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Simple Summary: Professional and amateur ornithologists might use conspecific playback to attract
or study birds, record their songs, and then archive these songs in acoustic data repositories. This
allows us to explore whether birdsong varies after simulated aggressive encounters. We investi-
gated this idea in Rufous-browed Peppershrikes (Cyclarhis gujanensis), a widespread Neotropical
bird. When accounting for geographic variation in song traits, we found that males recorded after
playback produce longer songs than males recorded singing spontaneously. In contrast, playback
usage neither altered song rate nor song frequency. Despite the limitations derived from unstandard-
ized playback designs, data from acoustic repositories can provide hints about signal flexibility in
aggressive contexts.

Abstract: Birds may alter song structure in response to territorial challenges to convey information
about aggressive intent or fighting ability. Professional and amateur ornithologists upload daily many
birdsong recordings into acoustic data repositories, usually scoring whether songs were recorded
in response to a conspecific playback or produced spontaneously. We analyzed recordings from
these repositories to evaluate if song traits of Rufous-browed Peppershrikes (Cyclarhis gujanensis)
vary between playback-elicited songs and spontaneous songs. For each recording after playback,
we chose one spatially closer spontaneous recording to avoid geographic bias. Birds recorded
after playback produced slightly longer songs than birds that were singing spontaneously. This
result was accounted for by increases in the amount of sound and silence within a song after the
playback instead of changes in the mean number or duration of elements. Playback did not alter
song frequency parameters (bandwidth, minimum, mean, and maximum frequencies) or song rate.
These results indicate that song duration might mediate aggressive interactions in Rufous-browed
Peppershrikes. Even considering limitations such as unknown playback stimulus identity and
possible pseudoreplication, acoustic data repositories give a unique yet unexplored opportunity to
gather insights into the evolution of song flexibility during aggressive encounters.

Keywords: agonistic interactions; song frequency; song length; bioacoustics; playback; Rufous-browed
Peppershrike

1. Introduction

Acoustic signals are evolutionarily conserved forms of vocal or non-vocal communica-
tion that enable the exchange of information between individuals of the same or different
species [1]. Acoustic communication mediates activities such as foraging, mate choice, and
territory defense [2,3]. In conflict situations, for example, acoustic signals may be favored

Birds 2023, 4, 61–72. https://doi.org/10.3390/birds4010005 https://www.mdpi.com/journal/birds

https://doi.org/10.3390/birds4010005
https://doi.org/10.3390/birds4010005
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/birds
https://www.mdpi.com
https://orcid.org/0000-0002-3215-6486
https://orcid.org/0000-0002-3193-6376
https://doi.org/10.3390/birds4010005
https://www.mdpi.com/journal/birds
https://www.mdpi.com/article/10.3390/birds4010005?type=check_update&version=2


Birds 2023, 4 62

rather than physical combat, as the latter poses risks of injury, higher energy expenditure,
or death [4]. Acoustic signals can exhibit plasticity and vary structurally (e.g., in frequency
or duration) depending on the costs of those signals [5], signaler motivation [6], environ-
ment [7], urbanization [8], anthropogenic noise [9], and the social pressures exerted on
these signals [10].

Flexibility in acoustic signal traits (e.g., consistency, complexity) can convey informa-
tion about the individual’s intention or quality in both territorial defense and courtship
contexts [11]. This flexibility may also be related to sound transmission efficiency. A bird
may produce more redundant acoustic signals to increase the probability of signal detection
and recognition by distant receivers [12], given the risk of degradation and reverberations
along the sound path [13]. In short-distance communication, on the other hand, the pro-
duction of soft songs with fewer syllables or longer intervals between syllables may be
favored to protect the sender’s position from unwanted eavesdroppers, as predicted by the
eavesdropping avoidance hypothesis [14,15].

Changes in the acoustic signal duration can also inform the signaler’s intention to
escalate in the agonistic interaction [16], especially when song complexity increases through
a greater number of phrases per tempo or longer phrases [17,18]. Despite the cost of pro-
ducing more complex signals, this vocal plasticity can be a way of showing the individual’s
physical ability to fight or his quality as a mating partner [19]. Like song duration, acous-
tic frequency (or pitch) may be indicative of aggressive intent in birds according to the
motivation-structural hypothesis [20]. This idea is based on an inversely proportional
relationship between the sender’s body size and song pitch [21,22]. The larger the bird, the
larger the syrinx and, as a result, the individual can produce lower frequency sounds, as
the syrinx folds tend to vibrate more slowly in this allometry context [21]. Consequently,
the individual can benefit from producing the lower-pitched signal as possible, as it would
reliably transmit information about its size and, likely, its fighting ability [23–27].

Professional and especially amateur ornithologists might use playbacks of conspecifics
to attract or study birds [28], record their songs, and then upload the audio files into acoustic
data repositories. This makes acoustic data repositories a rich source of information to study
acoustic signaling during simulated agonistic interactions across taxa. The collection and
deposition of sound data by citizen scientists including birdwatchers have revolutionized
avian bioacoustics. By allowing access to recordings of birds in different locations, contexts,
and times [29,30], acoustic data repositories have been useful to the understanding of vocal
dialects [31], the effects of urbanization on vocalizations [32], the cultural evolution of
vocalizations [33], and the variation in song frequency across species [34]. However, we
are unaware of a study on acoustic communication in agonistic contexts using data from
acoustic data repositories.

There are drawbacks and benefits to using acoustic data repositories to investigate
vocal responses to playbacks. The primary limitations are related to the unstandardized
and unknown playback stimuli and designs [35], spatiotemporal confounding effects (such
as geographic and year changes) [31,32,36], and the lack of knowledge regarding how and
which song features communicate aggressive intent and motivation [37]. These limitations
may add substantial noise to the analysis, which means the occurrence of differences
between spontaneous songs and songs produced in response to playback may be a strong
indication that this pattern would be found in wild birds subjected to a standardized
playback experiment. The advantages of using acoustic data repositories reside in the
increased possibility of gaining insights into whether vocal responses to playback vary
with population identity [38], population density [39], species [40], space [41], and time [42].
The research effort required to sample multiple populations or species over a wide range of
time or places makes it challenging to carry out this task in the field.

Here, we compared spontaneous songs and songs produced after conspecific playback
using audio recordings of the Rufous-browed Peppershrike (Cyclarhis gujanensis) retrieved
from acoustic repositories. This songbird has a broad distribution in the Neotropics [43]
and a large number of recordings available in the repositories. Male Rufous-browed
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Peppershrikes produce a short song that varies widely with latitude and habitat openness,
suggesting signaling variation at evolutionary and/or ecological time scales [43]. We
expected that birds recorded after playback would produce more, longer, and lower-pitched
songs with a wider bandwidth [44] than birds that were recorded singing spontaneously
(e.g., without playback), assuming these song traits signal aggressive intention or fighting
abilities to simulated intruders [37].

2. Materials and Methods
2.1. Study Species

The Rufous-browed Peppershrike (Cyclarhis gujanensis, Aves: Vireonidae) is a medium-
sized songbird (22–35 g) that inhabits a wide range of open and semi-open habitats in the
Neotropics (from Mexico to Argentina) [45]. This species is not globally threatened, and it
is often one of the most frequent species in avian assemblages in which it occurs [45–47].
The Rufous-browned Peppershrike produces two short song types (<5 s): an infrequent,
slow-paced series of descending notes (song type 1, attributed to the female) and a loud
series of melodious, whistled, and frequency-modulated notes (song type 2, attributed
to the male) [43,45]. In this study, we focused on song type 2 which is considered the
primary song of the species [43]. A previous study has shown that males produce on
average ~2 variants of song type 2 (range: 1, 7), acoustic features of this song type do
not differ among subspecies, and there is no evidence for dialects (discrete geographic
variation in song traits) [43]. However, songs from lower latitudes are shorter and have
more elements, broader bandwidth, and higher pitch (maximum frequency) than those
from higher latitudes [43]. In addition, songs produced in open habitats have narrower
bandwidth and lower pitch than songs produced in closed habitats [43]. The widespread
distribution, the clinal geographic variation in song features, and the large number of
recordings available in acoustic data repositories make the Rufous-browned Peppershrike
an ideal species to investigate song variation in an aggressive context using data from
acoustic data repositories.

2.2. Song Recordings

We downloaded recordings of Rufous-browed Peppershrikes from three acoustic data
repositories: xeno-canto (https://xeno-canto.org/, accessed on 24 January 2021), WikiAves
(https://www.wikiaves.com.br/, accessed on 8 February 2021), and Macaulay Library
(https://www.macaulaylibrary.org/, accessed on 31 January 2022). The recordings were
obtained on the accesses dates listed above. First, we visually inspected oscillograms and
spectrograms in Raven Pro 1.6.3 [48] to select 54 high-quality recordings (high signal-to-
noise ratio and no acoustic overlays) made after using playback to stimulate vocal response
(post-playback recordings, hereafter). For each remaining post-playback recording, we
selected a high-quality spontaneous recording, classified as obtained without the use of
playback, and performed in the same city or a city located within a radius of 300 km. This
is a reasonable distance-threshold as the song type 2 of the study species does not have
dialects and does not vary with subspecies [43]. There was no information about the use of
pishing (imitated alarm call used by the observer to attract birds) [49] in the metadata of
our selected recordings; thus, we assumed that these recordings were obtained without
using pishing. We chose pairs of one post-playback recording and one closer spontaneous
recording in an attempt to isolate the confounding effect of geographic variation on song
structure [43]. In other words, we compared two recordings of the same region: a post-
playback recording and a spontaneous recording. All recordings belonging to the same
pair of comparisons were obtained from the same subspecies. These recordings encompass
most of the distribution range of the Rufous-browed Peppershrike, though there were
fewer recordings from central South America (Figure 1).

https://xeno-canto.org/
https://www.wikiaves.com.br/
https://www.macaulaylibrary.org/
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Figure 1. Paired distribution of the spontaneous recordings (n = 44, blue dots on the left) and of the
post-playback recordings (n = 44, orange dots on the right) used to investigate the occurrence of
aggressive vocal signals in Rufous-browed Peppershrikes.

We discarded recordings from the same date and place made by the same observer
because they were likely recordings of the same bird. Thus, each recording used in our
study belonged to a different bird. When two post-playback recordings had only an
equivalent spontaneous recording from the same or a nearby location, we selected an
additional spontaneous recording from a second location closer to the two recordings.
Two post-playback recordings were excluded because they had no geographically close
spontaneous recordings (<300 km). Altogether, we used 88 recordings (44 post-playback
and 44 spontaneous) containing 9.27 ± 10.92 songs (mean ± SD, range: 1–58, n = 816 songs).
The number of songs per recording was insufficient to estimate song repertoire (variants
of song type 2) for each male; thus, we treated all songs as belonging to the same variant
of song type 2. The mean distance (± SD) and median time interval between a post-
playback and a spontaneous recording of the same pair of comparisons were, respectively,
56.10 ± 74.26 km (range: 0.00, 253.07) and 716.5 days (range: 0, 18,015). All audios
were converted to WAVE format and had sample rate (44.1 kHz) and resolution (16 bits)
standardized in Adobe Audition 2015.0.

2.3. Acoustic Analyses

We selected the start and end of each song (Figure 2) in Raven Pro 1.6.3 [48] (settings:
window type: Hann, window length: 512, overlap: 50%). Then, we import into R 4.1.1. the
tables containing these song selections. From each recording, we calculated song rate as
the number of songs per min in the time interval between the start of the first song and the
end of the last song in a recording. We did not calculate the song rate for four audio files
that were composed of two or more recordings of the same bird. On these files, different
recordings (i.e., audio files) were grouped into a single file and separated by silent periods
created by the recordist when editing the file. Song rate was calculated only for recordings
with ≥4 songs (mean ± SD: 9.58 ± 6.88 songs per recording, range: 4–34), resulting in
38 recordings with measurements of song rate (19 pairs of post-playback and spontaneous
recordings from geographically close locations).
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Figure 2. Spectrogram (on the top) and oscillogram (on the bottom) of a typical song of male Rufous-
browed Peppershrike (on the bottom-left). Redder colors indicate higher amplitude and bluer colors
indicate lower amplitude in the spectrogram. Spectrograms (sampling rate: 44.1 kHz, overlap: 70)
and oscillograms (relative amplitude of notes per time) were made using soundgen package [50].
Species’ photo by Félix Uribe with modifications (Creative Commons Attribution-Share Alike 2.0
Generic license).

At the song level of analysis, we measured song duration (song length in s), minimum
frequency, maximum frequency, frequency bandwidth, and median frequency (all in Hz).
These metrics were extracted using the warbleR package (v. 1.1.27) in R [51]. Song duration
was measured as the time interval between the start and the end of each song (in s) [52],
whereas median frequency was considered the frequency that divided the frequency
spectrum into two parts of equal energy [53].

We used the power spectrum to select the frequencies located at a threshold of 15 dB
below (minimum frequency) and above (maximum frequency) the dominant frequency
(i.e., the frequency with most energy in a song) for each song (freq_range function, window
type: Blackman, window length for frequency domain: 1024, window length for time
domain: 256, frequency spectrum smooth: 1, overlap: 90%) [54,55]. We included a filter
on this function to remove frequencies below 1 kHz and above 6 kHz, which fell outside
the song frequency range in Rufous-browed Peppershrikes. The variable window length
ensured an appropriate resolution for time and frequency measurements [56]. Finally, we
calculated frequency bandwidth of each song as the difference between maximum and
minimum frequencies [57].

We could not measure minimum frequency for 114 songs, maximum frequency for
three songs, and frequency bandwidth for 117 songs. These songs were discarded because
they had a low signal-to-noise ratio and reached the threshold of amplitude outside the
chosen frequency range (i.e., 1–6 kHz, see above). We measured minimum frequency for,
on average, 18.51 songs per male (range: 3–66, n = 648 songs), maximum frequency for
18.47 songs per male (range: 3–68, n = 813), and frequency bandwidth for 18.43 songs per
male (range: 3–66, n = 645), for a total of 35 pairs of spontaneous versus post-playback
recordings from geographically close locations. Because we had to discard songs from
subsequent analyses, we also measured alternative energy-based frequency measurements:
first quartile frequency (frequency at 25% of signal energy), third quartile frequency (fre-
quency at 75% of signal energy), and interquartile frequency range (difference between
these first two measures) [51].



Birds 2023, 4 66

2.4. Statistical Analyses

We compared post-playback songs and spontaneous songs using multivariate and
univariate approaches. The multivariate approach is a way to test differences between
post-playback songs and spontaneous songs in the multivariate acoustic scale, whereas
the univariate analyses permit us to examine specific predictions such as changes in
song frequency (motivation-structural hypothesis). For both approaches, we averaged
each acoustic metric within each male, thus removing within-individual variance in song
features. We also natural log-transformed (ln) minimum frequency, maximum frequency,
median frequency, and bandwidth to achieve normal distributions and improve analytical
resolution. We also corrected for geographical variation in song traits (see below). The
possible effect of time of the year on song traits varies geographically (e.g., between the
northern and southern hemispheres) due to variations in timing of breeding seasons [58,59].
Thus, we were unable to account for seasonal and year changes in song features [42] due to
the lack of data on the seasonality of breeding across the Rufous-browed Peppershrike’s
distribution range.

We first performed a permutational multivariate analysis of variance (PERMANOVA)
to compare distance matrices of acoustic features between post-playback and spontaneous
songs (adonis function in vegan package, v. 2.5-7, in R, 9999 permutations) [60]. For this
analysis, we considered normalized Euclidean distance matrices (decostand and vegdist
functions) of all acoustic variables except song rate, which had a smaller sample size (see
above). We also treated pairs of geographically close recordings as a block (stata) in this
analysis, thus comparing multivariate acoustic features within each pair. This procedure
takes geographic variation in song traits into account when comparing post-playback and
spontaneous songs, despite not correcting for geographic variation in song traits within
each of these two song categories.

We also compared each song feature between post-playback and spontaneous songs
univariately using paired t-tests and adopting Welch approximation to the degrees of free-
dom. This procedure also takes geographic variation into account because the comparisons
are only made between songs of spatially matched locations. Because we had multiple
frequency measurements to test the same hypothesis (motivation-structural hypothesis),
we adjusted p-value (method: false discovery rates) for tests using frequency measure-
ments [61]. We repeated these paired t-tests but replaced the amplitude threshold-based
frequency measurements with the energy-based frequency measurements; however, the
results remained qualitatively the same. Therefore, we show only results from analysis
including the amplitude threshold-based frequency measurements.

3. Results

Songs produced after conspecific playback lasted 8% longer than spontaneous songs
(t = –2.20, df = 43, p = 0.03, Figure 3A, Table 1). Follow-up analyses showed this difference
was driven by increased sound density (sum of elements’ durations within a song, ln)
(paired t-test, df = 43, t = 2.08, p = 0.04, Figure 3B) and silence (sum of intervals between
elements within a song, ln) (paired t-test, t = 2.01, p = 0.0509, Figure 3C) after conspecific
playback, but not due to changes in the number of elements (ln) (t = 1.37, p = 0.18) or mean
duration of elements (t = –0.09, p = 0.93).

Playback use did not affect song frequency parameters: median frequency, minimum
frequency, maximum frequency, and bandwidth (Table 1). In addition, the song rate was
similar when the bird sang spontaneously or after conspecific playback. Acoustic features
did not differ between post-playback songs and spontaneous songs at the multivariate
scale (PERMANOVA: t = –2.20, df = 21, p = 0.84).
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Table 1. Acoustic comparison between spontaneous songs and post-playback songs. Descriptive
statistics (mean ± SD) and paired t-test results are shown.

Spontaneous Songs Post-Playback Songs tdf p

Rate (songs/min) 11.83 ± 3.73 11.48 ± 2.10 0.3518 0.73
Duration (s) 1.11 ± 0.22 1.20 ± 0.20 –2.2043 0.03

Median frequency (Hz) 2513 ± 177 2478 ± 208 0.9843 0.33 *
Minimum frequency (Hz) 1352 ± 141 1363 ± 203 –0.1134 0.91 *
Maximum frequency (Hz) 2703 ± 249 2701 ± 295 0.0843 0.93 *

Bandwidth (Hz) 1336 ± 219 1366 ± 234 –0.6834 0.50 *
* p = 0.93 after adjusting for false discovery rates. Descriptive statistics accounted for geographic variation between
song categories (spontaneous versus post-playback) but not within each category.

4. Discussion

We show that male Rufous-browed Peppershrikes recorded after conspecific playback
produced slightly longer songs but did not differ in song rate and song frequency in
comparison with males that produced spontaneous songs. The longer song duration in
birds recorded after conspecific playback was driven by an increasing amount of sound
and silence within a song. Since we controlled for geographic variation in song traits, our
results suggest that longer songs signal aggressive intent or fighting ability or that playback
is used to attract shy and aggressive individuals. We discuss our results considering the
limitations and advantages of acoustic data repositories to study the evolution of signaling
during aggressive interactions across extant birds.

Signal duration mediates aggressive interactions in many other bird species [18,62–64].
However, because our study relied on data from acoustic data repositories, we should
consider alternative explanations for this vocal response to playback. For example, the
longer songs in post-playback recordings could be due to recordists being more likely to
use playback (or longer stimuli) to attract shy birds and those birds behaving consistently
more aggressively [65]. Field studies with Rufous-browed Peppershrikes are needed to
confirm three criteria in order to consider song duration as an aggressive signal [37]:
males should be able to adjust song duration in response to conspecific playback (the
context criterion) [66]; song duration should predict an escalation in aggressiveness by the
signaler (the predictive criterion); and longer songs should elicit differential aggressive
responses from receivers [63,64] (the response criterion). These studies would be important
to evaluate the reliability of using acoustic data repositories as a source to study aggressive
vocal signals.
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According to the motivation-structural hypothesis [20], we expected that the produc-
tion of lower-pitched songs of the same or different type would be favored in aggressive
contexts because it carries information about body size and fighting ability [23–26]. How-
ever, frequency did not vary between songs produced after conspecific playbacks and
songs produced spontaneously, which does not support this hypothesis. Alternatively,
habitat may have masked a potential relationship between song frequency and aggres-
sive context. Rufous-browed Peppershrikes are known to produce higher-pitched songs
in closed than in open habitats at the macrogeographical scale [43]. Recordists may be
more likely to broadcast conspecific songs to attract birds in closed than in open habitats
because visualization of the bird is more difficult in closed habitats [28]. Therefore, even if
Rufous-browed Peppershrikes are producing lower-pitched songs in aggressive contexts
(e.g., [26]), these birds that were subjected to conspecific playback are more likely to inhabit
closed habitats [28], which in turn is related to the production of higher-pitched songs
in this species [43]. In other words, the effects of habitat and aggressive context on song
frequency may be masking each other in our dataset. Further studies using acoustic record-
ings from acoustic data repositories should always consider the effects of habitat on song
traits (e.g., [67]).

We expected that conspecific playback would lead to higher song rates, as observed in
many bird species [68–70]. However, we found no variation in song rate when comparing
spontaneous songs and songs induced by playback and produced by different birds from
geographically close locations. While the variability in playback efficacy should have
hidden any response to playback, we observed a small effect of conspecific playback in
song duration, which suggests that song rate does not vary in aggressive contexts in Rufous-
browed Peppershrikes. Alternatively, one could attribute this result to the unstandardized
and variable playback procedures between recordists. Playback procedures may have
varied in many ways, including stimulus location, acoustic quality, duration, and amplitude,
and bird identity and its attributes; all of these factors may affect vocal response to the
playback [38,71,72]. For example, recordists may stop broadcasting the stimulus as the
birds approach them, which may lead to low or no vocal response. In addition, birds
may sing less and spend more time in vigilance after approaching the human holding the
speaker [73]. Thus, the variability in the efficacy of conspecific playbacks may have hidden
an actual effect of conspecific playback on song rate.

We acknowledge that our study has limitations associated with the use of data from
acoustic data repositories and the variability arising from between-individual comparisons.
One limitation is that we have no information about the playback procedures as outlined
above. Different recordists might have used the same stimulus to broadcast to different
birds, leading to pseudoreplication [35]. Pseudoreplication reduces the ability to detect real
effects because vocal responses can be biased by unique characteristics (e.g., frequency) of
the most broadcasted stimuli [35]. This could be mitigated whether acoustic data reposito-
ries require more details about the playback procedure (e.g., stimulus identity, duration)
rather than mere playback usage. Another issue is dealing with spatiotemporal confound-
ing effects on song traits [36,74], such as the effects of urbanization and anthropogenic noise
on song frequency and duration [8]. We must account for geographic variation in song,
especially in vocal learning species [75], as we did here by comparing pairs of spontaneous
and playback-induced songs from geographically close locations.

There is a significant ethical issue with the use of conspecific playback to lure birds and
record their songs [29,76,77], especially given that the majority of contributors to acoustic
data repositories are amateur ornithologists or birdwatchers [28]. Conspecific playback
may have negative impacts on bird behavior and physiology [78–81]. For example, frequent
birdwatching may cause habituation in birds [80], while acute playback perturbates the
oxidative state of birds [79]. Although we emphasize the importance of acoustic data
repositories for the study of aggressive vocal signals, we advise against birdwatchers using
playback or pishing [82] to attract or provoke birds to vocalize.
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5. Conclusions

Here, we showed that Rufous-browed Peppershrikes produce slightly longer songs
after conspecific playbacks, suggesting that song duration mediates aggressive interactions
in this species. Our study highlights the potential of acoustic data repositories to contribute
to a better understanding of the function of acoustic signals in aggressive contexts, but
results should be treated with caution and contrasted with field studies given the limitations
associated with using data from acoustic data repositories. The replication of this study in
more species may allow us to gather insight about the ecological and evolutionary drives
of signaling lability during aggressive interactions (reviewed in [37]). We hope this result
encourages researchers to consider acoustic data repositories as a source to study acoustic
communication in aggressive contexts.
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Individual Differences in Song Plasticity in Response to Social Stimuli and Singing Position. Ecol. Evol. 2022, 12, e8883. [CrossRef]
[PubMed]

11. Catchpole, C.K.; Slater, P.J.B. Bird Song: Biological Themes and Variations, 2nd ed.; Cambridge University Press: New York, NY,
USA, 2008; ISBN 9780521872423.

https://doi.org/10.17632/k2ss2hznhk.1
http://doi.org/10.1016/j.tree.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23141110
http://doi.org/10.1093/auk/104.2.333
http://doi.org/10.1242/jeb.178.1.21
http://doi.org/10.1016/j.tree.2011.05.002
http://doi.org/10.1016/j.anbehav.2013.02.009
http://doi.org/10.1093/beheco/arv197
http://doi.org/10.1002/ecs2.1916
http://doi.org/10.1002/ece3.8883
http://www.ncbi.nlm.nih.gov/pubmed/35509613


Birds 2023, 4 70

12. Brumm, H.; Slater, P.J.B. Ambient Noise, Motor Fatigue, and Serial Redundancy in Chaffinch Song. Behav. Ecol. Sociobiol. 2006, 60,
475–481. [CrossRef]

13. Wiley, R.H.; Richards, D.G. Sound Transmission and Signal Detection. In Acoustic Communication in Birds; Kroodsma, D.E., Miller,
E.H., Eds.; Academic Press: New York, USA, 1982; pp. 131–181.

14. Dabelsteen, T. Public, Private or Anonymous? Facilitating and Countering Eavesdropping. In Animal Communication Networks;
Cambridge University Press: Cambridge, UK, 2005.

15. Greene, E.; Meagher, T. Red Squirrels, Tamiasciurus hudsonicus, Produce Predator-Class Specific Alarm Calls. Anim. Behav. 1998,
55, 511–518. [CrossRef]

16. Oberweger, K.; Goller, F. The Metabolic Cost of Birdsong Production. J. Exp. Biol. 2001, 204, 3379–3388. [CrossRef]
17. Cuthill, I.C.; Macdonald, W.A. Experimental Manipulation of the Dawn and Dusk Chorus in the Blackbird Turdus merula. Behav.

Ecol. Sociobiol. 1990, 26, 209–216. [CrossRef]
18. Nelson, D.A.; Poesel, A. Song Length Variation Serves Multiple Functions in the White-Crowned Sparrow. Behav. Ecol. Sociobiol.

2011, 65, 1103–1111. [CrossRef]
19. Gil, D.; Slater, P.J.B.; Graves, J.A. Extra-Pair Paternity and Song Characteristics in the Willow Warbler Phylloscopus trochilus.

J. Avian Biol. 2007, 38, 291–297. [CrossRef]
20. Morton, E.S. On the Occurrence and Significance of Motivation-Structural Rules in Some Bird and Mammal Sounds. Am. Nat.

1977, 111, 855–869. [CrossRef]
21. Ryan, M.J.; Brenowitz, E.A. The Role of Body Size, Phylogeny, and Ambient Noise in the Evolution of Bird Song. Am. Nat. 1985,

126, 87–100. [CrossRef]
22. Wallschläger, D. Correlation of Song Frequency and Body Weight in Passerine Birds. Experientia 1980, 36, 412. [CrossRef]
23. Cardoso, G.C.; Mamede, A.T.; Atwell, J.W.; Mota, P.G.; Ketterson, E.D.; Price, T.D. Song Frequency Does Not Reflect Differences

in Body Size among Males in Two Oscine Species. Ethology 2008, 114, 1084–1093. [CrossRef]
24. Forstmeier, W.; Burger, C.; Temnow, K.; Derégnaucourt, S. The Genetic Basis of Zebra Finch Vocalizations. Evolution 2009, 63,

2114–2130. [CrossRef]
25. Galeotti, P.; Saino, N.; Sacchi, R.; Møller, A.P. Song Correlates with Social Context, Testosterone and Body Condition in Male Barn

Swallows. Anim. Behav. 1997, 53, 687–700. [CrossRef]
26. Hardouin, L.A.; Reby, D.; Bavoux, C.; Burneleau, G.; Bretagnolle, V. Communication of Male Quality in Owl Hoots. Am. Nat.

2007, 169, 552–562. [CrossRef] [PubMed]
27. Price, J.J.; Earnshaw, S.M.; Webster, M.S. Montezuma Oropendolas Modify a Component of Song Constrained by Body Size

during Vocal Contests. Anim. Behav. 2006, 71, 799–807. [CrossRef]
28. Watson, D.M.; Znidersic, E.; Craig, M.D. Ethical Birding Call Playback and Conservation. Conserv. Biol. 2019, 33, 469–471.

[CrossRef]
29. Sullivan, B.L.; Aycrigg, J.L.; Barry, J.H.; Bonney, R.E.; Bruns, N.; Cooper, C.B.; Damoulas, T.; Dhondt, A.A.; Dietterich, T.;

Farnsworth, A.; et al. The eBird Enterprise: An Integrated Approach to Development and Application of Citizen Science.
Biol. Conserv. 2014, 169, 31–40. [CrossRef]

30. Jäckel, D.; Mortega, K.G.; Darwin, S.; Brockmeyer, U.; Sturm, U.; Lasseck, M.; Moczek, N.; Lehmann, G.U.C.; Voigt-Heucke, S.L.
Community Engagement and Data Quality: Best Practices and Lessons Learned from a Citizen Science Project on Birdsong.
J. Ornithol. 2023, 164, 233–244. [CrossRef]

31. Searfoss, A.M.; Liu, W.; Creanza, N. Geographically Well-Distributed Citizen Science Data Reveals Range-Wide Variation in the
Chipping Sparrow’s Simple Song. Anim. Behav. 2020, 161, 63–76. [CrossRef]

32. Lewanzik, D.; Straka, T.M.; Lorenz, J.; Marggraf, L.; Voigt-Heucke, S.; Schumann, A.; Brandt, M.; Voigt, C.C. Evaluating the
Potential of Urban Areas for Bat Conservation with Citizen Science Data. Environ. Pollut. 2022, 297, 118785. [CrossRef]

33. Odom, K.J.; Benedict, L. A Call to Document Female Bird Songs: Applications for Diverse Fields. Auk 2018, 135, 314–325.
[CrossRef]

34. Mikula, P.; Valcu, M.; Brumm, H.; Bulla, M.; Forstmeier, W.; Petrusková, T.; Kempenaers, B.; Albrecht, T. A Global Analysis
of Song Frequency in Passerines Provides No Support for the Acoustic Adaptation Hypothesis but Suggests a Role for Sexual
Selection. Ecol. Lett. 2021, 24, 477–486. [CrossRef]

35. Kroodsma, D.E.; Byers, B.E.; Goodale, E.; Johnson, S.; Liu, W.-C. Pseudoreplication in Playback Experiments, Revisited a Decade
Later. Anim. Behav. 2001, 61, 1029–1033. [CrossRef]

36. Chartier, S.L.; Ramsay, S.M.; Otter, K.A. Within-Population Song Evolution in White-Throated Sparrows (Zonotrichia albicollis).
Behaviour 2022, 159, 1421–1445. [CrossRef]

37. Searcy, W.A.; Beecher, M.D. Song as an Aggressive Signal in Songbirds. Anim. Behav. 2009, 78, 1281–1292. [CrossRef]
38. Fernández-Gómez, R.A.; Morales-Mávil, J.E.; Hernández-Salazar, L.T.; Sosa-López, J.R. Asymmetric Behavioural Responses to

Divergent Vocal Signals in Allopatric Neotropical Sparrows. Anim. Behav. 2021, 174, 41–50. [CrossRef]
39. Dargis, L.; Benedict, L.; Najar, N.A. Female Bird Song Rates Do Not Covary with Population Density in a North American Species.

Ethology 2021, 127, 1042–1052. [CrossRef]
40. Sosa-López, J.R.; Martínez Gómez, J.E.; Mennill, D.J. Divergence in Mating Signals Correlates with Genetic Distance and

Behavioural Responses to Playback. J. Evol. Biol. 2016, 29, 306–318. [CrossRef]

http://doi.org/10.1007/s00265-006-0188-y
http://doi.org/10.1006/anbe.1997.0620
http://doi.org/10.1242/jeb.204.19.3379
http://doi.org/10.1007/BF00172088
http://doi.org/10.1007/s00265-010-1120-z
http://doi.org/10.1111/j.2007.0908-8857.03868.x
http://doi.org/10.1086/283219
http://doi.org/10.1086/284398
http://doi.org/10.1007/BF01975119
http://doi.org/10.1111/j.1439-0310.2008.01552.x
http://doi.org/10.1111/j.1558-5646.2009.00688.x
http://doi.org/10.1006/anbe.1996.0304
http://doi.org/10.1086/512136
http://www.ncbi.nlm.nih.gov/pubmed/17427124
http://doi.org/10.1016/j.anbehav.2005.05.025
http://doi.org/10.1111/cobi.13199
http://doi.org/10.1016/j.biocon.2013.11.003
http://doi.org/10.1007/s10336-022-02018-8
http://doi.org/10.1016/j.anbehav.2019.12.012
http://doi.org/10.1016/j.envpol.2021.118785
http://doi.org/10.1642/AUK-17-183.1
http://doi.org/10.1111/ele.13662
http://doi.org/10.1006/anbe.2000.1676
http://doi.org/10.1163/1568539X-bja10184
http://doi.org/10.1016/j.anbehav.2009.08.011
http://doi.org/10.1016/j.anbehav.2021.01.018
http://doi.org/10.1111/eth.13227
http://doi.org/10.1111/jeb.12782


Birds 2023, 4 71

41. Diniz, P.; Duca, C. Anthropogenic Noise, Song, and Territorial Aggression in Southern House Wrens. J. Avian Biol. 2021, 52, 1–14.
[CrossRef]

42. Hyman, J. Seasonal Variation in Response to Neighbors and Strangers by a Territorial Songbird. Ethology 2005, 111, 951–961.
[CrossRef]

43. Tubaro, P.L.; Segura, E.T. Geographic Ecological and Subspecific Variation in the Song of the Rufous-Browed Peppershrike
(Cyclarhis gujanensis). Condor 1995, 97, 792–803. [CrossRef]

44. DuBois, A.L.; Nowicki, S.; Searcy, W.A. Swamp Sparrows Modulate Vocal Performance in an Aggressive Context. Biol. Lett. 2009,
5, 163–165. [CrossRef]

45. Brewer, D.; Bonan, A.; de Juana, E. Rufous-Browed Peppershrike (Cyclarhis gujanensis). In Birds of the World; del Hoyo, J., Elliott,
A., Sargatal, J., Christie, D., de Juana, E., Eds.; Cornell Lab of Ornithology: Ithaca, NY, USA, 2020.

46. Tejeda-Cruz, C.; Sutherland, W.J. Bird Responses to Shade Coffee Production. Anim. Conserv. 2004, 7, 169–179. [CrossRef]
47. Harrison, N.M.; Whitehouse, M.J.; Madureira, L.A.S.P. Observations of the Under-Described Avifauna of the Mostardas Peninsula,

Rio Grande Do Sul, Brazil. Check List 2013, 9, 391–399. [CrossRef]
48. K. Lisa Yang Center for Conservation Bioacoustics. Raven Pro: Interactive Sound Analysis Software, Version 1.6. [Computer

Software]. The Cornell Lab of Ornithology: Ithaca, NY, USA, 2022. Available online: http://www.birds.cornell.edu/raven
(accessed on 24 January 2021).

49. Zimmerling, J.R.; Ankney, C.D. A Technique That Increases Detectability of Passerine Species during Point Counts. J. Field
Ornithol. 2000, 71, 638–649. [CrossRef]

50. Anikin, A. Soundgen: An Open-Source Tool for Synthesizing Nonverbal Vocalizations. Behav. Res. Methods 2019, 51, 778–792.
[CrossRef] [PubMed]

51. Araya-Salas, M.; Smith-Vidaurre, G. WarbleR: An R Package to Streamline Analysis of Animal Acoustic Signals. Methods Ecol. Evol.
2017, 8, 184–191. [CrossRef]

52. Diniz, P.; Silva, E.F., Jr.; Webster, M.S.; Macedo, R.H. Duetting Behavior in a Neotropical Ovenbird: Sexual and Seasonal Variation
and Adaptive Signaling Functions. J. Avian Biol. 2018, 49, jav-01637. [CrossRef]

53. Tierney, A.T.; Russo, F.A.; Patel, A.D. The Motor Origins of Human and Avian Song Structure. Proc. Natl. Acad. Sci. USA 2011,
108, 15510–15515. [CrossRef]

54. Zollinger, S.A.; Podos, J.; Nemeth, E.; Goller, F.; Brumm, H. On the Relationship between, and Measurement of, Amplitude and
Frequency in Birdsong. Anim. Behav. 2012, 84, e1–e9. [CrossRef]

55. Silva, E.F., Jr.; Diniz, P.; Macedo, R.H. Song Varies with Latitude, Climate, and Species Richness in a Neotropical Bird. Behav. Ecol.
2022, 33, 87–100. [CrossRef]

56. Charif, R.; Strickman, L.; Waack, A. Raven Pro 1.4 User’s Manual. Revision 11; Cornell Lab of Ornithology: Ithaca, NY, USA, 2010.
57. Palacios, M.G.; Tubaro, P.L. Does Beak Size Affect Acoustic Frequencies in Woodcreepers? Condor 2000, 102, 553–560. [CrossRef]
58. Perrins, C.M. The timing of birds’ breeding seasons. Ibis 2008, 112, 242–255. [CrossRef]
59. Hau, M. Timing of Breeding in Variable Environments: Tropical Birds as Model Systems. Horm. Behav. 2001, 40, 281–290.

[CrossRef] [PubMed]
60. Oksanen, J.; Blanchet, F.G.; Friendly, M.; Kindt, R.; Legendre, P.; McGlinn, D.; Minchin, P.R.; O’Hara, R.B.; Simpson, G.L.; Solymos,

P.; et al. Vegan: Community Ecology Package, R Package Version 2.5-7; 2020. Available online: https://github.com/vegandevs/
vegan (accessed on 29 December 2022).

61. Benjamini, Y.; Hochberg, Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to Multiple Testing.
J. R. Stat. Soc. Ser. B (Methodol.) 1995, 57, 289–300. [CrossRef]

62. Galeotti, P.; Saino, N.; Perani, E.; Sacchi, R.; Møller, A.R. Age-Related Song Variation in Male Barn Swallows. Ital. J. Zool. 2001, 68,
305–310. [CrossRef]

63. Linhart, P.; Slabbekoorn, H.; Fuchs, R. The Communicative Significance of Song Frequency and Song Length in Territorial
Chiffchaffs. Behav. Ecol. 2012, 23, 1338–1347. [CrossRef]

64. Osiejuk, T.S.; Jakubowska, A. Song Duration Mediates Responses of Territory Owner in a Songbird Species with a Small Song
Repertoire. Acta Ethol. 2017, 20, 137–145. [CrossRef]

65. Jacobs, C.G.C.; van Overveld, T.; Careau, V.; Matthysen, E.; Adriaensen, F.; Slabbekoorn, H. Personality-Dependent Response to
Field Playback in Great Tits: Slow Explorers Can Be Strong Responders. Anim. Behav. 2014, 90, 65–71. [CrossRef]

66. Riebel, K.; Slater, P.J.B. Testing the Flexibility of Song Type Bout Duration in the Chaffinch, Fringilla coelebs. Anim. Behav. 2000, 59,
1135–1142. [CrossRef]

67. Acero-Murcia, A.C.; Raposo do Amaral, F.; de Barros, F.C.; da Silva Ribeiro, T.; Miyaki, C.Y.; Maldonado-Coelho, M. Ecological
and Evolutionary Drivers of Geographic Variation in Songs of a Neotropical Suboscine Bird: The Drab-Breasted Bamboo Tyrant
(Hemitriccus diops, Rhynchocyclidae). Ornithology 2021, 138, ukab003. [CrossRef]

68. Brindley, E.L. Response of European Robins to Playback of Song: Neighbour Recognition and Overlapping. Anim. Behav. 1991,
41, 503–512. [CrossRef]

69. Nielsen, B.M.B.; Vehrencamp, S.L. Responses of Song Sparrows to Song-Type Matching via Interactive Playback. Behav. Ecol. Sociobiol.
1995, 37, 109–117. [CrossRef]

70. Ríos-Chelén, A.A.; Garcia, C.M. Responses of a Sub-Oscine Bird during Playback: Effects of Different Song Variants and Breeding
Period. Behav. Process. 2007, 74, 319–325. [CrossRef]

http://doi.org/10.1111/jav.02846
http://doi.org/10.1111/j.1439-0310.2005.01104.x
http://doi.org/10.2307/1369187
http://doi.org/10.1098/rsbl.2008.0626
http://doi.org/10.1017/S1367943004001258
http://doi.org/10.15560/9.2.391
http://www.birds.cornell.edu/raven
http://doi.org/10.1648/0273-8570-71.4.638
http://doi.org/10.3758/s13428-018-1095-7
http://www.ncbi.nlm.nih.gov/pubmed/30054898
http://doi.org/10.1111/2041-210X.12624
http://doi.org/10.1111/jav.01637
http://doi.org/10.1073/pnas.1103882108
http://doi.org/10.1016/j.anbehav.2012.04.026
http://doi.org/10.1093/beheco/arab112
http://doi.org/10.1093/condor/102.3.553
http://doi.org/10.1111/j.1474-919X.1970.tb00096.x
http://doi.org/10.1006/hbeh.2001.1673
http://www.ncbi.nlm.nih.gov/pubmed/11534993
https://github.com/vegandevs/vegan
https://github.com/vegandevs/vegan
http://doi.org/10.1111/j.2517-6161.1995.tb02031.x
http://doi.org/10.1080/11250000109356423
http://doi.org/10.1093/beheco/ars127
http://doi.org/10.1007/s10211-017-0257-4
http://doi.org/10.1016/j.anbehav.2014.01.016
http://doi.org/10.1006/anbe.2000.1421
http://doi.org/10.1093/ornithology/ukab003
http://doi.org/10.1016/S0003-3472(05)80853-X
http://doi.org/10.1007/BF00164156
http://doi.org/10.1016/j.beproc.2006.11.007


Birds 2023, 4 72

71. Balsby, T.J.S.; Dabelsteen, T. The Meaning of Song Repertoire Size and Song Length to Male Whitethroats Sylvia communis.
Behav. Process. 2001, 56, 75–84. [CrossRef] [PubMed]

72. Ritschard, M.; van Oers, K.; Naguib, M.; Brumm, H. Song Amplitude of Rival Males Modulates the Territorial Behaviour of Great
Tits During the Fertile Period of Their Mates. Ethology 2012, 118, 197–202. [CrossRef]

73. Wang, Z.; Li, Z.; Beauchamp, G.; Jiang, Z. Flock Size and Human Disturbance Affect Vigilance of Endangered Red-Crowned
Cranes (Grus japonensis). Biol. Conserv. 2011, 144, 101–105. [CrossRef]

74. Podos, J.; Warren, P.S. The Evolution of Geographic Variation in Birdsong. Adv. Study Behav. 2007, 37, 403–458. [CrossRef]
75. Wright, T.F.; Dahlin, C.R. Vocal Dialects in Parrots: Patterns and Processes of Cultural Evolution. Emu-Austral Ornithol. 2018, 118,

50–66. [CrossRef]
76. Schubert, S.C.; Manica, L.T.; Guaraldo, A.D.C. Revealing the Potential of a Huge Citizen-Science Platform to Study Bird Migration.

Emu-Austral Ornithol. 2019, 119, 364–373. [CrossRef]
77. Zulian, V.; Miller, D.A.W.; Ferraz, G. Integrating Citizen-Science and Planned-Survey Data Improves Species Distribution

Estimates. Divers. Distrib. 2021, 27, 2498–2509. [CrossRef]
78. Lima, A.M.X.; Roper, J.J. The Use of Playbacks Can Influence Encounters with Birds: An Experiment. Rev. Bras. Ornitol. 2009, 17,

37–40.
79. Mentesana, L.; Adreani, N.M. Acute Aggressive Behavior Perturbates the Oxidative Status of a Wild Bird Independently of

Testosterone and Progesterone. Horm. Behav. 2021, 128, 104913. [CrossRef]
80. Harris, J.B.C.; Haskell, D.G. Simulated Birdwatchers’ Playback Affects the Behavior of Two Tropical Birds. PLoS ONE 2013,

8, e77902. [CrossRef] [PubMed]
81. Landys, M.M.; Goymann, W.; Schwabl, I.; Trapschuh, M.; Slagsvold, T. Impact of Season and Social Challenge on Testosterone

and Corticosterone Levels in a Year-Round Territorial Bird. Horm. Behav. 2010, 58, 317–325. [CrossRef] [PubMed]
82. Kerstens, M.; Grade, A.M.; Warren, P.S. Is “Pishing” Tantamount to Mobbing? Black-Capped Chickadees Respond Similarly to

Human Pishing and Conspecific Mobbing Calls in Rural and Suburban Forests. Northeast. Nat. 2019, 26, 580. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0376-6357(01)00189-9
http://www.ncbi.nlm.nih.gov/pubmed/11672934
http://doi.org/10.1111/j.1439-0310.2011.01999.x
http://doi.org/10.1016/j.biocon.2010.06.025
http://doi.org/10.1016/S0065-3454(07)37009-5
http://doi.org/10.1080/01584197.2017.1379356
http://doi.org/10.1080/01584197.2019.1609340
http://doi.org/10.1111/ddi.13416
http://doi.org/10.1016/j.yhbeh.2020.104913
http://doi.org/10.1371/journal.pone.0077902
http://www.ncbi.nlm.nih.gov/pubmed/24147094
http://doi.org/10.1016/j.yhbeh.2010.02.013
http://www.ncbi.nlm.nih.gov/pubmed/20211184
http://doi.org/10.1656/045.026.0311

	Introduction 
	Materials and Methods 
	Study Species 
	Song Recordings 
	Acoustic Analyses 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

