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Territorial animals settle territory disputes and discourage conspecific intrusion via close-range con-
frontations as well as nonconfrontational long-range signalling. Since individuals often differ consis-
tently in general aggression and risk taking, the relative use of either close- or long-range territorial
defence behaviour is likely to vary with the personality of the territory owner. Here we quantified the
relationship between dawn song, a well-studied long-range signal, and responses to a close-range
confrontation as well as how individuals in a territorial population vary in this relationship. For this
we recorded dawn song and experimentally simulated territory intrusions via playbacks in wild
personality-typed male great tits, Parus major. We show that males that sang at a higher rate at dawn
also showed stronger vocal responses towards a simulated intruder, but spent less time in proximity to
the intruder. Moreover, males with a higher exploration score, an established proxy for personality traits,
showed the strongest vocal and spatial responses during the confrontation, yet exploration behaviour did
not predict the dawn song rate. These findings highlight the importance of both confrontational and
nonconfrontational territorial behaviours as well as personality for the social and territorial dynamics of
animal populations.
© 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Individuals within a population often directly or indirectly affect
each other's behaviour. In many group-living species (Couzin &
Krause, 2003) and also in territorial species (Stamps, 1988) attrac-
tion to certain sites on a large spatial scale is positively influenced
by the presence of conspecifics. Conversely, on a smaller spatial
scale the presence of conspecifics will regularly repel territorial
individuals from certain locations (Stamps & Krishnan, 2001).
Territorial behaviour, including both close-range confrontations
(Stamps & Krishnan, 1997) and long-range signalling (McGregor,
2005), often deters conspecifics from coming too close. These
defence behaviours are crucial for territorial animal societies as
they modulate the social dynamics and territory stability of a
population (Bee& Gerhardt, 2002; Beletsky, 1992; Briefer, Rybak, &
Aubin, 2008). However, since close- and long-range territorial
defence behaviours are often studied in isolation, it is still not
evident whether and how they are related.
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Territorial long-range signals keep rivals at a distance and
hence can prevent close-range confrontations (Bee & Gerhardt,
2002; Burmeister, Ophir, Ryan, & Wilczynski, 2002; Krebs,
1977), inherently linking signalling and confrontational behav-
iour together. For example, in Pacific tree frogs, Hyla regilla,
calling led to wider spacing of individuals than expected from
random spatial settlement (Whitney & Krebs, 1975). Additionally,
familiarity with the specific long-range signal characteristics of
neighbours has been shown to reduce excessive aggression
among territorial neighbours, in systems ranging from fish
(Myrberg & Riggio, 1985) to frogs (Bee & Gerhardt, 2002) to birds
(Akçay et al., 2009; Briefer et al., 2008). This link between long-
range signalling and potentially aggressive close-range in-
teractions becomes especially relevant when individuals within a
territorial population vary in their propensity to avoid close-
range confrontations with rivals, as such variation could also be
reflected in individual differences in signalling behaviour. Indeed,
the overall likelihood of territorial males being in proximity to a
male conspecific differed between individual male great tits,
Parus major, with respect to their personality (Snijders et al.,
2014). Moreover, the intensity of response to a close-range
evier Ltd. All rights reserved.
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confrontation with a simulated territorial intruder was similarly
found to vary among territorial male great tits in relation to
personality traits (Amy, Sprau, de Goede, & Naguib, 2010; Jacobs
et al., 2014). Since male territorial songbirds connect by spatial
proximity as well as by their song, a long-range signal (Amrhein,
Kunc, & Naguib, 2004; Peake, Terry, McGregor, & Dabelsteen,
2002; Snijders et al., 2014), they are ideal models for studying
how these close- and long-range territorial behaviours are
related.

An important long-range signal of many territorial songbird
species is the dawn song (McGregor, 2005; Staicer, 1996), a peak in
singing activity just before sunrise. A predominant function of
dawn song in territorial songbirds is territory advertisement to
keep rivals at a distance (Kacelnik & Krebs, 1983; Kunc, Amrhein, &
Naguib, 2005). Consequently, if individual songbirds vary in their
motivation to avoid territorial confrontations, this should be re-
flected in their dawn singing behaviour. Certain dawn song traits
have indeed been shown to predict various close-range behaviours,
such as nest defence in willow tits, Parus montanus (Welling,
Rytk€onen, Koivula, & Orell, 1997) and territory defence in blue
tits, Cyanistes caeruleus (Poesel, Dabelsteen, & Pedersen, 2004).
Moreover, differences in dawn song rate in territorial great tits vary
between males depending on whether or not they share a territory
boundary (Snijders et al., 2015).

Although both personality (Amy et al., 2010) and long-range
song (Poesel et al., 2004) can predict short-range territorial
behaviour, it remains unclear whether personality could drive both
short- and long-range territorial behaviour. This relationship is
important because if personality drives territorial behaviour at both
scales, eavesdroppers would be able to predict the personality of a
potential competitor and hence their likely response to future
close-range confrontations. Evidence that this might be the case
comes from the finding that great tit neighbours that eavesdrop on
a simulated territory intrusion adjust their spatial behaviour in
relation to the personality of their intruded-upon neighbour (Amy
et al., 2010). Consistency in behaviour mediated by personality
differences makes individuals predictable and thus allows greater
social responsiveness by conspecifics (Wolf, Van Doorn, &
Weissing, 2011).

Here, we examined how dawn singing, a long-range signal, is
related to close-range territorial behaviour in a wild population of
territorial great tits by simulating intrusions of rival males through
song playbacks. The individuals in this population were also tested
for exploration behaviour, an established proxy for personality
traits in this species. We predicted that slower explorers would
show weaker close-range territory defence behaviour, because
slower explorers tend to take less risk and are generally less
aggressive than fast explorers (van Oers & Naguib, 2013). This is
also in line with the findings of Amy et al. (2010) in the same
population. Moreover, we expected birds that showed a weak
confrontational response to the playback (slower birds) to sing
more actively during dawn to discourage possible intruders
(Kacelnik & Krebs, 1983) and thus decrease the chance of risky
confrontations. This prediction does differ somewhat from the
outcome of an earlier aviary study inwhich faster explorers actually
sang more (Naguib, Kazek, Schaper, Van Oers, & Visser, 2010), but
since the breeding pairs were housed in separate aviaries they did
so while there was no risk of confrontations present. Additionally,
we hypothesized that neighbourhoods (males living in close
proximity to the playback subject) would react vocally more
strongly to simulated intrusions in territories of those subjectmales
that were generally more active singers at dawn, as we expected
those males to increase singing activity the most and so trigger
eavesdropping neighbours to also vocally defend their territories
more intensely.
METHODS

Study Population

The study was conducted on our long-term nestbox population
of great tits at Westerheide near Arnhem, The Netherlands.
Throughout the year, birds caught for the first time (outside the
breeding season) are tested for exploration behaviour using a
standard validated protocol. Birds are caught either from their
nestbox during a roost check at night or via mist netting during the
day. After catching, the birds are immediately transported to the
bird-housing facilities at the Netherlands Institute of Ecology
(NIOO-KNAW) where they are weighed and subsequently individ-
ually housed in cages (0.9 � 0.4 m and 0.5 m high). The following
morning, exploration behaviour is measured using the novel
environment test following the procedure described in
Dingemanse, Both, Drent, van Oers, and van Noordwijk (2002).
Birds are individually tested in a room (4.0 � 2.4 m and 2.3 m high)
with five artificial trees. After birds enter the experimental room by
themselves, we record the total number of flights (movements
between trees) and hops (movements within trees) within the first
2 min. These are subsequently used to calculate an overall explo-
ration score ranging from low (slow explorers) to high (fast ex-
plorers) (Dingemanse et al., 2002), which is known to be repeatable
and to correlate positively with aggression, boldness, risk taking
and approach of conspecifics in great tits (Groothuis & Carere,
2005).

General Set-up

To simulate territory intrusions we conducted playback exper-
iments in the mornings between 0800 and 1115 hours at the
nestboxes of 37 male great tits in the Westerheide study site.
Playbacks, broadcasting songs of an unfamiliar male great tit, were
performed from 26 March until 7 April 2012, and were conducted
near nestboxes with nest-building activity but without eggs (with
the exception of one bird). On a given day, playbacks were con-
ducted several territories apart following a procedure similar to
that described by Amy et al. (2010). To quantify the relation be-
tween dawn song and responses to territory intrusion, song re-
cordings were made during dawn on the day before the playback
experiment using automatic song recorders. Additionally, song re-
cordings were made during dawn after the intrusion to assess
repeatability of the dawn singing behaviour. Neighbourhood dawn
singing activity was scored daily throughout the breeding season
(see below).

Dawn Song Recording

We recorded dawn song using time-programmable song re-
corders (Wildlife Acoustics Inc., Maynard, MA, U.S.A.; SM2 song
meter and TASCAM DR-08) placed above nestboxes with nest-
building activity. We were able to collect good-quality dawn song
recordings for 23 playback subject males the dawn before the
playback (for 22 playback subjects the dawn song was successfully
recorded on both the dawn before and after the playback). Re-
cordings were then analysed with Avisoft SASlab Pro (R. Specht,
Berlin, Germany). As a standardized measure, the first 5 min from
the time the bird started singing before sunrise was quantified. We
measured song rate in number of songs (‘strophes’) per second and
start time of dawn song in minutes before sunrise. Repeatability of
start time of dawn song and song rate was tested, in accordance
with Lessells and Boag (1987), using song recordings of two
consecutive mornings for 27 male great tits (22 playback subjects
and five additional males). Both the start time of dawn song
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(r ¼ 0.53, SE ¼ 0.14, F26,27 ¼ 3.30, P ¼ 0.001) and the song rate
(r ¼ 0.49, SE ¼ 0.15, F26,27 ¼ 2.93, P ¼ 0.004) were highly and
significantly repeatable. This repeatability of dawn song traits
before egg laying is in accordance with the previously revealed
repeatability of the same traits later in the season, during the egg-
laying phase (Snijders et al., 2015).

Simulated Territory Intrusions

To attract attention, we used a 1 min lure with common gold-
crest, Regulus regulus, and long-tailed tit, Aegithalos caudatus, calls,
followed by a pause of 20 s, then 2 min of great tit song comprising
a systematic repetition of one song type of a great tit recorded at
least 2 years before. It is very unlikely that the subjects were
familiar with the playback song given the short average life ex-
pectancy of wild great tits (1e2 years). To prevent pseudor-
eplication, each subject received a song recording from a different
male (with two exceptions). The playback files were constructed
using Adobe Audition by repeating one song of a unique bird with
intervals of 4 s to 2 min and normalizing the peak amplitude to the
same level for all songs. Songs were broadcast at 84 dB (measured
at a neutral site at 1 m from the loudspeaker with a Voltcraft Digital
sound-level meter 322) using a Yamaha NX-U10 loudspeaker (fre-
quency range 90 Hze20 kHz), connected with a 25 m cable to a
media player (Archos 405, 30 GB). Subject responses were recorded
using two Sennheiser ME66/K6 microphones (frequency range
40 Hze20 kHz ± 2.5 dB) and a Marantz PMD660 solid-state
recorder (sampling frequency 44.1 kHz, frequency range
16 kHz ± 0.5 dB) until 2 min after the playback had ended. From
these recordings and from simultaneously recorded spoken notes
we quantified two spatial response measures, (1) latency to
approach within 5 m (s) and (2) total time spent within 5 m of the
loudspeaker (s), as well as four vocal response measures: (3)
number of song overlaps, (4) total song rate (songs/s during total
observation time), (5) song rate during the actual playback (songs/
s) and (6) total singing duration (s). All playback experiments were
performed by the same observer (M.H.) and all subjects received
only one playback.

An additional seven playback experiments were performed, but
were left out of the analysis because of technical problems during
the execution of the experiment (N ¼ 3) or a total absence of
noticeable vocal and spatial presence (N ¼ 4). By excluding birds
that did not show any visual and vocal presence during the
experiment we minimized the possibility of wrongfully assigning a
weak playback response to individuals that were out of hearing
range at the time of the experiment. For 16 of the playback subjects
the exploration scorewas available, but unknown to the observer at
the time of the playback.

Neighbourhood Singing Activity

We conducted observation rounds of 30 min, in which we
assessed singing activity in thewhole study site, followingmethods
given in Amrhein, Johannessen, Kristiansen, and Slagsvold (2008).
These rounds were made every morning during the 2-week play-
back period. They began half an hour before sunrise and consisted
of two fixed routes, which were alternated each day. The observer
cycled along the fixed route (alternating start and end points within
routes) and recorded on a map where a great tit was singing. For
each playback subject the proportion of total singing points within
100 m of the playback location for the morning after the playback
and during a control round were calculated, to determine overall
neighbourhood singing activity. A control round was conducted
within 4 to 2 days before the playback (N ¼ 6) or 2 days after the
playback (N ¼ 5), restricted to days when no other playback trials
were performed nearby. Owing to the alternating routes in com-
binationwith the fact that playback locations on the same morning
were as far apart as possible, we could only calculate a neigh-
bourhood singing activity measure for 11 (of 23) subjects.

Subject Identification

During the breeding seasonwe checked nestboxes twice a week
using a standardized procedure (van Oers, Drent, Dingemanse, &
Kempenaers, 2008). Playback subjects were identified by catching
them inside their nestbox using spring traps on approximately the
7th day after chicks hatched. Playback subjects that we trapped
during chick feeding, to establish their identity, were not inside
their nestbox for longer than 15 min. We fitted unringed in-
dividuals with uniquely numbered aluminium leg rings and
measured body mass and tarsus length within approximately
5 min.

Statistical Analysis

Latency to approach within 5 m was set to 320 s for the five
birds that did not approach within 5 m of the loudspeaker, but that
did respond vocally. We conducted a principal component analysis
on the six behavioural measures comprising the total response of
the subject during the playback experiment. Two principal com-
ponents (varimax rotation with Kaiser normalization; rotation
converged in three iterations; Appendix Table A1) had an eigen-
value larger than 1. Since our main focus in this study was on the
close-range territory defence behaviour we also independently
analysed the two spatial response behaviours: (1) latency to
approach within 5 m (s) and (2) total time spent within 5 m of the
loudspeaker (s).

Since availability of exploration scores significantly reduced our
sample size, correlations were tested first excluding exploration
behaviour as a variable (N ¼ 23 for playback response and dawn
song) and subsequently including it (N ¼ 16 for playback response
and exploration; N ¼ 17 for dawn song and exploration). Because a
complete data set (good-quality dawn song recording, playback
response and exploration score) was not available for several sub-
jects, sample size differs between models (N ¼ 14 for all variables
combined). Age of the subject (as a categorical factor: independent-
samples t test of second calendar year or older: 1.6 > all t > �0.6, all
P > 0.1) and number of days to the first egg of the mate (as a
continuous variable: Spearman correlation: 0.3 > all r > �0.2, all
P > 0.3) did not significantly influence the dawn song measures or
either of the main response components during the playback
experiment, and were a priori left out of the model. Additionally,
minor variations in number of stimulus songs (mean ¼ 18.5,
SD ¼ 2.1, N ¼ 37; 0.06 > all r or rS > �0.25, all P > 0.1) and total
playback duration (mean ¼ 319.35 s, SD ¼ 4.86 s, N ¼ 37; 0.35 > all
r or rS > �0.35, all P > 0.05) did not significantly bias the two main
response components or the six response measures individually.

Whether territory intrusions resulted in persisting effects on the
use of dawn song was tested with two paired-samples t tests
comparing start time of dawn song and song rate during dawn
before and after the playback (N ¼ 22). To examine whether typical
dawn singing behaviour (before playback) was associated with
neighbourhood vocal response, we quantified the change in rela-
tive neighbourhood singing activity by calculating the proportion of
neighbours singing during the control round and subtracting this
from the proportion of neighbours singing the morning after the
playback. Calculated proportions for neighbourhood singing ac-
tivity were arcsine transformed and zero values were replaced by
(1/4N) (Zar, 1999). General linear models were used to analyse
whether or not dawn signalling traits from the dawn before the
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playback (still undisturbed by potential playback effects) predicted
longer term changes in (relative) neighbourhood singing activity
after a simulated territorial confrontation for 11 males. Possible
effects on relative neighbourhood singing activity caused by the
territorial defence behaviour of the territory owner were tested in a
separate linear model to prevent collinearity problems with the
dawn song traits.

A backward model selection procedure was conducted for all
models, removing the least significant terms, until only factors with
P < 0.1 remained (final model). Residuals of the models were nor-
mally distributed according to the KolgomoroveSmirnov test. All
statistical analyses were performed using IBM SPSS Statistics 21
(SPSS, Inc., Chicago, IL, U.S.A., www.spss.com).

Ethical Note

Birds caught for personality testing were transported from the
field to the research institute by car within 1.5 h after the first bird
was caught (the car ride lasted a maximum of 20 min). During
transport we housed the birds individually in a compartment
(10 � 10 � 10 cm) of a standard darkened wooden carrier. We
measured tarsus and weight (handling time of 5 min) before in-
dividuals were housed in the individual cages. The birds were
provided with water and food ad libitum, including sunflower
seeds, mealworms, fat balls and apple. We conducted the novel
environment test between 0800 and 1200 hours. The indoor cages
connected to the room via a 20e20 cm sliding door so a bird could
enter the experimental room without being handled, following
darkening of the individual cage. The test was terminated after at
most 10 min, after which the experimental roomwas darkened and
we caught the bird by hand to release it back to its cage within
1 min. Individuals do not usually lose weight outside their natural
range (Dingemanse et al., 2002) during this routine procedure.
Within 24 h we released birds back in the field close to their
nestbox. This procedure was approved by the Institutional Animal
Care and Use Committee: the Koninklijke Nederlandse Akademie
van WetenschappeneDier Experimenten Commissie (KNAW-DEC
license NIOO 10.05 to M.N. and K.V.O.).

RESULTS

Response to a Territory Intrusion

The main vocal component (PC1: higher value reflects stronger
response) including all four song measures explained 52% of the
total variation. The main spatial component (PC2: lower value re-
flects stronger response) including the two approach measures
explained 29% of the total variation (Appendix Table A1). The total
approach response (PC2) was negatively predicted by the dawn
song rate (Pearson correlation: r21 ¼ 0.50, P ¼ 0.015; Fig. 1a), with
birds singing at the highest dawn song rate showing the weakest
approach response. Considering the spatial territorial response
behaviours separately, males with a higher dawn song rate spent
significantly less time within 5 m of the simulated intruder (Pear-
son correlation: r21 ¼ �0.55, P ¼ 0.007), but there was no correla-
tion with the latency to approach (Spearman correlation; rS ¼ 0.28,
N ¼ 23, P ¼ 0.20).

When exploration behaviour was included in the model
(N ¼ 14), it significantly positively predicted the total spatial
response, with faster explorers showing a stronger response
(Table 1, Fig. 1b). When we again considered the spatial territorial
response behaviours separately, fast explorers spent more time
within 5 m of the loudspeaker, but there was no effect on latency to
approach (Table 1). Whenwe included exploration behaviour there
was no longer a significant effect of the dawn song rate on the total
spatial response (PC2) but the significant correlation between the
time spent within 5 m and the dawn song rate of a territory owner
remained (Table 1).

The total vocal response (PC1) during the simulated intrusion
was predicted by both the dawn song rate and the exploration
behaviour of territory owners, with strong vocal responders also
having the highest dawn song rate (Pearson correlation: r21 ¼ 0.51,
P ¼ 0.014) and fastest exploration score (Table 1). Start time of
dawn song was not predictive for any of the close-range territorial
defence behaviours, both when excluding (all P > 0.1) and when
including exploration behaviour (Table 1).

Dawn Singing Behaviour

The start time of dawn song (paired-samples t test: t ¼ �0.22,
N ¼ 22, P ¼ 0.83) and the song rate (t ¼ �1.50, N ¼ 22, P ¼ 0.15) did
not differ significantly between the dawn following a playback and
the dawn before the playback.

The exploration behaviour of the territory owner did not
correlate with the start time of dawn song (Pearson correlation:
r15 ¼ �0.17, P ¼ 0.53) or dawn song rate (r17 ¼ �0.21, P ¼ 0.41;
Fig. 1c) on the day before the playback or with the change in start
time of dawn song (r10 ¼ 0.26, P ¼ 0.39) and song rate (r10 ¼ �0.12,
P ¼ 0.71) the morning after a playback.

Neighbourhood Response

The relative neighbourhood singing activity the morning after
the playback significantly decreased compared to the control round
when the territory owner's undisturbed dawn song rate (the
morning before the playback) was higher (general linear model:
F1,9 ¼ 5.22, P ¼ 0.048) but was unrelated to the start time of dawn
song (F1,8 ¼ 2.48, P ¼ 0.15). This negative correlation between dawn
song rate and change in relative neighbourhood singing activity
was unlikely to have beenmediated by the playback response of the
territory owner as the total vocal response (PC1) and total spatial
response (PC2) during the territorial confrontation were both un-
related to the change in relative neighbourhood singing activity
(PC1: F1,14 ¼ 0.004, P ¼ 0.95; PC2: F1,14 ¼ 0.62, P ¼ 0.45). Finally, the
change in relative neighbourhood singing activity was unrelated to
the exploration behaviour of the eight males for whomwe had data
on both measures (Pearson correlation: r8 ¼ 0.53, P ¼ 0.18).

DISCUSSION

Here we have shown that (1) a long-range territorial signal
correlates negatively with the close-range territorial defence to a
simulated intruder, (2) exploration behaviour can predict the
strength of both the close-range vocal and spatial response to an
intruder, but not the typical long-range signalling behaviour and (3)
a long-range territorial signal can predict the vocal neighbourhood
response after a territory intrusion.

The Role of Personality in Territory Defence Behaviour

Dawn song, a long-range signal, predicted the spatial response
during a simulated intrusion, a behaviour that is likely to be risky in
a territorial population. Indeed, our finding that faster explorers,
which are generally seen as being more risk taking, spent signifi-
cantly more time in proximity to a simulated intruder, confirms
similar findings by Amy et al. (2010) in this study population. One
likely explanation is that individuals that take lower risks in spatial
confrontations signal more actively in a nonconfrontational setting,
to keep rivals at a distance. Long-range vocalizations as stay-away
signals are widespread among many diverse territorial species,

http://www.spss.com
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such as Lusitanian toadfish, Halobatrachus didactylus, Pacific tree
frogs (Whitney& Krebs, 1975), mantled howling monkeys, Alouatta
palliata palliata (Whitehead, 1987) and great tits (Krebs, 1977).
Furthermore, a radiotracking study on nightingales, Luscinia meg-
arhynchos, showed that males with higher daily song output
received fewer intrusions by neighbouring males (Naguib,
Altenkamp, & Griessmann, 2001; Naguib, Kunc, Sprau, Roth, &
Amrhein, 2011).

Exploration behaviour has been linked to several forms of risk
taking in the field, such as nest defence in great tits (Hollander, Van
Overveld, Tokka, & Matthysen, 2008), song post height in male
collared flycatchers, Ficedula albicollis (Garamszegi, Eens, & T€or€ok,
2008) and aggressive territory defence by helpers in a coopera-
tive breeding cichlid, Neolamprologus pulcher (Bergmüller &
Taborsky, 2007). However, exploration behaviour as a correlate of
risk-taking behaviour can only partially support our findings. While
we found a positive correlation between exploration behaviour and
the time spent close to the simulated intruder, we did not find a
relationship between exploration behaviour and the dawn singing
behaviour. Although we initially predicted slow birds to be more
active singers at dawn, in a study concerning singing activity in
captive great tits fast-exploring birds sang more (Naguib et al.,
2010). However, the captive fast birds in this study sang more
throughout the whole day, not just dawn, which could also be a
Table 1
GLM results for subject main playback response components and the two spatial playbac
score

Response variable Independent

PC2 (spatial response) Dawn song rate
Dawn song start time
Exploration

Total time spent within 5 m (s) Dawn song rate
Dawn song start time
Exploration

Latency to approach within 5 m (s) Dawn song rate
Dawn song start time
Exploration

PC1 (vocal response) Dawn song rate
Dawn song start time
Exploration

Significant values are in bold.
reflection of fast birds generally being more active in captivity
(Carere, Welink, Drent, Koolhaas, & Groothuis, 2001). Comparison
between behaviour indoors and territorial behaviour in the wild
remains challenging, since the constraints on the time and energy
budgets are very different. In the wild, birds have a much larger
area to defend and have to spend significantly more time and en-
ergy on finding food while avoiding predation, resulting in a very
different trade-off in time and energy expenditure. Studies
including additional personality traits that relate more directly to
the tendency to avoid or seek out confrontations, such as boldness,
aggression or risk taking, might give more insight into whether
long-range signalling, such as dawn singing behaviour, and prox-
imity during confrontational territory conflicts are correlated via
variation in risk-prone personalities.

In contrast to this study and the study of Amy et al. (2010), a
recent study by Jacobs et al. (2014) revealed that slower explorers
in their population show a stronger spatial response to a simulated
intruder. This confirms previous studies that showed that behav-
ioural variation between personality types is often context or
population dependent (Dingemanse & de Goede, 2004; van Oers,
Klunder, & Drent, 2005). This study and the study by Amy et al.
(2010) were conducted before egg laying, while Jacobs et al.
(2014) study also included the egg-laying phase. The female is
fertile during the egg-laying phase and as a consequence males are
k response behaviours individually as a function of dawn song traits and exploration

Test statistic P N

F1,10¼1.36 0.27 14
F1,11¼3.07 0.11 14
F1,14¼6.53 0.02 16
F1,11¼5.55 0.04 14
F1,10¼0.56 0.47 14
F1,11¼5.04 0.046 14
F1,10¼0.50 0.50 14
F1,10¼1.65 0.23 14
F1,10¼1.49 0.25 14
F1,11¼19.39 0.001 14
F1,10¼2.02 0.19 14
F1,11¼10.25 0.008 14
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highly engaged in mate guarding and thus have to make different
trade-offs when responding to territorial intrusions. Moreover, the
frequency distribution of exploration scores in Jacobs et al. (2014)
great tit population included many slow explorers, while the dis-
tribution in our study was more uniform. Differences in the fre-
quency distribution of personality types in a population can be the
result of natural selection since fitness consequences of certain
personality types are known to vary in contrasting ways possible
due to specific environmental conditions (Dingemanse, Both, Drent,
& Tinbergen, 2004). When there are many slow explorers in a
population, slow individuals might benefit from taking more social
risks as the chance of encountering fast explorers (which are
generally more aggressive, Groothuis & Carere, 2005) is lower. In
contrast, fast explorers, living in a population with many slow ex-
plorers, might have experienced that a less spatial and a more vocal
defence (song type switching) is enough to settle disputes. Indeed,
exploration behaviour itself has been shown to be adaptively
plastic when environmental circumstances are changed (Nicolaus
et al., 2012). Jacobs et al. (2014) raised the variation in the signal
strength of the playbacks as another potential explanation for
varying results between playback subjects. This could indeed
explain some of the differences between the three playback studies.
For example, the study by Amy et al. (2010) consisted of a 1 min
playback of noninteractive songs, followed by a 2 min interactive
playback from another loudspeaker, while we conducted a nonin-
teractive playback for 2 min and the Jacobs et al. (2014) study
broadcast noninteractive songs for only two times 45 s. Thus vari-
ation in perceived intruder determinedness (signal strength) could
be influencing the defence strategy of the playback subjects, with
fast explorers responding more aggressively to a more persistent
intruder in Amy et al. (2010) study and slow explorers taking more
risks with a less persistent intruder in Jacobs et al. (2014) study.
Certainly, great tits are known to alter the intensity of their
response when an intruder is likely to be perceived as less threat-
ening (Peake, Terry, McGregor, & Dabelsteen, 2001).

The Predictive Value of a Long-range Signal

Our findings that dawn song predicted behaviour during a ter-
ritory intrusion underlines the signal value of dawn song, as it is not
only consistent (Snijders et al., 2015) but also predictive for other
contexts. As we anticipated, more active long-range signallers (i.e.
males with a higher dawn song rate) showed a weaker spatial
response, but a stronger vocal response during the intrusion. The
finding that dawn song behaviour can predict behaviour in other
contexts conforms to studies of long-range song in other bird
species (Naguib et al., 2001; Poesel et al., 2004;Welling et al., 1997).
Also, territorial song in general can provide important predictive
information. Male song sparrows, Melospiza melodia, responded
adaptively by varying their response to the playback of songs of
conspecific males that were known to differ in their aggressiveness
(Hyman & Hughes, 2006). Moreover, long-range territorial signal-
ling behaviour can predict fitness in both territorial bats (Behr et al.,
2006) and birds (Hasselquist, Bensch,& von Schantz,1996;Mennill,
Ratcliffe, & Boag, 2002). Predictive information transfer of indi-
vidual quality and motivation via long-range territorial signalling
therefore seems to be a common phenomenon in territorial
systems.

In contrast to song rate, the start time of dawn song, although
repeatable, did not predict behavioural responses to intrusions.
Several studies have shown that the start time of dawn song cor-
relates with components of individual quality, for instance earlier-
singing kingbirds, Tyrannus tyrannus, and blue tits experience
certain fitness benefits (Murphy, Sexton, Dolan, & Redmond, 2008;
Poesel, Kunc, Foerster, Johnsen, & Kempenaers, 2006).
Nevertheless, individual variation in the start time of dawn song
might be restricted by the environment as start time is also known
to be driven by environmental factors such as lunar phase (York,
Young, & Radford, 2014), artificial light (Kempenaers, Borgstr€om,
Lo€es, Schlicht, & Valcu, 2010), night temperature (Godfrey &
Bryant, 2000) or noise levels (Gil, Honarmand, Pascual, P�erez-
Mena, & Macías Garcia, 2014). Moreover, start time might be
affected by the social environment through social facilitation
(Clayton, 1978), as it was recently shown that similarity in start
time was higher for males breeding in closer proximity (Snijders
et al., 2015).

In several different fish and bird species conspecifics are known
to react to information indicating relative quality and motivation of
signallers gathered from eavesdropping on signal interactions
(Fitzsimmons, Foote, Ratcliffe, & Mennill, 2008; Mennill et al.,
2002; Naguib & Todt, 1997; Oliveira, McGregor, & Latruffe, 1998;
Peake et al., 2001; Webster & Laland, 2013). Next to signal in-
teractions, long-term changes in individual signalling behaviour
could signal relevant information. Similar playback studies on
winter wrens, Troglodytes troglodytes (Amrhein & Erne, 2006) and
black-capped chickadees, Poecile atricapillus (Foote, Fitzsimmons,
Mennill, & Ratcliffe, 2011) found long-term changes in dawn song
traits of the territory owner after a simulated intrusion. These
changes can be detected by all conspecifics in hearing range and
could change their behaviour. However, we did not find evidence
for such a significant long-term change in the subject's song traits
after the intrusion in this study. Possibly the changes in signalling
behaviour are only short term in great tits or the long-term changes
in signalling are too subtle to detect as there are many different
individual and environmental factors influencing dawn song
behaviour (Foote et al., 2011).

Surprisingly, relative neighbourhood singing activity was lower
the morning after the simulated territory intrusion for subjects
with a higher dawn song rate. We expected neighbours of birds
with a higher dawn song rate to respond by increasing rather than
decreasing their singing activity, especially since these birds also
showed a stronger vocal response during the intrusion. Possibly
birds with a lower song rate, which also showed a stronger spatial
response during the intrusion, became more spatially active by
defending their territory boundaries and so arousing their neigh-
bours to vocally defend their own territories more intensively
during the next dawn chorus. Replicate studies tracking playback
subjects and their neighbours following a territory intrusion would
be necessary to confirm this hypothesis. Insights into long-range
territorial signalling behaviour, including consistent signal char-
acteristics, signal interactions and changes in signalling behaviour,
are very relevant in social behaviour studies as long-range signals
reveal information about the signaller not only to the intended
receiver but also to all other conspecifics in range (McGregor, 2005).
Territorial long-range signals thus have the potential to affect the
social dynamics of many individuals within a population
simultaneously.

Conclusion

Our findings provide new insights into the links between indi-
vidual long-range and close-range territorial behaviour. We have
shown that individuals varying in personality use a different mix of
negatively correlated territorial behaviours. Therefore studies
examining the social dynamics of territorial populations, for
example social network studies, would benefit from integrating
both close- and long-range social connectivity. The rapid techno-
logical developments in recording specific signal interactions in
small animals (Anisimov et al., 2014) will make this goal more
achievable in the near future.
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Table A1
Rotated component matrix with component loadings of the measured playback
response behaviours

Playback response measures Component

1 2

Latency to approach within 5 m (s) 0.06 0.92
Total time within 5 m of speaker (s) �0.04 �0.93
Number of overlaps 0.84 0.23
Total song rate (songs/s) 0.92 0.00
Song rate during playback (songs/s) 0.90 0.06
Total singing duration (s) 0.87 �0.04

The KaisereMeyereOlkin measure of sampling adequacy ¼ 0.68 and Bartlett's test
of sphericity was significant (P < 0.001). The highest component loading for each
playback response behaviour is in bold.
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