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Song-type switching rate in the chaffinch carries a message
during simulated intrusion
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Abstract
Birds communicate their motivation and willingness to escalate a territorial conflict with a variety of agonistic signals. One of
these, song-type switching, has been suggested to be a conventional signal in male–male interactions. However, this behavior
does not show a consistent pattern across species. In this study, we asked whether variation in song-switching rate carries a
message for song receivers among territorial chaffinches, Fringilla coelebs. Chaffinch song is well described, but only a few
studies have focused on the communicative function of song-type switching or bout duration. Using data from playback
experiments, we show here that variation in song-type switching rate affects the response of chaffinches. In response to the
low switching rate treatment, territorial males began to sing later, produced fewer songs and more rain calls, decreased flight
intensity, and spent more time close to the speaker than during playback of songs with a high switching rate. Our results provide
strong evidence that the song-type switching rate is an agonistic signal in the chaffinch and that territorial males exhibit a stronger
response toward rivals that sing with a lower song-type switching rate. A secondary purpose of our study was to determine the
receivers’ response with respect to their own song rate and song repertoire. We found that the reaction of tested males was
correlated with their own spontaneous song rate. This implies that a male’s response to stimuli may be predicted on the basis of
his own song output.

Significance statement
Using playback experiments, we show that birds’ responses to simulated territorial intrusion vary not only with the type of
stimulus but also with the tested males’ spontaneous song output. We found that, from the perspective of the song receiver,
variation in switching rate carries a message for territorial chaffinches. Our findings add a new example of agonistic signaling in
which territorial males exhibit a stronger response toward rivals singing with lower song-type switching rate, which up to now
has only been demonstrated in a few species. Moreover, our results show that a male’s response to playback could be predicted
using his song output. This may be associated with motivation and willingness to escalate a conflict and could possibly also
indicate a male’s quality.
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Introduction

Birdsong carries important information that is utilized both in
mating and agonistic behavior (Catchpole and Slater 2008). In
male–male competition, conflicts arise over limited resources
such as mates or breeding territory (Bradbury and
Vehrencamp 2011). Since engaging in physical fights is costly,
males can communicate their motivation and willingness to
escalate a territorial conflict with their vocal signals (Todt and
Naguib 2000; ten Cate et al. 2002). Various aspects of bird-
song have been found to be associated with different out-
comes in territorial conflicts (Vehrencamp 2000; Searcy and
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Beecher 2009). In addition to repertoire size (Balsby et al.
2017; Byers 2017), song performance parameters such as fre-
quency matching (Morton and Young 1986; Horn et al. 1992),
soft song (Hof and Hazlett 2010; Jakubowska and Osiejuk
2018), vocal performance (Moseley et al. 2013; Phillips and
Derryberry 2017), or song-type matching (Krebs et al. 1981;
King and McGregor 2016) can play a role during aggressive
interactions by birds.

Another aspect of birdsong that can serve as an agonistic
signal in aggressive contexts is song-type switching
(Vehrencamp 2000; Searcy and Beecher 2009), which is used
by songbirds that possess a repertoire of different song types. In
many repertoire species, individuals sing with eventual variety,
i.e., they repeat a given song type several times, forming a song
type bout, and then switch to another song type from their rep-
ertoire (Catchpole and Slater 2008). Many hypotheses have been
put forward to explain why birds switch between song types.
Hartshorne (1956) argued that it serves to prevent monotony
and reduce the habituation of the receiver. However, this idea
has proven to be controversial, and further studies provided little
support for it (i.e., Dobson and Lemon 1975; Weary and Lemon
1988; Hughes 2008). Song-type switching was also suggested to
be a strategy for preventing muscle fatigue, thus allowing males
to sustain a high production rate (Lambrechts and Dhondt 1988).
To date, though, most studies testing predictions of this hypoth-
esis cast doubt on it (e.g., Weary et al. 1988; Weary et al. 1991;
Brumm et al. 2009). Similarly, the Beau Geste hypothesis argues
that by switching between song types, males try to deceive con-
specifics about territory occupancy (Krebs 1977), but empirical
support for this hypothesis is mixed (e.g., Krebs 1976; Slater
1978; Yasukawa and Searcy 1985; Haftorn 1995). Other pro-
posed hypotheses suggest that song-type switching is an outcome
of sexual selection for repertoire size and that switching between
song types during vocal interactions carries a message to the
receiver (Catchpole and Slater 2008; Brumm et al. 2009).

Males often switch between song types in aggressive inter-
actions (Searcy and Beecher 2009) and this was suggested to
be a conventional signal of aggressive intentions or motiva-
tion (Vehrencamp 2000). However, the available data do not
show a consistent pattern across the species that have been
studied thus far. Increased switching was documented in ag-
gressive contexts and was connected with a stronger response
in such species as the song sparrow (Melospiza melodia;
Kramer and Lemon 1983; Kramer et al. 1985; Searcy et al.
2000), western meadowlark (Sturnella neglecta; Horn and
Falls 1991), tropical mockingbird (Mimus gilvus; Botero and
Vehrencamp 2007), and Carolina wren (Thryothorus
ludovicianus; Simpson 1985). However, this result was not
corroborated by studies of red-winged blackbirds (Agelaius
phoeniceus; Searcy and Yasukawa 1990), dunnocks,
(Prunella modularis; Langmore 1997), and banded wrens
(Thryophilus pleurostictus; Molles and Vehrencamp 1999;
Molles 2006), in which song-type switching rates actually

decreased during male–male interactions. Furthermore, plain
wrens (Thryothorus modestus) exhibited no differences in
switching rates, as well as in song production rates or ap-
proach behavior, in response to switching and non-switching
playback stimuli (Marshall-Ball and Slater 2004). Switching
rate also failed to predict whether birds would attack a simu-
lated intruder in black-throated blue warblers (Dendroica
caerulescens; Hof and Hazlett 2010), swamp sparrows
(Melospiza georgiana; Ballentine et al. 2008), and song spar-
rows (Searcy et al. 2006).

In this study, we investigate the role of switching rate from
the receiver’s perspective in the chaffinch, Fringilla coelebs.
Chaffinch song has been studied intensively, but few studies
have focused on the communicative function of song-type
switching or bout duration. Variation in song-type switching
rate occurs throughout the population (i.e., Slater 1981; Riebel
and Slater 1999a; Deoniziak and Osiejuk 2016), but no evi-
dence has been found that it is copied from tutors (Riebel and
Slater 1999b). A study byRiebel and Slater (1999a) found that
song bout duration is controlled by a temporal limit which
may be modified by a male’s motivational state. Moreover,
males decrease song-type switching rate when they match the
song type of a simulated rival (Riebel and Slater 2000), as
found in cardinals (Cardinalis cardinalis; Lemon 1968) and
song sparrows (Nielsen and Vehrencamp 1995). These elon-
gated bouts of matched-type countersigning may allow oppo-
nents to exchange additional information about each other
(Nielsen and Vehrencamp 1995). Of the three criteria pro-
posed by Searcy and Beecher (2009) to determine if a given
singing behavior is aggressive, there is some evidence that a
decrease in switching rate may fulfill the “context criterion,”
meaning that a signal characterized by a lower switching rate
is agonistic. However, we still lack data from the chaffinch to
establish whether a lower switching rate predicts aggressive
escalation by the signaler (predictive criterion) or results in a
different response from a receiver when compared with a high
switching rate (response criterion).

Chaffinches were also found to use lower switching rates
and thus to sing longer bouts of the same song type in the
vicinity of noisy mountain streams than in quieter territories
(Brumm and Slater 2006). Such changes in signal structure
not only may be a result of long-term, ongoing selective pres-
sure in acoustically demanding natural environments but may
also represent developmental plasticity or phenotypic flexibil-
ity (Swaddle et al. 2015). A more recent study did not observe
chaffinches using a similar strategy while singing in noisy
urban environments, but this might have been caused by the
relatively low noise levels observed at the urban site
(Deoniziak and Osiejuk 2016). Instead, the authors found that
the duration of a bout sequence was dependent on a male’s
song production rate and song repertoire, which are both im-
portant cues in mate choice and male–male competition (e.g.,
Radesäter et al. 1987; Alatalo et al. 1990; Hofstad et al. 2002;
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Hesler et al. 2012; Grunst and Grunst 2014; Phillips and
Derryberry 2017; Szymkowiak and Kuczyński 2017; Opaev
et al. 2019). Individuals that sang shorter song bouts pos-
sessed a larger repertoire size and delivered song at a higher
rate, which could be a reflection of male quality. This
relationship between song characteristics was not tested in
the original work of Brumm and Slater (2006) but was ob-
served to be not significant in a later complementary study
(Brumm et al. 2009).

The present study aimed to address the following two ques-
tions: (1) Do song-type switching rates carry a message in male–
male interactions in the chaffinch? (2) Do differences in song
production rate and repertoire size among males lead to differ-
ences in their responses to territorial intrusion? To answer these
questions, we conducted a playback experiment on a local pop-
ulation of chaffinches that inhabit forest patches in an urbanized
landscape. During the experiment, we simulated territorial intru-
sion using playback characterized by either a short (high
switching rate) or long (low switching rate) song bout sequence
duration. We hypothesized that territorial chaffinches would
show variation in their responses to song-type switching rate,
as observed in previous studies on eventual-variety singers
(e.g., Kramer et al. 1985; Simpson 1985; Horn and Falls 1991).
Based on previous playback experiments on chaffinches, we
predicted that stronger responses would involve an increase in
the number of flights, time spent near the speaker, and calling
frequency, as well as a decrease in song production (Pickstock
and Krebs 1980; Slater 1981; Slater and Catchpole 1990; Leitão
and Riebel 2003; Brumm and Ritschard 2011; Budka et al.
2019). Moreover, since song production rate and repertoire size
may reflect a chaffinch male’s quality (Deoniziak and Osiejuk
2016), we expected to find a relationship between these song
characteristics and a male’s response to territorial intrusion.

Methods

Studied species and song characteristics

The chaffinch is one of the most abundant European song-
birds and a common urban dweller. It is a socially monog-
amous species in which males use their song mainly for
female attraction and territorial defense (Riebel and Slater
1998; Leitão and Riebel 2003). Chaffinches are “eventual-
variety” singers (Catchpole and Slater 2008). Their song can
be divided into two parts: a trill (usually composed of two or
three trill phrases, which consist of several repetitions of a
particular syllable type) and a flourish (made up of a few
syllable types that are generally not repeated). The combi-
nation of trill phrases with a flourish enables the classifica-
tion of song types (Fig. 1). Males can possess up to six
different song types in their repertoire, but typically only
use two or three (Slater 1983).

Site and timing

The study was conducted in parks and forests within the city
of Białystok, Podlaskie Voivodeship, Poland (N 53.129186, E
23.165154). Playback experiments were performed in forest
patches of temperate and mixed coniferous forest dominated
by the Scots pine, Pinus silvestris, and surrounded by major
roads and high-density urban development. Trials were con-
ducted between 22 April and 6 May in 2016 and 23 April and
6 May in 2017, during morning hours (6:30 am–10:30 am).

Playback preparation

All songs used in the experiment were recorded during breed-
ing seasons between 2012 and 2015 in western Poland (N
52.716508, E 16.739842), about 450 km away from the play-
back site. In this way, we ensured that playback stimuli were
perceived as a stranger male by each male being tested, since
previous studies have shown that the chaffinch response is
weaker toward familiar songs (Pickstock and Krebs 1980;
Slater 1981). Males were recorded in 48-kHz sampling fre-
quency and 16-bit resolution with a Marantz PMD670 record-
er (Marantz Professional, Kanagawa, Japan) coupled with a
Sennheiser ME67 shotgun microphone (Sennheiser,
Wedemark, Germany). We selected 36 songs with high
signal-to-noise ratios, each one from a different male. We then
classified their song types using the methods of previous stud-
ies on chaffinches (Slater and Ince 1979; Slater et al. 1980).
All recorded songs were filtered (high-pass, 1.0 kHz; low-pass
10.0 kHz) before the preparation of playback stimuli.

Each playback stimulus was created from two randomly
selected songs recorded from two different males; all pairs
were unique in order to avoid pseudoreplication. Each play-
back stimulus had a duration of about 3 min and consisted of
18 songs that were repeated at a rate of six songs per minute,
with 7-s intervals of silence between them, as undisturbed
chaffinches have been shown to sing with a mean rate of about
six songs per minute (Riebel and Slater 1999a, 2000), with the
mean duration of intervals between songs reaching about 7 s
(Deoniziak and Osiejuk 2016). In the short-bout treatment,
each song of a given song typewas repeated three times before
switching to the next type, which corresponded with a short
bout within the natural range of bout duration (Riebel and
Slater 1999a; Deoniziak and Osiejuk 2016). This formed a
playback stimulus that contained six song bouts with five
switches between song types. In the long-bout treatment,
songs were repeated nine times in a song bout to form play-
back stimuli containing two bouts and one switch between
song types. This corresponded with a long bout within the
natural range of bout duration (Riebel and Slater 1999a;
Deoniziak and Osiejuk 2016). The volume of each playback
was set to 85 ± 1 dB SPL at 1-m distance from the speaker
(Leitão and Riebel 2003), measured with a CHY 650 digital
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sound level meter (CHY Firemate Co., Ningbo, China; range,
35–130 dB SPL re 20 μPa; time weighting, fast; frequency
weighting, A); natural chaffinch song amplitudes range be-
tween 78 and 87 dB, with a mean of 82 dB (Brumm and
Ritschard 2011). Digital editing, construction, and analysis
of the playback files was conducted with Raven Pro 1.5
Beta Version Build 23 (Cornell Lab of Ornithology, Ithaca,
USA). Sound files were visualized with the following spec-
trogram parameters: window type, Hann; FFT length, 512;
temporal overlap, 50%; time resolution, 5.8 ms; frequency
resolution, 86.1 Hz.

Playback procedure

After finding a singing male, we recorded his activity for
15 min and simultaneously monitored the territorial behavior
of neighboring chaffinch males. During this time, we mapped
the outermost song posts of the tested male, which were used
to define the middle of his territory (Saur et al. 1996). We
proceeded with the experiment only when there were no other
chaffinches singing within 100 m of the outermost song posts
of the subject male. To set up the experiment, a black UE
Boom speaker (Logitech, Lausanne, Switzerland) was placed
on a black tripod (1.5m above the ground) in the middle of the
territory. We then marked distances of 5 m from the speaker in
all four cardinal directions with bamboo sticks. When the
playback arena was prepared, we moved back to a distance
of 10 m from the speaker, allowing us to have a clear view of
the surroundings. No approach to the speaker by the territory
owner was observed prior to the start of playback.

Altogether, we tested 30 territorial chaffinch males. Half of
the males received the short-bout treatment, with the remain-
ing half being exposed to the long-bout treatment. We only

began the experimental procedure when the tested male was
singing. Each experiment consisted of three 3-min phases.
During the phase prior to playback (PRE), we recorded the
unmodified behavior of the territorial male. After 3 min, the
playback phase began (EXP), which was followed by the
observation phase (OBS). Playback files were assigned to
tested males in an alternating order between long and short
treatments. All vocal responses of the tested males were re-
corded using a Tascam DR680 MKII recorder (TEAC
Corporation, Montebello, USA), coupled with a Sennheiser
ME67 shotgun microphone (Sennheiser, Wedemark,
Germany). Simultaneously, vocal commentary on the behav-
ior of each tested male was recorded with a Sennheiser ME62
omnidirectional microphone (Sennheiser, Wedemark,
Germany) connected to the second channel of the same re-
corder. Recordings were saved as a PCM WAV file with a
44.1-kHz sampling frequency and 16-bit resolution.

In order to control for the potential influence of the noisy
urban environment on a male’s response to the playback, the
level of ambient noise present within eachmale’s territory was
characterized immediately after the end of the OBS phase. The
main source of anthropogenic noise was traffic, since the ter-
ritories of all tested males were located in parks and urban
forests near major roads. Five measurements of ambient noise
level were conducted in 5-s time intervals with a CHY 650
digital sound level meter (time weighting, fast; frequency
weighting, A) and were later averaged for analysis. The noise
levels observed in the tested males’ territories ranged from
40.7 to 56.8 dB (median, 50.3 dB). There were no significant
differences in the noise levels in the territories of males treated
with short-bout (mean + SD, 50.3 ± 4.10 dB) and long-bout
(mean + SD: 49.4 ± 4.76 dB) stimuli (Mann–Whitney U test,
Nshort = 15, Nlong = 15, Z = − 0.726, p > 0.05).

Fig. 1 Examples of two chaffinch
songs belonging to different song
types
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It was not possible to record data blindly given that the
playback treatments were apparent to the observers. The tested
males were not banded before the experiment to avoid sub-
jecting them to an experience which has been observed in
chaffinches to modify later responses (Budka et al. 2019).
To prevent an individual male from being tested more than
once, each experiment was conducted on a singing male that
was at least 300 m away from other tested males within a
single forest patch. Additionally, during song analysis, we
searched for matching song repertoires among the tested
males, which could indicate whether any birds were uninten-
tionally resampled. We found no individuals with identical
repertoires.

Response variables

To describe the behavioral response of the testedmales, we chose
response variables that have been analyzed in previous playback
studies of chaffinches (Slater 1981; Slater and Catchpole 1990;
Leitão and Riebel 2003; Brumm and Ritschard 2011; Budka
et al. 2019). We recorded five characteristics of bird movement:
latency of the first flight after playback start, number of flights
during EXP phase, number of flights during OBS phase, time
spent within 5 m of the speaker during EXP phase, and time
spent within 5 m of the speaker during OBS phase. We also
recorded the following vocal characteristics: latency of the first
song sung after playback start, number of songs during PRE
phase, number of switches between song types during PRE
phase, number of songs during EXP phase, number of songs
during OBS phase, number of rain calls during EXP phase,
and number of rain calls during OBS phase.

The number of songs recorded during the 3-min PRE phase
was used tomeasure the spontaneous song rate of the testedmale
(songs/min). Additionally, the repertoire size of each tested male
was defined using 50 continuous songs recorded during the ob-
servation period prior to the EXP phase. This time frame was
chosen because males usually present their whole repertoire
within a sample of this size (Slater et al. 1980). Chaffinches have
several call types they use for specific contexts. For this study, we
only focused on one of these, the so-called rain calls (also re-
ferred to in the literature as “hrreet” calls; Marler 1956), rather
than the “chink” call which is more widely used during playback
experiments. The two calls seem to have different functions
(Marler 1956), and a recent study showed different patterns of
utilization during different phases of playback experiments
(Budka et al. 2019). Rain calls are produced exclusively by
males and only during the breeding period of the year. Saur
et al. (1996) found that they are utilized almost exclusively inside
a male’s own territory and therefore seem to be connected with
declaring territory ownership. An earlier study also suggested
that they are a substitute for song (Detert and Bergmann 1984).
An example of a rain call fromone of the testedmales is available
through https://www.xeno-canto.org/490825.

Statistical analysis

We performed a principal component analysis (PCA) to re-
duce the responses measured to a smaller number of variables.
Here, six of the original response variables were chosen on the
basis of the Kaiser–Meyer–Olkin measure of sampling ade-
quacy (Table 1). We decided to exclude variables that de-
scribed calls during playback from the PCA based on the
low estimation of communalities (0.273). Communalities rep-
resent the overall importance of variables in the PCA as a
whole, and those with less than 0.5 can be considered to be
too low, since they share less than half of their variability with
the other variables (Larose and Larose 2015). We also exclud-
ed variables that described time spent within 5 m of the speak-
er during the EXP and OBS phases, since their presence in the
PCA lowered the Kaiser–Meyer–Olkin measure of sampling
adequacy to “miserable” levels (KMO below 0.6; Kaiser and
Rice 1974).

We obtained two PCA components with eigenvalues
higher than 1, which together accounted for 72.5% of the
overall variance. PC1 represented the vocal response of terri-
torial males. It was negatively correlated with song production
during the EXP and OBS phases and positively correlated
with the latency of first song after playback start and the call
response during the OBS phase. Therefore, higher PC1 values
indicate that in response to playback tested males produced
more rain calls, sang fewer songs, and began to sing later. PC2
described the movement response during the EXP and OBS
phases and was positively correlated with the number of
flights (Table 1).

Next, we used generalized linear models (GLM) to com-
pare the responses described with the two PCA components

Table 1 Eigenvalues, cumulative variance explained, andweightings of
the original variables in the two principal components extracted from the
six original response variables

Kaiser–Meyer–Olkin measure of sampling adequacy 0.693

Bartlett test of sphericity 68.748

df 15

P < 0.001

Original response variable PC1 PC2

Vocal Flight

Latency of first song after playback start 0.837 0.212

Songs during EXP phase − 0.727 − 0.222
Songs during OBS phase − 0.875 − 0.008
Calls during OBS phase 0.839 0.178

Flights during EXP phase 0.305 0.810

Flights during OBS phase 0.038 0.880

Eigenvalue 2.793 1.555

% of variance explained 46.545 25.920

Measures that contributed most to the particular compound variable
are in italic
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between playback treatments. Predictor variables and covari-
ates in the GLM were day of the season (22 April = 1), ambi-
ent noise level (dB SPL), treatment (short bout = 1; long
bout = 2), song rate (number of songs sung per minute by
tested males during PRE phase), repertoire size of the tested
male, and the presence of other singing males in the back-
ground (0 = none, 1 = one singing male, 2 = two or more sing-
ing males). The timing of a trial, expressed as day of the
season, accounted for possible changes in the strength of a
response during the breeding season. Models included the
entire set of variables and all of the possible combinations
between them. Afterwards, we compared candidate models
using values of Akaike’s information criterion (AICc) that
were corrected for small sample sizes. Models were ranked
using ΔAICC, the difference between the best model (lowest
AICc value) and the model being compared. In all cases, the
results from the described models fit the data better than the
null model. We converted AICc values for the best-fit models
(ΔAICC < 2; Richards 2005) into two measures in order to
assess the relative strength of models. Akaike weight (wi)
provided normalized relative model likelihoods, with higher
values indicating the model with the best predictor set. The
evidence ratio (ER) enabled the direct comparison of models
to the model with the best fit (Symonds and Moussalli 2011).
The normality of variables was tested using a Kolmogorov–
Smirnov one-sample test. All of the statistical analyses were
two-tailed and were performed using IBM SPSS Statistics v.
24 (IBM Corp, Chicago, IL, USA). Figures were created with
IBM SPSS Statistics v. 24 and CorelDRAW X5 (Corel
Corporation, Ottawa, Canada).

Results

During the PRE phase, tested males sang an average of 6.7
songs per minute, with no significant difference between
males treated with short- and long-bout stimuli (Mann–
Whitney U test, Nshort = 15, N long = 15, Z = − 0.522,
p > 0.05). Similarly, males switched between song types dur-
ing the PRE phase 2.5 times on average, with no significant
difference between males from both treatments (Mann–
Whitney U test, Nshort = 15, Nlong = 15, Z = −0.401, p > 0.05).
The reaction of tested males to playback was immediate: they
stopped singing and began to fly toward the speaker. We
found no significant differences in the latency of first flight
between treatments (Mann–Whitney U test, Nshort = 15,
Nlong = 15, Z = − 1.307, p > 0.05; Fig. 2) or in the latency of
first song sung after playback start (Mann–Whitney U test,
Nshort = 15, Nlong = 15, Z = − 1.482, p > 0.05; Fig. 2). The only
significant difference observed among the original response
variables regarded the number of flights during the OBS phase
(Mann–Whitney U test, Nshort = 15, Nlong = 15, Z = − 2.030,
p = 0.042; Fig. 2).

The vocal response (PC1) of tested males differed signifi-
cantly between treatments (Mann–WhitneyU test, Nshort = 15,
Nlong = 15, Z = −2.012, p = 0.044; Fig. 3a). The best-fit GLM
revealed that playback treatment and spontaneous song rate
explained a significant amount of variation in males’ vocal
responses (Table 2). In response to the short-bout treatment,
tested males began to sing earlier, produced more songs, and
made fewer rain calls than when they were exposed to the
long-bout treatment (Table 2). Similarly, males with a higher
song rate during the PRE phase resumed song production
faster after playback start, sang more, and called less than
males that sang fewer songs during the PRE phase (Fig. 4a).

The movement response (PC2) of tested males differed
significantly between treatments (Mann–Whitney U test,
Nshort = 15, Nlong = 15, Z = − 3.215, p = 0.001; Fig. 3b).
Similar to PC1, the strength of the movement response was
best predicted by the stimulus type and the tested male’s spon-
taneous song rate (Table 3). Territorial chaffinches reacted
more intensely to the short-bout treatment by increasing their
flight intensity during the EXP and OBS phases. Moreover,
males that sang more intensively during the PRE phase
responded to playback with fewer flights (Fig. 4b).

Discussion

We found that song-type switching rate evoked different re-
sponses from chaffinch males during simulated male–male
interactions. In response to the low switching rate treatment,
territorial males began to sing later, produced fewer songs and
more rain calls, decreased flight intensity, and spent more time
close to the speaker than when exposed to playback with a
high switching rate. Previous studies have connected a stron-
ger response during simulated intrusion with higher calling
frequencies, reduced song production, increased flight activi-
ty, and a longer stay in the vicinity of the speaker (Pickstock
and Krebs 1980; Slater 1981; Slater and Catchpole 1990;
Leitão and Riebel 2003; Brumm and Ritschard 2011). This
would indicate that playback with the long-bout treatment and
a lower song-type switching rate induced a stronger response
in the chaffinch during simulated territorial intrusion. The on-
ly discrepancy observed here lies in the decreased flight inten-
sity in response to a lower switching rate. A similar reaction to
lower switching rate was observed in western meadowlarks,
which, like the chaffinches studied here, decreased their flight
intensity (Horn and Falls 1988). Differences in flight intensity
may result from habitat characteristics, for example differ-
ences in the density of vegetation and in the availability of
suitable landing spots. Males may also increase flight activity
to visually locate an intruder while avoiding a closer approach
(Osiejuk et al. 2007a), which could be interpreted as cautious
response to a more intimidating song (Searcy et al. 2000). It is
reasonable to suppose that males may avoid approaching an

47 Page 6 of 11 Behav Ecol Sociobiol (2020) 74: 47



intruder if they assess their own abilities to defend the territory
as inferior to those of the rival. Despite this discrepancy, our
findings regarding the vocal response, together with the time
spent near the speaker, provide strong evidence that switching
rate is an agonistic signal in the chaffinch and that territorial
males exhibit a stronger response toward rivals singing with a
lower switching rate. Since switching rate is a continuous
variable, it would be interesting to see how chaffinches react
to lower (or higher) levels than those used in the current study.
This could tell us more about the signal value carried by song
switching and show whether males exhibit a peaked curve in
their responses to threats of varying intensity (de Kort et al.
2009).

With respect to the criteria for aggressive signals proposed
by Searcy and Beecher (2009), our results support the claims
of previous studies that this behavior meets the “context cri-
terion” (Riebel and Slater 1999a, 2000) and provide new ev-
idence in support of the response criterion. Our study adds a
new example of agonistic signaling in which switching fre-
quency actually decreases in an aggressive context. This has
been previously reported from the senders’ perspective only in
red-winged blackbirds (Searcy and Yasukawa 1990) and
dunnocks (Langmore 1997), as well as from both senders’
and receivers’ perspectives in the banded wren (Molles and
Vehrencamp 1999; Molles 2006). The final step in determin-
ing whether song switching is an aggressive signal in the

Fig. 2 Box and whisker plots showing the latency of first song after
playback start, latency of first flight after playback start, and eight other
response variables measured from male chaffinches tested with playback
of short- and long-bout treatments. Significant differences between

treatments were found only for the number of flights after playback
(Mann–Whitney U test, p = 0.042). Boxes indicate median and first and
third quartiles. Whiskers represent the minimal and maximal values with-
in 1.5 times the interquartile range. Open circles are outliers

Fig. 3 Box and whisker plots showing significant differences (Mann–
Whitney U tests, p < 0.05) in the responses of territorial males to
playback with short- and long-bout durations, as described by PC1 (vocal
response (a)) and PC2 (flight response (b)). Higher PC1 values indicate
that in response to playback, the tested males produced more rain calls,

delivered fewer songs, and began to sing later. PC2 is positively correlat-
ed with the number of flights. Boxes indicate median and first and third
quartiles. Whiskers represent the minimal and maximal values within 1.5
times the interquartile range. Open circles are outliers
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chaffinch will involve investigating whether a lower switching
rate predicts aggressive escalation by the signaler, thus fulfill-
ing the predictive criterion (Searcy and Beecher 2009).

During this study, we also assessed the relationship be-
tween the characteristics of tested males’ songs and the
strength of their response to the playback. We observed that
the spontaneous song rate, but not repertoire size, was a good
predictor of the response to playback. Males singing with a
higher spontaneous song rate tended to produce more songs
after the start of playback, suppress rain call production, and
decrease flight intensity. A similar correlation between song
output before and after the beginning of playback has also
been observed in other species, such as the corn bunting
(Emberiza calandra; Osiejuk et al. 2007b. A study on varia-
tion in song rate during the breeding cycle reported that chaf-
finches sing with the highest rate before mating (Hanski and

Laurila 1993). This suggests that the spontaneous song rate of
chaffinch males indicates their motivation and willingness to
defend their resources.

Song rate seems to be a reliable signal of competitive abil-
ities, since it has a direct energy cost (reviewed in Vehrencamp
2000; Searcy et al. 2014). Individuals may easily compare
their respective song rates in order to avoid the consequences
associated with physical fights (Bradbury and Vehrencamp
2011). Together, this suggests that a male’s response may be

Table 3 Results of the five best-fitting GLMs explaining variation in
the flight response (PC2) of territorial chaffinchmales between treatments
with short- and long-bout durations

Δ AICC wi ER Predictors β SE p

0.00 0.38 Intercept − 0.176 0.6491 0.787

REPERTOIRE 0.315 0.1696 0.063

SONG RATE − 0.059 0.0241 0.014

TREATMENT 10.229 0.2565 < 0.001

0.73 0.26 1.44 Intercept 0.585 0.5322 0.272

SONG RATE − 0.059 0.0254 0.020

TREATMENT 10.208 0.2707 < 0.001

2.11 0.13 2.87 Intercept − 0.030 0.6691 0.964

MALES − 0.158 0.2018 0.435

REPERTOIRE 0.294 0.1700 0.083

SONG RATE − 0.056 0.0241 0.019

TREATMENT 10.288 0.2648 < 0.001

2.25 0.12 3.09 Intercept 0.714 0.5382 0.185

MALES −0.213 0.2089 0.308

SONG RATE − 0.056 0.0253 0.028

TREATMENT 10.289 0.2777 < 0.001

2.70 0.10 3.86 Intercept − 0.215 0.7647 0.779

DAY 0.004 0.0402 0.924

REPERTOIRE 0.320 0.1760 0.069

SONG RATE − 0.059 0.0242 0.015

TREATMENT 10.227 0.2571 < 0.001

Predictors: day in season, DAY; other singing males in background,
MALES; repertoire of the tested male, REPERTOIRE; songs per minute
sang during PRE phase, SONG RATE; playback treatment,
TREATMENT. Significant values are in italic

Table 2 Results of the five best-fitting GLMs explaining variation in
the vocal response (PC1) of territorial chaffinchmales between treatments
with short- and long-bout durations

Δ AICC wi ER Predictors β SE p

0.00 0.40 Intercept 1.614 0.6086 0.008

SONG RATE − 0.063 0.0291 0.030

TREATMENT − 0.689 0.3095 0.026

1.16 0.18 2.22 Intercept 1.941 0.6858 0.005

DAY − 0.045 0.0461 0.328

SONG RATE − 0.065 0.0287 0.023

TREATMENT − 0.666 0.3056 0.029

1.95 0.15 2.65 Intercept 1.237 0.7763 0.111

REPERTOIRE 0.157 0.2028 0.440

SONG RATE −0.063 0.0288 0.029

TREATMENT −0.679 0.3068 0.027

1.99 0.15 2.71 Intercept 0.380 0.2341 0.104

TREATMENT −0.761 0.3311 0.022

2.20 0.13 3.00 Intercept 1.408 0.6493 0.030

SONG RATE −0.070 0.0312 0.025

Predictors: day of season, DAY; repertoire of the tested male,
REPERTOIRE; songs sung per minute during PRE phase, SONG
RATE; playback treatment, TREATMENT. Significant values are in italic

Fig. 4 Relationship between the
number of songs sung per minute
by tested males during the PRE
phase and their vocal (PC1 (a))
and flight (PC2 (b)) response to
playback. Circles: males treated
with short-bout treatment; trian-
gles: males treated with long-bout
treatment
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predicted from his song production rate, which has been found
to be associated with motivation, arousal, and the level of
aggression in various songbirds, including the song sparrow
(Kramer et al. 1985), great tit (Weary et al. 1988), and wood
warbler (Phylloscopus sibilatrix; Szymkowiak and Kuczyński
2017). Indeed, previous studies found that in the black-capped
chickadee, a high song rate reliably predicted an attack (Baker
et al. 2012), while in the chiffchaff (Phylloscopus collybita),
males that sang faster also physically attacked the loudspeaker
during the experiment (Linhart et al. 2013). To clarify this
point in the chaffinch, a study testing the role of song rate in
male–male interactions from both the senders’ and receivers’
perspectives would be valuable.

Interestingly, male chaffinches intensified the production
of rain calls both in response to low switching rate as well as
when singing with a lower spontaneous song rate. Rain calls
have been suggested to be evoked bymoderate danger (Marler
1956) and function as a substitute for song (Detert and
Bergmann 1984; Saur et al. 1996). A recent study showed that
rain calls were most numerous after the playback phase of the
experiment (Budka et al. 2019). Like Budka et al. (2019), we
had the subjective impression that males sometimes changed
the amplitude of their rain calls, although we did not measure
vocal amplitudes. Low-amplitude songs and calls are often
used by songbirds in an aggressive context during territorial
interactions (e.g., Hof and Hazlett 2010; Searcy et al. 2014;
Akçay et al. 2015; Jakubowska and Osiejuk 2018). If rain calls
are a substitute for song and are also used to maintain territory
occupancy, their low-amplitude versions may be used in a
similar way as soft songs, in order to confirm if the intruder
is still present.

In conclusion, our study provides novel experimental evi-
dence on the role of song-switching rate from the receiver’s
perspective in the chaffinch. We provide a new and important
example of a lower switching rate serving as an agonistic
signal: territorial chaffinch males exhibited a stronger re-
sponse toward rivals singing with a lower switching rate,
which to date has been demonstrated in only a few species.
Future tests of whether a low song-type switching rate is pre-
dictive of an attack (thus fulfilling the “predictive criterion”;
Searcy and Beecher 2009) would provide an answer as to
whether song switching is an aggressive signal in the chaf-
finch. We furthermore observed that the response to playback
could be predicted from the undisturbed song rate of tested
males; further studies should therefore focus on the role of
song rate in territorial disputes in the chaffinch. Finally, given
our findings regarding rain calls, it remains an open question
exactly what type of role they play in territory maintenance
and male–male interactions.
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