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Abstract
Alarm calls are vocalisations used to warn nearby conspecifics to the presence of a threat. Flee alarm
calls encourage escape, whereas mobbing alarm calls recruit individuals to harass the predator.
Alarm calling is a common anti-predator behaviour exhibited by a variety of taxa. The zebra finch
(Taeniopygia guttata), a native Australian passerine and a model species, is an interesting case as,
while much is known about their vocal repertoire, there is very little information about alarm calling
in this species. I began my research by conducting a meta-analysis of alarm calling in Australian aridzone birds and discovered that possessing a distinct alarm call to communicate to offspring but not
to adult conspecifics is rare. Predictor variables indicated that zebra finches would be expected to
possess an alarm call for warning flock-mates. I then conducted field work, in which I presented
zebra finches and other arid-zone birds with a gliding model of a raptor and analysed their
responses. The zebra finches reacted with flight, however, unlike other species tested, they did not
emit an acoustically distinct alarm call in response to the glider. Following this finding, I undertook
an experiment using captive-bred birds where I exposed groups of finches to an animated looming
predator. The birds responded with escape behaviour but did not emit a distinct alarm call, or alter
their individually stereotyped distance call post-stimulus. The rate of calling also did not change.
Finally, I used a playback experiment to analyse eavesdropping in captive zebra finches. It was found
that playback of the heterospecific alarm calls did not cause a change in the calling or scanning
behaviour of the finches. Thus, it is still unclear if and how this species uses vocal signals to
communicate alarm, and I suggest further work concentrates on alarm calling in the presence of
offspring, and communication among flocks.
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Chapter 1
Introduction

1

1.1 Anti-Predator Defences
The topic of predator-prey interactions is complex and multi-faceted, has a lengthy history, and a
great interest in the defences that prey animals have evolved to protect against attack (Caro 2005).
Clearly, avoiding capture is a key component of survival for animals vulnerable to predation, and the
variety of behavioural, morphological and physiological anti-predator defences prey animals employ
is extensive (reviewed in Caro 2005). Edmunds (1974) categorises these mechanisms as either
primary (indirect) or secondary (direct) based on when they are utilised in the predator-prey
sequence. Primary defences occur regardless of predator presence, and some common examples
include crypsis (Endler 1978), aposematism (Blount et al. 2009) and Batesian mimicry (Mallet and
Joron 1999). In contrast, secondary defences occur during predator encounters and include
mechanisms such as thanatosis (feigning death; Honma et al. 2006), retreat, flight and retaliation
(Edmunds 1974).

Endler (1991) describes a sequence of six events that occur during predator-prey interactions. At
each stage, prey animals employ counter-defences to avoid predation. The first stage, “encounter”,
requires that the predator get close enough to the prey item to be able to sight it. Next, “detection”,
is where the predator recognises the prey as different from the environment. This is followed by
“identification”, which involves the predator recognising the prey as edible, and then “approach”,
where predator attack occurs. It is during the “approach” phase that animals use defences such as
fleeing (Magrath et al. 2015), or startling the predator to discourage attack (Sargent 1990). The fifth
stage is “subjugation”, where predators must prevent the escape of their target. Various
morphological defences such as autotomy (e.g. tail dropping of lizards, order Squamata; Vitt 1983)
and weapon-like appendages (e.g. the spines of sticklebacks, family Gasterosteidae; Hoogland et al.
1956) are employed to discourage predators, as well as behavioural defences like mobbing (e.g. pied
flycatcher, Ficedula hypoleuca; Curio 1975). If the predator is successful, the sequence is ended by
“consumption” of the prey item. While specific predator and prey adaptations exist in nature, there
2

is currently very little evidence of co-evolution in naturally-occurring predator-prey systems (Endler
1991; Abrams 2000). Although theory suggests that co-evolution is possible, or even probable,
empirically linking that theory with real-life examples is difficult and rare (reviewed in Abrams 2000;
Carmona et al. 2015), and the use of computer simulation models is more common (Nagai and de
Aguiar 2016).

If a prey animal detects a potential predator, they may warn nearby conspecifics to allow them a
chance to escape. These alarm signals can occur at various points in the sequence, for instance, if
the prey animal sights the predator before an attack, or if detection happens once an attack has
commenced but capture has not yet occurred (Magrath et al. 2015). A variety of alarm signal
modalities exist in nature. Chemical signals are well-known, for example, the pheromones given off
by aquatic vertebrates (Chivers and Smith 1998). Some soldier termites (family Termitidae) create
vibrational signals by banging their heads on the substrate, which causes conspecific castes to
escape (Connétable et al. 1999). Signals can also be visual, such as the fin flicks of glowlight tetras
(Hemigrammus erythrozonus; Brown et al. 1999). Finally, acoustic signals are used by a wide range of
animals (Zuberbühler 2009). Multi-modal signals also exist, and alarm signals may serve multiple
functions, for instance, acting as predator deterrents (Brown et al. 1999). Acoustic alarm signals
function not only as simple warnings, but also to request help in harassing a predator, and to provide
information to conspecifics about the threat itself.

1.2 Alarm Calling
Species in a range of taxa are known to use sound to communicate alarm to conspecifics. Examples
of non-vocal acoustic signals include foot-stamping of white-tailed deer (Odocoileus virginianus;
Caro et al. 1995) and the whistle created by the wings of crested pigeons (Ocyphaps lophotes;
Hingee and Magrath 2009). Vocal signals are referred to as alarm calls and much research has been
conducted on this topic, in particular on primates (e.g. Diana monkeys, Cercopithecus diana;
3

Zuberbühler 2000; vervet monkeys, Chlorocebus pygerythrus; Seyfarth et al. 1980), meerkats
(Suricata suricatta; Manser 2001), marmots (Marmota spp.; Blumstein 1999) and birds (e.g. blackcapped chickadees, Poecile atricapillus; Templeton et al. 2005). Alarm calls can be categorised into
three main types: flee and mobbing alarm calls, which are given before a predator has made contact,
and distress signals, which are given after contact has been made (reviewed in Magrath et al. 2015).
Distress signals are typically loud calls covering a wide frequency range and are designed to transmit
over long distances (Jurisevic and Sanderson 1998). They have a few possible functions: to attract
conspecifics for provision of help, to startle the predator into letting go (Conover 1994) and to
attract another predator to cause a distraction and allow for escape (Hödl and Gollmann 1986).
While distress signals themselves are an interesting topic, my research focuses on calls given by
animals before predator contact is made.

Flee and mobbing signals differ both in their function and intended receivers, and they often also
differ in acoustic structure (Fig. 1.1). Flee alarm calls are usually high-pitched sounds with gradual
on-and offset, making the caller difficult to locate (Marler 1955). These calls communicate to nearby
conspecifics that a predator has been sighted and elicit anti-predator defences like escaping or
freezing (Klump and Shalter 1984). Mobbing signals are usually low-pitched, harsh and the caller is
easier to locate. These may serve two functions: to recruit conspecifics to help attack or harass the
predator, and to let the predator know that they have been detected (Klump and Shalter 1984).
These alarm calls can also differ in the types of predator they are elicited by, with flee calls usually
given to aerial predators, and mobbing calls to stationary or terrestrial predators (Magrath et al.
2015).

4

Figure 1.1. Representative spectrograms produced in Raven Pro 1.4 comparing flee and mobbing
calls. (a) A flee alarm and (b) a mobbing alarm call from the white-plumed honeyeater
(Lichenostomus penicillatus) recorded during field work (see Chapter 3). (c) A flee alarm and (d) a
mobbing alarm call from the noisy miner (Manorina melanocephala; supplied by Paul McDonald).

There are several examples of species providing extra information about predators by using different
sounds or altering their calls. Diana monkeys possess acoustically distinct alarm calls for different
predator types (Zuberbühler 2000). White-browed scrubwrens (Sericornis frontalis) and superb fairywrens (Malurus cyaneus) communicate heightened urgency by increasing the repetition of elements
in their alarm calls (Leavesley and Magrath 2005; Fallow and Magrath 2010). Other examples of
using calls to communicate alarm include changing the rate of call delivery (Wheatcroft 2015) or
ceasing to call altogether (e.g. túngara frogs, Engystomops pustulosus; Dapper et al. 2011). While
alarm calls used in warning are intended for conspecifics, other species may listen and respond to
these vocalisations. Research into eavesdropping is becoming increasingly common, and instances of
this occurring between species in the same taxa (e.g. the mutual response of white-browed
scrubwrens and superb fairy-wrens; Magrath et al. 2007) and across different taxa (e.g. blackcasqued hornbills, Ceratogymna atrata, responding to the alarm calls of Campbell’s monkeys,
5

Cercopithecus campbelli; Rainey et al. 2004) exist. One of the most unusual examples is of the
Galápagos marine iguana (Amblyrhynchus cristatus), a non-vocal reptile, responding to the alarm call
of the Galápagos mockingbird (Mimus parvulus; Vitousek et al. 2007), which shows that possessing
an alarm call is not a requirement for successful eavesdropping.

Alarm calling among conspecifics has received much attention, but less is known about parentoffspring alarm communication. Parents may alarm call to their young if a predator is nearby to
encourage them to freeze and become silent (e.g. white-browed scrubwrens; Platzen and Magrath
2004). Silence is most likely an innate response to the parental vocalisations as not responding could
potentially be very costly (Magrath et al. 2010). This form of alarm communication is welldocumented in the focal species of my research (Zann 1996), however, contrary to other species
studied, very little is known about alarm communication among adults. This makes my focal species,
the zebra finch (Taeniopygia guttata), an ideal candidate for research into anti-predator behaviour.

1.3 The Zebra Finch
The zebra finch is a native Australian passerine used as a model species in studies worldwide and
spanning a range of disciplines. This species is the most studied bird in Australia, and the secondmost studied bird globally, beaten only by the great tit (Parus major; Griffith and Buchanan 2010).
Between the years 1955 and 2010, approximately 1500 papers using the zebra finch as a model
species were published, with 21 published in Nature and 15 in Science between 1979 and 2010
(Griffith and Buchanan 2010). Currently, the two most prominent topics using the zebra finch as a
model are neuroscience and behaviour (Griffith and Buchanan 2010). Several factors contribute to
the zebra finch being an excellent candidate for research. The ease with which this species can be
housed and bred in aviaries makes them especially useful. In controlled environments this species
can breed year-round, their time to reach maturity and generation time are both short, and they
produce multiple offspring per clutch (Zann 1996).
6

In Australia, the zebra finch is found throughout most of the mainland, including the harshest desert
environments (Fig. 1.2), feeding almost exclusively on the seeds of grasses foraged from the ground
(Higgins et al. 2006). These birds are small, measuring about 10 cm in length and weighing 12 g on
average. They are sexually dimorphic (Fig. 1.3): males are more colourful than females and display
black and white chest bars, orange cheek patches and rust-coloured flanks (Zann 1996). In the wild,
they can occur in flocks of hundreds or even thousands of birds, especially while foraging and
around waterholes (Higgins et al. 2006), however these groups tend to be much smaller during the
non-breeding season (McCowan et al. 2015). They are opportunistic breeders, and reproduction is
triggered by rainfall (Zann and Straw 1984). They are socially monogamous, forming and maintaining
strong pair bonds (Zann 1996). Nests are usually constructed in dense shrubs or small trees, and
both parents incubate and care for their offspring (Higgins et al. 2006).

Figure 1.2. Distribution of the zebra finch in Australia as shown in green. Map obtained from BirdLife
International (http://datazone.birdlife.org/species/factsheet/zebra-finch-taeniopygiaguttata/distribution).
7

Figure 1.3. Female (left) and male (right) adult zebra finches from Fowlers Gap, NSW. Note the
male’s orange cheek patches, black and white chest stripes and spotted flank markings. The female
does not have any of these features.

The vocal development and repertoire of the zebra finch is well established. Studies conducted by
Zann and colleagues identified much of what is known today about the vocalisations of this species
(summarised in Zann 1996). Adults possess up to eleven functionally and acoustically distinct calls,
all of which sound similar in males and females, except for the sexually dimorphic distance calls. The
distance call has many functions, including for social contact, individual identity and to express mild
alarm (Zann 1984). Only male zebra finches sing, and both their song and distance call are learnt
from a tutor, most often the male’s father. Conversely, the female distance call is not learnt (Zann
1990). A high degree of individual variation exists in the distance call, particularly among males, such
that an experienced listener can easily learn to identify particular birds based on their call (Zann
1984).

8

1.3.1 Zebra finch anti-predator behaviour
Despite all that is known about the behaviour and vocalisations of the zebra finch, questions remain
about the anti-predator behaviour of this species. Currently there are very few references to antipredator behaviour and alarm calling in publications on the zebra finch. Zann (1996) states that
when disturbed a flock will take off as one, calling loudly, and fly to the nearest cover. It is also
stated that the distance call is multi-functional, with one use to communicate mild alarm (Zann
1984). However, if and how this call, which is stereotyped within individuals, is altered to
communicate different meanings has never been tested empirically. Lastly, it is known that one
distinct call, referred to as the ‘thuk’ call, is used to inform young that a predator is nearby and they
should prepare to flee (Zann 1996). This is a specific type of anti-predator communication from
parents to offspring and it is doubtful that the ‘thuk’ call is used in other contexts, such as when
surprised by a raptor while foraging.

A pilot study into the anti-predator behaviour of the zebra finch was conducted in 2011-12 by
Christine Giuliano, an honours student at La Trobe University. The study was undertaken at Fowlers
Gap Arid Zone Research Station in NSW, which was also one of the sites used for my own field work
(see Chapter 3). I was involved in this study as a research assistant and was able to witness first-hand
the behaviour of this species when threatened by a predator. During a naturally-occurring
interaction, a predatory bird repeatedly swooped towards a colony of roosting zebra finches. The
finches did not flee, but instead retreated inwards to the protective centre of the tree. They
remained communicative at first, but they did not emit any calls that sounded different to their
normal contact vocalisations. Eventually they suppressed calling and remained motionless in the
tree for some time, even once the attacks ceased. Real-life events like this provide valuable insight
into predator-prey interactions, however, their rarity warrants the use of simulated predators in
empirical studies.

9

The pilot study had two parts; the first involved presenting wild groups of zebra finches with model
raptors, and the second was a playback experiment using heterospecific calls to examine
eavesdropping. It is important to note that only the second part was reported in a thesis (Giuliano
2012). I replicated both methods during my own research with some essential differences (see
Chapters 3 and 5 respectively). The first part of the pilot study involved creating model raptors based
on a collared sparrowhawk (Accipiter cirrocephalus) similar to those used in other field studies that
involve eliciting alarm calls from target birds (e.g. Magrath et al. 2007). These models were
presented to wild birds using two different methods. In the first method, a wire cable on a
downward incline was constructed and ran above a feeding station previously set up by another
researcher (Fig. 1.4). The feeding station consisted of a bowl of mixed seed inside a wire cage with
the door secured open. Birds were never trapped inside the cage and could enter and exit freely; the
cage was used only to prevent wild grazing herbivores from accessing the seed. The model was
attached to the cable by a hook and was activated when zebra finches were foraging at the feeder.
The model ran down the wire and over the birds, mimicking a swooping raptor. It was found that
there were major issues with this design as the model produced a loud noise as it was released and a
constant hum as it descended. These sounds appeared to startle the feeding finches, thus their
response to the model could not be separated from their response to the noise, rendering the
results obtained invalid.

The second method involved throwing the model so that it glided towards a group of birds. This
created less noise, however the shape and material of the models gave them poor aerodynamics,
and controlling their flight was difficult. Due to time and budget constraints of the pilot study, the
models used were rudimentary in design, which compromised both accuracy and distance. In both
the cable and hand-thrown presentations, the response of the finches was filmed and their
vocalisations recorded. Although the results of this study were not described in any detail, in
summary, after 32 cable and 31 glider presentations the finches did not produce any calls distinct
10

from their usual distance calls. A thorough analysis of distance call structure and call rate was not
undertaken, however, and this method of call analysis was used in my research (Chapters 3 and 4) to
examine for any subtle differences in calling post-stimulus. I also implemented more sophisticated
hand-thrown gliders that better represented the template species, were sturdier, and were also
more aerodynamic than those used by Giuliano. Further, in my study I examined the behaviour of
other small arid-zone birds in response to the gliders in order to conduct a comparative analysis
(Chapter 3).

Figure 1.4. Set-up of the cable presentation. The glider is at the top of the incline (top left of the
photo) ready to be released. The cable ran above the open feeding station and the glider came to a
stop at the end of the cable (bottom right). The shade cloth between the starting point of the glider
and the feeding station blocked the model from the view of feeding birds. Photo supplied by Richard
Peters.

The second part of the pilot study was detailed in a thesis (Giuliano 2012). Zebra finches were
exposed to alarm calls from two sympatric species, the white-winged fairy-wren (Malurus
leucopterus) and the variegated fairy-wren (Malurus lamberti). A control sound, the song of the

11

chirruping wedgebill (Psophodes cristatus), was also used. These calls were played back to groups of
foraging zebra finches and their behaviour was analysed. The finches showed unexpected behaviour
in response to the heterospecific calls by fleeing to the control sound, and they also did not increase
anti-predator behaviours, such as scanning and flight, after playback of the alarm calls. It was stated
that the control may have been inappropriate for this study, as, although it is a common sound in
the environment, the manipulation of the songs for playback may have made them novel and
therefore startling to the finches. The control sounds also began and ended abruptly, which could
have contributed to the response shown by the finches. It is also highly possible that the fairy-wren
calls, which are high-frequency sounds, were too high-pitched for the finches to hear clearly
(Hashino and Okanoya 1989). Thus, due to the unsuitable choice of playback vocalisations, the
results of this study were inconclusive and led me to replicate this experiment in my own research
(Chapter 5) using carefully chosen, unmanipulated sympatric and allopatric alarm calls.

Other recent research into the topic of anti-predator communication has not provided any further
information. Mainwaring and Griffith (2013) found that incubating zebra finches flushed from the
nest when an unseen intruder approached, and hypothesised that the partner stationed outside the
nest was acting as a sentinel and communicated to their mate. However, no details were given
about this communication and while it is possible an alarm call was given, no recordings were taken.
Nevertheless, this study provides putative evidence of alarm communication between adult zebra
finches, and provided motivation for my own research. Studies on vocalisations about predators
between foraging flock mates are still lacking, however, and this topic forms the premise of the
present work.

1.4 Rationale
The lack of information available about the anti-predator behaviour of this well-known species
warrants further investigation. It is surprising that there is currently no record of the zebra finch
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possessing a distinct alarm call to communicate warnings to adult conspecifics, especially when this
information has been documented for numerous lesser-known species (see Chapter 2). The zebra
finch is vocal, gregarious and vulnerable to predation, so it is reasonable to expect that they would
alarm call. The absence of detail about anti-predator communication is a large gap in our knowledge
of this model species.

1.5 Thesis Overview
The overall objective of this project was to systematically investigate the anti-predator behaviour of
the zebra finch through comparisons with other arid-zone bird species and empirical research. I
aimed to quantify the behavioural and vocal responses to various simulated threats and use what is
currently known about this well-studied model species to explain why it is reasonable to expect this
species to alarm call to warn adult conspecifics. It was predicted that the finches would respond to
the artificial predator events with appropriate anti-predator behaviour, and would use a vocal signal,
in the form of a distinct alarm call or an alteration of a multi-functional call, to alert nearby group
members. This subject has been examined throughout my thesis using a number of methods. I
created a database of 159 arid-zone bird species to investigate the links between life history traits
and alarm calling. I also conducted a field study and a captive study using predator models to
simulate threatening events, as well as a second captive study to examine eavesdropping behaviour.

In Chapter 2 I conduct a meta-analysis examining the prevalence of alarm calling in Australian aridzone birds, and relate this behaviour to specific life history traits including morphology, habitat and
measures of gregariousness. I used this information to gauge if the apparent lack of a distinct alarm
call in the zebra finch is unusual amongst arid-zone birds, and to predict the likelihood that this
species would possess a distinct alarm call to warn adult conspecifics. Three variables, flight
initiation distance, mobility, and number of food types, were found to be useful when predicting

13

alarm calling behaviour, and suggest that zebra finches would be expected to possess a distinct
alarm call to warn adult conspecifics.

In Chapter 3 I describe field work that was conducted to compare the response of several species of
bird to a gliding model of a predator. Field work was conducted at several sites in south-eastern
Australia (Fig. 1.5). I created my own gliding predator models, and presented them to individuals or
small groups of my target species. Their behavioural and vocal response was analysed. I aimed to
compare the anti-predator behaviour of several species of small passerine to that of the zebra finch
using a consistent level of threat to determine if and how my focal species was responding
differently. It was found that the finches did not emit a distinct alarm call, and further analysis of
calls produced was required before it was clear that a vocal alarm signal was not generated. I
identified some potential methodological issues that encouraged me to undertake a follow-up study
under controlled conditions with a captive population of finches.

Chapter 4 discusses the use of a controlled experiment to test for the existence of an alarm call in
captive-bred zebra finches (Fig. 1.6a). Undertaking the experiment in a custom-built aviary (Fig. 1.6b)
allowed for fine control over the environment and stimulus presentation not possible in the field.
Small groups of captive-bred birds were presented with animated predators representing different
levels of threat and their response analysed. It was predicted that the finches would find the
looming raptor animation the most threatening stimulus and would respond with appropriate antipredator behaviour. The finches responded to the raptor with escape behaviour but thorough
analysis of their calls did not reveal any differences in structure or call rate. Based on the results of
the field and captive studies, zebra finches do not seem to communicate to one another about
predators.
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Figure 1.5. Sites where field work was undertaken. (a) Murray-Sunset National Park, (b) Fowlers Gap,
(c) Kinnairds Wetland in Numurkah, (d) Black Swamp in Rutherglen, and (e) Winton Wetlands. See
Chapter 3 for further details of field sites.

15

Figure 1.6. Aviaries where captive zebra finches were housed (a) before and after experimentation
(supplied by Richard Peters), and (b) during experimentation. The colony aviary consisted of a large
indoor section (right-hand side of photo, not shown in full), and an outdoor section of approximately
equal size. Nest boxes for shelter and branches for perching were provided. There were four such
aviaries adjacent to one another. The left-hand side of the photo shows the walkway used for
accessing the different aviaries. See Chapter 4 for details of the experimental aviary.

In Chapter 5 I present further captive work where I investigate the possibility that zebra finches
eavesdrop on the alarm calls of heterospecific species (Fig. 1.7). A playback experiment was
conducted using alarm calls from two heterospecifics and the response of the finches was
quantified. Based on what is currently known about this naturally-occurring phenomenon, I
predicted that the finches would show a learnt response to the familiar call, and an innate response
to the unfamiliar call. The finches attended to the calls played but did not greatly alter their vocal or
scanning behaviour in response, indicating that they were not responding to the alarm calls.
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Figure 1.7. Calls from (a) the chestnut-rumped thornbill (Acanthiza uropygialis; photo supplied by
Jordan de Jong) and (b) the noisy miner (photo supplied by José Ramos) were played to captive
zebra finches. See Chapter 5 for details.

Chapter 6, the final chapter, draws together the findings of the meta-analysis and the empirical
research to answer questions about the seemingly unusual anti-predator behaviour of this species. I
also suggest areas where further research could be conducted to gain more information about the
way this model species communicates about predators.
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Chapter 2
A Comparative Analysis of
Alarm Calling in Australian
Arid-Zone Birds
This chapter will be submitted in a modified format to Journal of Avian Biology, with coauthors Simon J. Watson, Stephen T. Garnett and Richard A. Peters.
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2.1 Abstract
A prey animal’s characteristics can have a considerable impact on their vulnerability to predation.
Factors such as morphology, habitat and gregariousness can affect predation risk in a number of
ways. The literature exploring these interactions is extensive, however, there is a lack of information
about how life history traits can affect the probability of a vocal animal possessing an acoustic
warning call. Alarm calls are sounds that function to alert conspecifics to the presence of a threat,
and responses by receivers can include fleeing to cover or approaching to help mob the predator.
The calls themselves can be multi-functional and used in a variety of contexts, or they may be
distinct and used only as alarm signals. In this meta-analysis, a list of 159 Australian arid-zone bird
species was generated, and life history traits were collated with alarm calling behaviour to discern
any patterns or relationships. Modelling was used to determine if any of the traits examined were
useful in predicting the presence of an alarm signal in a species displaying a particular characteristic.
It was found that three variables - mobility, number of food types and flight initiation distance - were
helpful in predicting alarm calling behaviour. This information was compared to what is currently
known about an arid-zone model species, the zebra finch (Taeniopygia guttata). This species is an
unusual case, as despite the vast amount of information available on their vocal repertoire, they are
not known to possess a distinct alarm call directed at adult conspecifics.

2.2 Introduction
Complex interactions between a species’ life history traits and their vulnerability to predation exist
in nature. Trade-offs are common, and possessing a certain trait can both increase and decrease
predation risk (Caro 2005). The influence of morphology is particularly strong, as prey animals that
are larger in size are attacked by fewer types of predators, and subsequently less predators overall.
This could be due to a limitation on the size of predators that can realistically attack larger prey, and
also because larger animals are better able to fight back and cause injury (Caro 2005). Smaller
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species therefore suffer a higher predation risk, however, there is a trade-off to consider as smaller
prey may be more difficult for predators to detect, harder to catch, and may be less profitable
(Götmark and Post 1996).

Ease of detection is also a factor when looking at interactions between group size and predation.
Larger groups of animals may be easier to find (Jackson et al. 2005), however larger groups also
confer a higher degree of protection than smaller groups. More group members increase the overall
level of vigilance (the ‘many-eyes hypothesis’; Caraco et al. 1980), and decrease the probability of
any one individual being taken by a predator (the ‘dilution effect’; Dehn 1990). Groups are also more
successful at defending against predators (Kruuk 1964), and group cohesion can confuse predators
and act as a deterrent (Neill and Cullen 1974). Animals that utilise a co-operative breeding system
can occur in very large groups of related individuals (Emlen 1991). As co-operative breeding helps to
increase the overall group size, this in turn increases anti-predator benefits and enhances the
helper’s survivorship (Emlen 1991). The presence of offspring alone can impact predation risk for cooperative and non-co-operative breeders alike. Juveniles themselves are incredibly vulnerable, and
animals who provide care to young must take measures to protect them from predators (Magrath et
al. 2010).

Habitat use can also affect predation risk by impacting detection by predators. Prey animals are
easier to sight in open habitats compared to closed habitats, thus predation risk is greater when
animals are more exposed (Caro 2005). However, predators also become easier to identify in open
habitats, allowing animals more time to utilise anti-predator defences (Devereux et al. 2006). Flight
initiation distance (FID), the distance at which animals commence anti-predator behaviours when
approached, is a life-history trait in itself (Weston et al. 2012). However, it is important to note that
this can be affected by numerous factors including habitat and group size (Fernández-Juricic et al.
2002; Caro 2005), as well as an individual’s characteristics such as sex, age and quality (Weston et al.
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2012). Blumstein (2006) reported a positive correlation between FID and body size, however studies
on brain size have given conflicting results (Guay et al. 2013; Møller and Erritzøe 2014), thus the link
here is unclear. In general, species that allow predators to get closer before escaping have a higher
predation risk, as they may leave escape too late (Weston et al. 2012). The action of fleeing from a
predator can be observed by nearby conspecifics and alert them to the presence of the threat (Lima
1995). Emitting a vocal signal, with or without the combined fleeing motion, is another method that
informs others of the appearance of potential predators (Magrath et al. 2015).

The use of vocalisations to warn of a nearby threat is a common occurrence in avian species (Marler
1955; Magrath et al. 2015). These alarm calls function to alert conspecifics to the presence of
danger, and encourage flight (termed ‘flee alarm calls’) or recruit help to harass the predator
(‘mobbing alarm calls’; Klump and Shalter 1984; Magrath et al. 2015). The calls produced may be
acoustically distinct sounds only used in alarm contexts, such as the flee alarm calls of white-browed
scrubwrens (Sericornis frontalis; Leavesley and Magrath 2005), superb fairy-wrens (Malurus cyaneus;
Magrath et al. 2007), and several other Australian passerines (Jurisevic and Sanderson 1994a). Calls
may also be multi-functional sounds used in alarm and other contexts, such as for contacting group
members or during territorial disputes (Wheatcroft 2015). Some species possess multiple alarm
vocalisations, for example, noisy miners give a ‘chur’ call to perched predators and an aerial alarm
call to flying predators (Holt et al. 2017). In fact, the presence of multiple alarm calls is shown in
several Australian honeyeater species (Jurisevic and Sanderson 1994b). Alarm communication can
also occur between parents and offspring (Suzuki 2011). The begging calls of nestlings are often loud
and may attract predators. Calls from parents can alert young and cause them to freeze and fall
silent (Magrath et al. 2010), for example, the alarm calls of white-browed scrubwrens are known to
suppress the begging calls of their nestlings (Platzen and Magrath 2004).
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The effects of life history traits on predation risk can be considered independently, however it must
be acknowledged that interactions exist between these variables which can also influence a species’
susceptibility to predation. For example, the predation risk would differ between two hypothetical
species that are both small in size and highly gregarious, but one forages in open grassland and the
other in dense forest. While these factors can be used to make predictions about predation risk, I am
interested in using life history traits to predict the likelihood of possessing an alarm vocalisation, and
in particular a distinct alarm call, to warn nearby conspecifics. It is known that alarm calling is a
widespread behaviour among birds, however it is not known if possessing an alarm call itself is more
prevalent in species with certain characteristics. It has previously been demonstrated that
individuals or species may be more likely to produce a warning vocalisation in specific situations,
such as when kin are nearby (e.g. Siberian jays, Perisoreus infaustus; Griesser and Ekman 2004) or in
certain habitats (e.g. common starlings, Sturnus vulgaris; Devereux et al. 2008). It should not be
assumed that a species has an alarm call simply because they possess other vocal signals, for
example, zenaida doves (Zenaida aurita) do not themselves alarm call, but instead respond to the
heterospecific warnings of nearby carib grackles (Quiscalus lugubris; Griffin et al. 2005). Over
evolutionary time, if vulnerability to predation increases, the likelihood of possessing an alarm
vocalisation as a counter-defence could also increase (Endler 1991). Predictions can therefore be
made based on a species’ morphology and other traits as to whether they are more vulnerable to
predation and could therefore be more likely to communicate alarm. The potential for life history
traits to interact and impact the probability of a species possessing an alarm call must also be
considered.

The Australian arid zone is home to approximately 230 bird species (Reid and Fleming 1992), and is
the predominant habitat of the focal species for this thesis, the zebra finch (Taeniopygia guttata;
Higgins et al. 2006). The arid zone is typically defined as the area in which mean annual rainfall
divided by evaporation (the moisture index) is less than 0.4, and makes up over 70% of Australia’s
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land area (Byrne et al. 2008). The two main vegetation types in the arid zone are spinifex grassland
and Acacia shrubland (Morton et al. 2011). Desert habitats encompass a unique set of factors,
including variable rainfall and low soil fertility resulting in periods of drought and a lack of nutrients
(Morton et al. 2011), which make survival in this climate extremely difficult. Predators in the arid
zone include several species of native raptors (family Acciptridae and Falconidae), owls (family
Strigidae and Tytonidae), snakes (suborder Serpentes), goannas (Varanus spp.) and dingoes (Canis
lupus dingo), as well as feral cats (Felis catus) and red foxes (Vulpes vulpes), both of whom are
introduced (Letnic et al. 2005; Moseby et al. 2009).

The objective of this review was to determine if certain characteristics can be used to predict the
possession of an alarm call in Australian arid-zone birds. Most of the species included in the analysis
do not occur exclusively within the arid zone, however, it is assumed that their alarm calling
behaviour would be the same regardless of their geographic location. In this meta-analysis, alarm
calling information was collated with certain life history traits for a specific group of Australian aridzone birds. The objective was to determine if alarm calling, and in particular using a distinct alarm
call to communicate with adult conspecifics, was more prevalent in species demonstrating certain
characteristics. These traits were used to predict the likelihood of a species possessing a distinct
alarm call elicited by the presence of predators.

2.3 Methods
2.3.1 Species list
The Atlas of Living Australia (http://spatial.ala.org.au) was used to obtain the list of species included
in this analysis. The area report function was used to generate a list of all bird species previously
recorded in each of the four desert categories (Fig. 2.1) as defined by the Köppen Climate
Classification. The option to exclude spatially-suspect records was selected. This removes all records
that fail one or more of the spatial tests applied to the data, for example, when incorrect co27

ordinates are listed by the recorder. All raptors, nocturnal birds, waders and seabirds were removed
from the dataset. Records at the level of subspecies were added to the corresponding species data
to obtain a total number of records per species in each of the desert categories. Those with 300 or
more records in the entire desert area were included in the analysis. This value was chosen as it
created a list of more than 150 species providing a sufficient sample for analysis, while excluding
those species with minimal desert records. This resulted in a list of 159 species spanning 40 different
families (Supplementary Table S2.1).

Figure 2.1. Map of Australia showing climate classifications with a key for the four desert areas.
Original map was obtained from the Bureau of Meteorology (http://www.bom.gov.au).
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2.3.2 Predictor variables
Predictor variables used in the analysis were obtained from an online database of life history traits of
Australian birds (https://dx.doi.org/10.6084/m9.figshare.1499292; Garnett et al. 2015). This
extensive database of all Australian bird species and subspecies contains comprehensive information
on a wide variety of life history traits, as well as details on taxonomy, distribution and conservation.
Twelve traits were selected for the present analysis and are described in Table 2.1. Six of these came
directly from Garnett et al. (2015), while three new categories were created by combining
information contained within the database: feeding gregariousness, nesting gregariousness and
mobility. The information for the final three categories - number of feeding habitats, number of
breeding habitats, and number of food types - was obtained by counting the habitats and food types
listed in the dataset as being utilised by each individual species. Data relating to the entry at species
level were used for all variables. These twelve variables were chosen as they could each potentially
contribute to an animal’s vulnerability to predation (see Introduction).
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Table 2.1. List of predictor variables considered in relation to alarm communication in Australian
arid-zone birds.
Trait

Type

Description

Body length

Continuous

Average length from tip of bill to tip of tail

Body mass

Continuous

Average mass

Residual brain mass

Continuous

Brain mass relative to body mass

Number of feeding habitats

Continuous

Total number of habitat types used for foraging

Number of breeding habitats

Continuous

Total number of habitat types used for nesting

Number of food types

Continuous

Total number of different food types eaten

Flight initiation distance

Continuous

Mean distance at which birds initiate escape
when approached by a single human intruder

Clutch size

Continuous

Average number of eggs in a clutch

Breeding system

Categorical

Birds other than the parents contribute to
offspring care
0 = Not a co-operative breeder
1 = Co-operative breeder

Feeding gregariousness

Categorical

Examines feeding aggregations commonly
encountered, combining details from the feeding
aggregation columns in Garnett et al. (2015)
1 = Solitary only
2 = Solitary and in pairs
3 = In pairs only
4 = Solitary, in pairs and colonial
5 = In pairs and colonial
6 = Colonial only

Nesting gregariousness

Categorical

Examines nesting aggregations commonly
encountered, combining details from the nesting
aggregation columns in Garnett et al. (2015)
1 = Solitary only
2 = Solitary and colonial
3 = Colonial only

Mobility

Categorical

A measure of movement based on the five
national movement columns from Garnett et al.
(2015)
1 = Local dispersal only
2 = Local dispersal and partial migrant
3 = All others

30

2.3.3 Vocal alarm information
Information on alarm calling behaviour was obtained from the Handbook of Australian, New Zealand
and Antarctic Birds (HANZAB; see Table S2.1 for complete reference list). For each species, the
sections on social behaviour and vocalisations were examined for mention of anti-predator
responses. Species were first grouped as those that were recorded as possessing a vocal alarm signal
and those that had no mention of a vocal signal used in alarm communication. Sounds made only
during distraction displays, or sounds made only during distress (i.e. capture or handling) were not
considered vocal alarm signals. For each species, vocalisations were further classed according to the
context in which signals are used. A summary of the alarm call categories used in the present study
are presented in Table 2.2. For distinct alarm calls, I also noted if the vocalisation was intended for
conspecific adults or offspring.

Table 2.2. Alarm call categories of Australian arid-zone birds used in the analysis.
Category

Description

No vocal alarm signal

No evidence of a vocal signal used in alarm communication

Vocal alarm signal

Vocal signal used in alarm communication

Context used:
Unknown

Context in which alarm signal used is not known

Multi-functional

Given in alarm contexts and in contexts other than alarm

Distinct

Only given in alarm contexts

Both

Both multi-functional and distinct alarm signals reported
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2.3.4 Data exploration
Prior to formal statistical consideration of the relationship between my set of predictor variables and
alarm signal use, I examined graphically variation across the alarm call categories on each of the
predictor variables. Species were grouped into one of the five alarm call categories (Table 2.2) and
the mean and standard errors for each predictor variable were determined and summarised. For the
breeding system variable, variation was examined based on proportions.

2.3.5 Modelling
I next examined whether any of the traits specified in Table 2.1 predicted the likelihood of producing
a distinct alarm call. First, I examined pairwise comparisons between variables to assess for
collinearity and retained only variables with coefficients less than 0.6 (as per Dormann et al. 2012).
Body mass and body length were highly correlated (Spearman’s r = 0.957). Following Dormann et al.
(2012), I selected body mass to use in further analysis on the basis of it providing a better fit to the
data (lower AIC) than body length when modelled using univariate models of the effects of each
variable on the probability of a species having a distinct alarm call. Number of feeding habitats and
breeding habitats were also highly correlated (Spearman’s r = 0.684), and feeding habitats was
chosen for analysis based on a lower AIC. The ten remaining predictor variables were used as fixed
factors in a global model, including taxonomic family as a random factor to provide some control for
the effect of phylogeny. Presence or absence of an alarm call was used as the response variable. The
models used were generalised linear mixed models, with a binomial response (0, 1) and a logit link
function. I performed all possible subsets regressions (Burnham and Anderson 2003) using the
dredge function in the package MuMIn (Barton 2016) in the R statistical environment (R Core Team
2013). I used an information theoretic approach to determine the weight of evidence for the best
model.
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2.4 Results
2.4.1 Summary of data
Ninety percent of the 159 Australian arid-zone bird species used in this analysis possessed a
vocalisation to signal alarm to conspecifics (Fig. 2.2a). Of those species, more than 70% had a vocal
signal only used in alarm communication and not used in any other contexts (“distinct” and “both”;
Fig. 2.2b), and more than 90% of these birds had a call used specifically to communicate with adult
conspecifics (Fig. 2.2c).

Figure 2.2. The proportion of species possessing different categories of alarm calls used in this
analysis. (a) Species recorded as having or not having a vocal alarm signal. (b) Species recorded as
possessing only distinct alarm calls, only multi-functional alarm calls, both types, or the type is
unknown. (c) Species with distinct alarm calls (either distinct only, or having both types) that direct
the call or calls to adults, to offspring, to both adults and offspring, or the intended receiver is
unknown. Sample sizes are indicated.

Examination of predictor variables (Table 2.1) was considered separately and as a function of alarm
call category (Table 2.2). Figure 2.3 presents a summary of the three morphological traits. While
body length does not appear to be related to the use of alarm signals (Fig. 2.3a), there was some
variation for body mass (Fig. 2.3b) and residual brain mass (Fig. 2.3c). For body mass, birds that
possess a distinct alarm signal, and to a lesser extent a multi-functional alarm signal, appear to be
heavier than other birds (Fig. 2.3b). However, residual brain mass was greatest for birds with alarm
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signals for which the context is unknown, while birds with no known alarm signal showed negative
residual brain mass on average (Fig. 2.3c). Mean flight initiation distance (Fig. 2.4a) appears to
indicate that species with multi-functional, distinct or both types of calls appear to have a greater
flight initiation distance than those with no vocal signal or a signal of unknown type. Mobility,
however, does not appear to be a useful predictor of alarm signal usage (Fig. 2.4b) as the mean
index score is very similar between call categories.
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Figure 2.3. Mean (a) body length, (b) body mass, and (c) residual brain mass for birds in each call
category. Error bars represent standard error.
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Figure 2.4. Mean (a) flight initiation distance and (b) mobility index score for birds in each call
category. Error bars show standard error.

The breeding system variable is represented differently to the other traits as species are either cooperative breeders or they are not. The proportion of species possessing each alarm call type is very
similar when comparing co-operative breeders (Fig. 2.5a) to those that do not breed co-operatively
(Fig. 2.5b), except that all species with unknown alarm call type are not co-operative breeders. In
both types of breeding system, birds with only distinct alarm calls form the largest proportion.
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Figure 2.5. Proportion of species possessing each type of alarm call that (a) demonstrate cooperative breeding and (b) do not demonstrate co-operative breeding.
Figure 2.6 presents data from the remaining six variables. While the scales for feeding habitats (Fig.
2.6a) and breeding habitats (Fig. 2.6b) differ, the data are very similar and show an approximately
equal number of habitats used by species in four of the call categories, including those with no vocal
signal. Birds with a signal of unknown type appear to use slightly fewer habitats for feeding and
breeding. The mean index score for feeding gregariousness (Fig. 2.6c) is almost equal across all five
call categories, indicating there is no relationship between feeding aggregations formed and alarm
call type. Breeding gregariousness (Fig. 2.6d) is very similar, except birds with a multi-functional
alarm show a slightly higher gregariousness score than birds in the other four categories. Birds with
no vocal signal appear to eat fewer food types (Fig. 2.6e) and produce smaller clutches (Fig. 2.6f)
than birds in other categories. Birds with only distinct calls obtained the highest mean values for
these two variables (Fig. 2.6e, f).
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Figure 2.6. Mean number of habitats used for (a) feeding and (b) breeding, mean gregariousness
score for (c) feeding and (d) nesting, (e) mean number of food types, and (f) mean clutch size for
birds in each call category. Error bars indicate standard error.
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2.4.2 Modelling
The confidence set comprised 1024 competing models within 2 AIC points of the best model. As a
consequence of this, three variables were not included in the reduced model: nesting
gregariousness, feeding gregariousness, and the number of feeding habitats. The competing models
included seven variables as listed in Table 2.3, and included family as a random factor. Likelihood
ratio tests of these variables in the reduced model were based on single term deletions calculated
using the drop1 function (R Core Team 2013). The effects of significant variables were explored
graphically by plotting their effect on the predicted probabilities of displaying a distinct alarm call.
Model predictions were based on varying the variable of interest while holding other variables at
their mean (continuous variables), or at the most common level for factor variables (i.e. mobility =
partially nomadic; breeding system = non-co-operative breeder). Results indicated three variables
were clearly important predictors of the probability of an alarm call: mobility, number of food types,
and flight initiation distance (Table 2.3). Partially nomadic species were less likely to have an alarm
call than either sedentary or nomadic species (Fig. 2.7a). Birds were more likely to produce a distinct
alarm call if they foraged on multiple different food types (Fig. 2.7b). Species with short flight
initiation distances were less likely to have a distinct alarm call, whereas all species with long flight
initiation distances displayed alarm calls (Fig. 2.7c).
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Table 2.3. Significance of predictor variables in relation to the production of a distinct alarm call by
Australian arid-zone birds.
Trait

Estimate ± SE

df

Likelihood ratio test

P-value

Body mass

-0.002 ± 0.003

1

0.21

0.647

Residual brain mass

-2.268 ± 43454

1

0.27

0.602

Number of food types

0.835 ± 0.458

1

3.99

0.045

Flight initiation distance

0.355 ± 0.139

1

11.41

<0.001

Clutch size

-0.110 ± 0.441

1

0.06

0.806

Breeding system

-0.146 ± 1.086

1

0.02

0.893

2

7.85

0.020

Mobility
Partially nomadic*

-2.320 ± 1.201

Nomadic*

-0.065 ± 1.648

*Reference level in model: Sedentary
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Figure 2.7. Probability of
producing a distinct alarm call by
Australian arid-zone birds as a
function of the level of (a)
mobility, (b) number of food types,
and (c) flight initiation distance.
Values represent predicted values
and 95% confidence intervals.
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2.5 Discussion
This meta-analysis examined alarm calling in 159 species of Australian arid-zone bird. It was found
that most species were known to possess a vocal alarm signal, and the majority of these species had
at least one vocalisation used only in alarm contexts. Overall, these distinct calls were used to
communicate with conspecific adults, with few species possessing distinct calls for parent-offspring
alarm communication. Exploration of the data showed that relationships could potentially exist
between presence or absence of a distinct alarm call and particular predictor variables (see Results),
however, further modelling displayed a significant link for only three variables: mobility, number of
food types and flight initiation distance. Thus, only these three were deemed useful variables for
predicting the likelihood of a species possessing a distinct alarm call.

Mobility as a variable was determined by creating three categories based on information contained
in Garnett et al. (2015). This provided a ranking of mobility level for each species as sedentary (score
= 1), partially nomadic (= 2), or nomadic (= 3). When data for mobility were explored (Fig. 2.4b),
there appeared to be no relationship between alarm call category and mobility score. Thus, the
significant relationship between this variable and the probability of possessing a distinct alarm call
(Fig. 2.7a; Table 2.3) was unexpected and warrants further investigation. It is difficult to predict how
different levels of mobility can affect predation risk. Studies on this interaction focus mainly on
migratory ungulates, such as elk (Cervus elaphus; e.g. Hebblewhite and Merrill 2007) and moose
(Alces alces; e.g. Singh et al. 2012). Populations that undergo such large-scale migrations tend to
experience a lower predation risk than residents, however, other factors such as human presence
and habitat structure also have a considerable influence on predation risk (Hebblewhite and Merrill
2007; Robinson et al. 2010). Contradictory evidence suggests that dispersing populations suffer
higher predation levels as they are unfamiliar with the terrain and this can hinder escape (Nelson
and Mech 1991). In the present analysis, it was found that sedentary species had a very high
probability of possessing a distinct alarm call, which is consistent with the hypothesis that residents
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can suffer a higher predation risk (Robinson et al. 2010). However, nomadic species also had a high
probability of possessing an alarm call despite potentially experiencing a lower predation risk, and
the probability was significantly lower for partially nomadic species. The information about national
movements from Garnett et al. (2015) encompassed five different categories, and an index was used
to collapse this detail as most species exhibited movement in more than one category. It is possible
that by creating only three classes of mobility some information was lost, and the inclusion of extra
levels in the scoring index may help to reveal more about the link between mobility and alarm call
behaviour.

Modelling also showed that the probability of possessing a distinct alarm call increased as the
number of food types eaten increased (Fig. 2.7b). This concurs with the data shown in Fig. 2.6e,
where the mean number of food types eaten is highest amongst birds possessing only a distinct
alarm call. Foraging at different levels or in habitats of different structure could affect vulnerability
to predators. Studies have shown that the risk of predation by Eurasian sparrowhawks (Accipiter
nisus) decreased with increasing foraging height (Götmark and Post 1996), and ground-foraging
species were more vulnerable than those that foraged in vegetation (Selås 1993). It is assumed that
species with a limited diet forage most often within the vegetation or microhabitat where that food
type exists. Conversely, species that feed on several different items could potentially frequent a
variety of microhabitats. Therefore, diet generalists could benefit from possessing a distinct alarm
call to warn conspecifics due to the potentially higher predation risk, compared to the lower risk
experienced by specialists. However, this does not explain the apparent lack of an alarm call in
specialists that forage in high-risk habitats. The information about diet used in the present analysis
was a simple summation of the total number of different food types eaten by each species as listed
in Garnett et al. (2015). If, instead, the actual type of food and subsequent foraging location was
analysed, this may provide more information on the link between food types and alarm calling
(Götmark and Post 1996).
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Flight initiation distance (FID) was the most significant of the three predictor variables (Table 2.3).
Species with a short FID, which allow an intruder to get closer before fleeing, were less likely to have
a distinct alarm call. Conversely, all species with a longer approach distance possessed an alarm call
(Fig. 2.4a, 2.7c). The link between alarm calling and FID is important as, of the twelve initial variables,
FID relates most directly to predator-prey interactions. However, it is unclear how this relationship
should be interpreted. Species may alarm call because they have a long FID, or they may have a long
FID because they alarm call; to my knowledge there is currently no evidence to support a
relationship either way. A positive correlation exists between body size and FID (Blumstein 2006),
perhaps because larger animals are easier for predators to detect, or because they require more
time to escape (Weston et al. 2012). Evidence also suggests a relationship between long FIDs and
large group size (Weston et al. 2012). Thus, although the variables of body mass and gregariousness
did not show a significant relationship with the probability of possessing an alarm call, it is possible
that an interaction between these factors has an influence on alarm calling in avian species.

There were also some unexpected results obtained from this analysis. Each of the twelve variables
could potentially affect anti-predator behaviour and thus alarm calling (see Introduction). In
particular, it was thought that the measures of gregariousness would greatly impact alarm calling, as
calls are generally used to warn nearby conspecifics, which may or may not be kin (Magrath et al.
2015). It was also hypothesised that breeding co-operatively would be a good predictor of alarm
calling (Emlen 1991), but the results show this was not the case. Perhaps expanding the dataset to
include a less-specific group of birds, for example, including those found in other climate areas, or
those with fewer records in the arid-zone, would expose further relationships between life history
traits and alarm calling. The exploration of correlations and interactions between factors should also
be considered.
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The zebra finch, the focal species of my thesis, is an arid-zone bird not known to possess a distinct
alarm call to warn adult conspecifics (Zann 1996). Only seven other birds with a distinct alarm call
also fall into this category, and it is one of only five birds known to possess a distinct call to
specifically warn offspring of predator presence (Table S2.1). Of these five, only the emu (Dromaius
novaehollandiae) and zebra finch are not known to possess a distinct alarm call to communicate to
adults. The apparent absence of an alarm call for adults is surprising, and it is doubtful that this
missing information is due to a lack of study as the zebra finch is a highly-researched model species
(Griffith and Buchanan 2010). The zebra finch is a specialist, feeding almost exclusively on grass
seeds (Higgins et al. 2006), therefore, based on the relationship shown by the food types predictor
variable this species would not be expected to possess a distinct alarm call. However, it is a
sedentary species (Higgins et al. 2006), receiving a score of 1 on the mobility index. FID is more
complex as there is currently no value for this available in Garnett et al. (2015). Zann (1996) states
that small flocks can be approached to within 10 m, and larger flocks to within 15-20 m. However,
some flocks fled when an observer was 40 m away. Weston et al. (2012) reports the mean FID for
zebra finches to be 14.7 m. Applying this value to Fig. 2.7c indicates that the zebra finch would be
expected to possess a distinct alarm call.

While it is true that zebra finches do possess a distinct alarm call, this call is not used to
communicate to adult conspecifics. The distinct ‘thuk’ call is used to warn offspring of predator
presence and gets them ready to flee if necessary (Zann 1996). The apparent absence of an alarm
call to warn nearby adults about predators is highly unusual among Australian arid-zone birds and
requires further investigation. I conducted empirical research, described in Chapters 3-5, to
determine if the lack of an alarm call directed at adults is actually accurate in this species, or if it is
possibly due to insufficient study. I used two different methods to attempt to elicit alarm calls from
both wild and captive zebra finches, and also investigated the possibility that the finches eavesdrop
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on heterospecific calls. Together, these experiments help to fill a gap in the knowledge of antipredator behaviour exhibited by this model species.
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2.7 Appendix
Supplementary Table S2.1 lists all 159 Australian arid-zone birds used in the analysis. All information
was taken or modified from Garnett et al. (2015; see Methods), except for the three columns
relating to alarm calling, which were taken from the corresponding volume of the Handbook of
Australian, New Zealand and Antarctic Birds. An entry of “NA” means data was not assessed, and
“NAV” means it was not available. For “vocal alarm signal”, 1 = has a vocal alarm signal, and 0 = does
not have a vocal alarm signal. For “type of signal”, 0 = no vocal alarm signal, D = distinct call only, M
= multi-functional call only, B = both distinct and multi-functional, and U = unknown type. For
“receiver of signal”, 0 = no distinct alarm signal, A = directed at adults, Y = directed at young, B =
directed at both adults and young, and U = unknown receiver.
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Casuariidae

Dromaius

Emu

Megapodiidae

Phasianidae

Phasianidae

Columbidae

Columbidae

Columbidae

Columbidae

Columbidae

Columbidae

Columbidae

Columbidae

Columbidae

Otididae

Turnicidae

Leipoa ocellata

Coturnix pectoralis

Synoicus ypsilophora

Columba livia

Streptopelia senegalensis

Streptopelia chinensis

Phaps chalcoptera

Phaps histrionica

Ocyphaps lophotes

Geophaps plumifera

Geopelia cuneata

Geopelia striata

Ardeotis australis

Turnix velox

Malleefowl

Stubble quail

Brown quail

Rock dove

Laughing dove

Spotted dove

Common bronzewing

Flock bronzewing

Crested pigeon

Spinifex pigeon

Diamond dove

Peaceful dove

Australian bustard

Little button-quail

novaehollandiae

Family

Species name

Common name

Body length (cm)
14

100

22

22

22

34

30

32

31

26

33

20

18

60

175

Body mass (g)
45.0

4890.0

45.4

32.1

100.0

192.0

289.0

331.0

161.0

81.5

306.0

105.0

101.0

1920.0

35,500

Residual brain
mass (g)
-0.24

-0.22

-0.18

-0.09

-0.18

-0.20

-0.32

-0.32

NA

NA

NA

-0.28

-0.29

-0.37

-0.31

Total feeding
habitats
6

6

12

8

4

10

2

12

4

3

3

6

4

6

11

3

5

6

5

2

8

2

9

4

3

2

6

4

3

9

Total breeding
habitats

Table S2.1. Species and data used in the meta-analysis of alarm calling in arid-zone birds.

Total food
types
2

4

1

1

1

2

1

2

1

1

2

3

3

3

4

Feeding
gregariousness
4

4

5

5

5

5

6

2

4

5

6

4

4

2

3

Flight initiation
distance (m)
NAV

NAV

12.1

NAV

NAV

12.7

NAV

21.6

12.9

NAV

10.0

5.5

1.9

NAV

NAV

Clutch size
3.5

2.1

2.0

2.0

2.0

2.0

2.0

1.8

2.0

2.0

2.0

7.9

7.6

15.6

8.8

Nesting
gregariousness
1

1

1

1

1

1

3

1

1

1

1

1

NAV

1

1

Breeding system
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Mobility
3

3

1

2

1

1

3

2

1

1

1

3

3

1

3

Vocal alarm signal
1

1

1

1

1

1

0

1

0

0

1

1

1

1

1

Type of signal
D

M

B

M

D

D

0

D

0

0

D

D

D

D

D

A

0

U

0

U

A

0

U

0

0

U

A

B

A

Y

Receiver of signal

Higgins 1993

Marchant and

Higgins 1993

Marchant and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Davies 1996

Higgins and

Higgins 1993

Marchant and

Higgins 1993

Marchant and

Higgins 1993

Marchant and

Higgins 1990

Marchant and

Reference

Cacatuidae

Cacatuidae

Calyptorhynchus banksii

Lophochroa leadbeateri

Red-tailed black-

Major Mitchell's

Cacatuidae

Cacatuidae

Cacatuidae

Cacatua tenuirostris

Cacatua sanguinea

Cacatua galerita

Long-billed corella

Little corella

Sulphur-crested

Psittaculidae

Glossopsitta

Purple-crowned

Psittaculidae

Psittaculidae

Psittaculidae

Psittaculidae

Psittaculidae

Psittaculidae

Aprosmictus erythropterus

Polytelis alexandrae

Platycercus elegans

Barnardius zonarius

Northiella haematogaster

Psephotus haematonotus

Red-winged parrot

Princess parrot

Crimson rosella

Australian ringneck

Blue bonnet

Red-rumped parrot

porphyrocephala

Psittaculidae

Psitteuteles versicolor

Varied lorikeet

lorikeet

Cacatuidae

Nymphicus hollandicus

Cockatiel

cockatoo

Cacatuidae

Eolophus roseicapillus

Galah

cockatoo

cockatoo

Family

Species name

Common name

Body length (cm)
27

31

36

37

43

32

18

20

31

52

38

40

35

39

58

Body mass (g)
63.0

81.8

151.0

126.0

104.0

141.0

44.9

54.4

92.4

735.0

497.0

567.0

306.0

385.0

682.0

Residual brain
mass (g)
0.15

0.18

0.24

0.26

0.14

0.21

0.22

0.20

0.15

0.39

0.29

0.32

0.26

0.32

0.33

Total feeding
habitats
9

7

9

7

5

8

6

3

9

11

10

4

12

9

7

Total breeding
habitats
3

1

5

5

0

2

5

1

4

7

4

3

6

3

3

Total food
types
1

1

3

3

2

1

1

1

1

2

2

2

1

3

1

Feeding
gregariousness
5

5

5

6

4

5

6

5

5

5

6

6

4

5

6

Flight initiation
distance (m)
11.2

NAV

14.1

9.1

NAV

32.3

NAV

NAV

NAV

15.3

20.0

3.8

8.9

NAV

10.9

Clutch size
4.8

5.0

4.7

5.5

4.0

5.0

3.0

1.5

5.0

3.0

3.0

2.9

4.5

3.3

1.0

Nesting
gregariousness
3

1

1

1

2

1

2

1

2

2

2

3

2

1

2

Breeding system
0

0

NAV

0

0

0

0

0

0

0

0

0

0

0

0

Mobility
1

1

1

1

3

3

3

3

3

2

2

1

1

1

3

Vocal alarm signal
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Type of signal
M

B

D

M

M

D

U

D

M

M

D

D

M

M

D

0

A

A

0

0

A

0

A

0

0

A

A

0

0

A

Receiver of signal
Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Reference

Psittaculidae

Psittaculidae

Cuculidae

Neopsephotus bourkii

Neophema splendida

Scythrops

Bourke's parrot

Scarlet-chested parrot

Channel-billed cuckoo

Cuculidae

Alcedinidae

Alcedinidae

Heteroscenes pallidus

Dacelo novaeguineae

Dacelo leachii

Pallid cuckoo

Laughing kookaburra

Blue-winged

Alcedinidae

Meropidae

Climacteridae

Climacteridae

Todiramphus sanctus

Merops ornatus

Climacteris affinis

Climacteris picumnus

Sacred kingfisher

Rainbow bee-eater

White-browed

Brown treecreeper

treecreeper

Alcedinidae

Todiramphus pyrrhopygius

Red-backed kingfisher

kookaburra

Cuculidae

Chalcites osculans

Black-eared cuckoo

cuckoo

Chalcites basalis

Cuculidae

Psittaculidae

Melopsittacus undulatus

Budgerigar

novaehollandiae

Psittaculidae

Psephotus varius

Mulga parrot

Horsfield's bronze-

Family

Species name

Common name

Body length (cm)
16

15

21

21

23

39

44

31

19

16

63

20

22

18

30

Body mass (g)
32.0

20.8

28.0

53.1

51.7

303.0

312.0

87.6

30.8

23.2

614.0

38.0

44.5

28.8

61.2

Residual brain
mass (g)
0.03

0.02

-0.17

-0.08

-0.06

0.08

0.11

-0.08

-0.11

-0.11

-0.05

0.09

0.04

0.26

0.14

Total feeding
habitats
6

2

14

14

9

4

7

14

10

15

6

5

3

7

6

Total breeding
habitats
4

0

10

8

4

2

5

12

8

11

6

1

0

2

1

Total food
types
2

1

1

4

2

3

3

1

1

1

1

2

1

1

1

Feeding
gregariousness
5

2

5

4

2

5

5

1

1

2

4

5

5

6

5

Flight initiation
distance (m)
5.1

3.1

23.0

20.9

NAV

23.0

NAV

8.5

NAV

3.5

NAV

NAV

NAV

NAV

NAV

Clutch size
2.7

2.3

4.8

4.4

4.0

2.8

3.0

1.0

1.0

1.0

3.0

4.0

3.5

4.6

6.0

Nesting
gregariousness
1

1

2

1

1

1

1

0

0

0

0

2

3

3

NAV

Breeding system
1

1

1

0

0

1

1

0

0

0

0

NAV

0

0

0

Mobility
1

1

2

2

2

1

1

1

3

2

2

3

1

3

1

Vocal alarm signal
1

0

1

1

1

1

1

0

0

0

1

1

1

1

1

Type of signal
B

0

M

B

D

B

M

0

0

0

U

D

D

M

U

A

0

0

A

A

A

0

0

0

0

0

A

A

0

0

Receiver of signal
2001

Higgins et al.

2001

Higgins et al.

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Higgins 1999

Reference

Climacteridae

Ptilonorhynchidae

Ptilonorhynchidae

Maluridae

Maluridae

Maluridae

Maluridae

Climacteris melanura

Ptilonorhynchus maculatus

Ptilonorhynchus guttatus

Malurus splendens

Malurus leucopterus

Malurus lamberti

Stipiturus ruficeps

Black-tailed

Spotted bowerbird

Western bowerbird

Splendid fairy-wren

White-winged fairy-

Variegated fairy-wren

Rufous-crowned emu-

Maluridae

Maluridae

Maluridae

Maluridae

Acanthizidae

Acanthizidae

Acanthizidae

Amytornis striatus

Amytornis textilis

Amytornis purnelli

Amytornis goyderi

Sericornis frontalis

Calamanthus campestris

Pyrrholaemus brunneus

Striated grasswren

Western grasswren

Dusky grasswren

Eyrean grasswren

White-browed

Rufous fieldwren

Redthroat

scrubwren

Maluridae

Amytornis barbatus

Grey grasswren

wren

wren

treecreeper

Family

Species name

Common name

Body length (cm)
12

12

13

16

16

17

17

20

13

13

12

12

27

29

18

Body mass (g)
12.0

14.5

13.1

16.7

21.0

23.0

18.6

18.4

5.0

8.0

7.5

9.2

135.0

141.0

32.1

Residual brain
mass (g)
0.03

0.05

0.14

0.08

0.08

0.08

0.08

0.08

0.00

0.04

-0.01

0.00

0.23

0.20

-0.04

Total feeding
habitats
7

6

8

2

3

3

5

2

1

14

8

8

2

6

2

Total breeding
habitats
5

4

7

1

1

1

3

2

1

11

7

6

0

3

1

Total food
types
2

1

2

2

3

3

2

2

1

1

2

1

2

1

1

Feeding
gregariousness
4

2

2

4

4

5

4

5

5

5

5

6

2

4

5

Flight initiation
distance (m)
NAV

NAV

4.2

NAV

NAV

NAV

NAV

NAV

NAV

4.5

NAV

NAV

NAV

NAV

NAV

Clutch size
3.0

3.1

2.8

2.5

2.8

2.0

2.2

2.3

2.6

2.8

3.3

2.9

1.9

2.0

2.0

Nesting
gregariousness
NAV

1

1

1

1

2

1

2

1

1

1

1

NAV

1

1

Breeding system
NAV

0

1

1

1

1

1

NAV

NAV

1

1

1

0

0

1

Mobility
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Vocal alarm signal
1

1

1

1

1

1

1

1

1

1

1

1

1

1

0

Type of signal
D

D

D

D

D

D

D

D

D

D

D

D

M

M

0

A

U

A

A

A

A

A

A

A

A

A

A

0

0

0

Receiver of signal
Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2001

Higgins et al.

Reference

Acanthizidae

Acanthizidae

Acanthizidae

Acanthizidae

Acanthizidae

Acanthizidae

Smicrornis brevirostris

Gerygone fusca

Acanthiza robustirostris

Acanthiza chrysorrhoa

Acanthiza uropygialis

Acanthiza iredalei

Weebill

Western gerygone

Slaty-backed thornbill

Yellow-rumped

Chestnut-rumped

Slender-billed

Acanthizidae

Acanthizidae

Pardalotidae

Pardalotidae

Pardalotidae

Meliphagidae

Meliphagidae

Meliphagidae

Aphelocephala leucopsis

Aphelocephala nigricincta

Pardalotus punctatus

Pardalotus rubricatus

Pardalotus striatus

Certhionyx variegatus

Lichenostomus chrysops

Lichenostomus virescens

Southern whiteface

Banded whiteface

Spotted pardalote

Red-browed

Striated pardalote

Pied honeyeater

Yellow-faced

Singing honeyeater

honeyeater

pardalote

Acanthizidae

Acanthiza apicalis

Inland thornbill

thornbill

thornbill

thornbill

Family

Species name

Common name

Body length (cm)
19

17

17

11

11

10

10

12

11

10

10

11

11

11

9

Body mass (g)
24.3

16.2

26.4

11.1

10.1

8.5

10.5

12.4

7.2

6.1

6.4

9.1

6.1

5.9

5.7

Residual brain
mass (g)
0.05

0.06

0.00

0.03

-0.01

-0.05

-0.03

0.00

0.05

0.05

0.01

-0.02

0.05

-0.01

-0.07

Total feeding
habitats
9

6

3

10

5

9

5

6

5

4

6

9

2

7

8

Total breeding
habitats
7

3

1

7

3

6

3

4

3

2

4

6

0

5

6

Total food
types
3

2

4

1

2

1

2

2

2

1

2

1

1

1

1

Feeding
gregariousness
4

4

1

4

2

2

5

5

4

5

6

5

2

2

5

Flight initiation
distance (m)
12.0

5.8

NAV

NAV

NAV

4.0

NAV

NAV

NAV

NAV

NAV

6.6

NAV

5.4

NAV

Clutch size
2.2

2.4

2.6

3.4

3.5

3.1

2.7

3.3

2.6

3.1

3.3

3.2

3.0

2.7

2.6

Nesting
gregariousness
1

1

2

2

2

1

1

NAV

1

1

1

1

1

1

1

Breeding system
0

0

NAV

1

NAV

0

0

1

0

0

1

1

0

0

1

Mobility
3

2

3

2

1

2

1

1

1

1

1

1

1

2

1

Vocal alarm signal
1

0

0

1

1

1

1

1

1

1

1

1

1

1

1

Type of signal
D

0

0

M

D

M

D

M

D

D

M

B

D

U

B

A

0

0

0

A

0

A

0

A

A

0

A

A

0

A

Receiver of signal
2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Reference

Meliphagidae

Lichenostomus leucotis

White-eared

Meliphagidae

Lichenostomus ornatus

Yellow-plumed

Meliphagidae

Meliphagidae

Lichenostomus penicillatus

Purnella albifrons

White-plumed

White-fronted

Meliphagidae

Meliphagidae

Meliphagidae

Meliphagidae

Meliphagidae

Conopophila rufogularis

Conopophila whitei

Epthianura tricolor

Epthianura aurifrons

Epthianura albifrons

Rufous-throated

Grey honeyeater

Crimson chat

Orange chat

White-fronted chat

honeyeater

Meliphagidae

Anthochaera carunculata

Meliphagidae

Red wattlebird

honeyeater

Spiny-cheeked

Acanthagenys rufogularis

Meliphagidae

Manorina flavigula

Yellow-throated

miner

Meliphagidae

Manorina melanotis

Black-eared miner

honeyeater

honeyeater

honeyeater

Meliphagidae

Lichenostomus plumulus

Grey-fronted

honeyeater

honeyeater

Meliphagidae

Lichenostomus keartlandi

Grey-headed

honeyeater

Family

Species name

Common name

Body length (cm)
12

11

12

11

13

35

24

25

25

17

16

16

16

15

19

Body mass (g)
13.3

10.5

10.7

9.9

11.2

90.9

44.7

57.4

51.7

17.2

18.3

16.6

17.2

14.6

21.6

Residual brain
mass (g)
-0.02

-0.07

-0.06

-0.03

-0.06

0.06

-0.02

0.00

0.07

0.04

0.10

0.13

0.06

0.06

0.07

Total feeding
habitats
8

4

6

4

4

7

10

10

1

4

6

4

2

3

8

Total breeding
habitats
7

1

2

0

1

4

7

7

1

2

4

2

2

0

7

Total food
types
2

1

3

3

3

2

3

3

2

2

2

3

2

3

3

Feeding
gregariousness
6

6

6

2

5

4

4

6

6

5

5

4

4

5

3

Flight initiation
distance (m)
22.6

NAV

NAV

NAV

NAV

8.7

9.2

NAV

NAV

NAV

9.8

NAV

NAV

NAV

8.8

Clutch size
2.9

2.9

2.7

1.6

2.8

2.0

2.2

3.2

2.5

2.1

2.3

2.0

2.1

2.0

2.1

Nesting
gregariousness
1

2

2

2

1

1

1

3

3

1

2

2

NAV

2

1

Breeding system
0

0

0

NAV

0

0

0

1

1

0

1

0

NAV

NAV

0

Mobility
1

3

3

3

3

2

2

1

1

3

1

3

3

1

2

Vocal alarm signal
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Type of signal
D

U

M

U

B

B

B

D

D

D

B

M

D

U

M

A

0

0

0

A

A

A

A

A

A

A

0

A

0

0

Receiver of signal
2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

Reference

Meliphagidae

Meliphagidae

Meliphagidae

Meliphagidae

Meliphagidae

Meliphagidae

Meliphagidae

Pomatostomidae

Ashbyia lovensis

Sugomel niger

Lichmera indistincta

Melithreptus gularis

Melithreptus brevirostris

Philemon citreogularis

Plectorhyncha lanceolata

Pomatostomus temporalis

Gibberbird

Black honeyeater

Brown honeyeater

Black-chinned

Brown-headed

Little friarbird

Striped honeyeater

Grey-crowned

Pomatostomidae

Cinclosomatidae

Cinclosoma

Cinnamon quail-

thrush

Chirruping wedgebill

quail-thrush

Chestnut-breasted

Body length (cm)

Body mass (g)

Residual brain
mass (g)
Total feeding
habitats

Total breeding
habitats
Total food
types

Feeding
gregariousness
4

4

2

6

6

6

6

2

4

5

5

4

2

2

NAV

NAV

NAV

11.8

16.9

NAV

NAV

4.6

6.8

NAV

NAV

9.8

NAV

NAV

Flight initiation
distance (m)
2.0

2.5

2.0

4.0

2.6

1.8

3.2

3.0

2.9

3.0

2.0

1.9

1.9

2.5

1

1

1

1

1

1

1

1

1

1

1

1

3

2

1

0

0

1

1

1

1

0

0

1

1

0

0

NAV

1

1

1

1

1

1

1

3

2

2

1

2

3

3

1

1

1

1

1

1

1

1

1

1

0

1

1

1

D

D

M

D

D

D

D

D

D

D

0

U

M

M

A

A

0

A

A

A

A

A

A

A

0

0

0

0

20

40.8

0.12

3

1

2

4

NAV

2.5

1

0

1

1

U

0

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

2001

Higgins et al.

Reference

Higgins and

2

2

2

2

3

1

1

4

4

2

3

2

2

2

Clutch size

Peter 2002

0

2

2

1

5

0

5

6

6

4

3

8

2

2

Nesting
gregariousness

Psophodidae

2

2

4

3

7

2

7

8

7

4

6

11

4

2

Breeding system

castaneothorax

0.04

0.05

0.04

0.26

0.15

0.18

0.11

0.01

0.06

0.05

0.09

0.02

-0.09

0.00

Mobility

Psophodes cristatus

62.7

56.1

74.5

55.4

41.5

40.8

69.8

39.7

66.0

15.3

19.6

10.8

9.3

17.5

Vocal alarm signal

Cinclosomatidae

23

20

24

21

20

20

25

22

27

13

16

14

12

13

Type of signal

Cinclosoma

cinnamomeum

Cinclosomatidae

Cinclosoma castanotus

Chestnut quail-thrush

babbler

Pomatostomidae

Pomatostomus ruficeps

Chestnut-crowned

superciliosus

Pomatostomus

White-browed

babbler

Pomatostomidae

Pomatostomus halli

Hall's babbler

babbler

honeyeater

honeyeater

Family

Species name

Common name

Receiver of signal

Pachycephalidae

Oreoicidae

Artamidae

Artamidae

Artamidae

Colluricincla harmonica

Oreoica gutturalis

Artamus leucorynchus

Artamus personatus

Artamus superciliosus

Crested bellbird

White-breasted

Masked woodswallow

White-browed

Artamidae

Artamus cyanopterus

Dusky woodswallow

woodswallow

Artamidae

Artamus cinereus

Black-faced

woodswallow

woodswallow

18

18

19

19

18

21

25

34.5

35.3

35.3

34.7

42.8

63.4

67.5

23.5

0.01

-0.05

0.02

0.02

0.00

0.08

0.14

0.13

7

8

9

8

9

7

11

11

5

3

5

2

5

5

9

9

8

2

2

2

2

1

2

4

1

2

5

4

5

6

5

2

2

2

2

NAV

11.8

NAV

6.5

15.8

NAV

12.8

5.2

7.9

NAV

2.9

3.4

2.1

2.2

3.7

2.6

3.0

2.6

2.2

2.7

2

1

2

3

1

1

1

1

1

1

1

1

0

0

1

0

0

0

0

0

0

2

2

3

3

2

1

2

2

2

1

2

1

1

1

1

1

1

1

1

1

1

1

D

B

D

D

D

M

D

D

B

U

D

D

A

A

A

A

A

0

A

A

A

0

A

A

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins and

Peter 2002

Higgins and

Grey shrike-thrush

16

9

2

2

1

A

A

0

Pachycephalidae

0.12

2

2.4

2

D

D

0

Pachycephala rufiventris

38.5

1

NAV

0

1

1

0

Rufous whistler

18

3

2

1

3

1

1

Pachycephalidae

0.10

4

2.4

1

1

0

Pachycephala pectoralis

30.8

5

21.1

1

1

1

Golden whistler

19

9

4

2.8

2.6

2.5

Pachycephalidae

0.01

4

NAV

NAV

NAV

Pachycephala inornata

25.5

6

6

6

4

Gilbert's whistler

18

12

1

1

1

Campephagidae

0.08

4

6

2

Lalage tricolor

shrike

115.0

7

8

4

White-winged triller

33

0.00

0.07

0.10

Campephagidae

126.0

12.1

39.8

Coracina novaehollandiae

34

12

21

Black-faced cuckoo-

Reference

Higgins et al.

Body length (cm)

Peter 2002

Body mass (g)

Campephagidae

Residual brain
mass (g)

chrysoptera

Total feeding
habitats

Coracina maxima

Total breeding
habitats

Ground cuckoo-shrike

Total food
types

Neosittidae

Feeding
gregariousness

Daphoenositta

Flight initiation
distance (m)

Varied sittella

Clutch size

Psophodidae

Nesting
gregariousness

Psophodes occidentalis

Breeding system

Chiming wedgebill

Mobility

Family

Vocal alarm signal

Species name

Type of signal

Common name

Receiver of signal

Family

Artamidae

Artamidae

Artamidae

Artamidae

Artamidae

Rhipiduridae

Rhipiduridae

Corvidae

Corvidae

Corvidae

Corvidae

Monarchidae

Monarchidae

Corcoracidae

Corcoracidae

Species name

Artamus minor

Cracticus torquatus

Cracticus nigrogularis

Cracticus tibicen

Strepera versicolor

Rhipidura fuliginosa

Rhipidura leucophrys

Corvus coronoides

Corvus mellori

Corvus bennetti

Corvus orru

Myiagra inquieta

Grallina cyanoleuca

Corcorax melanorhamphos

Struthidea cinerea

Common name

Little woodswallow

Grey butcherbird

Pied butcherbird

Australian magpie

Grey currawong

Grey fantail

Willie wagtail

Australian raven

Little raven

Little crow

Torresian crow

Restless flycatcher

Magpie-lark

White-winged chough

Apostlebird

Body length (cm)
31

45

28

20

49

47

49

50

20

16

52

41

31

29

15

Body mass (g)
136.0

361.0

88.0

16.9

582.0

396.0

534.0

593.0

20.7

7.8

388.0

280.0

123.0

90.8

17.0

Residual brain
mass (g)
0.14

0.13

0.00

0.07

0.24

0.19

0.24

0.26

-0.10

-0.08

0.17

0.14

0.16

0.21

-0.09

Total feeding
habitats
8

7

10

11

13

7

6

13

11

12

6

7

11

7

3

Total breeding
habitats
6

5

5

9

5

3

4

10

9

9

4

6

5

7

3

Total food
types
3

2

3

1

5

4

3

5

1

1

3

5

2

2

2

Feeding
gregariousness
6

6

3

2

4

6

6

3

2

2

4

4

2

4

4

Flight initiation
distance (m)
20.7

16.2

19.0

NAV

NAV

NAV

NAV

25.8

11.8

6.8

NAV

10.9

9.5

19.3

NAV

Clutch size
3.9

4.4

3.8

3.5

4.6

4.5

3.8

4.4

3.1

2.7

2.6

3.3

3.0

3.2

2.5

Nesting
gregariousness
1

1

1

1

1

2

2

1

1

1

1

1

1

1

1

Breeding system
1

1

0

0

0

0

0

0

0

0

NAV

1

1

1

1

Mobility
1

1

2

2

3

3

2

1

3

2

2

3

1

1

2

Vocal alarm signal
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Type of signal
M

B

M

D

D

D

D

D

M

D

U

B

D

D

D

0

A

0

A

A

A

A

A

0

A

0

A

A

A

A

Receiver of signal
2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

Reference

Petroicidae

Petroicidae

Petroicidae

Petroicidae

Alaudidae

Acrocephalidae

Microeca fascinans

Petroica goodenovii

Melanodryas cucullata

Drymodes brunneopygia

Mirafra javanica

Acrocephalus australis

Jacky winter

Red-capped robin

Hooded robin

Southern scrub-robin

Horsfield's bushlark

Australian reed-

Locustellidae

Locustellidae

Locustellidae

Zosteropidae

Zosteropidae

Hirundinidae

Hirundinidae

Hirundinidae

Cincloramphus mathewsi

Cincloramphus cruralis

Eremiornis carteri

Zosterops luteus

Zosterops lateralis

Cheramoeca leucosterna

Hirundo neoxena

Petrochelidon ariel

Rufous songlark

Brown songlark

Spinifexbird

Yellow white-eye

Silvereye

White-backed

Welcome swallow

Fairy martin

swallow

Locustellidae

Megalurus gramineus

Little grassbird

warbler

Family

Species name

Common name

Body length (cm)
12

16

14

12

11

15

23

20

14

16

14

21

16

11

13

Body mass (g)
10.8

14.6

14.0

11.7

8.5

11.4

53.2

29.7

12.6

18.9

21.8

33.5

19.3

8.7

14.5

Residual brain
mass (g)
-0.13

-0.10

-0.15

-0.05

-0.05

-0.01

-0.04

0.01

0.00

0.14

-0.02

-0.01

0.04

-0.08

-0.04

Total feeding
habitats
17

19

10

11

3

1

7

4

7

9

4

5

6

8

6

Total breeding
habitats
7

3

5

10

1

1

5

4

4

6

4

3

4

6

3

Total food
types
1

1

1

2

3

1

2

1

1

1

2

2

2

1

1

Feeding
gregariousness
6

6

4

5

4

2

2

2

2

2

2

2

2

2

2

Flight initiation
distance (m)
8.9

11.0

NAV

6.1

NAV

NAV

NAV

NAV

6.5

11.5

NAV

NAV

NAV

16.0

NAV

Clutch size
3.5

3.9

4.5

2.6

2.4

2.8

3.1

2.9

2.9

3.1

3.1

1.0

2.0

2.3

2.0

Nesting
gregariousness
3

2

3

1

1

1

1

1

1

1

1

1

1

1

1

Breeding system
0

0

0

0

0

0

0

0

0

0

0

0

1

0

1

Mobility
2

2

1

2

1

1

3

2

3

2

3

1

1

2

1

Vocal alarm signal
0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Type of signal
0

D

M

D

D

B

D

D

D

D

D

B

B

M

D

0

A

0

A

A

A

B

U

A

A

A

B

A

0

A

Receiver of signal
2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Peter 2002

Higgins and

Reference

Family

Hirundinidae

Sturnidae

Dicaeidae

Estrildidae

Estrildidae

Estrildidae

Estrildidae

Passeridae

Motacillidae

Species name

Petrochelidon nigricans

Sturnus vulgaris

Dicaeum hirundinaceum

Taeniopygia guttata

Taeniopygia bichenovii

Neochmia ruficauda

Emblema pictum

Passer domesticus

Anthus novaeseelandiae

Common name

Tree martin

Common starling

Mistletoebird

Zebra finch

Double-barred finch

Star finch

Painted finch

House sparrow

Australasian pipit

Body length (cm)
16

15

11

12

11

11

9

21

12

Body mass (g)
25.7

26.6

11.7

10.6

8.9

11.1

8.8

77.5

16.6

Residual brain
mass (g)
0.00

NA

-0.02

0.04

-0.05

-0.08

-0.08

NA

-0.09

Total feeding
habitats
6

4

3

6

5

9

12

8

21

Total breeding
habitats
5

3

1

5

4

6

9

6

3

Total food
types
2

2

1

1

2

1

2

5

1

Feeding
gregariousness
2

6

5

6

6

5

2

6

6

Flight initiation
distance (m)
12.4

NAV

NAV

NAV

6.2

NAV

NAV

13.6

NAV

Clutch size
2.8

4.2

3.7

6.0

4.3

4.4

2.8

4.6

3.4

Nesting
gregariousness
1

2

2

3

2

3

1

2

2

Breeding system
0

0

0

0

0

0

0

0

0

Mobility
2

1

3

1

2

3

2

3

2

Vocal alarm signal
1

1

1

1

0

1

1

1

0

Type of signal
B

B

B

D

0

B

D

D

0

A

A

A

A

0

Y

A

A

0

Receiver of signal
2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

2006

Higgins et al.

Reference

Chapter 3
A Field Study of Anti-Predator
Behaviour Using Model
Raptors
The majority of this chapter, combined with Chapter 4, has been published in Behavioral
Ecology and Sociobiology, with co-authors Robert D. Magrath and Richard A. Peters.
See Appendix I.

64

3.1 Abstract
Many vertebrates use vocalisations to communicate about the presence of predators, and some
encode information about predator type or behaviour. A fast-approaching predator typically elicits a
‘flee’ alarm call, prompting others to escape to safety. In a field experiment, gliding models of a
predatory bird were presented to several species representing four families of passerine, including a
model species, the zebra finch (Taeniopygia guttata). The results showed that in total the most
common behavioural response to the glider was to flee, and this behaviour was demonstrated by
each family. All families gave a distinct call in response to at least one glider presentation, apart from
the zebra finch (family Estrildidae), for which no specific alarm call was recorded. Vocalisations given
by zebra finches were analysed further and a very high similarity between calls given before glider
presentation and those emitted post-presentation was found. Together, these results indicate that
the glider prompted anti-predator behaviour including alarm calling in almost all families tested, and
that zebra finches responded to the glider by fleeing but did not emit a distinct alarm call to warn
conspecifics of the impending danger.

3.2 Introduction
Animals use a range of morphological, physiological and behavioural strategies to avoid being taken
by predators, and many vertebrates use alarm calls to warn of danger or deter attack (Klump and
Shalter 1984; Caro 2005; Hollén and Radford 2009; Zuberbühler 2009). Alarm calls can be
categorised according to their context, function and acoustic structure (Magrath et al. 2015). Flee
alarm calls warn nearby conspecifics of immediate danger from a fast-moving or flying predator, and
prompt others to freeze or escape to safety (Klump and Shalter 1984). They are often relatively
pure-tone in structure and at least some, such as the ‘seeet’ calls of passerines, appear designed to
be difficult for predators to hear or locate (Marler 1955; Klump et al. 1986). Mobbing alarm calls are
usually given to a terrestrial or stationary threat, and prompt others to approach and harass the
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predator. They may also be directed at the predator itself, to communicate that it has been sighted
and an attack would be unsuccessful (Klump and Shalter 1984). These calls are often lower in
frequency, harsh and broadband, with the caller easier to locate (Marler 1955; Bradbury and
Vehrencamp 2011). In addition to these general categories, alarm calls can encode information on
the predator type or urgency of threat (Zuberbühler 2009; Gill and Bierema 2013). For example,
Diana monkeys (Cercopithecus diana) use different alarm calls for eagles and leopards (Zuberbühler
2000), while white-browed scrubwrens (Sericornis frontalis) and superb fairy-wrens (Malurus
cyaneus) include more elements in their flee alarm calls when a predator is flying closer (Leavesley
and Magrath 2005; Fallow and Magrath 2010). Meerkats (Suricata suricatta) combine information by
producing distinct calls depending on the type of predator as well as varying acoustic structure to
convey urgency information (Manser 2001).

Alarm calling appears to be more likely in social species, or at least when kin or other conspecifics
are nearby (Maynard Smith 1965; Caro 2005; Zuberbühler 2009). For example, female Belding’s
ground squirrels (Urocitellus beldingi) are more likely to give alarm calls when offspring or other kin
are nearby (Sherman 1977), and female Siberian jays (Perisoreus infaustus) have a higher chance of
alarm calling when related rather than unrelated subordinates are close (Griesser and Ekman 2004).
Individuals may also give alarm calls when their mates are near, as seen in downy woodpeckers
(Picoides pubescens; Sullivan 1985). Similarly, roosters (Gallus gallus) are more likely to give alarm
calls after successful mating (Wilson and Evans 2008). Furthermore, mixed-species flocks often
coalesce around gregarious ‘nuclear’ species (Sridhar et al. 2009; Srinivasan et al. 2010), and at least
in some cases these species are the first to give alarm calls when a predator appears.

Alarm calling and associated anti-predator behaviour has been widely studied in a variety of taxa
(Zuberbühler 2009). Ethical and practical reasons mean that experimental studies typically use
model rather than live predators to prompt alarm calls, and physical models with various degrees of
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resemblance to real predators have been used successfully. The simplest stimuli used to elicit antipredator behaviours include thrown sticks or hats, which despite not resembling real predators can
be a useful and efficient tool (e.g. Goodale and Kotagama 2005; Sloan and Hare 2008). Many studies
have used taxidermic or constructed stationary models, which increase the level of similarity to live
predators (e.g. Curio 1975; Blumstein and Armitage 1997; Davies and Welbergen 2009). Adding
motion by using motorised or gliding models adds an extra element of realism (e.g. Blumstein and
Armitage 1997; Magrath et al. 2007). These methods have been shown to prompt anti-predator
behaviour and alarm calls analogous to those elicited by natural predators.

The anti-predator behaviour of several arid and semi-arid bird species was investigated in this study,
with a particular focus on the zebra finch (Taeniopygia guttata). The zebra finch is a highly vocal and
gregarious native Australian passerine distributed throughout most of mainland Australia (Pizzey and
Knight 2012). Overall, their flock size fluctuates depending on the reproductive status of the birds
and the distribution of resources (Zann 1996), and during the non-breeding season, zebra finches are
most commonly found in mixed-sex pairs or in small groups (McCowan et al. 2015). Wild zebra
finches often form mixed-species flocks, especially during vulnerable activities like foraging (Higgins
et al. 2006). Birds living in arid areas are susceptible to predation by raptors (family Accipitridae and
Falconidae), snakes (order Serpentes) and occasionally dingoes (Canis lupus dingo), especially while
visiting waterholes (Zann 1996). This species is used worldwide as a model to study topics such as
behaviour, physiology and neurobiology (Griffith and Buchanan 2010). Their vocalisations have been
studied in detail and they are known to possess up to eleven distinct calls (Zann 1996), however,
there is limited information on alarm communication. ‘Thuk’ calls appear to be used only to warn
offspring of a potential nearby predator and get them ready to flee to safety (Zann 1996). A previous
field study failed to detect any distinct flee alarm call given by adults in flocks (Giuliano 2012). The
sexually dimorphic distance call, which is the longest and loudest call of this species, appears to be
multi-functional, with one possible use to express alarm (Zann 1996). However, whether the
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distance call, which is stereotyped within individuals but shows great between-individual variation,
can be varied to function as an alarm signal has never been studied. Given that this is a well-known
social species with a rich vocal repertoire, the limited knowledge of alarm communication and
possible absence of a flee alarm are both surprising.

Field work was conducted in arid and semi-arid regions of south-eastern Australia and involved the
presentation of a realistic gliding model of a predatory bird. The focus was on recording the antipredator response of the zebra finch in comparison to members of three other families known to
form mixed-species flocks with, or live in the vicinity of, zebra finches. Apart from the zebra finch, all
species tested are known to possess distinct alarm calls to warn adult conspecifics of nearby danger
(Higgins et al. 2001, 2006; Higgins and Peter 2002), which appears to be a common feature of
Australian passerine vocal behaviour (Chapter 2). The behaviour of birds presented with the glider
was scored, as was whether or not the model successfully elicited an alarm call. Acoustic analysis on
zebra finch distance calls was also conducted to detect any potentially subtle changes in the
structure of post-stimulus calls. It was predicted that birds presented with the glider would flee and
emit alarm calls to warn nearby conspecifics of the threat.

3.3 Methods
3.3.1 Study species and sites
Field work was undertaken at three main locations in south-eastern Australia (Fig. 3.1). Work at
Fowlers Gap Arid Zone Research Station in New South Wales (31°21’ S, 141°40’ E) was conducted
over a period of two weeks in November (spring) 2014. Various types of vegetation are present in
this area, which covers 39,000 hectares and is situated in the semi-arid zone. Most of the land
consists of open chenopod shrubland with patches of acacia, while tall eucalypts can be found along
the creekbeds. Murray-Sunset National Park in Victoria (34°46’ S, 141°51’ E) was visited for a week in
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April (autumn) 2015. This area is characterized by sandy soil, spinifex grasses and mallee eucalypts.
Finally, work in three areas in the Hume region of northern Victoria (Rutherglen 36°03’ S, 146°27’ E;
Winton Wetlands 36°28’ S, 146°04’ E; Kinnairds Wetland 36°04’ S, 145°28’ E) occurred in December
(summer) 2015 over a two-week period. Most locations visited in Rutherglen were open farmland,
with some areas consisting of swampy, dense vegetation. Winton Wetlands and Kinnairds Wetland
are well-maintained public-access areas. The forest at Winton Wetlands is more open than that at
Kinnairds Wetland. These locations were chosen as they are known sites for zebra finches and the
target families, most are on public land, and they are easily accessible by car and on foot.

Species recorded are shown in Fig. 3.2 and include members of four families: Estrildidae, Maluridae,
Meliphagidae and Acanthizidae. All species are small, native passerines and are vulnerable to
predation by aerial predators. There is some overlap in the distribution of species targeted, however
not all species are found in each area. Alarm call behaviour is well-documented for all families, apart
from Estrildidae for which little information is available.
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Figure 3.1. Map of south-eastern Australia showing locations of study sites where field work was
undertaken: (1) Rutherglen, (2) Winton Wetlands, (3) Kinnairds Wetland, (4) Murray-Sunset National
Park, and (5) Fowlers Gap.
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Figure 3.2. Species
recorded in this field
study. (a) Zebra finch
(Estrildidae: Taeniopygia
guttata), (b) variegated
fairy-wren (Maluridae:
Malurus lamberti), (c)
splendid fairy-wren
(Maluridae: Malurus
splendens), (d) whitewinged fairy-wren
(Maluridae: Malurus
leucopterus), (e) singing
honeyeater
(Meliphagidae:
Lichenostomus
virescens), (f) whiteplumed honeyeater
(Meliphagidae:
Lichenostomus
penicillatus), (g) yellowthroated miner
(Meliphagidae:
Manorina flavigula), (h)
yellow-rumped thornbill
(Acanthizidae: Acanthiza
chrysorrhoa), and (i)
chestnut-rumped
thornbill (Acanthizidae:
Acanthiza uropygialis).
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3.3.2 Experimental stimuli
Gliding models of a predatory bird were constructed to present to target species in order to record
their anti-predator response to a consistent threat (Fig. 3.3). Models were based on a successful
design used in previous studies of alarm calling in small passerines (e.g. Magrath et al. 2007). The
body and wings of the gliders were shaped from thick foam to the approximate size of a female
collared sparrowhawk (Accipiter cirrocephalus). This species occurs throughout Australia, feeds
mainly on small birds it captures in flight, and is a known predator of zebra finches (Marchant and
Higgins 1993; Pizzey and Knight 2012; Mainwaring and Griffith 2013). The gliders were painted and
matched by eye to the bird’s feather patterns, and yellow eyes were affixed to the face of each
glider to duplicate the distinctive appearance of this raptor. A false tail made from a carbon rod with
clear plastic stabilisers was added to aid control in flight.

Figure 3.3. Photo of (a) a collared sparrowhawk, in comparison to (b) the dorsal view and (c) ventral
view of the gliding model.
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3.3.3 Experimental procedure
This study was conducted on individuals or small single-species groups of fewer than ten members.
Work was conducted between 0700 and 1900 hours on days with warm to hot temperatures and
low wind. Nearly half (48%) of all trials were undertaken before 1200 hours, and only 35% occurred
during the hottest part of the day (between 1200 and 1600 hours) as birds were less active and more
difficult to find during this time. Target birds were found by searching suitable vegetation until an
individual, pair or flock was located. My volunteer and I either moved quietly through the habitat or
waited for birds to appear; the latter method was particularly useful near water bodies. Several
species, such as the zebra finch, fairy-wrens and white-plumed honeyeaters, frequented certain
types of vegetation and were therefore more locatable than the more elusive, less-predictable
species. Only adult birds were targeted, and trials were not undertaken near known active nests.
Upon locating a suitable target, we waited for at least two minutes to ensure the birds were not
disturbed by our presence or by any wild predators. If disturbance did occur, the trial was postponed
for at least ten minutes and until I was sure the birds had resumed normal activities.

During a trial, my volunteer presented the glider while I filmed and recorded the target birds. For
birds that were foraging on the ground, the glider was directed to one side and travelled
approximately 5 m above the ground. This method follows that used by Magrath et al. (2007). Some
birds were targeted while perched in a tree or shrub. In this case, the glider was pitched at a steeper
angle so that it reached the apex of its flight above the height of the perched bird. Gliders thrown in
this manner did not fly as far laterally, so the distance between us and the target bird was shorter.
The distance between the glider initiation and recording equipment and the target individual or
group ranged from 5 to 20 m. Birds perched higher than approximately 8 m above-ground were not
targeted as it was likely the glider would fly below them. Birds that reacted to the glider but did not
flee the area returned to normal behaviours within two minutes of glider presentation. At sites
where multiple species were present, only one species was targeted per trial. Thus, occasionally
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several trials were conducted at one site, however these were separated by a period of at least 20
minutes to avoid overly stressing the birds. I moved to a different location when all target species
present at a particular site had been exposed to the glider.

The response of the birds was recorded with a high-definition video camera, either a Canon Legria
HF21 or a Canon XA10, the latter with an attached Sennheiser ME66 shotgun microphone with K6
powering module. Separate audio was simultaneously recorded using a Roland R-26 portable
recorder, also with a Sennheiser ME66 microphone. Audio recordings were sampled at 44.1 kHz and
16 bits.

3.3.4 Data and statistical analyses
Species were grouped according to family (Fig. 3.2) for analysis. Videos were examined and the
response of the recorded birds scored using the following categories: fled (flew out of view of the
camera), retreated (moved into cover of vegetation), approached (moved towards the glider after it
landed on the ground or in vegetation), or showed no visible response. For some videos, the
behavioural response of the birds was unable to be seen on film due to dense vegetation obscuring
their movements. Audio analysis consisted of visualising the recordings in Raven Pro 1.4 (Charif et al.
2010) followed by examination of the spectrograms for known alarm calls. Spectrograms were
visualised using a Blackman window function, 0.590 ms hop size with 95% overlap, and 43.1 Hz grid
spacing. Potential alarm calls were matched to published descriptions and spectrograms (Jurisevic
and Sanderson 1994a, b; Higgins et al. 2001, 2006; Higgins and Peter 2002). The probability of alarm
calling was examined by family using the Kruskal-Wallis test, with Wilcoxon-signed ranks test for
independent data used for pairwise comparisons involving zebra finches, in the R statistical
environment (R Core Team 2013).
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Currently, there are no records of a distinct alarm call given by zebra finches to warn conspecific
adults of predator presence, and all calls given by zebra finches in this study were typical distance
calls. However, to examine whether the vocal response post-stimulus was subtly different, the last
three calls given prior to glider presentation were selected to compare with the first call given after
presentation. Calls were first selected in Raven Pro 1.4 and filtered to 300 Hz to remove lowfrequency background noise. An acoustic similarity score, the similarity function in Sound Analysis
Pro 2011 (Tchernichovski et al. 2000), was used to assess any differences in call structure following a
stimulus. Using this measurement, identical calls score close to 100% similarity and the less similar
the calls, the lower the value. Therefore, if birds modify call structure in response to a threatening
stimulus, there will be a much lower similarity score when comparing post-stimulus calls to prestimulus calls, than when comparing among pre-stimulus calls. Sound Analysis Pro was designed
specifically for analysing syllables in zebra finch song, but it can be modified to assess similarity in
other vocalisations (Tchernichovski et al. 2000). Default settings were used, although the advance
window was set to 0.50 ms to allow for clearer visualisation of calls, and the boost amplitude
function was applied to increase the overall amplitude of the sounds. Calls were individually
windowed to include only the sound of interest before similarity scoring, which used the symmetric
and mean values settings. Symmetric and asymmetric options are available, however asymmetric
measures are used when a subject copies a template sound and a judgement on the quality of this
imitation is required. Therefore, symmetric measurements were used, as neither call was acting as
the model for the other. Scores for a given bird were averaged to provide a single measure of call
similarity for pre-stimulus calls, and a single measure of call similarity between pre- and poststimulus calls.
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3.4 Results
All families presented with the model glider fled on at least one occasion (Fig. 3.4a), and overall this
was the most common response. Retreating was also demonstrated by most families in at least one
trial, and only members of family Meliphagidae approached the glider after it had landed. An alarm
call was recorded from every family on at least one occasion except for Estrildidae, i.e. the zebra
finch (Fig. 3.4b). Representative alarm calls recorded during the study are shown in Fig. 3.5. Results
from the similarity scoring of zebra finch distance calls are presented in Table 3.1. The average
similarity score between three pre-stimulus and the first post-stimulus call ranged from 82 to 98%,
which indicates a high level of resemblance and leads to the conclusion that no distinct alarm call
was emitted. Results of the Kruskal-Wallis rank sum test showed that the probability of alarm calling
varied between family (Kruskal-Wallis chi-square = 15.101, df = 3, P = 0.0017). Pairwise comparisons
showed that, when compared to Estrildidae, the probability of alarm calling was significantly
different for Maluridae (W = 59.5, Z-score = -3.355, P = 0.0008), Meliphagidae (W = 150.5, Z-score = 2.295, P = 0.022), and Acanthizidae (W = 21.0, Z-score = -2.857, P = 0.004).
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Figure 3.4. Results from the field study with sample sizes reported above the graphs. (a) Proportion
of trials of each family that resulted in flight (black), retreat (white), approach (light grey), no
behaviour (dark grey), or unseen (stippled) behaviour in response to the gliding model raptor.
(b) Proportion of trials of each family that resulted in an acoustically distinct alarm call (black) or no
distinct call (white) elicited from the target individual.

77

Figure 3.5. Representative spectrograms produced in Raven Pro 1.4 of alarm calls from species
presented with the gliding model. (a-b) Thornbill sp., (c) white-winged fairy-wren, (d) variegated
fairy-wren, (e) yellow-throated miner, and (f-h) white-plumed honeyeater.

Table 3.1. Average similarity scores from Sound Analysis Pro of comparisons between all prestimulus distance calls, and between pre-stimulus and post-stimulus distance calls given by zebra
finches.
Average similarity pre-

Average similarity pre-

stimulus x pre-stimulus

stimulus x post-stimulus

1

84.00

89.67

2

93.67

94.67

3

95.33

94.33

4

96.33

97.67

5

84.33

82.00

Trial No.
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3.5 Discussion
Overall, the most common response to the gliding model predator was to flee, and almost all
families alarm called to warn nearby conspecifics of the threat on at least one occasion. Although
zebra finches (family Estrildidae) responded with anti-predator behaviour by fleeing or retreating
when presented with the model hawk, they did not produce any vocal signals of alarm. Zebra finches
did not give distinct alarm calls nor change the structure of their distance calls post-stimulus. The
lack of a detectable flee alarm call, or communication about immediate danger, is surprising in a
social species like the zebra finch.

In addition to the results of this study, there are no reports of distinct flee alarm calls in the
literature, and there is limited evidence for any type of alarm call in zebra finches. There is no
support for the suggestion that distance calls can signal alarm, although incubating zebra finches left
their nest earlier in response to an approaching person if their partner was perched nearby
(Mainwaring and Griffith 2013). Signals or cues from the partner may have provided a warning,
however, there were no recordings, and no alarm call was detected. Similarly, although ‘thuk’ calls
appear to alert young to potential danger near the nest (Zann 1996), they have not been examined
empirically. Lastly, a previous field study using similar methods (Giuliano 2012) resulted in no distinct
alarm calls recorded from wild zebra finches after 31 glider presentations (C. Giuliano unpublished
data). Clearly there needs to be further investigation of anti-predator behaviour in this well-studied
species, including testing the possibility of communication about danger with partners or young at
the nest.

The methods used in this study were sufficient to prompt anti-predator responses in wild birds in the
absence of young, and as such it is considered unlikely that zebra finches emit flee alarm calls to
warn adult conspecifics of danger. In other field studies that provoked alarm calls, gliding model
hawks were directed above or to the side of focal birds (Magrath et al. 2007), yet this method was
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also used in this study and only failed to elicit alarm calls from the zebra finch. It is possible that the
zebra finches did not perceive the glider as a high enough threat to warrant alarm calling, and they
may be highly sensitive to approach direction. This has been seen in locusts (Locusta migratoria;
Judge and Rind 1997; McMillan and Gray 2012) and pigeons (Columba livia; Wang and Frost 1992).
Although it seems unlikely that zebra finches do have flee alarm calls, it would be worthwhile
investigating if the trajectory of the approaching predator affects responses. A near-miss trajectory
may not imply a sufficient threat and the finches could require a more direct approach before they
alarm call. In Chapter 4, I explored this idea with the use of a looming stimulus to elicit anti-predator
behaviour in a captive experiment.

Why might zebra finches lack flee alarm calls warning of immediate danger? This species is highly
gregarious and extremely vocal, so the apparent lack of such a warning call is surprising.
Information on alarm calling in other Australian estrildid finches varies (Higgins et al. 2006). Some
species, such as the star finch (Neochmia ruficauda) and the red-browed finch (Neochmia
temporalis) are known to possess a call distinct from other vocalisations which functions as an alarm
call. Others, like the crimson finch (Neochmia phaeton) use both a specific call as well as a multifunction distance call in alarm. Some estrildids are not known to alarm call, however, this could be
due to little research conducted on the species’ vocalisations as a whole (e.g. double-barred finch,
Taeniopygia bichenovii). One possibility is that, despite living in large flocks in the wild, including
outside the breeding season, zebra finches are not found in kin groups. This would reduce one
benefit of calling. Perhaps, also, in large flocks personal risk during an attack is low, thus reducing
the net benefit of calling to warn others. Another possibility is that in the wild zebra finches benefit
further from joining mixed-species flocks, in which they gain advantages from group size effects and
respond to alarm calls of heterospecifics. Several species of birds rarely give alarm calls while in
mixed-species flocks, yet do respond to heterospecific calls (Goodale et al. 2010; Martínez and Zenil
2012; Magrath et al. 2015). Zenaida doves (Zenaida aurita) do not possess an alarm call at all, and
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they associate closely with carib grackles (Quiscalus lugubris), which do alarm call. Griffin et al.
(2005) showed that the doves respond to and benefit from the alarm calls of the grackles. In a study
of mixed-species flocks in Sri Lanka, two species (red-faced malkoha, Phaenicophaeus
pyrrhocephalus, and Malabar trogon, Harpactes fasciatus) were never recorded alarm calling
(Goodale and Kotagama 2005). It is possible that they are relying on the anti-predator responses of
flock-mates, and a playback study showed that trogons did respond to heterospecific alarm calls,
although more work is needed in this area (Goodale and Kotagama 2008). Wild zebra finches do
form mixed-species flocks, particularly during vulnerable activities like drinking and foraging (Higgins
et al. 2006), but to the best of my knowledge there have been no studies on the alarm-calling
dynamics of these mixed assemblages. The possibility that zebra finches rely on the anti-predator
behaviour of heterospecific members of their flock is explored in Chapter 5.

Overall it was found that zebra finches exposed to the simulated predator responded with
appropriate behaviour but they did not emit a distinct alarm call or change the structure of their
distance call to communicate alarm. Results from this study suggest that the finches do not have a
distinct call to warn adult conspecifics about predators, and that the ‘thuk’ alarm call described in
Zann (1996) is probably used solely in parent-offspring communication to warn of potential danger,
not immediate threat. Investigating the vocalisations of adults with dependent offspring in response
to predator stimuli would help to determine if the ‘thuk’ call is specific to that context. The zebra
finch is the most-studied bird in Australia and is a widely used model system (Griffith and Buchanan
2010), and it is surprising that very little is known about their anti-predator defences. Future
research on interactions with predators in the wild, including in mixed-species flocks, could provide
insight into the anti-predator behaviour of this well-studied species, and the puzzling lack of flee
alarm calls seen in this study.
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3.7 Appendix
Credits for photos used in this chapter are as follows:
•

Figure 3.2 a, e, f, g supplied by Mark Hall

•

Figure 3.2 b supplied by Richard Peters

•

Figure 3.2 c supplied by José Ramos

•

Figure 3.2 d, i supplied by Jordan de Jong

•

Figure 3.2 h and Figure 3.3 a supplied by Rowan Mott

•

Figure 3.3 b supplied by Melissa Van De Wetering

I am grateful to each of these wonderful photographers for the generous use of their images.
Thank you.
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Chapter 4
The Response of Captive
Zebra Finches to an Animated
Predator
The majority of this chapter, combined with Chapter 3, has been published in Behavioral
Ecology and Sociobiology, with co-authors Robert D. Magrath and Richard A. Peters.
See Appendix I.
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4.1 Abstract
Alarm calling, which is vocalising to warn conspecifics of nearby threats, is a well-known form of
anti-predator behaviour produced by a wide range of taxa. Studies of anti-predator behaviour often
use physical models of predators to prompt calls, but the use of video playback is becoming more
common due to the advantages of stimulus control and software allowing realistic computer
animation. In this study, captive zebra finches (Taeniopygia guttata) were exposed to video
animations of flying raptors presented on a computer monitor. Their behavioural response was
analysed, and a detailed examination of call structure and rate was underataken. Results showed
that birds responded to the most threatening stimulus, a looming raptor, with escape behaviour.
They responded to the less threatening stimuli, including a raptor flying by at a distance, with
orienting or startle behaviour. Despite this anti-predator response, birds did not give any distinct
alarm call, and the distance calls of both males and females did not differ in structure or rate of
delivery after exposure to a stimulus. The results of this experiment combined with those of the field
study (Chapter 3) suggest that zebra finches lack a flee alarm call, and also appear not to signal
about immediate danger through a change in calling rate.

4.2 Introduction
Alarm calling, or producing a sound to warn conspecifics of nearby danger, is a common and wellstudied form of anti-predator behaviour (Caro 2005). There has been much empirical work
conducted on these vocalisations, which occur in a wide range of taxa and take two main forms: flee
alarm calls and mobbing alarm calls (Magrath et al. 2015). Broadly, flee alarm calls encourage
receivers to escape whereas mobbing alarm calls incite receivers to harass the predator (Klump and
Shalter 1984). It has also been shown that many animals encode information in their calls to provide
further detail to conspecifics on the type or level of threat (Magrath et al. 2015). The specificity of
calls used in alarm situations differs among species, with some possessing a distinct call or calls used
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in defined contexts (Magrath et al. 2015), and others using more general calls during both alarming
and other social interactions (Wheatcroft 2015).

Although alarm calls often have a distinct acoustic structure, call rate can also convey information
about danger independently of call structure. For example, Wheatcroft (2015) found that a sample
of 15 species of passerines produce calls with the same acoustic structure in social and predator
contexts, but called at a higher repetition rate when a predator was present. Similarly, individuals of
some species produce ‘sentinel’ calls to signal that they are on duty and watching for predators. For
example, both meerkats (Suricata suricatta) and pied babblers (Turdoides bicolor) give repeated
sentinel calls when vigilant and no predators are present, and playbacks show that others use this
information to reduce their vigilance and increase foraging (Manser 1999; Hollén et al. 2008; Bell et
al. 2009). In addition, pied babblers increase call rate when their estimate of risk increases, so both
the absence of sentinel calling or a higher rate can each indicate greater risk.

Looming objects, characterised by rapid expansion in angular size, attract attention and elicit
avoidance responses in a variety of species (e.g. Schiff et al. 1962; Schiff 1965; Carlile et al. 2006;
Bach et al. 2009). Recently, the use of images presented on a screen or monitor has become more
prevalent in studies of animal behaviour, including in the study of alarm communication (Woo and
Rieucau 2011). Male chickens (Gallus gallus), for example, produce ground alarm calls in response to
video of a live raccoon (Procyon lotor) presented on a monitor, and give aerial alarm calls to
computer-generated raptor silhouettes passing overhead, indicating that even without intricate
detail the birds recognised this object as a possible threat (Evans et al. 1993). Video playback has
also addressed the combined effects of looming and stimulus shape on the perception of risk. For
example, Jacky dragons (Amphibolurus muricatus) respond to video recordings of looming owls
(Ninox connivens) and looming raptor silhouettes with anti-predator behaviour (Carlile et al. 2006).
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Overall, although simple figures can prompt alarm calls from a variety of species, it is likely that
appropriate shapes and apparent movement towards the subject will increase perceived risk.

In this study, captive zebra finches (Taeniopygia guttata) were exposed to computer-generated
animations of a looming predator to quantify their responses to imminent danger. The zebra finch is
gregarious and vocal, and vulnerable to predation by raptors (Zann 1996). Their vocal repertoire is
well-known but there are no published studies on alarm communication between adults. Their
individually distinct and sexually dimorphic distance call may be used to express mild alarm (Zann
1996), but this has not been studied empirically. Here, birds were presented with three stimuli
representing different levels of threat, with the most threating stimulus an animation of a looming
raptor. Birds were tested in social groups (see Methods), so there was the opportunity to
communicate with conspecifics. To test for vocal communication about danger, calls produced
following each of the stimuli were compared with calls given under baseline conditions. Acoustic
analyses to test for either structurally distinct alarm calls or changes in calling rate that might signal
danger were carried out. The number of individuals tested in this study allowed for separate analysis
of the dimorphic male and female distance calls, which could potentially uncover any differences in
alarm calling behaviour between the sexes. It was hypothesised that the finches would show a
strong anti-predator response to video animation of a looming raptor in contrast to stimuli that did
not feature a looming object. It was also predicted that the finches would communicate to
conspecifics about the impending threat, via a distinct alarm call, a modified distance call, or a
change in call rate.

4.3 Methods
4.3.1 Study species
Zebra finches used in this experiment were adult (older than 100 days) captive-bred descendants of
wild-caught birds obtained from a breeding colony housed at the La Trobe University zoology
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reserve. Birds used were between eight and 12 generations removed from wild birds, which were
captured in northern Victoria by Richard Zann in 2001. When not part of a trial, birds were kept in
large (8000x3000x3500 mm) aviaries with free access to an indoor and outdoor section, the latter
with the roof and walls constructed from wire. The aviary was surrounded by native vegetation, and
the captive birds had visual contact with aerial predators flying overhead and potential visual
exposure to terrestrial predators. A total of 27 males and 27 females were used and all birds were
banded with two to four coloured leg bands for identification. This study was undertaken between
September 2013 and March 2014.

4.3.2 Experimental stimuli
To examine the responses of finches to a potential threat, Maya 2014 (Autodesk Inc.) software was
used to create computer animations resembling a collared sparrowhawk (Accipiter cirrocephalus),
one of the smaller raptors found in Australia. This species is distributed throughout the continent
(Pizzey and Knight 2012) and feeds mainly on small birds it captures during aerial foraging (Marchant
and Higgins 1993). They are a known predator of zebra finches (Marchant and Higgins 1993;
Mainwaring and Griffith 2013). The highest level of threat was simulated with an eight-second
animation of a looming sparrowhawk (loom), beginning as a small bird that slowly unfolds and flaps
its wings, rapidly increasing in size as it reaches the endpoint with raised talons (Fig. 4.1a). The
animation was accompanied by wing-flap sounds increasing in amplitude (obtained from
www.freesound.org), as the bird appears to draw nearer. A lower-threat animation of a
sparrowhawk flying past at a distance (flyby) was created. It involved a two-second clip of a
sparrowhawk flying from left to right without changing in size, accompanied by two wing flaps and
with the sound remaining at the same amplitude throughout (Fig. 4.1b). The final stimulus (control)
had no video playback and consisted solely of the same wing-flap sounds as the looming stimulus,
and lasted six seconds. This stimulus was used to determine if the finches were responding more to
the sound of the wings or the image on the screen.
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Figure 4.1. Area in pixels occupied by the animated collared sparrowhawk in (a) the loom stimulus
and (b) the flyby stimulus. Occurrence of the wing flap sounds is indicated on the figures with
arrows. Screenshots of the actual animations used in the study are included with frame number
indicated below each picture. The frame rate equals 25 fps.

4.3.3 Experimental procedure
The birds were housed in a large outdoor aviary located 80 m from the colony aviary at the La Trobe
University zoology reserve in Bundoora, Victoria for the duration of the experiment. The aviary was
custom-designed and consisted of three connected areas that the birds could access through small
feeder doors (Fig. 4.2a). The two outer sections, referred to as holding aviaries, were the same size
(2400x900x1820 mm), while the middle section, the experimental aviary, was smaller
(900x900x1710 mm). Birds were provided with ad libitum seed (an equal mix of red panicum, yellow
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panicum and Japanese millet), water, shell grit and cuttlebone, with endive given twice weekly. The
birds were allowed access to all three areas to acclimate for at least five days before trials began.
The design of the aviary allowed for a small group of experimental birds to be confined to a limited
area while still surrounded by members of their social group in the holding aviaries. The birds in
holding aviaries could not view the stimuli presented on screen (explained below). Keeping birds in
groups rather than isolated meant that they retained their natural social and acoustic environment,
which seems likely to allow for a more natural response to the predator stimuli (McCowan et al.
2015). It is also possible that individuals may not call if alone, particularly if the function of their call
is to warn nearby conspecifics.

Zebra finches were tested in four cohorts of between 12 and 16 birds. A 24-inch widescreen monitor
(Dell UltraSharp U2410) was placed on a table at perch-height (approximately 130 cm from the
ground) outside of the aviary behind a clear Perspex window (Fig. 4.2b). Speakers (Sony SRS-A27)
were placed either side of the monitor. The monitor and speakers were connected to a laptop
(Toshiba Satellite P50t-A) kept behind the left-hand wall of the first aviary and out of view of the
birds. A high-definition video camera (Canon XA10) was also placed at perch-height on a bracket
inside the aviary facing directly towards the monitor. A Sennheiser ME66 shotgun microphone with
K6 powering module was connected to the camera. Audio recordings were sampled at 44.1 kHz and
16 bits. Birds were viewed via a webcam (Microsoft Lifecam VX-2000) stationed outside the aviary
and connected to the laptop. A barrier of thick shade cloth was attached to the inner walls of both
holding aviaries during testing to prevent the non-test birds from viewing the images on the
monitor. A small container of seed was attached to the perch in line with the monitor and the
camera in order to encourage birds to congregate in this area.
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Figure 4.2. Schematic diagram of (a) an aerial view of the custom-designed aviary, and (b) a side-on
view of the experimental aviary. Placement of equipment is included.
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After the acclimation period, all birds in the cohort were confined to holding aviary 1. Three birds
were caught and placed into the experimental aviary with access to the other sections cut off by
shutting the feeder doors. The group of birds being tested was always of mixed sex, as this
resembles a common foraging group structure in the wild (McCowan et al. 2015). The test birds
were left undisturbed for at least 30 minutes. After this acclimation period and once all three birds
were situated in front of the monitor, the first stimulus was presented. The birds were allowed at
least 30 minutes between each stimulus presentation, and 30 minutes after the final stimulus
presentation before being moved to the third section of the aviary. Once a trial was over, the tested
birds were restricted to holding aviary 2, but the other birds in the cohort were allowed access to
both holding aviary 1 and the experimental aviary for at least two days before the next trial began.
Stimuli were played in a random order and counterbalanced across 18 groups.

4.3.4 Data and statistical analyses
Both the visual behaviour and vocalisations of the birds were analysed. The approach to the analysis
of vocalisations addressed the following three questions: (1) Do birds have an acoustically distinct
flee alarm call? (2) If not, or in addition, does a change in call rate signal danger? And (3) could
longer-term changes in call structure signal a change in assessment of background level of danger?
Four of the 18 trials were excluded from analysis due to equipment failures during one of the
stimulus presentations. Any bird absent from the video camera’s field of view at the beginning of the
presentation was omitted from the behavioural analysis. Some individuals were also omitted from
vocal analyses as they did not produce enough calls or their recorded calls were unclear. Statistical
analyses were performed in the R statistical environment (R Core Team 2013).
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4.3.4.1 Behavioural response
Behaviour was analysed using Observer XT 11 (Noldus Inc.). For each stimulus presentation, a video
clip from 30 s before a stimulus started until 30 s after it ended was extracted from raw footage
using Adobe Premiere Elements 12 (Adobe Systems Inc.). The following index of increasingly strong
response was used to score the behaviour of each bird immediately after stimulus onset:
•

0 = No response: no change in behaviour

•

1 = Orienting: increase in head movement rate or turning to face the monitor

•

2 = Startle: a quick flinching movement or slicking back of feathers

•

3 = Duck: lowering of the head and body

•

4 = Jump: flapping wings and leaving the perch for no more than two seconds, then
returning to perch

•

5 = Flight: flapping wings and leaving the perch completely to land on the aviary walls or
elsewhere out of the camera’s field of view

If more than one behaviour was observed in an individual, the value of the highest-scoring behaviour
was recorded. The highest level of response was determined for each individual for each stimulus
and compared using a generalised linear mixed model using the glmer function from the lme4
package (Bates et al. 2015), specifying a Poisson error structure with a log link function. Stimulus was
used as a fixed effect and bird identity and group as random effects. We examined pairwise
contrasts between levels of stimulus directly.

4.3.4.2 Presence of alarm calls
To determine whether birds gave a distinct alarm call, calls recorded during the acclimation period
(Baseline) were selected and compared with the first call given after the start of the stimulus (First
Call). Baseline calls were sampled from audio recordings of the 30 min prior to the presentation of
the first stimulus (Fig. 4.3). This period was divided into 60 x 30 s samples, and for each individual
bird, three samples of 30 s were selected using a random number generator. The first clear call from
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each sample chosen was used for analysis. Spectrograms were visualised in Raven Pro 1.4 (Charif et
al. 2010) using a Blackman window function, 0.590 ms hop size with 95% overlap, and 43.1 Hz grid
spacing. The calls selected during the Baseline block occurred before any stimulus presentation and
in the absence of any disturbances. Calls given after the start of stimuli were only sampled as First
Calls if they occurred within five minutes. All calls were bandpass filtered to 300 Hz before analysis.

Figure 4.3. Representative timelines for two test groups. Stimuli presentations are marked with
black boxes. The black circle indicates the occurrence of the first vocalisation after a stimulus
presentation. Note that the 30 minute baseline period (grey box) occurred immediately before the
first stimulus, while the timing of the 30 samples after each stimulus (white boxes) varied slightly
depending on the interval between stimuli. 30 min blocks in between the presentation of stimulus 1
and 2 (After 1), and in between stimulus 2 and 3 (After 2) were obtained. In each case the 30 min
period was selected from the onset of the following stimulus and working backwards in time. 30 min
following the presentation of the third and final stimulus (After 3) was also selected.

For each bird, the similarity between pairs of Baseline calls, and between each Baseline and First Call
were calculated using the similarity function in Sound Analysis Pro 2011 (Tchernichovski et al. 2000)
using default settings, with the advance window set to 0.50 ms and the boost amplitude function
applied. For each bird, scores were averaged to obtain a single measure of call similarity during the
Baseline, and a single measure of call similarity between Baseline calls and First Calls. This process
was repeated for each of the three stimuli and a linear mixed effects model (lme function from the
nlme package; Pinheiro et al. 2013) was used to compare statistically the Baseline vs. First Call
similarity scores, fitting sex and stimulus as fixed effects and bird identity and group as random
effects. Similarity scores were converted to proportions and transformed using the logit function
prior to analysis.
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4.3.4.3 Immediate changes in call rate
Even if birds do not have acoustically distinct alarm calls, they might signal immediate danger by
changing the rate of the multi-functional distance calls, so the number of distance calls given by each
individual in the 30 s directly before and after each stimulus presentation was calculated. The zebra
finches did make other vocalisations during the experiment, mostly the two short, soft calls referred
to as ‘tets’ and ‘stacks’ (Zann 1996), however these were not included in any analyses as they were
often too quiet to be clearly recorded by the equipment. Distance calls given while birds were in
view of the camera could be assigned directly to individuals, and individual variation in distance call
structure was used to assign calls to individuals in the rare event that they were temporarily out of
view. Calls recorded when a bird was out of view were compared by ear and with spectrograms to
known calls from individuals and assigned if they matched. The call rate in the 30 s before and after
the stimulus was then compared using a linear mixed effects model (lme), fitting sex, stimulus and
time period as fixed effects, and bird identity and group as random effects. Call rates were
transformed using the logit function prior to analysis.

4.3.4.4 Longer-term changes in call structure
In addition to signalling immediate danger through alarm calls or changes in call rate, there might be
ongoing changes in calls that indicate a higher level of alertness or arousal. Therefore, the call
structure in a 30 min sample after each stimulus was examined (Fig. 4.3). Three randomly selected
calls were chosen from each 30 min post-stimulus sample in the same way that Baseline calls were
selected. Variation in call structure across the experiment was examined by comparing Baseline vs.
After, and First Call vs. After. Similarity scores were averaged to obtain a single value for each
comparison for each bird. Linear mixed effects models (lme) were used to statistically compare
similarity scores, fitting sex and stimulus as fixed effects and bird identity and group as random
effects, and transforming response data using the logit function prior to analysis. We were unable to
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perform similar analyses for call rate in the 30-minute periods due to the experimental set-up with
the combined vocalisations of the large social group of conspecifics present in the surrounding
aviaries interfering with call identification.

4.4 Results
4.4.1 Behavioural response
The zebra finches responded most strongly to the most threatening stimulus (Fig. 4.4). The looming
hawk stimulus usually prompted birds to fly from the perch, while the other two stimuli typically
produced only orientation or startling (Fig. 4.4; mean ± SD response score: looming 4.06 ± 1.41; flyby
2.47 ± 1.25; control 2.09 ± 1.49; linear mixed effects model: F2,54 = 21.895, P < 0.001). Pairwise
contrasts from the model showed that behavioral responses to the looming stimulus were higher
when compared to both the flyby (z = -5.18, P < 0.001) and control (z = -6.49, P < 0.001) stimuli.
There was no significant difference in response between the control and flyby stimuli (z = 1.423, P =
0.155).

Figure 4.4. Number of individuals displaying each behaviour in response to control (white bars), flyby
(grey) and loom (black) stimuli. Sample sizes vary between stimuli as some birds were excluded from
analysis as they were not visible on camera at the time of stimulus onset.
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4.4.2 Presence of alarm calls
The birds did not give an acoustically distinct alarm call. Figure 4.5 shows representative
spectrograms of Baseline calls from male and female birds, paired with First Calls given by the same
individuals after the looming hawk stimulus. The similarity among calls in the Baseline period was no
greater than that between the Baseline and First Call after the stimulus, showing that the First Call
after the stimulus did not differ from the undisturbed distance calls in the Baseline period (Fig. 4.6a;
Table 4.1a). Females had slightly more variable calls than males, but there was no interaction
between stimulus type and sex (Fig. 4.6; Table 4.1).

Figure 4.5. Representative spectrograms of male and female zebra finch distance calls. (a) A male
call before any stimuli presentations and (b) the first call from the same male given after the loom
stimulus. The similarity score of these calls was 99.2%. (c) A baseline female call and (d) the first call
after the looming stimulus from the same female. The similarity score of these calls was also 99.2%.

99

Figure 4.6. Average similarity score for male (black bars) and female (white bars) zebra finches.
(a) Baseline vs. First Call, (b) Baseline vs. After, and (c) First Call vs. After. Error bars indicate standard
error.

100

Table 4.1. Summary of linear mixed effects models on the transformed average similarity scores
obtained for each call category comparison.
dfNum

dfDen

F statistic

P-value

Sex

1

28

6.83

0.014

Stimulus

2

46

1.33

0.274

Sex x Stimulus

2

46

1.27

0.292

Sex

1

28

2.09

0.159

Stimulus

2

53

0.03

0.968

Sex x Stimulus

2

53

0.34

0.714

Sex

1

24

1.23

0.274

Stimulus

2

63

1.11

0.336

Sex x Stimulus

2

63

0.41

0.669

(a) Baseline vs. First Call

(b) Baseline vs. After

(c) First Call vs. After

4.4.3 Immediate changes in call rate
Birds did not change their rate of calling in response to any of the three stimuli. The call rate in the
30 s before the stimulus did not differ from the 30 s period after for any stimulus (Fig. 4.7; Table 4.2).
Females had a slightly lower call rate than males, but there was no interaction between sex and
stimulus type or time period (Table 4.2; P > 0.3 for all comparisons).
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Figure 4.7. Average number of calls given by all birds in the 30 s pre-stimulus (white bars) and 30 s
post-stimulus (black bars). Error bars show standard error.

Table 4.2. Summary of linear mixed effects models on the call rates in the 30 s time period pre- and
post-stimulus.
dfNum

dfDen

F statistic

P-value

Sex

1

26

5.87

0.022

Stimulus

2

141

1.36

0.260

Time

1

141

0.30

0.586

Sex x Stimulus

2

141

0.63

0.534

Sex x Time

1

141

0.99

0.322

Stimulus x Time

2

141

0.26

0.772

Sex x Stimulus x Time

2

141

0.10

0.907
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4.4.4 Longer-term changes in call structure
No long-term change in call structure was found. Similarity scores for Baseline and After calls
exceeded 95% similarity regardless of stimulus (Fig. 4.6b), as did comparisons between First Call and
After calls (Fig. 4.6c). There was no significant difference in similarity scores as a function of sex,
stimulus type, or an interaction between sex and stimulus type for Baseline vs. After, and First Call
vs. After (Table 4.1b, c respectively).

4.5 Discussion
The results of this study showed that the finches typically fled from the looming animated raptor,
and oriented or startled to the less intense stimuli. Analysis of vocalisations showed that they did
not produce an acoustically distinct alarm call to warn conspecifics of the threat. An investigation
into vocalisations produced during the experiment showed that they also did not change their rate
of calling in response to the stimuli. Furthermore, distance call structure remained unchanged in the
longer-term period after stimuli compared to an earlier period of undisturbed calling.

In addition to not giving flee alarm calls, captive zebra finches did not alter their call rate directly
after exposure to any stimulus. Even if these finches did not have a distinct flee alarm call, they
might have signalled about immediate danger by changing the call rate, particularly as it has been
suggested that distance calls serve multiple functions (Zann 1996). However, while there was
considerable variation in distance call rate among individuals, there was no overall change in call
rate in the 30 s following any type of stimulus compared to the 30 s before that stimulus. Several
other species of passerine show an increased rate of general-purpose calls after detecting predators
(Wheatcroft 2015), and some species include more notes in alarm calls in situations of greater threat
(Leavesley and Magrath 2005; Templeton et al. 2005; Fallow and Magrath 2010). Another possibility
is that call rate could have dropped, and a decrease or cessation of calling might itself imply a
warning (Griffin and Galef, Jr 2005). Zebra finches possess a large repertoire of calls and individuals
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are almost constantly in vocal contact with each other, so a sudden halt in vocalisations might be an
indication of danger. Evidence of this exists in some other species, for example, túngara frogs
(Engystomops pustulosus) interpret an abrupt cessation of calls by conspecifics as an alarm cue
(Dapper et al. 2011). Among birds, white-browed scrubwren (Sericornis frontalis) adults give fewer
contact calls near active nests when a predator is nearby, and this reduction in calling could be an
alarm signal (Haff et al. 2015). In this study, however, no evidence to suggest that the finches were
using a decrease or termination of calling to indicate predator presence was found.

As well as not communicating about immediate danger, no longer-term change in call structure that
might imply a revised estimate of risk was found. There was no change in call structure in 30-minute
samples after stimulus presentations compared with a baseline period of 30 minutes before any
playback had started. According to Zann (1996), the zebra finch distance call is multi-functional and
is used for simple contact between individuals as well as to communicate location, identity and
alarm. Whether or how this call is altered to express alarm has never been investigated, and the
results of this study suggest that the birds do not use any subtle changes in acoustic properties to
communicate about perceived risk levels. The possibility that zebra finches, despite being highly
vocal with a vast repertoire, do not rely on audible cues must be considered as well. As this species is
almost always found in pairs or groups, it is possible that they rely on the visual cue of flock-mates
fleeing as an indicator of predator presence (e.g. Lima 1995).

While it is clear from the analysis of behavioural responses that zebra finches correctly identified the
different predation risk levels portrayed by the stimuli, their vocal responses do not give the same
indication. It is possible that the immediacy of the threat evoked by the looming stimulus was so
high that the urgency to escape overtook any motivation to alert conspecifics. Locusts (Locusta
migratoria) change their hiding behaviour in relation to the velocity of a looming stimulus: they
perform slow hiding movements when the stimulus expansion is lower, and rapid hiding movements
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when the velocity is higher (Hassenstein and Hustert 1999). Due to the rapid expansion in angular
size of the looming raptor the birds may not have had time to emit a warning call. The neurons of
locusts respond differently depending on whether the stimulus was presented on a looming,
translatory or a near-miss trajectory (McMillan and Gray 2012). When studying the effect of a
predator using simulated events such as the animations used in this experiment, it would be
worthwhile investigating if the trajectory of the approaching predator affects responses. A near-miss
trajectory could imply a lower threat level and allow extra time to process the predator event. In
addition to the fact that it was looming, the intricate features of the approaching sparrowhawk used
in the present study, including its yellow, forward-facing eyes, is likely to have contributed to a high
perception of danger. This is because the direction of gaze can itself be a cue of threat. For example,
European starlings (Sturnus vulgaris), are more reluctant to approach a food source when a human
looks towards the food than to the side (Carter et al. 2008).

Looming objects typically elicit avoidance or escape responses, and studies across a wide range of
taxa corroborate this. Overall, captive zebra finches exposed to an animation of a looming raptor
responded by fleeing, which is an appropriate anti-predator behaviour and indicates that they
correctly perceived the intended threat of the looming stimulus. Thorough analysis of their vocal
responses revealed that the finches did not emit a distinct alarm call, alter the structure of their
distance calls, or change their calling rate to communicate alarm to nearby conspecifics. This species
is highly vocal and social and thus it would be expected that they would warn others of an
impending threat, and the results of this study lead to further questions as to why this does not
appear to be the case. It is possible that zebra finches do not communicate alarm to one other as
they could potentially be attending to the anti-predator behaviour of nearby heterospecifics. This
idea is explored in Chapter 5.
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Chapter 5
Eavesdropping on
Heterospecific Alarm Calls by
Captive Zebra Finches
The majority of this chapter will be resubmitted to Journal of Avian Biology, with co-authors
Paul G. McDonald and Richard A. Peters.
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5.1 Abstract
Alarm calls are vocalisations given by animals in response to predators and primarily function to alert
conspecifics of nearby danger. Studies have shown that numerous species eavesdrop on the calls of
heterospecifics to gain information about predator presence. Responding to heterospecific calls may
be a learned or an innate response, as determined by whether the response occurs with or without
prior exposure to the call. In this study, the presence of eavesdropping in the zebra finch
(Taeniopygia guttata) was investigated. This species is not known to possess a distinct alarm call to
warn adult conspecifics of a threat, and could be relying on the alarm calls of nearby heterospecifics
for predator information. A playback experiment was used to expose captive zebra finches to three
heterospecific sounds: an unfamiliar alarm call (chestnut-rumped thornbill, Acanthiza uropygialis), a
familiar alarm call, and a familiar control (both from the noisy miner, Manorina melanocephala).
These calls were chosen to test if the birds had learnt to distinguish between the function of the two
familiar calls, and also if the acoustic properties of the unfamiliar alarm were frightening to the
finches. The results showed that the birds did not alter their call rate or vigilance behaviour in
response to any of the three stimuli, however, latency to call was shorter after hearing the miner
alarm call compared to the control sound. Overall, only minimal evidence was found to indicate that
the captive zebra finches were responding to the heterospecific alarm stimuli with anti-predator
behaviour.

5.2 Introduction
Alarm calling is a common anti-predator defence widespread across many taxa (Caro 2005). These
vocalisations can be broadly classified into two main types: flee alarm calls, which function to warn
nearby conspecifics and encourage them to freeze or escape, and mobbing alarm calls, which elicit
harassment of the predator by conspecifics (Magrath et al. 2015a). Alarm calls often differ in their
acoustic structure: flee alarms are usually high-pitched pure-tone calls, while mobbing alarms tend
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to be lower in frequency and harsh-sounding (Marler 1955). Many animals also encode information
in their calls about the predator type (e.g. vervet monkeys, Chlorocebus pygerythrus; Seyfarth et al.
1980) or the urgency of escape response (e.g. white-browed scrubwrens, Sericornis frontalis;
Leavesley and Magrath 2005). Encoding information is often achieved by using specific calls with
distinct acoustic properties or by changing the rate of the call to convey different meanings (Gill and
Bierema 2013).

Alarm calls are intended to provide information to conspecifics, however, it is known that some
animals listen to alarm calls given by other species to gain information about predator presence. For
example, white-browed scrubwrens and superb fairy-wrens (Malurus cyaneus) respond to each
other’s alarm calls by fleeing to cover (Magrath et al. 2007). Such eavesdropping behaviour is not
limited to species within the same taxonomic class, with cross-taxa eavesdropping also widely
reported, including banded mongooses (Mungos mungo) that respond to the alarm calls of
sympatric plovers (Vanellus spp.; Müller and Manser 2008). Some species are able to extract
encoded information from heterospecific alarm calls. For example, black-casqued hornbills
(Ceratogymna atrata) respond to the alarm calls of both Diana monkeys (Cercopithecus diana) and
Campbell’s monkeys (C. campbelli) that are given specifically in the presence of crowned eagles
(Stephanoaetus coronatus), which also depredate hornbills. The hornbills are able to distinguish
between the calls that indicate the presence of eagles and those indicating the presence of leopards
(Panthera pardus), which do not elicit a response as leopards pose no threat to the hornbills (Rainey
et al. 2004).

Previous research into the extent of eavesdropping has revealed that this behaviour is widespread
and diverse. Eavesdroppers may give their own alarm calls often, rarely, or not even have one; the
latter is exemplified by the non-vocal Galápagos marine iguana (Amblyrhynchus cristatus)
responding to the alarm call of the Galápagos mockingbird (Mimus parvulus; Vitousek et al. 2007). As
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well, the social behaviour of eavesdroppers can range from solitary to highly gregarious (Carrasco
and Blumstein 2012). Attending to heterospecific alarm calls provides numerous benefits to the
eavesdropper, regardless of the alarm calling propensity of conspecifics (Goodale and Kotagama
2005). Anti-predator behaviour in response to heterospecific alarm calls may be learned or innate.
Learned responses require experience with the predator to attain the appropriate action, either
through direct exposure or social learning. Innate responses occur without predator encounters and
are due to the acoustic properties of the call itself, which may be similar to the eavesdropper’s own
alarm call (Magrath et al. 2015a). While eavesdropping may be observed relatively easily in nature,
controlled playback experiments are necessary to confirm the existence of this phenomenon
between two species (Magrath et al. 2007).

Animals respond to alarm calls in a variety of ways irrespective of the origin of the calls (conspecific
or heterospecific). The most overt response is to flee the area, but other, more subtle responses can
include freezing, becoming more cryptic, or increasing vigilance (Caro 2005). Increased vigilance as a
response to heterospecific alarm calls has been reported in several species, for example, pied
babblers (Turdoides bicolor) responding to the alarm calls of heterospecific mobbing (Ridley et al.
2010), and the response of Madagascan spiny-tailed iguanas (Oplurus cuvieri cuvieri) to the mobbing
alarms of Madagascar paradise flycatchers (Terpsiphone mutata; Ito and Mori 2010). Measuring
vigilance is a useful way of quantifying an animal’s response to a threatening stimulus. Vigilance in
birds usually involves alternating between foraging (head down) and scanning (head up), which can
also be performed while manipulating food items such as seeds (Beauchamp 2002).

Eavesdropping in zebra finches (Taeniopygia guttata) was studied using a playback experiment. This
native Australian passerine is used as a model species worldwide in studies spanning a range of
disciplines (Griffith and Buchanan 2010). They are highly vocal with a repertoire of up to eleven
different calls, with the sexually dimorphic distance call the loudest and longest vocalisation (Zann
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1996). Much is known about their vocal communication (Zann 1996), however their anti-predator
behaviour has not been studied in any detail. The ‘thuk’ call is the only zebra finch vocalisation
known to specifically function in alarm communication and is used to warn offspring of nearby
threats (Zann 1996). It has been shown that zebra finches exposed to gliding model predators or
animated looming stimuli responded with escape behaviour but did not give a distinct alarm call to
warn nearby conspecifics (Chapters 3 and 4). Wild zebra finches are regularly found in mixed-species
flocks, often with other finch species, and particularly when foraging for seeds where they are highly
vulnerable to predation by raptors (Higgins et al. 2006). It is possible that these finches in fact do not
possess a distinct alarm call for alerting conspecific adults, and perhaps they eavesdrop on and
respond to reliable alarm calls given by heterospecific flock-mates. Only one previous study has
investigated eavesdropping in zebra finches. Giuliano (2012) exposed wild zebra finches to playback
of heterospecific alarm calls and obtained conflicting results, with no strong evidence to suggest that
the finches were eavesdropping on the alarm calls of sympatric species. However, it was stated that
this study was limited by the use of potentially unsuitable stimuli that were unintentionally novel (in
the case of the control stimulus) to the finches, or were likely inaudible due to their high peak
frequency (the alarm signals; Giuliano 2012). I aimed to avoid these drawbacks in the present study
through careful selection of vocalisations for playback.

Captive-bred zebra finches were exposed to the aerial alarm calls of two species in this study, the
chestnut-rumped thornbill (Acanthiza uropygialis) and the noisy miner (Manorina melanocephala).
Chestnut-rumped thornbills are sympatric with zebra finches throughout much of their range but are
not found in the area where this study was conducted, so their alarm call would be considered
evolutionary relevant but unfamiliar to the finches studied. Conversely, noisy miners are not
sympatric with wild zebra finches but are abundant in the area of the study, so their aerial alarm call
would be familiar to the experimental birds. A third stimulus was used to act as a control, and this
was the begging call of noisy miners. The vocal and vigilance responses of the finches to the three
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stimuli were quantified in order to investigate eavesdropping behaviour in this species. It was
predicted that the zebra finches would respond to the noisy miner alarm call but not the begging
call, having potentially learnt from previous exposure the specific function of each of these
vocalisations. It was also hypothesised that the finches would respond to the thornbill alarm as an
innate response to the acoustic properties of this call.

5.3 Methods
5.3.1 Study species
Twelve male and 24 female adult (more than 100 days old) zebra finches were used in this study.
Birds were captive-bred descendants of individuals caught from the wild in northern Victoria, and
were obtained from a breeding colony located at the La Trobe University Bundoora campus zoology
reserve. When not involved in the study, the birds were housed in large (8000x3000x3500 mm)
aviaries with access to an indoor and outdoor section. Mature eucalypts and other native plants
surround the aviary and this vegetation is utilised by wild birds. The walls and roof of the outdoor
section of the aviary was made of wire mesh such that captive birds were also potentially in visual
contact with aerial and terrestrial predators located in the zoology reserve. All finches used were
banded with two to four coloured leg bands for individual identification. Birds were tested in groups
of three consisting of one male and two females as this is representative of a common foraging
group seen in the wild (McCowan et al. 2015).

5.3.2 Experimental stimuli
The responses of captive zebra finches to heterospecific calls was examined with a playback
experiment using three stimuli: two aerial alarm calls and a control. The first, the alarm call of the
chestnut-rumped thornbill, was unfamiliar to the experimental birds (Fig. 5.1a). While this species
and zebra finches live sympatrically in some areas in the wild (Pizzey and Knight 2012), chestnut-
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rumped thornbills are not found at the location of this study. The alarm call of this species is
described as a “seep” call, with a high pitch and is often repeated several times (Higgins and Peter
2002). These calls were provided by Robert Magrath (The Australian National University) and were
recorded in Western Australia using a Marantz PMD 670 digital recorder and Sennheiser ME66
microphone. The calls were previously used in a study conducted in Canberra on eavesdropping in
superb fairy-wrens (Fallow et al. 2011). Twelve calls were used, consisting of one single element
repeated four times and each was equivalent to a natural alarm call from this species. The second
aerial alarm call used was from the noisy miner and consisted of natural, un-manipulated calls each
made up of five or six elements (Fig. 5.1b). This call is described as a series of ‘upslurred’ notes of
high frequency, and is elicited by aerial threats (Higgins et al. 2001; Holt et al. 2017). Signals used
were provided by Paul McDonald (University of New England) and were recorded near Armidale,
NSW using a Marantz PMD 661 recorder and a Sennheiser ME67 microphone. Calls were elicited by
throwing a hat in the air near a calling bird, and were used in a previous study (Holt et al. 2017). The
begging call of juvenile noisy miners was used as the control stimulus (Fig. 5.1c). This call is a loud
ascending “chip” sound that is given frequently by young birds and less commonly by adults (Higgins
et al. 2001; Holt et al. 2017). These calls were recorded around the La Trobe University Bundoora
campus using a Roland R-26 portable recorder with attached Sennheiser ME66 microphone. Calls
were cropped to consist of four elements and were bandpass filtered to 1000 Hz to remove lowfrequency background noise. There were twelve recordings of both the thornbill alarm call and the
noisy miner begging call so each of these was played to one group, however there were six
recordings of the noisy miner alarm call so each of these was played twice. The distribution of wild
noisy miners and zebra finches overlaps only marginally (Pizzey and Knight 2012), however noisy
miners are very common and regularly breed at the location of this study. Thus, it is assumed that
the captive zebra finches were familiar with both the alarm call and the begging call of the noisy
miner, but not familiar with the call of the chestnut-rumped thornbill.
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Figure 5.1. Representative spectrograms of the three calls types used for playback: (a) chestnutrumped thornbill aerial alarm call, (b) noisy miner aerial alarm call, (c) noisy miner begging call.

All calls used in the study were recorded from different individuals. Both the thornbill and control
calls were sampled at 44.1 kHz and 16 bits whereas the noisy miner alarm calls were sampled at 48
kHz and 24 bits. Two seconds of silence was added to the start and end of each stimulus using Raven
Pro 1.4 (Charif et al. 2010), and all calls used were uncompressed wave files. Table 5.1 shows the
average peak frequency and duration of the three stimuli, and the average amplitude at a distance
of 2.5 m. The peak frequencies and durations were measured by selecting the sound in Raven Pro
1.4 using a Blackman window function, 0.590 ms hop size with 95% overlap, and 43.1 Hz grid
spacing. The average amplitude of each call was measured by broadcasting the calls outside on a
calm day and measuring the maximum amplitude at a distance of 2.5 m using a digital sound level
meter (Digitech model QM-1589). This was repeated five times for each call and values were
averaged.
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Table 5.1. Average peak frequency, duration and amplitude measures of calls used for playback. The
range of each measure is shown in brackets.
n

Peak frequency (Hz)

Duration (s)

Amplitude (dB)

Thornbill alarm call

12

6779.4 (6158.5-7192.1)

0.54 (0.31-1.03)

58.2 (55.0-60.5)

Noisy miner alarm call

6

2867.2 (2625.0-3046.9)

0.98 (0.57-1.20)

62.5 (60.4-64.6)

Noisy miner begging call

12

5045.9 (3273.0-7321.3)

2.14 (1.01-5.75)

56.6 (54.0-60.0)

5.3.3 Experimental procedure
The experiment was conducted in a smaller custom-designed outdoor aviary located 80 m away
from the colony aviary at the La Trobe University Bundoora campus zoology reserve. The aviary was
made up of three areas, two outer sections measuring 2400x900x1820 mm and a middle section
measuring 900x900x1710 mm (see Fig. 4.2). Access to each area was through a feeder door. Ad
libitum finch seed mix (red panicum, yellow panicum and Japanese millet), water, shell grit and
cuttlebone were provided. The birds were allowed access to all three areas of the aviary to acclimate
for at least two days before being tested.

Zebra finches were tested in 12 groups of three individuals, comprising one male and two females,
during October and November 2015. A high-definition video camera (Canon XA10) with attached
shotgun microphone (Sennheiser ME66 with K6 powering module) was mounted on a tripod outside
the aviary, and birds were filmed through a clear Perspex screen (Fig. 5.2). Calls were broadcast
using a Roland R-26 portable recording device attached to a Kemo Electronics integrated amplifier
and a Response Dome tweeter speaker. One dowel perch was affixed inside the experimental aviary
with a small container of seed attached to entice birds to settle in view of the camera. The speaker
was located 2.5 m away from the perch, outside the aviary on the opposite side to the camera, and
was raised 1.3 m off the ground to be at equal height to the perch. Birds were monitored using a
webcam (Microsoft Lifecam VX-2000) mounted on top of the video camera, and connected to a
laptop (Toshiba Satellite P50t-A) stationed outside the aviary out of view of the birds.
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Figure 5.2. Schematic diagram of a side-on view of the experimental aviary with equipment shown.

During a trial, the feeder doors allowing access to the outer sections of the aviary were shut and the
birds were confined to the middle section. They were left undisturbed for at least 30 min before the
first stimulus was broadcast. The position of the birds was monitored through the webcam and the
call was broadcast once all three birds were perched in view of the camera. The three sounds were
played on the same day approximately two hours apart between 0730 and 1630. After playback of
the third stimulus birds were again allowed access to the whole aviary and were returned to the
colony the following day. Stimuli were played in a random order and counterbalanced across 12
groups.

5.3.4 Data and statistical analyses
The vocalisations and visual behaviour of the birds in response to the stimuli were analysed.
Previous work on anti-predator vocalisations in zebra finches showed that the birds did not emit a
distinct alarm call or change their distance call structure when threatened (Chapters 3 and 4), so this
avenue of inquiry was not pursued here. Rather, the analysis focused on latency to call and call
rates. Latency to call was calculated to determine if the stimuli were causing birds to remain silent,
which could also be used as an alarm cue by conspecifics, while changes (an increase or decrease) in
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call rate could be indicative of heightened alertness (Griffin and Galef, Jr 2005). To analyse latency to
call and call rate, video sequences consisting of two min pre- and post-stimulus were extracted from
raw footage using Adobe Premiere Elements 12 (Adobe Systems Inc.). The audio tracks from these
videos were converted into uncompressed wave files and visualised in Raven Pro 1.4 using the
aforementioned parameters. Each spectrogram was carefully examined and the first post-stimulus
distance calls given by the male and either of the two females denoted latency to call. Birds that did
not call were given a capped latency of 120 seconds. Data were analysed using a Cox regression for
right-censored data in the R statistical environment (R Core Team 2013) with stimulus and sex as
fixed effects, and bird identity nested within group as a random effect. All distance calls given by the
group pre- and post-stimulus were counted, with each call noted as being emitted by either a male
or female bird, however identity of the female birds was not determined. The objective in
considering call rates was to determine whether the mean change in call rate from pre- to poststimulus presentation varied between the stimuli. Data were compared using a generalised linear
mixed model using the glmer function from the lme4 package (Bates et al. 2015), specifying a
Poisson error structure with a log link function. Stimulus was used as a fixed effect and bird sex and
group as random effects. Consequently, the analysis includes time as a factor (pre- and poststimulus) and accordingly focuses on the stimulus*time interaction term.

The behaviour of the birds two min either side of the stimulus was scored using Observer XT 11
(Noldus Inc.). The behaviour of each bird was scored with regard to their position within the aviary
(on the perch, away from the perch, or flying), and actions including preening, feeding and scanning.
A scan bout began when the bird raised their head from a neutral or downward position and
concluded when the head either lowered or stopped moving. The number of scanning bouts, total
time spent scanning and average duration of scanning bouts pre- and post-stimulus presentation
were calculated. In calculating the average duration of scan bouts, attention was restricted to bouts
that began and ended within the two-min time period. All three behavioural measures were
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analysed with a linear mixed effects model in the R statistical environment (R Core Team 2013) using
the lme function from the nlme package (Pinheiro et al. 2013), fitting sex, stimulus and time as fixed
effects, and bird identity nested within group as a random effect. As above, particular interest was
on the interaction terms involving time and stimulus. For each individual, the latency to stop
scanning post-stimulus was also found. This included all bouts regardless of whether they began
before or after stimulus onset, and was analysed with a linear mixed effects model with stimulus and
sex as fixed effects, and bird identity nested within group as a random effect. Of the 108 observation
sessions (12 groups of 3 birds with 3 stimuli), 27 were excluded from analysis as the birds moved out
of view of the camera at stimulus onset.

5.4 Results
The vocal response to heterospecific call stimuli was investigated by analysing the latency to call
post-stimulus and changes in the rate of distance calls. Latency to call as a function of sex and
stimulus is shown in Fig. 5.3. There was a significant difference in the latency to call post-stimulus
between the three stimuli (Chi-square = 13.225, df = 2, P = 0.001), but no significant difference
between males and females (Chi-square = 0.961, df = 1, P = 0.327), and no significant interaction
between sex and stimulus (Chi square = 0.132, df = 2, P = 0.936). Pairwise contrasts showed a
marginally significant difference in latency to respond to the control and miner calls (z = 1.95, P =
0.05), but not between control and thornbill (z = 1.53, P = 0.13), or miner and thornbill (z = -0.38, P =
0.71). Overall, males called at significantly higher rates than females (Fig. 5.4), however all other
terms were non-significant, including the interaction terms of interest involving stimulus and time
(Table 5.2). Thus, the zebra finches did not respond to any of the playback stimuli by altering their
rate of distance calls, and showed a significantly shorter latency to call after the miner alarm call
when compared to the control stimulus.
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Figure 5.3. Average latency to call post-stimulus separated by sex. White bars represent male data
and black bars show female data. Error bars indicate standard error.
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Figure 5.4. Average number of distance calls given pre- and post-stimulus for (a) males and (b)
females. White bars show pre-stimulus counts and black bars show post-stimulus counts. Error bars
represent standard error.
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Table 5.2. Summary of linear mixed effects models on the number of distance calls given in the two
minutes pre- and post-stimulus.
dfNum

dfDen

F statistic

P-value

Sex

1

121

8.70

0.004

Stimulus

2

121

0.27

0.766

Time

1

121

0.19

0.664

Sex x Stimulus

2

121

0.13

0.874

Sex x Time

1

121

0.78

0.379

Stimulus x Time

2

121

0.96

0.388

Sex x Stimulus x Time

2

121

0.64

0.529

Pre- and post-stimulus behaviour of males and females was analysed to consider whether the
number of scan bouts, average scan duration and total scan duration varied in response to the three
stimuli. The number of scanning bouts (Fig. 5.5a, b; Table 5.3a), the average duration of scanning
(Fig. 5.5c, d; Table 5.3b) and the total time spent scanning (Fig. 5.5e, f; Table 5.3c) did not yield
significant interactions involving stimulus and time. Consequently, there is no evidence that the
change in scanning behaviour from pre- to post-stimulus varied as a consequence of stimulus type.
There was also no significant difference in the latency to stop scanning in the first post-stimulus scan
bout (Fig. 5.6; sex: F1,22 = 0.0001, P = 0.991; stimulus: F2,41 = 2.935, P = 0.064; interaction: F2,41 =
0.960, P = 0.391).
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Figure 5.5. Scanning behaviour in the two minutes pre- and post-stimulus. Average number of
scanning bouts for (a) males and (b) females. Average duration of scanning bouts for (c) males and
(d) females. Total time spent scanning for (e) males and (f) females. In all graphs, white bars
represent pre-stimulus data and black bars show post-stimulus data. Error bars show standard error.
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Table 5.3. Summary of linear mixed effects models on (a) total number of scan bouts, (b) average
duration of scan bouts, and (c) total time spent scanning pre- and post-stimulus.
(a) Number of scan
bouts

(b) Average duration
of scan bouts

(c) Total time
scanning

dfNum

dfDen

F statistic

P-value

F statistic

P-value

F statistic

P-value

Sex

1

22

0.01

0.914

0.07

0.791

0.34

0.564

Stimulus

2

117

8.86

<0.001

4.83

0.010

4.28

0.016

Time

1

117

1.24

0.267

1.89

0.172

10.23

0.002

Sex x Stimulus

2

117

3.08

0.050

0.21

0.812

0.16

0.856

Sex x Time

1

117

0.04

0.833

4.95

0.028

4.30

0.040

Stimulus x Time

2

117

0.39

0.681

0.56

0.575

0.06

0.942

Sex x Stimulus x Time

2

117

0.01

0.990

0.03

0.967

0.08

0.926

Figure 5.6. Latency to end scanning post-stimulus. White bars represent results for males and black
bars results for females. Error bars indicate standard error.
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5.5 Discussion
In this study captive-bred zebra finches were exposed to three different heterospecific calls using a
playback experiment. Results showed that in general they did not change their vocalisations or their
vigilance behaviour in response to any of the three stimuli. There were no significant differences in
the rate of distance calls before and after each stimulus, and the post-stimulus latency to call did not
differ when comparing control and thornbill calls, and miner and thornbill calls. The latency to call
differed significantly when comparing control and miner calls, with birds taking longer to call again
after hearing the control call. Results of the behaviour analyses showed that the birds did not alter
the number of scan bouts, the average duration of scan bouts or the total time spent scanning poststimulus for any of the three treatments. While it was also noted if a bird took flight directly after
stimulus onset (within three seconds), this only occurred in seven out of 81 scored observations.
Consequently, the results suggest that these captive zebra finches are unlikely to be eavesdropping
on alarm signals in their environment.

Three calls were chosen as playback stimuli in this experiment: an unfamiliar alarm call, a familiar
alarm call and a familiar control. The two heterospecific species used in this study were carefully
chosen with regard to their wild distribution and the acoustic properties of their calls. The average
peak frequency of the three call types used ranged from 2.6 to 7.3 kHz. Zebra finches hear best
between 1 and 6 kHz (Hashino and Okanoya 1989), and the average peak frequency of the majority
of calls used in the study fell in this range. The average peak frequency of some calls used for
playback was just above this range of best hearing, which could potentially impact the ability of the
finches to detect the call. However, video recordings of the experiment show that birds engaged in
behaviour other than scanning began a scan bout less than one second, on average, after stimulus
onset, regardless of stimulus type (Supplementary Fig. S5.1). Therefore, it is believed that all calls
were broadcast at a sufficient amplitude for signals of that frequency, so that the finches would have
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been able to clearly hear the stimuli. Given this, a lack of significant changes in behaviour cannot be
attributed to an inability to distinctly hear the calls.

Before taking part in the study, the finches were housed in large outdoor aviaries surrounded by
native vegetation inhabited by numerous species of wild bird, including the noisy miner. Thus, it was
assumed that the finches were very familiar with both the alarm call and the begging call of the
noisy miner, and had the potential to learn through experience the meaning of each of these calls.
The begging call of the juveniles is loud and repetitive, and is an almost constant sound at the
aviaries during the noisy miner’s breeding season (pers. obs.). Due to this continual exposure, it was
thought that the finches had learned that this sound does not signal a negative event. Similarly, it
was also expected that the alarm call given to aerial threats had been previously experienced by the
finches and that they had observed the predator itself and/or the response by the miner colony. This
would allow them to learn that the alarm call signals the presence of predators. Evidence for
learning the meaning of sympatric heterospecific alarm calls can be found in nature, for example,
Magrath and Bennett (2012) showed that superb fairy-wrens living sympatrically with noisy miners
eavesdropped on miner vocalisations and were able to recognise the function of different calls. It is
unknown how much previous exposure is required to learn these associations, however, superb
fairy-wrens were able to learn the association between a novel sound and a predator model after
only two days of exposure (Magrath et al. 2015b). Young vervet monkeys learn to respond to the
mobbing alarm call of superb starlings (Lamprotornis superbus) quicker when starlings are more
abundant (Hauser 1988), indicating that increased exposure is beneficial to learning. Although the
presence of aerial threats and ensuing alarm calls by noisy miners has been witnessed at the location
of this study (pers. obs.), this event is not as common as the production of the begging call, and it is
not known how frequently this anti-predator behaviour occurs. It is possible that the captive-bred
finches did not experience the noisy miner call and subsequent predator sighting or colony response
enough to enable them to learn from this experience, so when the call was played back in a
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controlled environment they did not change their behaviour as they had not fully learnt the function
of the call. The unexpected result of increased latency to call in response to the control sound when
compared to latency in response to the miner alarm call is difficult to explain. It is possible that the
captive finches associated the begging call with the physical presence of miners, which could be
considered a negative stimulus as miners occasionally harass the finches through the wire of the
aviary walls (pers. obs.). While the begging call was intended as a neutral stimulus, it may have
unintentionally been perceived as signalling a negative event. However, if this was the case, it would
be expected that the finches would respond in a similar way to both miner vocalisations, and this
was not shown by the results.

Geographic variation in alarm calls has been reported in some species and between subspecies (e.g.
golden-mantled ground squirrels, Callospermophilus lateralis; Eiler and Banack 2004; vervet
monkeys; Price et al. 2014), however the use of playback experiments to determine if allopatric
populations of the same species respond to each other’s calls is rare. Geographic variation in
vocalisations can occur in populations between which there is no gene flow (cf. dialect differences
when gene flow is possible; Conner 1982). The noisy miner alarm calls used in this study were not
from the local population of birds, and while geographic variation in this call does exist (Jurisevic and
Sanderson 1994a) the extent of this is unknown. Individual variation in alarm calling has been much
more widely studied, and includes the use of playback experiments (Zuberbühler 2009). There is
evidence for a high level of individual variation in another noisy miner vocalisation, the ‘chur’ call
(Kennedy et al. 2009; McDonald 2012), and as such geographic variation in this and other calls is
expected. While the possibility that geographic variation in the acoustic structure of the aerial calls
affected the ability of the finches to recognise the vocalisation as an alarm call cannot be ruled out,
this is considered unlikely. Any structural differences caused by geography would most likely be
subtle and therefore calls from a different location would still resemble a noisy miner aerial alarm
call.
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Unlearned responses to heterospecific alarm calls are often due to the acoustics of the call itself.
This may occur because the heterospecific call resembles the species’ own alarm call, for example,
Fallow et al. (2011) found that superb fairy-wrens respond to the alarm calls of three allopatric fairywren species (Malurus spp.) with acoustically similar calls to their own. Many playback experiments
testing for unlearned responses to heterospecific vocalisations use calls that are acoustically similar
to the alarm call of the eavesdropper. In this case, an aerial alarm call from the zebra finch has never
been recorded (Chapters 3 and 4), therefore a representative heterospecific call that shares acoustic
properties with many other aerial alarm calls was chosen. The chestnut-rumped thornbill aerial
alarm call is high in pitch with a narrow frequency range, as are the ‘seeet’ alarm calls of many
European passerines (Marler 1955) and the aerial alarm calls of several other Australian bird species
(Jurisevic and Sanderson 1994b). It could not be assumed that the captive-bred finches would
respond to the thornbill alarm call based on similarities to their own call as it is not known what their
call sounds like, if it does exist. Therefore, it was hypothesised that they would respond due to the
acoustic features of the thornbill call. However, the birds did not alter their vocal or vigilance
behaviour in response to the thornbill call, indicating that neither the acoustic properties nor the
novelty of the call were particularly threatening to the finches.

As zebra finches do not appear to have their own distinct alarm call to warn conspecific adults of
approaching danger (Chapters 3 and 4), it was predicted that they may instead rely on the alarm
calls of nearby species. This would be beneficial if the other species were vulnerable to the same
predators, thus making their alarms relevant, and were reliable callers (Magrath et al. 2015a). In the
wild, zebra finches are known to forage in mixed-species flocks, especially with other finches
(Higgins et al. 2006). They are particularly vulnerable to aerial predators during this activity and the
larger flock may offer extra protection. Finches are also vulnerable when visiting waterholes and
often raise their head to scan for predators while drinking (Evans et al. 1985). In mixed-species flocks
there are usually many species that could potentially alarm call, resulting in an accumulation of
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predator information which may vary in its relevance and reliability to the eavesdropping species
(e.g. Goodale and Kotagama 2005; Martínez and Zenil 2012). Both this captive study and the field
study of Giuliano (2012) played individual heterospecific calls to wild zebra finches and did not
observe elevated behavioural anti-predator responses relative to controls. In fact, Giuliano (2012)
found a heightened anti-predator response after exposure to a control sound from a nonthreatening bird species in comparison to heterospecific alarm calls, although this may have been
due to the novelty of the manipulated sound. It is possible that wild finches rely on the alarm calls of
multiple species simultaneously for predator information, and single-species or individual alarm calls
are not sufficient to induce anti-predator behaviour. Before eavesdropping by zebra finches is ruled
out, it would be pertinent to expose zebra finches to multi-species alarm calls and determine if there
is an effect of the accumulation of calls that then elicits a response. Another possibility is that the
finches do not eavesdrop at all and are relying on cues other than an alarm call from conspecifics
that indicate predator presence, such as a change in posture, rapid flight from the area, or the
combination of an unmodified distance call and escape (Lima 1995).

This study shows that while zebra finches attended to the calls broadcast, overall they did not vary
their vocal or vigilance behaviour in response to alarm and non-alarm playback stimuli. Increased
latency to call after exposure to the control stimulus is an unexpected result and is difficult to
explain in the context of this study. It is assumed that wild birds experience greater exposure to
predators and thus heterospecific calls than do captive birds, however despite this, the results of
both studies are concurrent. This contrasts with a multitude of other studies in which birds show
obvious responses to sympatric heterospecific calls (Magrath et al. 2015a). Zebra finches appear to
not possess a distinct alarm call for warning adult conspecifics (Chapters 3 and 4), nor do they
respond to the alarm calls of other species with vocalisations, flight or increased vigilance (this
chapter). Thus, it is still unclear if and how zebra finches communicate about predators and coordinate their anti-predator behaviour.
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5.7 Appendix
The latency to begin scanning post-stimulus was determined for every individual that was engaged
in behaviour other than scanning at stimulus onset. Birds that were already scanning when the
heterospecific call was played were not included in this analysis. On average, birds began scanning
less than one second after the call began, indicating that they had heard the stimulus.

Figure S5.1. Average latency to start a scan bout post-stimulus for each treatment. Error bars show
standard error. Sample sizes are as follows: Control n = 8; Miner n = 13; Thornbill n = 7.
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Chapter 6
Discussion

136

6.1 Introduction
The zebra finch (Taeniopygia guttata) is a widely-studied model species, however, there is currently
very little known about their response to and communication about predators. In my research, I
aimed to quantify the anti-predator behaviour of this species by presenting simulated threats and
analysing their responses. In this chapter, I begin by summarising the findings of the behavioural and
vocal analyses undertaken to determine how the finches were responding to the predator events. I
then discuss potential methodological issues, in particular, issues with using captive-bred birds and
animated stimuli. I re-visit what is currently known about zebra finch alarm vocalisations and suggest
possible ways in which these vocalisations could be used to communicate alarm, as well as
examining the prospect of eavesdropping and the use of non-vocal alarm signals. Finally, I suggest
future research directions in order to further our knowledge of the anti-predator behaviour of this
species.

6.2 Summary of Results
The present research into anti-predator behaviour began with a meta-analysis of alarm calling in
Australian arid-zone birds. This initial investigation revealed that the zebra finch is an unusual case.
This species possesses a distinct alarm call to specifically warn offspring of a nearby threat, but there
is no record of a distinct call to warn adult conspecifics (Higgins et al. 2006). This combination of
vocalisations appears to be rare, as of the 159 species analysed it was only seen in one other species,
the emu (Dromaius novaehollandiae; Chapter 2). Behavioural and vocal responses given during three
separate empirical studies were analysed to determine how the finches were reacting to the
predator contexts. I aimed to elicit a distinct alarm call from zebra finches when presenting them
with a threat, or if that was not achieved, to determine how this species communicates alarm using
multi-functional vocalisations. The following is a summary of the findings of the behavioural and
vocal analyses.
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6.2.1 Behavioural responses
The vocal response of zebra finches when exposed to a threatening event has not been previously
quantified in detail, however, their behavioural response is much more overt. In the wild, when
disturbed while drinking or foraging, the flock takes off as one cohesive group and flies to cover
(Zann 1996). In the three empirical studies presented in Chapters 3-5, the behaviour of the finches
was analysed to determine how they were perceiving the stimuli they were presented with. In
Chapter 3, wild finches were exposed to a gliding model raptor, and overall their response indicated
that this was interpreted as a real threat. Only two different responses were recorded from this
species, flight and retreat, implying that the finches were escaping from the model predator. In
Chapter 4, animations were used to simulate different levels of risk. The behavioural analysis
showed that the captive zebra finches were startled or intrigued by the less threatening stimuli, and
found the looming raptor to be highly threatening and responded with escape behaviour. The
captive finches correctly interpreted the intended threat level presented by the different stimuli,
which in itself is an important finding as the use of entirely computer-generated images is becoming
increasingly more common in studies of animal behaviour (Woo and Rieucau 2011). Finally, in
Chapter 5, the captive finches were exposed to heterospecific calls and their scanning behaviour was
analysed. This experiment was designed to test for eavesdropping behaviour, an interaction seen in
nature in a variety of taxa (Magrath et al. 2015). The finches, however, showed similar scanning
behaviour in response to the three stimuli, indicating that neither of the two alarm calls were
particularly frightening to the finches. Together, the behavioural results indicate that the finches
were threatened, as intended, by the model glider and the animations, but were not affected by the
playback vocalisations.

6.2.2 Vocal responses
An examination of vocalisations produced after exposure to a gliding model raptor, an animated
looming predator, and heterospecific alarm signals did not find any structurally or acoustically
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distinct calls that could be used as a specific alarm call. All calls produced post-stimulus were the
typical distance calls of the zebra finch. This contrasts with calls produced by other avian species
tested with the model glider, whereby a distinct alarm call was recorded from the other three
families post-stimulus (Chapter 3). The lack of a distinct alarm call lead to further investigation of the
individually-varied distance call, used in this species for contact, identity and mild alarm (Zann 1984).
In Chapter 3, the first call given by each individual post-stimulus was compared to the last prestimulus call, and a high similarity of more than 80% was found. It was expected that if the finches
were subtly altering their distance call structure to communicate alarm, this would be seen in the
first call given after a threatening event like a raptor attack. In Chapter 4, extensive vocal analysis
was undertaken. Calls given at different times during the experiment were compared to the first call
given post-stimulus, and again a high similarity was found within individuals. In this study, call rate
was also examined. It was found that the birds did not alter their call rate after any of the three
stimuli, indicating that the different levels of risk had no effect on how often these birds vocalised. In
Chapter 5, the latency to call post-stimulus and distance call rate were both investigated. A
significant difference was found when comparing the post-stimulus latency to call in response to the
miner and control stimuli, however, the other comparisons showed no significant differences.
Similarly, there was no significant difference in the rate of distance calls emitted before and after
each stimulus. This indicates that the stimuli had no overall effect on the calling behaviour of the
birds.

6.3 Potential Methodological Issues
Three empirical studies were undertaken in order to analyse anti-predator behaviour in the zebra
finch. First, I used a gliding life-size model of a predatory raptor to record the response of wild birds
(Chapter 3). I then performed two captive experiments, the first using an animated stimulus
(Chapter 4), and the second using heterospecific alarm calls (Chapter 5). I discuss the first two
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experiments in the following sections, and identify any potential issues with the use of these
particular study animals and methods.

6.3.1 Wild vs. captive birds
I conducted three experiments to investigate anti-predator behaviour in zebra finches, the first on
wild birds and the others on captive birds. Studying animal behaviour in the field presents both
advantages and limitations, as does the use of a captive environment. In the field, the behaviour
exhibited by the study animals may be more natural, particularly if the research is conducted with a
minimum of disturbance. However, outside influences such as interference by other animals and
weather conditions are difficult or impossible to control, and these confounding variables must be
taken into consideration (Martin and Bateson 1993). In a captive setting, the surroundings are more
easily controlled, but behaviours may be constrained by the enclosed environment (Griffin and
Galef, Jr 2005). Nevertheless, the behavioural and vocal responses of zebra finches in the field study
(Chapter 3) and the first captive study (Chapter 4) were consistent. It can therefore be assumed that
there was little effect from outside variables, or from the enclosed setting.

The zebra finches I used in the two captive studies (Chapters 4 and 5) were captive-bred
descendants of wild-caught birds. The parental birds were caught in northern Victoria by Richard
Zann in 2001, thus it is assumed that the birds I used were between eight and twelve generations
removed from the wild individuals. The vocalisations of these birds could potentially differ from that
of their wild counterparts due to being bred and raised in captivity. Little research has been
conducted on the development of alarm calls, but past studies, particularly on non-human primates
and sciurids (family Sciuridae) have shown that alarm calls produced by juveniles are acoustically
similar to those of adults, and the call undergoes only minor changes as the young animal develops
(reviewed in Hollén and Radford 2009). To date, research into the development of alarm calls in
birds is lacking, and there is no evidence to suggest that alarm calls are learned vocalisations.
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Begging calls may be the starting point for adult vocalisations, and it has been shown that magpies
(Pica pica), little ravens (Corvus mellori) and white-winged choughs (Corcorax melanorhamphos)
reared in the absence of adult conspecifics develop normal alarm calls (Redondo and Exposito 1990;
Jurisevic 1999). Collias (1987) reports no differences in vocal repertoire between the domestic fowl
(Gallus gallus domesticus) and the red junglefowl (Gallus gallus), and generations of captive chickens
have been used to study vocalisations, including alarm calling (Evans and Marler 1991; Evans et al.
1993; Smith and Evans 2008). Zann (1996) states that in most passerines normal call development
occurs without specific social experiences. Of all the calls produced by the zebra finch, only the
distance call is sexually dimorphic, and this call also shows a high degree of individuality. The
distance call of both sexes develops from a juvenile-specific call, however the final male call is learnt
from a tutor whereas the female call is not (Zann 1996). Forstmeier et al. (2009) found that
unlearned female call traits displayed high heritability, but the learned male call traits showed low
heritability. Some other zebra finch calls, such as the ‘tet’ and the ‘stack’, are known to develop
normally in the absence of auditory feedback (Zann 1996). This evidence suggests that while the
final distance call of the male is learned, other calls are hard-wired and should therefore occur in the
repertoire regardless of the rearing environment. Based on the extensive knowledge of zebra finch
vocalisations it is assumed that the vocal repertoire of these birds is analogous to that of wild
conspecifics. Zebra finches are used in studies around the world (Griffith and Buchanan 2010), thus
the use of captive-bred birds has a long history, and most studies do not have the opportunity to
compare results to those of wild populations.

6.3.2 Model vs. animated predator stimuli
In my research I exposed target birds to two different simulated predators. In the field (Chapter 3),
birds were presented with a gliding model of a collared sparrowhawk (Accipiter cirrocephalus), and
in captivity (Chapter 4) I used an animated sparrowhawk displayed on a computer monitor. Past
studies have shown that birds can respond to simple shapes representing aerial predators, such as
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the short-neck silhouette of birds of prey (Tinbergen 1948), with anti-predator behaviour analogous
to that given to the real threat. In my field study, I simulated a predator event using a realistic gliding
model, the design of which was based on those used in previous research on alarm calling in whitebrowed scrubwrens (Sericornis frontalis) and superb-fairy wrens (Malurus cyaneus; Magrath et al.
2007). While zebra finches presented with the glider did not alarm call (C. Giuliano unpublished
data; present study), this design has been successful in eliciting alarm vocalisations from many other
avian species (Magrath et al. 2007, 2009; present study). Similarly, the use of video playback stimuli
has successfully prompted anti-predator behaviour in other taxa (e.g. Jacky dragons, Amphibolurus
muricatus; Carlile et al. 2006), and while the zebra finches in my study responded with flight they did
not alarm call in response. Certainly there are drawbacks to using images on a screen instead of
tangible objects, including issues with the flicker fusion and colour-vision capabilities of some
species’ optical systems (reviewed in D’Eath 1998; Baldauf et al. 2008). Notwithstanding, the use of
animations allows for precise control over the stimuli, something that is not achievable when
attempting to elicit anti-predator responses in the wild. It was predicted that artificial predators with
realistic detail would be highly effective in simulating threatening events, and the behavioural
response of the finches indicates that this was the case. The lack of a vocal alarm signal in response
to both predator stimuli is consistent with the hypothesis that adult zebra finches do not
communicate to each other about predators. However, it was suggested that the gliding predator
with a near-miss trajectory may have been insufficient to provoke alarm calling, and that the
animated looming raptor was potentially too immediate a threat to allow for vocalising. Testing
finches with a threat level between these two is required to fully conclude the lack of alarm calling in
this species.
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6.4 Zebra Finch Vocalisations
6.4.1 Distance calls as alarm communication
Vocal alarm communication takes many forms, the most obvious being a call that is acoustically
different from other calls in the species’ vocal repertoire (Magrath et al. 2015). Certain species,
however, possess multi-functional calls that are also used for communication in non-alarm contexts.
For some, the call is produced at a louder amplitude or higher frequency when conveying alarm
(Fischer et al. 2002), or at a faster repetition rate (Wheatcroft 2015). The zebra finch distance call is
used in several contexts: for contact, identity and to express mild alarm (Zann 1996). However, no
details exist on if and how this species alters the call to communicate different meanings. In my
research, I investigated the structure of calls and the rate of calling to determine if the finches were
communicating alarm through either of these methods. It was found that neither call structure nor
call rate differed between pre- and post-stimulus events. The anti-predator defences of some
species utilise sentinels that remain vigilant and vocalise to indicate there are no threats present
(e.g. dwarf mongooses, Helogale parvula; Kern and Radford 2013; pied babblers, Turdoides bicolor;
Hollén et al. 2008); this is termed the ‘watchman’s song’ (Wickler 1985). While there is no evidence
for sentinelling in zebra finch flocks (Zann 1996), it is possible that constant vocalising, including the
use of distance calls and other short calls, acts to reinforce normal behaviour in the absence of
predators. As zebra finches are incredibly vocal birds, it is also possible that a sudden and complete
cessation of calling, rather than a reduction in calls, acts as a warning signal (e.g. túngara frogs,
Engystomops pustulosus; Dapper et al. 2011). Although not statistically analysed, a halt in calling was
not seen as a response to any threatening events in my studies. Thus it is still unclear how the zebra
finch distance call is used in alarm contexts.

143

6.4.2 Parent-offspring communication
Zebra finches possess a vocal repertoire of up to eleven different calls (Zann 1996). The ‘thuk’ call is
used specifically in parent-offspring communication. Parent birds emit this call when potential
predators approach the nest, and it indicates that the threat is not imminent but young should
prepare to flee. This vocalisation is usually given by the parent outside the nest (Zann 1996),
therefore, while it functions to warn young, it probably also warns the mate of the caller. However,
empirical studies are needed to confirm this hypothesis, for instance, investigating if the bird outside
the nest gives ‘thuk’ calls during incubation before offspring have hatched. Although the ‘thuk’ call is
prompted by predator approach, it is not known if this particular call or a different signal is used to
encourage fledglings to actually flee the nest. Perhaps the ‘thuk’ readies offspring for escape, and
another signal prompts this action (e.g. western sandpiper, Calidris mauri; Johnson et al. 2008). It is
also possible that a ‘thuk’ followed by an ‘all-clear’ signal allows young to resume normal behaviour
(e.g. black-capped chickadees, Poecile atricapillus; Ficken and Witkin 1977). Further research into
parent-offspring communication in zebra finches is required before conclusions can be drawn on the
use of vocal signals in this context.

6.5 Other Alarm Signals
6.5.1 Eavesdropping on heterospecific calls
Eavesdropping on the alarm signals of other species is a common occurrence in nature (Magrath et
al. 2015). I investigated the possibility of zebra finches eavesdropping on the alarm calls of
heterospecifics in a captive study (Chapter 5). I performed a playback experiment using the alarm
call of a species sympatric with the captive zebra finches (noisy miner, Manorina melanocephala),
and the alarm call of an allopatric species (chestnut-rumped thornbill, Acanthiza uropygialis) that
does not reside in the area where this study was undertaken. The finches showed no difference in
their response to either of these alarm calls. This indicates that they did not display a learnt
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association between the sympatric call and a predator event, nor an innate response to the acoustic
properties of the allopatric call. It was thought that, as zebra finches do not appear to have their
own alarm call, they may instead be responding to the alarm calls of others. Examples of this include
zenaida doves (Zenaida aurita) responding to alarm calls of carib grackles (Quiscalus lugubris; Griffin
et al. 2005), and the non-vocal Galápagos marine iguana (Amblyrhynchus cristatus) responding to
the alarm call of the Galápagos mockingbird (Mimus parvulus; Vitousek et al. 2007). In the wild,
zebra finches are often found in large single-species assemblages, and in mixed-species flocks
(Higgins et al. 2006). Larger groups provide a higher degree of protection from predators, as
discussed in Chapter 2, therefore joining these aggregations is beneficial as long as resources are not
limited (Krebs and Davies 1993). Zebra finches may gain further advantages by attending to the
alarm calls of nearby species. Although no evidence for eavesdropping was found in my research, a
field study could reveal more information about this behaviour in zebra finches. Field work on this
topic was previously undertaken by Giuliano (2012), however the use of inappropriate stimuli make
the results of this study inconclusive. Future studies on wild finches should concentrate on the
dynamics of the mixed-species aggregations. Previous research has shown that some species are
more likely or earlier to call than others, and some are more reliable callers (Goodale et al. 2010;
Magrath et al. 2015), thus zebra finches may respond to heterospecific alarms only when the call is
relevant and reliable.

6.5.2 Non-vocal signals
If zebra finches do not possess a distinct alarm call, are not altering their call structure or rate, and
are not responding to the alarm call of heterospecifics, how then do they respond to threats as a
cohesive group? It is highly unlikely that all finches in a large assemblage instantaneously detect a
predator and initiate escape. Some individuals, those more vigilant than others, would detect the
predator first and respond by fleeing to cover (Lima 1995). Perhaps it is this event, potentially
coupled with a distance call, that signals to other group members that danger is nearby. The
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principle of collective detection states that all individuals in an aggregation will be alerted to a
nearby predator as long as it is sighted by at least one group member (Lima 1995). In mixed-species
flocks of emberizid sparrows (family Emberizidae), individuals that have not detected a predator
themselves respond instead to multiple departures of flock-mates (Lima 1995). As zebra finches are
almost always found in groups (Higgins et al. 2006; McCowan et al. 2015), there is a possibility that
their anti-predator communication utilises a visual signal instead of, or in combination with, a vocal
one. It is unclear how this behaviour could benefit the individual who sighted the predator and fled
early, as this may increase their vulnerability to predation. It is stated, however, that when surprised
a colony of zebra finches will flee as one cohesive unit (Zann 1996) so pinpointing a single individual
would be difficult for any predator. Further, a study on vigilance behaviour of pairs of captive zebra
finches showed little evidence that individuals were visually monitoring the vigilance of the nearby
conspecific (Beauchamp 2002). Investigations into how individuals in a large flock detect and
respond to predators may provide evidence of collective detection in this species.

6.6 Future Studies and Closing Remarks
The results of my research provides evidence that zebra finches do not possess a distinct alarm call
to warn adult conspecifics about nearby predators. While this is not unheard of in avian species (see
Chapter 2), the fact that the zebra finch is known to possess a call specifically for parent-offspring
alarm communication but not for communicating to other adults makes it an unusual case. A variety
of methods were used in my research in an attempt to elicit alarm communication from this species.
The gliding model and animated raptor were successful in prompting a behavioural response from
the finches, but not a vocal response. Playback of heterospecific alarm calls was not able to elicit
behavioural or vocal changes. Future studies are required, as discussed below, in order to draw
conclusions on alarm signalling in this species.
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As noted above, both wild and captive-bred birds were used in my research. While it can be assumed
that the vocal repertoire of the captive birds is analogous to that of wild birds, their previous
exposure to predators would be much lower. In the large colony aviaries where the captive birds
were hatched and raised, experience with aerial and terrestrial predators is possible but likely to be
uncommon. Thus, these birds experienced a reduced predator risk compared to wild conspecifics,
which may have affected their responses. I would recommend that future studies into the antipredator behaviour of this species be conducted on wild populations where possible, and suggest
that the use of similar methods on both captive and wild birds could be advantageous. In particular,
any research into eavesdropping should focus on playback of relevant alarm calls of species known
to regularly form mixed-species flocks with wild zebra finches, which would allow ample opportunity
for the finches to learn the meaning of these calls.

Although the looming animated stimulus presented to captive zebra finches was successful in
prompting escape behaviour, it did not elicit any changes in vocalisations. The animations used were
created specifically for this study and had not been previously presented to any other species. It
would be pertinent to test these animations on other birds, especially on species that are known to
reliably alarm call to predators. I suggest species such as the noisy miner, the white-browed
scrubwren, or any of the fairy-wrens (Malurus spp.) targeted in my field study as these have all been
used in previous work on alarm calling, are known to possess distinct alarm calls, and are reliable
and frequent vocalisers in the presence of a threat. When considering which species to use, I would
be cautious in recommending a phylogenetically related species as information on the alarm
communication in other estrildids is sparse. However, in this case the red-browed finch (Neochmia
temporalis) would be the most suitable species as their alarm call is well-described (Jurisevic and
Sanderson 1994). The looming animation used in the captive study (Chapter 4) posed a high level of
threat, in fact, the threat may have been so immediate that the finches did not have time to call to
warn nearby conspecifics. The flyby animation represented a much lower level of threat, and overall
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the finches did not initiate escape behaviour during this stimulus. I suggest using an animation
representing a threat between these two levels, perhaps a perched raptor scanning the area for
prey. This would simulate a potential but not imminent threat, and would perhaps prompt alarm
vocalisations from zebra finches.

Further empirical research is needed in order to gain more knowledge about the use of the zebra
finch ‘thuk’ call. For instance, discovering if this call is used in conjunction with other signals, and if it
is used for communication between mates before offspring have hatched would provide more
information about its function. Mainwaring and Griffith (2013) investigated communication between
pairs at a nest and concluded that sentinel birds outside were signalling to their mate in the nest
that an intruder was approaching. However, the nature of this signal was not determined in this
study, and while it could involve an alarm call there were no details provided about the signal itself.
The possibility that the finches use silence as an alarm signal is an idea that necessitates further
research, as is the possibility that they increase the amplitude of their typical distance call. Neither
of these prospects were analysed in my research: no periods of silence were noted during any
analyses, and amplitude was not able to be measured due to inconsistent distances between the
birds and the microphone. Thus, any future studies in alarm calling could focus on these additional
measures of vocal change.

Zebra finches are almost always in groups, however the size fluctuates depending on the breeding
season (McCowan et al. 2015). While these groups are social and made up of bonded pairs, finches
do not occur in kin groups (Zann 1996), thus potential benefits of alarm calling when kin are nearby
are not applicable. Pairs are highly cohesive, however, so perhaps alarm calls are not entirely
necessary. If one member of a pair suddenly took flight, the other member would most likely follow.
In a flock situation, this rapid departure, such as that which occurs when a predator is detected,
could motivate others to also flee. When a flock of zebra finches is disturbed they take flight as one
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unit (Zann 1996), which leads to the suggestion that an alarm signal of some type, whether vocal or
visual, is present in this species. Future studies could focus on individual vigilance, predator
detection and escape initiation within a flock to investigate group cohesiveness during a predator
event.

My studies have helped fill a gap in the knowledge of this model species, however, further research
is required to answer questions proposed by my unexpected results. It is apparent that zebra finches
do not use a distinct alarm call to warn adults of potential predators, nor do they alter the acoustic
structure of their individually stereotyped distance call, at least in the contexts provided by my
experiments. Refining of traditional techniques and the development of innovative methods for
studying anti-predator behaviour provides great opportunity for future research on both wild and
captive birds, as evidently there is still much to learn about alarm communication in the zebra finch.
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Abstract
Many vertebrates use vocalizations to communicate about the
presence of predators, and some encode information about
predator type or behavior. A fast-approaching predator typically elicits a Bflee alarm call,^ prompting others to escape to
safety. In a field experiment, we presented gliding models of a
predatory bird to several species representing four families of
passerine, including our model species, the zebra finch
(Taeniopygia guttata). All families presented with the glider
gave a distinct call on at least one occasion, apart from the
zebra finch, for which no specific alarm call was recorded.
Following on from this unexpected result, we conducted an
experiment in which we exposed captive zebra finches to video of a looming raptor. Results of the captive study showed
that birds responded to the looming raptor with escape behavior and responded to less threatening stimuli with orienting or
startle behavior. Despite this anti-predator response, birds did
not give any distinct alarm call, and the distance calls of both
males and females did not differ in structure or rate of delivery
after exposure to a stimulus. Zebra finches are one of the most
studied birds in the world, are gregarious, and have a rich
vocal repertoire, yet their alarm communication has not been
investigated experimentally. Our results are consistent with
the hypothesis that zebra finches lack a flee alarm call and
Communicated by P. A. Bednekoff
* Nicole E. Butler
n.butler@latrobe.edu.au

1

Animal Behaviour Group, Department of Ecology, Environment and
Evolution, La Trobe University, Bundoora, VIC, Australia

2

Division of Evolution, Ecology and Genetics, Research School of
Biology, The Australian National University, Canberra, ACT,
Australia

appear not to signal about immediate danger through a change
in calling rate.
Significance statement
Many animals emit alarm calls when faced with a threatening
event in order to communicate with nearby group members.
Threatening events can be simulated with models or by presenting a video of a looming stimulus on a screen. In separate
studies, we presented gliding models and computer animations
of a hawk to zebra finches, a bird species used in studies around
the world, in order to test if they gave alarm calls to warn others
of approaching danger. Although birds fled in response to the
simulated predators, they did not emit a distinct alarm call. The
birds also did not change their rate of calling or the acoustic
structure of their distance calls. Surprisingly for a social and
highly vocal species, the birds appear to lack alarm calls warning flockmates of immediate danger.
Keywords Anti-predator behavior . Alarm calls . Field study .
Video playback . Computer animation . Zebra finch

Introduction
Animals use a range of morphological, physiological, and
behavioral strategies to avoid predation, and many vertebrates
use alarm calls to warn of danger or deter attack (Klump and
Shalter 1984; Caro 2005; Hollén and Radford 2009;
Zuberbühler 2009). Alarm calls can be categorized according
to their context, function, and acoustic structure (Magrath
et al. 2015). Flee alarm calls warn nearby conspecifics of
immediate danger from a fast-moving or flying predator and
prompt others to freeze or flee to safety (Klump and Shalter
1984). They are often relatively pure tone in structure, and at
least some, such as the Bseeet^ calls of passerines, appear
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designed to be difficult for predators to hear or locate (Marler
1955; Klump et al. 1986). Mobbing alarm calls are usually
given to a terrestrial or stationary threat and prompt others to
approach and harass the predator. They may also be directed at
the predator itself, to communicate that it has been sighted and
an attack would be unsuccessful (Klump and Shalter 1984).
These calls are often lower in frequency, harsh, and broadband, with the caller easier to locate (Marler 1955; Bradbury
and Vehrencamp 2011). In addition to these general categories, alarm calls can encode information on the predator type
or urgency of threat (Zuberbühler 2009; Gill and Bierema
2013). For example, Diana monkeys (Cercopithecus diana)
use different alarm calls for eagles and leopards (Zuberbühler
2000), while white-browed scrubwrens (Sericornis frontalis)
and superb fairy-wrens (Malurus cyaneus) include more elements in their flee alarm calls when a predator is flying closer
(Leavesley and Magrath 2005; Fallow and Magrath 2010).
Meerkats (Suricata suricatta) combine information by producing distinct calls depending on the type of predator as well
as varying acoustic structure to convey urgency information
(Manser 2001).
Although alarm calls often have a distinct acoustic structure, call rate can also convey information about danger independently of call structure. For example, Wheatcroft (2015)
found that a sample of 15 species of passerines produce calls
with the same acoustic structure in social and predator contexts, but called at a higher repetition rate when a predator was
present. Similarly, individuals of some species produce Bsentinel^ calls to signal that they are Bon duty^ watching for
predators and can vary rate according to perceived risk. For
example, both meerkats and pied babblers (Turdoides bicolor)
give repeated sentinel calls when vigilant and no predators are
present, and playbacks show that others reduce their vigilance
and increase foraging when sentinel calls indicate minimal
risk (Manser 1999; Hollén et al. 2008; Bell et al. 2009).
Alarm calling appears to be more likely in social species, or at
least when kin or other conspecifics are nearby (Maynard Smith
1965; Caro 2005; Zuberbühler 2009). For example, female
Belding’s ground squirrels (Urocitellus beldingi) are more likely
to give alarm calls when offspring or other kin are nearby
(Sherman 1977), and female Siberian jays (Perisoreus infaustus)
have a higher chance of alarm calling when related rather than
unrelated subordinates are close (Griesser and Ekman 2004).
Individuals may also give alarm calls when mates are near, as
seen in downy woodpeckers (Picoides pubescens; Sullivan
1985) and roosters (Gallus gallus; Wilson and Evans 2008).
Furthermore, mixed-species flocks often coalesce around gregarious Bnuclear^ species (Sridhar et al. 2009; Srinivasan et al.
2010), and at least in some cases, these species are the first to
give alarm calls when a predator appears.
Alarm calling and associated anti-predator behavior have
been widely studied in a variety of taxa (Zuberbühler 2009).
Ethical and practical reasons mean that experimental studies
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typically use models rather than live predators to prompt alarm
calls. Commonly, physical models with various degrees of resemblance to real predators have been used successfully, including simple shapes, such as thrown sticks or hats, taxidermic
or constructed stationary predators, and motorized or gliding
predator models (e.g., Curio 1975; Blumstein and Armitage
1997; Goodale and Kotagama 2005; Magrath et al. 2007;
Sloan and Hare 2008; Davies and Welbergen 2009). These
methods have been shown to prompt anti-predator behavior
and alarm calls analogous to those elicited by natural predators.
We investigated the anti-predator vocal behavior of zebra
finches (Taeniopygia guttata), a highly vocal and gregarious
native Australian passerine distributed throughout most of
mainland Australia (Pizzey and Knight 2012). Overall flock size
fluctuates depending on the reproductive status of the birds and
the distribution of resources (Zann 1996), and during the nonbreeding season, zebra finches are most commonly found in
mixed-sex pairs or in small groups (McCowan et al. 2015).
Wild zebra finches often form mixed-species flocks, especially
during vulnerable activities like foraging (Higgins et al. 2006).
Birds living in arid areas are vulnerable to predation by raptors,
snakes, and occasionally dingoes, especially while visiting
waterholes (Zann 1996). This species is used worldwide as a
model to study topics such as behavior, physiology, and neurobiology (Griffith and Buchanan 2010). Their vocalizations have
been studied in detail, and they are known to possess up to 11
distinct calls (Zann 1996); however, there is limited information
on alarm communication. BThuk^ calls appear to be used to
warn offspring of a potential nearby predator and get them ready
to flee to safety (Zann 1996). However, a field study failed to
detect any distinct flee alarm call given by adults in flocks
(Giuliano 2012). The sexually dimorphic distance call, which
is the longest and loudest call of this species, appears to be
multi-functional, with one possible use to express alarm (Zann
1996). However, whether the distance call, which is stereotyped
within individuals but shows great variation among individuals,
can be varied to function as an alarm signal has never been
studied. Given that this is a well-known social species with a
rich vocal repertoire, the limited knowledge of alarm communication and possible absence of a flee alarm are both surprising.
We tested whether zebra finches have vocal alarm signals by
carrying out both field and captive experiments. We first tested
the vocal response of zebra finches to model gliding hawks in
the field and compared their response to similarly sized birds
from other families in the same habitat. We then tested a captive
population for immediate and longer term vocal changes to
computer-animated video of attacking hawks.

Field experiment
We conducted field work in semi-arid regions of southeastern
Australia involving presentation of a realistic gliding model of a
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predatory bird. Our focus was on recording the anti-predator
response of the zebra finch in comparison to similarly sized
members of three other families known to form mixed-species
flocks with, or live in the vicinity of, zebra finches. Apart from
the zebra finch, all species tested are known to possess distinct
alarm calls to warn adult conspecifics of nearby danger, which
appears to be a common feature of Australian passerine vocal
behavior (Higgins et al. 2001, 2006; Higgins and Peter 2002).
The behavior of birds presented with the glider was scored, and it
was noted whether or not the model successfully elicited an alarm
call. We also conducted acoustic analyses on zebra finch distance
calls to detect any changes in the structure of post-stimulus calls.
We predicted that birds presented with the glider would flee and
emit alarm calls to warn nearby conspecifics of the threat.
Study species and sites
Field work was undertaken at three main locations in southeastern Australia. Work at Fowlers Gap Arid Zone Research
Station in New South Wales (31° 21′ S, 141° 40′ E) was
conducted over a period of 2 weeks in November (spring)
2014. Various types of vegetation are present in this area,
which covers 39,000 ha and is situated in the semi-arid zone.
Most of the land consists of open chenopod shrubland with
patches of acacia, while tall eucalypts can be found along the
creekbeds. Murray-Sunset National Park in Victoria (34° 46′
S, 141° 51′ E) was visited for a week in April (autumn) 2015.
This area is characterized by sandy soil, spinifex grasses, and
mallee eucalypts. Finally, work in three areas in the Hume
region of northern Victoria (Rutherglen 36° 03′ S, 146° 27′
E; Winton Wetlands 36° 28′ S, 146° 04′ E; Kinnairds Wetland
36° 04′ S, 145° 28′ E) occurred in December (summer) 2015
over a 2-week period. Most locations visited in Rutherglen
were open farmland, with some areas consisting of swampy,
dense vegetation. Winton Wetlands and Kinnairds Wetland
are well-maintained public access areas. The forest at
Winton Wetlands is more open than that at Kinnairds
Wetland. These locations were chosen as they are known sites
for zebra finches and the target families, most are on public
land, and they are easily accessible by car and on foot.
Species recorded are shown in Fig. 1 and include members
of four families: Estrildidae, Maluridae, Meliphagidae, and
Acanthizidae. All species are small, native passerines and
are vulnerable to predation by aerial predators. There is some
overlap in the distribution of species targeted; however, not all
species are found in each area. Alarm call behavior is well
documented for all families, apart from Estrildidae for which
little information is available (see BIntroduction^ section).

Fig. 1 Photos of species recorded during the field experiment. a Zebra
finch (Estrildidae: Taeniopygia guttata). b Variegated fairy-wren
(Maluridae: Malurus lamberti). c Splendid fairy-wren (Maluridae:
Malurus splendens). d White-winged fairy-wren (Maluridae: Malurus
leucopterus). e Singing honeyeater (Meliphagidae: Gavicalis virescens).
f White-plumed honeyeater (Meliphagidae: Ptilotula penicillatus). g
Yellow-throated miner (Meliphagidae: Manorina flavigula). h Yellowrumped thornbill (Acanthizidae: Acanthiza chrysorrhoa). i Chestnutrumped thornbill (Acanthizidae: Acanthiza uropygialis). Photos a, e–g
by Mark Hall; photo b by Richard Peters; photo c by José Ramos;
photos d and i by Jordan de Jong; photo h by Rowan Mott

Experimental stimuli
We constructed gliding models of a predatory bird to present
to our species in order to record their anti-predator response to

a consistent threat. Models were based on a successful design
used in previous studies of alarm calling in small passerines
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(e.g., Magrath et al. 2007). The body and wings of the gliders
were shaped from thick foam to the approximate size of a
female collared sparrowhawk (Accipiter cirrocephalus). This
species occurs throughout Australia, feeds mainly on small
birds it captures in flight, and is a known predator of zebra
finches and members of the target families (Marchant and
Higgins 1993; Pizzey and Knight 2012; Mainwaring and
Griffith 2013). The gliders were painted and matched by eye
to the bird’s feather patterns, and yellow eyes were affixed to
the face of each glider to duplicate the distinctive appearance
of this raptor. A fake tail made from a carbon rod with clear
plastic stabilizers was added to aid control in flight.

species was targeted per trial. Thus, occasionally, several trials
were conducted at one site; however, these were separated by
a period of at least 20 min to avoid overly stressing the birds.
We moved to a different location when all target species present at a particular site had been exposed to the glider.
The response of the birds was recorded with a highdefinition video camera, either a Canon Legria HF21 or a
Canon XA10, the latter with an attached Sennheiser ME66
shotgun microphone with K6 powering module. Separate audio was simultaneously recorded using a Roland R-26 portable recorder, also with a Sennheiser ME66 microphone. Audio
recordings were sampled at 44.1 kHz and 16 bits.

Experimental procedure

Data and statistical analyses

This study was conducted on individuals or small singlespecies groups of fewer than 10 members. Work was conducted between 0700 and 1900 h on days with warm to hot temperatures and low wind. Nearly half (48%) of all trials were
undertaken before 1200 h, and only 35% occurred during the
hottest part of the day (between 1200 and 1600 h) as birds
were less active and more difficult to find during this time.
Target birds were found by searching suitable vegetation until
an individual, pair, or flock was located. We either moved
quietly through the habitat or waited for birds to appear; the
latter method was particularly useful near water bodies.
Several species, such as the zebra finch, fairy-wrens, and
white-plumed honeyeaters, frequented certain types of vegetation and were therefore more locatable than the more elusive, less-predictable species. Only adult birds were targeted,
and trials were not undertaken near known active nests. Upon
locating a suitable target, we waited for at least 2 min to ensure
that the birds were not disturbed by our presence or by any
wild predators. If disturbance did occur, the trial was postponed for at least 10 min and until we were sure that the birds
had resumed normal activities.
During a trial, one researcher presented the glider while the
other filmed and recorded the target birds. For birds that were
foraging on the ground, the glider was directed to one side and
traveled approximately 5 m above the ground. This method
follows that used by Magrath et al. (2007). Some birds were
targeted while perched in a tree or shrub. In this case, the
glider was pitched at a steeper angle so that it reached the apex
of its flight above the height of the perched bird. Gliders
thrown in this manner did not fly as far laterally, so the distance between us and the target bird was shorter. The distance
between the glider initiation and recording equipment and the
target individual or group ranged from 5 to 20 m. Birds
perched higher than approximately 8 m aboveground were
not targeted as it was likely that the glider would fly below
them. Birds that reacted to the glider but did not flee the area
returned to normal behaviors within 2 min of glider presentation. At sites where multiple species were present, only one

Species were grouped according to family (Fig. 1) for analysis.
Videos were examined and the response of the recorded birds
scored using the following categories: fled (flew out of view of
the camera), retreated (moved into cover of vegetation),
approached (moved towards the glider after it landed on the
ground or in vegetation), or showed no visible response. For
some videos, the behavioral response of the birds was unable to
be seen on film due to dense vegetation obscuring their movements. Audio analysis consisted of visualizing the recordings in
Raven Pro 1.4 (Charif et al. 2010) followed by examination of
the spectrograms for alarm calls. Spectrograms were visualized
using a Blackman window function, 0.590 ms hop size with
95% overlap, and 43.1 Hz grid spacing. Potential alarm calls
were matched to published descriptions and spectrograms
(Jurisevic and Sanderson 1994a, b; Higgins et al. 2001, 2006;
Higgins and Peter 2002). We examined the probability of alarm
call by family using the Kruskal-Wallis test, with Wilcoxonsigned rank test for independent data used for pairwise comparisons involving zebra finches, in the R statistical environment (R Core Team 2013).
As far as we know, there are no records of a distinct alarm
call given by zebra finches to warn conspecific adults of predator presence, and all calls given by zebra finches in this study
were standard distance calls. However, to examine whether
the vocal response post-stimulus was subtly different, we selected the last three calls given prior to glider presentation to
compare with the first call given after presentation. Calls were
first selected in Raven Pro 1.4 and filtered to 300 Hz to remove low-frequency background noise. We used an acoustic
similarity score, the similarity function in Sound Analysis Pro
2011 (Tchernichovski et al. 2000), to assess any differences in
call structure following a stimulus. Using this measurement,
identical calls score close to 100% similarity and the less similar the calls, the lower the value. Therefore, if birds give
distinct alarm calls in response to a threatening stimulus, there
will be a much lower similarity score when comparing poststimulus calls to pre-stimulus calls, than when comparing
among pre-stimulus calls. This program was designed
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Results (wild birds)
Zebra finches responded with anti-predator behavior to the
gliding model hawk, but did not produce alarm calls.
Individuals in all families presented with the model glider fled
on at least one occasion (Fig. 2a), and overall, this was the
most common response. Retreating was also demonstrated by
most species in at least one trial, although some individuals in
the family Meliphagidae approached the glider after it had
landed. An alarm call was recorded from every family on at
least one occasion, but never for zebra finches (Fig. 2b). The
average similarity score between three pre-stimulus and the
first post-stimulus calls ranged from 82 to 98% for zebra
finches (Table 1), which indicates a high level of resemblance
and shows that no distinct alarm call was emitted. Results of
the Kruskal-Wallis rank sum test showed that the probability
of alarm calling varied between family (Kruskal-Wallis chisquare = 15.101, df = 3, P = 0.0017). Pairwise comparisons
showed that, when compared to zebra finches, the probability
of alarm calling was significantly different for Maluridae
(W = 59.5, Z score = −3.355, P = 0.0008), Meliphagidae
(W = 150.5, Z score = −2.295, P = 0.022), and Acanthizidae
(W = 21.0, Z score = −2.857, P = 0.004).
Overall, the field experiment showed that all families presented with the glider responded with appropriate behavior
and alarm called on at least one occasion, apart from our focal
species, zebra finches. Zebra finches tended to flee from the
glider, but they did not emit a distinct alarm call or change
their distance call structure to indicate alarm. The lack of an
alarm call by zebra finches is unusual, and perhaps related to
the perceived degree of threat, so we turned then to a captive
experiment using computer-animated predator models simulating an even greater threat.
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b
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specifically for analyzing syllables in zebra finch song, but it
can be modified to assess similarity in other vocalizations
(Tchernichovski et al. 2000). We used the default settings,
although we set the advance window to 0.50 ms to allow for
clearer visualization of calls, and applied the boost amplitude
function to increase the overall amplitude. Calls were individually windowed to include only the sound of interest before
similarity scoring, which used the symmetric and mean value
settings. In Sound Analysis Pro, symmetric and asymmetric
options are available; however, asymmetric measures are used
when a subject copies a template sound and a judgment on the
quality of this imitation is required. Therefore, we used symmetric measurements, as neither call was acting as the model
for the other. Scores for a given bird were averaged to provide
a single measure of call similarity for pre-stimulus calls and a
single measure of call similarity between pre-stimulus and
post-stimulus calls.
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Fig. 2 Results from the field experiment with sample sizes reported
above the graphs. a Proportion of trials of each family that resulted in
flight (black), retreat (white), approach (light gray), no behavior (dark
gray), or unseen (stippled) behavior in response to the gliding model
raptor. b Proportion of trials of each family that resulted in a distinct
alarm call (black) or no distinct call (white) elicited from the target
individual

Captive experiment
Following from the unexpected results of the field experiment,
we exposed captive zebra finches to computer-generated animations of a looming hawk to quantify their response to

Table 1 Average similarity scores from Sound Analysis Pro of
comparisons between all pre-stimulus distance calls and between prestimulus and post-stimulus distance calls
Trial no.

Average similarity
pre-stimulus × pre-stimulus

Average similarity
pre-stimulus × post-stimulus

1
2
3
4
5

84.00
93.67
95.33
96.33
84.33

89.67
94.67
94.33
97.67
82.00

Recordings were from the field experiment
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imminent danger. Looming objects expand rapidly in angular
size, and reliably prompt attention and avoidance responses in
a variety of species (Schiff et al. 1962; Schiff 1965; Carlile
et al. 2006; Bach et al. 2009). Video images are used increasingly in studies of animal behavior (review: Woo and Rieucau
2011), including to simulate looming raptors (Carlile et al.
2006). We predicted that the finches would show a strong
anti-predator response to video animation of a looming raptor
in contrast to control stimuli that did not feature a looming
object. Birds were tested in social groups, so that there was the
opportunity to communicate with conspecifics. To test for
vocal communication about danger, we compared calls produced following each of the stimuli with calls given under
baseline conditions. The greater number of individuals tested
in this study allowed us to analyze the dimorphic male and
female distance calls separately, which could potentially uncover any differences in alarm calling behavior between the
sexes. We carried out acoustic analyses to test for either structurally distinct alarm calls or longer term changes in calling
rate that might signal danger.
Study species
Zebra finches used in this experiment were adult (older than
100 days) captive-bred descendants of wild-caught birds obtained from a breeding colony housed at the La Trobe
University zoology reserve. Birds used were between 8 and
12 generations removed from wild birds, which were captured
in northern Victoria by Richard Zann in 2001. When not part
of a trial, birds were kept in large (8000 × 3000 × 3500 mm)
aviaries with free access to an indoor and outdoor section, the
latter with the roof and walls constructed from wire. The aviary is surrounded by native vegetation, and the captive birds
have visual contact with aerial predators flying overhead and
potential visual exposure to terrestrial predators such as
snakes. A total of 27 males and 27 females were used, and
all birds were banded with two to four colored leg bands for
identification.
Experimental stimuli
To examine the responses of finches to a potential threat, we
used Maya 2014 (Autodesk Inc.) software to create computer
animations resembling a collared sparrowhawk. We simulated
the highest level of threat with an 8-s animation of a looming
sparrowhawk (loom), beginning as a small bird that slowly
unfolds and flaps its wings, rapidly increasing in size as it
reaches the endpoint with raised talons (Fig. 3a). The animation was accompanied by wing flap sounds increasing in amplitude (obtained from www.freesound.org), as the bird
appears to draw nearer. We created a lower threat animation
of a sparrowhawk flying past at a distance (flyby). It involved
a 2-s clip of a sparrowhawk flying from left to right without
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changing in size, accompanied by two wing flaps and with the
sound remaining at the same amplitude throughout (Fig. 3b).
The final stimulus had no video playback and consisted solely
of the same wing flap sounds as the looming stimulus and
lasted 6 s. This control stimulus was used to determine if the
finches were responding more to the sound of the wings or the
image on the screen.

Experimental procedure
The birds were housed in a large outdoor aviary at the La
Trobe University zoology reserve in Bundoora, Victoria, for
the duration of the experiment. The aviary was customdesigned and consisted of three connected areas that the birds
could access through small feeder doors. The two outer sections, referred to as holding aviaries, were the same size
(2400 × 900 × 1820 mm), while the middle section, the experimental aviary, was smaller (900 × 900 × 1710 mm). Birds
were provided with ad libitum seed (an equal mix of red panicum, yellow panicum, and Japanese millet), water, shell grit,
and cuttlebone, with endive given twice weekly. The birds
were allowed access to all three areas to acclimate for at least
5 days before trials began. The design of the aviary allowed
for a small group of experimental birds to be confined to a
limited area while still surrounded by members of their social
group in the holding aviaries. The birds in holding aviaries
could not view the stimuli presented on screen (below).
Keeping birds in groups rather than isolated meant that they
retained their natural social and acoustic environment, which
seems likely to allow a more natural response to the predator
stimuli (McCowan et al. 2015). It is also possible that individuals may not call if alone, particularly if the function of their
call is to warn nearby conspecifics.
Zebra finches were tested in four cohorts of between 12 and
16 birds. A 24-in widescreen monitor (Dell UltraSharp
U2410) was placed on a table at perch height (approximately
130 cm from the ground) outside of the aviary behind a clear
Perspex window. Speakers (Sony SRS-A27) were placed either side of the monitor. The monitor and speakers were connected to a laptop (Toshiba Satellite P50t-A) kept behind the
left-hand wall of the first aviary and out of view of the birds. A
high-definition video camera (Canon XA10) was also placed
at perch height on a bracket inside the aviary facing directly
towards the monitor. A Sennheiser ME66 shotgun microphone with K6 powering module was connected to the camera. Audio recordings were sampled at 44.1 kHz and 16 bits.
Birds were viewed via a webcam (Microsoft Lifecam VX2000) stationed outside the aviary and connected to the laptop.
A barrier of thick shade cloth was attached to the inner walls
of both holding aviaries during testing to prevent the non-test
birds from viewing the images on the monitor. A small container of seed was attached to the perch in line with the
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Fig. 3 Area in pixels occupied by the animated collared sparrowhawk in
a the loom stimulus and b the flyby stimulus. Occurrence of the wing flap
sounds is indicated on the graphs with arrows. Screenshots of the actual

animations used in the study are included with frame number indicated
below each picture. The frame rate equals 25 fps

monitor and the camera in order to encourage birds to congregate in this area.
After the acclimation period, all birds in the cohort were
confined to holding aviary 1. Three birds were caught and
placed into the experimental aviary with access to the other
sections cut off by shutting the feeder doors. The group of
birds being tested was always of mixed sex, as this resembles
a common foraging group structure in the wild (McCowan
et al. 2015). The test birds were left undisturbed for at least
30 min. After this acclimation period and once all three birds
were situated in front of the monitor, the first stimulus was
presented. The birds were allowed at least 30 min between
each stimulus presentation and 30 min after the final stimulus
presentation before being moved to the third section of the
aviary. Once a trial was over, the tested birds were restricted

to holding aviary 2, but the other birds in the cohort were
allowed access to both holding aviary 1 and the experimental
aviary for at least 2 days before the next trial began. Stimuli
were played in a random order and counterbalanced across 18
groups.
Data and statistical analyses
We analyzed both the visual behavior and vocalizations of the
birds. Our approach to the analysis of vocalizations addressed
the following three questions: (1) Do birds have an acoustically distinct flee alarm call? (2) If not, or in addition, does a
change in call rate signal danger? (3) Could longer term
changes in call structure signal a change in assessment of
background level of danger? Four of the 18 trials were
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excluded from analysis due to equipment failures during one
of the stimulus presentations. It was not possible to score data
blind as the stimulus presentations were recorded on camera,
but close analysis of video allowed unambiguous categorization of behavior. Any bird absent from the video camera’s
field of view at the beginning of the presentation was omitted
from the behavioral analysis. Some individuals were also
omitted from vocal analyses as they did not produce enough
calls or their recorded calls were unclear. All statistical analyses were performed in the R statistical environment (R Core
Team 2013).
Behavioral response
Behavior was analyzed using Observer XT 11 (Noldus Inc.).
For each stimulus presentation, a video clip from 30 s before a
stimulus started until 30 s after it ended was extracted from
raw footage using Adobe Premiere Elements 12 (Adobe
Systems Inc.). The following index of increasingly strong response was used to score the behavior of each bird immediately after stimulus onset:
&
&
&
&
&
&

0 = No response: no change in behavior.
1 = Orienting: increase in head movement rate or turning
to face the monitor.
2 = Startle: a quick flinching movement or slicking back
of feathers.
3 = Duck: lowering of the head and body.
4 = Jump: flapping wings and leaving the perch for no
more than 2 s, then returning to perch.
5 = Flight: flapping wings and leaving the perch completely to land on the aviary walls or elsewhere out of the
camera’s field of view.

If more than one behavior was observed in an individual,
the value of the highest scoring behavior was recorded. The
highest level of response was determined for each individual
for each stimulus and compared using a generalized linear
mixed model using the glmer function from the lme4 package
(Bates et al. 2015), specifying a Poisson error structure with a
log link function. Stimulus was used as a fixed effect and bird
identity and group as random effects. We examined pairwise
contrasts between levels of stimulus directly.
Presence of alarm calls
To determine whether birds gave a distinct alarm call, we
selected calls recorded during the acclimation period
(baseline) and compared these with the first call given after
the start of the stimulus (first call). We sampled baseline calls
from audio recordings of the 30 min prior to the presentation
of the first stimulus (Fig. 4). This period was divided into
60 × 30 s samples, and for each individual bird, we selected
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three samples of 30 s using a random number generator. The
first clear call from each sample chosen was used for analysis.
Spectrograms were visualized in Raven Pro 1.4 using aforementioned parameters. The calls selected during the baseline
block occurred before any stimulus presentation and in the
absence of any disturbances. Calls given after the start of
stimulus were only sampled as first calls if they occurred
within 5 min. All calls were bandpass filtered to 300 Hz before
analysis.
Call similarity was analyzed in a similar way to that of calls
recorded during the field study. For each bird, we calculated
the similarity between pairs of baseline calls and between each
baseline and first call in the similarity function in Sound
Analysis Pro 2011 using aforementioned settings. For each
bird, scores were averaged to obtain a single measure of call
similarity during the baseline and a single measure of call
similarity between baseline calls and first calls. This process
was repeated for each of the three stimuli, and a linear mixedeffect model (lme function from the nlme package; Pinheiro
et al. 2013) was used to compare statistically the baseline vs.
first call similarity scores, fitting sex and stimulus as fixed
effects and bird identity and group as random effects.
Similarity scores were converted to proportions and transformed using the logit function prior to analysis.
Immediate changes in call rate
Even if birds do not have acoustically distinct alarm calls, they
might signal immediate danger by changing the rate of the
multi-functional distance calls, so we calculated the number
of distance calls given by each individual in the 30 s directly
before and after each stimulus presentation. The zebra finches
did make other vocalizations during the experiment, mostly
the two short, soft calls referred to as Btets^ and Bstacks^ (Zann
1996); however, these were not included in any analyses as
they were often too quiet to be clearly recorded by the equipment. Distance calls given while birds were in view of the
camera could be assigned directly to individuals, and we used
individual variation in distance call structure to assign calls to
individuals in the rare event that they were temporarily out of
view. Calls recorded when a bird was out of view were compared by ear and with spectrograms to known calls from individuals and assigned if they matched. We then compared the
call rate in the 30 s before and after the stimulus using a linear
mixed-effect model (lme), fitting sex, stimulus, and time period as fixed effects and bird identity and group as random
effects. Call rates were transformed using the logit function
prior to analysis.
Longer term changes in call structure
In addition to signaling immediate danger through alarm calls
or changes in call rate, there might be ongoing changes in calls
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Key:
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Fig. 4 Representative timelines for two test groups. Stimuli presentations
are marked with dark boxes. The dark circle indicates the occurrence of
the first vocalization after a stimulus presentation. Note that the 30-min
baseline period (gray box) occurred immediately before the first stimulus,
while the timing of the 30 samples after each stimulus (white boxes)
varied slightly depending on the interval between stimuli. We obtained

30-min blocks in between the presentation of stimuli 1 and 2 (after 1) and
in between stimuli 2 and 3 (after 2). In each case, the 30-min period was
selected from the onset of the following stimulus and working backwards
in time. We also selected 30 min following the presentation of the third
and final stimulus (after 3)

that signal a higher level of alertness or arousal. We therefore
examined the call structure in a 30-min sample after each
stimulus (Fig. 4). Three randomly selected calls were chosen
from each 30-min sample in the same way that we selected
baseline calls. We then examined variation in call structure
across the experiment by comparing baseline vs. after and first
call vs. after. Similarity scores were averaged to obtain a single
value for each comparison for each bird. Linear mixed-effect
models (lme) were used to statistically compare similarity
scores, fitting sex and stimulus as fixed effects and bird identity and group as random effects and transforming response
data using the logit function prior to analysis. We were unable
to perform similar analyses for call rate in the 30-min periods
due to the experimental setup with the combined vocalizations
of the large social group of conspecifics present in the surrounding aviaries interfering with call identification.

prompted birds to fly from the perch, while the other two stimuli typically produced only orientation or startling (Fig. 5;
mean ± SD response score: looming 4.06 ± 1.41, flyby
2.47 ± 1.25, sound only 2.09 ± 1.49). Pairwise contrasts from
the model showed that behavioral responses to the looming
stimulus were higher when compared to both the flyby
(Z = −5.18, P < 0.001) and sound only (Z = −6.49,
P < 0.001) stimuli. There was no significant difference in response between the sound only and flyby stimuli (Z = 1.423,
P = 0.155).

Results (captive finches)
Behavioral response
The zebra finches responded most strongly to the most threatening stimulus (Fig. 5). The looming hawk stimulus usually
1.0

32

30

The birds did not give an acoustically distinct alarm call. The
similarity among calls in the baseline period was no greater
than that between the baseline and first call after the stimulus,
showing that the first call after the stimulus did not differ from
the undisturbed distance calls in the baseline period (Tables 2
(a) and 3 (a)). Females had slightly more variable calls than
males, but there was no interaction between stimulus type and
sex (Table 3 (a)). Figure 6 shows representative spectrograms
of baseline calls from male and female birds, paired with first
calls given by the same individuals after the looming hawk
stimulus.

35

Immediate changes in call rate
Birds did not change their rate of calling in response to any of
the three stimuli. The call rate in the 30 s before the stimulus did
not differ from the 30-s period after for any stimulus (Fig. 7;
Table 4). Females had a slightly lower call rate than males, but
there was no interaction of sex with stimulus type or time
period (Table 4; P > 0.3 for all comparisons).

0.8
Proportion of individuals

Presence of alarm calls

0.6

0.4

0.2

Longer term changes in call structure
0.0

Sound

Flyby
Stimulus

Loom

Fig. 5 Proportion of individuals in the captive study that displayed flight
(black), jump (white), duck (light gray), startle (dark gray), or orienting
(stippled) behavior in response to the three stimuli. The score of Bno
response^ was not recorded for any trial. Sample sizes are reported
above and vary slightly between stimuli as some birds were excluded
from analysis as they were not visible on camera at stimulus onset

We found no long-term change in call structure. Similarity
scores for baseline and after calls exceeded 95% similarity
regardless of stimulus (Table 2 (b)), as did comparisons between first call and after calls (Table 2 (c)). There was no
significant difference in similarity scores as a function of
sex, stimulus type, or an interaction between sex and stimulus

113

Behav Ecol Sociobiol (2017) 71:113

Page 10 of 13

Table 2 Average similarity score ± standard error from male and
female captive zebra finches for (a) baseline vs. first call, (b) baseline
vs. after, and (c) first call vs. after
Males

Females

Percent ± SE
(a) Baseline vs. first call
Sound
98.13 ± 0.458
Flyby
97.48 ± 0.949
Loom
97.68 ± 0.652
(b) Baseline vs. after
Sound
98.69 ± 0.123
Flyby
98.64 ± 0.144
Loom
98.04 ± 0.709
(c) First call vs. after
Sound
97.60 ± 0.304
Flyby
97.09 ± 0.471
Loom
97.22 ± 0.597

N

Percent ± SE

N

15
14
14

95.97 ± 1.214
92.80 ± 2.691
96.43 ± 1.274

12
12
13

15

98.18 ± 0.230

13

16
16

98.19 ± 0.278
98.34 ± 0.204

13
14

55
50
48

96.13 ± 0.764
95.63 ± 0.576
96.12 ± 0.910

41
42
41

type for baseline vs. after and first call vs. after (Table 3 (b)
and (c), respectively).

General discussion
Although zebra finches responded with anti-predator behavior
to both the model hawk and the video playback stimuli, they
did not produce any vocal signals of alarm. In the field, zebra
finches usually fled from the model. Similarly, in the captive
study, finches typically fled from the looming animated raptor
and oriented or startled to the less intense stimuli. Despite this
response, they did not give distinct alarm calls in the field or
captive study, and an investigation into vocalizations
Table 3 Summary of linear mixed-effect models on the transformed
average similarity scores obtained for each call category comparison in
the captive experiment
dfNum
(a) Baseline vs. first call
Sex
1
Stimulus
2
Sex × stimulus
2
(b) Baseline vs. after
Sex
1
Stimulus
2
Sex × stimulus
2
(c) First call vs. after
Sex
1
Stimulus
2
Sex × stimulus
2

dfDen

F statistic

P value

28
46
46

6.83
1.33
1.27

0.014
0.274
0.292

28
53
53

2.09
0.03
0.34

0.159
0.968
0.714

24
63
63

1.23
1.11
0.41

0.274
0.336
0.669

Significant terms and values are shown in italics

produced during the playback experiment showed that they
also did not change their rate of calling. Furthermore, distance
call structure remained unchanged in the longer term period
after stimuli compared to an earlier period of undisturbed calling. The lack of a detectable flee alarm call, or communication
about immediate danger, is surprising in a social species like
the zebra finch.
We can find no report of distinct flee alarm calls in the
literature. There is limited evidence for any type of alarm call
in zebra finches, and we found no support for the suggestion
that distance calls can signal alarm. Incubating zebra finches
left their nest earlier in response to an approaching person if
their partner was perched nearby (Mainwaring and Griffith
2013), which might mean that signals or cues from the partner
provided a warning. However, there were no recordings, and
no alarm call was detected. Similarly, although thuk calls appear to alert young to potential danger near the nest (Zann
1996), as far as we know, they have not been tested experimentally. Lastly, a previous field study using similar methods
resulted in no distinct alarm calls recorded from wild zebra
finches after 31 glider presentations (C. Giuliano unpublished
data). Clearly, there needs to be further investigation of antipredator behavior in this well-studied species, including testing for potential communication about danger at the nest.
The methods used in our study were sufficient to prompt
anti-predator responses in wild and captive birds in the absence of young, and so, we consider it unlikely that zebra
finches give flee alarm calls to warn adult conspecifics of
danger. In other field studies that provoked alarm calls, gliding
model hawks were directed above or to the side of focal birds
(Magrath et al. 2007), yet this method was also used in our
field study and failed to elicit alarm calls from only the zebra
finch. It is possible that the zebra finches did not perceive the
glider as a high enough threat to warrant alarm calling, and
they may be highly sensitive to approach direction (Wang and
Frost 1992; Judge and Rind 1997; McMillan and Gray 2012).
However, when we altered the approach direction, and thus
the immediacy of the threat, the finches still did not emit an
alarm call.
In addition, captive zebra finches did not alter their call rate
directly after exposure to any stimulus. Even if these finches
did not have a distinct flee alarm call, they might have signaled about immediate danger by changing the call rate, particularly as it has been suggested that distance calls serve
multiple functions (Zann 1996). However, while there was
considerable variation in distance call rate among individuals,
there was no change in call rate in the 30 s following any type
of stimulus compared to the 30 s before that stimulus. Several
other species of passerine show an increased rate of general
purpose calls after detecting predators (Wheatcroft 2015), and
some species include more notes in alarm calls in situations of
greater threat (Leavesley and Magrath 2005; Templeton et al.
2005; Fallow and Magrath 2010). Another possibility is that
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Fig. 6 Representative
spectrograms of male and female
zebra finch contact calls recorded
during the captive experiment. A
male call before any stimuli
presentations (a) and the first call
from the same male given after
the loom stimulus (b). The
similarity score of these calls was
99.2%. A baseline female call (c)
and the first call after the looming
stimulus from the same female
(d). The similarity score of these
calls was also 99.2%
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call rate could have dropped, and a decrease or cessation of
calling might itself indicate danger. Zebra finches possess a
large repertoire of calls, and individuals are constantly in vocal
contact, so a sudden halt in vocalizations might be a cue of
danger. Evidence of this exists in some other species (Dapper
et al. 2011; Haff et al. 2014); however, in our study, we found
no evidence to suggest that the finches were using a decrease
or termination of calling to indicate predator presence.
Zebra finches are highly gregarious and extremely vocal,
so the apparent lack of such a warning call is surprising and
difficult to explain. Information on alarm calling in other
Australian estrildid finches varies (Higgins et al. 2006).
Some species (e.g., star finch, Neochmia ruficauda; redbrowed finch, Neochmia temporalis) are known to possess a
call distinct from other vocalizations which functions as an
alarm call. Others (e.g., crimson finch, Neochmia phaeton)
use both a specific call as well as a multi-functional distance
call in alarm. Some estrildids are not known to alarm call;
however, this could be due to little research conducted on
the species’ vocalizations as a whole (e.g., double-barred
2.0

Average call number

1.8

finch, Taeniopygia bichenovii). Despite living in large flocks
in the wild, zebra finches are not found in kin groups, which
removes one benefit of calling. Perhaps personal risk during
an attack is low in large flocks, thus reducing the net benefit of
calling to warn others. Another possibility is that the wild
zebra finches benefit further from joining mixed-species
flocks, in which they gain advantages from group size effects
and respond to alarm calls of heterospecifics. Several species
of birds rarely give alarm calls while in mixed-species flocks,
yet do respond to heterospecific calls (Goodale et al. 2010;
Martínez and Zenil 2012; Magrath et al. 2015), and others
respond to heterospecifics despite never alarm calling themselves (Goodale and Kotagama 2005, 2008; Griffin et al.
2005). Wild zebra finches do form mixed-species flocks, particularly during vulnerable activities like drinking and foraging (Higgins et al. 2006), but as far as we know, there have
been no studies on the alarm calling dynamics of these mixed
assemblages.
As well as not communicating about immediate danger, we
detected no longer term change in call structure that might
indicate a revised estimate of risk. According to Zann
(1996), the zebra finch distance call is multi-functional and
is used for simple contact between individuals and to

1.6

Table 4 Summary of linear mixed-effect models on the call rates in the
30-s time period pre-stimulus and post-stimulus in the captive experiment

1.4
1.2
1.0

dfNum

dfDen

F statistic

P value

1
2
1
2
1
2
2

26
141
141
141
141
141
141

5.87
1.36
0.30
0.63
0.99
0.26
0.10

0.022
0.260
0.586
0.534
0.322
0.772
0.907
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Fig. 7 Average number of calls given by all birds in the captive
experiment in the 30 s pre-stimulus (white bars) and the 30 s poststimulus (black bars). Error bars indicate standard error

Sex
Stimulus
Time
Sex × stimulus
Sex × time
Stimulus × time
Sex × stimulus × time

Significant terms and values are shown in italics
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communicate location, identity, and alarm. Whether or how
this call is altered to express alarm has never been studied, and
our results suggest that that the birds do not use any subtle
changes in acoustic properties to communicate about perceived risk levels. The possibility that zebra finches do not
rely on audible cues, despite being highly vocal with a vast
repertoire, must be considered as well. This species is almost
always found in pairs or groups, so it is possible that they rely
on the visual cue of flockmates fleeing as an indicator of
predator presence (e.g., Lima 1995).
Overall, we found that zebra finches exposed to simulated
predators responded with appropriate behavior, but neither
gave alarm calls nor altered call rate to signal immediate danger. Results from our studies suggest that the finches do not
have a distinct call to warn adult conspecifics about predators,
and the thuk alarm call described in Zann (1996) is probably
used solely in parent-offspring communication to warn of potential danger. Investigating the vocalizations of adults with
dependent offspring in response to predator stimuli would
help to determine if the thuk call is specific to that context.
The zebra finch is the most-studied bird in Australia and is a
widely used model system (Griffith and Buchanan 2010);
thus, it is surprising that very little is known about their antipredator defenses. Future research on interactions with predators in the wild, including in mixed-species flocks, could
provide insight into anti-predator behavior and the puzzling
lack of flee alarm calls in this well-studied species.
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