect of parental activity on egg predation was tested using the subset of 

nests (n = 17) in which I had put finch eggs. I used a Generalised Linear Mixed 

Effects model with the fate of the experimental stage as a binary outcome 

variable, fate of the natural incubation stage (i.e. nest success when parents were 

attending) as a categorical predictor variable and species as a random variable. All 
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analyses were carried out using the lme4 package (version 1.1-12, Bates et al., 

2016) in R version 3.2.1 (R Core Team, 2015). 

 

2.2.5 Review of predator identification studies 

I conducted a systematic literature search of studies that used camera technology 

to identify predators of songbird nests. Isearched the Scopus and Web of Science 

databases, using the search terms [nest AND predate* AND (camera* OR video*) 

AND identif*] in March 2017. The search results were manually filtered to include 

only studies in which (i) the study species was a passerine or, if multiple species 

were included, the majority were passerines; and (ii) the number of predation 

events by each of four major predator guilds (bird, mammal, reptile, invertebrate) 

could be determined. Because of small sample sizes outside of North America, I 

expanded the search for studies from other regions by searching cited references 

from relevant papers. Where the same data were used in more than one study, 

only a single study was included. If nests were subject to multiple predation 

events, all events were included in the analysis unless it was clearly stated in the 

original paper that the same predator species was responsible for all events at a 

given nest. The studies were classified by continent, latitude and whether active 

or artificial nests were used. 

 

2.3 Results 

2.3.1 Nest survival 

In total, data were collected from 61 open cup nests (pink robin, n = 26, flame 

robin, n = 14, grey fantail, n = 21) and 23 domed thornbill nests, in which eggs 

were laid and incubation was initiated. Nest success and estimated survival rates 
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for each species are given in Table 2.1. Grey fantail and flame robin nests were 

more likely to be predated than pink robin or thornbill nests (Figure 2.1). One pink 

robin nest and two brown thornbill nests fledged cuckoo chicks and have been 

excluded from calculation of daily survival rates, but are included in analyses of 

predation. Most nest failures could confidently be attributed to predation, based 

on camera records or the disappearance of eggs or young from the nest (Table 

2.1). Other known causes of nest failure included hatch failure (n = 1 pink robin 

nest), chick starvation (n = 1 pink robin nest) and the loss of the nest due to 

inclement weather (n = 1 pink robin nest); the cause of the remaining nest failures 

were unknown. 

Finch eggs were placed in 17 nests following the conclusion of the natural nesting 

attempt (open nests: n = 12; domed nests: n = 5). Three arboreal open nests 

(25.0%) and one low domed nest (20.0%) were predated during the experimental 

period, giving an overall daily survival rate of 98.3% (Table 2.1). Four of the 

seventeen nests used in the experimental stage had previously been predated 

during the natural incubation stage, but only one nest was predated in both the 

incubation and experimental stages. The fate of the finch eggs was not related to 

the fate of the natural incubation eggs for that nest (z = 0.00, P = 1.00). 
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Figure 2.1 Cumulative probability of nest failure for natural nests of four species 
of passerine birds in Tasmania. Failure probability is calculated as (1-survival 
probability), where survival probability was estimated using logistic exposure 
analysis. Exposure time is the number of days in which the nest was under 
observation prior to failure or fledging 

 

Table 2.1. Daily probabilities of nest failure (DFR) and nest survival (DSR) for 
active and experimental songbird nests. Cumulative survival likelihood is 
calculated over the expected nesting period duration for each species (robins = 
32d, fantails = 26d, thornbills = 35d). Estimated failure likelihood is not given for 
experimental nests, as the length of the “nesting” period varied 

Species n Number 
fledged  
(% of total) 

DFR DSR Survival  
likelihood 

Known predated  
(% of failed nests) 

Pink robin 26 12 (46.2) 0.036 0.964 31.1% 6 (42.9) 
Flame robin 14 5 (35.7) 0.051 0.949 18.9% 6 (33.3) 
Grey fantail 21 7 (33.3) 0.070 0.930 15.4% 14 (100) 
Thornbill 23 14 (60.9) 0.032 0.968 31.6% 9 (100) 
Experimental 17 n.a. 0.017 0.983 n.a. 4 (100) 
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2.3.2 Predator identification 

In total, 27 nests were monitored with remote cameras (arboreal open nests: n = 

21; low domed nests: n = 6). Twenty nests were monitored during one or both 

natural nesting stages (with parental attendance) only, sixteen nests were 

monitored during natural and experimental (no parental attendance) stages, and 

one nest was monitored during the experimental stage only.  Seventeen 

predation events occurred at monitored nests during the incubation (n = 4), 

nestling (n = 9) or experimental stages (n = 4), with a further predation event 

recorded after the end of the 17-day experimental period. Two additional 

predation events or attempts were observed at nests not monitored by remote 

cameras. Of these 20 predation events, the predator was identified in 15 cases 

(Table 2.2). 

Native birds were the main recorded predators of open nests, accounting for nine 

of the 11 (81.8%) recorded nest predators, and 6 out of 7 (85.7%) identified 

predator species (Table 2.2). Only one open nest was predated by a mammal (in 

the incubation and experimental stages): a pygmy possum was recorded at this 

nest over multiple nights following predation of the robin eggs and the finch eggs, 

suggesting that the same individual may have been responsible for both predation 

events. Small mammals were responsible for two of the four (50.0%) recorded 

predation events at thornbill nests. The remaining two thornbill nests were 

predated by birds. I recorded no nest predation by reptiles or invertebrates at low 

or arboreal nests, despite snakes and ants being common on the study sites. All 

recorded predation events by birds occurred during daylight hours. Two of the 

three mammalian predation events occurred at night. Of the five predation events 

that were not recorded, one occurred during the day, the timing of the remaining 

four was unknown. 



32 
 

 

2.3.3 Predator identity studies from other ecosystems 

Of the 78 papers that matched my selection criteria, the majority were from 

North America, followed by Australia and Europe (Table 2.3). When categorised 

by latitude, 59 studies (75.6%) were from northern temperate areas, 10 (12.8%) 

were from southern temperate areas, and 9 (11.5%) were from the tropics. The 

average number of nests filmed was highest in northern temperate studies (79.6 

nests; range: 7–308), intermediate in tropical studies (50.2 nests; range 6-=122) 

and lowest in southern temperate studies (40.9 nests; range : 6–100). Most 

studies reported multiple predator species (Figure 2.2). Mammals were recorded 

as predators in 91.0% of all studies, birds in 88.5% of all studies, and reptiles in 

44.9% of all studies. Birds were most often reported as nest predators in studies 

from northern temperate regions (Figure 2.3). Reptilian predators were not 

recorded in any studies from southern temperate areas. Invertebrate predators 

(predominantly ants, including invasive fire ants Solenopsis invicta) were recorded 

in 14.1% of studies overall, but again were absent from south temperate studies.  
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Table 2.2.  Predators recorded at songbird nests monitored with motion-triggered cameras. Two observations were from nests without cameras, where 
predation was observed during routine monitoring 

Prey species Predator Eggs Chicks Experimental 

Pink robin 

 

Accipiter spp.  1  

Horsfield’s bronze-cuckoo Chrysococcyx basalis   1†  

Grey butcherbird Cracticus torquatus 1   

Grey shrike-thrush Colluricincla harmonica 1†  1 

Black currawong Strepera fuliginosa  1  

Unknown 2 1 1 

Flame robin Eastern pygmy-possum Cercartetus nanus 1  1 

 Grey butcherbird Cracticus torquatus  1  

 Grey currawong Strepera versicolour   1‡ 

 Unknown  1  

Grey fantail Accipiter spp.  1  

Brown thornbill Fan-tailed cuckoo Cacomantis flabelliformis  1  

 Horsfield’s bronze-cuckoo Chrysococcyx basalis   1 

 Eastern quoll Dasyurus viverrinus  1  

 Cat Felis catus  1  

Total  5 10 5 

†Predation event observed during routine monitoring 

‡Predation occurred after the end of the 17-day experimental period
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Table 2.3.  Number of studies that used cameras to identify nest predators, by 
region.  

Region Number of studies 
(% of total) 

North America 51 (65.4) 
Europe 7 (9.0) 

Australia 6 (7.7) 
New Zealand 4 (5.1) 

South America 3 (3.8) 
Asia 2 (2.6) 

Africa 1 (1.3) 
Islands 4 (5.1) 

 

 

Figure 2.2 Number of species of birds, mammals and reptiles recorded predating 
nests in 59 camera studies where species diversity was reported. The darker the 
point, the more studies represented. 
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Figure 2.3 Proportion of 78 camera studies in which each predator groups was 
recorded predating passerine nests 

 

2.4 Discussion 

The results of this study highlight the importance of nest predation as a cause of 

nesting failure in Tasmanian songbirds. Despite the diversity of potential 

mammalian predators in my study sites, native birds were by far the most 

commonly recorded nest predators. Predation is the most common cause of nest 

failure for most Australian birds (Debus, 2006a, Guppy et al., 2012). My results are 

consistent with this previous finding, with up to 19 (86.4%) of open nest failures, 

and all three domed-nest failures, attributed to predation. For the five species 
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included in this study, next success ranged between 15% and 33%, consistent with 

records for other open-cup nesting passerines in Australia (Major, 1990, Zanette 

and Jenkins, 2000, Russell et al., 2004, Remeš et al., 2012a, Dowling, 2003, 

Lambert and Kleindorfer, 2006, Debus, 2006a). In some cases, nest survival 

probability may have been slightly overestimated, as some nests assumed to have 

fledged young based on the timing of chick disappearance, may in fact have been 

subject to late-stage predation (e.g. Williams and Wood, 2002).  

Native birds (7 species) were by far the most frequently observed predators of 

songbird nests in my study sites. This was particularly evident at open nests, 

where birds were responsible for nine of 11 predation events in which the 

predator was identified (active and experimental nests combined). Birds were the 

main nest predators of all three arboreal species I monitored with cameras in this 

study, which included wet forest-dwelling pink robins, as well as open woodland 

species (flame robin and grey fantail), suggesting the importance of avian nest 

predators is not restricted to one habitat type. Indeed, some widespread predator 

species were recorded at nests in both wet and dry forest areas. Although birds 

were only recorded predating nests in 70% of camera studies from southern 

temperate regions, other  (non-camera) studies from Australia have similarly 

found high prevalence of avian predators: for instance, Zanette and Jenkins (2000) 

found that 99% of 363 predation events on artificial cup nests could be attributed 

to birds. The majority of the avian predators we recorded in this study are well-

known as predators of passerine nests in Australia. Both of the two currawong 

species present in Tasmania (grey currawong Strepera versicolour and black 

currawong S. fuliginosa) were recorded predating open cup nests. Nest predation 

by the closely-related pied currawong S. graculina is considered a major source of 

nesting mortality in mainland Australian passerines (Bayly and Blumstein, 2001, 

Fulton and Ford, 2003), including robins (Debus, 2006b), while grey currawongs 
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have been recorded predating open-cup nests (Gardner, 1998) and domed superb 

fairy-wren (Malurus cyaneus) nests (Colombelli-Négrel et al., 2009) elsewhere in 

Australia. Similarly, grey shrike-thrushes and grey butcherbirds are known to 

predate passerine nests on the Australian mainland (Gardner, 1998, Ford, 1999); 

indeed, Major et al. (1999) cited these two species as the most frequent predators 

of artificial nests built to resemble those of red-capped robins (Petroica 

goodenovii), together accounting for 70% of recorded predation events.  

Two cuckoo species were recorded predating or attempting to predate nests in 

this study. Nest predation by brood parasites is relatively common in the northern 

hemisphere (Davies, 2010, Hauber, 2000) and in New Zealand, where shining 

cuckoos (Chrysococcyx lucidus) and long-tailed cuckoos (Eudynamis taitensis) are 

known to predate passerine nests (Briskie, 2007, Beaven, 1997, McLean and 

Jenkins, 1980). In contrast, predation of passerine nests by brood parasites has, 

until recently (Guppy et al., 2014), not been definitively recorded in Australia, 

although some authors have inferred predation by parasites from indirect 

evidence (Morris and Catchpole, 1978, Brooker and Brooker, 1996). Many brood 

parasites remove an egg from the nest when laying, in order to maintain the same 

clutch size (Davies, 2010), but during a predation event a brood parasite will 

remove nest contents even when parasitism of the clutch is not possible. I 

recorded two cases in which cuckoos attacked nests containing chicks (including 

one robin nest in which the chick was old enough to fly from its attacker). These 

nests were clearly too advanced for parasitism, but predation of an advanced nest 

may benefit a parasite by eliciting the production of a replacement clutch which 

can itself be parasitised (the “farmer” hypothesis:  Hauber, 2014). Predation of 

local nests may also reduce competition for parasitic young (e.g.Granfors et al., 

2001). The prevalence of nest predation by cuckoos in this study, and that of 
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Guppy et al. (2014), suggests that this may be a more common phenomenon in 

Australia than has been previously recognised.  

I recorded only three cases of nest predation by mammals, two of which involved 

brown thornbill nests. Eastern quolls are common in grassy areas of the Judbury 

site (pers. obs.), and are known predators of ground-roosting and ground-nesting 

birds (Godsell, 1983). Cats are major predators of native wildlife in Australia 

(Dickman, 1996, Barratt, 1997), and are also known to predate low nests 

(Dickman, 1996). The observation of an eastern pygmy-possum eating eggs was 

novel: most research suggests that the primary diet of this species is plant 

material (fruit, seeds and pollen) and invertebrates (Harris, 2008), and to our 

knowledge there has been no published record of eastern pygmy-possums eating 

eggs. The cat was the only non-native predator recorded during this study. Other 

studies have demonstrated that exotic rodents, particularly rats, are occasional or 

frequent nest predators in Australian ecosystems (e.g. Matthews et al., 1999, 

Major and Gowing, 1994, Major, 1991b, Smith et al., 2016, Colombelli-Négrel et 

al., 2009), but I did not record non-native rodents at any nests in this study. 

Introduced rats are widespread throughout Tasmania (Hocking and Driessen, 

2000) but were not recorded in a fauna survey of Weilangta forest (North and 

Williams, 2011), an area that includes two of the sites used in this study (Sandspit 

and Three Thumbs). No signs of non-native rodents were detected at the Judbury 

site during the course of this study. However, given the small number of camera-

monitored nests in this study and the bias towards accessible nests for monitoring 

with cameras, it is likely that a number of other mammalian nest predators,  

including introduced rodents, are present in the study sites but were not recorded 

during this study. 
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In four cases, apparent predation of a monitored nest (based on disappearance of 

eggs or chicks) was not recorded on camera. Two of these cases could be 

attributed to issues with camera deployment. It is possible that the other two 

unrecorded predation events involved predators which were not detectable by 

the cameras we used, which use a combination of temperature and movement to 

detect an object. An animal with a temperature similar to ambient temperature 

(such as a reptile) may not trigger the camera. Snakes, for instance, have been 

recorded predating passerine nests elsewhere in Australia (e.g. Major, 1991a), 

and typically leave no diagnostic evidence of predation in the nest (Major, 1991b). 

The absence of reptilian predators from other southern temperate camera studies 

may be attributable to the same problem; alternative detection methods, such as 

the continually-recording time lapse cameras used by Reidy et al. (2008), could be 

used to clarify the importance of snakes as nest predators in Tasmania and 

elsewhere in Australia. 

This study demonstrated that passerine nests in Tasmanian woodlands are subject 

to predation by a diverse range of predator species: in total, I recorded ten 

different predator species across two predator guilds (birds and mammals) in the 

15 predation events in which the predator was identified. Similarly, most studies 

included in the literature review reported multiple predator guilds active at nests. 

Weidinger (2008) reviewed the relationship between the number of nests 

monitored with cameras and the diversity of recorded predators in 31 case 

studies, and found a strong positive relationship between the number of recorded 

predation events and the number of species identified. The number of nests 

monitored with cameras varied considerably across the studies included in our 

literature review, from six to 308, and the number of predation events recorded 

ranged from two to 178. Generally, studies from southern temperate regions 

included fewer camera-monitored nests than those from the northern 
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hemisphere, suggesting that in many studies, including mine, the observed 

predator diversity may be an underestimate of true predator diversity in southern 

regions. Predator groups vary in their spatial and temporal patterns of activity, 

and use different sensory cues to find prey. As a result, many behavioural 

responses to nest predation are specific to particular predator guilds (Filliater et 

al., 1994, Duncan Rastogi et al., 2006), and different predators can place opposing 

pressures on behaviours such as nest site selection (Bosque and Bosque, 1995, 

Peluc et al., 2008, Forstmeier and Weiss, 2004) and nest attendance (Weidinger, 

2002, Kleindorfer et al., 2005). A high diversity of nest predators may therefore 

limit a nesting bird’s ability to reduce nest predation risk (e.g. Filliater et al., 1994). 

Skutch (1949) proposed that diurnal, visually-oriented predators cue on parental 

activity to determine the location of nests. Numerous investigations of this 

hypothesis have been made across diverse study systems (e.g. Roper and 

Goldstein, 1997, Farnsworth and Simons, 1999, Halupka and Greeney, 2009, 

Martin et al., 2000b, Muchai and du Plessis, 2005, Paclik et al., 2012), but 

relatively few studies have actually demonstrated that key predators are indeed 

diurnal and use visual cues for locating nests (Duncan Rastogi et al., 2006, Libsch 

et al., 2008). Roper and Goldstein (1997) neatly demonstrated the importance of 

predator identification in examinations of Skutch’s hypothesis: their observation 

that predation rates at Western slaty antshrike (Thamnophilus atrinucha) nests 

did not increase with parental activity was explained by the predominance of 

nocturnal mammalian predators in their study system. In contrast, my study 

shows that diurnal birds are the main predators at Tasmanian songbird nests, 

suggesting that parental activity should influence the likelihood of nest predation. 

Contrary to my expectation, however, the proportion of experimental nests 

(without parental activity) that were predated was similar to the proportion of 

natural nests (with parental activity) predated, suggesting that avian predators 
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may not be relying solely on parental cues to locate nests. Birds were recorded 

predating nests in 75% of artificial nest studies included in the literature review, 

and were the most commonly recorded predator of artificial nests built to 

resemble eastern yellow robin (Eopsaltria australis) nests (Zanette and Jenkins, 

2000) and yellow-rumped thornbill (Acanthiza chrysorrhoa) nests (Galligan and 

Kleindorfer, 2008) in other Australian studies. This suggests that parental activity 

is not necessary for avian predators to locate and plunder nests. While the 

negative relationship between canopy cover and nest predation by avian 

predators reported in many studies (e.g. Chiavacci et al., 2014, Eggers et al., 2008, 

Cox et al., 2012a) suggests that some avian predators (typically corvids and 

raptors) actively search for nests from the air, most of the avian predators 

recorded in this study were small to medium species that forage among bark and 

foliage for invertebrates (Ford et al., 1986, Cale, 1994, Holmes and Recher, 1986, 

Recher and Davis Jr, 2002), and are therefore likely to opportunistically find and 

predate songbird nests regardless of parental activity or other visual cues (Filliater 

et al., 1994, Soler and Pérez-Contreras, 2012, Vigallon and Marzluff, 2005). Given 

the different foraging strategies of predators even within the same guild, 

identifying predators to species is an important step towards understanding the 

evolutionary arms-race between prey and predators. 

 Two alternative explanations can be proposed for the unexpectedly high 

predation rate of experimental nests that I observed in this study. It is possible 

that predators cued on researcher activity to locate nests. Regular visits to nests 

by human observers can increase the likelihood of nest predation (e.g. Major, 

1990), although other studies have shown no effect of visitation on predation (e.g. 

Lambert and Kleindorfer, 2006, Farnsworth and Simons, 1999). Although I cannot 

conclusively reject the possibility that observer presence attracted predators to 

nests, no predation events at experimental nests were recorded on the same day 
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that the nest was visited and checked. A second possible explanation for the 

results is that the predation-risk cost of parental activity is counterbalanced by the 

presence of parents at or near the nest. Parental presence can have positive, 

negative or neutral influences on nest predation risk (Weidinger, 2002, Svagelj et 

al., 2009). In some cases, parents may be capable of actively or passively 

defending the nest against predators (Halupka and Greeney, 2009, Evans and 

Stutchbury, 2012), but this depends on the relative size and type of the predator 

(Weidinger, 2002, Kleindorfer et al., 2005). All avian predators recorded in our 

study were larger than the prey species, but could conceivably be deterred by 

defensive parents. The presence of an incubating bird on the nest may also reduce 

the likelihood of a visual predator detecting the nest (Cresswell, 1997, Swanson et 

al., 2012). Swanson et al. (2012), for instance, found that nests being “incubated” 

by stuffed female American robins (Turdus migratorius) were less likely to be 

predated by avian predators than nests without decoy parents, possibly because 

sitting birds concealed the eggs. In contrast, Cresswell (1997) suggested that 

incubating blackbirds (Turdus merula) increased the detectability of the nest, due 

to the profile of the sitting bird. As both the open-cup nesting robin species we 

used in our study have light coloured eggs and cryptic female plumage, and 

typically sit quite low in the nest, the egg-concealment hypothesis may apply in 

these species.  

My study highlights the importance and diversity of nest predators within single 

habitats, both in Tasmania and across other regions. As behavioural responses to 

nest predation can be effective against some predators, but neutral or 

disadvantageous against others even within the same guild, the use of camera 

technology to identify predators to species level is an important first step for any 

robust investigation of anti-predator behaviours in prey species.  
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Appendix 2.1. Example predator images 

 

Grey butcherbird with flame robin nestling, Judbury, 2016 

 

Eastern pygmy-possum at flame robin nest, Sandspit, 2014 
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Brown goshawk at grey fantail nest, Sandspit, 2015 

 

Grey shrike-thrush at pink robin nest, Judbury, 2017 
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Grey currawong at pink robin nest, Sandspit, 2015 

 

Cat at brown thornbill nest, Three Thumbs, 2014 
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Eastern quoll at brown thornbill nest, Judbury, 2016 

 

Horsfield’s bronze-cuckoo at brown thornbill nest, Judbury, 2015 
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3. Parental activity and the 

risk of predation in Petroica 

robins 

 

Abstract 

The introduction of novel predators into new areas has been a major cause of 

species declines and extinctions across the globe. The impact of introduced 

predators is particularly strong in island faunas, which have no evolutionary 

experience with some predator groups and therefore may not recognise and 

respond to evolutionarily novel predators. To understand whether New Zealand 

birds, which evolved in the absence of mammalian nest predators, are responding 

to the new and increased threat of predation from introduced mammals, I 

compare patterns of parental activity among populations of Petroica robins from 

New Zealand and Tasmania, which vary in their evolutionary and current exposure 

to mammalian nest predators. South Island robins that are exposed to introduced 

mammalian nest predators show patterns of parental activity similar to those of 

Tasmanian robins, which coevolved with native predatory mammals. In contrast, 

South Island robins from populations translocated onto mammalian predator-free 

islands show activity patterns more similar to those of New Zealand species that 

have never been exposed to predatory mammals. The results of this study suggest 

that New Zealand birds are capable of behavioural adjustments when faced with 

evolutionarily novel predators, but that these behaviours are lost when predation 

pressure is relaxed. This raises the possibility of integrating evolutionary concepts 

into management and conservation efforts in order to ensure the long-term 
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survival of native island bird species, specifically where the eradication of exotic 

predators is either economically or biologically unrealistic 

 

3.1 Introduction 

Ninety-five percent of all birds that have gone extinct over the past 500 years 

have been island species (Loehle and Eschenbach, 2011). The introduction of 

exotic predators has been a key factor in island bird declines and extinctions 

(Diamond and Veitch, 1981, Duncan and Blackburn, 2004, Johnson and 

Stattersfield, 1990, Trevino et al., 2007, Loehle and Eschenbach, 2011, Savidge, 

1987). Although non-native predators can have considerable effects in any 

ecosystem, their impact can be especially profound on islands, where the native 

fauna may have evolved for millions of years with few native predators (Milberg 

and Tyrberg, 1993, Salo et al., 2007, Cox and Lima, 2006). In continental areas, 

coevolution with diverse predators facilitated the development of predator 

recognition and the evolution or learning of adaptive behavioural responses in 

prey species. Behavioural responses to predation can be costly to maintain 

(Blumstein and Daniel, 2005), so are often lost when predation pressure is 

relaxed, for instance when prey species colonise predator-free islands (Blumstein 

et al., 2004, Jamieson and Ludwig, 2012, Whitwell et al., 2012, Anson and 

Dickman, 2013, Lahti et al., 2009). Consequently, island faunas often lack the 

ability to recognise novel predator archetypes, or respond effectively to non-

native predators (Milberg and Tyrberg, 1993, Cox and Lima, 2006, Banks and 

Dickman, 2007, Sih et al., 2010). 

The ability to recognise and respond to predators has both innate (evolved) and 

learned components (e.g. Wiebe, 2004, Veen et al., 2000, Griffin and Evans, 

2003). There is clear evidence that some naïve prey species can learn to recognise 



49 
 

predators and produce appropriate responses (e.g. Griffin et al., 2000, Maloney 

and McLean, 1995, McLean et al., 1996), and that this can be transferred to other 

individuals through social learning (Griffin, 2004, Moseby et al., 2016, Griffin and 

Evans, 2003). Most tests of predator recognition in evolutionarily naïve prey have 

involved experimental procedures or specific training (Carthey and Banks, 2014), 

but a few studies have demonstrated that wild, naïve prey populations can 

develop anti-predator behaviours, either through learning or through natural 

selection (e.g. Massaro et al., 2008, VanderWerf, 2012).  

If prey populations develop anti-predator behaviours in the wild, such behaviours 

can be lost in populations that are isolated from predators through translocation 

into predator-free areas or captivity (Jamieson and Ludwig, 2012, Whitwell et al., 

2012, Snyder et al., 1996). This loss can occur through relaxed selection or 

through the absence of opportunities for social learning. Learned predator 

recognition and behavioural responses can be lost from isolated populations 

within as little as a single generation (Blumstein, 2002, Whitwell et al., 2012). This 

can be a problem if the isolated population is intended as a source population for 

reintroduction into areas where predators are present: reintroductions of captive-

raised individuals into the wild often have limited success compared to 

reintroductions from wild populations (Fischer and Lindenmayer, 2000, Snyder et 

al., 1996, Griffith et al., 1989), often because of the presence of exotic predators 

(Moseby et al., 2015). In recognition of the drawbacks of isolating populations 

from predators, there is now increasing interest in exploiting the ability of naïve 

prey to develop anti-predator responses for in situ management of threatened 

species (Moseby et al., 2016, Doherty and Ritchie, 2017). 

Faced with the consequences of introduced predators, traditional strategies in 

threatened species management often involve intensive predator control, or 
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translocation of threatened prey populations to predator-free islands. Such 

strategies have proven successful, but are expensive, labour-intensive and may 

need to be continued indefinitely (Scofield et al., 2011). However, two 

important—but often untested—points should be considered: firstly, is the source 

population showing adaptive responses to exotic predators, and secondly, will 

these be lost when predators are removed? 

Parental activity at the nest may disclose the location of the nest to diurnal 

predators, thereby increasing the risk of nest predation (Skutch, 1949, Muchai and 

du Plessis, 2005, Weidinger, 2002, Martin et al., 2000a). In theory, under high 

levels of nest predation there should therefore be directional selection towards 

lower rates of parental activity. Support for this hypothesis has previously been 

demonstrated between geographic locations with different rates of nest 

predation (e.g. Badyaev and Ghalambor, 2001), between coexisting species with 

different nest predation risks (e.g. Martin et al., 2000a) and within species as a 

response to immediate or ambient predation risk (e.g. Chalfoun and Martin, 

2010b, Eggers et al., 2005, Ghalambor et al., 2013, Kleindorfer, 2007). However, 

to my knowledge only one other study (Massaro et al., 2008) has investigated 

adaptive adjustments to parental activity in naïve island birds. In this chapter, I 

investigated patterns of parental activity in populations of Australasian robins 

(Petroica spp.) that vary in their evolutionary and current exposure to nest 

predators. My study had two primary objectives. Firstly, I aimed to determine 

whether South Island robins (P. australis), which evolved with few native nest 

predators, have adjusted their patterns of parental activity in response to the 

presence of exotic mammalian predators. To test this, I compared parental 

activity in South Island robins with activity in Petroica species from the Chatham 

Islands (no evolutionary or current exposure to mammalian nest predators) and 

Tasmania (coevolved with diverse nest predators). Secondly, I compared parental 
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activity in mainland South Island robins with that of populations that were 

translocated onto predator-free islands in the 1970s, to determine whether 

behavioural responses to predation are lost under relaxed predation pressure. 

The aim of this study is to investigate the possibility of integrating evolutionary 

concepts into the management and conservation of native island species to 

ensure their long-term survival even in the presence of exotic predators. 

  

3.2 Methods 

3.2.1 Study sites and species 

The Petroica robins are small (7—30 g) insectivorous birds belonging to the family 

Petroicidae, the Australasian robins. The genus comprises 13 species throughout 

Australia, Melanesia, Polynesia and New Zealand, three of which are present in 

Tasmania, and four in New Zealand. My research focussed on seven populations 

(five species) of Petroica robins in Tasmania and New Zealand. 

In Tasmania, the flame robin (P. phoenicea) breeds in predominantly dry, open 

woodland areas, while the pink robin (P. rodinogaster) inhabits relatively dense, 

wet forest and rainforest. These species were studied in three sites on the east 

coast of Tasmania: (i) Three Thumbs State Reserve *42°37’S 147°51’E+, a 3100 ha 

area of mostly dry, open eucalypt woodland, surrounded by forestry plantations 

and farmland; (ii) Sandspit River Conservation Area *42°42’S 147°51’E+, a 230 ha 

area of wet eucalypt and acacia forest surrounded by forestry plantations; and (iii) 

a 120 ha area of private land in Judbury *43°00’S 146°53’E+, comprising north-

facing dry eucalypt forest and south-facing wet forest, surrounded by farmland 

and native bush. Flame robins were recorded in the Three Thumbs and Judbury 

sites, pink robins in the Sandspit and Judbury sites. The main predators of robin 
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nests in these sites, identified through the use of motion-controlled cameras were 

native birds. Other potential nest predators at the sites (based on observed signs 

or habitat suitability) included native carnivorous marsupials (e.g. antechinus, 

Antechinus spp. and spotted-tailed quolls Dasyurus maculatus) and feral 

mammals such as black rats (Rattus rattus). 

The Chatham Island black robin (P. traversi) and Chatham Island tomtit (P. 

macrocephala chathamensis) were studied on Rangatira (Hokorereora/South East 

Island, -44°20'S 176°10'E), a 244 ha island in the Chatham archipelago, 

approximately 800 km east of New Zealand’s South Island. The island is free from 

mammalian predators, but nests are predated by introduced European starlings 

(Sturnus vulgaris)(Massaro et al., 2013). An estimated 113 ha of the island are 

mostly Plagianthus chathamicus-dominated forest (Roberts, Duncan & Wilson, 

2007), while 60 ha are scrubby vegetation (dominated by Muehlenbeckia 

australis, bracken and grasses) and another 71 ha (mostly along the coast) are 

rocky or ground with minimal vegetation (Massaro et al., in review). 

Data were collected from South Island robins (P. australis) in three sites in New 

Zealand: (i) Kowhai Bush (42°22’S 173°36’E), a 240 ha area of native forest; (ii) 

Motuara Island [-41°05’S 174°16’S+, a 59 ha island in the Marlborough Sounds; 

and (iii) Allports Island [-41°14’S 174°03’E+, a 16 ha island in the Marlborough 

Sounds. The Kowhai robin population is a natural population which is exposed to a 

range of exotic nest predators including stoats (Mustela erminea) and weasels (M. 

nivalis), black rats and house mice (Mus musculus)(Moors, 1983). The two island 

populations were each founded from five individuals in 1973; the Allports 

population was translocated from Kowhai Bush, and the Motuara population was 

transferred from nearby Nukuwaiata Island (Ardern et al., 1997). Motuara and 

Allports Islands are free from introduced mammalian predators, but the founder 
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individuals would have been exposed to rodents and mustelids (Kowhai) or just 

rodents (Nukuwaiata) in their place of origin (Boessenkool et al., 2007). The 

vegetation composition of the Kowhai, Allports and Motuara sites is similar, with 

all three comprising successional forests with fully-enclosed canopies (Michel et 

al., 2008, Moors, 1983, Maloney and McLean, 1995, J. Briskie, pers. comm.). 

 

3.2.2 Data collection 

Data on nesting and parental activity were collected over 11 seasons (Kowhai 

Bush, 2001-2004; Allports and Motuara Islands, 2008-2010; Black robin and 

Chatham Island tomtit, 2007-2009; pink robin and flame robin, 2014-2016). Nests 

were found by following adults throughout the breeding season (September-

January), and were checked at 1-4 day intervals. Data on nesting traits (timing, 

clutch/brood size, nest height, survival) were collected where possible. 

To analyse patterns of parental activity, nests were video-recorded during the 

incubation and nestling stages, using Sony HDR-PJ670 or Sony DCR-SR45E video 

cameras. Nests were filmed following a recording protocol that was consistent 

with other studies (e.g. Massaro et al., 2008, Martin et al., 2000b, Martin and 

Ghalambor, 1999). Each nest was filmed once during each nesting stage, for six 

hours starting within 30 minutes of sunrise. Incubation-stage videos were made at 

any time after the first few days of incubation. Nestling-stage videos were made 

within 1-2 days of nestlings breaking their primary pinfeathers. 

Parental activity during incubation was quantified using four measures: (i) the 

total percentage of time the female was on the nest (‘attentiveness’); (ii) the 

mean duration of individual incubation bouts (‘on-bouts’); (iii) the mean duration 

of incubation recesses (‘off-bouts’);  and (iv) the mean number of visits parents 
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made to the nest per hour (‘visits’). Activity during the nestling stage was 

quantified as the mean number of visits to the nest per hour. The total percentage 

of time the nest was attended during the nestling stage was measured in the 

Tasmanian species and a subset of the Chatham Island species; data recording 

protocols precluded measurement of this for the other populations. 

 

3.2.3 Analysis 

Nest survival rates were compared across the seven populations using a 

generalised linear model, with a logistic-exposure link function. The logistic-

exposure method (Shaffer, 2004) models nest survival as a function of the number 

of days over which are nest was under observation, and is based on the 

assumption that nests found at a more advanced stage are more likely to survive 

to fledging (Mayfield, 1975). The GLM used nest survival as a binomial outcome 

variable (success / fail) and “population” as a categorical predictor variable. 

Predicted daily predation rates (DPR) for each population were calculated from 

the model. Pairwise contrasts among populations were undertaken using Tukey’s 

HSD test. Because I was interested specifically in predation, the analyses of nest 

survival only included nests that were successful or that may have failed as a 

result of predation; nests that were known to have failed due to other causes, 

such as abandonment or bad weather, were excluded from the analyses. 

Each measure of parental activity was compared across populations using 

generalized linear mixed models, with the measure as the response variable, and 

population as a fixed variable. Incubation bout and incubation recess durations 

were rounded to the nearest minute, and fitted with a Poisson distribution. Each 

bout or recess was considered as a single data point; a nest identifier was 

included as a random factor in these analyses to account for repeated measures 
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within nesting attempts, and an observational random effect was also included to 

deal with over-dispersion of the data. Incubation attentiveness was modelled as a 

binomial response variable, representing the number of “successes” (time points 

on the nest) and “failures” (time points off the nest) in a fixed number of Bernoulli 

trials. The model included clutch size as a random effect, and an observational 

random effect was also included to deal with over-dispersion of the data. The 

frequency of visits to the nest during the incubation and nestling stages 

respectively, was calculated for each nest by [total number of visits 

observed/(minutes of observation/60)], giving an average number of visits per 

hour for each nest. The resulting averages were rounded to the nearest integer, 

and were modelled as a Poisson distribution with brood size as a random factor. 

For each measure of activity, pairwise contrasts were carried out using Tukey’s 

HSD test. Significance levels were set at α = 0.05 for all tests. 

 

3.3 Results 

3.3.1 Nest survival 

Nest predation probability was significantly lower in the two Chatham Island 

species (never exposed to mammalian predators) than in the mainland New 

Zealand or Tasmanian populations (mammalian predators present) (black robin –

South Island robin (Kowhai): z = -3.569, P = 0.006; black robin – pink robin 

(Tasmania): z = -3.554, P = 0.006; black robin – flame robin (Tasmania): z = -3.966, 

P = 0.001; tomtit – South Island robin (Kowhai): -3.396, P = 0.011; tomtit – pink 

robin (Tasmania): z = -3.401, P = 0.011; tomtit – flame robin (Tasmania): z = -

3.830, P = 0.002).  
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Of the two translocated South Island robin populations (no mammalian 

predators), those from Allports Island  had significantly lower predation 

probability than the mainland  New Zealand or Tasmanian populations (South 

Island robin (Allports) – South Island robin (mainland): z = -3.482, P = 0.008; South 

Island robin (Allports) – pink robin (Tasmania): z = -3.479, P = 0.008; South Island 

robin (Allports) – flame robin (Tasmania): z = 3.936, P = 00.001), while predation 

probability on Motuara Island was lower, but not significantly so, from the 

mainland and Tasmanian populations (Figure 3.1). 

 

 

Figure 3.1 Estimated daily probability of nest predation in Petroica robins. Pink 
bars = Chatham Island species, which have never been exposed to mammalian 
predators; green bars = populations of South Island robin translocated onto 
mammalian predator-free islands; blue bar = population of South Island robin 
from the New Zealand mainland, exposed to introduced mammalian predators; 
purple bars = Tasmanian species, which coevolved with mammalian nest 
predators. Shared letters above the bars denote non-significant differences (P < 
0.05) using Tukey LSD analysis 
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3.3.2  Incubation 

Robin populations on islands without mammalian predators (Motuara, Allports 

and Chatham populations) had significantly shorter incubation bouts than robins 

in areas with mammalian predators (New Zealand mainland and Tasmania; Figure 

3.2). A similar trend was present in the duration of incubation recesses (Figure 

3.2), although a high degree of variation within populations reduced the 

significance levels in some pairwise contrasts. Again, there was a clear trend 

towards fewer incubation bouts in areas with mammalian predators, but most 

pairwise comparisons were not significant due to large amounts of intra-

population variability (Figure 3.3).  However, there were no significant differences 

in the proportion of time females spent incubating between any of the 

populations (Figure 3.4). 

 

3.3.3 Nestling stage 

The frequency of visits to the nest during the nestling stage did not differ across 

populations, with the exception of the Chatham Island tomtit which had 

significantly higher visitation rates than the other populations. When the tomtits 

were disregarded, there is a slight but non-significant trend towards a higher 

frequency of visits in the mainland New Zealand and Tasmanian populations, 

relative to the island populations (Figure 3.5). 
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Figure 3.2 Mean length of (top) incubation bouts and (bottom) incubation 
recesses in Petroica robins. Pink points = Chatham Island species, which have 
never been exposed to mammalian predators; green points = populations of 
South Island robin translocated onto mammalian predator-free islands; blue point 
= population of South Island robin from the New Zealand mainland, exposed to 
introduced mammalian predators; purple points: Tasmanian species, which 
coevolved with mammalian nest predators. Points represent fitted mean of all 
incubation bouts for each population; error bars represent upper and lower 95% 
confidence intervals. Shared letters to the right of the points denote non-
significant  differences (P < 0.05) using Tukey LSD analysis. Note the different y-
axis scales. 
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Figure 3.3 Mean number of incubation bouts per hour of daylight in incubating 
Petroica robins. Pink points  = Chatham Island species, which have never been 
exposed to mammalian predators; green points  = populations of South Island 
robin translocated onto mammalian predator-free islands; blue point = population 
of South Island robin from the New Zealand mainland, exposed to introduced 
mammalian predators; purple points = Tasmanian species, which coevolved with 
mammalian nest predators. Visits per hour are calculated per nest; points 
represent the mean value for each population. Error bars represent 95% 
confidence intervals. Shared letters to the right of pointsdenote non-significant 
differences (P < 0.05) using Tukey LSD analysis. 
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Figure 3.4 Proportion of daylight hours females spent incubating in Petroica 
robins. Pink  = Chatham Island species, which have never been exposed to 
mammalian predators; green  = populations of South Island robin translocated 
onto mammalian predator-free islands; blue = population of South Island robin 
from the New Zealand mainland, exposed to introduced mammalian predators; 
purple = Tasmanian species, which coevolved with mammalian nest predators. 
Points represent fitted means for each population; error bars represent upper and 
lower 95% confidence intervals.  
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Figure 3.5 Mean number of parental visits to the nest per hour of daylight in 
Petroica robins. Pink points = Chatham Island species, which have never been 
exposed to mammalian predators; green points = populations of South Island 
robin translocated onto mammalian predator-free islands; blue point = population 
of South Island robin from the New Zealand mainland, exposed to introduced 
mammalian predators; purple points: Tasmanian species, which coevolved with 
mammalian nest predators. Points represent fitted mean values for each 
population; error bars represent upper and lower 95% confidence intervals. 
Shared letters to the right of points denote non-significant differences (P < 0.05) 
using Tukey LSD analysis. 

 

 

3.4 Discussion 

Naïveté towards introduced predators is considered one of the primary reasons 

for the decline of island species (Banks and Dickman, 2007). Species persistence 

depends on the ability of native species to recognise novel threats and to produce 

appropriate behavioural responses to minimise the risk of predation. The results 

of this study suggest that South Island robins, which evolved with few nest 

predators, have responded to the introduction of exotic predators by adjusting 

some aspects of parental behaviour at the nest. However, these behavioural shifts 
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have subsequently reversed in populations translocated onto islands free from 

mammalian predators. 

Nest predation is one of the main causes of reproductive failure for many birds 

(Ricklefs, 1969), and therefore exerts strong selective pressure on behaviour. 

Several previous studies have documented a negative association between 

immediate or ambient predation risk and parental activity, suggesting that 

temporal or spatial differences in activity patterns may be adaptive (e.g. Chalfoun 

and Martin, 2010b, Eggers et al., 2005, Ghalambor et al., 2013, Fontaine and 

Martin, 2006, Massaro et al., 2008, Muchai and du Plessis, 2005). Skutch (1949) 

suggested that parental activity at the nest could increase the risk of predation by 

attracting the attention of predators and disclosing the location of the nest. 

Predation led to nesting failures in all seven Petroica populations included in this 

study, but predation rate was significantly higher in the Tasmanian and mainland 

New Zealand populations, which are exposed to native and/or exotic mammalian 

predators, than in the populations inhabiting areas where mammalian predators 

are absent. If Skutch’s hypothesis is true and South Island robins have adapted to 

the presence of introduced nest predators, I would expect their parental activity 

levels to be more similar to Tasmanian species (which coevolved with diverse nest 

predators) than to Chatham Island species, which have never been exposed to 

exotic mammalian predators. My results suggest this may be the case for some 

parental behaviours. In accordance with Skutch’s hypothesis, the two Tasmanian 

robin species made fewer visits to the nest during the incubation stage compared 

to the Chatham Island species. The high level of nest attentiveness in the 

Tasmanian robins was maintained by an increase in the average length of each 

incubation bout. The mainland population of South Island robins showed similar 

patterns of incubation activity to the Tasmanian species, in having fewer, but 

longer, incubation bouts compared to the Chatham Island species. This pattern of 
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activity is consistent with patterns seen in other species in New Zealand (Massaro 

et al., 2008) and North America (Conway and Martin, 2000b) exposed to nest 

predators. Incubation is vital for maintaining the thermal conditions required for 

embryonic development in passerines, but incubating eggs is energetically costly 

for the female. High nest attentiveness may maximise the rate of embryonic 

development (Olson et al., 2006), leading to earlier hatching and a reduction in 

the time an egg is exposed to predation (Conway and Martin, 2000b, Martin, 

2002, but see Tieleman et al., 2004). Additionally, the presence of an incubating 

bird may render the nest less visible (e.g. Swanson et al., 2012, Cresswell, 1997), 

or allow for active nest defence if the incubating bird is big enough relative to the 

predator (Halupka and Greeney, 2009, Evans and Stutchbury, 2012, Weidinger, 

2002, Kleindorfer et al., 2005). However, sitting females may themselves be 

vulnerable to predation: for instance, some black robin nests failed after the 

incubating female was killed by starlings (M. Massaro, pers. obs). Remaining 

immobile on the nest may be a good strategy for incubating females in the 

presence of avian predators, which can be attracted if the bird flushes from the 

nest; however, in the presence of non-visual predators such as most mammals, 

the potential costs of remaining on the nest (increased risk of predation) may be 

higher than the benefits (Albrecht and Klvaňa, 2004). Accordingly, a number of 

studies have demonstrated a reduced tendency for incubating birds to flush from 

the nest in areas without mammalian predators (e.g. St Clair et al., 2010, Burford, 

2011). The absence of any association between nest predation and incubation 

attentiveness in this study suggests that either there is no benefit to further 

increasing incubation attentiveness (for example, if embryos are physiologically 

incapable of accelerated development), or that the length of incubation on- and 

off-bouts is limited by the energetic requirements of the female, ambient 

temperature, food availability or other extrinsic factors (e.g. Reid et al., 1999, 
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Boulton et al., 2010, Conway and Martin, 2000b, Conway and Martin, 2000a, 

Matysioková and Remeš, 2014, Lyon and Montgomerie, 1987, Halupka, 1994, 

Duncan Rastogi et al., 2006). In Petroica robins, as in many other taxa, the 

incubating female is fed away from the nest by the male (pers. obs). This form of 

male care can influence nest attendance patterns (Matysioková and Remeš, 2014, 

Boulton et al., 2010, Halupka, 1994, Martin and Ghalambor, 1999), and the 

prevalence and rate of incubation feeding have been shown to be associated with 

nest predation risk (Martin and Ghalambor, 1999, Halupka, 1994). 

While incubation patterns in the mainland South Island robins (exposed to 

introduced mammalian predators) converged with those of the Tasmanian species 

(coevolved with mammalian predators), the two translocated island populations 

of South Island robin (removed from introduced mammalian predators) were 

more similar to the Chatham Island species which have never been exposed to 

mammalian nest predators. Incubation bouts in these groups were shorter, but 

more frequent, than in the Tasmanian and mainland New Zealand populations. 

Isolation of threatened species on predator-free islands or in captivity is a 

common conservation tool in New Zealand and elsewhere (Whitwell et al., 2012, 

Scofield et al., 2011, Seddon et al., 2007, Moseby et al., 2015), but one major 

drawback of this method is the retention or development of predator naivety, 

which often reduces the success of subsequent reintroductions into areas with 

exotic predators (Fischer and Lindenmayer, 2000). The ability to recognise and 

respond to predators can be lost from isolated populations within a few 

generations, due to the lack of opportunities for individual or social learning 

(Blumstein, 2002, Jamieson and Ludwig, 2012, Whitwell et al., 2012). For instance, 

Jamieson and Ludwig (2012) showed that South Island robins lost their acquired 

fear of rats within approximately one generation following translocation to a rat-

free island. My results suggest that a similar loss of anti-predator behaviours may 
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have occurred in South Island robins following translocation to Motuara and 

Allports Islands in the 1970s. Behavioural responses to nest predation are thought 

to have both innate and learned components (Wiebe, 2004). Although there is 

evidence that parental effort is heritable in some species (MacColl and Hatchwell, 

2003), a number of studies have shown that behaviour is plastic and can be 

adjusted in response to immediate predation risk (e.g. Eggers et al., 2005). My 

data did not allow me to determine the relative contributions of genetic and non-

genetic effects on the observed changes in parental activity: the speed in which 

activity levels have increased on Motuara and Allports Islands implies some 

degree of behavioural plasticity. While some plastic behavioural responses to 

predation can persist as a relict under relaxed selection (Lahti et al., 2009) and are 

restored if predation pressure increases (e.g. Berger et al., 2001), not all plastic 

changes under relaxed selection are reversible (Lahti et al., 2009). Research into 

the response of island populations to nest predators would provide valuable 

information on whether these robins have retained the ability to reduce 

incubation activity in the presence of mammalian nest predators. 

Given my study populations conformed to Skutch’s hypothesis during the 

incubation stage, I expected to see a similar pattern in the nestling stage. Contrary 

to expectation, however, the frequency of feeding visits was not clearly related to 

predation risk. I used the mean number of visits to the nest per hour as the 

measure of parental activity during the nestling period, but the temporal 

distribution of visits might be a more relevant measure. Some birds can modify 

their patterns of parental activity in response to predictable or immediate 

changes in predation risk. For instance, Eggers et al. (2005) found that Siberian 

jays (Perisoreus infaustus) visited their nests less frequently in the afternoon than 

the morning in a site where predator activity increased throughout the day. Both 

blue tits (Cyanistes caeruleus) and great spotted woodpeckers reduced 
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provisioning rate when experimentally exposed to a simulated predation threat, 

but compensated with increased provisioning rates once the immediate threat 

had abated (Mutzel et al., 2013, Paclik et al., 2012). Perceived activity may also be 

reduced by parents synchronising their visits to the nest (Mariette and Griffith, 

2012, van Rooij and Griffith, 2013, Raihani et al., 2010). Synchronised visits may 

also reduce conspicuous begging by chicks if those that are not fed by one parent 

are immediately fed by the other: begging has been shown to increase the 

likelihood of nestling predation (Briskie et al., 1999, Haff and Magrath, 2011, 

Leech and Leonard, 1997). Although mammalian predators are not usually 

considered to use audial cues to detect nests, McDonald et al. (2009) showed that 

nocturnal rodents were more likely to predate experimental nests at which 

sounds (simulated nestling begging or white noise) had been played during the 

day, implying the ability to identify areas of interest to be visited later, during 

active hours. 

The association between parental activity and nest predation should only apply if 

the main predators are diurnally active, and use visual cues to find prey. 

Therefore, identification of the main predators is important in interpreting studies 

of parental activity (Duncan Rastogi et al., 2006). Diurnal birds are the primary 

predators of robin eggs and nestlings in the Tasmanian sites included in this study 

(see Chapter 2), while introduced mustelids and rodents were accountable for all 

predation events on South Island robin nests in a previous study in Kowhai Bush 

(Moors, 1983); mustelids probably cue on movement when searching for nests 

(Moors, 1983), and are predominantly diurnal in spring, when native birds are 

nesting (Alterio and Moller, 1997). I can therefore be confident that predation risk 

could legitimately explain the differences in parental activity across populations 

that were found in this study. The observed differences in parental activity 

between the “island” and “mainland” populations could also be associated with 
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other factors, such as food availability and differences in vegetation structure, 

which may differ between island and mainland ecosystems. For instance, the 

amount of canopy cover and understorey vegetation can influence parental 

activity through its effects on food abundance, the risk of the parents being 

predated, and nest microclimate (Eggers et al., 2008, Rangel-Salazar et al., 2008). 

However, the three sites from which South Island robin activity data were 

collected (Motuara Island, Allports Island and Kowhai Bush) are all similar in terms 

of the structure and floristic composition of the vegetation (Michel et al., 2008, 

Maloney and McLean, 1995, J. Briskie pers. comm) suggesting that 

island/mainland habitat differences are unlikely to have substantially influenced 

parental activity across these populations. Furthermore, Massaro et al. (2008) 

reported similar variation in parental activity in New Zealand bellbirds (Anthornis 

melanura) occupying two mainland sites which were in close proximity to one 

another, but one of which was subject to predator control. 

The results of this study show that South Island robins, which evolved with no 

mammalian predators, can respond to evolutionarily novel nest predators 

through behavioural adjustments. Although previous studies have shown that 

evolutionarily naïve prey species can rapidly learn to recognise and avoid novel 

predators, these have almost invariably focussed on adult prey  (e.g. Maloney and 

McLean, 1995, McLean et al., 1999, Griffin and Evans, 2003, Jamieson and Ludwig, 

2012). Few previous studies have investigated the development of behavioural 

responses to novel predators of dependent young (but see Berger et al., 2001, 

Massaro et al., 2008, VanderWerf, 2012). The reduction in parental activity shown 

by the mainland population of South Island robins was not seen in the populations 

on predator-free islands. Isolating populations from threatening processes 

through translocation, predator control, or captive breeding is a common 

management tool (Whitwell et al., 2012, Snyder et al., 1996, Moseby et al., 2016) 
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but, as here, may lead to the loss of behavioural or morphological responses to 

the threat (e.g. Whitwell et al., 2012, Jamieson and Ludwig, 2012, Griffin et al., 

2000). Understanding the underlying mechanism of behavioural responses to 

predation, and ensuring that the capacity for anti-predator behaviours is effective 

and is maintained in isolated populations, will therefore be valuable for future 

reintroductions of threatened species back into the wild. 
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4. Nest site selection in 

Tasmanian and New Zealand 

songbirds: effects of nest 

predators on nest placement 

and outcome 

Abstract 

The physical characteristics of the nest site can be an important predictor of 

whether  a nesting attempt will succeed, or whether it will succumb to predation, 

parasitism or weather. The probability that a nest will be predated can vary as a 

function of the location of the nest within the surrounding vegetation, but the 

direction of this effect may be influenced by the composition of the local nest 

predator fauna. Previous studies have shown that nests built on the ground or low 

in vegetation are more likely to be predated by mammals, whereas nests built 

higher in trees are more likely to be predated by birds. I investigated the 

relationship between nest height, nest predation and the presence of mammalian 

predators in Tasmanian and New Zealand songbirds. Nest height did not predict 

the probability of nest predation in robins (Petroica spp.) or New Zealand bellbirds 

(Anthornis melanura) regardless of whether or not mammalian predators were 

present. However, South Island robins (P. australis) and bellbirds in mainland New 

Zealand sites, where they are exposed to introduced mammalian predators, 

nested higher than conspecifics on islands without mammalian predators. My 

results suggest that native New Zealand songbirds are responding to the presence 

of introduced mammalian nest predators by avoiding lower nest sites, which may 

be more vulnerable to predation by ground-based mammals. However, this 



70 
 

behavioural shift is reversed in populations under relaxed nest predation 

pressure. 

 

4.1 Introduction 

Nest predation is one of the main causes of reproductive failure in many birds 

(Ricklefs, 1969, Remeš et al., 2012a). As a result, birds are under strong selective 

pressure to exhibit behavioural and life history traits that reduce the likelihood of 

another animal finding, accessing and predating the nest. Selection of a “safe” 

nest site can therefore be an important consideration for a breeding bird. Safety 

can be achieved in many ways: cavity nesters typically suffer lower rates of 

predation than open-nesters (Martin and Li, 1992); colonial nesting increases 

vigilance and allows mobbing of potential nest predators (Brown and Brown, 

1987); a small bird can exploit the anti-predator defences of a larger bird by 

nesting in close proximity to it (Quinn and Ueta, 2008). However, what constitutes 

a safe site will depend on the potential nest predators present within the area. 

For many songbirds, the risk of nest predation can be influenced by the position of 

the nest within the surrounding vegetation. Predators vary in their spatial activity 

patterns, and employ different sensory cues to locate nests (Caro, 2005, Conover, 

2007). Most avian predators, for instance, rely on visual cues for locating prey and 

therefore concealing vegetation around the nest may afford protection; in 

contrast, mammalian predators are more likely to use olfactory cues, so visual 

concealment is less effective (Remeš, 2005a, Conover, 2007, Martin and Joron, 

2003, Weidinger, 2002, Chiavacci et al., 2014). The relative safety of different nest 

heights can also vary by predator type: in some studies, avian predators were 

more likely to predate nests in the canopy, while nests on the ground or in the 

understory were more vulnerable to mammalian predators (e.g. Söderström et 
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al., 1998, Remeš, 2005a, Weidinger, 2002, Peluc et al., 2008, Massaro et al., 

2013). Nest predation is only one of many environmental and ecological factors 

which are incorporated into nest site decisions, which also include nest 

microclimate (e.g. Marzluff, 1988, Ardia et al., 2006, Martin et al., 2017), the risk 

of brood parasitism (e.g. Fiorini et al., 2009), ectoparasites (e.g. Loye and Carroll, 

1998, Oppliger et al., 1994) and the physical characteristics of the birds 

themselves (for instance, flightlessness restricts birds to ground nests). If nest 

height has adapted over evolutionary time to local environmental conditions, 

including the native predator assemblage, then the sudden introduction of novel 

predators may render previously appropriate choices maladaptive. If nesting birds 

are unable to switch their preferences away from previously safe sites, they risk 

falling into an “evolutionary trap” (Schlaepfer et al., 2002, Schlaepfer et al., 2005), 

in which individuals persist in making maladaptive choices, at the cost of 

reproductive success (Kokko and Sutherland, 2001). Many endemic island faunas 

evolved with relatively few native nest predators, and many islands have no 

native terrestrial mammals. As a result, endemic island prey species, including 

nesting birds, may be particularly vulnerable to being evolutionarily trapped by 

introduced mammalian predators. 

The introduction of exotic mammals has been a major cause of population 

declines in native species on islands which previously lacked mammalian 

predators (Duncan and Blackburn, 2004, Salo et al., 2007, Hilton and Cuthbert, 

2010, Loehle and Eschenbach, 2011). New Zealand provides a classic example of 

an endemic fauna that evolved in the absence of terrestrial mammals: the biota 

exhibit adaptations to diurnal avian predators (for instance, by becoming 

nocturnal or visually cryptic: Holdaway, 1989, Gibbs, 2009), but had little defence 

against the nocturnal, olfactory-hunting rodents, mustelids, possums and cats that 

were introduced by human settlers. To protect native species from the threat of 
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these predators, which prey on adult birds as well as eggs and nestlings, 

individuals of a number of species have been translocated into mainland 

exclosures or onto offshore islands which are free from mammalian predators 

(Whitwell et al., 2012, Armstrong, 2000, Burns et al., 2012). While this can be an 

effective tool in conservation management, isolating naïve prey from novel 

predators reduces opportunities for the development or maintenance of learned 

anti-predator behaviours. This can subsequently reduce survival rates if the 

population is later exposed to predators through release into the wild, or through 

accidental incursion of predators into predator-free areas (e.g. Whitwell et al., 

2012, Moseby et al., 2016). Furthermore, isolated populations may evolve traits 

which are suited to captive or isolated environments, but which are maladaptive 

for wild conditions (Ashley et al., 2003). Understanding and monitoring changes in 

behavioural or physiological traits in isolated populations should therefore be 

considered an important part of conservation management (Ashley et al., 2003). 

A shift in habitat preferences or nest site decisions under changed environmental 

conditions can occur through natural selection, or as a result of pre-existing 

individual plasticity and personal or social experience (Kokko and Sutherland, 

2001). Martin (1988) suggested that nest height is to some degree evolutionarily 

fixed, as mean nest height varied little within individual warbler species over large 

geographical ranges. However, other studies have shown evidence for plasticity in 

nest height, with site selection changing as a result of ambient predation risk or 

prior experience of disturbance (Antczak et al., 2005, Kearns and Rodewald, 2013, 

Marzluff, 1988, Yeh et al., 2007, Lawrence et al., 2016). Island species, which 

typically have relatively low genetic diversity (Frankham, 1997), may be less able 

to alter their choice of nest sites or simply be incapable of adapting to the new 

conditions quickly enough to avoid extinction (Kokko and Sutherland, 2001). 

Nevertheless, Hamao and Higuchi (2013) provide an example of an island bird that 
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has adjusted nest site preferences through natural selection within 30 years 

following the introduction of a novel predator, suggesting not all island birds are 

necessarily stuck in an evolutionary trap (see also VanderWerf, 2012).  

By comparing bird behaviour between sites with and without introduced 

predators, it is possible to (i) identify behaviours which might be influenced by the 

novel predation risk, and (ii) determine whether these anti-predator responses 

are maintained in populations free of novel predators. In this study, I examine the 

relationship between nest height and nest survival in five open-nesting songbird 

species in New Zealand and Tasmania, which differ in their current and 

evolutionary exposure to mammalian nest predators. For two of these species, 

the South Island robin (Petroica australis; Petroicidae) and the New Zealand 

bellbird (Anthornis melanura: Meliphagidae), I compare nest height and nest 

survival between populations in mainland areas where introduced mammalian 

predators have been present over the past 700 years, and populations on offshore 

islands which lack exotic mammalian predators but have some native avian 

predators. Birds are the main predators of songbird nests in the Tasmanian study 

sites, although a range of native and introduced mammals are also likely to 

predate some nests (see Chapter 3). If mammals target lower nests 

disproportionately, and avian predators target higher nests (e.g. Remeš, 2005a), I 

would expect a negative relationship between nest survival and nest height in the 

Tasmanian and island populations, but a positive relationship between nest 

survival and height in the mainland New Zealand populations. Furthermore, if the 

mainland birds have adjusted their site preferences as a result of mammalian 

predators, I would expect to find nests of mainland birds to be higher than the 

nests of their conspecifics in island populations.  
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4.2 Methods 

4.2.1 Study populations 

Nest height and survival data were collected from 11 populations of small open-

nesting songbirds in New Zealand and Tasmania. Data were collected from three 

New Zealand species (grey fantail, South Island robin and New Zealand bellbird) 

from three families in the Corvoidea (Rhipiduridae, Petroicidae and Meliphagidae, 

respectively) inhabiting two forested areas near Kaikoura on the South Island of 

New Zealand: Kowhai Bush (42°22’S 173°36’E), which contains an uncontrolled 

introduced mammalian predator fauna, and Waimangarara Bush (42°20’S 

173°40’E), where mammalian predators are present but were controlled at the 

time of data collection (Massaro et al., 2008). Nest height and survival data were 

also collected from South Island robins on Allports Island (41°14’S 174°3’E) and 

Motuara Island (41°5’S 174°16’E), and from New Zealand bellbirds on Aorangi 

Island (35°28’S 174°44’E). All of these islands are currently free from mammalian 

predators. Robins were translocated onto Allports and Motuara Islands in the 

1970s from areas where mammalian predators were present (Armstrong, 2000, 

Boessenkool et al., 2007). Rats were present on Motuara at the time of 

translocation, but were eradicated in the early 1990s (Thomas and Taylor, 2002). 

The bellbird population on Aorangi Island is a natural population, and exotic 

mammalian predators have never existed on the island (Massaro et al., 2008). The 

vegetation on Allports, Motuara and Aorangi Islands is similar to that of the New 

Zealand mainland sites with respect to canopy and vegetation structure, although 

the floristic species composition is different on Aorangi Island compared to the 

mainland site (Massaro et al., 2008, Maloney and McLean, 1995). This is reflected 

in differences in the choice of nest-tree species by bellbirds on Aorangi Island and 

on the mainland (Massaro et al., 2008). While mammalian nest predators are only 
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present in the mainland sites, potential native avian predators are present in 

small numbers at all mainland and island sites (Massaro et al., 2008, Hooson and 

Jamieson, 2004). 

Three Tasmanian species were also included (flame robin Petroica phoenicea, pink 

robin P. rodinogaster, and grey fantail Rhipidura fuliginosa). Data from these 

species were collected in native eucalypt-dominated forests in Judbury (43°00’S 

146°53’E), two sites within Wielangta Forest (Sandspit River Conservation area, 

42°42’S 147°5’E and Three Thumbs State Reserve, 42°37’S 147°51’E) and 

Scamander Forest (41°27’S 148°15’E), all of which contain a diverse range of 

potential avian and native mammalian nest predators (see Chapter 3). 

 

4.2.2 Data collection 

Data on nest location and survival were collected over several seasons at each site 

(Kowhai Bush/Waimangarara Bush: 2001-2008; New Zealand islands: 2004–2010; 

Tasmanian sites: 2014–2016). Nests were found by following adults showing signs 

of nesting activity. Each nest was monitored regularly (at 1–4 day intervals). Nest 

outcome (fledged / failed) was determined through direct observation of nest 

contents or through observation of parental behaviour (e.g. absence of parents 

before fledging was due). Nests were deemed to be successful if fledglings were 

seen outside the nest, or if nestlings were at an age where fledging was possible 

when they were last seen in the nest. Predation was assumed if nest contents 

were damaged (for instance, peck marks on eggs or chicks) or missing. Predation 

was recorded in some Tasmanian nests which were monitored by remote 

cameras. Nests for which the outcome was unknown were excluded from the 

study. Nest height was measured as the vertical distance from the ground to the 

base of the nest. Where possible, height was measured directly using a measuring 
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tape, or by measuring a telescopic pole held vertically from the ground. Where 

nests were too high for these methods, height was calculated by determining the 

angle from eye-height to the nest using a simple clinometer, the horizontal 

distance from the observer to a spot directly beneath the nest, and the difference 

between eye-height and the ground beneath the nest. Simple trigonometry was 

then used to determine the height of the nest above the ground. For South Island 

robins and bellbirds, the height of the nest tree was determined and the relative 

height of the nest calculated as [nest height / tree height]. 

4.2.3 Analysis 

The effect of nest height on nest survival was determined individually for each of 

the 11 populations using logistic-exposure analysis (Shaffer, 2004). Logistic-

exposure analysis models survival probability while taking into account the length 

of time in which a nest is under observation, based on the assumption that nests 

found at a later stage of development are more likely to survive to fledging 

(Mayfield, 1975). The analysis took the form of a series of Generalised Linear 

Models (GLM), with a logistic-exposure link function, nest survival as a binomial 

response variable, and nest height as a continuous predictor variable. 

For the two New Zealand species for which I studied populations in island and 

mainland sites (South Island robin and bellbird), nest survival probability was 

compared among populations using a GLM with the logistic-exposure link, survival 

as a binomial response variable, and “population” as a categorical predictor 

variable. Analyses that showed a significant effect of population were followed 

with pairwise comparisons using Tukey’s HSD test. All analyses were carried out 

using the lme4 (version 1.1-12, Bates et al. 2016) and lsmeans (version 2.26-3, 

Lenth, 2017) in R version 3.2.1 (R Core Team 2015). Survival probabilities were 



77 
 

converted to failure probabilities [failure probability = (1-survival probability)] for 

data visualization.  

Within each of the New Zealand species, populations were compared based on 

nest height and relative nest height, using generalized linear models with 

“population” as a multinomial response variable and nest height as a continuous 

predictor variable; the analysis was repeated using each population as the 

baseline, to obtain all possible pairwise comparisons. Multinomial analyses were 

run in the mlogit package (version 0.2-4, Croissant, 2013) of R. 

 

4.3 Results 

The probability of nest predation in New Zealand bellbirds was significantly higher 

in Kowhai Bush, where mammalian predators are present and uncontrolled, than 

on Aorangi Island, which is free from mammalian predators (Kowhai vs Aorangi 

Island, z = -4.803, P <0.001). In South Island robins, the probability of nest 

predation was significantly higher in Kowhai Bush than on mammalian predator-

free Allports Island ( z = 3.238. P = 0.007), but was not significantly different from 

Motuara Island (z = 1.657, P > 0.05). The probability of nest predation in 

Waimangarara Bush, where mammalian predators are present but controlled, was 

intermediate to, and not significantly different from, the Kowhai or island 

populations in either species (Figure 4.1). 

In both South Island robins and bellbirds, nests in Kowhai Bush were significantly 

higher than on mammalian predator-free islands (Figure 4.2, Table 4.1), and robin 

nests were higher in Kowhai Bush than in Waimangarara Bush, where mammalian 

predators are controlled. Similar patterns were seen when relative nest heights 

were compared across populations, with robins and bellbirds in Kowhai Bush 
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building nests relatively high within the tree in compared to those in predator-

free areas (Figure 4.3) although statistical significance was lost for some of the 

pairwise comparisons (Table 4.1). However, nest height did not significantly 

predict nest survival in any of the New Zealand or Tasmanian populations (P > 

0.05 in all cases), with the single exception of bellbirds in Kowhai Bush (effect of 

height on survival: z = -2.192, P = 0.028); interrogation of the data suggested that 

this result was due to a significant negative correlation between nest height and 

exposure time (i.e. higher nests were generally found at a more advanced stage 

than lower nests), rather than any direct effect of height on survival likelihood. 

Mean nest heights for each population are given in Table 4.2. 
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Figure 4.1 Daily probability of nest failure in New Zealand bellbirds and South 
Island robins. Data are from populations in mainland sites with uncontrolled 
(Kowhai Bush) or controlled (Waimangarara Bush) mammalian predators   and on 
islands without mammalian predators.  
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Table 4.1. Pairwise comparisons of nest height and relative nest height between 
populations of New Zealand bellbird and South Island robins. Only significant (P 
< 0.05) comparisons are shown. Kowhai Bush: introduced mammalian predators 
present and uncontrolled; Waimangarara Bush: mammalian predators present 
but controlled; Aorangi, Motuara and Allports Islands: no mammalian predators 
present 

  Nest height 
Relative 

height 

Species Pairwise comparison t P t P 

NZ 

bellbird 

Kowhai - Waimangarara 2.024 0.042 -2.113 0.035 

Kowhai – Aorangi Island -5.164 > 0.001 -2.135 0.033 

Waimangarara – Aorangi 

Island 
-5.694 > 0.001 

  

SI 

robin 

Kowhai - Waimangarara -2.093 0.036   

Kowhai – Motuara Island -3.373 > 0.001   

Kowhai – Allports Island -2.588 0.010 2.0067 0.044 
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Table 4.2.  Height of successful and predated nests in Tasmanian and New Zealand birds exposed to different predator communities. Heights are given as mean 

(range). All heights are in metres. 

Species Location N Successful nests predated nests All nests 

New Zealand bellbird Kowhai Bush 63 5.5 (2.0-9.0) 5.8 (2.0-13.0) 5.7 (2.0-13.0) 

Waimangarara Bush 25 7.6 (2.5-18.0) 6.1 (2.0-12.0) 7.1 (2.0-18.0) 

Aorangi Island 46 2.8 (0.5-7.0) 3.2 (0.5-5.5) 2.9 (0.5-7.0) 

South Island robin Kowhai Bush 23 5.0 (2.0-9.5) 4.1 (2.5-11.0) 4.6 (2.0-11.0) 

Waimangarara Bush 9 2.5 (2.0-3.0) 2.51 2.2 (2.0-3.0) 

Motuara Island 72 2.7 (0.5-9.0) 3.2 (1.0-7.0) 2.8 (0.5-9.0) 

Allports Island 70 3.2 (0-8.0) 3.3 (0-7.0) 3.2 (0-8.0) 

Grey fantail Kowhai Bush 55 2.5 (1.0-5.0) 3.0 (1.5-7.0) 2.7 (1.0-7.0) 

Waimangarara Bush 39 3.4 (1.0-10.0) 3.6 (1.0-9.0) 3.5 (1.0-10.0) 

Tasmania 21 3.3 (2.0-7.0) 2.7 (1.5-5.0) 2.9 (1.5-7.0) 

Pink robin Tasmania 22 5.4 (3.0-8.0) 4.9 (2.0-11.0) 5.2 (2.0-11.0) 

Flame robin Tasmania 12 6.02 (3.5-9.0) 4.3 (0.5-6.0) 4.7 (0-9.0) 

1n = 1 predated nest; 2n = 2 successful nests 
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Figure 4.2 Nest height of New Zealand bellbirds and South Island robins. Data 
are from populations in mainland sites with uncontrolled mammalian predators 
(Kowhai Bush) or controlled mammalian predators (Waimangarara Bush) and on 
islands without mammalian predators. Points represent mean nest height, error 
bars denote bootstrapped 95% confidence intervals. 
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Figure 4.3 Relative nest height of New Zealand bellbirds and South Island robins. 
Relative nest height is calculated as [nest height / tree height]. Data are from 
populations in mainland sites with uncontrolled mammalian predators (Kowhai 
Bush) or controlled mammalian predators (Waimangarara Bush) and on islands 
without mammalian predators. Points represent mean nest height, error bars 
denote bootstrapped 95% confidence intervals. 
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4.4 Discussion 

The selection of specific nest site characteristics can be a determining factor in 

whether a nesting attempt succeeds or fails (Cresswell, 1997, Martin, 1993, 

Martin, 1995, Forstmeier and Weiss, 2004, Filliater et al., 1994, Massaro et al., 

2013). In this study, I investigated the effect of a single element of nest site 

selection, the height of the nest above the ground, in Tasmanian and New Zealand 

songbirds exposed to different predator faunas. Birds on the New Zealand 

mainland, which are exposed to uncontrolled numbers of evolutionarily novel 

mammalian nest predators, had higher rates of nest predation and built higher 

nests than conspecifics on islands free from mammalian predators. If mammalian 

predators are more likely to target lower nests, this height difference would be 

consistent with a behavioural shift towards safer nest site choices in New Zealand 

birds. Nest height, however, did not significantly predict the probability of nest 

survival in ten of the eleven Tasmanian or New Zealand populations included in 

this study. 

Some previous studies have shown a tendency for higher nests to be more 

vulnerable to predation by avian predators, and lower nests to be targeted by 

mammalian predators (e.g. Söderström et al., 1998, Remeš, 2005a, Weidinger, 

2002, Peluc et al., 2008, Massaro et al., 2013). New Zealand has a small suite of 

native and introduced avian nest predators, including Australasian harriers (Circus 

approximans), moreporks (Ninox novaeseelandiae) and European starlings 

(Sturnus vulgaris), although predator abundance varies across sites. Avian 

predators are present on Motuara and Allports Islands (J. Briskie, pers. comm.), 

although Hooson and Jamieson (2004) note that they are rare on Motuara Island. 

The Australasian harrier is the only avian predator on Aorangi Island (Sagar, 1985), 

however bellbird nests are typically well-concealed by dense vegetation (Sagar, 
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1985, Massaro et al., 2008) and lower nests in particular may thus be less likely to 

be detected by this predominantly aerial predator. The low density of potential 

nest predators on the three islands included in this study are reflected in the low 

nest predation rates relative to conspecific mainland populations. Nest predation 

probabilities in Waimangarara Bush, where mammalian predators are present but 

were controlled at the time of data collection, were intermediate between the 

Kowhai Bush and mammalian predator-free islands (see also Massaro et al., 

2008), which is again consistent with the expected relative abundance of nest 

predators in each site. 

Nest height did not predict nest survival in any of the mainland or island 

populations, with the single exception of bellbirds in Kowhai bush. It is likely that 

the inconsistent result in this population was due to a tendency for higher nests to 

be found by researchers at a later stage, rather than a true effect of nest height 

on survival.  Despite the absence of any relationship between height and survival, 

the difference in nest height between islands and mainland sites that was 

observed in both bellbirds and South Island robins suggests that lower nests may 

be more vulnerable to mammalian nest predators, and that New Zealand birds are 

showing behavioural responses to the presence of introduced predators. It is 

possible that the absence of any significant effect of nest height on survival in the 

Kowhai Bush populations is a result of nesting birds avoiding the lowest (most 

vulnerable) nest sites. Contrary to expectation, bellbird nests in the predator-

controlled mainland site (Waimangarara Bush) were slightly higher than those in 

Kowhai Bush, although this difference was only marginally significant and may 

have been influenced by one particularly high nest which, at 18 m, was 50% 

higher than the next highest nest at 12 m. South Island robin nest heights in 

Waimangarara were significantly lower than in Kowhai, and were more similar to 

those found on the islands. In bellbirds, the island population (Aorangi Island) has 
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never been exposed to mammalian predators, therefore behavioural differences 

in the mainland populations probably represent the acquisition of anti-predator 

responses. In contrast, the island populations of South Island robin were 

translocated from areas with mammalian predators to mammal-free islands in the 

1970s (Armstrong, 2000). The fact that the island populations of South Island 

robins show the same trend towards lower nesting as island bellbirds with no 

evolutionary experience of predatory mammals, suggests that the absence of 

mammalian predators on Allports and Motuara Islands has allowed for relaxation 

of the nest choice restrictions placed upon mainland birds. 

The greater mean nest height in the mainland sites was probably not a function of 

differences in vegetation (specifically, taller trees). Relative nest heights of robins 

and bellbirds (i.e. the height of the nest relative to the height of the nest tree) 

showed similar patterns to raw nest heights, with birds in Kowhai Bush tending to 

nest closer to the top of the tree than those on predator-free islands, consistent 

with what we would expect to see if mainland birds are attempting to avoid 

ground-based predators.  The vegetation structure is substantially similar in the 

mainland sites and on the islands included in this study (Maloney and McLean, 

1995, Massaro et al., 2008; J. Briskie, pers. comm.), with trees up to 12m in height 

on Motuara Island (Michel et al., 2008) and up to 14m on Aorangi Island (Sagar, 

1985), suggesting  tree height should not be a limiting factor on nest height on 

these islands. In an earlier study in Kowhai Bush, Moors (1983) noted that avian 

nest predators were uncommon, and that there was no evidence that birds were 

responsible for any observed nest predation (see also Starling-Windhof et al., 

2011). This could explain the relative security of higher nests in Kowhai Bush and 

nearby Waimangarara Bush, but mustelids and rodents are agile climbers, and 

would be capable of reaching the higher nests; indeed, Moors (1983) recorded 

high levels of mammalian nest predation at songbird nests from ground level to 
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over five metres above the ground. However, higher nests may be less likely to be 

predated by olfactory predators such as rodents, because their odour plume is 

above the olfactory zone of the predator (Conover, 2007). It is possible that the 

absence of records of low nests in mainland sites is due to low nests failing early, 

before they are found by researchers; however, the frequency and intensity of 

nest searches throughout the nesting season should have minimised this 

possibility, and the results for bellbirds in particular suggest that lower nests are 

in fact more likely to be found at an earlier stage. Overall, while the difference in 

nest heights between island and mainland populations suggests that changes in 

nest predation affect nest site decisions, it appears that other factors, not just 

nest height, are affecting the probability of nest predation in New Zealand birds. 

Changes in environmental or ecological conditions can make previously optimal 

habitat choices maladaptive (Schlaepfer et al., 2002, Kokko and Sutherland, 2001), 

but organisms can avoid being “trapped” if they can adjust their habitat 

preferences through natural selection or learning. Few previous studies have 

investigated changes in nest site selection in island birds following the 

introduction of novel nest predators. Hamao and Higuchi (2013) reported a 

significant increase in nest height in Japanese warblers (Horornis diphone) within 

30 years of the introduction of Japanese weasels (Mustela itatsi) onto a previously 

predator-free island, while VanderWerf (2012) found a similar effect in a Hawaiian 

bird (the Oahu ‘elepaio, Chasiempsis ibidis) exposed to introduced black rats 

(Rattus rattus). In both cases, changes in nest site selection appeared to be due to 

natural selection. On the other hand, Peluc et al. (2008) found that individual 

orange-crowned warblers (Vermivora celata sordida) on an island with only 

mammalian and reptilian predators shifted their nest site selection from the shrub 

layer or tree canopy to the ground when exposed to playback of a novel avian 

predator, demonstrating the presence of learning and behavioural plasticity. 
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Similarly, 200 years after the arrival of European starlings in the Chatham Islands, 

individual black robins (Petroica traversi) that have lost a nest to starlings build 

replacement nests lower to the ground, despite having no significant native nest 

predators which could elicit the same response (Lawrence et al., 2016). Studies 

have shown that other nesting behaviours are also adjusted following the arrival 

of non-native nest predators: using the same bellbird populations as the current 

study, Massaro et al. (2008) showed that mainland birds had lower levels of 

parental activity at the nest than island birds, consistent with a behavioural 

response to nest predation. Similarly, South Island robins in Kowhai Bush had 

lower activity levels than on Motuara Island or Allports Island (Chapter 3). 

Birds were the most common predators of robin nests in two of the Tasmanian 

study sites (see Chapter 2), although carnivorous mammals are present and are 

likely to predate some arboreal nests in all Tasmanian sites.  If avian predators are 

more likely to target higher nests, I would expect to find a positive relationship 

between nest height and predation rate in the Tasmanian species. However, 

height was not a significant predictor of predation probability in any of the 

populations included in this study. A number of other studies have also failed to 

find a relationship between nest height and survival, especially where there is a 

diverse predator community which renders nests at any height vulnerable to 

predation by one predator or another (e.g. Ford, 1999, Filliater et al., 1994, 

Boulton et al., 2003). Previous studies showing higher nests are more vulnerable 

to avian predators have predominantly come from the northern hemisphere, 

where the most common avian predators are corvids or other large birds 

(Weidinger, 2002, Söderström et al., 1998, Martin and Joron, 2003, Peluc et al., 

2008, Nour et al., 1993). These large predators probably mostly find and approach 

nests from above, thus predominantly locating and predating nests higher in the 

canopy. In contrast, in Tasmania the majority of avian predators are medium-sized 
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birds such as grey butcherbirds (Cracticus torquatus), cuckoos (Chrysococcyx spp.) 

and grey shrike-thrush (Colluricincla harmonica)(see Chapter 2). All of these 

species forage for invertebrates among bark and foliage (Ford et al., 1986, Cale, 

1994, Holmes and Recher, 1986, Recher and Davis Jr, 2002), and are therefore 

likely to opportunistically find and predate songbird nests at any height above the 

ground. Avian predators are also likely to locate nests by observing and following 

parental activity (Ghalambor et al., 2013, Eggers et al., 2008, Martin et al., 2000b), 

which again would make nests at any height vulnerable to detection. While the 

absence of any relationship between nest height and survival may be explained by 

the non-existence of “safe” nest sites (Filliater et al., 1994), it is also possible that 

it reflects the outcome of effective nest site choices, and as a result of learning or 

natural selection, birds are avoiding building nests in the most vulnerable sites. 

Apart from height, there are many other elements of nest site selection that can 

influence the likelihood of nest predation, each of which can be related to other 

environmental or behavioural factors. One of the most frequently measured nest 

site correlates of predation is visual concealment (Vega Rivera et al., 2009, 

Weidinger, 2002, Cresswell, 1997), which can be related to nest height (e.g. 

Remeš, 2005a) and the position of the nest within the tree (e.g. Ford, 1999). The 

effect of concealment on nest survival varies across predator groups, typically 

being more effective against visual predators such as birds than olfactory 

predators like rodents (Remeš, 2005a, Martin and Joron, 2003, Chiavacci et al., 

2014, Conover, 2007). Differences in the amount of concealing vegetation at 

different heights may partly explain the (non-significant) trend towards increased 

predation of lower nests in the Tasmanian species. I was unable to measure visual 

concealment in this study, but given the foraging behaviour of the avian predators 

recorded in Tasmania and New Zealand, it is unlikely that concealment from 

above would contribute greatly to nest survival, although concealment from the 
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sides may be more important. The position of the nest within the tree may also 

influence the likelihood of nest predation: for instance, Ford (1999) suggested 

that the position of noisy friarbird (Philemon corniculatus) nests in the periphery 

of trees could reduce predation by mammalian and reptilian predators, while 

making them more vulnerable to avian predators. The importance of nest 

accessibility and visual crypsis as factors influencing nest survival can vary with the 

ability of the prey to actively deter predators, which itself varies with the relative 

sizes of the prey and the predator (Remeš, 2005b, Svagelj et al., 2009, Weidinger, 

2002). 

It has been suggested that the choice of nest stratum (i.e. ground, shrub or tree 

canopy) is evolutionarily conservative (Martin, 1988, Martin, 1993, Peluc et al., 

2008). Despite this supposition, the Tasmanian and New Zealand birds included in 

the current study all showed considerable intraspecific variation in their nest site 

choices, in some cases building nests in all vegetation strata from the ground to 

high in the canopy. This high degree of plasticity in nest site choice may have 

facilitated a shift towards higher nests in South Island robins and New Zealand 

bellbirds faced with the threat of nest predation by introduced mammals, and a 

subsequent relaxation of this restriction in robins translocated onto islands free 

from mammalian predators. The ability to rapidly adjust life history characteristics 

is an important factor in the survival of species faced with evolutionarily novel 

environmental threats. Understanding how native species are responding to 

threats such as the presence of non-native predators, and the persistence of 

these responses under relaxed pressure, should be an important consideration in 

the design and implementation of management strategies for threatened native 

fauna.
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5. Nest site selection in the 

Chatham Island black robin1 

Abstract 

The introduction of exotic predators into new areas has had significant impacts on 

naïve prey species, which initially lack behavioural mechanisms to avoid 

predation. Understanding a species’ ability to respond appropriately to novel 

threats may inform in situ management options for threatened island 

populations. In the presence of nest predators, physical characteristics of the nest 

site can influence the likelihood that eggs or chicks are lost to predation. Some 

birds that evolved under high nest predation pressure show predictable changes 

in nest site selection following nest predation, but the ability of naïve island birds 

to alter nest site decisions based on experience with novel nest predators has not 

been well studied. I examined nest site choices of re-nesting Chatham Island black 

robins (Petroica traversi) following nest predation by invasive European starlings 

(Sturnus vulgaris). Robins whose first nests were predated re-nested in a new 

location that was significantly lower to the ground than pairs whose first nests 

were lost through other causes. As predation risk increases with nest height, the 

lower placement of re-nests is consistent with a movement towards safer nest 

sites. The cause of nest failure did not influence the choice of substrate for a 

replacement nest, nor did individual pairs re-nest further away from predated 

nests. Changes in nest site selection did not carry over into subsequent nesting 

seasons. My results suggest that some evolutionarily naïve species may be 

capable of assessing immediate risk through individual experience with novel 

predators, and modifying their nest site decisions accordingly.   

                                                           
1
 Lawrence, C., Paris, D., Briskie, J.V., and Massaro, M. 2017. When the neighbourhood 

goes bad: can endangered black robins adjust nest site selection in response to the risk of 
an invasive predator? Animal Conservation 20(4):321-330  
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5.1 Introduction 

Island faunas have been severely impacted by human-induced ecological changes. 

In historical times, over 90% of bird extinctions have been on islands (Johnson and 

Stattersfield, 1990, Manne et al., 1999, Trevino et al., 2007, Loehle and 

Eschenbach, 2011), and approximately 40% of currently threatened bird species 

occur on islands (Trevino et al., 2007). The loss of island endemics can be mainly 

attributed to the invasion of exotic predators or competitors (Diamond and 

Veitch, 1981, Johnson and Stattersfield, 1990, Trevino et al., 2007, Hilton and 

Cuthbert, 2010, Loehle and Eschenbach, 2011). Island birds can be inherently 

vulnerable to exotic predators because most insular faunas co-evolved with few 

native predators of adult birds or their dependent young (Milberg and Tyrberg, 

1993, Salo et al., 2007). Anti-predator behaviours are often costly to maintain 

(Blumstein and Daniel, 2005) and are therefore readily lost under relaxed 

predation pressure (Blumstein et al., 2004, Jamieson and Ludwig, 2012, Whitwell 

et al., 2012, Anson and Dickman, 2013). If prey species are isolated from 

predators, behaviours which rely on personal experience or social transmission of 

predator recognition may be lost within a few generations (Blumstein and Daniel, 

2002, Blumstein et al., 2004, Jamieson and Ludwig, 2012). As a result, isolated 

island faunas often lack behavioural mechanisms to recognise and respond 

appropriately to non-native predators (Milberg and Tyrberg, 1993, Cox and Lima, 

2006, Starling-Windhof et al., 2011). Studies of the development of anti-predator 

behaviours in evolutionarily naïve prey have focussed almost exclusively on how 

individuals respond and change their behaviours when they encounter a novel 

predator (Maloney and McLean, 1995, Bunin and Jamieson, 1996, McLean et al., 

1999, Jamieson and Ludwig, 2012). In contrast, the ability of evolutionarily naïve 

prey to exhibit behavioural responses to novel threats to their offspring has rarely 

been investigated (but see Massaro et al., 2008, VanderWerf, 2012).  Adults may 
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not witness predation of their offspring, so the development of anti-predator 

behaviours requires adults to associate the loss of their young with a potentially 

unseen predator.  

Nest predation is the greatest cause of reproductive failure in birds (Ricklefs, 

1969), so the ability to recognise predation risks and select safe nest sites should 

be important for a species’ persistence. However, the introduction of exotic 

predators into a habitat can make the selection of previously optimal nest sites 

maladaptive. To avoid being “evolutionarily trapped” (Schlaepfer et al., 2002, 

Schlaepfer et al., 2005), native species must switch their preferences away from 

the original sites. This may happen through natural selection over time, but for 

endemic island species—which often have small population sizes and low 

evolutionary potential—behavioural plasticity in nest site selection may be 

necessary for securing successful reproduction and immediate population survival 

(Kokko and Sutherland, 2001). 

The introduction of exotic birds and mammals into New Zealand following human 

settlement had a profound effect on the unique indigenous avifauna (Diamond 

and Veitch, 1981, Duncan and Blackburn, 2004). While invasive mammals have 

been the focus of intensive control and eradication programmes , there have been 

very few programmes attempting to control invasive birds (but see Tindall et al., 

2007) in spite of the fact that invasive birds can also have significant impacts on 

native bird species through competition, predation, hybridisation and disease 

(Kumschick and Nentwig, 2010). Recent reviews have shown that, while exotic 

birds typically have less impact on native ecosystems or populations than 

introduced mammals, impacts on small or vulnerable native populations can be 

significant (Kumschick and Nentwig, 2010, Baker et al., 2014, Martin-Albarracin et 

al., 2015). The European starling (Sturnus vulgaris) is a common invader, having 
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been successfully introduced into new areas across the American continent, 

Australia, New Zealand and the South Pacific. Starlings are cavity nesters and are 

known for their aggression against native species, particularly in competition for 

nest sites (Koenig, 2003). Starlings have repeatedly been reported usurping the 

cavity nests of native birds, often destroying eggs and killing chicks in the process 

(e.g. Lombardo et al., 1989, Wiebe, 2004, Smith, 2006). In New Zealand, starlings 

have been recorded usurping the cavity nests and/or predating the eggs and 

young of endangered native species including the orange-fronted parakeet 

(Cyanoramphus malherbi, Kearvell, 2013) and the black robin (Petroica traversi, 

Massaro et al., 2013).  

Conservation of threatened bird populations in New Zealand has traditionally 

involved management of exotic predators through localised predator control or 

translocating birds to islands or fenced exclosures that are free from mammalian 

predators (Whitwell et al., 2012, Moseby et al., 2015). While these strategies have 

proved successful, there are disadvantages. Predator control is costly and needs 

to be continued indefinitely, as populations remain naïve and vulnerable to 

reinvasion by exotic predators (Ashley et al., 2003, Schlaepfer et al., 2005, Scofield 

et al., 2011, Innes et al., 2012). Moreover, while fences and water can effectively 

exclude mammalian predators, such barriers are permeable to invasive birds like 

the starling. Understanding behavioural responses of native prey to exotic nest 

predators can be an important starting point for in situ management of 

threatened species. For instance, if evolutionarily naïve birds are capable of 

learning to recognise and respond to predators, then exposing populations to low, 

controlled numbers of novel predators should allow them to develop predator-

avoidance strategies allowing coexistence with predators in the long term 

(Schlaepfer et al., 2005, Moseby et al., 2015, Moseby et al., 2016). In the shorter 

term, knowledge of nest site choices in the presence of exotic nest predators or 
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competitors can inform attempts to create safe nest sites that native species will 

use. This may be particularly important if small populations of native species are 

translocated to islands where suitable nest sites are limited and disruption of even 

a few nests can have significant consequences (Kearvell, 2013). 

In this study I investigated whether the Chatham Island black robin (Petroica 

traversi) has learned to recognise and respond appropriately to nest predation by 

European starlings. The black robin is a critically endangered passerine endemic to 

the Chatham Island archipelago, 800 km east of New Zealand. Once widespread 

across the archipelago (Butler and Merton, 1992, Millener, 1999), the species was 

severely impacted by habitat loss and the introduction of exotic predators, such 

that by the mid-1970s the entire species numbered just seven birds on one small 

island (Butler and Merton, 1992). Through intensive management the species now 

numbers around 290 individuals, with the majority (c. 250 birds) inhabiting 

Rangatira Island and the others on nearby Mangere Island. Both islands are free 

from introduced mammalian predators. The species is highly inbred (Ardern and 

Lambert, 1997, Massaro et al., 2013b) and exhibits significant inbreeding effects 

including low fertility and hatchability (Massaro et al., 2013b, Kennedy et al., 

2014). Robins build a cup nest, but nest placement is variable, with some built 

inside cavities while others are built in more open sites (Massaro et al., 2013). 

Nests are placed from near the ground to as high as 8 m in the canopy. European 

starlings were introduced into the Chatham Island group in the late 19th century 

(Higgins et al., 2006b). They are now abundant across the entire archipelago and 

breed in high numbers on Rangatira Island (Nilsson et al., 1994). Starlings prefer 

to nest in cavities and compete for nest sites with robins, usurping and predating 

robin nests in the process. As a result, starlings are currently the main cause of 

nest failure in black robins, reducing their reproductive success and restricting 

population growth (Massaro et al., 2013). Previous attempts to exclude starlings 
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from black robin nests have had mixed results (Butler and Merton, 1992, Nilsson 

et al., 1994, Massaro et al., 2013). Massaro et al. (2013a) showed that starlings 

preferentially targeted black robin nests which were located in cavities. In 

addition, starling predation increased significantly with the height of the nest 

above the ground, regardless of whether the nest was in a cavity or not. This 

pattern is likely the result of starlings preferring to nest higher in the canopy and 

to avoid the dark interiors of dense forest: all starling nests observed by Massaro 

et al. (2013a) were greater than 2m above the ground. If black robins have 

learned to recognise and respond to nest predation by starlings, we would expect 

robins that lose their first nest to starlings to reduce the risk of further predation 

by re-nesting lower to the ground and in a different nest substrate to their first 

nest. Furthermore, if black robins use personal experience to measure nest 

predation risk at a larger scale than that of the immediate nest site, we would 

expect robins to build replacement nests further away from nests that were 

predated, than from nests that failed from other causes. If robins are learning 

from previous experience, adaptive nest site choices observed in replacement 

nests should also be retained into later breeding seasons. 

Understanding the capacity of evolutionarily naïve black robins to exhibit an 

effective behavioural response to an exotic avian nest predator may help to 

inform starling management options on Rangatira, and could also have 

implications for conservation management of other native species facing nest 

usurpation and predation by introduced birds. 
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5.2 Methods 

5.2.1 Data collection 

This study was conducted over six breeding seasons (October to January), from 

2007-08 to 2011-12 and in 2014-15 on Rangatira (Hokorereora/South East Island) 

(24 ha, 44°20'50"S 176°10'30"W). Rangatira is the third largest island of the nine 

major islands in the Chatham archipelago, and supports breeding populations of 

all six extant landbird species and subspecies endemic to the Chatham group 

(Nilsson et al., 1994). Although exotic mammalian predators including rats and 

cats were introduced into the Chatham group in the 1800s (Butler and Merton, 

1992), Rangatira remained free from exotic mammals (Nilsson et al., 1994). 

Consequently, none of the black robins alive today have had any evolutionary or 

recent exposure to mammalian predators. A large number of birds were 

introduced to the Chatham Islands including dunnock (Prunella modularis), 

blackbird (Turdus merula), redpoll (Carduelis flammea) and European starling 

(Nilsson et al., 1994) but only the latter usurps and predates black robin nests. No 

significant native avian nest predators are found on Rangatira (Forbes, 1893). 

All black robins are banded with a unique color band combination, allowing 

recognition of successive nesting attempts by the same pair. Each year during the 

breeding season, nests were found by following females during nest building or 

males feeding their incubating females. Nest locations were recorded by hand-

held GPS (Garmin GPSMAP 60CSx, <10 meters). Nest height was measured with a 

measuring tape to an accuracy of 0.1 m, and was taken as the distance from the 

ground to the base of the nest. Nests were classified as “cavity” or “open” nests, 

with a cavity nest being defined as a nest located in woody hollow within a branch 

or tree trunk, enclosed on four sides with solid walls, and a roof (Massaro et al., 

2013). Nest outcome was recorded for all nests followed to completion. In the 
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event of nest failure, the cause of failure was determined where possible. As 

European starlings were the only known predators of black robin eggs and 

nestlings (Massaro et al., 2013), robin nests that were found damaged and/or 

with broken eggs or pecked chicks were assumed to have been predated by 

starlings. Nest failure not attributable to predation was the result of nest 

desertion, severe weather events, hatching failure or nestling deaths due to 

disease or starvation. 

Black robins often produce a second clutch following failure of their first nesting 

attempt. In any given year, approximately 50-60% of pairs will re-nest following 

failure, with the ability to re-nest being dependent on the timing of the first 

attempt and the body condition of the female (M. Massaro, unpubl. data). For this 

study, I used cases in which two active nests were found for a pair of robins within 

a single season. Nests which were abandoned prior to laying were not considered 

to be active. The majority of second nests (93.4%) were found following failure of 

the earlier nest; the few cases (n = 6) in which a second nest was found following 

a successful first attempt were not included in the analysis. Divorce or death of a 

mate often leads to a change in territory by black robins (Paris et al., 2016). 

Therefore, I excluded females that changed both mate and territory between 

breeding attempts from the analyses (n = 2 nests). Where possible, the outcome 

of the second nesting attempt was determined, although this was often not 

possible given the limited time available on the island. 

To determine whether black robins chose nest sites based on earlier nesting 

experience (within a season), I quantified changes in nest site characteristics 

between a pair’s first and replacement nests and tested the influence of predation 

on these changes. I compared the height of the replacement nest to that of the 

first nest. Nest pairs were classified by whether the nest substrates were the same 
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(i.e., both initial and replacement nests were in cavities, or both were open cup 

nests) or if the robins switched from one substrate to the other between 

consecutive nest attempts. Although predation risk can be influenced by a 

number of different nest site characteristics, I focussed on nest height and nest 

substrate because both of these characteristics have previously been shown to 

influence the likelihood of starling predation on black robin nests (Massaro et al., 

2013). To investigate whether replacement nests were built further away from 

initial nests following a predation event, the Euclidean distance in metres 

between nest locations was measured in ArcGIS 10.2 (ESRI, 2013). Changes in nest 

site characteristics were compared between pairs that experienced nest failure 

due to starling predation versus those that failed from other causes. 

To test whether predation-mediated nest site choices are retained into the 

following season, I tested whether outcome of the first nest (predated or not 

predated) influenced the height of the first nest of the following season. 

 

5.2.2 Statistical Analysis 

All statistical analyses were performed in R version 3.2.0 (R Core Team, 2015) 

using the lme4 R package version 1.1–8 (Bates et al., 2016) for linear and 

generalized linear mixed effects models.  Visual inspection of residual plots did 

not reveal any obvious deviations from normality nor homoscedasticity.  

I tested whether predation of the first nest influenced where females built their 

second nest. As the data include nest records from individual pairs over multiple 

seasons, I used linear and generalized-linear mixed effects models to allow the 

inclusion of repeat measures and random factors. In each analysis, I tested one of 

three response variables, nest height, nest substrate change, or inter-nest 
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distance, as a binomial or continuous variable. To investigate whether the height 

of the second nest differed due to predation of the first nest, I tested whether the 

interaction between nesting attempt (first or second) and nest outcome (whether 

the first nest was predated or not predated) significantly influenced nest height.  

This full model, which also included nest attempt and nest outcome as fixed 

effects and pair identity and year as random effects was tested against a null 

model that did not include the two-way interaction term. This analysis was 

repeated, replacing the height of the second nest with that of the first nest in the 

following year, to test whether nest height decisions were retained into the next 

season. As the outcome of many replacement nests in the initial year was 

unknown, sample sizes did not allow us to test whether outcome of the 

replacement nest (success, predation, or failure due to other causes) influenced 

placement of first nests in the subsequent year. 

To examine the influence of predation on nest substrate choice, I first tested 

whether robins were more likely to select one substrate over another after 

predation, regardless of the substrate of their first nest. I then tested the effect of 

predation on the likelihood that pairs would switch from one substrate to another 

for their second attempt. For both analyses, the null models included only the 

random effects (pair identity and year), while the full models included nest 

outcome (predated or not predated) as a fixed effect. To investigate whether the 

outcome of the first nest influenced the distance between first and second nest, I 

compared a null model containing pair identity and year as random effects against 

a full model including the random effects and nest outcome as a fixed effect.  

For all analyses, model fit was determined by obtaining p-values through 

likelihood ratio tests of the full model, which included the fixed effect being 

tested, against the model without the effect in question. A significant difference 
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between the two models indicated that predation of the first nest had a 

significant effect on where females would build their second nest.  

 

5.3 Results 

In total, there were 80 cases in which a replacement nest was recorded for an 

individual black robin pair, following failure of a previous nest within that season. 

In 28 (35.0%) cases, the first nest was lost to predation; the first nests of the 

remaining 52 cases were lost through other causes including abandonment of 

eggs or chicks, extreme weather events, disease, or infertility. In nine cases 

(predated = 3, non-predated = 6) the same nest site was used for both nesting 

attempts. The outcome of the second nesting attempt was known for 53 pairs. 

Ten second nesting attempts were predated, 25 successful, and 18 abandoned or 

failed through causes other than predation. 

 

5.3.1 Nest height 

Overall, average nest height was 1.98 m for first nests (predated initial nests: 

mean = 2.26 m; range 0.6 to 5.0 m; 95% CI = 0.48 m; non-predated initial nests: 

mean = 1.83 m; range 0.3 to 5.1 m; 95% CI = 0.33 m). Most robins decreased nest 

height following predation (height difference from first to second nest: mean = -

0.44 m; n = 28 pairs; range -4.0 m to 2.4 m; 95% CI = 0.67 m), while robins whose 

nests failed through other causes, increased nest height (mean difference = 0.64 

m; n = 52 pairs; range -4.10 to 7.1 m; 95% CI = 0.50 m). Predation of the first nest 

significantly influenced the height of the second nest (2 = 6.82, df = 1, P = 0.009) 

(Fig. 5.1). Fifteen pairs whose first nest was predated re-nested at the same or 

greater height. Of the 11 such cases where the outcome of the second nest was 

known, three second nests were predated (6 successful, two failed through other 
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causes). In contrast, none of the eleven pairs who built lower replacement nests 

(of which the outcome was known) lost their second nest to starlings. 

The reduction in nest height following predation was not retained into the 

following year. The average first nest height in year (y+1) was 0.31 m lower than 

first nests in year (y) (n = 15 pairs; height difference range -4.1 to 3.35 m; 95% CI = 

0.94 m) for predated pairs, compared to 0.15 m higher (n = 33 pairs; range -2.4 to 

1.9 m; 95% CI = 0.30 m) for non-predated pairs. Predation of the first nest in one 

season had no effect on the height of the first nest in the following season (2 = 

1.56, df = 1, P = 0.211).  

 

 

 

Figure 5.1. Violin plot of black robin nest heights for first and second nesting 
attempts within a single season. Dots refer to data from individual nests. The 
shape of the violin is determined by kernel density, whereby broader areas 
represent more data points. Pink fill = pairs whose first nest was predated; blue fill 
= pairs whose first nest failed from other causes 
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5.3.2 Nest substrate 

Of the 80 first nests included in the analysis, 32 (40.0%) were cavity nests. 

Seventeen (53.1%) of these were predated, with the remaining 15 cavity nests 

failing from other causes. Of the 48 open first nests, 11 (22.9%) were predated. 

Predation of the first nest did not influence the choice of substrate used for the 

second attempt (2 = 0.56, df = 1, P = 0.451). Similarly, the outcome of the first 

nest had no effect on the likelihood that robins would switch substrates for their 

second nesting attempt (2 = 1.06, df = 1, P = 0.303). However, robins whose first 

nests were in cavities were more likely to switch substrates than those with open 

first nests (2 = 9.60, df = 1, P = 0.002), regardless of the cause of failure of the 

first nest. 

 

5.3.3 Inter-nest distance 

Robins built their second nest between 0 m (i.e. using the same nest site) and 86.2 

m from their first nest. The mean distance moved following predation of the first 

nest was 31.6 m (range 0 — 75.7 m; 95% CI = 8.05 m). After other causes of nest 

failure robins re-nested on average 30.6 m (range 0 – 86.2 m; 95% CI = 5.79 m) 

from their first nest. The outcome of the first nest did not influence the distance 

between first and second nests (2 = 0.46, df = 1, p = 0.50). 

 

5.4 Discussion 

Nest predation is an important cause of nest failure in many birds (Ricklefs, 1969), 

and the introduction of exotic nest predators into new areas can have significant 

impacts on breeding success in native bird populations. The selection of a safe 

nest site can be the difference between a successful and a failed nesting attempt 
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(Martin, 1993, Weidinger, 2004). Nest site quality is a function of multiple 

environmental factors, including predation risk, competition and microclimate, 

which may vary spatially and/or temporally. The ability to associate nest site 

characteristics with environmental variables, recognize the current importance of 

specific environmental variables through recent experience, and then select a new 

nest site accordingly, should therefore be adaptive (Marzluff, 1988). Within-

season changes in nest height following predation or disturbance have been 

previously demonstrated in a range of other birds including Brewer’s sparrows 

(Spizella breweri, Chalfoun and Martin, 2010b), pinyon jays (Gymnorhinus 

cyanocephalus, Marzluff, 1988), northern cardinals (Cardinalis cardinalis, Kearns 

and Rodewald, 2013) and great grey shrikes  (Lanius excubitor, Antczak et al., 

2005). Notably, however, these studies involve continental species which have 

long evolutionary histories with their nest predators. Island birds that evolved 

with few or no native nest predators may lack the behavioural plasticity needed to 

make nest site decisions based on novel threats. 

While studies investigating nest site choices in birds facing novel predation risks 

are rare, it appears that some species can adapt rapidly to new predators through 

natural selection (VanderWerf, 2012, Hamao and Higuchi, 2013), but that 

individual plasticity may be limited or absent. In this study I have shown that 

endangered Chatham Island black robins, which evolved in the absence of nest 

predators, respond to nest predation by an invasive avian nest predator, the 

European starling, by selecting safer nest sites for replacement clutches.  

European starlings compete aggressively with other species for nest cavities 

across their native and introduced range. Starlings have been recorded destroying 

or usurping the nests of native cavity-nesting species in Europe (Matthysen and 

Adriaensen, 1998, Smith, 2006), North America (Kerpez and Smith, 1990, Wiebe, 
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2004) and New Zealand (Kearvell, 2013) but numerous studies have also shown 

that starlings have strong, specialized nest-site preferences (e.g. Mazgajski, 2003, 

Aitken and Martin, 2008, Campbell et al., 2012), allowing other cavity-nesting 

species to either avoid or adapt to competition for nest sites, even in areas where 

starlings have been present for less than 200 years (Koenig, 2003). Previous 

research (Massaro et al., 2013) has shown that black robin nests which are higher, 

and/or built in cavities, are more susceptible to predation by starlings. If robins 

have developed adaptations to nest predation by starlings, then we would expect 

them to re-nest at a lower height to reduce the risk of future predation. Following 

nest predation, we found that black robins decreased the height of their 

replacement nests, suggesting that robins can show an appropriate behavioural 

response to this novel predator. In contrast, I found no evidence that nest 

predation influenced whether replacement nests were open nests or located in 

cavities; nor did robins build replacement nests further from predated nests than 

from nests that failed from other causes.  

Black robin nests ranged from 0.1 m to 8 m in height. First nests which suffered 

predation were on average slightly higher than those that failed through other 

causes, such as severe weather events, embryo death or desertion. Predation 

significantly influenced the interaction between nest attempt and nest height: 

robins that experienced predation built lower replacement nests than robins 

without recent experience of predation. Moreover, following predation, all 

replacement nests were built less than 4 m above the ground, while the height of 

non-predation replacement nests was more variable. These results suggest that 

black robins actively selected lower, and thus safer, nest sites following direct 

experience of predation.  
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Although there was an overall reduction in nest height after predation, some 

robins actually increased nest height after their first nest was predated. Notably, 

none of the robins who built their second nests lower suffered predation of their 

second nests, while 3 of 11 robins who did not decrease their nest height, and the 

outcome of whose second nests were known, also had their second nest attempt 

predated. Although our sample sizes for this are small, it provides evidence that a 

reduction in nest height following predation is adaptive. This accords with 

previous research which showed that predation rates are lower for nests built 

lower in the canopy (Massaro et al., 2013). The observed reduction in nest height 

following predation was not retained into the following season. This suggests that 

robins may be basing their nest site choices on multiple environmental cues, and 

may require more recent experience of predation to “remember” the need for 

safe sites. Although we cannot rule out the possibility that black robins as a 

species have adapted to the threat of predation by starlings, this result suggests 

that behavioural plasticity—which may itself have evolved as a response to 

predation—plays an important role in the nest site decisions made by individual 

robins. 

Black robins are unusually variable in their selection of nest sites, with most 

individual females building both open cup nests and enclosed cavity nests in their 

lifetimes, suggesting the choice of a nest site is quite plastic. So given that open 

nests are safer from starlings, why do black robins persist in nesting in cavities? 

The quality of a nest site is a function of multiple environmental factors (Marzluff, 

1988). Given black robins have never been exposed to significant levels of nest 

predation by other native or exotic nest predators, it is unlikely that nest site 

choices reflect conflicting responses to nest predation. On a small island like 

Rangatira, nest microclimate is probably an important factor in nesting success. 

After predation, adverse weather events are the next most important source of 
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nest failure in black robins (Massaro et al., 2013). Open nests are more 

susceptible to failure in bad weather than cavity nests (Massaro et al., 2013). 

Open nests may also be colder, leading to reduced hatchability and slower 

nestling growth compared to cavity nests (Godard et al., 2007). Black robins that 

built their first nests in cavities were more likely to switch nest substrate for their 

second nest, than those that began in open nests. This may reflect lower 

availability of cavity nests later in the season: black robins typically begin nesting 

earlier than starlings, so more cavities are available for first nesting attempts than 

later attempts when cavities are occupied by starlings. Moreover, weather 

conditions on Rangatira are often harsh and unpredictable early in the season 

(Oct – Nov), making cavity nests more beneficial than later in the season (Dec – 

Jan) when the weather is milder.  

Following predation, the safest site for a replacement nest might be one that lies 

outside the foraging range of the predator that predated the first nest. Increased 

movement following nest predation, either within or between breeding 

territories, has been reported in some avian populations (e.g. Boulton et al., 2003, 

Grégoire and Cherry, 2007, Chalfoun and Martin, 2010a, Beckmann et al., 2015), 

although this is not universal (e.g. Jackson et al., 1989, Howlett and Stutchbury, 

1997, Kershner et al., 2004). Black robins showed no tendency to re-nest further 

from a predated first nest than from one that failed through other causes. In the 

case of black robins, there may be no real benefit in moving further away. Nest 

predation by starlings is often associated with the usurpation of the nest site, and 

harassment by nesting starlings may prevent other birds from nesting nearby 

(Nilsson, 1984, Ingold, 1998). Once outside this area of harassment, the costs of 

moving further away might outweigh the benefits. Additionally, black robin 

territory sizes are highly constrained by the small size of the island; it is possible 
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that robins simply do not have space within their own territory to move away 

from the threat of predation.  

Predator recognition is often considered to be an innate trait, but one which may 

require specific experience of a predator for response expression (Griffin et al., 

2000, Veen et al., 2000, Kullberg and Lind, 2002, Wiebe, 2004, Carthey and Banks, 

2014, Moseby et al., 2015). Even some predator-naïve, insular species can learn to 

recognise and respond appropriately to novel predation risks (e.g. Maloney and 

McLean, 1995, Bunin and Jamieson, 1996, McLean et al., 1996, McLean et al., 

1999). Most studies into the development of predator-recognition and response 

focus on predators that represent an immediate, personal threat to the target 

individual, be it an adult (e.g. McLean et al., 1996, McLean et al., 1999) or a 

juvenile (Kiesecker and Blaustein, 1997, Griffin et al., 2000, Kullberg and Lind, 

2002, Darwish et al., 2005). In contrast, very few studies have investigated the 

development of parental responses to novel predators of dependent young (but 

see Berger et al., 2001, Massaro et al., 2008, VanderWerf, 2012).  For learning to 

occur, animals must first be able to associate specific environmental cues with 

important biological events (Brown, 2012). Predation of offspring may not be 

directly witnessed by parents, hindering the development of this association; 

consequently, parental responses to novel predators of their young may develop 

in quite different ways to responses to personal predation threats. Nest predation 

provides a good opportunity to investigate the ability for parents to respond to 

the outcome of unseen events, as predation can occur when parent birds are 

absent from the nest. In our case, black robins must be able to associate the 

presence of starlings with the destruction of the nest. The development of such 

an association may be particularly difficult in species like the black robin, where 

nest predation levels have been low over evolutionary timescales (prior to the 

introduction of starlings) and no association between egg or chick losses and the 



109 
 

presence of other species has evolved previously. The development of parental 

responses to nest predation may be similar to the development of responses to 

brood parasitism: both affect reproductive success rather than immediate 

survival, and the event may not be witnessed by the parents. Studies comparing 

host-species responses to adult brood parasites in allopatric and sympatric 

populations consistently suggest that parasite recognition arises through 

individual or social learning, rather than being innate (Briskie et al., 1992; see also 

Feeney and Langmore, 2013, Hale and Briskie, 2007, Langmore et al., 2012). Black 

robins strongly defend territory boundaries during the breeding season (M. 

Massaro, pers. obs.) and thus nesting robins have little opportunity to gather 

information about nest predation from neighbouring pairs (Thomson et al., 2013). 

Our findings—that robins persist in nesting in risky sites, but modify site selection 

following predation—suggest that individual robins are using recent, personal 

experience of predation to measure predation risk and act accordingly.  

Island birds are likely to be particularly vulnerable to nest predators, if they lack 

appropriate mechanisms of predator recognition and response. This dangerous 

naivety may persist in species which, like the black robin, have low genetic 

diversity. Lack of genetic diversity, arising though small population sizes or 

historical genetic bottlenecks, may hamper the ability of native species to evolve 

behavioural adaptations to novel predation risks. The results of our study suggest 

that even species which have evolved in the virtual absence of nest predation 

pressure may have some capacity to show behavioural plasticity in the face of 

novel threats, and are not necessarily “trapped” into unsuitable nest site choices.  

Habitat changes such as landscape modification and the introduction of invasive 

competitors can reduce the availability of suitable nest sites for native species, 

particularly for those species that use tree cavities. The provision of artificial nest 
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boxes can benefit efforts to conserve cavity-nesting fauna, but their success is 

dependent on appropriate design and location to maximise occupancy by target 

species and minimise predation, competition and parasite infestation (Stamp et 

al., 2002, Lindenmayer et al., 2009). Nest site choices made by native species 

under varying conditions (such as variable predation risk) are therefore an 

important consideration in the provision and management of artificial nests. 

Understanding how naïve island birds like the black robin respond to nest 

destruction by introduced predators and competitors can help to inform optimal 

sites for the installation of safe nest boxes, which could be vital for a species’ 

persistence in the wild. 
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6. General discussion 
 

6.1 Research summary 

6.1.1 Introduction 

The overarching aim of this study was to determine firstly, whether New Zealand 

birds show behavioural responses to introduced predators, and secondly, whether 

these responses are maintained in populations isolated from these predators.  I 

used data from seven populations of Petroica robins to compare predation rates, 

nest site selection and parental activity among groups with different evolutionary 

and current exposure to nest predators. Throughout this thesis I have shown that 

New Zealand birds express behavioural responses to nest predation by introduced 

mammals, despite evolving for millions of years with few avian, and no 

mammalian nest predators. However, the expression of these responses is lost 

when predation pressure is relaxed.  

Robust interpretation of putative anti-predator behaviours requires knowledge of 

the predators. For instance, if most predators are nocturnal or use olfactory cues 

for finding nests, then there would be little selective pressure on diurnal activity 

by parents, and any apparent differences may be more attributable to other 

factors. The predator fauna of New Zealand is well-known. In mainland areas of 

New Zealand, nest predation by mammals is more common than predation by 

birds: Moors (1983) conducted a large study of nest predation in Kowhai Bush 

near Kaikoura, and showed the importance of introduced mammalian predators 

in this mainland site; other studies have indirectly demonstrated the impact of 

mammalian predators on nesting success by showing a significant decrease in nest 

predation following mammal control (e.g. Massaro et al., 2008, Starling-Windhof 
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et al., 2011). As no studies of nest predation have previously been undertaken in 

Tasmania, I used remote cameras to identify nest predators in my Tasmanian 

study sites (Chapter 2). Nest predation rates were high, and native birds were by 

far the most common predators of arboreal nests, including robin nests. Based on 

this knowledge of the main nest predators in my study sites, I could make 

predictions about what behavioural adjustments I might expect to see in 

Tasmanian and New Zealand robins. 

 

6.1.2 Do New Zealand birds show behavioural responses to the risk of 

nest predation by introduced predators? 

The activity of parent birds at the nest can disclose the location of the nest to 

predators (Skutch, 1949). The predominance of diurnal avian nest predators in 

Tasmania suggests that nesting birds should be under strong selection to minimise 

their activity at and around the nest. In Chapter 3, I showed that New Zealand 

robins exposed to a “natural” nest predator fauna—that is, black robins and 

tomtits on Rangatira Island, which have never been exposed to introduced 

mammalian predators, and have few native avian nest predators—have higher 

levels of activity around the nest than Tasmanian robins which have a shared 

evolutionary history with a diverse and abundant nest predator fauna. This 

suggests that a reduction in parental activity is an adaptation to high levels of nest 

predation in Tasmanian birds. If New Zealand birds are responding behaviourally 

to the presence of introduced predators, South Island robins from a mainland site 

should show a similarly low rate of activity to the Tasmanian species. This was 

indeed the case: South Island robins from Kaikoura made significantly fewer visits 

to the nest during the incubation period than the Chatham Island species, and 

maintained high levels of nest attentiveness by increasing the length of each 



113 
 

incubation bout. Two other measures of parental activity—incubation 

attentiveness and the frequency of visits to the nest during the nestling stage—

did not differ across species, indicating that some life history traits are less 

influenced by predation risk than others.  

Further evidence that New Zealand birds are responding to introduced predators 

is presented in Chapters 4 and 5, in which I focussed on nest site selection in 

populations exposed to introduced predators. The choice of nest site can be an 

important factor in the survival or failure of a nesting attempt (Martin, 1988, 

Martin, 1993, Marzluff, 1988, Peluc et al., 2008, Massaro et al., 2013). A number 

of previous studies have shown that nests at different heights are vulnerable to 

different predators, with mammalian predators such as rodents more likely to 

predate low nests, and birds more likely to predate high nests (e.g. Söderström et 

al., 1998, Remeš, 2005a, Weidinger, 2002, Peluc et al., 2008). In Chapter 4 I found 

that nest height did not significantly affect nest survival rates in South Island 

robins or New Zealand bellbirds on the mainland, where mammalian predators 

are abundant, or on islands which lack introduced predators. However, in both 

species, nests in the mainland sites were built higher above the ground than those 

on the islands. This suggests a shift towards the selection of “safer” nest sites in 

robins and bellbirds that are faced with mammalian predators. 

 Chatham Island black robins still have no mammalian nest predators, but they 

suffer high levels of nest predation by invasive European starlings. Black robins 

build nests in diverse sites: in cavities or in vegetation, low or high. Previous 

research (Massaro et al., 2013) has shown that some sites are more vulnerable to 

starling predation than others. The fact that robins persist in nesting in risky sites 

implies an evolutionary trap (Schlaepfer et al., 2002, Schlaepfer et al., 2005, Kokko 

and Sutherland, 2001, Battin, 2004), where previously beneficial nest site choices 
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are rendered maladaptive by the presence of starlings, but no shift is made 

towards the selection of newly-optimal sites. However, in Chapter 5 I show that 

black robins respond to recent, personal experience of nest predation by selecting 

safer nest sites for replacement clutches. While re-nesting in lower sites may have 

been an existing adaptation to any avian nest predator, the very low levels of nest 

predation by native avian predators may not have been sufficient for the 

development of anti-predator behaviours. 

 

6.1.3 Loss of anti-predator behaviours in isolated populations 

Overall, this study provides several lines of evidence that New Zealand birds, 

despite millions of years of freedom from predatory mammals, are capable of 

responding appropriately to introduced nest predators to which they have been 

exposed for just a few centuries. This has clear advantages for the long-term 

survival of native species, but how fixed are these behavioural responses, and 

what happens when predation pressure is relaxed? Translocating populations of 

threatened species into fenced areas or islands free from mammalian predators is 

a common, and generally successful, conservation tool in New Zealand and 

elsewhere (Burns et al., 2012, Innes et al., 2012, Scofield et al., 2011), but 

isolating prey from introduced predators can lead to the loss of predator 

recognition and anti-predator responses (Whitwell et al., 2012, Snyder et al., 

1996, Moseby et al., 2012, Blumstein and Daniel, 2005, Jamieson and Ludwig, 

2012). In Chapters 3 and 4 I compared parental activity and nest site selection 

between two translocated island populations of South Island robin and a 

population from the New Zealand mainland. These translocated populations were 

sourced from areas with mammalian predators, where their progenitors probably 

would have shown similar anti-predator behaviours to the mainland population. 
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While the mainland population had levels of parental activity similar to those of 

Tasmanian robins, activity in the island populations was more similar to those of 

the Chatham Island species. Additionally, building higher nests may reduce the 

probability of nest predation by mammals; in the absence of mammalian nest 

predators, the island robins built lower nests than their mainland conspecifics. 

Both of these instance suggest that the behavioural shifts that South Island robins 

have made in the presence of mammalian predators have been reversed or lost in 

isolated island populations. 

 

6.2 Predation and avian life histories over evolutionary 

timescales 

The importance of nest predation on avian life history evolution was first 

suggested by Moreau (1944), and since then has gained considerable research 

interest. Evolutionarily conservative life-history traits such as nest site (e.g. 

canopy vs shrub, cavity vs open: Martin, 1995, Martin and Li, 1992) and 

environmental factors such as predator abundance and community composition 

(e.g. tropical vs temperate, low vs high elevation: Martin et al., 2011, Martin, 

1996, Badyaev and Ghalambor, 2001, Remeš et al., 2012a) can influence the 

probability of nest predation in individual species, and as a result lead to 

divergence in other life-history traits. Comparative studies relating nest predation 

risk to clutch size (Martin et al., 2006, Lack, 1948, Martin, 2014, Slagsvold, 1982), 

parental care (Massaro et al., 2008, Badyaev and Ghalambor, 2001, Bures and 

Pavel, 2003), nestling growth and development (Bosque and Bosque, 1995, Cheng 

and Martin, 2012, Redfern, 1994, Trevelyan and Read, 1989) and other life history 

traits have shown that nest predation is an important driver of avian life-history 

divergence over evolutionary timescales. Comparisons of life-history traits 
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between phylogenetically-related birds in areas with and without native 

mammalian predators, are an ideal way of investigating the effects of predation 

on life-histories. New Zealand provides a useful study system for this: many of the 

endemic bird species are closely related to Australian birds (Trewick and Gibb, 

2010, Miller and Lambert, 2006), allowing comparisons across related taxa with 

divergent evolutionary histories  (Bosque and Bosque, 1995, Trevelyan and Read, 

1989). By comparing parental activity in a single genus of birds (Petroica) from 

Tasmania (where native birds have a shared evolutionary history with diverse nest 

predators) and the Chatham Islands (where the native Petroica species have never 

been exposed to mammalian nest predators), my study has contributed to this 

extensive body of research into evolutionary life-history divergence in species 

under different nest predation pressures. 

 

6.3 Contemporary evolution and learned responses to exotic 

species 

6.3.1 Contemporary evolution, learning, and introduced species 

Non-indigenous plant and animal species have spread throughout the world, 

altering ecological webs and forming an important source of selective pressure on 

native species (Strauss et al., 2006, Schlaepfer et al., 2005). In a wide-ranging 

review, Strauss et al. (2006) show that, given certain conditions, many species are 

able to adapt to invasive exotics through morphological or physiological changes 

(see also Ashley et al., 2003). Many plastic anti-predator behaviours also have 

heritable components, and are therefore subject to selective pressure (Martin and 

Briskie, 2009, Strauss et al., 2006). The existence of isolated areas (for instance, 

islands or lakes) which remain more or less free from invasive species allows 

investigation of life-history divergences which have arisen between wild 
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populations, within a single species, over a matter of centuries or even decades 

(e.g.Hartman and Lawler, 2014, Hettyey et al., 2016, Massaro et al., 2008). Rapid 

evolution (“contemporary evolution”) in response to environmental changes can 

occur within a couple of decades, or in less than 50 generations (Ashley et al., 

2003, Yeh, 2004, Hartman and Lawler, 2014), although the length of time in which 

a native population has been exposed to invasive species can determine the level 

of response. For instance, tadpoles of the Iberian waterfrog (Pelophylax perezi) 

from populations with no coexistence, or a short period of coexistence, with an 

introduced crayfish showed plastically reduced activity in the presence of crayfish; 

in contrast, tadpoles from populations that had coexisted with the crayfish for 

longer showed significantly lower activity even in the absence of crayfish, 

indicating that increased exposure time led to the development of a  constitutive, 

non-plastic behavioural defence (Nunes et al., 2014). Even species that have 

developed behavioural responses to exotic predators will continue to be under 

strong selective pressure, and therefore evolution is ongoing, if predation rates 

remain high (Losos et al., 2004). 

Adaptive responses to exotic invaders should only arise if the new conditions 

exert strong selective pressures on native species (Strauss et al., 2006, Ortega et 

al., 2016), but behavioural responses may also be learned. Learning can occur 

rapidly: an individual can learn about a novel predator after a single successful 

encounter (Ortega et al., 2016, Griffin, 2004), particularly if the prey species is in 

some way ‘pre-adapted’ to the predator (Griffin et al., 2000; see below). In this 

study, I found that New Zealand birds exhibit behavioural adjustments after 800 

years of exposure to introduced mammalian nest predators (South Island robin 

and New Zealand bellbird), and within 250 years of exposure to introduced avian 

nest predators (Chatham Island black robin and Chatham Island tomtit). It is 

unclear whether the development of these responses represents natural selection 
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on heritable traits, evolved or existing behavioural plasticity, or some combination 

of these. The reversal of anti-predator behaviours (reduced activity and higher 

nests) within 50 years following translocation of populations onto islands free 

from mammalian predators indicates at least some degree of plasticity is present 

in the behaviours; this is particularly evidenced by the present, but reduced, nest-

height response in South Island robins and New Zealand bellbirds in an area 

where mammalian predators are controlled (see also Massaro et al., 2008). 

However, if the observed anti-predator behaviours exert a significant fitness cost 

on birds on predator-free islands then, as the foregoing discussion demonstrates, 

it is plausible that the behaviours have been acquired, and subsequently lost, as a 

result of natural selection. Tests of behavioural responses in island populations to 

experimentally-manipulated predation risk (real or perceived) would help to 

clarify the nature of anti-predator behaviours in New Zealand birds. 

 

6.3.2 Pre-adaptation to exotic species – novel responses, or expression of 

existing responses? 

The rapidity and extent to which a species can develop a behavioural response to 

a predator with which it has no shared evolutionary history, depends in part on its 

exposure to other predators, particularly those which produce similar sensory 

cues (Sih et al., 2011). Prey may show a generalised predator response which 

encapsulates cues from a novel predator, and therefore be ‘pre-adapted’ to that 

predator (e.g. Griffin et al., 2001, Ferrari et al., 2009, Wiebe, 2004). Furthermore, 

deep evolutionary history with specific predator types can facilitate the retention 

of predator recognition in prey species that have been isolated from that predator 

for long periods of time (e.g. Atkins et al., 2016). The research that forms this 

thesis is based largely on the premise that New Zealand birds are naïve towards 
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novel predators, and have had to develop anti-predator behaviours since the 

arrival of predatory mammals some 800 years ago. However, it is possible that 

New Zealand birds were, to some degree, pre-adapted to the arrival of exotic 

predators. Much of the New Zealand avifauna has its roots in Australia (Trewick 

and Gibb, 2010, Tennyson, 2010), where ancestral birds would have been exposed 

to mammalian, avian and reptilian nest predators. For example, the Petroica 

robins probably first arrived in New Zealand from Australia during the Pliocene or 

early Pleistocene (Tennyson, 2010, Miller and Lambert, 2006), at a time when 

marsupial carnivores such as dasyurids were active on the Australian continent, 

and the first murid rodents were appearing (Godthelp, 2001). As such, it is not 

strictly accurate to say that the New Zealand Petroica species have no 

evolutionary history of mammalian nest predators. But learned responses can be 

lost within a very few generations of relaxed selection pressure (Blumstein et al., 

2001), and the three to five million years that passed between the arrival of 

robins in New Zealand and the arrival of mammalian predators, may have been 

plenty of time for even innate recognition of mammalian predators to have been 

lost through genetic drift (Lahti et al., 2009), which is particularly strong in small 

populations (Frankham, 1996, Forsdick et al., 2017). Island faunas with no native 

mammalian predators are also likely to exhibit life history adaptations to native, 

non-mammalian predators: for instance, the prevalence of diurnal avian predators 

in New Zealand may explain the high level of visual, but not olfactory, crypsis in 

birds (Holdaway, 1989) and diurnal invertebrates (Gibbs, 2009). New Zealand has 

relatively few avian nest predators compared to Australia, but Australasian 

harriers (Circus approximans), moreporks (Ninox novaeseelandiae) and long-tailed 

cuckoos (Eudynamys taitensis) are known to predate passerine nests (Beaven, 

1997, Remeš et al., 2012b). In addition, New Zealand had two species of now-

extinct raven (Corvus antipodum and C. moriorum), the diet of which are unknown 
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(Gill, 2003) but which may have predated nests in particular habitats. 

Furthermore, nests are not only vulnerable to predators: brood parasites can also 

have a significant impact on reproductive success, and coevolution with brood 

parasites could produce some degree of protection against nest predators, 

through coevolution with brood parasites. New Zealand has two species of 

obligate brood parasite, the shining cuckoo (Chrysococcyx lucidus) and the long-

tailed cuckoo (Eudynamys taitensis). In New Zealand, shining cuckoos only 

parasitize Gerygone warblers (Higgins, 1999, Gill, 1983), although Briskie (2003) 

suggests that other species, including New Zealand robins, may have been hosts in 

the past. Certainly, shining cuckoos parasitise multiple hosts, including robins, in 

Australia (Higgins, 1999). Long-tailed cuckoos predominantly parasitize 

whiteheads, yellowheads and brown creepers (Mohoua spp.), but have 

occasionally been reported parasitising robin and tomtit nests (McLean, 1988). 

Long-tailed cuckoos have also been observed predating passerine nests (McLean 

and Jenkins, 1980, Bosque and Bosque, 1995). A number of “front-line” anti-brood 

parasite strategies listed by Feeney et al. (2012) are analogous to recognised anti-

predator strategies: cryptic nests, protective colouration and low levels of 

parental activity near the nest are generalised defences that could be equally 

effective against nest predation and brood parasitism. Indeed, Grim et al. (2011) 

suggest that previous adaptations to nest predation may make some species 

unsuitable hosts for brood parasites. For island birds that evolved with brood 

parasites but not with predatory mammals, this argument may be turned around. 

If island birds have evolved “front-line” adaptations against brood parasitism then 

perhaps—at least to some extent—they were already behaviourally equipped for 

reducing the risk of nest predation.  
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6.4 Fitness costs of anti-predator behaviours 

For any animal, the ability to respond to the immediate or potential threat of a 

predator can be critical for survival. However, the expression of anti-predator 

behaviours can be costly in other ways (Lind and Cresswell, 2005, Cresswell, 

2008). For example, a vigilant animal, while less likely to be predated, has less 

time available for feeding and other maintenance behaviours (Caro, 2005), 

leading to decreased fitness (Lima, 1998). While the time-costs of vigilance can be 

reduced by aggregating groups, this in itself can have fitness costs, if grouping 

increases intraspecific competition (e.g. Blumstein et al., 2004). In lizards, caudal 

autotomy (tail shedding) is a facultative anti-predator strategy which can improve 

an individual’s chance of escaping from a predator, but which can impact on 

locomotor function, social status and fecundity (Pafilis et al., 2009). Under relaxed 

predation pressure, the fitness costs of anti-predator traits can lead to their loss 

through natural selection, or to a failure to express them if they are plastic 

(Blumstein et al., 2004, Pafilis et al., 2009, Lahti et al., 2009). Quantifying the 

fitness costs of anti-predator behaviours is complex, as prey may utilise multiple 

anti-predator behaviours, as well as compensatory behaviours that minimise their 

fitness costs, and has therefore rarely been achieved (Lind and Cresswell, 2005).  

In this study, I have shown that New Zealand birds have adopted behavioural 

strategies in response to increased nest predation pressure from introduced 

mammals, but that these responses are not expressed in populations that have 

been isolated from mammalian predators for less than 50 years. This suggests 

that there may be fitness costs involved with maintaining or expressing the 

observed behaviours. Nest site selection probably involves prioritization of a 

complex set of environmental and ecological cues, of which predation risk is just 

one. A nest site that is optimal against nest predators may be sub-optimal in other 
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ways. For instance, Marzluff (1988) showed that for pinyon jays (Gymnorhinus 

cyanocephalus), nests that are well-concealed, and therefore relatively safe from 

nest predation by corvids, were more likely to be abandoned in cold weather as 

the lack of solar radiation increased the energetic costs of incubation. Similarly, 

black robin nests in cavities are protected against extreme weather, but are more 

likely to be predated by starlings (Massaro et al., 2013, Lawrence et al., 2016; see 

Chapter 5). In this study, South Island robins and New Zealand bellbirds on islands 

without mammalian predators built nests at all available heights, whereas those 

in mainland areas avoided low nest sites. It is possible that low nests specifically 

have benefits which are overruled by the need to avoid mammalian predators (for 

instance, lower nests may be less exposed to the weather); alternatively, nesting 

across all possible heights may reduce intra- and interspecific competition. It is 

also possible that nest height in these species is plastic, and the avoidance of low 

nests is a facultative, individual response to the presence of mammalian nest 

predators. 

In some cases, the costs of anti-predator behaviours can be compensated for by 

other behaviours or life history traits. For instance, reduced frequency of chick 

provisioning under high ambient nest predation risk (Skutch, 1949, Massaro et al., 

2008, Fontaine and Martin, 2006) can reduce nestling growth rates and lead to a 

range of fitness consequences for the offspring (Martin and Briskie, 2009, 

Metcalfe and Monaghan, 2001). However, less frequent provisioning may be 

offset by an increase in the amount of food provided in each visit (Martin et al., 

2000a), or periods of reduced feeding under increased immediate predation risk 

(for example, when a predator is nearby) can be compensated for by increased 

feeding once the danger has passed (Paclik et al., 2012, Mutzel et al., 2013). 

Understanding and managing the fitness costs of anti-predator behaviours in 
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species that are threatened by introduced predators should be an important 

consideration in conservation management. 

 

6.5 Loss and development of anti-predator responses in 

native prey: implications for conservation management 

Even species that survive the initial introduction of exotic predators may continue 

to be threatened by ongoing predation pressure, especially if they are also 

impacted by other environmental pressures, such as habitat loss. The impacts that 

exotic predators have had on naïve native populations have, in many cases, led to 

a need for conservation management of threatened fauna (Dowding and Murphy, 

2001, Cade and Temple, 1995, Kats and Ferrer, 2003). Ironically, many of the tools 

commonly used to manage threatened species—such as captive breeding, 

predator control and translocation of individuals to predator-free areas—help to 

reinforce naïveté by relaxing selection for anti-predator behaviours (Hayward and 

Kerley, 2009, McPhee, 2003, Whitwell et al., 2012) and thereby, in effect, 

replicate the conditions that facilitated naïveté in the first place. As long as 

populations remain isolated from predators, this should not be a problem. 

However, if naïve individuals are exposed to predators, either through 

reintroduction into their historic range or through the invasion of predators into 

predator-free areas, this ontogenetic naïveté can be disastrous. Learned threat 

recognition and behavioural responses can be lost from a population within a 

single generation of relaxed pressure (Blumstein, 2002; Whitwell et al., 2012), or 

can be gradually lost over increasing generations in captivity or isolation (McPhee, 

2003). For instance, the probability that captive-raised Tasmanian devils 

(Sarcophilus harrisii) would be killed by vehicles following release was positively 

correlated with the number of generations in captivity, suggesting that prolonged 
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captive breeding was producing individuals that were naïve to the risks of the 

post-release environment (Grueber et al., 2017). Reintroducing naïve individuals 

back into the wild, to face the same pressures that threatened them initially, is 

often unsuccessful (McPhee, 2003; Moseby et al., 2015); indeed, many 

reintroduction failures have been attributed to predation by exotic predators (e.g. 

Fischer and Lindenmayer, 2000, Moseby et al., 2015). While populations on 

predator-free islands or within fenced exclosures probably face more natural 

environmental conditions and pressures than those housed in traditional captive 

breeding facilities, they still lack the opportunity to maintain predator recognition 

and anti-predator responses and may therefore be unsuitable source populations 

for reintroduction into areas where predators are present. Whitwell et al. (2012) 

found that individuals from a population of North Island robins (Petroica longipes) 

that had been isolated from mammalian predators for 15 years showed 

significantly lower responses to a model stoat than individuals from a mainland 

population. Similarly, Jamieson and Ludwig (2012) demonstrated the loss of 

predator recognition in Stewart Island robins (Petroica australis rakiura) within a 

single generation following translocation to a predator-free island. The effect of 

the loss of predator recognition in Stewart Island robins was soon tested when 

the island was re-invaded by Norway rats (Rattus norvegicus): impacts on robin 

survival were lower than expected, but may have been mitigated by the extent 

and timing of the invasion (Masuda & Jamieson, 2013). In this study, I have found 

evidence that behavioural responses to mammalian nest predators have been lost 

from South Island robin populations within 50 years of isolation from mammalian 

nest predators. Understanding how rapidly behavioural responses can be 

expressed following re-exposure to predators should be an important 

consideration in reintroduction programs for threatened species. 
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It is clear that many naïve animals are capable of learning to recognise and 

respond to novel predators (Griffin, Blumstein & Evans, 2000; Moseby, Blumstein 

& Letnic, 2016). The ability of prey individuals to rapidly learn predator 

recognition and response is increasingly being exploited as a conservation tool, in 

order to increase survival of ontogenetically naïve prey species released into areas 

where non-native predators remain a threat (e.g. Shier and Owings, 2006, Griffin 

et al., 2000, McLean et al., 1999, Teixeira and Young, 2014, McLean et al., 1996, 

Alonso et al., 2011, Moseby et al., 2012). However, to my knowledge this 

technique has only been attempted with predators that pose a direct and 

immediate threat to an individual’s survival, and has not been attempted with 

nest predators. Tests have similarly shown that free-living, naïve individuals such 

as those on predator-free islands can be trained to recognise predators (e.g. 

Maloney & McLean, 1995). While pre-release training can effectively lead to 

behavioural changes in prey species, how this translates to post-release survival, 

has rarely been tested (Moseby et al., 2016). Moseby et al. (2016) point out that 

most pre-release predator training regimes involve model predators or other 

adverse stimuli, which might be less effective than training with real, live 

predators. 

One alternative to pre-release predator training is giving wild or released 

populations the opportunity to learn about predators in situ. A major benefit of 

this approach is that exposing native prey to their predators allows natural 

selection to work on prey populations, selecting for those behavioural, 

physiological and physical traits that are likely to facilitate escape from predation 

(Moseby et al., 2016). In some cases, predation pressure in the wild may be too 

strong for adaptations to develop sufficiently quickly for populations to survive. In 

such cases predator abundance may have to be controlled (Moseby et al., 2016), 

creating an “intermediate” environment  in which selection can act on prey traits 
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over several generations (Stockwell et al., 2003). However, it is important that 

sufficient predators are present to actually induce a response:  in their study of 

predator recognition in North Island robins, Whitwell et al. (2012) tested 

responses in a population inhabiting a mainland area with intensive predator 

control, several years after its reintroduction from a predator-free island. 

Although predators were present in low numbers, the robins continued to show 

little response to a model mammalian predator, presumably because encounter 

rates between predator and prey were too low for learning to be effective 

(Whitwell et al., 2012). 

If in situ management of threatened species is considered, it is important to know 

not only that the prey species are capable of developing behavioural responses to 

predators, but that these responses are sufficiently effective to counteract the 

demographic effects of increased predation pressure. This study has shown that 

Tasmanian and mainland New Zealand populations of Petroica robins exhibit 

behaviours that should reduce the risk of nest predation, but these populations 

still have significantly higher rates of nest predation than Petroica robins on 

islands without mammalian predators. The fitness costs of anti-predator 

responses may be sufficiently large that “perfect” defences may not be possible, 

and the trade-off between anti-predator behaviours and other measures of 

fitness (such as energy intake) will result in prey behaving sub-optimally (Caro, 

2005). For instance, adult male Galápagos marine iguanas (Amblyrhynchus 

cristatus) are slow to flee from introduced mammalian predators, in part because 

fleeing could immediately result in the loss of the territory to another male 

(Berger et al., 2007). Additionally, the presence of multiple predator types, with 

different sensory systems, temporal and spatial activity patterns, may make it 

impossible for prey to defend against all possible threats concurrently, particularly 

if defences against two potential predators conflict (Caro, 2005).  
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 Prey species can utilise multiple behavioural strategies to reduce their risk of 

predation (Lind and Cresswell, 2005). Not all of these strategies, and the 

behaviours compensating for the associated fitness costs, might be apparent to 

human researchers (Moseby et al., 2016). However, by focussing on common anti-

predator behaviours such as nest site selection, or vigilance behaviour, it should 

be possible for managers to determine whether naïve prey are exhibiting any 

behavioural responses to novel predators. Comparative studies between naïve 

prey and their more experienced relatives can provide information on baseline 

behavioural responses, and can identify behavioural “deficiencies” in these 

behaviours (e.g. Blumstein et al., 2001; this study), although such studies can 

rarely be used to quantify fitness costs of anti-predator behaviours (Lind and 

Cresswell, 2005). Investigating anti-predator adaptations in naïve prey, and 

attempting to understanding what fitness costs may be involved in their 

expression can allow conservation managers to identify threats and make 

informed decisions about what steps can be taken to best ensure the long-term 

persistence of threatened species in the wild.  
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