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Summary

Males singing within their territories can change their song characteristics in order to inter-
act with conspecifics; males may respond to territorial intrusions by vocalizing, approaching
the intruder and/or displaying. I studied male–male interactions by quantifying vocal and be-
havioural responses of male spot-bellied bobwhites (Colinus leucopogon) toward playback of
conspecific male songs. Male responses toward playback song depended on the quality of the
territorial male’s song relative to the playback stimulus. In this species males who sang songs
with higher peak and low frequency, longer song duration, and lower song rate were less re-
sponsive to simulated territorial intrusions. Spot-bellied bobwhite males that sang in response
to the playback increased the low frequencies of their songs relative to pre-playback song, a
vocal behaviour related to dominance in males of other species. Males that approached the
speaker sang longer songs, a characteristic associated with increased aggression or motivation
to fight in other bird species. The results of this playback experiment suggest that male spot-
bellied bobwhite song characteristics according to playback characteristics predict response
to territorial intrusions and may, therefore, play an important role in male–male interactions.
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1. Introduction

Vocalizations produced during the breeding season by male birds (called
songs) are sexual displays used to compete with rival males and/or attract
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females (Andersson, 1994; Gil & Gahr, 2002; Catchpole & Slater, 2008).
The information encoded in male song evolved in response to pressures
imposed by male–female interactions, but the information relayed may differ
according to the receiver’s sex (Leitão & Riebel, 2003). For example, in
male–male interactions, songs may provide information about male status
and dominance (Leonard & Horn, 1995; Rehsteiner et al., 1998), as well as
aggressiveness and motivation to fight (Martin, 1984; Arcese, 1987; Studd
& Robertson, 1988; Searcy & Beecher, 2009). Conversely, in male–female
interactions, songs may relay information related to body size (Kipper et
al., 2006), health (Reid, 1987; Garamszegi et al., 2005), age (O’Loghlen &
Rothstein, 1995), degree of parental care (Dolby et al., 2005), and/or territory
quality (Buchanan & Catchpole, 1997; Brumm, 2004).

Males within a territory occasionally alter their song characteristics and/or
behaviour in response to the signals of interacting conspecifics. Vocaliza-
tions, approaches and displays are ways that males may respond to a conspe-
cific (Petrie et al., 1991; Brumm & Todt, 2004; Marshall-Ball et al., 2006;
Mennill, 2006; Bradley & Mennill, 2009). The role of vocalizations during
male–male competition (e.g., song characteristics) have largely been studied
in oscine songbirds (Beecher et al., 1996; Dabelsteen et al., 1997; Otter et
al., 1999; Burt et al., 2001; Botero & Vehrencamp, 2007; Searcy & Beecher,
2009). In many oscines, song structure allows males to change the arrange-
ment of song elements by including new elements and/or deleting previous
ones (Capp, 1992; Beecher et al., 2000; Burt et al., 2001). Males can also
alter acoustic characteristics of a song such as frequency, song rate, and du-
ration (Morton & Young, 1986; Dabelsteen et al., 1997; Brumm & Todt,
2004).

Studies of male–male vocal interactions in non-passerine bird species are
scarce (Collins, 2004; Searcy & Beecher, 2009). In studies of non-passerine
species such as roosters (Gallus gallus), and collared doves (Streptopelia
decaocto), authors report that males produce higher frequency vocalizations
and modulate song elements during vocal interactions, respectively (Leonard
& Horn, 1995; Ten Cate et al., 2002). In these cases, male–male vocal inter-
actions in non-passerine species involve frequency changes rather than dele-
tion/rearrangement of elements.

Males of the spot-bellied bobwhite (Colinus leucopogon), a non-passerine
species, are territorial during the breeding season (March to October), and
use song to defend their territories against other males and to attract a female
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Figure 1. Spectrogram of spotted-bellied bobwhite male songs (A, a song with two ele-
ments; B, a song with three elements), showing song elements (1, 1A and 2), the duration of
each element (short solid lines), total song duration (long solid line), time between elements

(broken lines), the lowest frequency (LF) and the highest frequency (HF).

(Sandoval, 2008, 2011a,b). During this season, unpaired males produce a
unique vocalization called song (Figure 1; Sandoval, 2008, 2011a,b), which
occurs in other quails including northern bobwhite (C. virgininaus), Califor-
nia quail (Callipepla californica), and scaled quail (C. squamata) (Stokes,
1967; Brennan, 1999; Calkins et al., 1999; Dabbert et al., 2009). As in these
other quail species, the production of this vocalization ceases once a spot-
bellied bobwhite male pairs with a female, and both leaving the singing terri-
tory to find a nesting area (Sandoval, 2008, 2011a). All males sing essentially
the same type of song comprised of up to two elements; the first element may
be produced once or twice in a given song (Figure 1).

Males only use one singing perch when singing from a bush, but may
sing from several closely-spaced perches (less than 2 m apart) close to the
ground on exposed rocks or logs (Sandoval, 2008, 2011a,b). Males are likely
to hear nearby males singing within 100 m radius, because that is the distance
at which humans can hear singing. Therefore, many interactions may begin
as vocal interactions, as observed in the northern bobwhite and Callipepla
species; for example territorial interactions between flocks, male–female in-
teractions within the pair, and between parents and chicks (Stokes, 1967;
Goldstein, 1978; Brennan, 1999; Calkins et al., 1999; Dabbert et al., 2009;
Sandoval, 2009, 2011a,b).

Due to the difficulty of observing male–male interactions of spot-bellied
bobwhites in the field, I simulated territorial intrusions using a song play-
back. The objective of this research was to determine which song character-
istics of territorial males predict aggressive responses (i.e., approaching and
singing) to simulated territorial intrusion. If spot-bellied bobwhite songs con-
tain information about male motivation to escalate a conflict, I predict that
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aggressive responses will vary among males according to male song charac-
teristics relative to song playback, as proposed by Searcy & Beecher (2009)
for passerine birds. More specifically, I expect that males with lower song
frequencies relative to song playback, a characteristic related to larger body
size in many species (Ryan & Brenowitz, 1985; Bertelli & Tubaro, 2002;
Catchpole & Slater, 2008), will respond more aggressively. I also expect that
songs produced in response to the song playback will contain more notes of
high frequency than in the song produced by the male prior to playback, be-
cause increasing frequency signals dominance in galliform species (Leonard
& Horn, 1995).

2. Materials and methods

2.1. Field methods

The study was conducted in Getsemaní, Heredia province, Costa Rica
(10◦01′N, 84◦06′W). The 30 ha study area included about 40% coffee plan-
tations and 60% pastures with isolated trees and fences comprised of living
trees. I recorded spot-bellied bobwhite males walking along a 3 km transect
weekly between 0700 and 1100 h during two consecutive breeding seasons
between March and October 2005 and 2006. This transect goes through the
whole area without overlap, permitting me to effectively sample the area.
I alternated the transect starting point each week. Along this transect, I re-
corded all ‘new’ singing males (males singing at sites not previously used
by a male), using a tape recorder (Sony TCM-5000EV) and directional mi-
crophone (Sennheiser ME 66) for 5 min and from a distance of 5 to 15 m.
The initial recording was collected in the absence of artificial stimuli and is
considered the ‘control song’. To minimize the likelihood of recording the
same individual twice, the closest distance between different recording ses-
sions was 100 m when a previously recorded male was not present, and 50 m
between recordings in areas when a previously recorded male was present.
I checked each territory for males weekly (for a detailed explanation of this
method, see Sandoval, 2011a); males reliably sing from the same perches or
a nearby one (less than 2 m from the recording perch, especially when they
singing on the ground); thus, the probability of recording the same male in a
farther perch is very low.
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Figure 2. Average values of the stimulus song characteristics (indicated by a black square)
relative to song characteristics measured in the spotted-bellied Bobwhite study population in
Getsemaní, Heredia province, Costa Rica during 2005 and 2006. A is frequency characteris-
tics. B is temporal values. Box represents the upper and lower quartile. Vertical lines are the

95% confidence intervals. Horizontal line is the median value.

Immediately after recording a control song for each male, I played 5 min
of songs recorded from a male hatched in captivity, through a speaker in the
same spot where the control song was recorded. An observer was located 5–
7 m behind the speaker. Using a captive-hatched male’s song guaranteed that
none of the experimental males would have encountered the stimulus song
prior to the playback experiment. The stimulus recording had an average
song rate of 4 song min−1, song duration of 0.60 ± 0.15 s (mean ± SD),
lowest frequency of 1271.14 ± 104.27 Hz, highest frequency of 2489.39 ±
407.54 Hz, and peak frequency of 1845.71 ± 191.69 Hz. These values fall
within the range of the study population (Figure 2; Sandoval, 2011a). See
definitions of song measurements below.

I used songs from a single male as the playback stimulus because, ac-
cording to Hurlbert (1984), when the experimental units, in this case territo-
rial males, have inherent variability, it is necessary to implement a treatment
replication (all the sample units need to have the same treatment). Using song
stimuli from multiple males to test each individual, as has been previously
proposed (e.g., Kroodsma et al., 2001), is not an effective procedure; each
stimulus, even the same type of vocalization (de Kort et al., 2009), may con-
tain different information due to individual variability and the motivational
context when it was recorded (Ellis, 2008; Wilson & Mennill, 2010). There-
fore, each playback is not a true replicate of the others as it may transmit a
different message to the receiver. Thus, differences in the responses observed
may be due to differences in the songs used as stimuli and not differences in



1108 Sandoval

the experimental units (de Kort et al., 2009). If we are trying to understand
“how the animals themselves perceive the signals” (Kroodsma et al., 2001),
the lack of replication from using stimuli with different information obscures
our understanding of individuals’ responses (Slabbekoorn et al., 2002).

During playback trials, I annotated the positions of each male using three
behavioural categories. I scored a ‘male approach’ if the male moved more
than 1 m from his original singing perch towards the direction of the play-
back speaker. If the male moved more than 1 m from his singing perch in
the opposite direction of the playback speaker this movement was scored as
‘male retreat’. If the male remained on the same perch or moved around it
within 1 m, it was scored as a ‘static male’. I also noted the time of the first
vocalization produced after playback started (‘song response time’), changes
in body posture (crest and neck), and the total number of males that I heard
singing within 100 m around the focal male 30 min before and after each
trial. After the playback finished, I recorded the focal male for 5 min (re-
sponse song). The playback was broadcast from the internal speaker of an
AIWA cassette recorder TP-VS485 at a volume of 70 dB, measured at 2 m
from the speaker with a Sper Scientific 840014 mini sound meter (measuring
range 32–130 dB). The minimum time lapse for playback between neigh-
bouring males was one week, to minimize any effects that may depend on
the prior playback interaction.

2.2. Sound analyses

For each focal male, I randomly selected five control songs and five response
songs from the recordings made before and after the playback experiments
for analysis. I analyzed all songs for males with five or fewer songs. Songs
were digitized at a sample rate of 44 100 Hz and a 16 bit resolution using
Cool Edit 2000 version 1.0 (Johnston, 1999). Sound analysis was performed
using Raven 1.2 (Charif et al., 2004); sprectrograms were generated using
a Hann window with a time resolution of 5.33 ms, frequency resolution of
93.8 Hz, and transform length of 512 points. I took two different sets of mea-
surements for each song to characterize the fundamental frequencies of the
song and its elements. The first set described the total song: song duration,
low, high, and peak frequency (the frequency with the highest sound energy;
in Raven 1.2 this measurement is called ‘Max Frequency’) (Figure 1); song
rate (songs/min) was calculated based on the entire 5-min recording period.
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The second set of measurements described each element of male song: dura-
tion, time between elements, and low, high, and peak frequency (Figure 1).
I included the second set of measurements in the analysis in case there was a
trade-off between temporal (e.g., element duration), and acoustical variables
(e.g., frequency values) during the interactions, as found in other bird species
with vocalizations that are thought to be honest signals (Gil & Gahr, 2002;
Dolby et al., 2005).

Song bandwidth was not measured in this study to avoid introducing auto-
correlated measures in the statistical analyses. The three frequency vari-
ables included in the analyses were uncorrelated (p > 0.26, for correla-
tions among them). All recordings have been deposited at the Laboratorio de
Bioacústica, Escuela de Biología, Universidad de Costa Rica.

2.3. Statistical analyses

For both sets of song measurements, an average value was calculated for each
sampled individual. These values were used in all statistical analyses. I used
a Chi-square test of independence to determine if the numbers of males in
each behavioural category were different. I used a Multiple Analysis of Vari-
ance (MANOVA), to examine whether males in each behavioural category
differed according to the five song measurements of the control song, number
of singing neighbours, and the song response time. Using another MANOVA,
I compared the differences between the control song measurements and the
corresponding measurements of the stimulus song, between males that sang
and did not sing after the playback. For both MANOVAs, I did an a poste-
riori analysis to determine which of the song measurements better predicted
the approach behaviour or the probability of a male singing after playback. I
used paired t-tests to compare the song measurements in the control song to
the song measurements in the response songs.

3. Results

In total, I obtained control song (pre-playback) recordings for 30 spot-bellied
bobwhite males, and recorded response (post-playback) songs for 23 of those
males. Males were more likely to stay on the same perch during male play-
back (static male, N = 17), than to approach the speaker (male approach,
N = 9), or the retreat from the singing perch (male retreat, N = 4)
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(χ2 = 8.60, df = 2, p = 0.01). The nine males that approached the speaker
lifted their crests and stretch their necks as they began to approach, were
static or retreating males did not display any significant body posture change
according to the previous posture. These males never walked directly toward
the speaker; instead they walked parallel or made a curve to arrive close (2–5
m) to the speaker.

The control songs of males that approached the speaker differed in sev-
eral song measurements compared to static males and retreating males
(MANOVA: F14,26 = 2.79, p = 0.01). The a posteriori analysis identified
two measurements responsible for the differences. Males that approached the
speaker had longer control songs (F2,19 = 5.84, p = 0.01) and took more
time to sing the first response song (F2,19 = 4.17, p = 0.03) than males
who left or remained on the singing perch (Table 1); approaching males did
not sing while they moved toward the speaker. No other song measurements
differed significantly (p > 0.21 for all posterior comparisons, Table 1).

The control songs of males that sang in response to playback differed from
those of males that did not sing in response to playback (MANOVA: F10,48 =
12.93, p < 0.001, Table 2). In a posteriori analysis, males that sang had
higher peak frequencies and song rate, and longer songs, but lower values of
low frequency than males that did not sing. High frequency measurements
did not differ between groups (Table 2).

Table 1. Song measurements of control (pre-playback) song, number of
singing neighbouring males, and time to first song following playback, as

a function of approach behaviours in response to playback.

Measure Approach Stay Retreat

Duration (s) 0.81 ± 0.13* 0.76 ± 0.13* 0.75 ± 0.29*
Low freq. (Hz) 1153.50 ± 199.94 1119.98 ± 277.97 1009.47 ± 442.00
High freq. (Hz) 2513.12 ± 374.00 2659.99 ± 257.64 2930.13 ± 869.65
Peak freq. (Hz) 1748.92 ± 87.13 1777.50 ± 93.25 1766.26 ± 108.43
Song rate (songs/min) 1.84 ± 1.18 2.39 ± 1.44 2.35 ± 1.72
Other males 0.89 ± 0.78 0.82 ± 0.95 1.50 ± 1.29
Response time (s) 106.50 ± 90.31* 33.82 ± 35.71* 15.33 ± 4.72*

Values are average ± standard deviation.

Asterisks indicate that comparisons between approach categories were statistically
significant.
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Table 2. Song measurements and values of a posteriori comparisons between
each control (pre-playback) song measure, according to male vocal response

(sing or not) toward playback.

Measure Not-sing Sing F2,28 p

Duration (s) 0.65 ± 0.13 0.81 ± 0.14 26.24 <0.001
Low frequency (Hz) 1242.57 ± 169.15 1076.57 ± 292.40 5.98 0.007
High frequency (Hz) 2646.23 ± 282.66 2653.69 ± 449.97 2.25 0.120
Peak frequency (Hz) 1748.85 ± 88.51 1773.08 ± 92.88 11.06 <0.001
Song rate (songs/min) 1.51 ± 1.29 2.43 ± 1.36 44.33 <0.001

Figure 3. Comparison of a spot-bellied bobwhite male’s control (pre-playback) song and
his song produced in response to a simulated territorial intrusion (*p < 0.05). Grey lines
and points represent a decrease in the comparisons, and black colours represent an increase

in comparison between control and response songs.

Comparing a male’s control song to his own songs given in response
to playback showed that males increased the low frequency (t = −3.15,
df = 22, p = 0.004, Figure 3) of their songs. They did not significantly alter
their song duration (t = 0.73, df = 22, p = 0.47), the high frequency
(t = 1.27, df = 22, p = 0.22), or the peak frequency of their songs
(t = −0.007, df = 22, p = 0.99, Figure 3). Examining each song element
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Figure 4. Comparison of control (C, pre-playback) and response (R, after playback) song
for each song element measured and the interval between elements (T1-1A and T1A-2)

(*p < 0.05). For element names, see Figure 1.

separately, males increased the low frequency in all three song elements in
response to playback (element 1: t = −3.73, df = 19, p = 0.001; element
1A: t = −4.36, df = 22, p < 0.001; and element 2: t = −4.22, df = 22,
p < 0.001, Figure 4), and they increased the high frequency in the two
first elements (element 1: t = −2.74, df = 19, p = 0.02; and element
1A: t = −1.27, df = 22, p = 0.01, Figure 4). The values of the other
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eight measurements did not differ significantly between control and response
songs (paired t-test: p > 0.05 for all comparisons, Figure 4).

4. Discussion

Responses of spot-bellied bobwhite males toward simulated territorial in-
trusions depended on the qualities of the territorial male’s song relative to
the playback stimulus. These results suggest the perception of intruder song
characteristics play an important role in the response behaviour and song in
this quail species, similar to what has been observed in the California Quail
and the Gambel’s Quail (Gee, 2005; Gee et al., 2009).

Not all spot-bellied bobwhite males sang in response to simulated male in-
trusion. Males that responded with song had control songs with higher peak
frequency, longer song duration, and lower low frequency than the playback
song. Also the presence of eavesdropping females might influence a terri-
torial male’s decision of whether or not to sing in response to an intruder
(Longue & Forstmeier, 2008), where males have the option of singing only
if their song compares well to an intruder’s.

Bobwhite males that responded vocally to playback song also consis-
tently changed several song and song element measurements in their re-
sponse songs compared to their control songs. Unlikely to many passerine
species (Collins, 2004; Price et al., 2006; Catchpole & Slater, 2008), the bob-
white males increased the value of the low frequency in the whole song and
in each song element. An increase in the low frequency was reported as an
aggressive signal in the Collared Dove (Slabbekoorn & ten Cate, 1997), be-
cause only large, aggressive males that are more motivated to fight produce
this increase (Slabbekoorn & ten Cate, 1997). Similarly in roosters, dom-
inant males produce vocalizations with higher low frequency during male–
male interactions, reducing the probability of fights with less dominant males
(Leonard & Horn, 1995). Therefore, the tendency of a spot-bellied bobwhite
male to increase the low frequency in his response songs to another male
song within his territory may be a signal of dominance and/or male quality.

The high frequency in response song as a whole did not change compared
to control song. In the analysis of each song element, however, the high fre-
quency of the first two song elements increased. This increase, together with
an increase in low frequency, suggests that males are singing these two el-
ements in a higher frequency range. If the higher frequency range of these



1114 Sandoval

song elements is challenging for bobwhite males to produce, it may serve as
an indicator of quality, as is the case for song rate and repertoire size in other
species (Gil & Gahr, 2002; Collins, 2004). An increase in song frequency
requires an increase in energetic investment (Lambrechts, 1996), thus in-
creasing the frequency in the first two elements of the response song may be
an indication of male competitive ability (Collins, 2004). In species where
song is an honest signal during male–male interactions, changes in frequency
and temporal characteristics have also been reported (Lampe, 1991; Smith,
1996; Collins, 2004). Therefore, the changes in song measurements observed
in response songs of the spot-bellied bobwhite males suggest that song car-
ries information about male physical characteristics (e.g., body size) and/or
behaviour (e.g., motivation to fight).

During playback trials, the majority of focal males remained on their
singing perches; approaches toward the speaker were made by only a few
males. Approach behaviour is related to fight motivation in other playback
experiments (Collins, 2004; Searcy & Beecher, 2009) and, therefore, it is
not expected that all males should display this behaviour. Fighting is ener-
getically expensive, and may increase vulnerability to predators and proba-
bility of injuries (Andersson, 1994; Collins, 2004). Due to these costs, high
quality males may be more likely to fight, because they are better able to
afford the costs than low-quality males. This could explain my observation
that males that approached the speaker had longer songs. Although song pro-
duction only requires slightly more energy than other physical activities or
vocal behaviours (Horn et al., 1995; Oberweger & Goller, 2001), produc-
ing longer songs constantly during the breeding season requires more energy
than producing shorter songs (Gil & Gahr, 2002). Thus, male song length
may serve as an honest indicator of male quality. Also, longer song elements
have been related to higher levels of testosterone in the grey partridge (Perdix
perdix; Fusani et al., 1994), and more motivation to fight in the barn swallow
(Hirundo rustica; Galeotti et al., 1997).

Neither pre-playback song rate, nor any of the song frequency measure-
ments in the current study explained the male approach behaviour toward the
speaker, but may explain the probability of a male singing in response to a
territorial intrusion. Therefore, in this bobwhite, these vocal features may be
related to male physical attributes as observed in many other species (Collins,
2004). For example, in northern bobwhite (Goldstein, 1978) and grey par-
tridge (Beani & Dessi-Fulgheri, 1995), two close relatives to the spot-bellied
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bobwhite, larger males produce vocalizations with lower frequencies. Addi-
tionally, song rate (Galeotti et al., 1997), and song duration (Fusani et al.,
1994), are positively correlated with higher levels of testosterone in males in
some bird species.

Males that approached took a longer time to sing in response to playback
because they did not sing as they were approaching the speaker. Approaching
silently may prevent the intruder from locating the resident male during
his approach. This behaviour is consistent with the indirect way that males
approached the speaker. Although males that approach are probably more
motivated to fight, these ‘shy’ approach behaviours may suggest that fighting
is a dangerous activity, so males try to avoid it if possible. Alternatively, the
territorial male may try to attack the intruder suddenly to avoid injury and
a longer fight. The behaviour of lifting the crest during the approach may
be an excitation signal, which occurs in other birds (Stokes, 1962; Searcy &
Nowicki, 2005) in preparation to closer male interactions. Lifting the neck
may be a response to the vegetation height in the study area at ground level
(10–30 cm), in an effort to visually locate the intruder, rather than to increase
perceived body size.

To summarize the behaviours used in male–male interaction in spot-
bellied bobwhite males, I propose the escalated threat behaviours (Figure 5):
(1) The intruder enters in the territory and starts to sing. The resident male
only responds to the intruder by singing if his songs are ‘better’, as defined
above, than the songs of the intruding male. (2) The male approaches the
intruder without singing, to avoid being detected and attacked. (3) Once the
owner is in close proximity to the intruder, he sings songs that have higher
values of low frequency and higher pitch in the first two elements of the song.
(4) I did not test whether the third step is the last step and includes the fight,
or whether the males use a last cue or cues (e.g., size) to evaluate another
male before attacking. To test this last point, it would be necessary to use a
stuffed model or a live male in a cage combined with playback. Based on my
own observations of male fights in the field (N = 2), approach behaviour
leads to fights, and the loser male retreats the territory.

In conclusion, song plays an important role in male–male interactions in
spot-bellied bobwhites and apparently encodes information about male mo-
tivational state and/or quality. Additionally, I found that certain song fea-
tures in male songs predicted focal male’s responses during singing inter-
actions. The observed responses may be the result of previous experiences
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Figure 5. Diagram of interactions between a territorial male spot-bellied bobwhite and an
intruder male. The dashed line separates the long distance interactions from the close distance
interactions, which both occur inside the territory. Response behaviours (song characteristic
and male behaviour) of territorial male are indicated in the boxes: escalation in response is
indicated by boxes higher in the diagram and de-escalation by boxes lower in the diagram.
The male–male interaction begins inside the territory of the resident male when the intruder
starts to sing (upper solid line), likely without visual contact and change the song charac-
teristics. Interaction escalates when the resident male approaches the intruder avoiding be
detected (to the right of the dashed line), and sings a few meters from the intruder that con-
tinue singing (upper solid lines). The spot-bellied bobwhite signalling system depends on the
frequency and time characteristics in the song and how it changes. Solid arrows represent the
responses observed during the experiment. Dashed arrows represent hypothetical responses

not observed in the experiment due the experimental design.

between bobwhite males, because the perception of song can be learned even
in species where song is genetically determined such as sub-oscines and non-
passerine birds (Gee, 2005; Gee et al., 2009; Tobias & Seddon, 2009).
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