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Abstract. The songs of bird species can vary from place to place and such variation may reflect ecological heterogeneity
within the habitat. However, there is little understanding of how this process occurs over time within the same population.
Here, change in song over time in a local population of the New Zealand GreyWarbler (Gerygone igata) was investigated.
Spectral and temporal aspects of the song were compared in the same population at an interval of 7 years (2002 and 2009).
Therewas a significant shift in the song syllables to a higher frequency but no difference in the temporal structure of the song.
The frequency difference in song suggests that interspecific interactions may have led to song-frequency displacement,
which in turn may be caused by the reintroduction of other native species to the study area.
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Introduction

Song dialects are a form of vocal variation that is characteristic of
birds that learn their songs. Habitat characteristics used by bird
species may explain some geographical variation and interspe-
cific differences in song structure (Warren 2002). Further, var-
iation in song may arise through cultural evolution, which can be
described as alteration or change in a learned behavioural trait
from one generation to the next (Byers et al. 2010). The temporal
stability of song varies within taxa, even within the same geo-
graphical boundaries, with some dialects persisting unchanged
for many generations whereas others can quickly arise and
disappear (Podos andWarren 2007). For example, song elements
of the Yellowhammer (Emberiza citrinella) are transmitted cul-
turally through a considerable number of generations (Hansen
1999). Other examples of species that maintain songs unchanged
for decades or longer include the Rufous-collared Sparrow
(Zonotrichia capensis) (Handford 1988), Chaffinch (Fringilla
coelebs) (Ince et al. 1980) and Wood Thrush (Hylocichla mus-
telina) (Whitney1992). In contrast, some species canmodify their
songs in periods of 1 year or less, such as the emergence of new
song types in colonies of Yellow-rumped Caciques (Cacicus
cela) (Trainer 1989), and removal of syllables, differentiation of
song into parts and and increase in duration of song in the Lazuli
Bunting (Passerina amoena) (Greene et al. 1997).

Despite many observations and studies regarding local song
dialects, factors that influence the formation of newdialects or the
resistance to change in songs are still not known (Catchpole and
Slater 2008). However, the same factors argued to influence

formation of geographical song dialects could also influence
evolution of avian song over time (Luther and Baptista 2010),
such as change in the physical transmission properties of the
environment (Slabbekoorn et al. 2007), sexual selection (Mac-
Dougall-Shackleton 1997) and song learning (Slabbekoorn and
Smith 2002a). The accuracy of song learning varies considerably,
both within and between species, and copying errors can result in
the emergence of newvariations of the song (Catchpole andSlater
2008).

Change in song structure can also be influenced by compe-
tition for signal space between species using the same acoustic
environment (Slabbekoorn and Smith 2002b; Kirschel et al.
2009). For example, songs diverge in Darwin’s Finches (Geos-
pizinae) when a new species enters the community (Grant and
Grant 2010) and songs of Eurasian Blue Tits (Cyanistes caer-
uleus) lack a species-specific trill in areaswhereGreat Tits (Parus
major) are absent (Doutrelant and Lambrechts 2001).

Here we explore whether songs in a local population of the
Grey Warbler (Greygone igata) have changed over time and the
possibilityof cultural evolutionof song,using recordingsof songs
made 7 years apart (2002 and 2009)within the samepopulation of
Warblers.

Methods

Study species

The Grey Warbler is an endemic New Zealand passerine in the
family Acanthizidae (Heather and Robertson 2000). Males are
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territorial, with some territories maintained year round, and pairs
form annually before the start of the breeding season. Onlymales
sing, and songs are important in maintaining territories (Gill
1982). The song is described as a soft, sweet, trilling warble,
sometimes subdued, regular and cricket-like (Buller 1888). It is a
long plaintive, rambling indeterminate trill, of approximately
eight notes, usually lasting 5 s but sometimes as long as 12 s
(Fig. 1). Thebirds donotweave several patterns into one song, but
rather appear to have several themes, and to sing by repetition
(Andersen 1926). Songs are sometimes broken off suddenly,
in which case the song seems not to be complete (Paul and
McKenzie 1975).

Analysis of songs

Songs of Grey Warblers were recorded in the Zealandia
Sanctuary (41�180S, 174�440E; see http://www.visitzealandia.
com/, accessed July 2013), a 2.5-km2 valley of secondary forest
2 km west of Wellington, on the North Island of New Zealand.
The forest is protected from a suite of mammalian predators
introduced toNewZealand by a barrier fence 9 km long and 2.2m
high (Campbell andAtkinson2002).Theupperstoreyof the forest
is predominantly a mixture of evergreen native and exotic tree
species, and there is a well-developed native understorey. In
2002, songs were recorded byM. Borowiec and B. D. Bell. From
this sample, the songs of 10 individuals recorded at different
locationswithin theZealandia Sanctuarywere sampled (hereafter
referred to as the 2002 songs). To investigate possible temporal
changeswithin the song of this species, the songs of 10 birdswere
recorded in 2009 by J. F. Azar (hereafter referred to as the 2009
songs). In both years, songswere recorded in spring and always in
the morning. Songs sampled in 2002 were recorded on a Sony
TCD-D10 Pro II DAT recorder (Sony, Tokyo), equipped with a
Telinga parabola microphone (Telinga, Tobo, Sweden). The

2009 songs were recorded on a Marantz PMD670 solid-state
recorder (Marantz Europe, Eindhoven, the Netherlands),
equipped with a Telinga Pro 7 parabola microphone (Telinga).
Both 2002 and 2009 songswere digitised at a sampling frequency
of 44.1 kHz and 16-bit sample size.

Themain parts of theGreyWarbler’s songwere classified into
two phrases: the ‘start phrase’ (S), consisting of four syllables;
and a ‘repeated phrase’ (R1), which consists of three syllables,
and is given 1–6 times (Fig. 1). The song also includes faint
whistled notes of low frequency between syllables, which were
difficult to detect in some recordings owing to the quality of
recordings or interference from ambient noise. As a result, these
whistled notes were not included in the analysis (Fig. 1). For each
individual song, spectrograms were produced, viewed and
measured using Raven Pro 1.4 software (Cornell Laboratory of
Ornithology, Ithaca, NY), with a Hann-filter and a Fast Fourier
Transform (FFT) value of 678 points. Overlap was set to 50%,
giving a frequency resolution of 86.1Hz.

Four songs from each individual Warbler were analysed.
Syllables in each phrase formed the basic unit of analysis and
four parameters were measured: (1) lowest frequency (kHz),
(2) maximum frequency (frequency with maximum energy, in
kHz), (3) highest frequency (kHz) and (4) duration of syllable (s).
For each individual the mean values of each syllable were
calculated, then the means of each phrase determined. One-
sample t-tests and Mann–Whitney U tests were used to compare
means of themeasured parameters of phrases between the 2 years.
All statistical tests were performed using SPSS 18 (SPSS Inc.,
Chicago, IL, USA).

To investigate the possible effect on GreyWarbler song of the
frequency of songs of species reintroduced to Zealandia Sanc-
tuary, we calculated the mean maximum frequency of the songs
of 10 individuals of species reintroduced to the Sanctuary after
2000: North Island Saddleback (Philesturnus rufusater), reintro-
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Fig. 1. Spectrogram of a GreyWarbler song showing the start phrase (S) and three repeated phrases (R1, R2, R3).
Repeated phrase (R1) can be repeated up to six times; however, the analysis was restricted to the first three repeats
because some birds will stop after the 3 or 4th repeat. All syllables are whistle-like with a fairly narrow frequency
bandwidth. The unmarked notes on the spectrogram are not included in the analyses.
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duced in 2002;Bellbird (Anthornismelanura), reintroduced from
2002–03; North Island Robin (Petroica longipes), reintroduced
in 2001–02; Whitehead (Mohoua albicilla), reintroduced in
2001–02; and North Island Kaka (Nestor meridionalis septen-
trionalis), reintroduced in 2000 (Bell 2008).

To determine if the equipment used to record the songs in the
2years compared (aDATrecorder in 2002anda solid-state digital
recorder in 2009) affected the analysis of songs, we used both
types of equipment to record a series of generated tones simul-
taneously. The recorded tones were then analysed using Raven
Pro 1.4 software (Cornell Laboratory of Ornithology). There was
no difference in the measured frequency or duration of the
recorded tones, ruling out an equipment effect on the mean
frequencies determined (Azar 2012).

Results

The phrases in the Grey Warbler’s song had a narrow frequency
bandwidth, and the lowest and highest frequencies were highly
positively correlated with maximum frequency of both the start
phrase and repeated phrases (Table 1). We therefore reduced the
dataset and used the maximum frequency as a representative
measure for frequency characteristics of song elements.

The values of maximum frequency were normally distributed
(Kolmogorov–Smirnov test; P> 0.5) and the variances between
groups (2002 and 2009 songs) were not unequal (Levene’s Test
for Equality ofVariances for all three songparts; allP > 0.05), so a
one-sample test was appropriate to test differences between
groups. An independent samples t-test was conducted to compare
maximum frequency song parameters between the 2 years com-
pared. The duration of syllables was not normally distributed
(Kolmogorov–Smirnov; P < 0.05) so the non-parametric Mann–
WhitneyU test was used to compare duration of phrases between
the 2 years compared.

The structure of songs of Grey Warblers in 2002 and 2009
differed in maximum frequency (spectrally) but not in duration
(temporally) (Table 2).

Maximum frequencies in all parts of the song (start phrase (S),
1–3 repeats of the repeated phrase (R1, R2, R3)) were signifi-
cantly higher in 2009 than in 2002 (Table 3). Repeated phrase
(R1) can be repeated up to six times; however, the analysis was
restricted to thefirst three repeats (R1,R2,R3)because somebirds
will stop after the 3 or 4th repeat. The average increase in
frequency between 2002 and 2009 songs was 0.34–0.45 kHz.

There was no significant change in the mean duration of phrases
for the start phrase (S), or one and two repeats of the repeated
phrase (R1, R2) between 2002 and 2009 (n= 10 for each song
part), but R3 was 0.11 s longer in 2002 than in 2009 (P > 0.01)
(Table 4).

Mean frequencies of songs (�s.e.) of birds reintroduced to
the Sanctuary were: Bellbird 2.3 kHz� 1.2, Stitchbird 4.8 kHz
0.8, Kaka 2.3 kHz� 0.7, North Island Robin 4.6 kHz� 1.5,
Saddleback 4.3 kHz� 0.7 and Whitehead 3.2 kHz� 0.2 (n= 10
for all species).

Discussion

There was amarked difference in the frequency characteristics of
GreyWarbler songs between 2002 and 2009. The increase in the
frequencies of all parts of the songs of Grey Warblers between
2002 and 2009 could be a response to (1) increased levels of
ambient low-frequency noise, (2) change in the acoustic compe-
tition in the environment, (3) change in acoustic properties of the

Table 1. Pearson correlations ofmeanmaximumfrequencywith lowest
and highest frequencies of songs for both start and repeated phrases of

20 Grey Warbler songs (2002 and 2009 songs combined)

Song part Variables Pearson
correlations (r)

P

Start phrase Maximum frequency,
lowest frequency

0.994 <0.01

Maximum frequency,
highest frequency

0.996 <0.01

Repeated phrase Maximum frequency,
lowest frequency

0.987 <0.01

Maximum frequency,
highest frequency

0.988 <0.01

Table 4. Differences inmean duration of start (s) and repeated (R1, R2,
R3) phrases in songs of Grey Warblers between 2002 and 2009

Song part Mann–Whitney U Z P

S 658 –1.3 1.7
R1 422 –0.7 0.5
R2 404 –0.8 0.42
R3 181 646 >0.01

Table 2. Maximum frequency (kHz) and duration (s) of GreyWarbler
songs.The start phrase (S) consists of four syllables,whereas the repeated
phrases (R1, first repeat; R2, second repeat of R1;R3, third repeat of R1)

consist of three syllables

Song part 2002 2009
Mean n s.e. Mean n s.e.

Maximum frequency (kHz)
S 3.6 10 0.04 4.1 40 0.05
R1 2.7 10 0.02 3.01 30 0.03
R2 2.9 10 0.02 3.3 30 0.03
R3 3.2 10 0.02 3.6 30 0.06

Duration (s)
S 0.5 10 0.05 0.42 40 0.04
R1 0.22 10 0.01 0.22 30 0.01
R2 0.38 10 0.05 0.36 30 0.03
R3 0.85 10 0.03 0.74 30 0.01

Table 3. Differences in mean maximum frequency of Grey Warbler
song between 2002 and 2009

S, start phrase; R, repeated phrases (R1, first repeat; R2, second repeat; R3,
third repeat)

Song part Levene’s test t-test statistics
F P t d.f. P Mean

difference (s.e.)

S 0.12 0.9 –6.5 18 0.001 –0.45 (0.07)
R1 0.61 0.8 –10.7 18 0.001 –0.35 (0.03)
R2 0.05 0.8 –10.4 18 0.001 –0.40 (0.04)
R3 2.80 0.1 –5.8 18 0.001 –0.34 (0.06)
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habitat, (4) influence of seasonal change in breeding density. At
first glance, the use of higher frequencies in all phrases in 2009
might suggest a shift to a higher song frequency as an adaptation
to increased levels of ambient low-frequency noise, as suggested
for the Great Tit (Slabbekoorn and Peet 2003; Slabbekoorn and
den Boer-Visser 2006). Similar results have been reported for
the Common Blackbird (Turdus merula) in Austria (Nemeth and
Brumm 2009), Song Sparrow in the Netherlands (Melospiza
melodia) (Wood et al. 2006) and House Finch in western USA
(Haemorhous mexicanus) (Fernandez-Juricic et al. 2005). In
these species, there was a positive correlation between song
frequency and level of ambient noise in their habitat. The ambient
noise between the twoperiods inZealandiawas notmeasured, but
therewas no anecdotal evidence of an increase of ambient noise in
the study area. Moreover, anthropogenic noise usually occurs
within the range of 1–4 kHz, with most energy at 1–2 kHz (Skiba
2000). The frequency of Grey Warbler song syllables was in the
range of 2.5–5.0 kHz, a range less likely to bemasked by ambient
noise.

Grey Warblers did not show a significant change in the
durationof their song syllables between2002and2009. Increased
duration of song can also be an adaptation to high levels of
ambient noise, for example, King Penguins (Aptenodytes pata-
gonicus) produce longer calls with more syllables under windy
and noisy conditions (Lengagne et al. 1999). However, produc-
tion of longer notes can be constrained by the size of birds and
the volume of air that can be exhaled to produce the notes.
Other studies have shown that city birds may have a faster
delivery rate of song and a shorter interval between songs
(Slabbekoorn and den Boer-Visser 2006), possibly as adaptation
to increased anthropogenic noise.

Interspecific interactions may lead to displacement of song
characters of different species, which in turn may be caused by
the introduction or reintroduction of avian species or by increase
in the relative densities of avian species that use a similar
frequency bandwidth. In Zealandia Sanctuary, the Whitehead
was reintroduced to the sanctuary in 2001 and 2002. Its song
had a mean maximum frequency of 3.1 kHz� 0.2 (s.e.) (n= 10)
(Fig. 2c), which more or less equals the mean maximum fre-
quency of 3.0 kHz� 0.5 (s.e.) (n= 10) for GreyWarblers in 2002
(Fig. 2a). Both species are now fairly common in Zealandia
Sanctuary, so between 2002 and 2009 acoustic competition
may have influenced the shift in frequency of Grey Warbler
songs. The advantages of avoiding acoustic competition could
be considerable, with any masking or interference minimised
and the efficiency of the communication system in the environ-
ment maximised. This would be particularly important where
two species show similarities in song structure, such as sharing
the same frequency range (Catchpole and Slater 2008). There
is now some evidence to suggest that the singing behaviour
of males is not only affected by the songs of conspecific neigh-
bours, but also the songs of other species with which they share
their habitat (Brumm 2006). For example, Red-eyed Vireos
(Vireo olivaceus) and Least Flycatchers (Empidonax minimus)
can modify their singing patterns to avoid competition with
each other (Ficken et al. 1974). Popp et al. (1985) analysed
the singing patterns of four forest species in Wisconsin, NJ,
USA, and found that each attempted to avoid temporal overlap
of the songs of the others, often by singing as soon as there was
a sound gap. This result was also confirmed by playback experi-
ments on the Ovenbird (Seiurus aurocapilla) (Popp and Ficken
1987).
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Fig. 2. Sonograms of 2.5-s sample of Grey Warbler songs from (a) 2002 and (b) 2009, and (c) a sample of song of
Whitehead, a species reintroduced to the Zealandia Sanctuary in 2001 and 2002.
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An alternative explanation for differences in song frequency
over time relates to signal transmission in the habitat that might
possibly be associated with different seasons and weather con-
ditions. Atmospheric conditions can affect sound transmission
properties of the habitat, as sound attenuation increases with the
increase in temperature, and is reduced with increasing humidity
(Wiley and Richards 1982). However, both sets of samples were
taken over periods of weeks, recordings in both years being
made in the spring, with most recording in October. The mean
October average temperature was 1.0�C below normal in
both years (see the National Institute of Water and Atmospheric
Research (NIWA), http://www.niwa.co.nz/climate/summaries/
seasonal, accessed 10 July 2013). Atmospheric differences be-
tween 2002 and 2009 therefore seem unlikely.

Another explanation for differences between years might be
related to the possible influence of seasonal change in breeding
density on vocal communication. Change in the breeding den-
sities between years, and the reintroduction of species to Zeal-
andia Sanctuary may have influenced the song of Grey Warblers
in some way through acoustic competition. Intraspecific compe-
tition by males and motivational changes in singing activity can
cause a shift in song features (Goretskaia 2004), and divergence
in song features could result from variation in song within
individuals related to either motivational status or acoustic con-
ditions (Ripmeester et al. 2010). Information on individual
variation in song is provided in the Supplementary material
(Table S1).

In conclusion, our study suggests that competition on the
acoustical signal (song frequency) of Grey Warblers is likely to
have been an important factor in changes in their song. The
reintroduction of theWhitehead to the sanctuary, which utilises a
similar frequency band to that used by GreyWarbler, appears the
most likely reason for the frequency shift in Grey Warbler song
that we measured.
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