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Abstract Although vocal mimicry in songbirds is well
documented, little is known about the function of such
mimicry. One possibility is that the mimic produces the
vocalisations of predatory or aggressive species to deter
potential predators or competitors. Alternatively, these
sounds may be learned in error as a result of their acoustic
properties such as structural simplicity. We determined the
mimetic repertoires of a population of male spotted bower-
birds Ptilonorhynchus maculatus, a species that mimics
predatory and aggressive species. Although male mimetic
repertoires contained an overabundance of vocalisations
produced by species that were generally aggressive, there
was also a marked prevalence of mimicry of sounds that are
associated with alarm such as predator calls, alarm calls and
mobbing calls, irrespective of whether the species being
mimicked was aggressive or not. We propose that it may be
the alarming context in which these sounds are first heard
that may lead both to their acquisition and to their later
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reproduction. We suggest that enhanced learning capability
during acute stress may explain vocal mimicry in many
species that mimic sounds associated with alarm.
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Introduction

Vocal mimicry occurs when a species learns a vocalisation
from a heterospecific or an environmental source (Baylis
1982). Despite a variety of proposed explanations for this
behaviour, the function of vocal mimicry in many bird
species is poorly understood (reviewed in Kelley et al.
2008). Mimicry may be used to increase vocal repertoire
size and thus increase the likelihood of attracting a mate
(Coleman et al. 2007), to identify individuals within a
population (Harcus 1977) or to increase foraging success
(Flower 2010). Another hypothesis is that mimicry is used
as a defence mechanism during predatory events, either by
eliciting aid from a third party or by directly deterring/
confusing the attacker (Dobkin 1979; Chu 2001). For
mimicry to deter a potential attack it should cause the
predator to mistake the identity of its prey for the presence
of another predator (acoustic Batesian mimicry: Bates
1862; Dobkin 1979). Classically, Batesian vocal mimicry
is used to describe the production of vocal mimicry of
predators so as to deter predators but such mimicry may
also be used to deter competitors (either con- or hetero-
specifics). An extension of this hypothesis is that mimicry
of aggressive or competitor species (rather than predators)
could be used to deter competitors (Rechten 1978; Gorissen
et al. 2006). Here we refer to the mimicry of predators to
deter predators as Batesian mimicry and the combination of
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this type of mimicry together with related uses of mimicry
we refer to as “deterrent mimicry”.

The function of mimicry is often inferred through
identification of the heterospecifics that are mimicked
(models). For Batesian mimicry, the species mimicked are
expected to be predators such as the production of
rattlesnake Crotalus viridis rattles by burrowing owls
Athene cunicularia (Rowe et al. 1986). There are also
numerous anecdotal reports of female birds mimicking
when protecting nestlings or eggs, which has been
interpreted as deterrent mimicry (Chisholm 1932; Warham
1962). In yet other cases non-predatory species are
mimicked such as the observation of nesting thick-billed
euphonias (Euphonia violacea) mimicking the alarm calls
of other species nesting nearby when disturbed (Morton
1976). In this case, deterrence may be achieved through
apparent alarm calling rather than through mimicry of
intimidating species. Therefore, the type of sounds (e.g.,
alarm calls, mobbing calls) that are mimicked as well as
what model is being mimicked is important: alarm mimicry
of non-threatening species may also act as a deterrent.

In all of these examples, however, it may be that it is the
structure of the sounds that leads to their acquisition by the
mimic. An alternative explanation to the functional
hypotheses explaining mimicry is that it is the mecha-
nism by which the sound is acquired that results in the
mimetic repertoire. In particular, it has been proposed
that the song learning system is especially susceptible to
the mistaken acquisition of sounds that are simple, loud
and common (the learning mistakes hypothesis: Hindmarsh
1986; Hausberger et al. 1991; Ferguson et al. 2002). It may
be, therefore, that the calls of predators are mimicked as a
result of the mimic’s learning mechanism rather than because
of the potential use to which the mimic could apply that
learning.

Although it is difficult to distinguish experimentally
between these two kinds of explanations it may be possible
to use the entirety of a mimic’s repertoire to do so, using a
correlative approach to compare the origin and structure of
mimicked and non-mimicked sounds. We recorded the
mimetic repertoires of a population of individually identi-
fiable male spotted bowerbirds Ptilonorhynchus maculatus
during two sequential breeding seasons as these birds
typically include predatory species in their mimetic reper-
toire (Warham 1962; Frith and Frith 2004; Coe 2005). If
mimicry is used solely to deter predators or competitors
then we would expect that only the vocalisations of
predatory, aggressive or competitor species would be
mimicked. If sounds are learned due to their acoustic
properties then sounds with particular properties (for
example short notes) that occur in the sound environment
should be overrepresented in the mimetic repertoire
(Hindmarsh 1986).
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Materials and methods

We recorded the vocalisations of male bower-owning
spotted bowerbirds in Taunton National Park (23.3° S,
149.1° E), central Queensland, Australia, between July and
November 2007 and 2008. Individuals were identified by a
unique series of colour bands on both legs. We recorded the
vocalisations of 19 males in 2007 and 14 of these males
were recorded again in 2008. Males were recorded vocalising
at their bowers using a Sennheiser ME66/K6 microphone and
a Sony TCD-D8 DAT recorder (sampling rate of 44.1 kHz and
16 bits resolution). All recordings were carried out by an
observer sitting approximately 10 m from the bower and took
place between 5:00 am and 2:00 pm. Recording sessions
lasted between 3 and 7 h and the average time spent recording
at each bower was 16+1 h (mean = SE) per bower in 2007 and
17+2 h in 2008.

All recordings were converted into spectrograms using
Raven Pro v1.3 (Charif et al. 2004) using a Hanning
window and a 512-point fast Fourier transform. Suspected
mimetic sounds were easily isolated due to their structural
and acoustic dissimilarity to species-specific sounds, which
are typically hisses, other harsh notes and mechanical
noises (Frith and Frith 2004). Mimicry was then identified
by listening to recordings and by visually inspecting
spectrograms, and comparing them to recordings of their
putative models using the Simpson and Day (1999) CD-
ROM of bird sounds and sounds recorded opportunistically
around bowers (as described in Kelley and Healy 2010;
Fig. 1). Identification of mimetic sounds was confirmed by
Dr J. A. Nicholls, an ornithologist with over 10 years
experience of Australian bird vocalisations.

We constructed repertoire profiles for all male bower
owners in 2007 and 2008. Saturation curves were used to
confirm that the entire mimetic repertoire had been captured.
To determine the nature of mimicked sounds, we investigated
what models bower owners mimicked from the suite of
sounds available in their acoustic environment. We compiled
a list of species present at Taunton using the Atlas of
Australian Birds (using www.birdata.com.au, which is an
online resource that lists all birds observed within a defined
area) and checked that the listing matched up with species
seen or heard during observations. Given that we cannot be
sure of the exact acoustic habitat that each bird has been
exposed to for the duration of their life we have used a bird
atlas as an approximate measure of acoustic exposure. Of the
91 bird species present at Taunton, 15 species were
mimicked by bowerbirds (excluding one human model)
and 76 were not (see Appendix 1). All 91 species were then
classified according to whether the intended receiver was a
bowerbird or a heterospecific so as to determine whether
mimicry may be acting as a deterrent towards conspecifics or
heterospecifics.
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Fig. 1 Spectrograms of model
vocalisation (/eff) and bowerbird
mimicry (right). a Yellow-
throated miner Manorina
flavigula mobbing calls; b willie
wagtail Rhipidura leucophrys
aggressive “rattle” call; ¢ pied
butcherbird Cracticus
nigrogularis alarm call
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In the first category (i.e., the intended receiver is a
bowerbird), species were classified as predatory if they prey
upon bowerbirds, aggressive if they behave aggressively
towards bowerbirds (for example by displacing them from a
perch) and as food competitors based on their diet. Spotted
bowerbirds are primarily frugivores so any species whose
main source of food was fruit and berries was classified as a
competitor. Birds were classified using personal observa-
tions and using size, habitat and diet information from
Simpson and Day (1999), and could be assigned to more
than one group. In the second category, species were
classified as to whether they were generally predatory or
aggressive to non-bowerbird species (for example, the
whistling kite Haliastur sphenurus is not a predator of
bowerbirds but will prey on smaller birds). J. A. Nicholls
also classified all species into these five groups without
prior knowledge of whether they were mimicked or not.
The only discrepancies in the categorisation of model
species occurred in the competitor/non-competitor cate-
gory, so the analysis was run twice using each set of
classifications.

To address whether sounds with certain structural
properties were preferentially mimicked, we measured the
maximum frequency, minimum frequency, peak frequency
and average duration of one note and total duration of the
91 possible models from recordings taken at Taunton and
from professional recordings for species where no field
recordings were obtained (Simpson and Day 1999). We
also noted whether the model sounds had harmonics or
trills and the size of the model bird. All terms were then
entered into a binomial logistic regression. The data were
manipulated and analysed using Excel and SPSS (v. 13).

The sounds mimicked were also classified according to
their function in the model species. For example, a sound
was classified as an alarm call if the model species
produced it when alarmed. Given the abundance of the

time (s) time (s)

model species at the field site and the duration of
observations, we observed the model species in a range of
contexts and became familiar with their vocalisations. Our
classifications were confirmed by sending samples of
mimicry to researchers that worked on each species. Alarm
mimicry was defined as the mimicry of a predator or the
alarm, mobbing or aggressive calls of other species (Goodale
and Kotagama 2006). Non-alarm mimicry was defined as
sounds that are not associated with alarm, for example
contact calls and song.

Results

Individual male bowerbirds varied in the size and compo-
sition of their mimetic repertoires in both 2007 and 2008.
The range of models mimicked was zero to eight, and the
most commonly mimicked species was the brown falcon
Falco berigora. Although males varied in the number of
models they mimicked each year, repertoire size did not
increase or decrease consistently between years (paired ¢
test 1=—1.092, p=0.29, n=14).

Male bowerbirds preferentially mimicked species that
were generally aggressive (Wald x*=4.83, p=0.027; n=18,
Fig. 2; overall Wald x*=12.62, p<0.001, Nagelkerke *=
0.55). They also tended to mimic sounds with a high peak
frequency (Wald x*=2.99, p=0.08). No other category of
model species was preferentially mimicked and sounds that
were mimicked were not otherwise structurally different
from sounds that were not mimicked (Table 1).

Of the species that were mimicked, sounds that were
associated with alarm were common in mimetic repertoires,
with alarm mimicry comprising 80.2% of the average
male’s repertoire (Fig. 3). Only four non-alarm sounds were
mimicked: the ‘babble’ contact call of the grey-crowned
babbler Pomatostomus temporalis (mimicked by nine of the
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Fig. 2 Size and composition of
the mimetic repertoires of bower
owners, each bar represents one
bower owner. Data shown here 7
are mimicked models that were

classified as generally aggres-

repertoire size

|H| “.

M generally aggressive

19 males), the quiet notes at the start of the laughing
kookaburra Dacelo novaeguineae “laugh” (mimicked by
seven of 19 males) and two parrot contact calls (each
mimicked by one male). Alarm-associated mimicry included
mimicry of five predators, four alarm calls, two aggressive
calls and one mobbing call.

Table 1 We used binomial logistic regression to investigate whether
the type of species (e.g. predator/not predator) and the types of sounds
mimicked (e.g. harmonics/no harmonics) predicted which model
sound was mimicked

Predictor variable F value p value
Bowerbird predator 0.01 0.999
Bowerbird aggressor 0.23 0.880
Bowerbird competitor 0.19 0.661
General predator 0.69 0.793
General aggressive 4.84 0.027
Harmonics 1.05 0.305
Trill 0.03 0.862
Maximum frequency 1.52 0.218
Minimum frequency 0.31 0.581
Peak frequency 3.63 0.057
Duration of one note 0.31 0.579
Total duration 0.03 0.859
Size of model bird 0.17 0.680

Mimicked species n=15, non-mimicked n=76. There were no differ-
ences in the results using either of the two categorisations of
competitor/non-competitor so only one set of results is shown here
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Discussion

Male spotted bowerbirds preferentially mimicked species
that were aggressive towards other birds. This is consistent
with the prediction from the deterrent hypothesis that
mimicry in this species could be used to deter predators
or competitors. Given that sounds produced by predators or
species that were aggressive to bowerbirds were not
preferentially mimicked, it seems that the models mimicked
might be more likely to be used to deter heterospecifics
rather than directed towards conspecifics. As sounds that
were mimicked were not more similar structurally than
were sounds that were not mimicked, it does not appear that
mimetic sounds are learned because of their acoustic
structure (although mimicked sounds did tend to have
higher peak frequencies than non-mimicked sounds).

Within and across males, the combination of sounds in
each male’s mimetic repertoire seems best described as
alarm-associated sounds. Mimicry of alarm calls and
predators has been noted in several species (Robinson
1974; Snow 1974; Greenlaw et al. 1998) and these sounds
are often produced in alarm contexts (Vernon 1973; Morton
1976; Goodale and Kotagama 2006; Ratnayake et al. 2010).
Although it was originally proposed that these sounds were
mimicked in an attempt to recruit assistance (Stefanski and
Falls 1972), there is little evidence for or against this
suggestion (Morton 1976; Chu 2001). Likewise, the
suggestion that mimicry of alarm sounds may be used to
startle a predator or to attract a second predator has little
support as yet (Conover 1994).
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Fig. 3 Mimetic repertoires of
males categorised by call type.
Black bars represent alarm
mimicry (mimicry of predators,
alarm calls, mobbing calls and

aggressive calls) and white bars o ©
represent non-alarm mimicry %
(contact calls and song) o 5
L
é_ 4

w

N

—_

The lack of structural similarity across mimicked sounds
does not lend support to the learning mistakes hypothesis.
However, given the propensity for these birds to acquire
alarming sounds, we suggest that the context in which the
sounds are learned may play a significant role in that
acquisition. Specifically, we suggest that the calls of
predators and heterospecific alarm calls are produced in
contexts that may be acutely stressful. As learning and
memory are typically enhanced during stressful events,
alarming sounds may be especially likely to be acquired
and remembered (Joéls et al. 2006). This could also explain
the production of such sounds in future alarming contexts,
i.e. they are reproduced when conditions are similar to
those in which the sounds were learned (de Kloet et al.
1999; Goodale and Kotagama 2006; Ratnayake et al. 2010).
Although there is considerable evidence that acute stress
can enhance learning and memory during novel stressful
events (e.g. Shors et al. 1992; Thaker et al. 2010), the role
that stress may play in the enhancement or impairment of
vocal learning has been less well studied. The little we do
know concerns the negative impact of chronic stress rather
than the striking effects of acute stress on learning: birds
subjected to chronic stress during early development sing
poorer songs as adults than do conspecifics that do not
experience such developmental stress (e.g. Nowicki et al.
2002; Buchanan et al. 2003; Spencer et al. 2003). If acute
stress does have this kind of effect on the acquisition of
mimicry, it may be difficult to disentangle the cause of its
production. To do this we will need to understand a lot
more about the mechanistic basis of both the acquisition
and the production of mimicry. Either natural selection has
acted on a mimic’s cognitive abilities such that it “under-
stands” a context and then produces the appropriate sound
or natural selection has acted on a mimic’s sensory and

1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19
bower owner

M alarm [ non-alarm

hormonal apparatus such that the mimic produces alarming
sounds when both are appropriately stimulated, i.e. condi-
tioning (and, indeed, both may have occurred). One
possible first step would be to determine whether it is the
context or the sound itself that determines the learning of
mimicry. For example, does an acutely stressful context
enhance the learning of any sound? Alternatively, irrespec-
tive of context are alarm sounds learned more readily than
non-alarm sounds? Given that several recent reviews have
found little evidence for a function of mimicry in many
species (Garamszegi et al. 2007; Kelley et al. 2008), we
suggest that mechanistic factors such as those we describe
here may explain the occurrence of mimicry in more
species than previously assumed. It may also be the case
that both learning mistakes and acute stress are responsible
for the repertoires observed in many species.

When considering some of the alternative explanations
for vocal mimicry, identification of the entire mimetic
repertoire may be of limited use, but quantifying individual
mimetic repertoires within a population and any changes
over time can be helpful. With regard to inter-sexual
selection, for example, while mimicry is incorporated into
the display of the closely related satin bowerbird Ptilonor-
ynchus violaceus, it is difficult to predict what sounds
should be mimicked (Coleman et al. 2007). It is not
immediately obvious why alarming sounds would be
overrepresented in a male’s repertoire as we found in our
spotted bowerbirds. However, changes in repertoire size do
not support the mate attraction hypothesis: male spotted
bowerbird mimetic repertoire size did not increase between
years, as we would expect if females preferred males with
large repertoires (Coleman et al. 2007; Zann and Dunstan
2008). We also never observed mimicry during sexual
displays, so it seems unlikely that males use mimicry to
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attract mates. With regard to individual recognition, we
would expect that bowerbirds within a population would
have dissimilar repertoires, which was not the case (Thorpe
1961; Hindmarsh 1986). We would also predict that
neighbouring individuals should have less similar mimetic
repertoires, which they did not (Kelley and Healy 2010).

In conclusion, as vocal mimicry in wild birds is not
readily amenable to experimental manipulation, we suggest
observational techniques such as the recording and examining
of a complete vocal repertoire, which is much used to
investigate non-mimetic song (Beecher et al. 2000; Nowicki
et al. 2000; Franco and Slabbekoorn 2009). This may
prove to be of more use than such methods are often
accorded nowadays. In the case of the spotted bowerbirds,
at least, the examination of the composition, and of the
structure of the sounds therein, of the mimetic repertoire
does not contradict one of several hypotheses (the
deterrence hypothesis) while concomitantly not supporting
at least two other explanations (the sexual selection and
individual recognition hypotheses). Furthermore, it has led
to a possible mechanistic explanation as to why some
sounds are preferentially acquired: that acute stress
enhances vocal learning. Confirmation of this explanation
requires learning experiments to demonstrate that birds are
more amenable to learning sounds during or immediately
following an acutely stressful stimulus.
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