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Abstract: Birdsong has evolved to help individual birds attract mates and defend territories. The breeding 
season is a critical period in the life history of many songbird species and previous studies indicate that bird 
vocal behaviour changes at the onset of breeding season. In this study, we compared the complex songs of 
a seasonal-breeding New Zealand honeyeater, the tui (Prosthemadera novaeseelandiae), between breeding 
and non-breeding seasons. We found that males’ songs in the breeding season contained significantly greater 
proportions of trill components compared with songs in the non-breeding season. Trill rate and consistency 
may be related to individual quality and therefore might signal to rivals and potential mates the quality of the 
singer. This is the first study to show the differences in singing behaviour of tui between seasons and provides 
a basis for future studies to explore the drivers of this seasonal variation in song behaviour.

Keywords: birdsong, breeding season, non-breeding season, trills

Introduction

Song plays a vital role in communication in songbirds and is 
primarily for territorial defence and mate attraction (Catchpole 
& Slater 2008). Some species of birds, particularly in the 
tropics, may have year-round breeding, and may also sing 
throughout the year (Kunkel 1974; Stutchbury & Morton 2008). 
Other species, however, have more well-defined breeding 
seasons and so their song outputs may be confined to these 
times (Langmore 1998) – a critical period in the life history of 
many species (Johnston & Odum 1956). Alternatively, some 
species also sing throughout the year despite not breeding, 
but change their song properties between reproductive and 
non-reproductive periods. For example, the songs of wild 
male island canaries (Serinus canaria) were longer and had 
more syllable repetition in summer than in the non-breeding 
season (Leitner et al. 2001). Specifically, a decrease in whistle-
type syllables and increases in rapid, frequency-modulated 
syllables was detected (known as trill syllables) (Leitner et al. 
2001). Evidence suggests that male songs with more rapid 
rates of trill production are more sexually attractive to female 
canaries than songs with low trill rates and induce more female 
copulatory displays (reviewed in Podos et al. 2004). Trills 
are likely to be costly to produce and therefore may provide 
honest signals of physical and genetic quality of the singer 
(Hennin et al. 2009). Moreover, trill consistency or stereotypy 
is a vocal characteristic that has been linked with extra-pair 
success in male house wrens (Troglodytes aedon) (Cramer 
2013). Therefore, trill production and consistency are likely 
to be sexually selected, and so should be produced at higher 
rates by individuals during the breeding season.

In many species, song complexity (measured by the 
number of different syllables produced; Boogert et al. 2008) 
is related to male attractiveness to females (Badyaev et al. 
2002). Moreover, song complexity may reflect parental ability, 
reproductive success, and overall male quality (Buchanan 
& Catchpole 2000; Woodgate et al. 2011, 2012; Soma & 
Garamszegi 2011). For example, female common grackles 
(Quiscalus quiscula) prefer to breed with males that have large 

song repertoires (Searcy 1992). In pied flycatchers (Ficedula 
hypoleuca) early arriving-males also sang more complex 
songs than later-arriving males (Alatalo et al. 1986; Lampe 
& Espmark 1994); suggesting that song complexity may be 
an indicator of male quality.

In some species, birds also produce songs in the non-
breeding season. However, songs during this time may be 
different from those sung during the breeding season (e.g. 
quieter, in song sparrows Melospiza melodia; Maddison et al. 
2012). The difference in songs between breeding and non-
breeding season may be due to hormonally-mediated changes 
in anatomy (Riters et al. 2000). For example, seasonal variation 
in song can be attributed to the plasticity of song control 
nuclei, such as the high vocal centre (HVC), in songbird brains 
(Catchpole & Slater 2008). The volume of the HVC has been 
observed to change seasonally, and increased testosterone levels 
during the breeding season concomitantly increase the volume 
of the song nuclei (Ball et al. 2004). This in turn impacts the 
muscles of the syrinx (e.g. DeVoogd 1991) and subsequently 
birds’ vocal behaviour. These seasonal changes in songbird 
neuroendocrinology play a key role in the seasonal differences 
of their song production (Ball et al. 2004).

Other song parameters apart from trills may also be subject 
to sexual selection and therefore may vary between seasons. 
For example, maximum frequency (Fmax) and frequency of 
maximum amplitude (FMA) have both been shown to be 
correlated with reproductive success and genetic quality in 
rock sparrows (Petronia petronia) (Nemeth et al. 2012) and 
zebra finches (Taeniopygia guttata) (Woodgate et al. 2012). 
Therefore, male songbirds may display seasonal variation 
in these traits in order to stimulate females to breed, and 
to maximise their reproductive success. Although seasonal 
changes in bird songs have been found in many species, few 
studies have quantitatively examined seasonal variation in 
song structure.

Bergquist (1989) found that winter songs of male tūī 
(Prosthemadera novaeseelandiae), a species that has highly 
complex vocalisations, generally consisted of a series of 
phrases that were repeated. During the breeding season male 
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songs were comprised of sequences of many loud phrases 
sung repeatedly, but with pauses, sporadic clicks, and whistles 
between phrases. Although these differences are noticeable 
to the human ear, there has been no detailed quantitative 
analysis of the seasonal variation of tūī songs. In this study, 
we examined the characteristics of tūī songs at the population 
level during breeding season and compared them to those in the 
non-breeding season. We predicted there would be a significant 
difference in song structure between seasons. Specifically, 
we predicted that tūī would produce a greater proportion of 
trills, a higher Fmax, syllable diversity, and higher FMA in 
the breeding season than in the non-breeding season (after 
Woodgate et al. 2012, see above). Trills are costly to produce 
and may, therefore, be used to signal male quality during the 
breeding season.

Methods

Study species and site
Tūī are honeyeaters endemic to New Zealand. They are 
common throughout the three main islands, but are scarce 
on the east coast of the South Island (Gill et al. 2010). Tūī 
are also found in the subantarctic Auckland Islands and the 
subtropical Kermadec Islands (Gill et al. 2010). Breeding 
begins in September and finishes in February. Upon pairing 
the female starts building a nest (Heather & Robertson 2005). 
There are also extremely high levels of extra-pair paternity in 
this species (S. J. Wells, unpubl. data).

Male songs change noticeably at the start of the breeding 
season. From high vantage points tūī produce long-range-
broadcast songs, which may function for territorial defence 
and mate attraction. Long-range tūī songs are complex and 
there is significant geographical variation among populations 
(Hill et al. 2013), and between sexes (Bergquist 1989). Tūī also 
produce short-range songs that often have aggressive contexts 
(Hill 2011), but  long-range-song bouts in tūī are significantly 
longer than these short-range bouts (SDH unpubl. data).

Our study was conducted at Tāwharanui Regional Park 
(36°22' S, 174°50' E), a 588-ha predator-free sanctuary 
situated on the Tāwharanui Peninsula, 90 km north of central 
Auckland, New Zealand. Tāwharanui Regional Park consists 

Figure 1. Map of Tāwharanui 
Regional Park with the four 
recording locations of Anchor 
Bay, Jones Bay, Ecology Bush, 
and Māori Bay, and (inset) a 
map of New Zealand’s North 
Island showing the location 
of Tāwharanui in relation to 
Auckland City.

of predominantly grazed pasture with patches of regenerating 
mānuka (Leptospermum scoparium) bush and some areas 
of mature coastal forest remnants (ARC 2009). The canopy 
tree species in these forest remnants include pōhutukawa 
(Metrosideros excelsa), kauri (Agathis australis) and puriri 
(Vitex lucens) (ARC 2009). Recordings were made at four 
locations within the park: Jones Bay, Anchor Bay, Ecology 
Bush, and Māori Bay (Fig. 1).

Recording procedure
We recorded tūī broadcast songs during the breeding season 
(October 2010 – January 2011) and non-breeding season 
(July–August 2010; August 2012 and May 2013). Songs were 
recorded between 0800 and 1500 hours in both seasons to 
standardise sampling times and sampling effort. We sampled 
tūī songs by walking slowly along marked tracks in one 
direction to locate tūī. We started a recording session when we 
located a singing male and ended it when the tūī either ceased 
singing or flew away. We stood between 4 and 10 m from a 
bird when we recorded it. For each recording, we noted the 
time, the bird’s location, band combination (if it was banded), 
behaviour, and song type.

In order to minimise the chances of recording the same 
individual more than once in the same season, we recorded 
only one bird per location. Male tūī are highly territorial 
during the breeding season and sing largely within their 
own territories during this time. Therefore, recording birds 
in different locations was unlikely to result in recording the 
same bird twice. The minimum distance between recording 
locations was 300 m.

We recorded tūī songs using a Sony MZ-NHF800 
Portable High-Definition MiniDisc Recorder (Sony, Park 
Ridge, NJ) or a Marantz PMD620 solid-state digital recorder 
(Marantz, Kanagawa, Japan), which were both paired with a 
Sennheiser ME67 shotgun long-range directional microphone 
(Sennheiser, Old Lyme, CT). All songs were recorded at a 
sampling frequency of 44.1 kHz at a resolution of 16 bits. 
The frequency response range of the long-range microphone 
was 40 Hz to 20 kHz. MiniDisc sound files were converted 
to wave (.wav) files using the software ‘Sonic Stage’ (Sony 
Corporation, Tokyo, Japan).
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Comparison of spectral characteristics between seasons
One representative long-range song with a clean, high quality 
recording was analysed per individual. The song spectrograms 
were digitised and parameters measured using Raven Pro 1.4 
Beta Version software (Cornell Lab of Ornithology, Ithaca, 
NY, USA). For all recordings, spectrograms were created by 
Discrete Fourier Transform (DFT) with a Hann window. The 
frame length was set at 256 points. Additionally, a 50% frame 
overlap with hop size of 2.9 milliseconds was used. Frequency 
grid spacing of 172 Hz was also employed and the bandwidth 
was set at 3 dB. To investigate the variation of song spectral 
characteristics of male tūī between seasons, we used Raven 
Pro to extract 10 variables for analysis (Table 1; Fig. 2). These 
variables have been employed for characterising variation 
in bird songs in previous studies (Mennill & Rogers 2006; 
Hennin et al. 2009).

Figure 2. A spectrogram of the long-range song of a mainland male tūī (Prosthemadera novaeseelandiae), showing the variables employed 
in this study.

Table 1. Definition of the 10 variables employed to compare songs of tūī between seasons.
__________________________________________________________________________________________________________________________________________________________________

Song variable Definition
__________________________________________________________________________________________________________________________________________________________________

Number of notes Number of individual notes (fundamental sound units) per song. A note alone without a repeat is  
 considered a syllable. Multiple notes repeated consecutively are considered one syllable
Song duration (seconds) Time from the beginning of the first note to the end of the terminal note of each chosen song
Trill duration (seconds) Cumulative total length of repeated, high-frequency-modulation portions per song
Trill percentage Percentage of each song that contains rapid, repeated, high-frequency-modulation notes.   
 Computed by dividing song duration with the amount of time (seconds) trills are produced within  
 a song
Frequency of maximum Frequency of the time point within the song that contains the highest level of energy 
amplitude (FMA) (kHz)  
Syllable diversity Number of different sound unit complexes (syllables) per song. Syllables can be comprised of   
 several notes
Maximum frequency (kHz) The highest pitch produced in a song
Minimum frequency (kHz) The lowest pitch produced in a song
Mean frequency (kHz) Overall average pitch of sounds per song
Bandwidth (kHz) The difference between maximum and minimum frequency
__________________________________________________________________________________________________________________________________________________________________

Analysis
For each season, we tested whether there was a difference 
between morning and afternoon song, using a one-
way permutational multivariate analysis of variance 
(PERMANOVA) (Anderson 2001). PERMANOVA is a 
non-parametric distance-based analysis of variance that uses 
permutation procedures to test hypotheses. In this case, the 
Euclidean distance measure was used. In order to remove 
skewness, we used a ln(x) + 0.01 transformation for five 
variables: number of notes, song duration, trill duration, FMA, 
and syllable diversity. The 10 variables from the breeding 
and non-breeding seasons were examined using one-way 
PERMANOVA to detect whether song structure between 
seasons was significantly dissimilar. PERMANOVA was also 
used to detect any significant differences between morning 
song (0800–1200 hours) and afternoon song (1200–1500 
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hours) and within the same season (breeding season: 
September–February; non-breeding season: March–August). 
This allowed us to assess whether all data from the same 
season could be pooled for further analysis. The conservative 
Bonferroni correction for multiple testing was used for all 
multivariate analyses. PERMANOVA was performed using 
PAST software (version 2.17b) (Hammer et al. 2001).

Four variables – trill percentage, Fmax, syllable diversity 
and FMA – were compared between seasons. These four 
variables were chosen as these song characteristics have 
been linked with reproductive success in other songbird 
species. We used non-parametric Mann–Whitney-Wilcoxon 
tests, as the data were non-normally distributed, to test our 
hypotheses that tūī would produce a (1) greater proportion 
of trills, (2) higher Fmax, (3) higher syllable diversity, and (4) 
higher FMA in the breeding season than in the non-breeding 
season. These tests were conducted using SPSS (version 
20.0; SPSS, Chicago, IL, USA). All statistical tests were 
two-tailed and P values < 0.05 were interpreted as significant.

Results

In total, 27 birds were recorded (14 in the breeding season  
and 13 in the non-breeding season). Five of the birds we 
recorded during the breeding season were banded, while 
only a single banded bird was recorded in the non-breeding  
season.

Figure 3. Trill percentage (P = 0.001) in songs of male tūī 
(Prosthemadera novaeseelandiae) in the breeding season 
compared with the non-breeding season at Tāwharanui Regional 
Park. On average, the trills were sung at twice the rate in breeding-
season songs than in non-breeding-season songs.

Within-season variation in tūī song structure
Results from a one-way PERMANOVA test (9999 
permutations) showed no significant difference in song structure 
between songs recorded in the morning and those in the 
afternoon for both the breeding season (n = 6, 8; Pseudo F3,14 = 
0.5314, P = 0.743) and non-breeding season (n = 9, 4; Pseudo 
F2,13 = 0.589, P = 0.612). Therefore the data obtained from 
the mornings and afternoons were pooled for further analysis.

The PERMANOVA test (9999 permutations) showed 
no significant difference in song structure within seasons for 
either the breeding season (n = 14; Pseudo F3,14 = 0.473, P = 
0.982) or non-breeding season (n = 13; Pseudo F2,13 = 1.42, 
P = 0.257). Therefore the data within a season were pooled 
for further analysis.

Between-season variation in tūī song structure
A one-way PERMANOVA test revealed a significant difference 
in the ranked distance in tūī song structure (using all ten 
variables) between the breeding season and the non-breeding 
season (n = 14, 13, Pseudo F16,27 = 2.856, P = 0.044, 9999 
permutations). This suggested that tūī alter their song structure 
at the onset of the breeding season.

The results of the Mann–Whitney-Wilcoxon tests showed 
that there was a significantly greater proportion of trills in 
breeding season songs compared to non-breeding season songs 
(W = 98, P = 0.001) (Table 2; Fig. 3). However, there were 
no significant differences between seasons in Fmax, syllable 
diversity, and FMA (Table 2).

Table 2. Descriptive statistics of four tūī song variables between seasons at Tāwharanui.
__________________________________________________________________________________________________________________________________________________________________

Variable Median; Interquartile  Range Statistical values 
 range  from Mann–Whitney 
   –Wilcoxon tests
__________________________________________________________________________________________________________________________________________________________________

 Breeding Non-breeding  Breeding Non-breeding W P 
 season season season season
__________________________________________________________________________________________________________________________________________________________________

Proportion of song 56; 39–75 24; 7–38 18, 93 0, 61 98 0.001 
containing trills (%) 
FMA (kHz) 1.60; 1.47–1.72 1.54; 1.31–1.55 1.37, 1.86 1.03, 1.72 98 0.069
Syllable diversity 18; 16–26 15.5; 6–28 14, 56 2, 31 156.5 0.220
Fmax (kHz) 15.11; 12.41–18.90 15.36; 11.16–18.46 11.50, 19.96 4.95, 19.84 193.5 0.905
__________________________________________________________________________________________________________________________________________________________________
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Discussion

We found a significantly greater proportion of trills in male 
tūī songs in the breeding season than the non-breeding season, 
which is consistent with our hypothesis, but no difference in 
FMA, syllable diversity or Fmax between seasons (Table 2). That 
males produced a higher proportion of trills in the breeding 
season suggests this song characteristic may be sexually 
selected. Trills are complex, rapidly repeated syllables that are 
costly to produce (Suthers & Goller 1998), and are considered 
honest signals of male phenotypic quality and may advertise 
the physical and genetic condition of callers (Ballentine et al. 
2004; Ballentine 2009; Sewall et al. 2010). Males that produce a 
higher number of trills during the breeding season may therefore 
be demonstrating their phenotypic quality and suitability as 
mates to females. For example, swamp sparrows (Melospiza 
georgiana) that included a higher proportion of trills within 
their songs have been shown to have greater breeding success 
than other males (Ballentine et al. 2004). Furthermore, in 
island canaries, males altered their songs during the breeding 
season so that they contained more trills (Leitner et al. 2001). 
Therefore, it is possible that males in our study population 
were using trills to advertise their quality to potential mates.

Trills may also signal aggressive intent in birds and may 
elicit more aggressive responses from rival males. For example, 
male nightingales (Luscinia megarhynchos) that produced trills 
with broad bandwidths elicited greater aggressive responses 
from rival males than those who produced trills with narrower 
bandwidths (Schmidt et al. 2008). In males that became paired 
during the breeding season, there was also a positive correlation 
between increased trill production (from a simulated model) 
and increased aggression (Schmidt et al. 2008). Therefore, 
we encourage further research to assess the significance of 
trills in reproductive and territorial contexts in New Zealand 
passerines (including tūī).

Although male tūī produced more trills in the breeding 
season, there were no differences in the other frequency 
parameters (FMA andFmax) recorded between seasons. This 
lack of difference in frequency parameters might indicate the tūī 
in our study were subject to physical or energetic constraints. 
For example, silvereyes (Zosterops lateralis) increased the 
Fmax and Fmin during the dawn chorus on days when they had 
access to supplementary food (Barnett & Briskie 2007). This 
suggests that the quality of bird songs may be related to the 
birds’ energy levels. However, the relationships between birds’ 
energy levels and specific song parameters within species 
require further research.

The seasonal difference in birds’ song was likely to be 
mediated hormonally. For example, blood titres of testosterone 
have been directly correlated with levels of competition in birds 
and are increased during the breeding season, for example 
in canaries (Bolhius & Gahr 2006). Furthermore, studies in 
zebra finch and male grey partridge (Perdix perdix) show that 
testosterone can affect specific features of bird vocalisations, 
which may enable females to assess male quality (Fusani et al. 
1994). Future studies could experimentally investigate the 
individual differences in birds’ endocrinological profiles and 
the quality of their song displays and relate this to individual 
reproductive success.

In conclusion, we found that male tūī songs contained a 
greater proportion of trills in the breeding season compared 
with their songs in the non-breeding season – the first study 
to have shown how tūī songs change between seasons. These 
seasonal vocal changes may be related to male resource-holding 

potential and mate choice. However, we encourage further 
studies to investigate the adaptive significance of seasonal 
variations in tūī songs.

Acknowledgements

We thank Auckland Council for granting permits (CS50) and 
to Ngāti Manuhiri for their consent to conduct research at 
Tāwharanui Regional Park. We also thank C. Barnett and D. 
Gammon for reviewing the manuscript, S. Wells for banding 
birds, J. Segers for his valuable assistance in the field, and F. 
Moore for creating Figure 1 and editing Figure 2.

References

Alatalo RV, Lundberg A, Glynn C 1986. Female pied flycatchers 
choose territory quality and not male characteristics. 
Nature 323: 152–153.

Anderson MJ 2001. A new method for non-parametric 
multivariate analysis of variance. Austral Ecology 26: 
32–46.

ARC 2009. Draft terrestrial biodiversity monitoring plan 
October 2009. Auckland, Auckland Regional Council. 
59 p.

Badyaev AV, Hill GE, Weckwort BV 2002. Species divergence 
in sexually selected traits: increase in song elaboration is 
related to decrease in plumage ornamentation in finches. 
Evolution 56: 412–419.

Ball GF, Auger CJ, Bernard DJ, Charlier TD, Sartor JJ, Riters 
LV, Balthazart J 2004. Seasonal plasticity in the song 
control system. Multiple brain sites of steroid hormone 
action and the importance of variation in song behavior. 
Annals of the New York Academy of Sciences 1016: 
586–610.

Ballentine B 2009. The ability to perform physically 
challenging songs predicts age and size in male swamp 
sparrows (Melospiza georgiana). Animal Behaviour 77: 
973–978.

Ballentine B, Hyman J, Nowicki S 2004. Vocal performance 
influences female response to male bird song: an 
experimental test. Behavioral Ecology 15: 163–168.

Barnett CA, Briskie JV 2007. Energetic state and the 
performance of dawn chorus in silvereyes (Zosterops 
lateralis). Behavioral Ecology and Sociobiology 61: 
579–587.

Bergquist CAL 1989. Tui siociodynamics: foraging behaviour, 
social organisation, and use of song by tui in an urban 
area. Unpublished PhD thesis, University of Auckland, 
New Zealand. 79 p.

Bolhius JJ, Gahr M 2006. Neural mechanisms of birdsong 
memory. Nature Reviews Neuroscience 7: 347–357.

Boogert NJ, Giraldeau L-A, Lefebvre L 2008. Song complexity 
correlates with learning ability in zebra finch males. Animal 
Behaviour 76: 1735–1741.

Buchanan KL, Catchpole CK 2000. Song as an indicator of 
male parental effort in the sedge warbler. Proceedings of 
the Royal Society B – Biological Sciences 267: 321–326.

Catchpole CK, Slater PJB 2008. Bird song: biological themes 
and variations. 2nd edn. Cambridge University Press. 
335 p.

Cramer ERA 2013. Physically challenging song traits, male 
quality, and reproductive success in house wrens. PLoS 



115Hill et al.: Seasonal variation in tūī song structure

ONE 8(3): e59208.
DeVoogd TJ 1991. Endocrine modulation of the development 

and adult function of the avian song system. 
Psychoneuroendocrinology 16: 41–66.

Fusani L, Beani L, Dessi-Fulgheri S 1994. Testosterone affects 
the acoustic structure of the male call in the Grey Partridge 
(Perdix Perdix). Behaviour 128: 301–310.

Gill BJ, Bell BD, Chambers GK, Medway DG, Palma RL, 
Scofield RP, Tennyson AJD, Worthy TH 2010. Checklist 
of the birds of New Zealand, Norfolk and Macquarie 
Islands, and the Ross Dependency, Antarctica. 4th 
edn. Wellington,Te Papa Press, in association with the 
Ornithological Society of NZ Inc. 500 p.

Hammer Ø, Harper DAT, Ryan PD 2001. PAST: Paleontological 
statistics software package for education and data analysis. 
Palaeontologia Electronica 4(1): 4.

Heather BD, Robertson HA. 2005. The field guide to the birds 
of New Zealand. Revised edition. Auckland: Viking. 432 p.

Hennin HL, Barker NKS, Bradley DW, Mennill DJ 2009. 
Bachelor and paired male rufous-and-white wrens use 
different singing strategies. Behavioral Ecology and 
Sociobiology 64: 151–159.

Hill SD 2011. The vocalisation of tui (Prosthemadera 
novaeseelandiae). Unpublished MSc thesis, Massey 
University, Albany, New Zealand. 44p. 

Hill SD, Ji W, Parker KA, Amiot C, Wells SJ 2013. A comparison 
of vocalisations between mainland tui (Prosthemadera 
novaeseelandiae novaeseelandiae) and Chatham Island 
tui (P. n. chathamensis). New Zealand Journal of Ecology 
37: 214–223.

Johnston DW, Odum EP 1956. Breeding bird populations in 
relation to plant succession on the Piedmont of Georgia. 
Ecology 37: 50–62.

Kunkel P 1974. Mating systems of tropical birds: the effects 
of weakness or absence of external reproduction-timing 
factors, with special reference to prolonged pair bonds. 
Zeitschrift für Tierpsychologie 34: 265–307.

Lampe HM, Espmark YO 1994. Song structure reflects male 
quality in pied flycatchers, Ficedula hypoleuca. Animal 
Behaviour 47: 869–876.

Langmore NE 1998. Functions of duet and solo songs of 
female birds. Trends in Ecology & Evolution 13: 136–140.

Leitner S, Voigt C, Gahr M 2001. Seasonal changes in the song 
pattern of the non-domesticated island canary (Serinus 
canaria), a field study. Behaviour 138: 885–904.

Maddison CJ, Anderson RC, Prior NH, Taves MD, Soma KK 
2012. Soft song during aggressive interactions: Seasonal 
changes and endocrine correlates in song sparrows. 
Hormones and Behavior 62: 455–463.

Mennill DJ, Rogers AC 2006. Whip it good! Geographic 
consistency in male songs and variability in female songs 
of the duetting eastern whipbird Psophodes olivaceus. 
Journal of Avian Biology 37: 93–100.

Nemeth E, Kempanaers B, Matessi G, Brumm H 2012. Rock 
sparrow song reflects male age and reproductive success. 
PLoS ONE 7(8): e43259.

Podos J, Huber SK, Taft B 2004. Bird song: the interface of 
evolution and mechanism. Annual Review of Ecology, 
Evolution, and Systematics 35: 55–87.

Riters LV, Eens M, Pinxten R, Duffy DL, Balthazart J, Ball 
GF 2000. Seasonal changes in courtship song and the 
medial preoptic area in male European starlings (Sturnus 
vulgaris). Hormones and Behavior 38: 250–261.

Schmidt R, Hansjoerg PK, Amrhein V, Naguib M 2008. 
Aggressive responses to broadband trills are related to 
subsequent pairing success in nightingales. Behavioral 
Ecology 19: 635–641.

Searcy WA 1992. Song repertoire and mate choice in birds. 
Integrative & Comparative Biology 32: 71–80.

Sewall KB, Dankoski EC, Sockman KW 2010. Song 
environment affects singing effort and vasotocin 
immunoreactivity in the forebrain of male Lincoln’s 
sparrows. Hormones and Behavior 58: 544–553.

Soma M, Garamszegi LZ 2011. Rethinking birdsong 
evolution: meta-analysis of the relationship between 
song complexity and reproductive success. Behavioral 
Ecology 22: 363–371.

Stutchbury BJM, Morton ES 2008. Recent advances in the 
behavioral ecology of tropical birds. The 2005 Margaret 
Morse Nice Lecture. The Wilson Journal of Ornithology 
120: 26–37.

Suthers RA, Goller F 1998. Motor correlates of vocal diversity 
in songbirds. In: Nolan V Jr, Ketterson ED, Thompson 
CF eds Current Ornithology 14. New York, Plenum Press. 
Pp. 235–287.

Woodgate JL, Leitner S, Catchpole CK, Berg ML, Bennett 
ATD, Buchanan KL 2011. Developmental stressors that 
impair song learning in males do not appear to affect 
female preferences for song complexity in the zebra finch. 
Behavioral Ecology 22: 566–573.

Woodgate JL, Mariette MM, Bennett ATD, Griffith SC, 
Buchanan KL 2012. Male song structure predicts 
reproductive success in a wild zebra finch population. 
Animal Behaviour 83: 773–781.

Editorial Board member: Craig Barnett
Received 9 July 2013; accepted 13 May 2014


